DISCLAIMER
CONF-8509121—
This report was prepared as an accou.'. of work sponsored by an agency of the United States
Government. Neither the United States Government nor any agency thereof, nor any of their
employees, makes any warranty, express or implied, or assumes any legal liability or responsibility for the accuracy, completeness, or usefulness of any information, apparatus, product, or
process disclosed, or represents that its ust would not infringe privately owned rights. Reference herein to any specific commercial product, process, or service by trade name, trademark,
manufacturer, or otherwise does not necessarily constitute or imply its endorsement, recommendation, or favoring by the United States Government or any agency thereof. The views
and opinions of authors expressed herein do not necessarily state or reflect those of the
United States Government or any agency thereof.

DE86

010152

PROCEEDINGS OF THE SEVENTH ANNUAL
PARTICIPANTS' INFORMATION MEETING DOE
LOW-LEVEL WASTE MANAGEMENT PROGRAM

Convened by
The DOE Low-Level Waste Management Program
September 11-13
Las Vegas, Nevada

Published February 1986

National Low-Level Radioactive
Waste Management Program
Idaho Falls, Idaho 83415

Prepared by EG&G Idaho, Inc.
For the U.S. Department of Energy
Under DOE Contract No. DE-AC07-76IDO1570

EXECUTIVE SUMMARY
THE SEVENTH ANNUAL DEPARTMENT OF ENERGY
LOW-LEVEL WASTE MANAGEMENT PROGRAM PARTICIPANTS
INFORMATION MEETING
The Seventh Annual Department of Energy (DOE) Low-Level Waste
Management Program (LLWMP) Participants' Information Meeting was held
September 10-13, 1985 in Las Vegas, Nevada. The purpose of the meeting
was to provide a forum for exchange of information on low-level
radioactive
waste management activities, requirements, and plans.
Attendees included representatives from the DOE Nuclear Energy and
Defense Low-Level Waste Management Programs, interim operations offices
and their contractor operators; representatives from the U.S. Nuclear
Regulatory
Commission, U.S. Environmental Frotection Agency, U.S.
Geological Survey, and their contractors; representatives of States and
regions responsible for development of new commercial low-level waste
disposal facilities; representatives of Great Britian, France, and
Canada; representatives of utilities, private contractors, and parties
concerned with low-level waste management issues.
The meeting was organized by topical areas to allow for the exchange
of information and the promotion of discussion on specific aspects of
low-level waste management. Plenary sessions were held at the start and
conclusion of the meeting while seven concurrent topical sessions were
held during the intervening day and a half. Session chairmen from each
of these concurrent sessions presented a summary of the discussion and
conclusions resulting from their respective sessions at the final
plenary session.
The conclusions and concerns
LLWMP Participants" Meeting were:

presented

at the Seventh Annual DOE

What
is the cost benefit justification for highly engineered
structures?
Current guidance from government sectors suggest that
disposal costs for low-level waste will be justified based on, for
example, risk and dose.
However, presentations given at this
symposium demonstrate very highly engineered disposal structures may
be used in the private sector regardless of risk, dose, etc. This
seems to be a significant discrepancy in waste disposal policy and
intent.
Rigid trench caps have been shown by some to cover waste disposal
trenches or specific structures disposed within low-level waste
sites.
These types of caps or barriers have been shown as
documented
in the technical literature to have a very short
functional life. Hence should rigid trench cap designs be replaced
with
nonrigid type design caps or engineered surface barrier
systems 7

11 i

It appears that numerous disposal site designs are not for
disposal.
The sites have been designed only for storage of
low-level waste.
It appears that engineering design for storage
is significantly different than that for disposal and the objective
of waste "disposal" should be clearly adhered to.
It has been noted by several symposium participants that there is a
distinct need for exchange of detailed technical information among
government and private sector engineers and scientists. There is a
significant need for detailed indepth technical workshops on
specific topics.
A great deal of conceptual understanding and
design specification information could be derived from such
meetings.
As a result, significant cost savings are achievable.
These workshops should only be attended by engineers and scientists
actually conducting research or development tasks in a given
subject area.
Extensive interaction is occurring in the area of leach testing and
this should continue.
Leach testing work should be expanded to
examine the behavior of real waste and to the development of one
standard leach test for low-level waste.
Increased emphasis should be placed on interaction with site
operators in both understanding what problems are and in providing
for a smooth transition between R & D and actual implementation.
Work by DOE on threshold limits should be explained to provide a
basis for use of off-site disposal options. Work with the NRC and
EPA should continue.
Close coordination should be established and maintained between the
LLWMP and the DOE Defense Hazardous Chemical Waste Management
Program.
Emphasis should be placed on the continued exchange of
information and technology.
Monitoring programs should be based on the
radionuclide and the pathway to be monitored.

longevity of the

Specific activities such as planting grass and trees to control
erosion, need to be examined for all impacts on the disposal
scenario.
Preliminary data suggest that the planting of grass or
trees may mobilize certain radionuclides.
This specific area
should be explored more fully.
Each DOE disposal site should have a separate monitoring program
which
is specifically designed
to collect low-level waste
monitoring data.

IV

Environmental monitoring practices can be improved by developing
automated systems and by assessing what data is really required and
then implementing effective monitoring techniques and programs for
just this data.
Standards should be developed for
reporting of environmental data.

the collection, analysis, and

Increased attention should be given to modeling the transport of
mixed waste.
There is a definite need to develop models that can
simulate the actions and reactions of this type of waste.
Work
on alternative
disposal
technologies should continue.
Particular emphasis should be placed on conceptual designs and
cost-benefit analyses.
Demonstrations should be conducted to
develop performance data for each alternative that appears to be
cost-effective. Performance models should also be developed.
The siting of new low-level waste disposal facilities should be
pursued in a positive manner. The public needs to be involved in a
timely and constructive manner.
Information management systems need to be brought together and
focused to meet the users needs. States and regions needing such
systems should take the time and effort to decide what they really
need.
Site-specific characteristics vary to such a large degree that no
one field demonstration of remedial action techniques will answer
all the questions.
Multi-site specific demonstrations should be
continued as the best way to transfer cechnologies into operating
practice.
In order to be credible, radionuclide transport models need to be
validated.
Sensitivity anlaysis can provide significant benefits
in this area and reduce the costs of work necessary to validate
models.
Groundwater modeling of non-complex hydrological features has
reached a rather mature stage. Attention should now be focused on
modeling of more complex hydrological features. Work should also
focus on improving the cost-effectiveness and efficiency of
existing groundwater codes.
Uncertainties associated with predicitons of public exposure
through other than the groundwater pathway should be addressed.
Data
and performance models for "barrier factors" used in
alternative disposal
technologies
or enhancements should be
collected and developed. This is required if licensing credit is
to be given to a "barrier factor."

The conclusions stated above are important to not only the DOE
LLWMP but should also be of importance to each meeting participant.
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PLENARY SESSION I

SEVENTH ANNUAL DOE LLWMP
PARTICIPANT'S INFORMATION MEETING
(Whereupon Plenary Session I was called to order.)
WELCOME:
MR. BALDWIN: Welcome to the Seventh Annual DOE LLWMP Particpant's
Information Meeting. I hope that all of you had a pleasant trip and
find your accommodations to your liking and suitable to your needs.
To my knowledge, this meeting is unique. I know of no other
meeting that specifically focuses on the subject of low-level waste
disposal and at the same time brings together persons representing
such diverse groups with such a broad range of interests.
We brought together what we believe to be the full spectrum of
participants in the area of low-level waste management including administrators, regulators, researchers and operators representing many different
federal and state agencies, private industry, DOE defense sites and
international organizations as well.
Accordingly, the major emphasis for this meeting is information
exchange and technology transfer. Most of us are aware that waste
management in general and low-level waste management in particular
is where the action is.
Today, concerning the management of low-level waste, we are currently
faced with numerous challenges due to disposal practices of the past,
present response practices and perceived future disposal practices.
All of this is occurring in an evolutionary regulatory environment.
For the next two and one half days we'll learn and discuss the different
strategies that are being developed and numerous challenges facing
all of us in the management of low-level waste.
This morning Jeff Smiley of DOE Headquarters and Bob Avant of
the ,State of Texas will elaborate on the challenges facing low-level waste
management and facility development. Mike Barainca of ID/DOE will
brief us on the current status of the Defense and Nuclear Energy Low-Level
Waste Management Programs and their future direction.
John Starmer of the Nuclear Regulatory Commission will inform
us about the future direction and strategies that its agency plans
to take regarding low-level waste management.
Jim Dieckhoner will discuss the evolving nature of the DOE low-level
waste management system and where it's heading. While John Jicha
of DOE Headquarters will discuss enhanced engineering disposal technologies
and their potential policy.
In regard to the evolving regulatory environment, Lew Meyers
of EPA will bring us up to date on the current status of EPA's low-level
radioactive waste standards development program.

The second plenary session is devoted to international low-level
waste management activities. Two years ago, a summary of international
low-level waste management activities was presented by Peter Lakey.
So much interest was expressed by the participants of that meeting
in learning more about international low-level waste management activities
that last year we invited speakers from Canada and Sweden.
This year we are fortunate and extremely delighted to have a
status update of recent developments related to international low-level
waste management, and to have Cheryl Hutchison tell us about low-level
waste management activities in France and Hayden Richards tell us
about low-level waste management activities in the United Kingdom.
To Cheryl and Hayden, we extend to you a special welcome indeed.
Before we hear from Jeff Smiley, I'd like to introduce Michael Jugan
from Oak Ridge Operations. He's an unscheduled speaker but has an
important announcement to make.
MR. JUGAN: Good morning and welcome. My name is Mike Jugan
from 0R0 and for the last six months I have had the pleasure of being
on the defense low-level waste management program.
I learned a great deal in these six months and enjoyed the opportunity
to meet my DOE contractor counterparts.
The last few years the program management costs associated with
the low-level waste management program have been rising but the number
of program tasks has been decreasing. In an effort to reduce costs
related to program management, we'll be eliminating some duplication
of effort between Oak Ridge and Idaho.
The position of the associate lead role will be cancelled and
transmitted to DOE Idaho and EG&G.
This will be the last annual Participant's meeting that we'li
be responsible for organizing 2nd we hope it's the be?t, and we hope
you enjoy yourself here and have a good time and learn quite a bit.
Thank you.
I'm honored to have had the opportunity to say a few words to
this distinguished group.
(Whereupon, Mr. Jugan was applauded by all present)
8:45 a.m.

CHALLENGES FOR FUTURE LOW-LEVEL WASTE MANAGEMENT
Jeffrey L. Smiley
U.S. Department of Energy
Office of Remedial Action and Waste Technology
Seventh Annual Participants Meeting
September lu, 1985
Good Morning.
Since I am the first formal speaker of the day, I can have the pleasure of
kicking off the Seventh Annual Low-Level Radioactive Waste Participants
Meeting. We have an extremely interesting and well-rounded agenda for the
next 3 days, and I look forward to meeting with each of you and being
exposed to the wealth of information and experience that you all bring to
the various workshops and meetings.
This meetinq marks the end of my first year in low-level waste---in fact, I
spent my first week in the program attending last year's meeting in Denver.
This past year has been filled with its own special challenges. As I beyin
:ny second year in the program I can foresee a variety of new ones. It
appears that the pace of meeting new demands and expectations in low-level
waste management in the U.S. is accelerating. We are going to be
challenged to the best of our abilities to accomplish some very important
goals in the next few years.
Challenges
As the lead-off topic for this conference, I have been asked to talk about
what I see coining over the horizon. I see one major challenge—getting new
disposal capacity. To get new disposal capacity we need to consider two
other challenges.
1. Getting decisions.
2. Getting licenses.
Let me discuss each of these, dwelling mostly on the key challenge
today—getting decisions made.
Decisions
Within the Department of Energy (DOE), new disposal facilities may be
required shortly at two DOE sites. Efforts have already been expended at
Oak Ridge to develop a new low-level waste disposal site, and we have
discovered the challenge of completing that action to be quite formidable.
For instance, some have characterized the recent report by the National
Academy of Sciences, "The Management of Radioactive Wastes at the Oak Ridge
National Laboratory: A Technical Review," as saying "You have done a fine
job so far, but don't do it that way anymore." We have discovered that
neither our responsibilities nor our visibility to the public ends at the
fence that separates DOE facilities and operations from the outside world.
DOE must now evaluate alternatives and decide how it will develop and

implement treatment methods and disposal systems that provide improvements
to the practices that we employ today.
The States end regions are now faced with similar dec i s i ons on issues that
affect decisionmaking. These include the requirement to involve an
increasingly aware and demanding public that is challenging our system to
provide improved waste treatment, packaging and disposal systems--and to do
it at reasonable costs.
In the civilian low-level waste program in the DOE, we are being required
to determine the most effective means oi continuing to support and
facilitate State progress toward new disposal capacity development
nationwide, albeit with shrinking resources. Additionally, we are being
asked by the Congress an^ others to provide new information. We are being
asked to assess and evaluate better waste treatment and volume reduction
methods. We are being asked to evaluate disposal methods that could be
employed as alternatives to those currently being practiced. We hope to
continue to help develop better, low cost high integrity containers and
analyze materials behavior in order to improve overall waste form
technology and performance. Clearly, we cannot meet the demand and
expectations for full service programs to all States and regions in all
areas, and yet, we must attempt to deliver a program that fairly
administers to nationwide disposal capacity development needs.
In the Congres-, it appears that decisions are about to be made toward the
passage of new legislation that will resolve the impasse that has
heretofore delayed the congrersional consent to interstate compacts. The
Interior and Insular Affairs Committee in the House of Representatives has
reported out a bill to amend the Low-Level Radioactive Waste Policy Act and
to consent to the si> compacts that have been submitted by the Rocky
Mountain, the Southeast, the Northwest, the Central, the Midwest, and the
Central Midwest compact regions. The Foiise Energy and Commerce Committee
has decided to initiate a markup of the bill this month.
In the Senate momentum is also building with legislation similar to that
being considered in the House having been introduced with twenty-five
cosponsors. Hearings will commence next week in the Senate Energy and
Natural Resources Committee. The Senate Committee on Environment and
Public Works may also h o ^ hearings on the bill. The Chairman of the
Judiciary Committee has expressed his intent to pass the compacts in this
legislative session. Therefore, it is possible we shall have consent to
the compacts Ihis year as well as new legislative provisions that will
govern low-level waste management in this country for at least the next 7
years. This legislation, as proposed, expands the Department's
responsibilities, including a requirement to recommend viable options for
disposing of greater than class C low-level wastes and naturally occurring
and accelerator produced (NARM) wastes—wastes which currently are orphaned
by existing disposal rules and practices.
For the States and compact regions, the challenge of deciding to meet the
schedule contained in this proposed legislation will offer exciting and, 1
believe, important opportunities, "he starting gate may soon be open for
approved compact regions and independent States to begin to develop and
deliver a new nationwide system for the disposal of low-level radioactive

waste. We in the DOE will help in this endeavor and are seeking more
effective and efficient ways to provide meaningful and worthwhile services
to you. Methods will have to be found to provide assistance in broad areas
of interest that will assist several States and regions together. We have
begun this process already with our Alternative Disposal Technology
Coordinating Committee, a joint endeavor involving Federal agencies,
industry, and State officials in a cooperative effort to define and
evaluate acceptable alternatives for the effective disposal of low-level
waste. Plans are being developed to use similar methods e»s well as a
system of waste technology and information documents we shall call
"modules" to assist States and regions in meeting required milestones on
the schedule being considered by the Congress.
Licensing
The efforts of the Department of Energy, the States and regions and the
industry to expend and develop new low-level radioactive waste disposal
sites must be accomplished within a regulatory framework that will allow
for the development and implementation of technology within reasonable time
frames. The Environmental Protection Agency and the Nuclear Regulatory
Commission will need to set standards and regulatory criteria that provide
the guidance under which new disposal capacity can be developed. New
regulations may be required on wastes that are below regulatory concerns
and some wastes that are now considered orphans. Disposal facility
developers and operators need a better understanding of how their
facilities will have to meet regulatory requirements for managing and
disposing of those wastes that are subject to environmental regulations
such as the Resource Conservation and Recovery Act. Additionally, some
generators may require additional storage capacity at their facilities.
They will need guidance from State and Federal regulatory agencies to make
decisions on both increased storage and volume reduction measures. Finally
both the DOE and the relevant State agencies need guidance on how their
decisions to employ various potential waste treatment and disposal
technologies would be affected by regulatory criteria and/or the review of
a license application. The efforts we have established c;i interagency and
State coordination in these areas are an important step in resolving many
of these issues.
Nuclear Industry Services
Finally, we must lay down the gauntlet for the corporate members
represented here today--the nuclear industry. For the members of the
industry who generate low-level waste and those who provide treatment and
disposal services for these wastes, the challenge will be to develop better
volume reduction methods, more stable waste forms, and improved disposal
methods that will satisfy regulatory requirements. The challenge of
developing better waste treatment and disposal systems and practices can be
accomplished through the natural dynamics of the market place. I believe
our industry has the means to meet this challenge to provide improved
stability, containment and overall system performance—and hopefully, at
reasonable prices.

Summary
The challenges are clearly before us. But unlike past discussions, we can
no longer consider ourselves to be in the initial stages of a lengthy
process. We are surrounded by an incredible array of pressures and
expectations. We must succeed. The time is short. We are being required
to select and characterize new facility locations while simultaneously
determining appropriate disposal technologies. Coordination between
decisionmakers, exchange of technology and sharing the lessons we have
learned will help meet these challenges in low-level radioactive waste
management. By working together in a cooperative spirit—industry, State
and Federal Government--witn full public involvement—we shall meet the
challenges before us--and succeed.
Thank you. Have an enjoyable and successful 3 days.

CONSIDERATIONS OF DEPARTMENT OF ENERGY
LOW-LEVEL WASTE MANAGEMENT PROGRAMS
M.J. Barainca
U.S. Department • ' Energy
Idaho Operations Office
ABSTRACT
This pave, presents an overview of the activities of the Department
:>c Energy's (DOE) Low-Level Radioactive Waste Management. Programs
(LLWMP) progress in the last year. Plans for the near future under
both the Defense and Nuclear Energy LLWMP are discussed. Highlights
of recent coordination activities between the DOE Programs, Nuclear
Regulatory Commission (NRC), Environmental Protection Agency
(EPA), private industry, and several states are presented.
DOE Programs are being influenced by several external factors,
i.e., state regulations, public perception. These factors are
determining the course that low-level waste management (LLWM) must
take and the specific issues that research and development programs
must address. Greater emphasis is therefore being placed on
quantifying the uncertainties and validating assumptions and theories
associated with the performance of low-level waste disposal
technology. Simultaneously, existing technology must be applied
to more fully control the disposal environment. Such applications
may provide a greater degree of protection for the environment,
thereby allowing greater public acceptance and more rapid development
of new disposal facilities.
As in the past, the objective of this meeting is to present an
opportunity for discussions between the researchers and potential
users of the technology. This shoulu enable the researchers to
better understand the needs of the users and address the concerns
leading to application of technology.
INTRODUCTION
The Department of Energy Low-Level Waste Management Program has two
missions: one for Defense Program (DP) and another for Nuclear Energy
(NE). The objective of the Defense Program is to provide safe and cost
effective cechnology for the Department of Energy's Low-Level Waste
Management System. The objective of the Department of Energy's Nuclear
Energy Low-Level Waste Program continues to be to facilitate the
establishment of an effective LLW management system.
The Low-Level Waste Management System includes waste generation, waste
treatment, shipment, and disposal. A major challenge in the maintenance
of this system is the establishment of new disposal facilities. LLW has
been disposed of safely for over forty years. However, as illustrated in
Figure 1, there have been problems at the existing disposal sites, and the
public has an expectation for improved performance from new disposal
sites.

Meeting on High-Level Waste was attended by Program staff at DOE-HQ
December 6, 1985. A NLLWMP/DP staff person was assigned as contact point
for the HLW working group.

Gas emission
Animal intrusion
Root Intrusion
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ponding and
errosion

Surface runoff

Water table
high point
Water table
low point

\

Figure 1. Problems encountered in the shallow-land burial of low-level waste.
LOW-LEVEL WASTE DISPOSAL SYSTEM
Forty years of operating experience have given us a better
understanding of the performance of disposal sites. Figure 2 illustrates
the major elements of the LLW disposal system:
o
Waste form
o
Engineered facility (trench)
o
Site
o
Environment.
Waste Form
The waste form includes the waste, the matrix in which it is
contained, and the package containing these materials.
Engineered Facility
The engineered portion of the disposal facility includes all features
designed and developed as part of the disposal facility. These would
include various design options for dispc-iai Facilities above and below the
ground. In the case of a near-surface disposal facility, such features
include the trench, the drainage system, backfill materials, covers,
monitoring systems, etc.
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Site
The site includes those natural geological features that are relied on
to provide containment and isolation of the waste.
Environment
The environment includes those portions of the natural system outside
the buffer zone. The buffer zone is a three-dimensional envelope
surrounding the disposal system, which is used to control the releases of
radionuciides to acceptable levels.
LLW TECHNOLOGY PRIORITIES
Recognizing that the major objective of LLW disposal is to protect
public health and the environment, developers of disposal systems have
conducted the necessary activities to ensure that this performance
objective is achieved. Meeting this objective cost effectively has also
remained an important consideration. Low-level waste disposal sites
operating today rely primarily on the natural features of the site to
ensure the performance objective is met. This is shown in Figure 2.
While we continue to believe this is a cost effective approach, we also
recognize that demonstrating the adequacy of natural features is difficult
and therefore engineered enhancements of the waste form and/or disposal
facility may be required.
During the past year DOE, NRC, EPA, and United States Geological
Survey (USGS) met to discuss and coordinate research activities. Table 1,
developed in January 1985, is a preliminary summary of collective

Groundwatar

Figure 2.

Elements of near surface disposal f a c i l i t y .
11

Special waste'
treatment

Storage
(long term)

Waste form

Trench
characteristics

[

1 Environment and
1 monitoring

M-H*

M-L

H

L-M

M-H

M-H

M

M-H

M

Criteria and
standards

M-H*

L

H

H

M-H*

L

M

L

L-M

Information
systems

H

M-H

H

M

H

M

M-H

L-M

L-M

Research and
development

L

L-M

M-H

L

M-H

L

M-H

L

L-M

Demonstration
validation

L

L-M

M-H

M-H

M-H

M-H

M-H

H

1

Site
characteristics

Waste treatment

Performance
assessment

Enhanced
disposal
features

Waste source
characteristics

TABLE 1. PRELIMINARY INTERAGENCY LLW TECHNOLOGY PRIORITIES

H - High

'Mixed waste, 8RC, High activity

M - Medium

L - Low
ilia

priorities that were believed to be important to the development of
technology for the various portions of the LLW management system.
Subsequently, the various agencies have recognized that continued
coordination and discussion of activities are beneficial to continued
overall progress but that each agency should conduct technology activities
according to its own priorities and mission.
This is a summary o: technology elements and does not include all the
institutional and operational aspects of the LLW management system, such
as management plans, licensing procedures, public interaction, site
operation, economic assessment, etc. Nor does it include transportation.
Waste Characteristics
In order to minimize waste generation and understand the impacts of
waste generators on the LLW management system, a good understanding of
waste characteristics is required. This understanding would as-'st the
generator in evaluating activities such as training, waste treatment, or
alternative systems and help determine what is required to meet disposal
requirements. Physical, chemical, and radioactive characteristics of the
waste must be understood to consider their impact on LLW management system
performance. Several commercial generators have evaluated their LLW
characteristics and have provided input to the National LLW Management
System through the Conference of Radiation Control Program Directors'
survey. There is still a need to better understand aspects of the waste
in order to evaluate compatibility with the Resource Conservation Recovery
Act (RCRA) for mixed waste, the quantity of waste that could fall below
regulatory concern and could be disposed of in sanitary landfills, and
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those more active wastes requiring special treatment and/or greater
confinement disposal. Since there are inconsistencies between RCP'\ and
radioactive waste disposal regulations, there is a need to reconcile these
differences and establish compatible criteria and standards. There is
also a need to provide this information to organizations that are
developing new disposal sites. Information systems are being developed
that can be accessed by the states to analyze this information. There
appears to be little need to develop new technology in this area.
The asterisk on Table 1 indicates that a higher level of evaluation is
due to special case waste issues such as greater than class C and below
regulatory control/deminimus.
Figure 3 illustrates the physical characteristic of typical DOE and
commercial LLW. Treatment could be beneficial to portions of the dry
active waste and biological waste. Li quid wastes are presently being
solidified to meet the existing restrictions for disposal.
Dry solids
63.3%

Dry solids
58.1%

Irradiated
components 0.1%

Solidified
sludge 2.1%
Contaminated
equipment 14.4%
Biological
0.2%

Other 8.9%
Organic/aqueous
liquids 3.9%
tological 2.4%

Other 19.7%
Decontamination
debris 5.4%

Contaminated
equipment 7.5%

DOE/Defense

Wet waste
13.9%

Commercial W?iie

Figure 3. Physical characteristics for typical DOE/Jefense and commercial
low-level waste volumes.
Waste Treatment
Waste treatment is separated into two categories; one for low-level
waste as it is normally defined and a second category for special wasta.
This second category recognizes the need to address potential special
treatment requirements for handling chemical characteristics of some LL.W
and for greater than class C waste.
Waste treatment and waste form activities are directed at developing
cost-effective treatment techniques to stabilize, reduce the hazard, or
reduce the volume of problem wastes. Problem wastes are thosa not readily
amendable to treatment by conventional means. Conventional means for
treating radioactive wastes are generally directed to the processing of
aqueous solutions and suspensions of dry solids. These techniques are not
compatible with some waste types such as organic liquids or
decontamination solutions.
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Research in this area includes: (a) determining problematic wastes
within DOE system, (b) identifying and investigating potential agents and
processes for the solidification of problematic low-level waste streams,
(c) defining operating parameters for the improved solidification of
low-level waste, (d) developing formulations for greater confinement
disposal; and (e) testing and evaluating of solidified waste forms to
verify compliance with waste form performance and disposal site acceptance
criteria and with transportation requirements.
Storage
Since disposal sites are not being developed as rapidly as expected,
storage for terms longer than'five years will probably be required.
Short-term storage such as holding for decay already exists and technology
development is not required. However, certain standards need to be
reviewed and updated to reflect the considerations required for longer
term storage. The NRC is presently conducting studies in this area.
Waste Form
There is an interface between the disposal system and waste treatment
and generation at the waste form. The waste form's radioactive, chemical,
and physical properties affect the performance of disposal systems. There
is a need to improve the understanding of the performance of the waste
form in the disposal environment. But it is also important to recognize
that because we are talking about waste and not a product, there will
always be limitations on the quality of data being obtained in development
and demonstration efforts. We need to revise the existing LLW disposal
criteria to consider the chemical and physical characteristics of the
waste form. We also need to obtain real data on waste form/disposal site
performance so we can confirm the theoretical and laboratory performance
predictions on a full-scale engineering level. Figure 4 illustrates the
radioactive decay of LLW at typical sites showing how LLW decays to
relatively safe levels, within periods of time so that institutional
controls can be maintained.
Engineered Facility
The engineered facility element is also divided into two sections on
the chart to emphasize the difference in simple trench disposal and the
enhancements/alternatives to trench disposal. The enhancements are being
required because the public perceives that near surface disposal is
inadequate based in part upon performances of closed LLW disposal sites.
Trench engineering of near surface disposal is generally
well-understood. Trench design features such as drainage systems, cover,
and side walls are in use today. There is a need to validate the
performance of near surface SLB disposal systems and to complete efforts
to stabilize and close retired LLW disposal facilities. Technology to
improve t!,a long-term performance of trench disposal technology needs to
be demonstrated and validated so that technology can be more effectively
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DOE
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Figure 4 .

Decay o f t h e e s t i m a t e d r a d i o n u c l i d e i n v e n t o r i e s a t
a t y p i c a l commercial and DOE d i s p o s a l f a c i l i t y .

understood in assessments of the overall LLW disposal system. The
in-trench environment can be complex because of water i n f i l t r a t i o n and
package degradation as i l l u s t r a t e d in Figure 5.
Precipitation
Gas emissions

Eva|)or,llona n d

Transpiration

Animal intrusion

:j!>^^3e^=t=^K£^«^^i^kZi. : '-vi'iriJ m?S^®%^'™

Figure 5. Functional operation of near surface disposal f a c i l i t y .
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The performance elements of near surface disposal f a c i l i t i e s can be
improved and the need for reliance on natural systems can be reduced with
certain engineered enhancements as i l l u s t r a t e d in Figure 6. There are
other disposal technologies which we would l i k e to evaluate that w i l l be
discussed later.
Precipitation
Evaporation and
Transpiration

Water retarding
trench cap

' Engineered biobarrier
:

->

Engineered backfill or grout

Figure 5. Improved operation of near surface disposal facilities.
Site Characteristics
Site characteristics exist, therefore the focus in this area is
improving our understanding of site performance. Validation of models and
sensitivity analysis of site models is becoming a higher priority. The
Defense LLWMP has funded demonstrations to test engineering improvement to
sites such as the use of grout curtain and chemically altering the ground
water pH to reduce migration of pH sensitive ions.
Environmental Monitoring
The use of existing environmental monitoring technology also exists.
Obtaining data to validate the performance of site models is important.
There is a need to understand the different monitoring needs of above
ground facilities that may be employed in the future and validate the
performance of the various designs. Cost effective instrumentation
systems such as radionuclide migration instrumentation, tomography, and
other geophysics: instrumentation systems have been developed in the past
16

as indicated in Table 1. Technology development of monitoring systems is
not viewed as being a high priority since significant commercially
available monitoring equipment exists.
Recognizing the public demand for engineered disposal technologies or
alternatives to SLB, we have established a working group to coordinate
enhanced disposal technology coordination. The objective of the working
group is to coordinate the information being developed from various
organizations in the area of disposal technology development. Members of
the working group include representatives and staff from the NRC, the EPA,
the DOE, the Electric Power Research Institute (EPRI), the Conference of
Radiation Control Program Directors, and states conducting research on
disposal technologies.
ENHANCED DISPOSAL TECHNOLOGY
Figure 7 illustrates the types of disposal technology development
activities being coordinated. EPRI is conducting conceptual designs and
functional and economic assessments. EPRI is providing this information
as it is developed to other members of the working group.
EPRI
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DOE
Information

€

^J Demonstrations
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evaluation
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^ P Technical assistance
g\ Economic
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0\ Transfer of technology
^ from DP
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EPA
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development
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^ ^ model

States
^ ) Criteria
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v--' design

€ Management
plans
s~\ Performance
^-^ assessment

) Systems assessment
Status Code
(^ Planned
f)

( J ) Licensing procedures
/—\ Facility operation
^S documentation

In progress

5 SD32

Figure 7. Enhanced disposal technology coordination.
DOE is supporting the development of a data base for the entire waste
management system. DOE is also conducting demonstrations and assessments
and is providing this information to other members of the working group.
Building on the information developed by EPRI, NRC is addressing the
regulatory aspects of disposal technology through safety and performance
assessments of disposal facility designs. The EPA is sharing its
regulatory background documentation with the group and the participating
states are initiating design and criteria activities. The Southern States
Energy Board was requested to coordinate the administrative activities of
the working group. The following speakers will elaborate on the
activities being conducted by their organizations.
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An indication of the effectiveness of this group is the fact that
other agencies are able to share and use information. EPRI, in thsir
study has developed a classification scheme that can be used to compare
the various technologies. All of the existing technologies can be
compared by thi^ concept as illustrated in Figure 8. This concept is
being used by the DOE and the NRC in evaluating disposal systems.
Grade

Figure 8-

Proposed classification system.

DOE NUCLEAR ENERGY LLW MANAGEMENT PROGRAM
Legislation has been proposed in the Congress which will amend the
Low-Level Radioactive Waste Policy Act and will affect future LLW disposal
site development. Figure 9 illustrates a schedule the Department has
developed which we believe will support the site development activities
that will be needed to meet the milestones contained in the proposed
legislation. We are in the process of evaluating the Nuclear Energy
Program plans to determine what would be required by DOE to implement the
proposed legislation. Our current program schedule is provided in
Figure 10 and is similar to that provided last year.
DOE DEFENSE PROGRAMS LLW MANAGEMENT PROGRAM
Figure 11 shows how the DOE:'s Defense LLW Management Program
technology activities support the LLW management activities at DOE
operating sites. Figure IE is a summary program schedule for DOE's
Defense LLW Management Program.
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Fiscal Year
1986

Activity
Join compact/certify independent

1987

1988

1989

1990

1992

1991

1993

7/1/86

Develop management plan
Select host state
Develop site selection process
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Select site
Characterize disposal site
Select disposal technology
7

Design disposal facility
DeveloD license aDDlication
License disDOsal facilitv
Construct disDOsal farilitv

> T Congressional milestone
5 5442

Figure 9.

Program planning base w i l l r e f l e c t new congressional schedule.
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Figure 10. Nuclear Energy Program schedule.
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Figure 11. LLW program focuses resources tG meet DOE needs.
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20

CONCLUSION
The DOE LLWMP activities that were outlined today should help reduce
the uncertainty associated with LLW disposal. These activites support the
systems approach being taken by DOE to address and resolve waste
management issues.
We believe a quantitative approach to the problem is one way to ensure
that all the important factors are systematically considered, and to
discriminate between significant and less significant factors. This
approach will need to utilize mathematical tools including modeis and
quantification of test objectives in project planning documents. It is
doubtful that one single model could be used to describe all the complex
processes required. It is expected that several different models will be
required. Models are only tools and require validation. However, they do
require systematic analysis of data and yield quantifiable answers. The
Department of Energy's LLW Program is re-emphasizing performance
assessment and initiating activites to help quantify the uncertainty
associated with the disposal of LLW.
We are
programs.
researcher
solutions,
parameters

re-emphasizing the need for experimental design in research
By better quantifying expectations in regard to data, the
can better demonstrate that his research is converging on
and to provide greater confidence in the understanding of
which affect LLW disposal.

This is the challenge to you the participants—to quantify your
objectives, to identify data interfaces with researchers, and to share
information.
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OVERVIEW OF EPA'S LOW-LEVEL RADIOACTIVE
WASTE STANDARDS DEVELOPMENT PROGRAM, 1985

G. Lewis Meyer, Floyd L. Galpin and James M. Gruhlke
Office of Radiation Programs
U.S. Environmental Protection Agency
Washington, D.C. 20460

ABSTRACT

The Environmental Protection Agency is continuing
development of generally applicable environmental standards
for land disposal of low-level radioactive wastes (LLW) under
authority of the Atomic Energy Act. EPA's effort also includes:
determining whether some LLW wastes contain sufficiently low
levels of radioactivity to be "Below Regulatory Concern" (BRC)
regarding radioactive hazard and; covering certain natural and
accelerator-produced radioactive materials under LLW Standards,
using Resource Conservation and Recovery Act 1976 authority.
This paper reports the current status of EPA's LLW Standards
program, including: status of assessment model development and
testing; Science Advisory Board review; revisions to LLW source
terms used, with special attention to C-14; addition to those
alternatives assessed of two new disposal methods and long-term
engineered surface storage; information on source term and risk
assessments performed for NARM portion of the standard; additional risk assessments conducted for LLW and BRC waste types; and
revised LLW standards schedule.

INTRODUCTION
The U.S. Environmental Protection Agency (EPA) is continuing
development of generally applicable environmental standards for the land
disposal of low-level radioactive wastes (LLW) under the authority of the
Atomic Energy Act, as amended. When completed, these standards will apply
to facilities which dispose of LLW, whether they are licensed by the U.S.
Nuclear Regulatory Commission (NRG) or States, or they are Federal facilities operated by the Department of Energy (DOE).
Major efforts of our LLW Standards program covered in this paper
include:
o

Risk assessment model development and testing;
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o
o
o
o
o
o

EPA Science Advisory Board review of LLW risk assessment
methodology;
Revision of LLW source term, including a special study of
Carbon-14;
Inclusion of additional disposal methods;
Recent LLW and BRC assessments;
Development of NARM source terms and risk assessments; and
Cost and risk analyses.

Our revised schedule for promulgation of the LLW Standards is also
given.
ASSESSMENT MODEL DEVELOPMENT AND TESTING
Development of EPA's risk assessment models for land disposal of LLW
and BRC wastes was essentially completed during 1984. The main codes and
their function are listed below:
PRESTO-EPA (POP)

Long term average risk/dose to general population
from disposal of LLW by shallow methods.

PRESTO-EPA (DEEP) Long term average risk/dose to general population
from disposal of LLW by deep methods.
PRESTO-EPA (CPG)

Maximum annual dose to critical population group
from disposal of LLW by shallow and deep methods.

PRESTO-EPA (BRC-POP) Long term average risk/dose to general population from disposal of BRC wastes by sanitary
landfill and incineration.
PATHRAE (BRC-CPG) Maximum annual dose to critical population group
from disposal of BRC wastes by sanitary landfill
and incineration.
The above codes and how the Agency plans to use them have been
described in some detail at earlier LLWMP meetings (Hu 83a, Ga 84, Ro 84).
Major efforts during 1985 have been on documenting, testing, verifying,
validating and using the PRESTO-EPA codes. Table 1 describes the status
of this work.
Use and testing have been particularly enlightening
and helpful.
We are still finding occasional gaps in the documentation where it is
either silent, incomplete or unclear. For example, we began getting
negative quantities of radioactivity in one series of sensitivity tests
of PRESTO-EPA (CPG). After checking, we found that it was not a code
error per se, but the documentation was not sufficiently explicit on how
to set up new CPG source terms. We are still tracking down several other
"mystery" results from our testing and usage of PRESTO-CPG. We request
that any other groups testing or evaluating the PRESTO-EPA codes and
getting "funny" answers to give us a call. We may already have the
answer. If we do not, it is something we need to check on.
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Table 1. Status of Documenting, Testing, Verifying and Validating EPA's PRESTO-EPA (plus PATHRAE)
Family of Assessment Codes for Land Disposal of Low-Level and Other Radioactive Wastes

Element

Description

Status

Quality Assurance
Audit

Model equations checked for mathematical
correctness and codes checked for replicating equations and computer logic.

Complete for all codes; errors
detected were corrected.

Experience from
Testing and Usage

Literally several thousand test and "final"
production runs have been made to test and
evaluate logic and performance of PRESTO
and ancillary codes.

Extensive testing of PRESfO-EPAPOP, PEESTO-EPA-DEEP, and PRESTOEPA-CPG; extensive usage of all
codes on LLW, BRC and NARH
wastes; important errors were
detected and corrected; ongoing.

Peer Review

A Peer Review meeting of 25 national and
international experts was convened and
formal consnents on the basic PRESTO-EPA-POP
code were received.

Important corrections and
improvements were made, based on
Peer Review recommendations
(16, 17).

EPA Science
Advisory Board
Review

Radiation Advisory Committee of EFA's
Science Advisory Board is reviewing LLW
risk assessment methodology, including
PRESTO codes.

Review complete; final report
expected late 1985.

Uncertainty
Analysis

Completed for PRESTO-EPA-POP for
10,000 year period of analysis.

Sensitivity
Analysis

Completed for PRESTO-EPA-POP,
PRESTO-DEEP, and PRESTO-EPA-CPG;
others in progress.

USGS Review

USGS is reviewing predictive output
from groundwater transport section of
PRESTO codes for reasonableness and is
comparing it with field data from
existing LLW disposal sites.

In progress.

Intercomparison
with other Models

PRESTO-EPA-POP code was submitted
to a National Laboratory for use
in an intercomparison with groundwater portions of other codes uaed
for LLW modeling.

In progress.

Review and Use
by Others

Various PRESTO-EPA family codes have
been distributed to national and
international agencies, national
laboratories, States, and industry
for review and use.

In progress; some favorable
verbal feedback but little
written comment yet.

Comparison with
Field Data

Final and logical teat will be to
compare output from transport
portions of PRESTO with field data
from existing LLW disposal sites.

On hold; but volunteers with
sites or data gladly accepted.

SCIENCE ADVISORY BOARD REVIEW
In March, 1985, the Assistant Administrator of Air and Radiation
Programs requested EPA's Science Advisory Board to review the background
information and risk assessments which would be used to support EPA's
environmental standard for LLW disposal, with particular attention to the
PRESTO-EPA risk assessment models. By way of background, EPA's Science
Advisory Board is our highest level external scientific review body and
was established under Congressional authority to provide advice to the
Administrator on the scientific and technical aspects of environmental
problems and issues. This includes reviewing and advising on the
scientific basis of supporting materials for any proposed standard. In
response, the Science Advisory Board convened a 10-member Radiation
Advisory Committee to conduct reviews of radiation related subjects.
Considerable time and effort by the LLW Standards Team went into
preparing for and participating in this review. We presented them with
a 6-inch stack of documents for their review, including documentation and
users' manuals for the PRESTO-EPA family of codes plus PATHRAE
(EPA 85a, thru EPA 85i, Me 81, Me 84) and a Background Information
Document (BID) on our risk assessments (EPA 85j). The BID describes our
approach to the LLW risk assessments, the LLW source term, the disposal
methods, the hydrogeologic and climatic settings, and the models we used,
and gives some preliminary assessments. We have subsequently found our
projected risks and doses given in the BID were too high because of a
large error in the carbon-14 source term.
The Radiation Advisory Committee reviewed all aspects of our LLW risk
assessments, including the general basis of our methodology, our basic
assumptions concerning source term, disposal methods, disposal scenarios,
assessment models (including transport and biological effects), and the
results of our risk assessments. Their review is proceeding on schedule
and we expect a draft report from the Committee in late September, 1985,
followed by a final report before year end.
At this point, based on preliminary indications from the Engineering and
Transport Subcommittee, we do net anticipate the need to make any
significant changes in the way we have calculated potential releases to
receptors from the disposal of LLW or BRC wastes or in the range of site
settings, disposal methods, exposure pathways, or source terms (except
for C-14). Changes we do anticipate deal with: clarification of what was
done (throughout), the purpose(s) of our analyses, and amplification of
assumptions; changes in our method of presenting estimates (i.e., round
to one significant digit only) and more clarifying footnotes on tables;
and reconsidering the length of period of analysis (hundreds of years
versus 10,000 years). They were particularly adamant that all of our
estimates of potential health effects, when calculated out for
10,000 years, should not be construed as an absolute number.
In reviewing our biological effects and health risk calculational
methods, there was general agreement that our overall methodology,
including intake factors, transfer coefficients, ?nd calculation of
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health risks were adequate and appropriate but with two advisements.
Firot, health risk, for certain types of cancers should be calculated on a
relative rather than an absolute-relative average basis as is currently
being done. This recommended change would cause our final estimated
health effects to be two to three times higher than if we continue to use
averaged results. Second, concern was expressed that genetic effects
could possibly be more important.

REVISED LLW SOURCE TERM
Originally EPA's LLW source term was based on a characterization of
LLW made by NRC to support their 10 CFR Part 61 rulemaking (NRC 81). EPA
added several additional radionuclides, principally Cesium-134 and
Uranium-234, and combined NRC's 36 waste streams into a more manageable
24 in the EPA source term. During the latter part of 1984, EPA used this
LLW source term to perform preliminary risk assessments of LLW disposal
methods (EPA 85j). Results of these initial risk assessments were so
overwhelmed by the health effects from carbon-14 that a reassessment of
the carbon-14 source term was undertaken.
This Spring (1985), EPA began a review of the entire LLW source term
it was using, with particular attention to carbon-14. Coincidentally,
the NRC was re-examining its LLW source term with particular attention
given to the higher specific activity waste streams (NRC 85). In doing
so, NRC subdivided its original 36 waste streams (NRC 81) into 148 waste
streams. Some of NRC's original waste streams were broken down into
numerous substreams. The revised EPA source term reflects much of NRC's
new, more detailed data on LLW waste streams but condenses this back into
the 24 waste streams originally used by EPA. The principal differences
between EPA's original 1984 LLW source term and its revised 1985 source
term are:
o

Revised H-SOURCES (industrial sealed sources): The original
characterization was based on assumptions for radionuclide
composition and gross activity by Wild (Wi 81). This resulted in a
very high carbon-14 concentration. Data recently available have
caused NRC and EPA to lower carbon-14 concentrations in sealed
sources by several orders of magnitude to a more realistic level (NRC
85, EPA-85k). Sealed sources now make up only a small fraction of
the overall carbon-14 source term.

o

Revised Radionuclide Concentrations in Reactor Waste Streams:
After an extensive review of waste shipment records, NRC has revised
the radionuclide concentrations of many power reactor waste streams
(NRC 82, NRC 8 5 ) . EPA has taken these revised concentrations into
account in its revised LLW source term.

o

Revised Radionuclj.de Concentrations in Industrial Waste Streams: The
new study by NRC of higher activity streams investigated the waste
characteristics from industrial facilities (NRC 8 5 ) . EPA has
condensed this detailed data to provide revised radionuclide
concentrations for the industrial LLW streams.
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Revised Projections of Waste Volumes: Using the latest NRC data on
waste volume generation (NRC 8 5 ) , EPA has constructed a new 20 year
inventory of LLW, from 1985 to 2004. This revision reflects recent
and more realistic information on power reactor startups, delays, and
cancellations. A better projection of industrial waste volumes is
available as well.

CARBON-14 DATA COLLECTION
In our preliminary analyses of potential risks from the land
disposal of LLW, one radionuclide, carbon-14 caused more than 95 percent
of all health effects. This was because it was very long-lived, very
mobile in groundwater, and there was a large number of curies present in
our LLW source term.
Because of its significance to our assessments, we checked on what was
known about carbon-14. We found several interesting and contradictory
things. There was, for example, two orders of magnitude difference in
carbon-14 concentrations in LLW, depending on the reference used.
Information on carbon-14 behavior after burial was also contradictory
and very sparse. Transport modelers commonly assume that all carbon-14
is quickly leached from the waste, moves down to the water table, and then
is transported at a rate close to groundwater movement with little
retardation. Yet, there are ample field measurements from LLW disposal
sites which show that some carbon-14 is leaving the site as airborne
radioactive methane and carbon dioxide.
Faced with the above situation and uncertainty, we called the DOE,
NRC and USGS on May 1, 1985, to request their assistance in collecting
data on the carbon-14 source term in LLW and carbon-14 1 s behavior after
burial. Their response was immediate and their help on this has been
outstanding.
We held our first and only meeting at USGS Headquarters in Reston,
Virginia, on May 8, 1985. Ten representatives of the four agencies
attended. The major points thai: emerged from this meeting were: (1) it
was important to obtain a clear picture of the quantity and chemical form
of carbon-14 in LLW and its fate in the environment after disposal; (2) a
consensus on the types of information needed; (3) a plan and schedule to
collect this information; and (4) the information collected under this
plan would be mutually useful to our respective agencies. Each of the
four agencies agreed to review their own information data base and
research by their contractors. This information could come from
published reports and, possibly of equal importance, from unpublished
reports and research in progress. Table 2 lists the major types of
information which are being collected in this effort.
One point that was stressed in organizing this effort was that it
should be data collection only, and we would not get into interpretation
just the facts. This was to avoid disagreements on the meaning or
significance of data which might result in delaying issuance of the data
report. After the data report is out, then everyone would be free to
apply his own interpretation.
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Table 2. Types of carbon-14 data and information needed.

Total C-14 in
Source Term

o
o
o
o

Sources of Waste

o C-14 Producers
o C-14 Waste generated by each producer
o Losses through incineration

Chemical Form

o As produced
o At disposal s i t e
o As transported

Release Mechanism/
Rate

o
o
o
o
o

Where Does C-14 Go
After Disposal

o Gas (Methane, C 0 2 )
o Chemical reactions with disposal
media or micro-organisms
o Plant uptake
o What percent to each of the above
o What controls where it goes.

Which waste streams contain C-14
How many curies in various waste streams
Range of concentration
Curies produced versus curies disposed

Solubility
Leaching
Gaseous (organic degradation)
Importance of Type compound
Retention factor from solidification/
containers
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Because of the Agency's immediate need for the carbon-14 information
for use in our risk assessments for the LLW standards,
Dr. James Neiheisel, Office of Radiation Programs' staff, is acting as
compiler and collator of the data and will prepare a subsequent report
on the data. Dr. Neiheisel should have a draft report ready for review
by the participating agencies by early September (EPA 85k), and a final
report in November, 1985. The final cover under which this report will
be published has not been selected yet but it is our (EPA's) feeling that
it should be done in a manner that recognizes the joint efforts of the
participating agencies.

ADDITIONAL DISPOSAL METHODS
Our original analyses to support our LLW standards considered eight
methods for disposing of various types and levels of radioactive wastes
(Hu 83b). Conceptual designs for these disposal methods were defined in
sufficient detail to e? tii^a^e disposal costs and to simulate potential
health impacts from their use. A.t public meetings we held in 1984 to
brief the States, industry, and ochers on our LLW Standards program and
to solicit their commnents (EPA 84,, we were requested to add the
concrete canister and earth-mounded concrete bunker methods to our
analyses.
The concrete canister method whic> we are developing is a conceptual
design similar to that proposed by thp Westinghouse Electric Corporation
for use by the State of California (We 85). Radioactive wastes would be
received at an on-site facility where they would be packaged in precast
concrete overpacks. The contents of each canister would be inventoried
and its location in the disposal trench would be recorded for retrieval
purposes. The structural properties of the concrete canister containing
solidified wastes and special placement of fill before installing the
trench cover are intended to enhance the long-term stability of the
trench cover.
The earth-mounded concrete bunker system (EMCB) is similar to that
first constructed in France (Ba 7 6 ) . The system involves the construction
of large below-ground concrete vaults, emplacement of waste canisters in
the°e vaults, grouting these canisters into a solid vault/canister
monolith, and then emplacement of waste in earth mounds above ground
directly over the vaults. Waste packaging, encapsulation, and segregation
are closely controlled. As a general rule, higher activity wastes are
disposed of in the below ground concrete bunker and lower activity wastes
are disposed of in the above ground earth mound and surrounded by
concrete tumuli.
Conceptual design of these systems, estimation of unit disposal
costs, and assessment of associated potential health impacts, are
currently under way. The method of estimating disposal costs is
equivalent to that used for the original eight alternatives. The same
models, PRESTO-EPA-POP and PRESTO-EPA-CPG, are being used to evaluate
population risk and the maximum dose to the critical population group.
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Along with adding two disposal alternatives, we have also expanded
our engineered storage alternative to cover LLW with a wi^er spectrum of
radioactivity and half-life. In our earlier analysis, our engineered
surface storage covered only those LLW with very short half-life and low
concentration of radionuclides which after a short term of storage would
decay to low enough levels for discharge to a municipal landfill or waste
water treatment system.
We are expanding engineered surface storage to include long-term
storage of both low and high activity wastes. Our work, will include
conceptual design of the system and estimation of storage costs. The
primary purpose of this study is to evaluate the cost of waste storage.
We may also extend it to analyze the cost effectiveness of storing the
waste for some period of time before transporting it to the disposal site.

NABM SOURCE TERM & ASSESSMENTS
During late 1984 and early 1985, EPA developed a waste characterization of Naturally-occurring and Accelerator-produced Radioactive
Materials (NARM). EPA's efforts have concentrated on higher specific
activity/lower volume NARM wastes that both closely resemble and are
compatible with LLW currently regulated under the Atomic Energy Act.
Diffuse low specific activity NARM wastes with huge volumes, such as
phosphate mill tailings, require different waste management strategies
and were not evaluated. The EPA has no intention of covering these large
volume NARM wastes at this time.
Development of the NARM waste classification and source term has been
an iterative process due to the lack of data on the wide variety of NARM
sources. Our characterization was developed from a literature search
combined with information obtained from numerous individuals and
organizations knowledgeable about NARM. In developing this list of NARM
waste forms, EPA considered such characteristics as physical form,
radionuclide composition, production processes, potential exposure
pathways, and methods for disposal. As a result, ten NARM waste streams
have been constructed and are shown in Table 3. The majority of waste
streams are discrete sources (high specific activity in relatively small
volumes). Several diffuse waste streams (low specific activity in
relatively large volumes) have been included for purposes of comparison.
To evaluate the potential risks associated with disposal of NARM
wastes, EPA is performing the risk assessments in the same manner as for
AEA-regulated wastes. EPA is using its LLW risk assessment computer
codes (the PRESTO family of codes plus PATHRAE) to estimate the risks
from disposal of NARM wastes by sanitary landfill, conventional shallow
land disposal, improved shallow land disposal, and intermediate depth
disposal.
These disposal alternatives are being examined over a range of
hydrogeological settings, both in unregulated and regulated scenarios.
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Table 3. Listing of naturally occurring and accelerator produced
Radioactive materials (NARM) being evaluated in
risk, assessments for inclusion of NARM wastes under LLW Standards

Classification

Waste Stream

Discrete
Discrete

Glass-Discrete
Metals
Water Treatment Ion
Exchange Resins
Radium Sources - Discrete
Radium-Berylium
Neutron Sources
Agricultural
Glass-Diffuse
Building Materials
Instruments
Boiler Ash

Discrete
Discrete
Discrete
Diffuse*
Diffuse*
Diffuse*
Discrete
Diffuse*

*These waste streams have been included in the assessments
for purposes of comparison but are not expected to be
regulated as LLW because of their very large volumes and
diffuse nature.
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To examine disposal in a non-regulated scenario, EPA is using its "Below
Regulatory Concern" (BRC) risk assessment codes (PATHRAE and PRESTO-BRC)
applied to municipal sanitary landfills serving populations of different
sizes. To assess the effectiveness of various levels of regulation, EPA
is using its LLW risk assessment codes (PRESTO-POP and PRESTO-CPG)
applied to "regulated" disposal options, ranging from a "regulated"
sanitary landfill to intermediate depth disposal. First results of these
risk assessment evaluations were available in August. After a quality
assurance review of these results, additional runs with the risk
assessment codes will be done. We expect the bulk of the NARM risk
assessment work to be completed by late September.

ECONOMIC ANALYSES IN 1985
A number of economic analyses have been carried out since September
1984 in support of ORP's LLW program. Because the numbers generated by
these efforts are still preliminary due to changes in other parts of the
program, only a brief description of these efforts follows:
o

Our preliminary risk evaluation of a number of surrogate
Below Regulatory Concern waste streams identified several
potential BRC candidates. The differences between disposing
of these wastes as radioactive and non-radioactive wastes
(LLW versus BRC) were evaluated on the basis of disposal
costs, health effects, maximum risk, and maximum dose. These
analyses indicate that there are several good candidates which
could fail under a BRC standard and which could result in
savings of several billion dollars in long-term disposal costs.

o

Volumes of LLW to be generated between 198S and the year 2004
were reestimated, to take into account the significant number of
nuclear plant cancelations and the redefinition of LLW compacts
that occurred since EPA's original estimates were made in 1982.
This work was based partly upon research done by ORP's
contractor and partly upon in-house interpretation of new LLW
source term work done by NRC.

o

An analysis of LLW disposal was done wherein selected potential
BRC waste streams were removed from the LLW source term to
evaluate the potential impact of a BRC standard on LLW disposal.

o

A draft Regulatory Impact Analysis (DRIA) was crafted by
ORP's contractor to begin the estimation of the impact of
a LLW standard on generators, on operators and on society
as a whole. Significant new and additional analyses were
done to prepare a distributional impact analysis, a feasibility
analysis and to include DOE wastes, something that had been
excluded until preparation of the DRIA.

o

Preparations are now being made for major revisions in the
DRIA to incorporate new information developed by the project.
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in addition, the economic analysis of NAKM and its potential
impact on LLW disposal is just now beginning.

SCHEDULE
Promulgation of the LLW Standards has been delayed due to:
(1) adding two new disposal methods to the alternatives being assessed;
(2) additional, technical and risk assessments required by extending
coverage of the LLW Standards to NARM wastes; and (3) the review of the
risk assessments and supporting documentation for the LLW Standards by
EPA's Science Advisory Board. Our revised schedule for the LLW Standards
program is to promulgate proposed standards in late Spring 1986 and final
standards approximately one year later.
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W a s h i n g t o n , C. D. 20555

ABSTRACT

The Low-Level Radioactive Waste Policy Act envisioned that all states
would be able to dispose of commercial low-level waste generated
within their borders by 1986, either individually or through
interstate compacts. Based on the current status of state and compact
efforts, it is clear that no new disposal sites will be available by
1986 or for some period thereafter. In the short-term, there is
uncertainty that the existing disposal sites will remain open after
January 1, 1986, or if restrictions will apply after that time. If
restrictions occur, storage, treatment or even curtailed generation
may result for individual waste producers. Other uncertainties
clouding implementation of the Policy Act include the final
configuration of regional compacts—in the northeast in
particular—clear assignment of responsibility for disposal of classes
of waste, the method of disposal—shallow land burial or
alternatives—that will be employed for low-level waste, and
reyulation of "mixed wastes," wastes which have both radioactive and
non-radioactive hazardous constituents.
The NRC strategy for low-level waste management aims to resolve or
reduce these uncertainties, and to encourage transition to a stable,
national system based on timely state action. NRC will continue
development of regulatory and technical guidance for disposal site
licensing and build on its capabilities to address specific areas of
state concern, such as alternatives to shallow land burial, and site
characterization and modeling. NRC also plans to expand state and
compact outreach efforts to help ensure that our technical work is
properly focused. We will also be directly assisting those states and
compacts on technical matters they confront in actual disposal site
development and licensing.
The Low-Level Radioactive Waste Policy Act of 1980 has not
accomplished what Congress envisioned. No new disposal capacity will be
available on January 1, 1986. In addition, the compacting process combined
with the NRC agreement states program, is shifting the burden of licensing
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to the states involved. NRC's role will shift from primarily one of
licensing disposal s i t e s , to p r o v i d i n g u n i f o r m s t a n d a r d r e g u l a t i o n s
and providing the technical support necessary to ensure uniform regulation,
based on those standards, at the state level. The program outlined below
recognizes these realities, as well as some other necessities, such as
resolution of the mixed waste problem and ensuring that all potential
disposal technologies are adequately regulated.
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U.S. Nuclear Regulatory Commission LLW Management Program
Existing NRC Licensed Activities: Regulate LLW management practices and
existing disposal facilities, active and inactive, to protect public health
and safety and the environment.
o

Determine regulatory compliance at existing licensed facilities

o

Regulatory review of disposal technology topical
reports—primarily waste form and containers

o

Performance assessment of existing facilities

o

Ensure that storage does not become de facto disposal.

Regulating Environment: Conduct an active outreach program to provide
national leadership on technical issues and track external trends and
circumstances affecting regulation.
o

Improve communication on LLW topics at the state compact and
international level.

Low-Level Radioactive Waste Policy Act Implementation: Maintain a program
that is responsive to state's needs and promotes state progress to
implement the Low-Level Radioactive Waste Policy Act of 1980.
o

Establish national regulations and share expertise on LLW disposal

o

Develop regulatory criterion and guidance on selected alternative
disposal technologies

o

Resolve mixed waste regulatory uncertainties

o

Strengthen criterion and guidance for storage
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o

Manage data on LLW generation, treatment, storage, and disposal

o

Assist EPA regarding wastes below regulatory concern.

Nuclear Waste Policy Act Implementation: Establish the review
capabilities, technical guidance, and requirements needed to implement NWPA
Section 151.
o

Establish financial assurance requirements for closure, long-term
care, decontamination, and decommissioning

o

Define technical criteria for closure and stabilization.

Disposal Responsibility: Maintain a regulatory program that emphasizes a
home for all commercial LLW.
o

Determine disposal and regulatory responsibility for all
commercial waste.

Agreement State Program: Assist states to meet NRC compatibility
requirements and maintain an effective regulatory prograr .
o

Assist agreement states build licensing capabilities

o

Provide technical support to agreement states.

CHALLENGES OF NEW LOW-LEVEL RADIOACTIVE
WASTE FACILITY DEVELOPMENT
Robert V. Avant, Jr.
Deputy General Manager
Texas Low-Level Radioactive Waste Disposal Authority
ABSTRACT
The siting of new low-level radioactive waste
disposal facilities is the current concern of states
and compacts. Facility development is the next major
effort that must be faced after a site has been
selected and characterized. It involves facility
design, preparation of operating procedures, licensing,
and construction. New technologies, revised laws and
regulations, changing management approaches, and public
interests all impact and must be considered in facility
development. This paper identifies and discusses the
next set of challenges developers of low-level radioactive waste disposal facilities will be facing. The
problems of facility development could be even more
technically and politically complex than site
selection.

Introduction
Most of the nation's attention in solving the low-level radioactive
waste problem has been directed at two near-term challenges — forming an
infrastructure and selecting a site. These have consumed the majority of
our energy and resources since the enactment of P.L. 96-573. Once a site
is designated, other challenges remain; including site characterization,
facility design, standard operating procedures development, licensing,
construction, and start-up. Of these, the two most contentious, from the
public perspective, will be siting and licensing because both procedurally
involve public participation. This paper discusses the future challenges
of low-level radioactive waste facility development.
Infrastructure
Since the enactment of the Low-Level Radioactive Waste Policy Act in
1980, federal, state, and compact programs have been developed to manage
low-level radioactive waste. It took about three years for most states
and compacts to secure their organization before beginning technical work.
Much of this activity involved legislative action, budgeting, staffing,
and scoping activities. Source term and economic evaluations were
generally addressed in the scoping activities. This drew \iery little
public attention.

Site Selection
One of the first major technical tasks facing development organizations is site selection, which involves setting criteria, selecting a
contractor, conducting site selection, and naming site. Siting criteria
are spelled out by 10 CFR 61, as well as state regulations. Both federal
and state requirements have been closely scrutinized by the technical
community and the general public. Geology, hydrology, topography, demography, meteorology, soils, and socioeconomics must all be evaluated.
Procedures are generally set out in legislation.
To date, no one has formally designated a site under the new federal
laws and regulations. Although Texss came very close to designating a
prime site, political concerns prevented the naming of a site in McMullen
County. Regardless of the optimistic perspectives of other states and
compacts, it is probable that the Texas situation will repeat itself many
times before the first site is named. Unless very strong incentives can
be offered to a community — strong enough for the financial benefit to
offset the perceived risk — the "not in my backyard" mentality will
prevail. Effectively combatting local opposition is difficult and often
impossible because politics can become an interceding factor. Although
Texas is well known for its politics, when the issue of nuclear waste is
involved, there is little difference in local politics whether it be in
Texas, California, South Dakota, Massachusetts, Illinois, or elsewhere.
We have not yet met the siting challenge, and we will not meet it
until there is state and local political support to solve the problem.
Congressman Udall's legislation to set milestones and penalties for lack
of performance may help, but often it takes a crisis to prompt effective
political action. With the target date of 1986 moved to 1993, penalties
may not be enough, but the next eighteen months will determine if there is
sufficient political support to proceed. Otherwise, stronger penalties or
strong actions by the sited states of South Carolina, Washington, and
Nevada may result.
The technical part of site selection is easy and enjoyable; public
relations and politics are the most difficult. The technical part of site
selection can be performed in about a year, but to be able to move ahead
politically may take several years after moratoriums, hearings, legislative investigations, and injunctions. This assumes that property is
available and protracted negotiations or eminent domain proceedings are
not involved.
Site Characterization
Once the site has been named and the property is available, characterization is the next major technical step. It involves identifying
technical criteria and protocol, selecting contractors, conducting work
over a one year period, and preparing the appropriate reports to support
licensing.
Three basic regimes should be evaluated in site characterization the surface regime, sub-surface regime, and the radiological regime.

These involve most of the technical disciplines including meteorology,
hydrology, geology, ecology, demography, socioeconomics, engineering,
health physics, and planning. Literature review and research; field
investigations; monitoring, modeling, and analyses; and reporting are all
involved.
Although this is not a publicly contentious activity, there will be
public scrutiny of data and of the published material. Regardless of how
detailed the characterization reports are, they will be subjected to
intense scrutiny for errors and omissions during licensing and the license
hearing process. Site characterization information is a key element in
the licensing process and must be thorough and accurate.
Facility Design
Facility design is part of the development track that has not yet
received detailed attention because of emphasis on siting. However, with
more interest in the so-called alternative designs, low-level radioactive
waste facility design may radically depart from conventional shallow-land
burial. Development of concepts such as precast modules, grouted monoliths, earth-mounded bunkers, tile holes, and aboveground mausoleums
demonstrate the interest in enhanced disposal technologies. Also, a
number of states and compacts have expressed strong interest in technologies other than conventional shallow-land burial. In several states,
including Texas, Illinois, New York, and Pennsylvania, present law
requires consideration of alternative disposal technologies.
A number of factors must be evaluated in order for a comprehensive
waste management program to be successful. Public involvement, generator
practices, and waste management techniques significantly impact facility
design.
Also, conceptual designs, environmental/radiation impact
analyses, licensing/regulatory impact analyses, economic analyses, risk
benefit analyses, and preliminary designs must be prepared for each
technology under consideration so that the best available technology can
be chosen. Then final design work can be completed and included in the
license package.
The U.S. Nuclear Regulatory Commission, U.S. Environmental Protection Agency, U.S. Department of Energy, Electric Power Research Institute,
and the states mentioned above have formed a coordinating committee for
low-level radioactive waste disposal technologies. The purpose of the
committee is to bring together the various parties with research and
development interests in determining viable options for the disposal of
low-level radioactive waste. Facility development will be evaluated by
the joint effort and several of the states and compacts will require
varying technologies as a result of their waste stream, location, and
operational requirements.
Standard Operating Procedures
The licensing process requires that operating, emergency, and
closure and post-closure procedures be delineated. The specificity of
procedures has not been defined by regulatory entities. Requirements
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could range from simple identification by reference of standards and
procedures to be followed to the other extreme of detailed technical
manuals similar to the Technical Orders (T.O.'s) used by the military or
the Standard Technical Specifications (S.T.S.'s) of the nuclear power
industry. The detail of a T.O. or S.T.S probably will not be required by
the licensing agencies, but more than referencing will be required. Most
development organizations will want operations manuals to the detail of
T.O.'s or S.T.S.'s to facilitate training and quality control.
Licensing
Licensing is the second contentious activity in the development of
low-level radioactive waste disposal facilities. Most of the work of
development organizations will be focused on this activity - organization,
source term evaluation, site selection, site characterization, facility
design, and operating procedures. All of this will be closely scrutinized
and challenged by adversaries who will take extreme efforts to discredit
work even on the most trivial discrepancy.
It is essential that the complete licensing process including the
licensing protocol, application format, application content, tracking
procedures, and hearings be clearly delineated with the regulatory entity
up front so that applicants will not have to be redirected in mid-stream.
Work has been done in this area, but more specific license oriented work
is required.
The siting process is characterized by emotional public response
that prompts politicians to try to stop or redirect siting because of
nontechnical perceptions. Licensing5 on the other hand, is characterized
by more objective, professional opposition because the licensing entities
must respond to facts rather than perceptions or emotions. Although
politicians can intercede at licensing, it is much more difficult to
justify at this stage. If you want to be effective in opposing a project,
oppose it where emotional Ism, not technical facts have the most impact at the siting stage.
Construction and Start-lip
Construction and start-up of new low-level radioactive waste disposal facilities are the goal that we are all striving for. Everything we
are doing is focused on the day that a license is issued and construction
and ultimate start-up can begin. These two activities will not have the
same degree of contention associated with them as siting and licensing.
This is not to say that there will be no contention. Still, technical
people should maintain good public relations and public relations people
should appreciate the importance of sound technical programs. Construction and start-up will be under close scrutiny by the regulatory agencies,
general public, and politicians. Adversaries will take every effort to
magnify insignificant problems into perceived fatal flaws as we now have
taking place with nuclear reactors. Significant problems could lead to
disastrous public relations and political problems impacting the future
uses of nuclear technology.

44

Construction should be straight forward, but as we move away from
conventional technologies into the enhanced technologies, an additional
degree of complexity will be added. If there is a mix of technologies,
the complexity will grow. Certainly, we have the construction skills and
management skills to build any reasonable system, but it won't be as
simple as "digging a trench." The key is effective job planning and cost
accounting; quality control with expeditious and documented follow-up;
strong, interactive worker supervision; a sound construction records
system; and most important, executive support and follow through.
Start-up is the last challenge before operation. Employee- staffing,
equipment procurement, staff training, and systems and procedures "shake
down" are all part of facility start-up. This will be the most exciting
part of the process--tne climax to a long, arduous, contentious drama.
Conclusion
We are just beginning a long chain of challenges which could take up
to seven more years to produce new, operating low-level radioactive waste
disposal facilities. The road to these new facilities has been much
longer and rougher than we envisioned in 1980. All agree, adversaries and
proponents alike, that the problem must be solved. We just can't agree on
the location of the facilities, design of the facilities, how they will be
operated, how they will be closed, and who will ultimately pay for the
facilities. These problems will be solved as we move from siting to
start-up.
If we persevere, maintain a sense of humor, be patient, and maintain
high quality technical work, new low-level radioactive wa^te disposal
facilities will become a reality.
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DOE LOW-LEVEL HASTE MANAGEMENT - AN EVOLVING SYSTEM
James. E. Dieckhoner
U.S. Department of Energy
ABSTRACT
This presentation w i n discuss the historic and continuing
evolutionary nature of the low-level waste management system from
the perspective of the Department of Energy's operations. It
will briefly review this evolution from Its Inception to the
present day, and then attempt tn project where it is heading.
The shift in emphasis to the concept of a total waste management
system, rather than just waste disposal alone, will be
discussed. This presentation will alert operators to the
evolving nature of this system and similarly alert researchers to
the Issues facing the operators, and to which they should be
addressing their efforts.
As the printed abstract Indicates,? I want to brieflv discuss the
evolving LLW management system from an operating perspective. I think
that this 1s the proper forum for such a discussion since the ability of
our operating sites to comply with the changing requirements relies, to
a great extent, on what this R&D program accomplishes.
We all should remember the beginnings of our program. This should
not be hard unless you have not been exposed to the mass media this past
year. The 40th anniversary of the development and use of the atomic
bomb in World War II has given us very exciting, thoughtful, and
frequent reminders of what the Manhattan Project was about.
I would like to call to your attention from this period the intense
concentration of a battalion of brilliant scientists, engineers, and
technicians and a small army of construction workers at Los Alamos, Oak
Ridge, and Hanford. You should note that our audience today 1s
populated with the successors to those groups.
During those early hectic days, knowledge was scarce, new frontiers
were being crossed daily; and, as far as waste management was concerned,
decisions were based on a consensus of what was prudent to primarily
protect the workers and not interfere with the primary mission. I am
not saying that no thought was given to the environment and the
long-term impact of the waste management actions. Believe 1t or not,
the word "environment" existed before EPA, CEQ, and the intervenor
groups. Early decisions were based on what was known, what standards
had been developed, and what technical options were available.
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In the early days of the AEC, "Manual Chapters" were written that
established the basic health and safety limits within which all radioactive
operations had to be conducted. They, 1n turn, were derived from, or
applied, the guidance developed by national and International standard
setting bodies like the ICRP, NCRP, and FRC. As our knowledge base
expanded, these limits were revised and more self-imposed restrictions
developed. At this point I would like to mention the AEC's unilateral
action 1n 1970 to establish the transuranic class of waste.
Since EPA was formed 1n 1970, all radioactive operations 1n this
Nation have been subject to generally applicable standards to be Issued by
them. In carrying out those standards, both the NRC and the DOE can, 1n
turn, Issue more detailed guidance to the activities under their
jurisdiction. The NRC did this for LLW management operations In the
commercial section by publishing the popular 10 CFR 61, and the DOE by
publishing its DOE Order 5820.2.
As many have noted, the NRC decided that they had to anticipate the
oft delayed EPA LLW standard and set a performance objective of
25 mrem/year. This action was 1n no small part necessitated by the need,
in the commercial sector, to start planning for new disposal sites. The
DOE, )n 1984, decided not to take similar action and continued to employ
Its 500 mrem/year performance objective since there was no similar urgent
need for new sites and 1t could wait for the "soon-to-be-1ssuedH EPA LLW
standard.
The DOE, however, is now faced with having to start developmei.; of two
new LLW disposal facilities at Its Oak Ridge and Savannah River sites, to
start operations by the end of this decade. Since the EPA's LLW standard
will, no doubt, be 1n force by the time those sites start operating, it was
deemed only prudent to base their designs on the best available guess as to
what requirements they were going to have to meet. Based on EPA's comments
on NRC's 10 CFR 61, EPA's N0I to issue their LLW standard, and other EPA
statements, we anticipate that 1t will also be around 25 mrem/year and
intend to design our new sites with that as a tentative performance
objective.
In addition to the legal requirements of the EPA to which they are
subject, the Department also has to be responsive to the concerns of the
State and local governments and citizens who may be directly affected by
its operations. We do not operate in either a vacuum or a "Manhattan
Project" climate, but rather as responsible operators of a tax-supported,
congressionally authorized activity. Our posture is not one of opposing
the legitimate concerns of the local governments and the public, but rather
to work 1n concert with them to further a mutual goal, environmental
protection while producing materials in support of the national defense.
Many technical Improvements have been proposed for the disposal of
LLW. Historically, we have relied on shallow land burial, which was an
outgrowth of the sanitary landfill technology long applied to municipal
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refuse. Although this relatively simple technology has proven effective 1n
protecting the public from excessive radiation exposure, 1t has been less
effective than desired In preventing the movement of radioactivity away
from the burial trench 1n some of our sites In humid climates. This
contamination of additional land will necessitate potentially expensive
corrective actions, even though there has been no significant off-site
health and safety Impact and none Is realistically expected.
There 1s a general perception among the public that underlies the
current pressure to move away fron our long-standing reliance on the
natural protective systems to the more highly engineered systems. It 1s
generally believed that the performance of an engineered system can be more
reliably predicted than one which relies on natural systems to contain the
waste. In this case, the argument 1s no longer whether the natural system
can provide adequate protection (1f 1t behaves as predicted), but what
degree of confidence 1s justified In It actually behaving that way. The
crux G.; the argument lies, therefore, In the appropriate degree of
confidence 1n a system's predictability. It 1s, in my opinion, these
Issues of confidence and predictability which will provide the Impetus for
a movement away from our reliance on the natural system only (as In our
traditional shallow land burial activities) and toward reliance on
engineered systems as well.
But, beyond the strict numerical limits of the performance objective
for a site, whether the NRC's 25 mrem/year or DOE's 500 mrem/year, both DOE
and the NRC also require employment of the ALARA "as low as reasonably
achievable" principle. This has been a cornerstone of International and
national standards for quite a while. In essence, the NRC in 10 CFR 61
established a performance objective of 25 mrem/year since 1t was felt that
it was certainly "reasonably achievable." Its licensees are still,
however, obligated to also apply the ALARA principle.
Likewise, we in DOE, although still subject to the 500 mrem/year
performance objective, have been and are still obliged to apply the ALARA
principle to our activities. One of the primary measures of what is
reasonably achievable Is economics
Since we are expending public funds
(yours, mine, and our neighbors' tax dollars), we must justify the use of
additional costly technology 1n our programs.
For this reason, I do not think that you will ever see the Department
direct the across-the-board use of any specific engineered Improvement for
LLW disposal. Fach site will have to assess its unique requirements as It
proposes specific improvements, whether they be 1n the form of engineered
below-grade structures, above-grade structures, waste Immobilization
technology, well-defined waste acceptance criteria, Intermediate-depth
burial, or some combination of these.
What John Jicha and I are talking about today 1n the terms of a new
policy or approach 1n DOE's LLW management is the fact that these ALARA
cost-effectiveness assessments will now be done on a system-wide basis.
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The analyses will go beyond the Immediate Impacts on the disposal
operations and encompass the Integrated or total Impacts and costs of new
site development, corrective actions, long-term monitoring and
surveillance, and eventual site closure.
Where does the LLW Technology Development Program come In? You need
to assure that: (1) enhanced engineered disposal technology has been
developed with sufficient documentation so that those reviewing our
proposed actions can feel confident that they will work; (2) the data and
models on which cost-effectiveness can be determined have been developed
and verified; (3) waste treatment technology has been developed; and
(4) the costs and effectiveness of corrective measures have been determined.
Where do the LLW operators come 1n? You need to assure that: (1) the
lessons learned from 40 years of operations are made available to the R&0
community so that mistakes of the past are not repeated; (2) care Is
exercised 1n day-to-day operations so that what 1s assumed to go on, as the
R&D community models the operations and sites, 1s 1n fact what 1s
occurring; and (3) they, the operators, are open to changes 1n their method
of operations.
With respect to our day-to-day operations, we must come face to face
with a simple fact of life; namely, 1f our operations look like a dump and
we treat them like a dump, we have no right to complain when others call
them a dump! The operators of DOE LLW management facilities must develop
and maintain a pride and professionalism 1n their work, and this must be
made evident to those outside of the Department. The waste management
facilities on our sites must no longer be hidden but, rather, highlighted
for visitors.
My final point to you Is the same as last year, that sach participant
1n this program has the responsibility to talk to those whose real or
potential problem he or she Is trying to solve. If that person-to-person
communication link Is tight and strong, the program will succeed. If that
link 1s never secured, the program will fall! And, furthermore, failure 1n
this program is not acceptable. The same national defense mission that led
to our creation during World War II still exists; and, even if nuclear
disarmament 1s ever achieved, we must still deal with our waste management
legacy.
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TECHNOLOGY APPLICATION OF ENHANCED ENGINEERED DISPOSAL
John J. Jicha, Jr.
U. S. Department of Energy
ABSTRACT
This presentation will review the techology developed for
consideration at DOE operating sites which would provide costeffective solutions for low-level waste disposal 1n the near
surface. The presentation will review treatment processes
(glass furnace, waste 1nc1ncerat1on and encapsulation, etc.)
as well as engineered barriers, etc.). This presentation will
give an overall perspective of- the emphasis and potential
policy Implications for future application of these technologies In order to meet disposal requirements for problem wastes
and/or sites which may be difficult to adequately characterize.
This presentation challenges researchers to address issues before
technologies are chosen and used by operators.
(SUMMARY OF PRESENTATION)
The Department of Energy has disposed of low-level waste from its
operations by shallow land burial since the early 1940's. With evolving
requirements, improvements in cost effective waste treatment technology,
and experiences from foreign waste management operations; the Department is
considering applying enhancements beyond shallow land burial 1n a
systematic approach. Specifically a systematic approach would give
consideration to cost and performance in the;full cycle
of disposal
operations, Including remedial maintenance and dosu r e activities. The
Department's Impending need for expansion of burial grounds and reducing
maintenance at existing sites would be met with a systematic cost effective
approach while Increasing the assurance of the protection to the public
health and safety. Included are charts used in the presentation which
provide details for proceeding with this sys;temt1c approach and elements of
the approach.
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DEFENSE PROGRAMS
DEFENSE WASTE AND BYPRODUCTS MANAGEMENT

ISSUE: NEED TO DEVELOP A REVISED LLW
DISPOSAL POLICY AND IMPLEMENTATION
APPROACHES
BACKGROUND:
- STRICT COMPLIANCE WITH EXISTING REGULATIONS NO
LONGER ACCEPTABLE
- PREVIOUS TECHNICAL ASSESSMENTS SUPPORT DOE
PRACTICES
- STATES ARE REQUIRING ENHANCEMENTS TO SHALLOW
LAND BURIAL
- FOREIGN NATIONS MAXIMIZE USE OF WASTE TREATMENT,
ENGINEERED DISPOSAL UNITS. AND LEACHATE CONTROL'
~ SIGNIFICANT PUBLIC AND INSTITUTIONAL PRESSURE
THROUGH NEPA PROCESS FOR NEW SITES
JJ 0828

DEFENSE PROGRAMS
DEFENSE WASTE AND BYPRODUCTS MANAGEMENT
DOE LLW DISPOSAL POLICY - A SYSTEMS APPROACH
DRIVING FORCES
• EVOLVING BUT PENDING FINAL REQUIREMENTS
- HAZARDOUS CHEMICAL WASTE CONCERNS
- UNCERTAINTIES REGARDING MIXED WASTES (AEA/RCRA. JURISDICTION)
• POTENTIAL COSTS OF SLB REMEDIAL MAINTENANCE AND CLOSURE
• NEED FOR NEW LLW DISPOSAL CAPACITY
- OAK RIDGE
- SAVANNAH RIVER
• NEED FOR DISPOSAL OF LLW STREAMS FROM HLW DISPOSAL PROCESSES
- SAVANNAH RIVER - DWPF
- RICHLAND HANFORD - HWVP
• COMPLEXITY OF INSTITUTIONAL ISSUES
- STATES
- NRC
- EPA
• PERCEIVED TECHNICAL CONCERNS WITH SLB AND APPARENT VARIANCE WITH.
FOREIGN WASTE MANAGEMENT PRACTICES
- NATIONAL ACADEMY OF SCIENCE
• PROGRESS IN DOE'S DISPOSAL TECHNOLOGIES
JJ 0906

DEFENSE PROGRAMS
DEFENSE WASTE AND BYPRODUCTS MANAGEMENT
PERCEPTIONS OF PAST PRACTICES
• SLB AN ACCEPTED DISPOSAL PRACTICE SINCE 1940'S
• REVIEWED BY:
- INTERNATIONAL ATOMIC ENERGY AGENCY - 1974
- NATIONAL RESEARCH COUNCIL. NAS - 1976 & 1985
- THE CONSERVATION FOUNDATION - 1981
- NUCLEAR REGULATORY COMMISSION. 10 CFR 61 - 1982
- DEPARTMENT OF ENERGY - 1983
• GENERAL AGREEMENT: IN THEORY SLB IS ADEQUATE
IN PRACTICE, WHILE NEVER POSING A
THREAT TO PUBLIC HEALTH AND
SAFETY, SLB PERFORMANCE HAS NOT
CONFORMED TO THEORY
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DEFENSE PROGRAMS
DEFENSE WASTE AND BYPRODUCTS MANAGEMENT

DISPOSAL REQUIREMENTS

HOE

NRC
10 CFR 20

AEC O511*

10 CFR 31

ORDER 5820.2'

PERFORMANCE
OBJECTIVES

BOOmr/yr
ALARA

2S/75/2Sim/yr
ALARA

GOOmr/yr
ALARA

GOOmr/yr
ALARA

SITE SUITABILITY

GEOLOGV
HYDROLOGV
TOPOGRAPHY

SIMPLEGEOLOGY &
HYDROLOGY.
SEISMICITY

FIELD OFFICE
CONTROLLED

GEOLOGY
HYDROLOGV
SEISMICITY

WASTE CLASSIFICATION

HIGH LEVEL/TRU
(10 nCi/gml/UW

A.B. & C.
TRU
1100 nCI/gml

HIGH LEVEL/
TRU 110 nCi/gml/LLW

WASTE TREATMENT

NONE

NO LIQUIDS
STABLE B&C
NO CHEMICAL

REDUCE GENERATION
VOLUME REDUCTION

LLW/GCD/TRU (100 nCi/gml
CRITICALITV REQUIREMENTS
HAZARDOUS RESTRICTIONS
REDUCE GENERATION/VOLUME REDUCTION
NO LIQUIDS
STABLE PACKAGES
NO C U B I C A L

FACILITY DESIGN

MINIMIZE
EXPOSURE

WATER
CONTROL
STABILITY
INTRUDERBARRIERS

SEGREGATION
OF U-233 AND
TRU
MINIMIZE CONTAMINATION

WATER CONTROL
STABILITY. LONG-TERM
ISOLATION

OFLANO

• < SPECIFIC REQUIREMENTS ARE PROVIDED BY IMPLEMENTATION PLANS FOR LLW DISPOSAL BY THE FIELD OFFICES
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DEFENSE PROGRAMS
DEFENSE WASTE AND BYPRODUCTS MANAGEMENT
ESTIMATED TOTAL DISPOSAL COSTS (1985 DOLLARS)

JJ 0906

DEVELOP NEW FACILITIES

$5 - 15 PER CUBIC FEET

ANNUAL OPERATING

$2 - 16 PER CUBIC FEET

STABILIZE/CLOSE AND
MAINTAIN DISPOSAL FACILITY

$15 - 25 PER CUBIC FEET

TOTAL COST

$22 - 56 PER CUBIC FEET

DEFENSE PROGRAMS
DEFENSE WASTE AND BYPRODUCTS MANAGEMENT
GENERIC CONSTRUCTION COST COMPARISON
FACILITY TYPE
REFERENCE SLB FACILITY
*

COST $ MILLIONS
8

DEEP TRENCH

14

INTRUDER BARRIER

15

BOREHOLE

17

CONCRETE-WALLED TRENCH

22

IMPROVED WASTE FORM

33
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DEFENSE PROGRAMS
DEFENSE WASTE AND BYPRODUCTS MANAGEMENT

SUMMARY OF EXPECTED FOREIGN SYSTEMS
FOR LOW-LEVEL WASTE MANAGEMENT
COUNTRY
CANADA

WASTE FORM
TREATMENT

DISPOSAL/STORAGE SYSTEMS
SHALLOW LAND BURIAL
ABOVE GRADE STORAGE
IN MONOLITHS

FRANCE

TREATMENT

ABOVE AND BELOW
GRADE MONOLITHS

CZECHOSLOVAKIA

TREATMENT

MINED CAVITY

W GERMANY

TREATMENT

E GERMANY

TREATMENT

MINED CAVITY

SWEDEN

TREATEMENT

MINED CAVITY

SPAIN

TREATMENT

MINED CAVITY
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MINED CAVITY

DEFENSE PROGRAMS
DEFENSE WASTE AND BYPRODUCTS MANAGEMENT
ENGINEERED FEATURES AT DOE SBTES
AUGERED HOLES/CAISSONS

IDAHO
NEVADA
OAK RIDGE
HANFORD
LOS ALAMOS

CONCRETE BOXES

HANFORD
SAVANNAH RIVER
BROOKHAVEN

SOLIDIFICATION IN BOXES

ROCKY FLATS

CEMENT MONOLITH IN TRENCH

SAVANNAH RIVER
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DEFENSE PROGRAMS
DEFENSE WASTE AND BYPRODUCTS MANAGEMENT
EXISTING POLICY FROM DOE 5820.2:

in
10
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POLICY. LLW GENERATED BY DOE OPERATIONS
SHALL BE DISPOSED OF, WHERE PRACTICAL, BY
SHALLOW LAND BURIAL OR GREATER CONFINEMENT DISPOSAL. SITE-SPECIFIC REQUIREMENTS
FOR WASTE ACCEPTANCE AND DISPOSAL, SITE
SELECTION, SITE DESIGN, SITE OPERATION, AND
SITE CLOSURE/POST CLOSURE SHALL BE DEVELOPED AND IMPLEMENTED BY FIELD ORGANIZATIONS ACCORDING TO THE GUIDANCE SET FORTH
IN THIS CHAPTER.

DEFENSE PROGRAMS
DEFENSE WASTE AND BYPRODUCTS MANAGEIVIENT
THE DEPARTMENT'S PROPOSED POLICY SHOULD:
O

REQUIRE A SYSTEMS APPROACH
WASTE CLASSIFICATION SYSTEM
PERFORMANCE ASSESSMENT

•

ENCOURAGE REDUCTION IN WASTE GENERATION

•

ENCOURAGE WASTE TREATMENT AND
CONDITIONING

•

ALLOW FOR USE OF ALTERNATIVE DISPOSAL
TECHNOLOGIES
MATCH DISPOSAL TECHNIQUE TO THE
HAZARD

•

REQUIRE OVERALL SYSTEM COST-EFFECTIVENESS
AND REDUCED DISPOSAL UNCERTAINTY

en
o
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DEFENSE PROGRAMS
DEFENSE WASTE AND BYPRODUCTS MANAGEMENT
THE PROPOSED DEPARTMENT POLICY IS:

»

LOW-LEVEL WASTE GENERATED BY DOE OPERATIONS
SHALL BE MANAGED ON A SYSTEMATIC BASIS TO
MEET EVOLVING REQUIREMENTS. DUE CONSIDERATION SHALL BE GIVEN TO WASTE GENERATION
REDUCTION AND WASTE TREATMENT/CONDITIONING
TO ACHIEVE DISPOSAL WITH REDUCED UNCERTAINTY
UTILIZING THE MOST APPROPRIATE TECHNOLOGY
AND ACHIEVING OVERALL SYSTEM COSTEFFECTSVENESS
IN PRACTICE, A PERFORMANCE ASSESSMENT BABIED
ON A WASTE CLASSIFICATION SYSTEM WILL BE
UTILIZED TO MATCH THE DISPOSAL TECHNIQUE TO
THE HAZARD
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DEFENSE PROGRAMS
DEFEWSE WASTE AMD BYPRODUCTS MANAGEMENT

DOE APPROACH TO WASTE DISPOSAL
• DETERMINE THE MOST RESTRICTIVE CRITERION OF
PERFORMANCE FOR THE SITE

»

• DETERMINE WHAT SOURCE TERM THE SITE CAN
TOLERATE WITH RELATION TO THIS CRITERION
• DETERMINE WHAT COMBINATION OF ENGINEERED
BARRIERS AND WASTE STABILIZATION, IF ANY, IS
NEEDED GIVEN THIS SOURCE TERM
• ESTABLISH THE BASE COST-PERFORMANCE LEVEL (A
COMBINATION OF SITE DEVELOPMENT COST AND WASTE
PREPARATION COST)
• ANALYZE ENHANCED PERFORMANCE WITH THE ALARA
CONCEPT: INCREMENTAL ENHANCEMENT
VS. INCREMENTAL PERFORMANCE
• DEVELOP THE SITE AND ESTABLISH WASTE ACCEPTANCE
CRITERIA IN ACCORDANCE WITH THE ALARA ANALYSIS
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II.

PLENARY SESSION !!

RECENT DEVELOPMENTS IN THE
MANAGEMENT OF LOW-LEVEL RADIOACTIVE WASTES AROUND THE WORLD
L. T. Lakey
Pacific Northwest Laboratory
ABSTRACT
The criteria and technology for the management of low-level
radioactive wastes have largely been established. Conventional engineered processes are commonly used to treat
the wastes while fixation, if employed, uses cement or
bitumen. Indefinite storage in surface facilities or
burial in shallow Land sites are commonly used for disposal.
Definition of waste categories vary from country to country
but all waste generators design and operate their waste
facilities to hold human exposures and environmental releases within internationally accepted guidelines. Recent
interest has been directed at achieving a consensus on a
de minimis risk level.
New and improved facilities continue to be put into operation both for treatment and disposal of low-level wastes.
Notable examples are tne use of "supercompactors" in the
Netherlands and West Germany and the engineered surface
storage facilities used by the French. The international
agencies, IAEA, OECD/NEA,and CEC, have also been active
in promoting improvements in management of low-level wastes.
INTRODUCTION
A 1983 paper " summarized management practices around the world for
low-level radioactive wastes produced from nuclear power programs, weapon
material activities, and institutional/industrial use of radionuclides. Furthermore, the treatment of low-level wastes (LLW) largely involves classical
engineering processes—evaporation, ion exchange, precipitation, compaction,
incineration. Cement and bitumen are the most comnonly used fixation agents,
if one is employed.
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I n d e f i n i t e storage in surface f a c i l i t i e s and shallow-land burial are
the most commonly used methods of disposal.

Geologic repositories are

used where convenient or where suitable surface disposal t e r r a i n i s lacking.
In 1983 ocean dumping was beginning t o face serious public opposition.
During the past two years* these trends have continued.

Development

of c r i t e r i a continues with more attention now given t o c l a s s i f i c a t i o n by
nuclide type and to use of a de minimis risk level defining exempt quantities.

Improvements in waste treatment continue t o be implemented.

While

engineered surface storage i s becoming more popular* sea dumping has effect i v e l y been discontinued.

DEVELOPMENT OF CRITERIA FOR LOW-LEVEL RADIOACTIVE WASTES
Both L). S. regulatory agencies and the international cooperative agencies have been actively developing c r i t e r i a during the past few years.
Implementation of 10 CFR 61 in the United States l a t e in 1983 established
categories of low-level wastes according t o nuclide and concentration.
This has led t o emphasis on assaying of wastes by the producers and t o the
consideration of d i f f e r e n t disposal techniques for the d i f f e r e n t classes.
The Nuclear Energy Agency (NEA) of the Organization for Economic Cooperation
and Development (OECD), representing 23 countries, has established an expert
working group on "Acceptance C r i t e r i a for Shallow-Land Burial of Low-Level
Radioactive Wastes."

This e f f o r t , oriented also toward analyses by nuclide

and concentration, w i l l probably extend t o other countries the pattern
developing 1n the United States.

The International Atomic Energy Agency

(IAEA) also has an Advisory Group working on "Waste Acceptance C r i t e r i a
for Disposal in Shallow Ground and Rock C a v i t i e s , " t o be published as an
IAEA Safety Series R e p o r t . ( 2 )
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Development of de minimis risk levels to define exempt quantities
for radioactive wastes is being advocated in the U.S. and internationally.
Both the NRC and EPA nave programs under way on establishing de minimis risk
levels. In addition, the IAEA has formed an "Advisory Group on the Development of a Generic Methodology to Determine Exempt Quantities for the Terrestrial Disposal of Low-level Radioactive Wastes." The effect adoption of a
de minimis risk level will have on operating practices is debatable because
all LEW generators already use controls to limit radioactive waste generation
and they segregate radioactive and nonradioactive wastes by source for the
sal- il convenience.
TREATMENT OF LOW-LEVEL RADIOACTIVE WASTES
The pattern of LLW treatment of a few years ago continues unchanged.
Because it is difficult to expand disposal capability, techniques to reduce
volumes, chiefly compaction and incineration, continue to be implemented.
Supercompacting presses that crush five or six 200-liter barrels for packaging in one barrel are being used in the FRG and the Netherlands to make
more efficient use of their interim storage facilities for low-level
wastes.
Similar units are being offered in the United States. '
Sweden uses Loth compaction and incineration.
The USSR has added incineration to its processing operations,
and
incineration iz gaining renewed support in the United States. Units are
being planned for commercial applications, (8'9) and two are operating at
the INEL and SRL DOE sites. '
Aerojet Energy Conversion Company has
sold fluidized-bed incinerator-dryer systems for use at light water
reactors. (12) Finland's major energy utility, IVO, has started a novel
experiment at its Loviisa nuclear power station with biogasification of
low- and medium-level radioactive waste.
This approacl- is being considered to prevent possible buildup of gas from decay of combustible material
in their proposed underground storage facility.
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Cerrent and bitumen continue to be the favored fixation agents. The USSR
has added cementation to their capabilities (14) while U.S. utilities have
begun installing bitumen systems, including portable units, for fixation of
reactor wastes.
The French process based upon epoxy resins, which has
been in operation for three years, is offered commercially by Technicatome.
Both Czechoslovakia
and the U.S. at Mound
are pursuing development
work on fixation of low-level wastes in glass.
DISPOSAL OF LOW-LEVEL RADIOACTIVE WASTES
Probably the most publicized change in disposal plans that has taken
place over the past few years is the moratorium on ocean dumping. Studies,
particularly those under the NEA, are still under way, but practically
speaking, ocean dumping will not be considered in the foreseeable future.
As a result, those countries that had been using ocean disposal— U.K.,
Belgium, and Switzerland—are now emphasizing land disposal. The U.K. is
looking for sites; the Belgians are accumulating wastes at the Mol site;
the Swiss are planning a geologic disposal system at intermediate depth.
Another trend is the move away from burial in shallow trenches to engineered designs. Typical of the latter is the French operation at La
Manche. (18) Fixed intermediate-level wastes are placed on a concrete pad
in a trench: the waste packages are then encased in concrete and covered
with a concrete lid. This lid serves as a pad for lower activity wastes
placed there and covered with an earthen berm. Channels are located along
the lower pad to drain water away from the storage area and allow sampling.
With the sea dumping option closed for an indefinite period, the Dutch
are building a facility for storage of low- and medium-level wastes produced
at Fetten. (19) Similarly, the Japanese are planning a large engineered
storage facility for low-level wastes in northern Japan.
The FRG,
with impressive storage halls already at Karlsruhe and Juelich, have added
another at Gorleben, near the site of their proposed higli-level waste
repository. (21) The Swedes are well on their way to completing their
low-level waste repository in rock.(6)
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The United States is also becoming more interested in engineered
long-term storage and disposal systems. U.S. utilities have or are planning
on-site facilities for extended storage of low-level radioactive wastes. (22)
At least one commercial supplier is offering a complete treatment and disposal service emphasizing fixation and disposal into engineered surface
structures. (23)
ACTIVITIES OF IKE INTERNATIONAL COOPERATIVE AGENCIES
Support of low-level radioactive waste management is provided on a cooperative basis through three international agencies—IAEA, OECD/NEA, and
CEC« The type and extent of their involvement depends upon their charter.
The International Atomic Energy Agency (IAEA), an independent organization belonging to the United Nations family, has been concerned with
radioactive waste management since its establishment in 1957. (24) With a
membership of 112 nations, both developed and undeveloped, it prepares
safety standards, criteria and guides through involvement of specialists
from member countries. An example of the product of such working groups is
the IAEA Technical Report Series No. 236, "Treatment of Low- and Intermediate-level Liquid Wastes" issued in 1984. A new group being formed on
the immobilization of low- and intermediate-level wastes will be active
over the 1985-1989 time period.
The IAEA also sponsors international conferences and seminars that
provide convenient reviews of recent advancements in waste management
technology around the world. The 1983 meeting in Seattle is an example of
such a conference. Two upcoming meetings of interest include the International Seminar on Low- and Intermediate-Level Waste Management in Latin
America to be held in Lima, Peru, on October 7-11, 1985 and the Research
Coordination Meeting on Migration and Biological Transfer of Radionuclides
from Shallow-Land Burial, to be held in Vienna on November 4-8, 1985. The
IAEA does not sponsor research or development activities directly other
than covering the travel and lodging costs of selected persons involved in
their specialists' groups.
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The Nuclear Energy Agency (NEA) of the Organization for Economic Cooperation and Development (OECD) started in 1958 as the European Nuclear
Energy Agency. In 1972 membership was expanded to include non-European
nations, and the nane was changed to its present form. (25) Membership
today includes 23 nations considered as members of the "western bloc™.
Like the IAEA, the NEA does not sponsor research or development but promotes
cooperation through sponsorship of studies, meetings and reports. Waste
management activities of the NEA are guided by the Radioactive Waste Management Committee (5WMC) and the committee on Radiation Protection and Public
Health (CRPPH). Present activities stress high-level waste disposal, sea
disposal, D&D, and administrative/legal issues. Other than the environmental
aspects, the NEA has shown little involvement in low-level waste management.
The working group on siting criteria mentioned earlier is an example of
their interest in environmental issues.
The Commission of European Communities (CEO was for^ned in 1967 to formulate economic policy for the European nations.
Today there are ten
member nations. Unlike the IAE? and NEA, the CEC operates research facilities (Ispra and Karlsruhe) and funds research programs. Their work covers
treatment, fixation and disposal of low-level radioactive wastes and is
done within their own establishments or within member countries. U.S.
workers are often invited to attend or make presentations at their seminars.
A limited transfer of information has occurred under the U.S. DOE/CEC
technology exchange agreement. Progress on CEC research is published
(infrequently) in book form, but the research is often reported in technical
presentations at international conferences.
SUMMARY
In summary; except for current cessation of sea-dumping, the general
techniques used in managing low-level radioactive wastes has changed little
the past few years. However, progress toward improved treatment, fixation
and disposal is being made. These improvements are evident in all the
developed nations and are expected to greatly benefit the emerging countries.
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RECENT DEVELOPMENTS IN
THE MANAGEMENT OF LOWLEVEL RADIOACTIVE WASTES
AROUND THE WORLD
L.T. LAKEY,
PACIFIC NORTHWEST LABORATORY

©Baffelle
Pacific Northwest Laboratory

SUMMARY (1983)
© LOW-LEVEL RADIOACTIVE WASTES ARE PRODUCED WORLDWIDE
FROM NUCLEAR POWER, WEAPON MATERIAL, AND INSTITUTIONAL/
INDUSTRIAL PROGRAMS
• CONVENTIONAL INDUSTRIAL PROCESSES ARE BEING USED TO TREAT
LOW-LEVEL RADIOACTIVE WASTES
« CEMENT AND BITUMEN ARE THE MOST COMMON FIXATION
AGENTS USED
• ENGINEERED STRUCTURES AND SHALLOW-LAND BURIAL ARE THE
DOMINANT USPOSAL METHODS, WITH GEOLOGIC REPOSITORIES
BEING USED OR CONSIDERED WHERE APPROPRIATE
• SEA DUMPING IS LOSING FAVOR AS A DISPOSAL METHOD
• THE CREATION OF INDEPENDENT AGENCIES TO MANAGE WASTE
DISPOSAL IS INCREASING. PARTICULARLY IN THE DEVELOPED
COUNTRIES
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INTERNATIONAL AGENCIES INVOLVED IN
LOW-LEVEL RADIOACTIVE WASTE
MANAGEMENT
INTERNATIONAL ATOMIC ENERGY AGENCY (IAEA)
NUCLEAR ENERGY AGENCY (NEA/OECD)
COMMISSION OF EUROPEAN COMMUNITIES (CEC)

U.S. DEPARTMENT OF ENERGY
BILATERAL AGREEMENTS FOR COOPERATION IN THE
FIELD OF RADIOACTIVE WASTE MANAGEMENT
BELGIUM
BRAZSL(UNDER AGREEMENT COVERING NUCLEAR ENERGY)
CANADA
FRANCE
GERMANY (FRG)
JAPAN (UNDER LMFBR REPROCESSING AGREEMENT)
KOREA (UNDER AGREEMENT COVERING NUCLEAR ENERGY)
SPAIN (UNDER AGREEMENT COVERING SCIENCE)
SWEDEN
SWITZERLAND
TAIWAN (UNDER AGREEMENT COVERING NUCLEAR
ENERGY)
UNITED KINGDOM (UNDER LMFBR REPROCESSING
AGREEMENT)
COMMISSION OF EUROPEAN COMMUNITIES (CEC)

LOW-LEVEL RADIOACTIVE WASTE MANAGEMENT IN FRANCE

Cheryl Hutchison
SGN
Yves Marque
Agence Nationale pour la Gestion des Dechets Radioactifs (ANDRA)

ABSTRACT
The safe disposal of low-level radioactive waste in France is achieved
by adhering to an integrated waste management system that addresses each
aspect of waste production, stabilization and disposal. The central
feature of the system is its comprehensive quality assurance and control
plan. The system is described and its application to waste disposal
activities in France is illustrated.

INTRODUCTION
The 41 operating reactors of the nuclear power program in France
generate almost 60% of the country's electricity today. Over the next
five years that figure will rise to close to 75%. This reliance on the
nuclear option, born of economic and political necessity, is conditioned
upon a high regard for public health and safety. A major aspect of
nuclear safety is the long-tarm management of radioactive waste
generated by the nuclear power program, which in France will amount to
approximately 800,000 m 3 of low and medium-level waste by the year 2000.
ANDRA, the National Waste Management Agency of France, was created in
1979 to ensure that safety objectives for radioactive waste management
are clearly defined and met, and as such is responsible for the
definition of waste acceptance criteria, for the management of existing
disposal operations, and for the siting and development of new disposal
facilities. As a msans of accomplishing its mission, ANDRA established
an integrated waste management system to coordinate waste processing,
transportation and disposal activities and to ensure that these are
performed in accordance with high safety standards.
SAFETY CONSIDERATIONS
Before describing the integrated waste management system, it is
useful to mention the safety context within which it operates. Basic
criteria for radioactive waste in France may be summarized in two
sentences:
o

prevent the £ pread of contamination from the waste to the
human environment under all foreseeable circumstances:
utilize reliable physical barriers.
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o

minimize the impact of waste disposal on future generations:
limit disposal facility surveillance to 300 years.

Meeting these safety criteria implies first of all that waste to
be disposed of must contain only short-lived radionuclides, in order to
meet the 300 year limit, and that its form must act as a barrier to
radionuclide migration; secondly, the disposal system itself must act as
an additional barrier for the containment of radioactive materials.,
Accordingly, waste acceptance criteria must be defined and disposal
methods developed that ensure that the safety criteria will be met.
With respect to waste acceptance criteria, only low-level waste,
basically beta-gattma waste, containing radionuclides with an average
half-life of less than 30 years may be accepted for disposal, with
specific radionuclide concentrations determined according to whether or
not the waste is embedded into a solid matrix. An average concentration
of no more than 10 nanocuries per gram for long-lived radionuclides,
such as alpha-emitters, is specified, with an upper limit of 100
nanocuries per gram for individual waste containers. FurthernDre, the
waste must be in solid form, either by blending it into a solid matrix
or by stabilizing it in the container by injecting solidifying agents.
With respect to disposal methods, the main safety objective is to
prevent water from percolating through disposal structures to the waste.
The impermeability of the disposal cap is critical in this regard, and
the goal is less than 1 itm/yr/m2 of water penetration. The contours of
the cap must therefore be maintained to prevent subsidence and
subsequent water infiltration. Since the integrity of the cap depends
largely on the stability of underlying disposal structures, the latter
must provide good mechanical resistance. At the same time, safety
measures must be provided at the repository to detect the presence of
water and to correct the situation rapidly.
THE INTEGRATED WASTE MANAGEMENT SYSTEM
The integrated waste management system was developed in order to
optimize low-level waste disposal in surface facilities while meeting
the safety criteria just described. The system covers each step of the
production-to-disposal process, and is both a management tool to
coordinate waste processing, transportation and disposal activities, and
a set of technical guidelines for acceptable waste forms, disposal
facility design, construction and operation.
Waste Acceptance
The first step of the system is to define waste acceptance
criteria for surface disposal in accordance with established safety
standards, and to verify that these are met. As mentioned earlier, the
waste must have an average radionudlide half-life of less than 30 years,
with limits on specific activity levels as well, and must be in solid
form. In order to ensure that these criteria are satisfied by the waste
generators, each and every processing and packaging method is thoroughly
evaluated by ANDRA through a process acceptance proced'ire.
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The waste generator is required to submit a "process book" for
each type of waste package to be produced. The process book includes a
description of the waste stream, including the method used to determine
the activity level of the waste, detailed information on the process to
be used to solidify the waste, the quality assurance program, to be
implemented, both for determining the activity of the waste stream and
for waste processing, and the results of the waste characterization
testing program. The process book is reviewed by ANDRA and a group of
independent technical experts during the laboratory, pilot and
full-scale testing program before final approval is given to accept the
waste for disposal.
The technical specifications relative to waste thus accepted for
disposal is recorded in a "Catalogue of Waste" maintained by ANDFA as a
reference manual, and includes as a minimum data on the nature of the
waste, the types and concentrations of radionuclides, the embedding
material, the degree of solidification achieved by the waste generator,
the degree of solidification to be performed at the disposal facility,
and the type of disposal method required.
Forecasting Deliveries
Long-term forecasting of the quantity and nature of waste that
will require disposal is needed to determine the overall disposal
facility capacity requirements and its annual receiving capability. The
forecasts, which are revised annually based on actual generating
statistics, provide information necessary for the smooth management of
disposal operations, such as the waste's source, activity levels, form
and packaging, as well as the type of disposal method that will be
required.
In France, an estimated total of 800,000 m 3 of low-level waste
will have been generated by the end of the century at a rate of
approximately 20,000 m 3 per year. The existing disposal facility at the
Centre de la Manche in northwestern France has already disposed of
300,000 in3 of waste and is nearing its 400,000 m 3 targeted capacity. A
new facility will therefore be needed in the year 1990, and site
selection is presently underway.
Two groups of waste generators are differentiated for purposes of
forecasting: major generators, such as nuclear power plants, nuclear
fuel cycle facilities and nuclear research centers; and minor
generators, such as hospitals, pharmaceutical industries and university
research laboratories. The first group generates the largest volume of
waste. The second group generates small volumes of waste, but from a
variety of sources at some 250 locations all over the country.
Transportation
Transportation of waste to the disposal facility must be managed
in order that waste from dozens of locations can be delivered to one
central receiving station near the disposal facility in a timely manner,
while tracking each container of waste from origin to delivery and
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providing detailed information on its contents. To accomplish this, a
joint management organization composed of the French National Railways,
Electricite de France - the national utility and the largest waste
transporter - and ANDRA was established to oversee and coordinate
activities.
Waste is transported either by rail or by road accompanied by a
shipment manifest that provides detailed information on the source,
nature and activity level of each container. The manifest is checked
for accuracy through physical monitoring and other means at the points
of origin and delivery. Upon acceptance of the waste at the disposal
facility, the data from the manifest is entered into the computerized
record keeping system.
Quality Assurance and Control
The integrated waste management system requires complete control
of the waste from t>ie moment it is generated to its final disposal. A
comprehensive quality assurance and control program is therefore a
central feature of the system, and includes specifications for waste
processing, packaging and labelling, and standards for the design,
construction and operation of the disposal facility.
In addition to its involvement in the process acceptance
procedure, ANDRA is responsible for verifying the conformance of the
waste solidification process to specifications, the conformance of
processing conditions to quality assurance criteria, and the conformance
of the final waste form to specifications. Verification is performed
throughout the production-to-disposal chain, by sampling and inspection
at the waste processing facility or upon the delivery of waste to the
disposal facilities.
Additional LLW Processing
Some wa^te generators prefer to ship dry active waste that has not
been immobilized or compacted to the disposal facility rather than
investing in on-site processing facilities such as compaction units.
This waste will be compacted and/or immobilized in cement in concrete
drums at the disposal facility for an additional fee. The resulting
product can then be accepted for disposal.
LLW Disposal
The ultimate goal of the integrated waste management system is,
needless to say, the safe disposal of LLW. In France, LLW disposal is
performed in surface facilities that feature engineered barriers for
radioactive containment.
The disposal concept used has been called the earth-mounded
concrete bunker facility concept. In this approach, waste forms that, do
not provide sufficient radionuclide isolation arc disposed of in
sub-surface concrete "monoliths", or bunkers, while very low-level waste
that has been adequately stabilized is stacked on top of the monoliths
at surface level in what are known as tumuli. The disposal unit is then
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covered with layers of clay and soil, or earth-mounded.
As mentioned earlier, the waste form itself must act as a primary
barrier to the spread of contamination toward the human environment, and
every effort lias been made to guarantee its integrity. Now the disposal
structures must provide an additional barrier against, radionuclide
migration by providing enough stability to maintain the contours of the
disposal cap in place over a long period of time and prevent water
penetration. This is achieved in three ways:
o

by providing stability to the waste packages in the form of
monoliths;

o

by supporting the weight of the disposal unit with a concrete
pad;

o

by implementing a water diversion and collection network to
divert rain water from the disposal unit and to collect water
that may have infiltrated the unit.

The latter measure enables a failure in the structure to be detected,
located and repaired, while preventing potentially contaminated water
from escaping the disposal facility.
Site Selection
Finally, site selection is an important component of the
integrated waste management system. As mentioned earlier, France
presently has a LLW disposal facility based on the earth-mounded
concrete bunker facility concept in operation at the Centre de la
Manche, which is near Cherbourg. The operation of that facility for the
past 16 years has provided valuable information on desirable site
characteristics that will be used in selecting a site for a new facility
that needs to be opened in the early 1990's.
Since safety criteria for LLW disposal in a surface facility
require that engineered barriers must completely isolate the waste from
the environment under all foreseeable circumstances for the life of the
facility, the site itself must act as a geological barrier only in the
event of an accident. A hydro-geological model tiiat takes these
criteria into account was developed for site selection purposes that
includes historically low seismic activity, a deep water table, and a
surface geology that is conducive to trapping radionuclides.
CONCLUSION
The safe, long-term management of radioactive waste requires that
all aspects of the waste production-to-disposal chain be carried out
according to high standards of safety. In France, this has been
accomplished by creating a management agency, ANDRA, that has linked
each of these steps into an integrated waste management system th it
provides cost-effective waste disposal while, above all, guaranteeing
public health and safety.
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UK MANAGEMENT OF LOW-LEVEL RADIOACTIVE WASTES

H J Richards
UK Department of the Environment

ABSTRACT

The current policy of the UK government on the management of radioactive wastes remains as set out in tht: 1982 White Paper and confirmed
in a document submitted to the Sizewdl public inquiry. Responsibility
for the national strategy lies with the Environment Departments, but
the organisations which produce radicactive wastes are responsible
for ensuring the safe and effective management of such wastes,
and for meeting the costs of necessary action, in accordance with
the 'polluter pays' principle. Authorisation to discharge or dispose
of radioactive waste is given by the Authorising Departments and a
licence for operations at a disposal facility by the Health and
Safety Executive.
Technical considerations favour early disposal for low-level
wastes, for delay provides no advantage and lengthy R and D is not
required into methods of disposal. Very low-level wastes can be
safely disposed with ordinary household refuse, or in liquid or
gaseous form. The low-level wastes are also normally d_sposed of
because adequate facilities have been available in controlled landfill
sites or to the sea. Wastes that would have gone for sea disposal
are at present being stored at nuclear sites whilst reviews of the
scientific case for sea disposal are being completed.
New facilities will be developed and operated by the Nuclear
Industry Radioactive waste Executive on behalf of the i7.ain waste
producers. Systematic monitoring of radioactivity in the environment
is carried out... particularly with reference to possible pathways to
man and these data are suitably published annually.

CONTROL OF TH.i WASTES
A statement of the UK national policy on the management of radioactive
wastes is made in the White Paper (1) of 198i:, and confirmed in a document
{?.') prepared for a public inquiry into an application to build a nuclear
power reactor at Sizewell on the east coast of England. The responsibility
of the Dsj. ~.rtment of the Environment (DOE), together with the Scottish and
Welsh Offices (collectively referred to as the Environment Departments),
is to ensure the safe and effective Management of radioactive wastes. A
major task is to identify the most appropriate of the methods available to
us for managing each category of waste, whether arising from nuclear power
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In fact, we are doing that now and Tom Blackman virtually spends
all of his time on the road now in the local areas of Texas. He's
going to be paying a lot more attention in doing that. Thank you.
MR. JENNRiCH: Before we go on break, we have already taken
10 minutes of that but I want to make a couple announcements. There's
also a copy for those who are interested in some of the latest
correspondence from the governments of South Carolina, Nevada and
Washington Utilities concerning the bill that Bob has mentioned,
HR-1083.
(Whereupon, there was a recess in the proceedings.)
PLENARY SESSION IV.
(Whereupon, Plenary Session IV was called to order)
MR. JENNRICH: We'll start the fourth and final plenary session
with Steve Phillips for Session I on low-level waste disposal.
SESSION I. LOW-LEVEL WASTE DISPOSAL:
MR. PHILLIPS: I hope to be quite distinct about what I have
to say on the view and opinions in Session I. We have a good astute
group of speakers and I'd like to thank them and the secretary for
this session.
Low-Level waste disposal as you can envision, is quite a list.
In fact there are fifty-seven technology development and research
activities.
One thing it did give us was a good set of opinions and
observations. So let me go through a few slides and we'll say that
the information that I'm going to present is not necessarily a
consensus of the forum in session but can perhaps be more of an
administrational concensus.
(Referring to slide presentation)
Next slide, please. Basically we discussed a number of topics.
Don ai ! I characterized it as such—nuclide migration in arid and
human regions.
Engineering enhancement features are quite important. I think
we have become quite involved, in fact, mandatory about our designs.
For instance, sorbid barriers underlying—run off control, a lot
of the enhanced shallow land burial type of features. Next slide.
This shows design and cost analysis of above ground tubular
type storage areas and high testing of geophysical devices for precise
mapping and characterization of trench material. Work is particularly
on an overage and this increased activity.
Finally, this shows some work on the laboratory field evaluation
and performance of TMI residents in different types of facilities
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in the shallow land burial and other facilities. Next slide.
Here comes the bottom line. There are a few of us in the past,
who have come up here and been asked to be very distinct and give
you bottom liners. Something for us waste management technology
contributers, managers and so forth to chew on. Here are some of
the comments I got after the session.
Hopefully, some of them will be self-explanatory but I will
try to lead us through them a bit. There was a strong concern on
at least two things; (1) excessive cost justification for highly
engineered structures.
What are the cost implications of the highly engineered
structures? Is there indeed a dichotomy between highly engineered
structures versus the direction the communities are giving in learning
the cost effects?
It seems that shallow land burial has been known to be effective
for many years. The channel or the approach that people have taken
is suDportive for shallow land burial with engineered enhancements
where the commercial sector is the one for mega enhancements in
above ground engineered structures. There seems to be a very large
inconsistency and we should recognize that we are going to have
to answer these things. Next slide, please.
This shows three-dimensional transport codes. We have been
talking about code development and more specifically the validation
and verification codes. We need to proceed with that and perhaps
more appropriately, why haven't we seriously proceeded with that
o'er the past few years?
Another comment maybe a little more dear to my heart than some
of the participants is, we have talked a iot about caps--tubular
structures.
Our rigid barriers or barriers can fracture a fissure, a
functional aspect in the long-term of disposal for infiltration
control. It seems to me and a number of colleagues here, we need
to rethink and envision a different type of alternative for capping
on different sites. Another bottom liner that I think really deserves
a lot of our consideration is, are we indeed clouding our own minds
with distinction between disposal and even final disposal and storage
or interim storage?
We hear a lot of jargon regarding different ways of weighing
them. It seems that the commercial sector is talking above ground
and above ground structures for storage/disposal. I thin1' we should
make up our minds of what it's going to be.
If it's going to be storage, engineered structures and operated
in one sense, it's going to be obviously contrary and thare are
other ways of operating enclosures, etc.
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The last but not the least issue which has been reiterated
at a number of different meetings in the past and at this conference
is that I believe there a need to have a very serious interchange
and direct communication between people on technical staffs,
universities, governmental agencies, states, the defense and the
commercial sense together and get these people talking.
We'd have an effective way of communication and the Ad Hoc
Committee and the management type committees, I think this is
effective or at least has the opportunity to be. I would suggest
that we try to get something on the technical level that's equally
as powerful, at least for technical guidance.
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Summary of Session I, Low-Level Waste Disposal
S. J. Phillips, (PNL)
MR PHILLIPS: I will basically review Session I of the symposium
entitled "Low-Level Waste Disposal". In addition, as requested, I
will attempt to summarize the concerns of the participants in attendance
at the session such that these concerns can be passed on to the National
Low-Level Waste Management Program and to the symposium attendees as
a whole. The corcerns discussed have been tabulated by the session
chair and the session secretariat. The concerns should not be thought
of necessarily as concensus opinions of those in the session, but as
documentation of major categories of discussions conducted during or
after the session. The concerns follow:
What is the cost benefit justification for highly engineered structures? Current guidance from government sectors suggest that disposal
costs for lew-level waste will be justified based on, for example,
risk and dose. However, presentations given at this symposium demonstrate
very highly engineered disposal structures may be used in the private
sector regardless of risk, dose, etc. This seems to be a significant
discrepancy in waste disposal policy and intent. Shallow land burial
for the most part has proven as an effective waste disposal method
for decades. Reasonable engineering enhancements such as below grade
sorbent barriers should augment shallow land burial nuclide confinement,
without radically increasing
cost. Only highly toxic or mobile radionuclides
or mixtures thereox may justify disposal in highly engineered structures.
Rigid trench caps have been shown by some to cover waste disposal
trenches or specific structures disposed within low-level waste sites.
These types of caps or barriers have been shown as documented in the
technical literature to have a very short functional life. Hence should
rigid trench cap designs be replaced with nonrigid type design caps
or engineered surface barrier systems?
It appears that numerous disposal site designs are not for disposal.
The sites have been designed only for storage of low-level waste.
Indeed, these sites are verbally discussed as storage sites whereas
documentation concerning the sites appears to discuss only terminal
disposal. Large above grade disposal site design was discussed at
this symposium. However, the discussion of engineering, and waste
confinement factors concerning this site was predominantly that of
interim storage of waste. It appears that engineering design for storage
is sianificantly different than that for disposal and the objective
of waste "disposal" should be clearly adhered to.
It has been noted by several symposium participants that there
is a distinct need for exchange of detailed technical information between
and among government and private sector engineers and scientists.
The Site Operators Ad Hoc Committee was sited as an effective forum
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for exchange of administrative information and for identification of
site operational technology needs. There is a significant need for
detailed indepth technical workshops on specific topics. It was suggested
that these be organized and conducted much the same as for example,
Gordon Conferences. A great deal of conceptual understanding and design
specification information could be derived from such meetings. As
a result, significant cost savings are achievable. These workshops
should only be attended by engineers and scientists actually conducting
research or development tasks in a given subject area.
Before we proceed to questions and answers, I would like to take
this opportunity to sincerely thank each speaker and participant in
the Low-Level Waste Disposal Session. Excellent papers were presented
on a variety of subjects of which you will receive in the proceedings.
Our gratitude is also expressed to the organizers and staff of the
Annual Participants Meeting.
Questions and Answers for Session I, Low-Level Waste Disposal
MR. SOLOMAN: One of the questions which came up and which was
never answered was, NRC licensing of the site. What kind of credit
might be given to engineered barriers against the criteria? That is,
what has the Division of Waste Management got to offer?
MR. PHILLIPS: The criteria for performance of engineered barriers
is not absolute. However, the standards for site performance is quite
absolute, for example, 25- 75- 25-mrem wholebody, thyroid, and critical
organ dose, respectively. Therefore, the engineered barrier in my
opinion can only be thought of as one integral part of the disposal
system. Dependent on the design of the engineered barrier and related
site factors, qualitatively, an engineered barrier has the potential
to significantly enhance radionuclide confinement as we quantitatively
validate and verify engineered barrier designs, these designs must
stand the test of rigorous peer and public review, and demonstration
of specific functional designs at actual disposal sites.
ANONYMOUS: The idea of storage or disposal should be decided
at the outset. If a waste package is stored for significant time,
it may not meet requirements for transportation or subsequent disposal.
In addition, if the final disposal environment is not known then an
appropriate waste package for that environment cannot be selected.
MR. PHILLIPS: I understand your statement.
others here would definitely agree with you.

I, and perhaps many

MR. ORDSWAY: One thing people may be overlooking in discussions
of engineered barriers is that when you model these systems, there
is significant uncertainty in the hydrogeological aspects of the site.
When you design a waste package, you have more confidence in its performance than the hydrogeological performance of a site.
MR. PHILLIPS: As I understand, the waste package as it is disposed
in the ground, becomes a part of the overall system. As such, it in
itself becomes part of the hydrogeological system. Ultimately, the
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waste package will structurally fail. Significant volumes of low-level
waste are not contained in a waste package at the time of disposal.
This is due to the nature of the waste, the waste disposal operations,
and the site. Therefore, often the waste package is not even considered
as a confining system, rather the hydrogeological system is thought
of as the controlling confining media. It is my contention then that
the prediction of waste package, as well as hydrogeological systems
performance, can both be critical to long term waste confinement, one
not necessarily being more or less predictable than the other.
ANONYMOUS: The predictability of barriers is very dependent on
the site at which they are applied. As part 61 criterion says, the
site must be "modelable", and we think that this is the most important
thing about the site.
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Major Topics:
00
CO

Nuclide migration characteristics at SLB sites
— Arid [LANL]
— Humid [SRL]
Engineering enhancement features of SLB
sites
— Sorbent barriers
— Capillary barriers/wick systems
— Run-off control

6 6622

Major Topics: (cont'd)
03

Design and cost analysis of above grade
engineered LLW site
Deployment and testing of a tomography
system for in situ waste characterization
Laboratory and field evaluation of exchange
resin materials

6 6612

Observations/Opinions
00
00

o

Cost-effectiveness of highly engineered
structures is not being "seriously"
considered
Very large inconsistancy between defense
"SLB" vs commercial "excessively
engineered systems"

6 6613

Observations/Opinions (cont'd)

oo
oo

• Commercial sector seems confused on
final disposal" vs ''storage"
— If "storage is intended then highly
engineered systems not needed
• Serious need for DOE-NRC-USGS-UNIV-S
States-CPS of engineers- etc, to work
together on a "technical" management
level
6 6624

Observations/Opinions (cont'd)
CD
00

ro

3-D transport codes and "validation" has
been much needed for > 10 years but not
supported?
The "functional" life of solid barriers is
very limited - IE infiltration occurs

6 6614

Summary of Session II, Characteristics and Treatment
of Low-Level Waste
R. K. Blauvelt, (Mound)
MR. BLAUVELT: Session II is Characteristics and Treatment of
Low-Level Waste. First, I'd like to thank Ken Cowser and Dewey Large
from Maxima. They were supporting me in u the role of technical secretary,
and did an excellent iob of krc-pi"..- t"-~ of w M * *-.n\ ••• . in the meeting
and in the summary of the sessiun that you're about to see. There
were 14 papers in this session, which were quite a few papers. The
sessions were well attended, I thought, and overall, I was pleased
with the program. I wanted to take this opportunity to thank not only
Jeff Baldwin and his staff, but Thelma and Brenda and Marjorie Clearwater
for all of the help they have given this week.
There were five papers presented during the session on waste form
performance, twu of these dealing with leach work. One particularly
interesting paper was on accelerated leach testing. It was agreed
that any time we can accelerate a test program to get data long before
three or four years down the road, that's ideal.
If I could have the first slide. You can take these as recommendations
or, as Steve presented them, as opinions or viewpoints.
Those of you that know me, know that I thrive on a contentious
atmosphere, and we attempted to get some stimulated discussion going
after the sessions, but we didn't get quite into some of the controversial
areas that we have in the past years. We still had opinions offered
and we would put these forth as recommendations to the low-level program.
First, dealing with the papers on leach testing and the whole
area of leach testing as a field, we noticed that there was good interaction, and this is something we haven't always seen between laboratories
on leach work, sort of a round robin type of effort. We'd encourage
the Program to encourage this interaction between laboratories on leach
testing. That will certainly validate whatever results come out cf
the program.
It
be
to
to

We understand the need for well controlled stimulated studies.
was tslt on the part of some that some additional effort should
spent on looking at real wastes. Obviously, each package is going
be somewhat unique, but it was thought there would be soma value
doing, some leach work in the area of real waste testing.

Another thinn that becomes obvious I guess to all of us, is that
we need to move toward some standardized leach test for low-level waste
performance evaluation and validation. There's the IAEA and modified
IAEA methodologies, and the ANS test, and even with one test you will
find different experimenters deviating from procedures somewhat. So
it was felt there would be something to be gained from the movement
within the program toward a standardized leach test that we can all
agree upon.
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This next bullet deals with work on improved solidification agents
that was presented by Brookhaven on low sulphur cement and polyethylene.
This was very interesting from the operational point of view, which
is the area I come from basically. The waste loadings are significantly
higher than in straight cement.
One recommendation we did have for the Program was that we are
aware of other solidification agents used or are proposed to be used.
One that comes to mind is Bitumen, and we'd like to see a program take
an initiative in an information exchange type of activity with regard
to cost data and practical experiences with other solidification agents.
There were two papers presented on lysimeter studies at arid and humid
sites, and of course, we'd like to see that work continue.
One comment that was made is that not all of the problem waste
streams have been addressed. One that was specifically mentioned was
Uranium. The Ad Hoc Waste Operating Contractors Committee has provided
for the program, a list of other waste streams that are problem waste
streams, either with sites specific or generic in the DOE Complex.
In all fairness, those are being addressed in an ongoing task. It
was just that the results are not far along enough to be presented
this year. Hopefully, next year, we'll see additional information
about solidification and/or characterization of some of these problem
waste streams.
There were two papers presented on Nitrate destruction; one concerning
the glass smelter from Mound and another one from
Rocky Flats, which looked at several treatment options for nitrate
destruction or treatments. It appears that there have been several
options which look like they are economically and technically feasible.
It's observed that the Nitrate is a problem with the DOE complex.
We have two items to mention here in the way of opinions and recommendatons.
The first has to do with something that continues to crop up and
that is the smooth transition between the R and D tasks that are worked
on and the application to line operations to continue interaction between
the R and D and the operator. It was pointed out during the session
that there have been, on more than one occasion, some glitches between
taking the pilot-scale process from the lab to a line operation.
The Ad Hoc Waste Operators Comittee has a standing committee which
is specifically tasked to look at this concern and to develop ways
where the operators cannot only see the results of R and D efforts
and how they applied it to their operations, but to interaction with
that R and D task early on in the program to assure that the end goal
meets a definite need. •
The second one has to do with the glass furnace specifically and
at the risk of appearing parochial, I would have to say this comment
came from our people present in the session. The glass work that has
been done at Mound certainly appears to have some application for mixed
waste treatment. That message was presented to the Hazardous Chemical
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Defense Management Program in Oak Ridge, and I felt it was worth mentioning
at this meeting.
There was a paper presented on a mobile incinerator that the program
has assisted in. It's a commercial application with utilities, and
it looked good. The unit is constructed, they have done a number tests
burns and are about to apply for or have applied for licensing in the
states of California and Illinois. And we hope that at the next meeting,
there would be a little more cost data available and operational data
available.
We'd also suggest to the program ways to communicate operational
experience to both DOE and the commercial sector after this unit is
on-line in the fall of 1986. Basically, the mobile concept looks good,
particularly for small generators including several DOE contractors.
I'm sure it has applications in the commercial sector as well.
There was an update on de minimis given by Lori Wickham of EG&G Idaho.
The basic comment on that was to go forward. The Ad Hoc Group had
a workshop on Monday where we discussed de minimis and how it might
apply to omite operations within the DOE complex.
Most all of the DOE contractors were represented at that meeting
and the message was to go forward. There was sufficient benefit derived
on the part oF the contractors to continue that effort.
So fhe first bullet says go ahead. The second one has to do with
applications of de minimis outside of the bounds of the DOE site.
For example: Mound ships all its waste offsite, so the current de minimis
policy will be of no value to us; but it was felt that some encouragement
and some exchange of information between the program and the EPA was
needed, since EPA will have to take the lead in establishing offsite
de minimis that would be useful. I mentioned at the meeting that there
has been exchange between NRC and EPA recently on EPA's role in this
regard. Now nudging from DOE can certainly do no harm.
Another paper was given on changes to the 10 CFR 61 methodologies,
supporting that set of regs. It was very interesting to hear some
of the changes that were made, and we'd recommend that the program
continue to be actively involved in the 10 CFR 61 process as it continues
on down the line.
The second recommendation specifica'Hy aimed at the DOE committee
has to do with the comment that is frequently heard in terms of comparability to the NRC regs. We'd say that, as Steve pointed out, there
appeals to be some inconsistency between strategies that DOE is taking
in the area of low-level waste and the commercial section and what
is require-1 of them. We'd just urge DOE contractors to continue to
examine 10 CFR 61 and its requirements and che impacts and imp1ications
that might provide to your specific siting in terms of this comparability
statement.
It's also pointed out there is some active work going on. In
the near future, in fact, next week, in the technical branch position
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paper that the NRC publishes supporting 10 CFR 61, there will be some
of the recommended tests within that TBPD. We have all talked about
the applicability or lack of applicability of those tests. It was
my understanding that TBPD was going to be revised and sent back out
for comment, and it was NRC's long term goal to make that into a Reg
Guide. There's confusion whether or not that's going to happen, but
at least be aware that the TBPD will be discussed during the future.
I think it's important that, not only the commercial sector, but DOE
has to be well aware of what transpires in that area.
There was another paper given on a low-level waste survey that
was performed for the commercial sector in 1982 and has recently gone
back out getting results through the calendar year 1984. We found
this to be useful and I guess the comment is to continue that effort
and continue to improve the questionnaire so that the information certainly
would be valuable to the states as they go into their compacting processes.
They'll have information that will be pertinent and useful. So we
have to encourage that effort to continue.
Finally, there were three papers in the area of mixed waste.
It's a very time'y topic and certainly one that DOE has been involved
in for well over a year, and suffering with it for well over a year.
I made the statement during the session that I'm not exactly delighted
for the commercial sector but I'm glad to see it at last hit the commercial
sector. We have been saying for some time, it's not just a DOE problem.
There are commercial mixed wastes, and there has to be some degree
of consistency between the way the problem is being approached from
both sides of the fence.
There was a paper on a survey done by Brookhaven characterizing
the problem within the commercial sector in terms of volumes of mixed
waste. They identified organics, lead, and some chromate-bearing waste
which might present an EPA toxicity problem. Overall, the volumes
were relatively low. On the other hand, it was pointed out for those
generators that have mixed waste, it's a very severe and real problem.
There was a paper on treatment and some preliminary looks at possible
treatments for commercial waste.
Finally, Jerry Scoville from U.S. Ecology gave a good perspective
for the commercial people concerning the impact of a dual set of regs
on commercial burial grounds and how that's going to get back to the
generator in a short period of time. He gave us an updo.;j on amendments
to the Udall bill and a scenario in terms of what might happen.
Overall, I think we recognize that in the area of mixed waste,
certainly within the DOE complex, the Hazardous Chemical Defense Waste
Management Program at Oak Ridge has been given lead assignment in the
area of mixed and hazardous waste. Nevertheless, I think it was an
appropriate topic to discuss here. You certainly can't clearly separate
low-level waste from mixed waste. It bridges the gap between hazardous
and mixed. Whether we want it to or not, if we haven't talked about
it in the sessions, I know we have been talking about it in the halls.
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One recommendation I will make to LLWMP is that there should be
a very strong interaction developed between those two lead assignments.
Just because of the fact that the problems touch all of us, I would
expect the technology to be transferable. So we'd encourage the future
of this interaction between these two programs.
That basically summarizes what came out of that session. I enjoyed
the papers at the program and I will entertain any questions at this
time.
MR. DORNSIFE: Bill Dornsife, Pennyslvania. I think from the
standpoint of state needs and low-level waste information, I think
that this program has a hundred percent, a thousand percent, improvement
over what it was three years ago when I first attended these meetings.
Many more areas where the states need a lot more information is
the other part of the puzzle. The volume reduction and treatment part.
For example, you're probably aware there are several incinerators and
compactors being licensed at regional facilities around the country.
There's so little information in those technologies, it's difficult
to license them.
We are involved in tne NRC license process, and it's impossible
to get data on how those systems work. There are some DOE research
programs going on that provide information.
For example, carbon 14--are there problems with the public? Nobody
can tell me how much carbon 14 can be removed by scrubbers in the waste
treatment. There's no performance data on that. That is not available
and it's critically needed. I would encourage the program in future
years to focus a little more heavily on volume reduction and treatment
as part of this program. That's for the whole problem.
MR. BLAUVELT: I would agree with that statement. When you mentioned
carbon 14, that kind of bounds it. In terms of incineration, quite
a number of incinerator studies have been funded and a lot of reports
have been published. When you specifically mentioned scrubbing C-14
out of an effluent, that's a problem which is somewhat unique and deserves
attention.
MR. BLAKESLEE: Jack Blakeslee of Rockville International. I
want to make a comment to reinforce what Dick said relative to mixed
waste.
My comments are directed toward the defense sector. There is
some evidence that there's a transferring of material like nitrates
which are in large abundance. These have been considered low-level
waste, but now may be a mixed waste. However, there's a gap between
the transfer of expedient demonstrations of technologies between the
two programs. Those of you who are at the upper levels within DOE,
just keep your ear to the ground and your eyes sharp to see that the
hazardous waste program picks up where the low-level waste program
leaves off.
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MR. BLAUVELT: I think that reinforces what I said. One of the
problems is going to be a little more difficult to deal with than we
experienced in the past in terms of mixed waste treatment. Again,
speaking for the DOE complex on radioactive waste incinerators, there
was a lot of permitting and licensing we had to go through.
When we start treating mixed waste, we are going to find ourselves
facing elaborate permitting requirements I'm sure from EPA or from
the states, and that is going to make our job somewhat more difficult.
We may find ourselves having to go back and do some additional studies
on some technologies that have been already studied in R&D to assist
in this licensing.
MR. DUNKLEBURGER: Jay Dunkleburger from New York. When we start
talking about mixed waste and doing studies on mixed waste and considering
it, I want to caution that many of the studies thus far that I have
seen are looking at utility wastes or national laboratory wastes, which
are fairly standard and fairly easily characterized, if you want to
put it that way, as to what they are. I think what we need to start
looking at also is the industrial and medical wastes which come from
various places and handle a lot of other types of materials that might
not normally be seen in some of the things we are doing.
MR. BLAUVELT: The Brookhaven studies did cover not only utilities
but hospitals and industrial waste, and the survey that they sent forth
was a good response from all sectors at the time, I felt. There is
some data on that that has been made available and I ho^e that report
will be out soon.
Any other questions?
MR. JENNRICH: Thank you, Dick. We'll move into Session III,
Environmental Monitoring and Performance and hear from Dave Myers.
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Recommendations
Waste Form Performance
00

oo

• Continued interaction
• Real wastes testing
• Standardized leach test
• Info exchange on solid agents

6 6615

Treatment
00

• Continue to work on smooth transition

O

• Glass furnace looks good for mixed waste
• Push ahead on Deminimus
Encourage EPA

6 6616

Treatment (cont'd)
Continue interaction on 10 CFR 61
oo

DOE continue to look at impact and
implications of comparability
Continue to improve commercial LLW survey
6 6617

Ill

Mixed Waste
CO

Strong interaction be developed between
the lead programs
6 6618

Summary of Session III, Environmental Monitoring and Performance
D. A. Myers t.r'
The session on Environmental Monitoring and Performance had a
number of interesting -^~>ers covering a wide range of topics, from
the current st.?.t-j3 of the West Valley Demonstration Project to research
on the factor:; affecting the migration of radionucl ides. The papers
pre = '_r,Led raise questions and provide challenges that will require
response from site operators and program management.
A paper presented in this session concerned the status of the
West Valley project. D and D efforts are currently about one-half
completed, and radioactive waste treatment facility has been designed
and is close to coming on-line.
A paper on the status of performance and monitoring at Maxey Flats
was presented by a colleague from the U.S. Geological Survey. Migration
of tritium beyond what was anticipated has pointed out the need for
extensive site characterization to define existing hydrogeological
conditions. In near-field studies, small variations in the distribution
of hydrogeologic units can greatly affect the movement of grout,dwater.
Norman Gil chert of ANL, presented a paper on the long term monitoring
of closed sites. The paper suggests that we should tailor-make the
environmental monitoring programs for each site. One of his slides,
presented here, illustrates the need to develop monitoring programs
based on the longevity of the nuclides present and the pathway to be
monitored. The paper provides suggestions on the frequency and distribution
of sampling for selected radionuclides. The paper provides insight
into the development of a cost-effective monitoring program, I highly
recommend use of the principles presented when reviewing or implementing
a site monitoring program.
A paper presented on the chemical processes which take place in
the unsaturated zone brought into focus some factors which may need
to be assessed in the design of disposal facilities. Initial results
of this study show that migration of radionuclides may be temperature
dependent. Experiments conducted at 5° and 25°C, show that some nuclides
are more mobile at elevated temperatures, some less mobile at those
same temperatures and some unaffected by temperature. This study also
points out the necessity of using appropriately designed models (steadystate or transient) to assess radionuclide interactions and migration.
A paper by Ray Wildung addressed the mobilization of radionuclides
by naturally occurring organic liquids. The research done to date
is focused on those liquids produced by trees and fungi. Some of the
liquids complexed with selected radionuclides and resulted in increased
mobility. This increased mobility was significant, up to a factor
of 1000. This research may have interesting repercussions when the
manner in which numerous sites are stabilized is assessed. Controlling
erosion and infiT.ration of precipitation by planting grass and trees
may result in mobilizing those materials which are being "contained".
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The potential effects reported in this paper are significant and warrant
additional research.
Lisa Blanchfield presented a paper on the environmental monitoring
programs carried out at six DOE and three commercial low-level waste
sites. It was interesting to note that only two of the DOE sites carry
out monitoring specifically for low-level wastes. As the political
arena changes, it is essential that monitoring bi carried out for low-level
programs as well as high-level programs, to assure that the data gathered
is applicable.
Following the session, we spent time discussing where additional
effort needs to be applied. Environmental monitoring is expensive,
both in time and dollars. Development of automated or remote systems
would limit the need to send people into the field to collect data.
tiy closely assessing the actual data needs of a program, from hydrological,
geological and geochemical aspects, frequency of sampling and number
of analyses could be reduced.
In a programmatic sense, it is essential that managers of low-level
waste programs become involved in the design and implementation of
monitoring programs for their sites.
The subject of mixed waste was discussed. Hazardous components
of low-level wastes are of major concern, both legally and scientifically.
Numerous, organic hazardous wastes have the capability to complex with
radionuclides and in doing so increase mobility of the nuclides. At
this point in time, there is only a very limited capability to model
the transport of mixed wastes. There is a definite need to develop
models that can simulate the actions and reactions of this category
of waste. Included in advanced geochemical transport model needs are
the means of handling the speciation of radionuclides.
There was a suggestion that a standard be developed for the collection,
analysis and reporting of data from the numerous sites. By doing this,
sites would indeed be comparable.
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Maxey Flats
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Recent studies point out the importance
of knowing the geohydrologic system.
6 6619

Natural Ligands
oo

to

NaturaSly formed ligands have been shown
to mobilize selected metals
Increase mobility of up to 1000x
May have impact on restoration alternatives
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Temperature may play an important roEe
in contaminant transport
Important to use an appropriate model -steady or non-steady state
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— Migration
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Summary of Session IV, Greater Confinement
and Alternative Disposal Methods
MR. STONE: We had three papers on Greater Confinement Disposal or
GCD. Greater Confinement Disposal is generally characterized by attributes
such as deep burial, stabilized waste forms, engineered features, and a
high-activity, low-volume waste stream. Two of the GCD papers were on
demonstration projects that are currently underway. One is in a humid
region at the Savannah River Plant, and the other is in an arid region, at
the Nevada Test Site. We also had a paper on planning for Greater
Confinement Disposal
We had four papers on Alternative Disposal methods. By this, we mean
methods that are even more general than just GCD. The set of technology
alternatives might include GCD or shallow land burial, for that matter.
In this group, we had an interesting paper on systematic identification
of new technologies for alternatives to shallow land burial. We also had a
paper on the applicability of 10 CFR 61 technical criteria to some of these
other technologies. As you know, 10 CFR 61 is written for shallow land
burial, but there was some interest to see its criteria might also, be
suitable for alternative methods. We had a paper on the directi'ons that
other countries are approaching, that included a discussion on what some of
the regional compact states are looking at. The final paper in this group
was an example of an alternative disposal technology, the Westinghouse
SUREPAK. We also had one paper from Oak Ridge on the cleanup of
contaminated metal scrap.
I thought it might be of interest to give you a few capsule highlights
of the items that came up during the session. First of all, there are
indeed two demonstrations of GCD technology being done at DOE sites.
We think these are very important demonstrations, and they certainly
are projects that the Low-Level Waste Management Program should follow with
great interest. There's a GCD handbook in preparation at Argonne, and this
contains a great deal of information on regulatory matters, decision making
ideas, data modeling, etc.
A paper from EPRI and Rogers and Associates identified 17 alternative
technologies. They used a very systematic approach to obtain these
technologies. Some of those identified have not been really looked at to
any extent. About half of them are technologies that we are familiar with
but which they used a different approach to identify. So there are
17 possibilities out there, and many of them have not been examined in any
detail at all.
The paper on 1C CFR 61 criteria examined five technologies to show how
the criteria might apply. Some of the ones they looked at were: above
ground vault, below ground vault, earth mounded concrete bunkers such as the
French use, r1 GCD shaft disposal. For these four technologies, it was
found that the general criteria held, with some minor exceptions as you
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might imaoine. These had to do with siting and site characterization. One
technology that didn't seem to fit the 10 CFR 61 criteria was mined
cavities.
Finally I think it would oe fair to say that the SUREPAK shows promise
as a reasonable new example of an alternative type technology for low-level
waste disposal.
Here are recommendations, opinions, what have you, for the Low-level
Waste Management Program (LLWMP). We put together the recommendations from
what was heard during the discussions at Session IV.
I think it's abundantly clear from not only this session but from the
entire meeting that the directions that we are taking are away from shallow
land burial and in the direction of Greater Confinement Disposal technology
or the alternative technologies.
Thus, LLWMP should spons- ' —ther development of alternative to
shallow land burial, most of .
we have really zero experience with. For
shallow land burial, we certc
ad decades of experience o." various
kinds. We consider shallow 1
rial to be technically acceptable but
that institutional forces—bo
' H c a l and social—are forcing us to get
away from it.
The things the Low-level Waste Management Program might consider
getting into are certainly obvious. We think that they ought to encourage
and support conceptual design studies of engineered storage and disposal.
Cost-benefit analyses of alternative technologies are certainly the next
step. It's also a logical step to do performance assessments and modeling.
These are non-experimental programs that can be done at less cost than a
large-scale demonstration or even R and D.
Certainly LLWMP should encourage any future demonstrations that may
come along either sponsor them or follow them. For example, we feel that
one of the areas that the Program could get into is to sponsor various
monitoring activities at some demonstrations that the Department of Energy
is going to put on. This would greatly help the performance assessment.
We also noted during the session that getting performance data on
well-engineered structures is very difficult. Normally, when they are
working as designed, there's no release and nothing to measure. This is a
problem that has to be worked out.
In conclusion, I would say that we had a most interesting and timely
session that brought up a number of issues which we all need to look at. I
think we'll be hearing about them in future meetings.
MR. JENNRICH:

Questions?

MR. SCHAFNER NRC: I feel compelled to make one statement on the 10 CFR
part 61 which is, it's not a license for shallow land burial only. It's a
rule for licensing land disposal of commercial radioactive waste.
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I feel it necessary to make that point because I think it's a very
important one. We are hearing this message a lot particularly from the
public interest groups, that the NRC has got a rule on shallow land burial,
so take another three or four years to put in another rule or alternative or
whatever they may be.
I think the Corp of Engineers study reaffirms something we felt for a
long time and that's the technical criteria in part 61 applies to other near
surface technologies as well as to shallow land burial.
But the rule in general is a place for all land disposal of low-level
radioactive waste. Here is one comment on mined cavities. The fact that
the study did not conclude that the alternatives or technical criteria
applied directly as written does not mean that mined cavities are a better
alternative, but that we want to exercise the option to look at it closely
because it's such a departure from the land burial disposal.
MR. JENNRICH: More questions?
(No response)
MR. JENNRICH: We'll move on now to Session V, Low-Level Waste
Management, and hear from Jerry Hill.
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• Greater confinement disposal (3)
• Alternative disposal methods (4)
• Contaminated metals cleanup (1)
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• GCD demonstrations in progress at two
DOE sites
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17 alternative LLW disposal technologies
identified
10 CFR 61 criteria applicable to 4 of 5
alternatives studied
Surepak alternative shown promise
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• Design of engineered storage/disposal
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• Cost/benefit analyses
• Performance assessments and modeling
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• Demonstration facilities

6 6630

Summary of Session V, Low-Level Waste

Management

G. R. H i l l , Southern States Fnprgy Board

MR. HILL: Thank you, Ed. First of all, I'd like to thank the panel of
speakers. We had seventeen very informed speakers that addressed our forum.
I'd also like to thank Jeff Bradford, our Technical Secretary for the
work he did and the assistance that he provided to me in putting together
the summary and also compliment Oak Ridge, EG&G, and the Maxima Corporation
in their efforts to make this a successful meeting.
I might note that as I look through my comments that my list of funny
stories is very short. It seemed like one of the problems was time. We
were very pressed for time and I think in the future, as a recommendation,
we might suggest that we allow a little more time for interaction. This is,
after all, a participants1 meeting so let's participate with one another.
Give us a chance to check some good stories that we can take back with us
elsewhere.
In Session V, as Ed pointed out, the theme was low-level waste
management; somewhat of a departure from other programs that have been
addressed so far but equally important. We had within the seventeen papers
a mixed bag of presentations that might be broken into two categories and it
would be helpful to define waste management in two ways to support these two
categories.
First of all, I think we could look at one group and find out; what is
the management of waste and the engineered or natural features that support
its safe disposal. We had a number of papers that addressed this topic.
On the other hand, we had a distinct group of presentations that
addressed the management of information on low-level waste packaging,
treatment, transportation, and disposal information. Also included was how
to maintain and dissiminate that information. How to inform the public and
I think we found very correctly that the public or publics are quite diverse
but it's a group that we are all responsible to.
First of al 1, in the area of management of the waste, we heard papers
on siting studies and on the development of management plans. There were a
number of important issues brought forward that related to sites. Several
different states are in the site selection process. And I think one of the
points that was brought up by Bob Avant this morning that I would like to
reiterate, and certainly it was brought up by our group, is, let's look at
the positive aspects of siting.
This morning when I was in the back of the room I had a half cup of
coffee. My cup was half full and some of you had cups that wer» half
empty. I think the similar or same approaches can be taken in the siting
process. If we exclude areas, we are being negative in our approach. If we
include areas for consideration we are being very positive and, as Bob
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pointed out earlier, it may be necessary for us to go back at some later
date and revisit site areas that we have looked at.
If we have excluded areas it's difficult to go back and reassess them.
If we have included areas and can go back and include them in a broader
option range; it's quite a different story. I think that's an important
point to keep in mind as we progress in the siting process and as we narrow
the field in a more positive approach.
Another thing that I noted with optimism is that everyone was hopeful
that there would be volunteer states coming forward. I think we need to
look at that with caution.
It's one thing to develop a management plan that has a series of
milestones that includes volunteers stepping forward. Hopefully, if we
approach the process in a positive manner, that will occur.
But at the same time, don't be myopic. Make sure that your plan
includes a rigorous approach that does not leave any particular entity
dangling because they hit an impass. Be very realistic in looking at the
volunteer states.
Also within the area of management plans and management of waste, we
heard a couple of interesting presentations on storage. Storage has been
talked about to a limited degree.
At this point, as someone who has been involved in the Participant's
meetings before, I have tried to pick up on storage options here and there,
but it really is surfacing very slowly.
I would say, as a recommendation coming from our group, it's beginning
to become very evident that we would be wise to allow the storage
option to be available in an overall management plan. That research needs
to move forward in such a manner that the option, if needed, can be
supported.
In shifting then to the other definition of management, "Management of
Information," again, we see two important subgroups. The first being how to
get information to the public--Public Participation.
We have heard many papers that have dealt with technical programs. We
have talked about the fact that there are technical solutions, quite often
they are expensive and quite often technical people like yourselves feel
that we are going to the extremes.
Technical solutions can be found and we have research programs going on
to find out what is needed, which is a mechanism to ensure our public that
we are doing this and doing it properly to get information to the people in
a form that they can accept. Let's not give them a foot of computer print
out with lots of numbers and details. Let's give them something they can
understand.
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We need to do a complete job of involving the public and I caution you;
involving the public does not necessarily mean getting everyone and his
brother into the decision-making process. You don't have to make them part
of the decision making process. If, in fact, you provide them with the
tools to understand the decisions you may have to make, give them the tools.
We saw examples of public participation programs. I think as a
recommendation that the Program should be encouraged to move forward on the
track that it has been on in the last couple years.
In that couplo of years, state people have pointed out that there has
been a definite improvement. That track is designed to take the time and
provide the resources that we need and opportunities that we have to
cross-pollinate with lessons learned. We need to share those lessons and
help one another.
Many of us have been blinded and taken off on courses that we felt were
very appropriate only to find out that the public had different ideas. And
we are now having to respond to the concerns of that public and we have
learned something. Let's share that information and take whatever
opportunities we have to dissiminate it on a broader base.
Finally, within the area of information management, we get down to the
notion of information systems, the way to package the information, the
computers, and everything else that supports it.
A lot of work has been done in the past few years to develop a very
comprehensive low-level waste management system at the national level at
DOE, and it is being supported by EG&6 Idaho, Inc. I'd say that there are
many, many, many pieces out there; many, many things going on out there,
just as there are in other technical research areas. It's really time to
bring that to a solid focus.
We worked very closely with those people and by we I mean, in state
groups, and regional groups, to try to understand what it's all about.
Let's turn the table a little bit.
Let's take the initiative at the state level to say "Hey, here's what I
really need to know." Tell the program a little bit more about what you're
trying to accomplish and say, "here's what I really need."
Let's take the time, volunteer the time, and provide the opportunities
to assist the Program staff that's putting the system together. It's
important now to develop the system in a comprehensive fashion.
We have had a number of meetings and discussions, both directly during
the participants' meeting and indirectly when opportunities were available,
that discussed various aspects of the information system; from dealing with
prenotification forms, to keeping track of allocations related to H R 1083,
to manifest systems and more standardization than exists today.
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It's time to bring these together and make sure that we are putting
good information into a system and. therefore, we are in a better position
to pull good information out. Not only get it out as accurate data but
informative data.
It's very useful I believe, to offer this recommendation to the people
who ultimately will benefit from the Program effort: Let's do what we can
to support the technical staff and make sure that we, as information users,
tell the program exactly what we need and what information needs to be
present.
Thank you. Any questions?
MR. JENNRICH: Questions?
VOICE: National Laboratory. I want to make a comment. I think the
problems we are facing are very similar to those that the nuclear utility
industries have been facing for years. They have the same problems with the
public as we are beginning to have.
I think it will help us to see what lessons they have learned through
the years in dealing with the public and the government.
MR. HILL: I would agree with the whole heartedly.
comments? Thank you.

Any other

MR. JEMRICH: Trying to keep our schedule, we'll move into Session VI,
Corrective Measures by Brian Spaulding.
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Summary of Session VI, Corrective Measure Summary
B, P. Spalding, (ORNL)
This session encompassed not only the traditional near-term problems
with low-level waste burial, but also has evolved to include the efforts
in planning for the long-term stabilization of disposal sites.
In the first paper, Bob Brown of EG&G Idaho, Inc. described the
planning and characterization activities for a demonstration of stabilization and closure of a radioactive mixed waste disposal site called
Pad A. Presently, stabilization options have been narrowed to a combination
of compacting with pile-driving and covering with asphalt of this large
above-grade mound. Major concerns with the risks of such a stabilization
plan center on the fire and explosive hazard of the waste due to its
high content of nitrate salts.
Next, Carol Hornibrook of the New York State Energy Research and
Development Authority, described the long term or permanent stabilization
needs of the West Valley, LLWD Area. Water infiltration, subsidence,
gas generation, and erosion were identified as significant problems.
Various cover structures are presently favored over grouting and compaction
because of uncertainties in the void-filling effectiveness of these
options. Planning and analysis is continuing toward producing a site
stabilization plan.
The Maxey Flats grouting demonstration was described in the next
paper by Doyle Mills. The primary objective of the demonstration was
to eliminate trench subsidence by filling void space with grout. A
section of a trench, isolated by sheet-pile walls, was filled with
a sodium silicate grout in 1984. The grout was observed to fill up
the trench quite evenly until the grout level intercepted the uneven
bottom of the soil trench cap. Subsidence has not been observed in
the grouted section, nor in the ungrouted section as yet. Quarterly
land elevation surveys will continue in an effort to observe any subsidence
effects. Because of the facility with which this expensive solution
grout entered the voids within this trench, a second grouting demonstration
is planned using a less expensive particulate or cement-based grout.
A demonstration of dynamic compaction of a low-lev.1 waste burial
trench at ORNL was described by Brian Spalding. The primary objective
of the demonstration was to determine what fraction of the trench's
void space could be collapsed by the technique. Before compaction,
void space was measured by filling the trench full of water. After
compaction, collapsed void space was measured from the surveyed volume
of ground surface depression. A four ton concrete cylinder was dropped
repeatedly from heights of 10-15 meters over the entire trench surface
depressing it to an average depth of about one meter. This volume
accounted for 75% of the trench void space. Such void compaction should
afford a stable land surface which can assure adequate support for
engineered structures or covers for final site stabilization.
Steve Phillips of Rockwell Hanford described a demonstration of
void filling and subsidence control in a 'cold' mock-up of the liquid
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disposal cribs at Hanford. The grout delivery system was designed
to-be mobile and operated by a single person; it included a grout plant
and injector attached to I-beam driven into the ground by a detachable
vibrating hammer. The system can simultaneously provide dynamic consolidation during grout injection into the crib. Future tasks will include
excavation of the grouted/compacted crib to verify grout distribution
and system modification for application to actual 'hot' crib stabilization.
Willy Abeele reported on the Los Alamos experiments with moisture
and biological intrusion barriers made of cobble and gravel layers.
These have been found to be effective burial trench caps under Los Alamos
field conditions. The cobble-gravel layer remains dry, thereby preventing
plant root entry. The tuff material used for backfilling Los Alamos
trenches was found to have an optimum moisture content for compaction
during backfilling.
Rob Striegl of the USGS reported on the concentrations of gases
in the unsaturated zone, Sheffield, Illinois, disposal site. Concentration
of C-14 carbon dioxide and Radon-222 were found to decrease laterally
away from the one study trench area. Vertical gradients, with seasonal
dependence, were observed for CO2, O2 plug Ar.
John Gray, also of USGS, described soil movement at the Sheffield,
Illinois site caused by both erosion and trench cap subsidence. A
detailed quantitative history of trench cap subsidence was presented
wherein collapses seemed to be associated with large precipitation
intervals and most frequently with depressions in the surface topography.
Erosion rates at the site were observed to be lower than a selected
control site but below regional averages. Several surface runoff modifications
were described which have led to dramatic improvements in sheet and
rill erosion problems at the site.
Over and over we heard that the dominant problem with the performance
of the various disposal sites has been caused directly or indirectly
by the lingering void spaces remaining within the trenches. These
voids will ultimately collapse leading to surface subsidence which
facilitates the entry of water into the waste. The inevitable collapse
of these voids also required infiltration and biological intrusion
barriers and surface runoff diversion. The continuing need for sitespecific field demonstrations of all approaches to the subsidence problem
is still apparent. Planners, site managers, and the public need this
information to make decisions about ite stabilization and closure.
Uncertainties about both the effect , ness and costs of such techniques
as grouting, engineered structures, dynamic compaction, and thermal
stabilization are paralyzing decisions on site stabilization and closure.
A demonstration at "another" site, no matter how successful or wellmarketed, will always leave you with some unanswered questions and
lingering concerns. The only method which I can recommend to overcome
these concerns, is to try things yourself on a small-scale. Find the
resources to do what you believe to have potential, then come here
and tell us what you learned.
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Summary of Session V I I , Performance Prediction and Assessment
T. L. Gilbert, (ANL)

MR. GILBERT: The session on performance prediction assessment
had two major themes. One was sensitivity analysis and the other was
validation.
Two papers dealt with sensitivity analysis, one presented by Lew Meyer
and the other presented by Francois Pin. Four papers dealt with validation
of groundwater models. These papers were presented by George Yeh,
Mike Graham, Charles King, and Dave Robertson.
I'm not going to attempt to summarize the papers because I couldn't
do better than the abstracts available in the handouts. Instead, I'll
try co convey an overall impression of where we are and where we should
go.
The driving force for the whole effort is public concern regarding
health effects. Without the pressure from these concerns, there would
be no LLWMP program. There are many aspects to the problems presented
by these concerns. Some are matters of policy and public relations
which are the responsibility of administrators and policy-makers.
Our responsibility is to provide a sound technical basis for policy
decisions and for dealing with public concerns. A critical element
for fulfilling that responsibility is the credibility of our predictions.
Many other elements are involved, but creuibility is a key technical
problem.
In order to be credible, we must validate the models we use.
I suggest that if we don't validate our models, or at least provide
an analysis of the probable error bounds, then our modeling and calculations
are merely procedures for grinding out numbers, almost on a par with
astrology.
Demonstration projects provide some basis for validating predictions
based on models. But actual applications usually involve new situations
that require extrapolation beyond the data provided by demonstration
studies.
There are four steps in the development of a credible model.
Construction of the model is the first. Construction involves use
of various algorithms and mathematical approxinu iions, usually implemented
by means of a computer code.
The second step is verification of the model. In this step, one
verifies that the algorithms and code perform as intended and that
the mathematical approximations are reasonable.
The third step is calibration. Values must be assigned to all
model parameters before predictions can be made. Many parameter values
are, initially, unknown or available only from laboratory studies that
may not be appropriate parameter values by means of field studies designed
to provide values for specific parameters.
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The fourth and last step is validation. This step involves comparisons of the predictions of a calibrated model with observations.
All four steps should be carried through, if at all possible,
in order to develop a credible model. The four papers on validation
gave an example of the kind of validation that is feasible for groundwater
modeling. This covers only part of the validation problems for predicting
the performance of a LLW disposal facility; but, it is one of the most
important parts because the groundwater pathway is the most complex
pathway, usually the dominant pathway, and the pathway of greatest
public concern.
Validation is not always feasible. Measurements of radionucliae
migration made over a time span of the order of ten years do not validate
predictions of the migration that may occur in a thousand years. It
is in this gray (or black) area that sensitivity analysis is especially
helpful for improving the credibility of predictions. The two papers
on sensitivity analysis demonstrated the contributions that sensi-ivity
analysis can make to the credibility problem. I'd like to commei t
on them first.
The EPA work on sensitivity analysis by Bandrowski, Hung, and
Meyer brought out the key contribution of sensitivity analysis to the
problem of making credible predictions in a complex situation where
there are many parameters and it is not feasible to validate the model.
In such circumstances, insight into the various transport mechanisms
involved and the manner in which the parameters can affect the overall
transport--individually and collectively--is of critical importance.
The importance of insight needs to be stressed. It is of utmost
importance. The only basis we have for credible predictions in circumstances where validation is not feasible is insight. The importance
of sensitivity analysis is that it provides this needed insight. The
EPA paper provided an excellent demonstration of how sensitivity analysis
can provide insight at two stages of the development of a complex model.
One stage is the verification step. If the sensitivity analysis
gives unexpected results (i.e., a very small sensitivity or a very
large sensitivity, especially when the value differs from intuitive
expectations of experienced professionals), then one should start asking
questions. Is there an error in the code? Are the parameter values
wrong? Is the model applicable? The clues provided by a sensitivity
analysis can ferret out errors that might otherwise go undiscovered.
After verification has been completed and one has reasonable assurance
that the code, algorithms, and approximations work as intended and
that the model is applicable for the range of input data, sensitivity
analysis provides a means for identifying critical parameters and for
gaining a better understanding of the physical processes involved.
In other words, it provides a means for shining some light into the
"black Dox" of a computer code that takes input data, goes through
a lot of complex calculations involving many parameters, and spews
forth some output data.
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Computer codes for modeling the health effects from disposal of
radioactive waste are sometimes used as black boxes to obtain numbers
that will satisfy some regulatory requirement. This is dangerous because
it can lead to serious loss of credibility if later studies uncover
serious errors. This risk can be minimized by using sensitivity analysis
as a tool for gaining insight.
Sensitivity analysis can be an expensive and time-consuming process
for models that involve a large number of parameters. The paper by
Oblow and Pin showed how the analysis can be simplified, an important
step toward more widespread use of sensitivity analysis. One of the
contributions relates to software—a new compiler called GRESS which
simplifies the coding. The other is use of a method involving adjoint
matrices for deriving the sensitivity of complicated nonlinear systems
to model parameters. The method can be used for rapid and efficient
evaluation of local sensitivities. From this, one can identify the
critical parameters, which can then be investigated by traditional
statistical methods which yield more detailed information and are practicable when the number of parameters examined is small.
Returning to the matter of validation, the four papers on groundwater
modeling showed rather convincingly that the art and science of groundwater
modeling has reached a rather mature stage. One can carry through
validation of the models in a credible manner in actual situations
when the hydrological features of the site are not too complex.
This brings us to the question: where should we go from here?
Much remains to be done to make sensitivity analysis a more practicable
and economical tool for general use. The job is not complete until
sensitivity analysis becomes a standard part of all complex modeling.
One might argue that groundwater modeling can be deemphasized
because it has reached a rather mature stage. This would, I believe,
be a mistake. Models for uncomplicated stratigraphies have been carried
through all four stages of development: construction, verification,
calibration, and validation; and credible results can be obtained.
But the situation is less sanguine for complicated hydrological structures.
To my knowledge, we do not yet have adequate models for circumstances
involving fracture zones and karst features. Although siting guidelines
recommend that sites with difficult-to-model hydrological features
should be avoided, this is not always possible. The problems of finding
suitable disposal sites on the Oak Ridge Reservation are an example.
There is also a need to develop more efficient groundwater codes.
The more sophisticated codes used in validation studies are often rather
expensive to use.
Although the session was on performance prediction and assessment
with no qualification, the primary focus was on groundwater transport.
Four of the papers were on groundwater modeling. The papers on sensitivity
analysis were broader in scope in this respect--the PRESTO codes developed
by the EPA include all significant pathways, and the sensitivity analysis
methods presented by ORNL are quite general. Although the emphasis
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<n the groundwater pathway is appropriate because of its complexity
and dominance in many circumstances and the level of public concern
for groundwater contamination, it should be kept in mind that other
pathways are also involved in siting LLW facilities.
Attention should be given to the problem of assessing the uncertainties in predictions of public exposure through pathways other than
the groundwater pathway. Validation may be difficult for some of these
pathways because they involve exposure scenarios that are difficult
to predict (intruder and farming scenarios) and conditions that will
occur at some future time (e.g., degradation of barriers and erosion).
However, it should still be possible to use sensitivity analysis and
other techniques to improve the credibility of predictions.
One of our charges for presenting summaries was to identify areas
where further work is needed. In concluding my summary, I would like
to stay beyond the boundaries of the session I chaired to identify
an area that overlaps Session IV on Greater Confinement Disposal and
Alternative Methods, which John Stone chaired, and Session VII on Performance Prediction and Assessment. I mentioned it to John and he suggested
that I cover it.
In assessing the performance of a LLW disposal facility, the containment effectiveness is determined by two kinds of migration barriers: mat.
made barriers provided by waste forms, containers, and engineered structures; and natural barriers to migration of radionuclides from a point
at the boundary of a facility to the point of exposure. Let me refer
to the parameters that characterize the effectiveness of the manmade
barriers as "barrier factors". (One might use a diffusion coefficient
or the ratio of the steady-state concentration outside the facility
to the concentration in the waste—which might better be called a "leakage
factor" because it is 0 for perfect containment.)
Data on barrier factors for the many different LLW technologies
currently under consideration are meager and scattered—especially
the kind of data needed for prediction of long term performance (i.e.,
in the time span beyond 100 years, extending to 1000 years and beyond).
The barrier factors are of critical importance for selecting a LLW
disposal technology and for predicting the performance of the technology.
In impact assessments, it is common to take no credit for barrier factors.
This is equivalent to predicting the impact for a disposal technique
in which the waste is dumped into a shaft or open pit with no liner
or container.
It doesn't make much sense to build a carefully designed trench
or engineered structure, or provide a high integrity container, if
the gain from doing this is ignored in assessing the health effects.
However, one cannot take credit for barrier factors when it is not
possible to provide credible predictions of performance over the time
span of concern—which extends well beyond 100 years. (Public concerns
may lead to the requirement that time spans as long a? 10,000 years
be considered.)
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I would, therefore, like to add one more recommendation to the
recommendations that work be supported on (1) performance assessment
(i.e., validation) of groundwater models for more complicated stratigraphy
(e.g., fracture zones and karst features), (2) further development
of methods of sensitivity analysis, and (3) performance prediction
and assessment (and uncertainty analysis) of nongroundwater pathways.
That recommendation is that a systematic study of barrier factors for
all promising candidate LLW facility designs be undertaken.
The first step of such a study would be to collect together information scattered through the literature that is relevant for determining
barrier factors for those LLW disposal technologies that are likely
to be used or are promising candidates for general use. Emphasis should
be on data for performance predictions and assessments beyond 100 years
(to the probable time of failure). This study would provide a basis
for identifying gaps where further analytical or experimental work
was needed.
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MR. JENNRICH:
meeting.

I'm

very pleased

with

the

results of this year's

I think it's apparent from what we have heard that the states and the
Department of Energy are really at the same point, and truly facing the
same issues and problems. Each has taken a different route but has arrived
at the same point.
It is clear that one common aspect in each of our specific situations
is the need for information. Information concerning alternative disposal
technologies, along
with
information
on improved waste treatment
technologies which produce either better waste forms or result in a greater
degree of volume reductions need to be developed and exchanged. To
facilitate
this exchange we each
need to better understand the
characteristics of the waste we are dealing with. We need to work to
target site characterization work, not so much new techniques but ensuring
that we have the right information to support performance assessments. We
need to focus our activities and ensure that good information is available
when
needed so that time is not wasted on pursuit of unnecessary
activities. Finally, we need to learn from each other how to put the total
system together in a manner which effectively involves the public and
accomplishes our goals in a timely manner.
This will not be easy. The public is a broad group, which changes as
the process proceeds.
The public will influence the development of each
facility or the application of any certain technology. Methods to involve
the public range from formal to informal. Regardless, the public cannot be
ignored but must be involved. Our choice is whether we involve the public
constructively or as an adversary.
Just considering the effort to develop new disposal facilities one can
see that our resources and time are fully committed. Yet other aspects of
low-level waste management place additional requirements on us. An example
of this is, closure of existing sites and the implementation of corrective
measures for sites that are still being used.
It is stating the obvious to say that in such a situation we should
coordinate our work and pool our resources.
Programs that emohasize
coordination and provide opportunities for technology transfer and the
exchange of information should receive the highest priority.
We hope that this meeting and other meetings supported by the Low-Level
Waste Management Program successfully contribute to sharing of information
between regulators, operators, developers, and researchers. It is also our
hope
that these meetings set the stage for fuller cooperation and
coordination among all of us.
In that regard we welcome your
meeting and your ideas on improvements.

comments on the structure of this

To bring this meeting to a close, here are a couple notes. First,
Proceedings from this meeting will be published. We hope to do so in a
vary timely manner.
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We have asked for and received a number of the papers prior to the
meeting. However, there are still some outstanding. I would like to have
all the papers before the end of the month. This will facilitate having
Proceedings out in the November time frame.
and

Second, I want to add my thanks .to the staff at Oak Ridge, at Maxima,
EG&G Idaho for the work done prior to the meeting and here at the

meeting.
Special thanks to Thelma, Brenda, Norma, and Marjorie.
I'd like everyone to join me in a round of applause. Thanks.
(APPLAUSE)
MR. JENNRICH: We have a few minutes for any last questions.
MR. WOLLEY:
Bill Wolley fror Southeast Regional Compact Commission.
We are on parallel tracks for solving these low-level waste management
problems.
Nationally the federal agencies, public agencies, and even the
private sector are moving in the same direction.
To remain moving in the same direction, it is important to continue
meetings like this.
Not only for technology transfer, and exchange of
information, but also to present the real reasons for doing things. You
need to exchange not only what you're doing but the real reason for doing
it. The perceived reasons are not always the real ones and they may cause
others to go in another direction if not clearly explained.
Certain facilitie operators are doing certain things at their
facilities.
Unless clearly explained this may be misinterpreted by the
public as being the best way to go for all sites and regions. We need to
ensure that this does not happen. Am I making my point clear?
MR. JENNRICH:

I believe so.

MR. WOLLEY:
I really believe that the reasons for making corrections
at Oak Ridge need to be clearly explained.
MR. JENNRICH:
I can only re-enforce that it's important that people
know the reasons we make the decisions we make; whether they are specific
to Oak Ridge or specific to the Southeast or other Compacts. Each one of
us can then put forth the best answer to the question and not mislead
people into the belief that the solution at one point is as you put it,
"the best solution for everyone."
Other comments?
With none, the Seventh Annual Low-Level Waste
Management Participants' Information Meeting is closed. We look forward
to your attendance at the Eighth Annual Participant's Information Meeting
next year.
(Whereupon, the Meeting proceedings were
concluded.)
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generation, medicine, industry or research. An overall, long-term strategy
for the management of wastes Lakes account of DOE responsibilities for
protecting the environment. It also takes account of other Departments
statutory responsibilities such as those of the Ministry of Agriculture,
Fisheries and Food (MAFF) and including safety and occupational exposure
(Nuclear Installations Inspectorate (Nil) of the Health and Safety
Executive) and advice from the National Radiological Protection Board
(NRPB) on the acceptability of exposure of workers and the public to
ionising radiation. Such a strategy r.ust be kept under continuous review
and advice is received by government from the independent Radioactive
Waste Management Advisory Committee (RWMAC) which publishes an annual
report.
Responsibility For Disposal
The main elements of DOE policy, which continue to apply, are to:
i. ensure that creation of wastes from nuclear activity is
minimised
ii. ensure that waste management problems are dealt with before
any large nuclear programme is undertaken
iii. ensure that the handling and treatment of wastes is carried
out with due regard to environmental considerations
iv. secure the programmed disposal of waste accumulated at
nuclear sites
v. ensure that there is adequate research and development on
methods of disposal
vi. secure the disposal of wastes in appropriate ways at
appropriate times and in appropriate places.
In seeking to achieve these objectives DOE, through its Radiochemical
Inspectorate (RCI),discusses with waste producers how best to deal with
particular types of waste. In each case the best practicable environmental
option is sought. The main waste producers, at the instigation of government, have set up the Nuclear Industry Radioactive Waste Executive (NIREX)
to develop and operate suitable disposal facilities for low-level and
inter ediate-level wastes. It is not a government body and will require
authorisation, by responsible Departments, for disposal of wastes and
also a license from Nil for construction and operation of a disposal site.
Annual reports are submitted by NIREX vo the three Environment Secretaries
of State and these reports are published.
The waste producers may carry out research and development related to
the treatment and conditioning of their own wastes and NIREX funds research
related to the development of its proposed disposal facilities. During
the past year some of this R and D has oeen jointly funded by DOE as part
of its responsibility for ensuring that there is an adequate national R and
D programme on methods of disposal. Research commissioned by DOE and MAFF
is required to help their own regulatory functions and includes long-term
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and generic research.
The safe transport of wastes is ensured by regulations made by the
Department of Transport, incorporating international standards
THE WASTES
The definitions now in use in the UK distinguish four broad categories
of radioactive waste:
Very low-level wastes whose levels of activity mean that they can be
safely disposed of with household refuse (dustbin disposal): up to
0.1m3 of material containing less than 400 kBq (10 uCi'" beta/gamma
activity or single items containing less than 40kBq (1 uCi) beta/
gamma activity.
Low—level wastes containing radioactive materials other than those
acceptable for dustbin disposal, but not exceeding 4 GBq/te alpha
(about 100 mCi/te) or 12 GBq/te beta/gamma (about 300 mCi/te).
Intermediate-level wastes with radioactivity levels exceeding tne upper
boundaries for low-level wastes, but which do not require heating to
be taken into account in the design of storage or disposal facilities.
High-level, or Heat-Generating Wastes in which the temperature may
rise significantly as a result of their radioactivity, so that this
factor has to be taken into account in designing storage or disposal
facilities.
In Figure 1 are shown the relative volumes of wastes which have to be
considered, within any strategy for disposal, by the year 2000. The totals
include the production and use of radioisotopes for medical and industrial
purposes, as well as wastes from the nuclear industry and associated
research activities. An inventory of radioactive wastes is essential in
helping to develop a national strategy for their management, and a joint
inventory is now produced by DOE and NIREX to provide a common basis for
management and regulation of the disposal of solid radioactive wastes. A
first stage has been to collate information on wastes currently stored,
followed by an estimation of the volumes which will arise in the future.
Monitoring, sampling and calculation has led to a measure of the radionuclide content of the most important waste streams. These data will be
up-dated annually by the waste producers and this will allow monitoring of
changes in current stocks. Projections of future waste arisings are found
to be somewhat uncertain, for they depend upon such factors as the use made
of radioactive materials in industry and research, the nuclear power
programme, and the treatment and disposal practises adopted in dealing with
radioactive materials. Reasonable predictions can be made to 2000, for
by that date most of che waste will arise from existing installations or
from those at an advanced stage of planning or construction. Arisings are
estimated to 2030 and assume a moderate growth in nuclear power generation.
STORAGE OF LOW-LEVEL WASTES
There are stringent regulatory controls over both the disposal and
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UNCONDITIONED RADIOACTIVE WASTES EXPECTED
TO ARISE IN THE UK BY THE YEAR 2000
500,000 m3

FUTURE ARISINGS
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85.000m3

FUTURE
ARISINGS
CURRENT
STOCKS

LOW ACTIVITY WASTES

CONCENTRATION OF RADIOACTIVITY
Low

INTERMEDIATE ACTIVITY WASTES

FORM
. Paper, plastics, clothing,
building molerialL; etc.

y
CURRENT
^Q—STOCKS
HIGH ACTIVITY WASTES

ACTUAL On PROPOSED DISPOSAL ROUTE
Shallow land burial (mostly
to Drigrj) ond soa disposal

Intermediate

fjludflcs, rosins, fuel cladding,
concsntrnteo, activated and
contaminated items

Engineered trench burial; or
deep burial; some to sea disposal

High (heat generating)'

High activity liquids from
reprocessing

Storage for at least 50 years
prior to disposal

storage of waste. Volumes of radioactive waste which are currently in
store, or which may be stored in the near future, are small compared with
the volumes of other industrial wastes. There is advantage in storing heatgenerating waste for some decades but low and intermediate-level wastes are
better disposed early, because there is no technical advantage from delay
and there is no need for lengthy research in methods of disposal. If the
final disposal route is known it is possible to suitably treat and condition the waste, but if there is doubt about disposal routes then it may well
be difficult to reach decisions on the most appropriate methods of treatment and conditioning, without perhaps creating a situation in which wastes
have to be repackaged at a later date. Any policy of indefinite storage
would also leave future generations with the burden of maintaining the
stores and perhaps replacing them at intervals. Problems would be multiplied if the number of sites at which wastes were stored was to increase
substantially.
To provide satisfactory containment means ensuring isolation of the
wastes from man's environment for a time properly related to the life and
toxicity of the radioactive substances involved. Even for low-level waste
this will probably require the use of a multi-barrier concept (Figure 2)
of containment, utilising waste form, packaging, engineering and geology.
PRESENT DISPOSAL PRACTICE
The very low-level wastes are disposed by authorisations issued under
the Radioactive Substances Act 1960 and, in controlled quantities, can be
safely disposed of with ordinary household refuse. Some comparable discharges also take place in liquid or gaseous form, and these strictly controlled discharges zo the environment satisfy stated radiological protection
objectives and are reduced to levels which are as low as reasonably
practicable. The most significant discharge to the environment, in radiological terms, is by pipeline to the Irish Sea from the Sellafield site of
British Nuclear Fuels pic (BNFL). Reductions will ensure that discharges
are made less than 20 curies per year of alpha activity and 8000 curies
per year of beta/gamma activity. In turn this will lead to additional
quantities of solid waste for storage and eventual disposal.
Low-level wastes have been disposed of fairly soon, because of their
volume bulk and because adequate facilities have been available. Action
in 1983 prevented the planned annual disposal operation to sea, which
previously had been a route for some low and intermediate-level wastes.
This route has not so far been reopened. An independent panel of scientists
has reported (3) to the Secretary of State for the Environment and the
Trades Union Congress and stated that they felt there were some uncertainties about the long-term natural process involved. The UK Government
accepted that the use of the sea disposal route for low and intermediatelevel wastes should not be resumed before the completion of the international reviews now being carried out within the London Dumping Convention
and the Nuclear Energy Agency of OECD. The report also recommended a
comparative assessment of all disposal and storage options, and this 'best
practicable environmental option1 (BPEO) study is almost completed, having
been carried out by the UK DOE in consultation with other bodies.
At the lower end of the low-level waste range appropriate precautions
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include covering them with a prescribed thickness of earth • ther material at a suitable site used for the landfill disposal of non-radioactive
wastes, or sometimes on the site where they originated. At the upper end
of the range wastes are sent to the special site at Drigg in Cumbria,
owned and operated by BNFL, for controlled burial in shallow trenches.
This site will be used exclusively for wastes from Sellafield when an
alternative disposal site becomes available. Drigg would net be full
until 2013 even if no alternative site was available until 2000.
Apart from sea disposal, the very low-level and low-level wastes do
not normally require treatment or conditioning before disposal. These
wastes are bulky and the case for compaction must be borne in mind.
NEW DISPOSAL FACILITIES
The Drigg sits of BNFL accepts wastes from sites other than Sellafield
but it should eventually be used exclusively for such wastes. NIREX has
been asked by government to select and announce at least two further
sites for a near-surface facility, in addition to one already identified
at Elstow in Bedfordshire. Each site will be investigated in necessary
detail and any planning application subsequently made will be called in by
the Secretary of State for consideration at a public inquiry under an
independent inspector, and at which alternative sites will be compared.
Wastes going to such a proposed repository would be compacted and packaged
and might, include shorter-lived intermediate-level wastes. Account will be
taken of transport arrangements and international experience and results.
MONITORING ENVIRONMENTAL RADIOACTIVITY
Authorisations for disposal of waste usually require that some
environmental monitorinr; for radioactivity be carried out and, in addition,
there are a number of systematic programmes of sample collection and
analysis of environmental samples to determine background levels of
radiation. The monitoring has particular reference to possible pathways to
man and m e e k monitoring is carried out by the authorising Departments.
Information obtained is published nationally by DOE in the ;'Annual Digest
of Environmental Pollution and Water Statistics", whilst MAFF publish
annual reports on "Radioactivity in Surface and Coastal Waters of the
British Isles." Annual reports are also prepared for each nuclear power
station and major nuclear site.
ASSESSMENT OF DISPOSAL PROPOSALS
Assessment Principles
Decisions in regard to approving any particular proposal for a disposal
site will :ake account of the results of the studies leading to the national
waste management strategy, to ensure the options selected and proposed by
individual waste producers, and by NIREX, are compatible with the overall
approach.
Guidance has been given in a number of areas of concern, including the
publication of Assessment Principles (4) which the authorising Departments
will apply in evaluating proposals put forward for specialised land disposal
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facilities. The Principles apply to proposals for the development of new
specialised land disposal facilities for low and intermediate-level wastes,
and are accompanied by detailed guidance about the environmental assessments which NIREX will be required to produce covering where and how waste
would be disposed.
The general principles refer to choice of site, treatment and packaging of waste, record keeping, post-closure arrangements and basic radiological requirements.
human Intrusion
An important topic being examined is the risk from human instrusion
into waste disposal facilities, and particularly into shallow land disposal
sites during the controlled and post-control periods. A discussion is
under way into how we may calculate intrusion -isks in regard to both
shallow and deep land disposal, but simila- general principles apply
when considering disposal to the sea.
How effective can we consider either active security controls or the
passive marking of boundaries and legal restrictions on future use?
Physical control cannot be exercised for long periods, the general consensus assuming periods between a few decades and 300 years. The contrasting
approach assumes that there can be no control and that intrusion risks
have to be calculated in regard to time and then determine the required
control period. Both approaches can complement each other.
Perhaps little can be done in regard to siting or design to protect
those who deliberately intrude into a repository, and so the emphasis has
been or. inadvertent intrusion. Effort has been devoted to scenarios
related to excavation of closed sites for buildings. Doses are calculated
to workers excavating and to those subsequently living or working on the
site. During excavation the main exposure pathway is assumed to be
inhalation of contaminated dust and external irradiation.
The calculations made in the UK assume that building proceeds even if
wastes are detected, for old structures have rarely led to a change in
building plans; the intrusion risk is also treated in probabilistic fashion
and not as a certainty. A more sophisticated approach is needed, which
will take account of the method by which the waste form may degrade and the
degradation of engineering barriers with time. At present the assumptions
are too pessimistic in assuming, for instance, that all wastes will be
uniformly mixed through the soil and the radionuclides are taken up by
vegetables eaten in the households en the site. Presumably too, different
local conditions of soils, crop types and climate will warrant different
assumptions in regard to radionuclide pathways.
In general, it seems clear tnat the risk to individuals can be very
low from most situations that can be envisaged, provided the site, waste
form, container and engineered barrier are chosen or designed with care.
However, human intrusion scenarios depend on assumption and judgement and
further research is unlikely to reduce the uncertainty. There has been a
tendency to consider simplified, pessimistic concepts of human intrusion or
to depend on an intrusion barrier and ignore the possibility. Neither is
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likely to be acceptable to the regulatory Departments as a suitable background to assessment of risk. To ensure a consistency of approach, this
problem of assumptions and parameters to be U-.OH -ror -intr"oj.~n scenarios
is being actively discussed.
CONCLUSION
Based upon the extensive work carried out over some years, the
Government believes that methods are available for the safe and responsible
management of radioactive wastes, and this seems to be the general view
of other Governments. There is a deliberate policy of making information
avilable to the public, including publication of research reports, monitoring data and annual reports from responsible bodies.
Detailed proposals for specific facilities have to be developed,
submitted to detailed scrutiny and, when approved, constructing and
operating the disposal sites. There is some urgency in aiming to have sites
available in good time. NIREX will have to prepare and publish a comprehensive environmental assessment for each site and the subsequent procedures
leading to authcrisation to dispose and a licence to operate will involve
careful consideration in the interests of safe guarding the public today
arid in the future, the whole being publicly acceptable.
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SESSION I. LOW-LEVEL WASTE DISPOSAL

ENGINEERED SORBENT BARRIER SCREENING STUDIES
H. D. Freeman and J. L. Buelt8
Pacific Northwest Laboratory
Rich!and, Washington 99352
ABSTRACT
The objective of the Engineered Sorbent Barrier Program is
to identify new and cost-effective technology for restricting the migration of radionuclides from low-level waste
sites. The primary emphasis is to identify and evaluate
sorbent materials as engineered barriers that will prevnt
radionuclide migration and yet allow moisture to pass.
Screening studies have been completed to identify sorbent
materials for cesium, cobalt, and strontium. The sorbent
materials were selected based on criteria developed for
this program and the empirical results of screening studies. The results of the study made it apparent that no
single sorbent material is effective for all radionuclides
considered. Therefore, four composite sorbent barriers
were identified for further evaluation in 0.6-m diameter
columns. The large columns more accurately represent field
conditions, generate permeability data, and enhance detectability of radionuclides in the leachate passing through
the sorbent barriers. The four sorbent barriers include
composites of activated charcoal, greensand, A-51 zeolite,
and red pottery clay. Future studies will concentrate on
completing the effectiveness evaluations with the large
columns and identifying a more cost-effective sorbent
material for strontium.
INTRODUCTION
Engineered sorbent barriers are being developed and evaluated to
prevent low-level radioactive waste from migrating into the groundwater.
Jnlike highly impermeable membranes or clay, whose resistance to moisture
transport may cause oversaturation, sorbent materials allow moisture to
pass while selectively sorbing contaminants. This sorption is similar to
the ion-exchange principle that many soils and clays possess for certain
radionuclides. However, in many cases, appropriate soils are not available

a
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and/or the radionuclides form mobile complexants. Amending the soil under
a low-level waste site with appropriate sorbent materials can overcome t h i s
problem.
Sorbent barriers constructed at individual waste sites w i l l be a mixture of local soil with one or more sorbent materials and possibly a prec i p i t a t i o n barrier added. The sorbent materials w i l l be mixed with the
soil in s i t u ( r o t o t i l l e d or disked) or in batches using onsite mixers. I f
the sorbent material reduces the soil permeability enough to cause water to
pond, additional amendments such as coarse sand may be needed. The barrier
may consist of up to 40 wt% sorbent materials, depending on the natural
sorption capacity of the local soil and the degree that the radionuclides
are complexed in the waste s i t e . I f complexed radionuclides cannot be
sorbed, a chemical p r e c i p i t a n t may be added to the barrier to decrease
radionuclide m o b i l i t y .
The objective of the study discussed i n t h i s paper is to determine the
s u i t a b i l i t y of individual and combinations of sorbent materials for use as
soil amendments to form sorbent b a r r i e r s . The radionuclides being considered i n the tests are cesium-137, cobalt-60, and strontium-90. The
program i s being conducted in two major phases over a 2-year period. The
f i r s t phase, completed i n FY 1985, consisted of bench-scale screening
studies of sorbent materials and s o i l s . The second phase is in progress
and consists of effectiveness evaluations of four sorbent b a r r i e r s using
0.6-m columns that simulate actual impoundment conditions. These tests
w i l l i n d i c a t e the capacities and breakthrough times for the sorbent
materials.
SCREENING STUDIES OF POTENTIAL SORBENT MATERIALS
The objectives of the screening studies were t o : 1) i d e n t i f y potent i a l sorbent materials; 2) develop c r i t e r i a for selecting materials to be
tested; 3) obtain d i s t r i b u t i o n coefficients (K^s) from batch contact
studies; and 4) test the effectiveness of b a r r i e r formulations in matrix
i n t e r a c t i o n studies. During the screening studies, several references were
reviewed. Although a number of references c i t e d equilibrium constants for
various sorbent materials and s o i l s , data pertinent to the conditions of
low-level waste sites for the three radionuclides of i n t e r e s t were not
apparent. However, some data on individual radionuclides.were available to
help select promising materials for the sorbent b a r r i e r s .
' The sorbent
materials o r i g i n e l l y considered for t e s t i n g are l i s t e d below:
Greensand (glauconite)
Synthetic z e o l i t e (IE-95)
Synthetic z e o l i t e (IE-96)
Synthetic z e o l i t e (X-61)
Synthetic z e o l i t e (A-51)
Ion-exchange resin (Dowex 21-K)
Insoluble starch xanthate
Decomplexant DX-2000
Sodium t i t a n a t e
Carbon sorbate
Activated charcoal
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Natural zeolite (Clinoptilolite-3)
Natural zeolite (Clinolite-12)
Natural zeolite (Clinolite-20)
Ion-exchange resin (IRC-718)
Ion-exchange resin (ARC-359)
Ion-exchange resin (Cs-lOO)
Vermiculite
Indian red pottery clay
Ion-exchange resin (XFS-43271.00).
The relative.merits of these materials were briefly discussed in a
previous paper.^' i;a-;u:'-.'< -nd s.ni.••••;.:;. • ,-jutes -:e> . GDVIOUS choices as
sorbent materials because they possess desirable properties such as high
exchange capacity, selectivity, and durability. However, other materials
such as ion-exchange resins may be more desirable in the long term because
resins have higher exchange capecities and can be tailored to specific
needs.
Selection Criteria
Before the results of the screening tests could be analyzed, selection
c r i t e r i a were developed to rank the relative performance of the sorbent
barrier formulations developed during the study. These c r i t e r i a will also
be used tn rank the performance of the sorbent barriers"* i-n the larger scale
effectiveness evaluations. The four selection criteria are discussed
below:
•
•
•
•

relative cost effectiveness
long-term stability
selectivity for radionuclides o/er more prevalent cations
availability.

The relative cost effectiveness criterion was based on the cost of the
sorbent material required to increase the effective K d of the soil/sorbent
material barrier to a value sufficient to meet U.S. Nuclear Regulatory
Commission (NRC) 10 CFR Part 20, Appendix B, Table II water concentrations
for soluble contaminants. The Table II limits and the reduction factors
required to meet these limits are shown in Table 1. The calculations1 3 were
based
on a 30-cm barrier and a leachate composed of 1 nCi/L each of 'Cs,
° J Co, and
^ S r . A fixed bed model with sorption by linear equilibrium ion
exchange 15 ' was used to calculate the concentration of the leachate passing
through the barrier.
The ion-exchange properties of the sorbent barrier must not degrade
significantly with time. A period 9of
about 300 years is necessary to allow
longer lived radionuclides such as 0 Sr and1 3 7 Cs to decay to safe levels;
after 300 years, the activity of the waste would be reduced by a factor of
more than 1000.
Because the mass of the radionuclides in low-level waste is quite
small, it is unlikely that the sorbent capacity of the engineered barrier
will be exceeded by the radionuclides. However, if the sorbent barrier
also sorbs other more abundant species such as iron or calcium, these
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TABLE 1 . SOLUBLE WATER LIMITS AND REDUCTION FACTORS
FOR SELECTED RADIONUCLIOESa

Radionuclide
1 3^Co
7

Cs

3

a.

Sr

NRC Table II
Limit (nCi/mL)
5 x 10-=

Reduction
Factor 13
20

2 x 10"5

5o

3 x 10"'

3333

NRC 10 CFR Part 20, Appendix B, Table I I .

b. Simulated leachate concentration. NRC
Table I I l i m i t .
species could load the barrier u n t i l i t becomes ineffective as a radiont'clide sorbent. This consideration is the basis for the s e l e c t i v i t y
c r i t e r i o n . This criterion w i l l be applied where the effects of competing
ions are being studied and w i l l be empirically determined from the results
of the larger scale column t e s t s .
The candidate sorbent material must be available in large enough
quantities for use at low-level waste disposal s i t e s . Sorbent materials
that could be generated in larger quantities i f there were a demand for the
material w i l l also be considered.
The above c r i t e r i a were applied, where applicable, to the candidate
sorbent materials to determine i f some materials could be eliminated from
consideration before testing began. The long-term s t a b i l i t y c r i t e r i o n was
used to eliminate carbon sorbate, decomplexant DX-2000, and insoluble
starch xanthate. None of these materials was considered to be chemically
stable over a 300-year time period. Two "on-exchange resins, Cs-100 and
ARC-359, were eliminated because they are no longer available in large
quantities. The remaining 15 materia"; were used for the batch contact
screening studies.
Batch Contact Studies
The batch contact studies were designed to obtain K^ values for the
three radionuclides relative to the 15 sorbent materials selected for testing. Distribution coefficients were obtained for two simulated low-level
waste laachate compositions, with and without ethylenediami rietetracetic
acid (EDTA).
To derive the Kd values, 200 mL of simulated leachate was placed in
contact with 10 g of sorbent material. The simulated leachates contained
1 iiCi/L each o* " ' C s , bU Co, and 8b Sr at pH 5. The standard leachate
contained no ED1A (complexant-forming organic), but the other leachate contained l ppm EDTA. Strontium-85 was used in the simulated leachate instead
of y u Sr to allow a l l three radionuclides to be measured simutaneously using
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gamma spectroscopy. A wrist shaker was used for mixing. The shaker was
stopped periodically; 20 mL of solution was sampled and centrifuged; and
the solution was analyzed for radionuclides. Radionuclide concentrations
were plotted as a function of time to determine the equilibrium solution
concentration. The K^ values were calculated from the equilibrium concentration by the following equation:
K

d

_ concentration of radionuciides in solids
concentration ot radionuclides in solution

/, %

Solution concentration graphs for the more promising sorbent materials
along with Hanford and Oak Ridge soils are shown in Figure 1. A compilation of calculated K^ values for all of the sorbent materials tested is
presented in Table 2. Some of the calculated Kj values may be smaller than
the actual values. The detection
limit of the gajpa
spectroscopy system
li3/
bU
was
typically
10
pCi/mL
for
Cs,
1
pCi/mL
for
Co,
and 6 pCi/ml_ for
85
Sr. If the contacted leachate concentrations were below these detection
limits, the actual Kd would be greater than those shown.
The KA values for the EDTA leachate in Table 2 and the unit costs of
the sorbent materials were used to calculate the most cost-effective barrier formulations that would result in a leachate concentration beneath
the engineered barrier that was less than the NRC Table II limits. The
leachate.concentrations were calculated using the model reported by
Winslow.^ The overall effective Kj for the barrier was assumed to be a
weighted average of the KA values for each of the components in the barrier. No credit or penalty was given for synergistic effects if sorbent
material interactions. More complicated models incorporating these effects
may be used in future barrier design. The results of the cost optimization
resulted in five sorbent barrier formulations for testing in the matrix
interaction studies. The barrier formulations and approximate costs are
presented in Table 3.
Activated charcoal was the only sorbent material that was effective in
sorbing 60Co complexed with EDTA. Hence, tc meet the NRC Table II limits,
i t was included in each formulation. The costs presented in Table 3 represent material costs only. The total cost of the barriers cannot be
accurately estimated at this time.
Matrix Interaction Studies
The matrix interaction studies were designed to test the effectiveness
of the barrier formulations on a small scale under a variety of conditions.
The major parameters included the effect of increased radionuclide concentration and the addition of competing ions. The barriers that proved to be
the most effective are being tested in a larger scale evaluation. Four
leachates were used to investigate the effects of different radionuclide
and competing ion concentrations. The compositions of the four simulated
leachates are presented in Table 4.
For the matrix interaction studies, each of the six sorbent barrier
formulations listed in Table 3 were packed intu four 30-mL syringes and

99

GREENS AND

(EDU)

RED CLAY

IEOTAI

c
o

Figure 1. Concentration versus time curves for batch contact tests of sorbent barrier materials.
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TABLE 2. DISTRIBUTION COEFFICIENTS FOR CANDIDATE SORBENT MATERIALS
Material
Activated charcoal
Amber1ite (IRC-718)
A-51 zeolite
Clinoptilolite-3
Clinolite-12
Clinolite-20
Dowex 21-K resin
Dowex XFS resin
Greensand
Hanford soil - coarse
Hanford soil - fine
IE-95 zeolite
IE-96 zeolite
Oak Ridge soil
Red clay

Code

ACa
ACb
AMBRa
AMBRb
A51 a
A51 b
CL3 a
CL3 b
CL12 a
CL12 b
CL20 a
CL20 b
D21K2
D21Kb
DXFSa
DXFSb

GSa
GSb
HSCa
HSCb
HSFa
HSr b
IE95a
IE95b
IE96a
IE96b
ORSa
ORSb

Strontium
Kri Value

Cesium
KH Value

Cobalt
Kri Value

917
2010
1250
2050
2030
9790
241
317
105
139
200
268
1
20
778
333
4
4
84

8
14
49
31
53
85
156
0
154
169
88
76
1
43
9820
1890
9950
9490
171
228
115
180
249
370
187
307
9950
9490
4905
1890
81
180
139
136
51
49

1143
4540
6
1
72
3
11
1
15
0
29
1

88
68
72
890
1020
305

458
1265

970
121
127
75

RCa

RCb
Sodium titanate
Verniiculite
X-61 zeolite

NaTi a
NaTi b
VERa
VERb
X61 a
X61 b

317
384
402
6290
2050

a. Standard leachate (1 nCi/L each cf cesium, c o b a l t , and
strontium).
b.

Leachate with 1 ppm EDTA.
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1128
9040
2
4
1
98
1
72
1
292
0
28
1
1143
14
4515
2
17
2
141

1
155
0

TABLE 3. SORBENT BARRIER FORMULATIONS AND RELATIVE COSTS
Cost Ranking

Component

Weight Fraction

Cost ($/m 3 )

0.88
0.06
0.01
0.05

777

2

Hanford soil
Activated charcoal
Red pottery clay
A-51 zeolite

0.85
0.06
0.05
0.04

777

3

Hanford soil
Activated charcoal
Greensand

0.72
0.26
0.02

1165

4

Hanford soil
Activated charcoal
Red pottery clay

0.68
0.26
0.06

1165

5

Hanford soil
Activated charcoal
Dowex XFS resin

0.69
0.25
0.06

1942

a

Oak Ridge soil
Activated charcoal

0.96
0.04

i—i

Hanford soil
Activated charcoal
Greensand
A-51 zeolite

a. Although Hanford soil was chosen for use in the matrix interaction
studies, a formulation using Oak Ridge soil was included for comparison.
placed on a mechanical extractor. The mechanical extractor pulled simulated
leachate solutions through the barriers at a constant rate. The solutions
were periodically sampled, centrifuged, and analyzed.
Results of the matrix interaction tests are shown in Figure 2, which
illustrates the effectiveness of the barriers under conditions of low competing ions. No detectable 13 'Cs broke through the barriers even after >150
pore volumes. However, the sorbent barriers were not able to sorb strontium
from solution in the presence of high competing ions. The many orders of
magnitude greater calcium concentration saturated the sorbent materials
responsible for the sorption of strontium. The chemistries of strontium and
calcium are so similar that it is unlikely that the sorbent barriers can be
made specifically for strontium. New barrier formulations will be tested in
FY 1986 to alleviate the strontium sorption problem. The use of a precipitation barrier appears to have the most promise at this time.
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TABLE 4 .

COMPOSITION OF LEACHATES USED IN MATRIX INTERACTION STUDY

Component

Leachate 1

Leachate 2

Leachate 3

Leachate 4

60

Co (nCi/L)

1

1

100

100

85

Sr (jiCi/L)

1

1

100

100

1

1

100

100

Ca + + (ppm)

10

1000

10

1000

Mg + (ppm)

10

1000

10

1000

Na + (ppm)

10

1000

10

1000

F e + + a (ppm)

~1

~1

~1

137

Cs (nCi/L)

EDTA (ppm)

1

1

1

1

PH

5

5

5

5

a. The Fe ions p r e c i p i t a t e at pH 5, r e s u l t i n g i n a concentration of
~1 ppm.
Since a l l of the b a r r i e r s tested were s i m i l a r i n e f f e c t i v e n e s s , cost
was used to reduce the number of b a r r i e r s f o r f u r t h e r t e s t i n g . The
f o l l o w i n g four b a r r i e r s were selected:
•

88 wt% Hanford s o i l , 6 wt% a c t i v a t e d charcoal,
1 wtS& greensand, and 5 wtt A-51 z e o l i t e

•

85 wt% Hanford s o i l , 6 wt% a c t i v a t e d charcoal,
5 wt£ red p o t t e r y c l a y , and 4 wt£ A-51 z e o l i t e

•

7.2 wt% Hanford s o i l , 26 wt% a c t i v a t e d charcoal,
and 3 wK greensand

•

68 wt% Hanford s o i l , 26 wt% a c t i v a t e d charcoal,
and 6 wt£ red p o t t e r y c l a y .

The f i r s t two b a r r i e r s are c u r r e n t l y being tested i n the 0.6-m
diameter columns; the other two w i l l be modified i n FY 1986 t o increase
t h e i r effectiveness for sorbing s t r o n t i u m .
EFFECTIVENESS EVALUATIONS OF SELECTED SORBENT MATERIALS
The purpose of the sorbent b a r r i e r s effectiveness e v a l u a t i >s i s to
v e r i f y the performance of the four sorbent materials i d e n t i f i e d i n the
screening s t u d i e s . Since the selection of these b a r r i e r s was based on
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RESULTS OF SMALL-SCALE COLUMN TESTS OF WJLTI~COMPONENT BARRIERS FDR STRONTIUM

RESULTS OF SMALL-SCALE COLUMN TESTS OF MULTI-COMPONENT BARRIERS FOR STRONTIUM
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Example results of matrix interaction tests of sorbent barrier materials.

experimental results from batch contact interactions and laboratory-scale
column studies, f i e l d conditions are not adequately represented. In
addition, because of the high detection l i m i t in small sample volumes, the
laboratory-scale screening studies do not i d e n t i f y sorption trends under
low radionuclide breakthrough conditions. The effectiveness evaluations
are designed to more accurately depict many f i e l d conditions by using
large-diameter (0.6-m) columns. The columns w i l l duplicate water i n f i l t r a t i o n , physical pressure from the weight of the solid wastes above the sorbent b a r r i e r , and hydrostatic head of the leachate expected in the f i e l d .
The columns w i l l also produce larger sample volumes of leachate passing
through the sorbent barrier to significantly improve radionuclide analytical d e t e c t a b i l i t y . In some cases, the laboratory-scale column studies have
not generated enough leachate through the sorbent materials to be
detectable.
The four sorbent materials are being tested in two phases in three
0.6-m diameter exposure columns. The f i r s t phase is currently under way;
two sorbent barriers and one control material (Hanford soil) are being
exposed to radioactive leachates for 5 months. The second phase w i l l be
conducted identically with the two remaining barriers and one of the
materials from the f i r s t phase tests. The breakthrough of radioactive contaminants w i l l be measured under controlled conditions. These measurements
w i l l be compared with the breakthrough from a control material (Hanford
soil) with no sorbent material amendments. This approach w i l l conclusively
verify the effectiveness of the sorbent material amendments.
At this time, the f i r s t phase of the evaluation is 50% complete. The
f i r s t set of samples from the f i r s t 7 weeks of exposure is being analyzed
for radionuclide content. Permeability data are also being compiled. The
results w i l l be plotted and reported as they become available. The data
w i l l build upon the data from the screening studies. Because of the
improved d e t e c t a b i l i t y , breakthrough trends w i l l be better defined, and the
influence of competing ions on strontium s o r p t i i n w i l l be v e r i f i e d .
Test Equipment
The test equipment is arranged as shown in Figure 3. A self-priming
pump periodically transfers simulated leachate from a 208-L (55-gal) supply
drum to the exposure columns. After the leachate interacts with and flows
through the sorbent barrier in the columns, i t is drained through a pea
gravel sublayer into a 20-L container. A geotextile separates the sorbent
material from the pea gravel to prevent s i l t i n g of the gravel sublayer and
to promote drainage. On a weekly basis, the leachate in the 20-L containers is sampled and transferred to the waste drum at the sampling
station.
Each stainless steel exposure column (Figure 4) is equipped with a
hydraulic piston that duplicates the forces exerted on the sorbent barrier
by the weight of the overlying soil and solid wastes. Each column is capable of simulating a hydraulic head of leachate over the sorbent barrier by
applying a pneumatic pressure of up to 690 kPa (100 psig) to the upper
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Figure 3. Plan view of sorbent barrier effectiveness evaluations.
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Figure 4. Exposure column being used in effectiveness evaluations of
selected sorbent barrier materials.
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portion of the column. Water infiltration (132 cm of water/year) is
simulated by adding the appropriate amount of leachate to the column above
the sorbent barrier.
Each exposure column is equipped with a sight .glass in the upper section to determine the leachate level inside the column. To prevent sand
from entering the sight glass, a fine mesh screen or geotextile is attached
to the inside wall of the exposure column where the sight glass pipe is
located. Permeability of the sorbent barrier is determined by measuring
the leachate level with
time. Permeability is given by Darcy's equation
for saturated flow: (6)
li = Vt/AP

(2)

where
\x

=

permeability (cm/s)

V

=

saturated flow rate through sorbent material (cm3/s)

t

=

sorbent barrier thickness (cm)

A

=

surface area of sorbent

P

=

hydraulic pressure (cm of water).

For a given infiltration rate, the necessary hydraulic pressure to obtain
the matching flow through the sorbent barrier can be applied to the test
column.
Test Conditions
The simulated leachate was prepared to represent the maximum credible
concentrations of cesium, cobalt, strontium, EDTA, and competing ions
expected at a low-level waste disposal site. The concentration of each of
these components is given below:
•
•
•
•

EDTA (1 ppm)
Ca (1000 ppm, n i t r a t e form)
Na (1000 ppm, n i t r a t e form)
Mg (iOCO ppm, n i t r a t e form)

•

Fe (1 ppm, nitrate form)

o
•
•
•

Concentrated HNOq (enough to maintain pH 5 in the drum)
°Hr (1.24 nCi/L, chloride form)
b0
Co (1 \i C1/L, chloride form)
137
Cs (1 nCi/L, chloride form).

A 175-L batch of this simulated leachate is prepared every 7 weeks for
weekly introduction into the three columns
The higher concentration of
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1.24 M-CI/L ^5Sr is used because of i t s short half-life. At the end of the
7-week period, the average concentration exposed to the sorbent barriers is
1 nC1/L.

Each week, 8.3 L of simulated radioactive leachate is introduced to
each column to match the 132-cm/year infiltration rate. After 5 months
exposure, a total of 60 pore volumes of leachate will have been contacted
with each sorbent material. This amount is equivalent to the number of
pore volumes contacted in the laboratory screening studies to give an
accurate comparison of breakthrough trends.
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ABSTRACT
The low-level radioactive waste burial ground at the Savannah River Plant is a typical shallow-land-burial disposal
site in a humid region. Studies of waste migration at this
s i t e provide generic data for designing other disposal
f a c i l i t i e s . A program of f i e l d , laboratory, and modeling
studies for the SRP burial ground has been conducted for
several years. Recent results of lysimeter tests, s o i l water chemistry studies, and transport modeling are reported. The lysimeter experiments include ongoing tests
with 40 lysimeters containing a variety of defense wastes,
and recently concluded lysimeter tests with t r i t i u m and
plutonium waste forms. The tritium lysimeter operated 1?
*ears. In chemistry studies, measurements of soil-water
distribution coefficients (Kd) were concluded. Current
emphasis is on identification of trace organic compounds in
groundwater from the burial s i t e . Development of the doseto-man model was completed, and the computer code is available for routine use.

INTRODUCTION
Low-level waste migration studies are conducted at the Savannah River
Plant (SRP) to obtain a fundamental understanding of the soil/waste/water
system of the SRP burial ground.1 The ongoing program also provides generic information on migration of radionuclides from an operating shallow land
burial s i t e in a humid region. Three subtasks for the L)OE Low-Level Waste
Management Program2 are: lysimeter tests, soil-water chemistry, and transport modeling. Much of the earlier work on these a c t i v i t i e s was reported
previously.3~' This paper summarizes the most recent results.
* ORAU Postdoctoral Participant.
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LYSIMETER TESTS
In the lysimeter subtask, radionuclide migration i s measured from known
sources emplaced in lysimeters. The data provide a link between laboratory
and f i e l d conditions and thus aid in predicting migration from a humid shallow land burial s i t e . Leaching and migration from typical unencapsulated
defense wastes have been studied by analysis of percolate water, vegetation,
and soil cores from the lysimeters.
Several types of long-term lysimeter experiments are located at the SRP
burial ground. Numerous lysimeters contain typical SRP solid wastes.^ In
addition, several lysimeters were installed to investigate specific radionuclides. In this paper, results are summarized for 40 defense waste lysimeters now operated 5 to 7 years, for a t r i t i u m waste lysimeter operated 12
years, and for a plutonium waste lysimeter operated 2 years.
Defense Waste Lysimeters
The defense waste lysimeter program at SRL is designed to investigate
(in a controlled manner) the leaching and migration characteristics of eight
typical SRP solid wastes under actual burial conditions. The data generated
by this program are useful for predicting the future behavior of the burial
ground and provide many of the input parameters for the transport model. A
schematic drawing of a lysimeter is shown in Figure 1. The lysimeters are
designed as models of burial trenches in the SRP radioactive waste burial
ground.
Pump-Out (To
Flow Totolizer
and Sampler)-^Grade

v:

^iii

777/121" T
1

O.O2O" PVC Liner

6'orlO'^xlO'Ht
Aluminum 12 Go.

Gravel

Perforated

Figure 1. Defense waste lysimeter cross section.
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Four six-foot and one ten-foct diameter lysimeters each contain one of
the eight types of waste, for a total of forty lysimeters. Two six-footdiameter lysimeters which contain no waste are maintained as controls. Pine
trees were planted on the ten-foot lysimeters to measure the vegetative uptake from the waste. Percolate water samples are collected from each of the
lysimeter sumps every six to seven weeks to determine which radionucl ides are
migrating through the s o i l . Nearly all other aspects of the operation of the
lysimeters, such as maintaining grass as a ?*~ound cover, f e r t i l i z a t i o n rates,
r a i n f a l l , and physical environment are identical to those for the rest of the
burial ground. Principal differences are much less depth to the water table
and no runoff permitted for the lysimeters. Placement of the lysimeters in a
portion of the burial ground ensures that the climatic conditions at the
lysimeter site are the same as those at the trenches.
In the seven years since the f i r s t defence- '.ysirneters were placed in
operation, strontium, alpha-emitting radionuclides, and seven gamma-emitting
radionuclides have been detected in the lysimeter effluents. In addition,
strontium and cesium have been detected in at least one of the pine trees.
Radionucl ide concentrations in the lysimeter effluents during the past
year ere similar to those reported in previous years,3.4 except for
Cs-137 which has increased by an order of magnitude in one lysimeter. In
general, each radionuclide observed has been found in only a few of the
lysimeters, and source terms are known or can be estimated for each. Analyses for Sr-90 and the alpha emitters Pu-238, Pu-239, and Am-241 are performed
for those lysimeters with known source terms. All lysimeters are analyzed
for gamma emitters, with Mn-54, Co-fiO, Ru-106, Sb-125, Cs-137, Th-234, and
U-235 observed to date. Source terms are not available for Sb-125. All of
these gamma emitters appear to be from the waste except Th-234 (a daughter of
U-238) and U-235. These two radionuclides are found in the effluents several
months after the lysimeters are f e r t i l i z e d and are believed to originate from
phosphate salts in the f e r t i l i z e r .
Some other observations follow: The lysimeters contain rig laboratorytype wastes release the greatest fraction and variety of radionucl ides to the
effluent water. There are no apparent differences between the saturated and
unsaturated lysimeters in terms of radionuclide releases. Ru-106 and Sb-125
are only observed in anionic forms in the lysimeter effluents. Sr-90 has the
highest fractional release rate in these lysimeters and is also observed in
the highest concentration.
Fractional release rates of the radionucl ides from the lysimeters are
summarized in Table 1. These release rates can be d i r e c t l y related to the
fraction of each radionuclide which w i l l decay in place (in the lysimeter) i f
the assumption i s made that the release is a f i r s t order process. This
assumption reduces the problem to the kinetics of competing f i r s t - o r d e r
processes, with the calculations summarized graphically in Figure 2. The
fraction of the material that decays in place is plotted against the halfl i f e of the radionuclide for a number of different release rates.
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TABLE 1. RADIONUCLIDE RELEASE RATES
FROM DEFENSE WASTE LYSIMETERS

Radionuclide

Fractional Release Rate
(fraction/yr)

Mn-54

10-9

Co-60a

10-8 to 10-7

Sr-90

<10-4

Ru-106

10-6 to 10-5

Cs-137

10-7

Pu-238,239

10-10 to 10-8

Arr-241

10-8 to 10~6

a. Except shielded cell waste, 10" 5 /yr.

1.00

0.75 —

8
Q 0.50 —

0.25 —

0.00
100

1000

10000

100000

1000000

Hal* Life

Figure 2.

Fraction of source material lost by decay
in the lysimeter as a function of h a l f - l i f e .
Curves are shown for typical release rates.
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The maximum release rate was 10~4 per year for Sr-90. With a
30-year h a l f - l i f e , less than 0.5% of the Sr-90 o r i g i n a l l y placed in the
lysimeter w i l l ever be released i f there is no change in rates or mechanism.
Similarly for cobalt, which had the next highest release r a t e , less than
0.01% of the original a c t i v i t y w i l l be released. As these results indicate,
the lysimeters containing a l l eight waste types retain the radionuclides in
the wastes ver} w e l l , with minimal releases of r a d i o a c t i v i t y to the effluent
water. As the lysimeters are models of the SRP burial ground trenches, the
results show that the burial ground should continue to perform quite w e l l .
Releases from the burial ground to the groundwater w i l l be s i g n i f i c a n t l y
lower than those observed from the lysimeters because of the longer soil
column through which the water must pass and the longer time for decay.
Several of the ten-foot-diameter lysimeters have pine trees of s u f f i cient size that the roots probably have extended four feet deep and into the
waste. Samples from two of these trees were collected by c u t t i n g branches of
the tree between July 1983 and February 1984. Total mass of the tree was
estimated using established relationship between trunk diameter and tree
mass.9 Measurement of the mass was not possible because the trees are
s t i l l growing in a continuation of the experiment. Needles and woody portions of the trees were both analyzed f o r cesium and strontium. The results
are shown in Table 2. The wastes involved were shielded c e l l waste and
canyon pipe jumpers.
The tree growing over the canyon pipe jumpers is not as large as some
others, and the roots may not be in the waste zone. However, the source
terms for both Sr-90 and Cs-137 were known for t h i s lysimeter. At the time
of c o l l e c t i o n of the samples, the source terms were 2.6 microcuries of Sr-90
and 1.7 microcurias of Cs-137. Concentrations in the pine needles and wood
were below 2 pCi/g (dry weight basis) for both isotopes. The fraction of
each radionuclide taken up into the tree is approximately 10"^. However,
because the observed concentrations are so low and there is not a suitable
control f o r pine trees grown in the burial ground, i t is not certain that the
observed a c t i v i t y is from the waste.
TABLE 2. UPTAKE OF RADIONUCLIDES BY PINE TREES
GROWING ON DEFENSE WASTE LYSIMETERS

Concentration (pCi/g)
Canyon Pipe
Shielded Cell
Jumpers
Waste

Radionuclide

Sample

Sr-90

Needles
Wood

2
1

Cs-137

Needles
Wood

0.8
0.6
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400
370
34
37

The pine needles and wood from the tree growing over the shielded cell
waste contain 400 pCi/g Sr-90 and 35 pCi/g Cs-137. The source term for
Cs-137 in this lysimeter was 38 mCi at the time of sample collection. The
Sr-90 source term i s not known, but is estimated to be the same as that for
Cs-137. Using an estimate of the tree mass, the uptake fractions have been
calculated as 10~5 for Sr-90 and 10~6 for Cs-137. These fractions
are at least an order of magnitude greater than the fraction of material
released through the lysimeter effluent over the four years this lysimeter
had been in operation.
Thus, uptake by pine trees can be a major pathway for migration of
Sr-90 and Cs-137 and can result in greater releases than the effluent pathway, i f roots are able to contact the waste.
Tritium Lysimeter
Several wasteiorms typical of SRP t r i t i u m waste were emplaced in a tenfoot-diameter lysimeter in 1973, and the lysimeter operated continuously for
12 years until the experiment was concluded in 1985. The wasteforms are
stainless-steel crucibles containing spent lithium-aluminum melts. The
t r i t i u m lysimeter and a control lysimeter that contains no buried waste are
similar in design and construction to the defense waste lysimeters.lO
The volume of percolate water and i t s t r i t i u m concentration were determined
periodically.
In this experiment, the t r i t i u m source term was not measured d i r e c t l y ,
but is estimated as 450 Ci from other data. After 12 years, 400 Ci were
accounted for by decay or release to percolate water. The remaining 50 C i ,
now decayed to 25 C i , were s t i l l being slowly released at the conclusion of
the test.
Over the 12-year period the data show numerous seasonal fluctuations
caused by periods of high or low i n f i l t r a t i o n through the lysimeter. Such
fluctuations are not related to the underlying release mechanisms but can be
suppressed by examining the effluent t r i t i u m concentration as a function of
cumulative volume of effluent (rather than as a function of time). The data
treated in this manner show three d i s t i n c t regions of behavior and suggest
that at least three mechanisms are responsible for release of t r i t i u m from
the wasteform.
About 17% of the original t r i t i u m was released in the f i r s t year by a
mechanism clearly identified as washoff. The amount rapidly washed o f f
agrees well with results of a separate immersion experiment with a similar
wasteform. An additional 33% of the t r i t i u m was released at a r e l a t i v e l y
constant rate over the f i r s t three years by a second mechanism. Thereafter,
about 25% was released at a slowly declining rate over the next 9 years, by
what appears to be yet another mechanism. Decay in the wasteform accounts
for 19% of the original t r i t i u m , leaving an estimated 6% unreleased a f t e r 12
years. Although the nature of the postulated second and t h i r d mechanisms
cannot be determined from the lysimeter data, any plausible mechanism is
l i k e l y to involve diffusion of t r i t i u m from the wasteform or dissolution of
the wasteform.
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These results may be applied to the f i l l e d portion of the SRP burial
ground, which has had no t r i t i u m burials since 1972. Tritium migration at
this site should be dominated by groundwater hydrology of the area; contribution of t r i t i u m from continued leaching of sources should now be negligible.
Plutonium Lysimeter
Soil cores were taken from a small lysimeter^ that contained one of
the more mobile forms of plutonium, Pu(VI) as PuO2(NO3)2 on a specially
prepared wasteform. Analyses of the cores revealed the distribution of
plutonium in the lysimeter soil to be mainly adjacent to and below the wasteform. This lysimeter had been operated for 24 months in the actual SRP
burial ground environment. During this period, r a i n f a l l percolate water
collected from the lysimeter did not contain detectable plutonium. Soil
coring thus provided information on radionuclide migration that was not
otherwise obtainable.
Approximately 90% of the plutonium found in the soil had migrated less
than 7.5 cm (3 inches) below the source, and most of this was within 2.5 cm
(1 inch) of the source. About half of the plutonium remained on the wasteform after two years of leaching in the unsaturated s o i l . Soil distribution
coefficients (Kj) for plutonium calculated from the core data range from 9
to 35 mL/g. These values are in good agreement with laboratory Kd values
for Pu(VI) in SRP soil as determined by batch t e s t s . 1 1
The source for this experiment consisted of 480 microcuries of Pu-239
in the form of plutonyl nitrate solution dried on a paper f i l t e r disc.
During the two years of operation, a total of 79 L of percolate water passed
through the lysimeter. The detection l i m i t for plutonium analyses of percolate water was 2,5 pCi/L. Thus, an upper bound for the amount of plutonium
that could have migrated from the lysimeter prior to soil coring is 200 pCi,
for a fractional release of <4 x 10"^.
The lysimeter was 33 cm in diameter and 51 cm deep, with the source
emplaced at a depth of 21 cm. Vertical soil cores were collected from seven
locations in the lysimeter. Each core was divided into one-inch segments for
analysis. A total of 82 selected segments were analyzed for Pu-239,240.
The results show that radial migration was small compared to downward
migration. The data also demonstrate that Pu(VI) is mobile under conditions
at the SRP burial ground, but the migration rate is small, about 15 cm/yr
based on the maximum depth at which plutonium was detected in the lysimeter.
This is an upper bound for plutonium migration rates in the SRP burial ground
because most of the buried plutonium is expected to be in other., less soluble
and less mobile valence states.
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SOIL-WATER CHEMISTRY
In the soil-water chemistry subtask, laboratory and f i e l d data required
to understand the fundamental processes of the soil/waste/water system of the
SRP burial ground are developed. In the laboratory, K<j values are determined for radionuclides of interest. In the f i e l d , groundwater samples from
numerous locations at the SRP burial ground have been collected for measurements of chemical properties that may be correlated with radionuclide transport mechanisms.
In the past year, several additional Kj s t u d i e s ^ f narrow scope were
performed to supplement extensive previous work.3 s ll,12 Because Kj
values were found to be very sensitive to pH, a study of factors that affect
pH in the SRP burial ground was completed. Studies of chemical properties
have focused on methods for identifying organics in groundwater from the SRP
burial ground.
Radionuclide Distribution Coefficients
Several new laboratory studies have been performed. F i r s t , the effects
of organic carbon on radionuclide sorption were examined. Second, i n t e r active effects of multiple radionuclides on individual radionuclide sorption
were evaluated. Third, the effect of pH on Cs-137 sorption was investigated.
Fourth, iodine sorption onto columns of SRP soil was evaluated and compared
to recent batch sorption studies.
Burial ground well waters containing elevated levels of total organic
carbon (TOC) decreased Co-60, Sr-85, Sb-125, and Cs-137 sorption onto SRP
s o i l . However, no firm correlation was observed between TOC and the radionuclide distribution coefficient (Kd). Apparently, a knowledge of the
specific organics present in these well waters is necessary to establish a
relationship between radionuclide sorption and organic content of well
waters.
Interactive effects of multiple radionuclides on sorption of individual
radionuclides were found to be small. Behavior of Kj with pH for Co-60,
Sr-85, Sb-125, or Cs-137 with the other three radionuclides present was simil a r to the behavior of each alone, especially within the pH range of 3.4 to
7.2 expected in the burial ground. Because the interactions are small, valid
K(j measurements may be obtained with single radionuclides or with mixtures.
The effect of pH on the sorption of cesium-137 onto SRP soil was evaluated. Over the pH range of the burial ground, cesium Kd varies from 90
mL/g (at pH 3.4) to a maximum of 2400 mL/g (at pH 6.9). Ces.ium sorption is
less pH-dependent than strontium or cobalt sorption.
Studies of iodine sorption onto columns of SRP soil were conducted to
supplement batch studies. Column Kd values for iodide were found to be 0.6
mL/g, which is at the low end of the batch Kd range of 0.5 to 6.6 mL/g.
Column flow rates in these tests were several times groundwater velocity in
the burial ground, so the column Kd values are probably lower than f i e l d
Kd values. The f i e l d Kd for iodide is expected to be intermediate between the batch and column Kd values.
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Prior batch studies at SRL indicate that the equilibrium pH of the
groundwater/soil system is a major variable that determines the extent of
radionuclide sorption.3 Even changes in sorption which result from increases or decreases in cation concentrations or clay content of the soil are
due apparently to the minor changes in pH that result. As such, it is important to understand the major factors that control and regulate the groundwater pH.
Titration curves for several burial grrundwaters and soils show that
the ability of a water to resist changes in pH varies widely within the
burial ground. The ability of a soil to resist pH changes is a function of
the clay content. An estimate of the firnl pH of various groundwater/soil
combinations may be obtained from the titiation curves. The ratio of groundwater to soil determines whether the grouniwater, the soil, or some combination of each is the pH controlling factor In batch studies, where the ratio
of water to soil was 15 mL/g, either the water or the soil may determine the
pH; in most instances both are important. In the field, where a representative ratio of water to soil is 0.267 mL/g, the soil determines the pH.
Groundwater Analyses for Organics
A search of burial records was conducted to determine the history of
organic waste disposal in the SRP burial ground. The search covered three
areas: organics which were buried; organics which are known degradation
products of TBP extractant or spent solvent; organics which have been detected in burial ground waters. The types of materials known to have been
buried or stored include spent solvent, liquid scintillation solutions,
various oils, and various decontamination chemicals. A limited number of
groundwater analyses for specific organic compounds were performed between
1971 and 1976. Compounds found in certain wells included various long-chain
hydrocarbons, butyric acid, hexanoic acid, and TBP.
A new scoping study to characterize the organics present in groundwaters from the SRP burial ground showed that 25 to 30 well waters contained
greater than 1 ppm total organic carbon (TOC). Analyses of groundwaters have
now been performed for EDTA, TBP, and oxalate ion. Only four groundwaters
out of 26 contained measurable (sub-ppm) amounts of EDTA. Only one of 9
groundwaters analyzed contained measurable amounts of TBP (0.15 ppm). No
oxalate ion (<1 ppm) was found in 11 groundwaters analyzed. The work to date
has: identified the wells in the burial ground which contain elevated levels
of TOC; identified the types of organics that might be in these groundwaters;
shown that no simple field correlations exist among TOC, radionuclide activity, phosphorous concentration, and areas known to be previously contaminated
with organics.
More complete information on the types and amounts of organics in the
groundwater is being obtained through gas chromatography coupled with mass
spectrometric analyses (GC/MS). A reproducible extraction procedure has been
developed to separate groundwater organics into hydrophillic and hydrophobic
fractions prior to GC/MS analysis. Among compounds identified so far are low
molecular weight mono- and di-carboxylic acids, possibly degradation products
from spent solvent. Benzene, toluene, and naphthalene, which are characteristic of liquid scintillation wastes, also have been detected. Many organics
found in the groundwater have not yet been identified.
118

Work i s continuing on c h a r a c t e r i z a t i o n of groundwater from the SRP
b u r i a l ground. The r e l a t i o n s h i p between organic compounds found and r a d i o n u c l i d e m o b i l i t y w i l l be i n v e s t i g a t e d .
TRANSPORT MODELING
In t h i s subtask, the Savannah River DOSTOMAN c o d e 1 3 " 1 5 has been
developed. The DOSTOMAN code (1) solves a set o f d i f f e r e n t i a l equations t h a t
simulate radionuclide t r a n s p o r t ; (2) performs c a l c u l a t i o n s f o r a number of
pathways, with scenarios such as hydrologic t r a n s p o r t or f u t u r e land occupat i o n ; (3) estimates environmental impacts as dose commitments; (4) evaluates
s i t e performance, radionuclide disposal l i m i t s , improved concepts f o r land
disposal of waste, and decommissioninng a l t e r n a t i v e s . The code uses s i t e s p e c i f i c input data.
During the past y e a r , b i o t i c t r a n s p o r t c a l c u l a t i o n s ^ were completed,
new transuranic (TRU) waste disposal l i m i t s 3 were studied f o r implementat i o n at SRP, and a Technical Manual was prepared f o r the DOSTOMAN code.
Currently the code i s being used f o r human health r i s k assessments for hazardous chemical and mixed waste s i t e s at SRP.
The DOSTOMAN Technical Manual, which gives complete d e t a i l s o f the code
and i t s a p p l i c a t i o n s , w i l l be d i s t r i b u t e d t o DOE s i t e s . P u b l i c a t i o n of the
DOSTOMAN Technical Manual marks the completion of the t r a n s p o r t modeling
subtask.
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ABSTRACT
A technique for control of water infiltration into
waste burial trenches is described. Initial results show
the procedure to be very promising. In essence, the
technique combines engineered or positive control of
run-off, along with a vegetative cover, and is named
"bioengineering management". To investigate control of
infiltration, lysimeters are being used to make complete
water balance measurements. The studies are underway at
the Maxey Flats, Kentucky, low-level waste burial site.
Where the original Maxey Flats site closure procedure is
followed, it is necessary to pump large amounts of water
out of the lysimeters to prevent the water table from
rising closer than 2 meters from the surface. Using the
fescue grass bioengineering management procedure, no
pumping is required. Encouraged by the initial findings
in the rather small-scale lysimeters, a large scale
demonstration of the bioengineering management technique
has been initiated in Beltsville, Maryland.
INTRODUCTION
The usual procedure for closure of waste burial trenches has been by
backfill with compacted porous material. In the wet eastern half of the
United States, water infiltration through the trench caps has lead to
excess water entry to the emplaced waste. At the Maxey Flats, Kentucky,
low level waste disposal site, the compacted trench caps were graded to
provide surface run-off and were seeded to Kentucky fescue grass. That
procedure did not prevent accumulation of water and it became necessary to
pump water out of the trenches in order to prevent the water table from
rising to the surface with the possibility of the trenches running over.
The pumped water was disposed of by means of gas-fired evaporation to the
atmosphere. Subsequent studies at the Maxey Flats site (1-5) indicated
that water percolation through the trench caps was the primary pathway of
water entry to the burial waste and that the water could serve as a
significant radionuclide transport agent.
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It was felt that a possible approach useful for mitigation of water
percolation down to buried waste could be by maintaining a good vegetative
cover which would maximize evapotranspiration and by providing adequate
surface drainage so that evapotranspiration plus run-off would equal
precipitation. If this condition were obtained, no build-up of water
would occur, even in trenches dug in a relatively impermeable media. To
investigate this hypothesis, a lysimeter-based water balance study was
carried out at Maxey Flats during the seasonal year 1983-1984 (6).
Approximately 30 percent of the precipitation ended up as deep percolation
water and it was necessary to pump water out of the lysimeters to prevent
the water table from rising. Varying the management procedures had little
effect on deep water percolation. Based on these observations, it was
concluded that it would be risky, at best, to attempt to prevent excess
water from leaching downward into waste by utilizing any of the techniques
used in the past.
BIOENGINEERED WATER BALANCE
The purpose of this investigation is to explore the possible
effectiveness of a proposed "bioengineered water balance" technique for
controlling deep water percolation.
If a waste burial site is selected so that incoming subsurface flow
is negligible, then precipitation is the sole source of input water. In a
simplified model, that water has three possible fates: 1) evapotranspiration, 2) surface run-off, and 3) deep percolation. Evapotranspiration
has a definite limit governed by energy input. Ideally, deep percolation
should be zero, leaving only the run-off component available for unlimited
manipulation. Positive control of run-off becomes difficult with the use
of compacted porous media trench caps as the sole barrier to water
infiltration. The compacted material tends to become more permeable with
the passage of time, due to fractures caused by waste subsidence and from
the inexorable process of root growth followed by death and decay of the
roots, thus creating water channels. Evapotranspiration is then not
adequate to use all of the infiltrating water, and water percolates
downward to the waste. As stated before, evapotranspiration has a
theoretical maximum dictated by energy input to the system; only surface
run-off remains available for nearly unlimited management.
Surface run-off can be managed to as high as 100 percent (perfect
leak-proof roof, expensive and hard to guarantee). Alternately, run-off
can be engineered rather inexpensively by using an impermeable ground
cover over part of the surface to achieve high and controlled levels of
run-off. Foliage of vegetation planted between areas of hard cover will
extend over the cover to intercept incoming incident solar energy to
evaporate water. Roots will extend under the cover in all directions to
obtain water. Such a system can be visualized similarly to a supermarket
parking lot where trees are planted in islands among an extensive paved
area with the islands having curbing around them. Utilizing this concept,
it should be possible, by combining engineered run-off with vegetative
planting, to maintain the soil profile in a potential overdraft condition
on a yearly basis.
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LYSIMETER STUDIES
The lysimeter installation, as i t was f i r s t used in seasonal
1983-1984, is shown in Figure 1; this is prior to the bioengineered water
balance studies. The f a c i l i t y is located adjacent to the closed buried
waste f a c i l i t y at Maxey Flats, Kentucky- Soil in each lysimeter was
compacted to a bulk density of 1.8 g/cm , the density measured on the
onsite trench caps. Each lysimeter gives complete account?bility of the
fate of all rainfall deposited on the surface. During the f i r s t year of
the lysimeter based water balance study, the intention was to investigate
the possibility of minimizing deep water percolation by varying vegetative
management procedures. Varying management procedures of the fescue crop,
and substitution of an alfalfa crop had l i t t l e effect on deep water
percolation. About 20 percent of the water input (rainfall) was disposed
of as surface run-off, 50 percent was removed by evapotranspiration, and
30 percent ended up as deep percolation water.
In about one-half of the
months (winter-spring), excess water was present in the profile so that
deep percolation occurred. As a result, a technique of bioengineering
management was formulated to increase run-off while maintaining
evapotranspiration, so as to minimize (or eliminate) deep percolation.
In July of 1984, a number of the lysimeters were modified so that
they could be used to investigate the bi©engineering management procedure,
which is basically a positive or controlled run-off system combined with
maintenance of substantial evapotranspiration. In the lysimeter facility
the controlled run-off was obtained by placing V-shaped troughs over the
soil surface and channelling all of the collected water into a newly
constructed surface run-off collector system. The new surface run-off
collection system was in addition to the existing surface run-off
measuring system. Figure 2 shows the installation in July of 1984 shortly
after completion of the modification, and Figure 3 shows the installation
in July of 1985. The modification to the lysimeters was accomplished
without removing the existing, established alfalfa crop or Kentucky fescue
grass. Existing vegetation was utilized simply as a means of saving the
time period required to establish a new and more suitable vegetation, such
as a drought-resistant woody species. I t was f e l t that the use of
existing vegetation would be adequate to verify the principle in the
shortest possible time period.
During seasonal 1983-1984, prior to the bioengineering studies, three
management practices were followed, each involving 3 lysimeters in a
triplicate experiment. Two of the practices used Kentucky fescue grass,
and one, alfalfa. From each triplicate experiment, one of the lysimeters
was converted to bioengineered management, the other two remained as
controls. The existing fescue and alfalfa crops were continued in all
cases. In addition, 3 lysimeters which had been planted to fescue but not
previously experimentally used, were equipped with the engineered run-off
feature and used as a triplicate experiment for evaluating the
bioengineering management.
Figures 4, 5, 6 and 7 give the monthly run-off and deep percolation
data for all of the lysimeters used in this study during 1984-1985. With
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Figure 1. Lysimeter installation, 1983. System gives complete accountability of all rain water falling
on soil surface of each lysimeter. Amount of water striking soil surface is known from rainfall measurements. Over a sufficiently long time period, the
water striking the surface has
three fates: 1) surface run-off, measured by collection in c urface run-off sump and pumping
collection tank; 2) deep percolation to the water table, measured by maintaining constant water
table level by pumping to storage tank; and 3) surface evaporation and plant transpiration.
Surface evaporation and plant transpiration = rainfall - (surface run-off + deep percolation).

Figure 2.

Lysimeter with engineered run-off system installed. Lysimeter has two surface run-off measurement capabilities.
The soil surface run-off is collected in e sump and pumped
out to a measuring tank. The engineered run-off is measured similarly. 1984.

Figure 3.

Lysimeter with Kentucky fescue grass one year after
addition of enhanced run-off system. Grass has grown up
between gutters and provides substantial evapotranspiration. 1985.
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Figure 4. Monthly run-off and deep percolation in lysimeters 1A, IB, and
1C. Lysimi?ter 1C was operated using biengineering management
techniques {includes engineered run-off). 1A and IB were
controls. No pumping was required at any time during the year
in the case of bioengineered management, but substantial
pumping was required to prevent the water table from rising
higher than -2 meters in the controls. The 3 lysimeters were
triplicates in the previous year's experiment involving short
cropping with Kentucky fescue grass. Existing fascue was used
in this experiment.
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Figure 5. Monthly run-off and deep percolation in lysimeters 2A, 2B, and
2C. Lysimeter 2C was operated using bioengineering management
techniques (includes engineered run-off). 2A and 2B were
controls. No pumping was required at any time during the year
in the case of bioengineered management, but substantial
pumping was required to prevent the water table from rising
higher than -2 meters in the controls. The 3 lysimeters were
triplicates in the previous year's experiment involving long
cropping with Kentucky fescue grass. Existing fescue was used
in this experiment.
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Figure 6. Monthly run-off and deep percolation in lysimeters 3A, 3B, and
3C. Lysimeter 3C was operated using bioengineering management
techniques (includes engineered run-off). 3A and 3B were
controls. A very small amount of pumping was required during
April and May with the bioengineered management, but
substantial pumping was required throughout the year to prevent
the water table from rising higher than -2 meters in the
controls. The lysimeters were triplicates in the previous
year's experiment using an alfalfa crop. The existing alfalfa
crop was not as vigorous as the fescue crop.
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Monthly run-off and deep percolation in lysimeters 6A, 6B, and
6C. This is a bioengineered management t r i p l i c a t e experiment
using Kentucky fescue grass. Lysimeters were not previously
used experimentally. No pumping was required in any case to
maintain the water table at a depth of at least -2 meters.
Replication between lysimeters was yery good.
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the exception of a very limited pumping of the alfalfa lysimeter, no
pumping was required to maintain the water table at -2 meters below the
soil surface in the cases where the bioengineering technique was
followed. On the other hand, in all cases where normal procedures were
followed (vegetative cover, good surface drainage), frequent pumping was
required in order to prevent the water table from rising above the
predetermined level of -2 meters. In Figures 8, 9 and 10, direct before
and after comparisons are given. In each case the run-off data and pumped
water data are given for the same lysimeter for seasonal years 1983-1984
(normal management) and 1984-1985 (bioengineered management). In each
case, just prior to the start of the 1984-1985 seasonal year, the
lysimeter was equipped with an engineered run-off system and the crop
previously grown was continued and thus was converted from normal to
bioengineered management. No pumping was required with the bioengineered
closure using fescue grass, but a small amount of pumping was required
with alfalfa. The stand of alfalfa obtained was less than optimize. In
all cases, large amounts of pumping were required using the normal
management procedures. Precipitation is, of course, never the same in two
consecutive years, but as can be seen from tne rainfall patternsof
1983-1984 and 1984-1985 (Fig. 11), the precipitation deferences were
obviously not an important factor in the findings described..
Evapotranspiration from the lysimeters can be calculated when the
time period is sufficiently long so that net gain (or loss) of water in
the soil mass is negligible; in this case, that time period was one year.
Graphs showing run-off, evapotranspiration, and percolation as a percent
of precipitation for all of the lysimeters used in the 1984-1985 study are
presented in Figure 12. One of the essential requirements of the
bioengineered management procedure is that substantial evapotranspiration
be maintained in conjunction with placement of the engineered run-off
systems. The data presented in the graphs clearly show maintenance of
substantial evapotranspiration.
The data obtained to date in this rather small scale lysimeter
experiment indicate that a bioengineered management system might very well
serve as a tool for control of water infiltration through shallow land
burial trench covers. Basically, the procedure calls for engineered, or
positive, guaranteed run-off, along with substantial evapotranspiration.
A comparatively large scale field trial embodying that concept is now
under construction at Beltsville, Maryland.
LARGE SCALE FIELD TRIAL
The construction of large scale lysimeters is nearing completion at
the University of Maryland's Experiment Station at the U.S.D.A. Research
Center in Beltsville, Maryland. Detailed topographic mapping and soil
augering to determine water table levels and nutrient status on obtained
soil samples, have been carried out. Ten-thousand cubic meters of in situ
Cretaceous Age deposits were moved in constructing an elevated surface
that would enable the base of the test cells to be above the mean annual
water table level. Each test cell has a surface dimension of 14 m x 21 m,
and reaches a depth of 3 m on a 1:1 slope (45'x70'xl0').
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Run-off and deep percolation in lysimeter 1C in seasonal
1983-1984 and seasonal 1984-1985. In 1983-1984 the lysimeter
was operated using normal closure and fescue grass cover. In
1984-1985 the lysimeter was operated with the same fescue
grass, but with an engineered run-off system in place. With
the bioengineeered system, no pumping was required to maintain
the water table at a depth of at least -2 meters below the soil
surface. With normal closure, substantial pumping was required
in more than one-half of the months during the year in order to
maintain the water table to a minimum depth of ~2 meters.
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surface. With normal closure, substantial pumping was required
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Figure 10. Run-off and deep percolation in lysimeter 3C in seasonal 19831984 and seasonal 1984-1985. In 1983-1984 the lysimeter was
operated using normal closure and fescue grass cover. In 19841985 the lysimeter was operated with the same fescue grass, but
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water table at a depth of at least -2 meters below the soil
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i n more than one-half of the months during the year in order to
maintain the water table to a minimum depth of -2 meters.
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To validate efficacy of the water management procedure, complete
water balance measurements will be made; that is, precipitation
measurements will be made to obtain the quantity of water entering the
system. Surface run-off from each test plot will be collected in gutters
and delivered to storage tanks for measurement. In this demonstration,
necessary surface run-off will be obtained by covering 90 percent of the
soil surface with corrugated fiberglass panels (Fig. 13). The amount and
nature of the covering material obviously can be varied, and serve as
dependent variables. The non-covered soil area surrounding each panel in
the experimental plots will be planted with vegetation that performs well
when stressed in a potential overdraft situation. It is planned that
junipers will be planted in the 10 percent of non-covered soil area
immediately around each panel. Experimental plots, identical in all
respects, are being consructed, except no panels will be placed over the
soil surface and the entire surface will be planted in juniper. The plots
will serve as controls.
To insure no unmeasured water loss from the soil mass, or water entry
from the surrounding ground water system, a layered barrier of liners and
geotextiles has been installed. Twenty mil PVC liners were factory
fabricated to conform to the dimensions of the test cells. Four liners
were laid in each cell with a layer of 120 mil geotextile interspersed
between each vinyl layer. Three discrete containment layers (Fig. 14)
were formed by this arrangement, each of which are permeable, perchance
failure occurs in one or more of the liners. Two sets of water monitoring
instruments, consisting of a porous cup, atmospheric gas sampler
(essentially serving as a monitoring port) and soil moisture cell are
placed between each layer on either side of the cell in a sand-surrounded
instrument pit. A total of 18 water monitoring devices are contained
within the 3 barrier layers, and are capable of recording water migration
through a potentially failed lining. A 0.3 m thick layer of gravel has
been placed at the bottom within each cell. Two 20 cm diameter monitoring
wells extend from the surface of each cell to this aquifer layer. Any
change of water table level will be monitored via these wells. Water
content of the soil and soil moisture characteristics (suction) will be
continuously monitored through the use of a neutron meter, tensiometers
and gravimetric measurements. Simulated waste is being placed in the
bottom of the cells in the form of 55 gallon drums.
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Figure 13. Large lysimeter for complete water balance measurements.
Precipitation, surface run-off, percolation and evapot^anspiration will be measured. Diagram shows positive run-off
feature which, in this case, is provided with corrugated
panels. Junipers are planted between panels a; - are grown
to extend over panels to provide potential evapotranspiration greater than infiltration on an annual basis. The
soil mass acts as a reservoir to sustain the plants in dry
periods, and acts as a sponge during wet periods.

Figure 14. Detail of cell construction.
There are 4 layers of 20 mil
PVC liners and 5 layers of
geotextile to serve as water
barriers to isolate the cell.
Three discrete barrier partitions are thus created.
Leakage through any partition
is monitored.
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A DATA ACQUISITION SYSTEM FOR GEOPHYSICAL DIFFRACTION TOMOGRAPHY
A. J. Witten and S. S. Stevens
Oak Ridge National Laboratory
S. Rosenberg
University of Rochester
ABSTRACT
Geophysical diffraction tomography is an emerging technique
that shows promise as a tool for quantitative, high-resolution subsurface imaging. The technique possesses s i m i l a r i ties to both X-ray CAT scanners and conventional geophysical seismic p r o f i l i n g . The imaging approach employed in
d i f f r a c t i o n tomography is a generalization of that used in
CAT scanners to account for the diffraction (ray bending)
which occurs in the propagation of the longer wavelength
acoustic energy. While CAT scanners are devices that
rotate about the region to be imaged, geophysical tomography is necessarily limited to fixed instrument configurations such as those employed in geophysical seismic
profiling.
The geophysical diffraction tomography effort has focused
on reducing this technique to practice. This has involved
the development of advanced algorithms and associated software for geophysical imaging as well as the design and
fabrication of a seismic data acquisition system capable of
collecting the necessary f i e l d data to support the imaging
software. This paper presents an overview of the current
status of this effort including sample reconstructions
obtained through numerical experiments, a description of
the hardware, and examples of data collected in the f i e l d .
Specific emphasis is given to the instrumentation since
this represents a significant advance in the state-of-theart of geophysical data collection and processing. The
power of this system is demonstrated by an example of an
actual subsurface image obtained in the f i e l d .

INTRODUCTION
Geophysical diffraction tomography is a technique currently under
development fcr quantitative, high resolution, subsurface imaging. This
technique has potential applications to geotechnical site characterization,
locating buried inclusion, and a variety of problems related to the shallow
disposal of waste.
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The approach currently under investigation at ORNL is based upon the
f i l t e r e d backpropagation algorithm (Devaney, 1982) which is a generalization
of a reconstruction algorithm used in X-ray CAT scanners (Kak, 1979). This
algorithm has been extended to allow the use of acoustic wave sources with
arbitrary characteristics (Witten, Molyneux, and Long, 1985). This development eliminates one step in the data processing sequence required to implement the algorithm.
The effort at ORNL during the past year has focused on the design and
fabrication of a state-of-the-art, low frequency, data acquisition system.
Software development and analysis performed during the past year has been
directed towards providing input to the design e f f o r t (Witten and Long,
1985) and to evaluating a variety of f i e l d data collection configurations.
Fabrication of the data acquisition system is complete and two f i e l d tests
have been performed at ORNL. The purpose of the f i r s t f i e l d test was to
test the data acquisition system and to determine the optimum values for a
number of data sampling parameters. The original intent of the second f i e l d
test was to collect data sufficient to drive the reconstruction software.
As a result of the f i r s t f i e l d t e s t , i t was determined that the capability
of the data acquisition system to execute data analysis functions in the
f i e l d is sufficient to allow some* imaging to be carried out in the f i e l d .
As a result, the scope of the second f i e l d test was expanded to include an
attempt to image a shallow shale formation in the f i e l d .
This paper presents an overview of the reconstruction algorithm, and
descriptions of both the unique data acquisition system and the f i e l d
tests.
THE RECONSTRUCTION ALGORITHM
The reconstruction algorithm i s based upon an a n a l y t i c r e l a t i o n s h i p
between the one- (or two-) dimensional Fourier transform of the s c a t t e r e d
f i e l d and the two- (or three-) dimensional Fourier transform of the r e f r a c t i v e index f l u c t u a t i o n s . The s c a t t e r e d f i e l d i s defined as the d i f f e r e n c e
between the observed pressure f i e l d and t h a t which would be observed f o r the
propagation of the same incident wave i n a homogeneous m a t e r i a l . The
r e f r a c t i v e index f l u c t u a t i o n s are r e l a t e d t o local changes i n wave speed
which result from l o c a l variations i n the density and c o m p r e s s i b i l i t y of the
medium. To implement t h i s algorithm i n two dimensions, the pressure f i e n d
i s measured along a l i n e . The s c a t t e r e d f i e l d i s then computed by
s u b t r a c t i n g the i n c i d e n t f i e l d . The i n c i d e n t f i e l d can not be measured and
consequently mut be i n f e r r e d from the c h a r a c t e r i s t i c s of the acoustic source
and the s i t e s o i l . The computed s c a t t e r e d f i e l d i s Fourier transformed w i t h
respect t o receiver location which can then be r e l a t e d t o the
two-dimensional s p a t i a l Fourier transform of the r e f r a c t i v e index
v a r i a t i o n s . This single experiment provides i n s u f f i c i e n t information t o
uniquely characterize the propagating medium. Consequently, the experiment
must be repeated many times with varying source l o c a t i o n s , When a l l
experiments are completed, the transform of the r e f r a c t i v e index v a r i a t i o n s
i s characterized and the two-dimensional transform can be inverted by
standard numerical techniques t o y i e l d a two-dimensional image.
The physical i n t e r p r e t a t i o n of t h i s sequence of operations i s q u i t e
s i m p l e . The wave equation describes the changes i n a wave form which occur
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as a result of the propagation of this wave form through an inhomogeneous
medium. The backpropagation algorithm, as i t s name implies, propagates, via
the wave equation, the wave form as received along a linear receiver array
backwards through the medium to the source, mapping variations in the
refractive index along the way.
As noted previously, the backpropagation algorithm may be implemented
for either two- or three-dimensional imaging. In order to minimize data
collection and signal processing requirements, work to date has been limited
to two-dimensional (vertical cross-section) imaging. The configuration
selected for implementation is that of offset v e r t i c a l seismic p r o f i l i n g
(VSP) with the sources distributed along the ground surface and the
receivers located in an adjacent borehole (Figure 1 ) . While other configurations offer improved image q u a l i t y (Witten, Molyneux, and Long, 1985) the
VSP configuration provides good image quality and is the most easily implemented in the f i e l d . Figure 2 is an example of the reconstruction of three
circular disks obtained with the arbitrary source backpropagation algorithm
(Witten, Molyneux, and Long, 1985). This figure i l l u s t r a t e s the change in
image quality which results from varying the number of source locations used
in obtaining the reconstruction. The images provided in Figure 2 are based
on data synthesized by numerical simulations. These results are part of a
s e n s i t i v i t y study performed to quantify the data acquisition requirements
necessary for f i e l d testing this approach to subsurface imaging.
THE DATA ACQUISITION SYSTEM
Two factors were most important in developing the design for the data
acquisition system. First, is that this approach t o subsurface imaging is
untested, making i t impossible to precisely specify a l l data acquisition
parameters p r i o r to fabrication of the system. Secondly, the "•mplementati on
of the backpropagation algorithm requires a much greater amount of data and
data of a higher quality than that required by commonly u t i l i z e d seismic
techniques. These factors dictated three major attributes' of the system:
f l e x i b i l i t y , accuracy, and e f f i c i e n c y .
The objectives are realized by a 32-channel data acquisition system
that u t i l i z e s independent analog data channels and analog-to-digital converters (ADCs), with important data collection parameters controlled in real
time by local microcomputers which also log the collected data. The local
microcomputers, in t u r n , are controlled by a central supervisory computer,
through which the experimenter can choose and modify data c o l l e c t i o n
parameters as experimental conditions and preliminary results warrant.
Figure 3, a block diagram of the system, displays the three principal
sections of the data acquisition system, which are separated physically into
a down-hole analog front end, rack-mounted signal-conditioning equipment,
and a supervisory microcomputer.
Down-Hole Equipment
The equipment which is actually placed in a borehole during an experiment is shown i n Figure 4. I t consists of a streamer of hydrophone-preampl i f i e r p a i r s , made rugged and waterproof for use in a f i e l d environment.
The hydrophones, which have essentially omnidirectional s e n s i t i v i t y , are
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Figure 1.

Field configuration for the implementation of geophysical
diffraction tomography.

143

••L-QIU; i i - i \ u c

128

64

SOURCES

-2

2

32

SOURCES

SOURCES

OML-OIC IS-I1SOI

Figure 2.

16

SOURCES

An example of a sequence of reconstructions of 3 circular disks,
each with a different radius and sound speed, obtained by the
point source algorithm. The sequence shows changes of image
quality which result from decreasing the number of source points .
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Figure 3. Block diagram of the acoustic data acquisition system.
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Figure 4.

Photograph of the down-borehole streamer.
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spaced every six inches vertically,, but the spacing could be chosen
differently for a streamer optimized for some other set of experiments. The
hydrophones have a stated sensitivity of 103 db re one volt/microbar. They
are closely-coupled and impedance-matched to preamplifiers with a nominal
gain of 20 db, and a cable from each hydrophone-preamp pair is brought to
the surface and connected to rack-mounted equipment for processing.
Signal-Conditioning Equipment
Rack-mounted equipment, shown in Figure 5, accepts analog signals from
the down-hole front-end equipment, f i l t e r s out high-frequency noise, amplifies the signals i f necessary, and converts them to d i g i t a l representation.
An important feature of the data acquisition system is the programmable-gain
amplifier in each analog channel, which allows channel gains to be varied
from 1 to 1000, to match expected signal strengths, or t o compensate for
unexpectedly large or small signals.
The analog-to-digital converter (ADC) has 12-bit resolution, but the
f u l l system resolution is expected to be limited by a combination of
electronic and ambient noise, and to be somewhat less than the theoretical
combination of available gain range and ADC range.
An important system feature is the independence of the analog channels,
which may be separately optimized for signal collection during the course of
a single experiment.
Local and Supervisory Computers
The on-board Z-80-based microcomputers are fast enough to collect data
from four ADC channels each at frequencies well beyond the Nyquist l i m i t for
probable experimental configurations, so the currently-implemented system
consists of separate analog channels from hydrophone/preamplifier through
programmable-gain amp to ADC, with the d i g i t a l data from four analog
channels then collected into one microcomputer. This partitioning of analog
and d i g i t a l functions allows data to be collected independently from each of
the 32 input channels, with the important collection parameters such as gain
and sample frequency chosen (and dynamically varied) by the on-board micros
to optimize collection for a particular experiment.
Data collection programs for the on-board micro can be developed and
stored in the supervisory microcomputer, which is basically an IBM XT.
U t i l i t y programs allow downloading of specific data collection routines, and
uploading of collected data.
In addition to i t s functions as source for data-acquisition code and
receiver of collected data, the IBM XT can •-arform simple analysis for
quick-look display of the data as i t is collected.
FIELD TESTS
Field tests were conducted on July 11, 1985 and August 14, 1985 at a
30 f t by 30 f t test plot created at ORNL. Defined objectives for the f i r s t
day of f i e l d tests included:
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Figure 5.

Photograph of the rack-mounted equipment containing the
microcomputer array, the analog components, A/D converters,
communications board, and trigger c i r c u i t . The supervisory
computer is resting on the top of the cabinet.
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1) Ensuring that the instrumentation is performed properly under f i e l d
conditions.
2) Testing the interface between the trigger c i r c u i t in the data
acquisition system and the accelerometer on the BETSY (the acoustic
source).
3) Determining the best range of data acquisition parameters such as
sampling i n t e r v a l , record length and gain.
4) Determining the attenuation properties of the soil at the test plot
5) Evaluating the efficacy of various techniques for enhancing
source/soil and receiver/soil coupling.
6) Estimating the rate at which data can be collected.
The f i r s t day of f i e l d testing established the following:
1) The data acquisition system functioned perfectly and was adequate
for i t s intended purpose.
2) A good operating range for sampling intervals is 100 to 750 micro
seconds.
3) A constant gain setting of one i s adequate for the control p l o t .
4) No enhancement of source/soil coupling is necessary.
5) Receiver/soil coupling can be increased by an order of magnitude by
emplacing the receiver array in a w a t e r - f i l l e d borehole.
6) Soil at the test plot can propagate frequencies at least as high as
300 Hz.
7) Data can be collected at the rate of one source f i r i n g every 2.5
minutes. This is based upon 32 parallel channels for every source
f i r i n g . The rate controlling aspect is the time required to
transfer 32 channels of data from the microprocessors' RAM to the
fixed disk in the supervisory computer.
8) The computing power afforded by the supervisory computer w i l l allow
significant data analysis to be carried out in the f i e l d .
Figure 6 is a photograph of the ORNL tomography test p l o t . The borehole containii j the receiver array is v i s i b l e in the foreground and the
BETSY can be seen in the background. Figure 7 shows a plot of the time
series of a pulse as received by the deepest hydrophone in the array. The
residual oscillations or "ringing" apparent in the last 3/4 of this time
series appear to be multiple internal reflections trapped between the
surface of a shallow shale layer known t o exist at the s i t e and some deeper
reflector such as the surface of an unconfined aquifer or bedrock. Figure 8
is the power spectrum of the time series shown in Fig. 7.
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Figure 6.

Photograph of the tomography test plot at ORNL.
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The second series of f i e l d tests was performed to collect sufficient
data to test the d i f f r a c t i o n tomography algorithm. This algorithm requires
no apriori knowledge of the region to be imaged ar>r!, for t h i s reason, the
collection of a large quantity of data is necessary. In situations where
supplemental information is available, i t is possible to develop less sophisticated algorithms which require less data. Such a situation exists at the
QRNL test plot where a shallow shale formation occurs beneath the site s o i l .
For this reason and because of the demonstrated data analysis capabilities
of the supervisory computer, an additional objective was included in the
second series of f i e l d t e s t s . This objective was to obtain an image of the
soil-shale interface in the f i e l d . In preparation for t h i s t e s t , a simplified algorithm was developed and loaded i n t o the supervisory computer.
Approximately 80 source f i r i n g were performed during the second series
of f i e l d t e s t s . A line of 20 source locations was established at one foot
intervals beginning at 5 feet from the borehole and extending to a distance
of 24 feet from the borehole. This line was established to allow high
resolution imaging within a vertical cross-saction. The f i r i n g of tuese 20
sources and the associated data recoiding and storage required approximately
45 minutes. Immediately following the completion of this data collection
step, the simplified algorithm was run on the supervisory computer.
Execution of this software required less than 1 minute and provided the
graph of depth to the shale layer shown i n Fig. 9. Data were collected for
7 parallel source lines with 8 source points per line for future data
ana l y s i s .
CONCLUDING REMARKS
The ORNL e f f o r t i n geophysical d i f f r a c t i o n tomography has made s i g n i f i cant c o n t r i b u t i o n s in the area of subsurface imaging. New algorithms have
been developed which have data input requirements more c o n s i s t e n t with the
a c q u s i t i o n of data i n the f i e l d . The data acquisiton system designed and

fabricated as part of this effort is believed to possess greater s e n s i t i v i t y ,
v e r s a t i l i t y and data analysis capabilities than any commercially-available
seismic system. The two series of f i e l d tests which were performed at ORNL
have shown that the data necessary for geophysical d i f f r a c t i o n tomography
can be obtained in a f i e l d setting.
As a result of the substantial data processing requirements necessary
for geophysical d i f f r a c t i o n tomography, a f u l l y developed, practical technology for i t s implementation is at least two years away. The work to date*
however, has important near-term benefits. These benefits are related t o
the power of the data acquisition system and the fact that data processing
requirements can be drastically reduced when considering less complex a p p l i cations. This was demonstrated by the real-time mapping of the depth to the
shale layer (Fig. 9). This approach has already been carried one step
further to allow the imaqing of this interface in two dimension by using
source points deployed over a square grid rather than a l i n e .
Future efforts in the further development of geophysical diffraction
tomography must focus on data collection and analysis. In order Lo'advance
the s t a t e - o f - a r t , exhaustive f i e l d tests under controlled conditions must be
performed to acquire the necessary insight to lead to the next generation of
hardware and software.
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DEVELOPMENT OF TECHNOLOGY FOR THE DESIGN
OF SHALLOW LAND BURIAL FACILITIES AT ARID SITES

J . W. Nyhan, W. V. A b e e l e , B. J . D r e n n o n , W. J . H e r r e r a ,
E. A. L o p e z , G. J . L a n g h o r s t , E. A. S t a l l i n g s ,
R. D. W a l k e r , and J . L . M a r t i n e z
Los Alamos N a t i o n a l L a b o r a t o r y

ABSTRACT

The Los Alamos f i e l d r e s e a r c h p r o g r a m i n v o l v i n g t e c h n o l o g y
development f o r a r i d s h a l l o w l a n d b u r i a l s i t e s i s d e s cribed.
F i e l d d a t a a r e p r e s e n t e d f o r an i n t e g r a t e d f i e l d
e x p e r i m e n t , w h i c h was designed t o t e s t i n d i v i d u a l SLB com-

ponent experiments related to erosion c o n t r o l , b i o b a r r i e r s ,
and subsurface c a p i l l a r y and migration b a r r i e r s .
Field
t e s t s of b i o i n t r u s i o n barriers at waste disposal s i t e s and
i n experimental plots are reported. The results of a j o i n t
DOE/NRC experiment to evaluate leaching and transport of
sorbing (Cs, Sr, L i ) and nonsorbing ( I , Br) solutes i n
sandy s i l t b a c k f i l l are presented for steady-state and
unsteady-state flow conditions. A c a p i l l a r y b a r r i e r
experiment performed in a large caisson (3-m diameter,
6.1 m deep) i s described and a year's worth of f i e l d data
i s presented.
INTRODUCTION
Reliable and comprehensive experimental data are not available to
design a shallow land b u r i a l (SLB) f a c i l i t y at an arid s i t e or to predict
the f u t u r e performance of proposed SLB designs. S u f f i c i e n t information does
not e x i s t to allow perparation of manuals t o design SLB f a c i l i t i e s at a r i d
s i t e s . P a r t i c u l a r l y important issues are the a b i l i t y to predict long-term
performance and the r e l i a b i l i t y of those predictions. Moreover, data must
De obtained on system interactions when integrated system designs are based
on optimal components. Application of component models f o r surface and
near-surface processes and unsaturated flow and transport models for
subsurface processes need to be evaluated for v a l i d i t y of predictions i n
integrated systems environments. These data ana evaluations are necessary
to demonstrate the a b i l i t y to model, monitor, and predict the future
performance of SLB f a c i l i t i e s . Gaps i n knowledge exist on component
processes even as our component experiments are producing new information
and optimal designs. Additional information i s required to control plant
and animal intrusion i n t o buried waste and t o specify the influence of
burrowing animals on the water balance. Additional information is needed to
more accurately determine the potential f o r radionuclide movement w i t h i n ,
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near, and o f f - s i t e and to design barriers to control this migration.
Additional data and model testing are required to predict long-term SLC
performance using validated mathematical models.
The experiments performed under this task w i l l provide experimental
information in several of these areas. Specifically, the experiments
performed for this task w i l l f i e l d - t e s t biointrusion barriers and migration
barriers and w i l l describe the migration of nonsorbing solutes ( I , Br) under
steady-state and nonsteady-state flow conditions in the f i e l d . Finally, the
results of an integrated f i e l d experiment w i l l be presented to test former
and ongoing individual SLB component t e s t s .
BIOINTRUSION BARRIER TESTING
Questions concerning the performance of different types of biobarriers
at various f i e l d scales and the effects of layered-rock barrier systems on
the water balance are being addressed in a f i e l d experiment at a low-level
waste disposal site (Area G) , which w i l l eventually be decommissioned.
Three types of 1-m-thick biobarriers are being tested i n Area G
experiments in 6- by 21-m plots: (1) 15-cm gravel ( 1 - to 2-cm diam) on top
of 85-cm cobble (7.5- to 12-cm diam); (2) 1-m cobble; and (3) 30-cm gravel
on top of 70-cm cobble. These three treatments are being compared with the
conventional trench cap treatment containing 1 m of crushed t u f f without, a
biobarrier. Since we were trying to produce treatment effects over a short
time period, we used only 15 cm of topsoil over these four f i e l d treatments
to ensure that percolation of water through the biobarriers would be
detected using neutron moisture gauge techniques. A cesium chloride tracer
layer was emplaced immediately beneath each biobarrier (and at a corresponding depth in the conventional cap treatment) so that the penetration of
roots currently growing throught the biobarriers can be detected by
collecting plant samples and assaying them for their cesium content.
Cesium determinations were performed on native grass vegetation samples
collected from a l l four plots at Area G on 14 sampling dates (June 1932
through November 1983)(1), as well as once in 1985 (August 13). During 1982
and 1983, elevated levels of cesium were generally not found in these
samples, indicating that the biobarriers were performing s a t i s f a c t o r i l y .
Although the samples collected in 1985 have not been assayed y e t , similar
results are anticipated.
The water content of the crushed t u f f located 30 cm beneath three
biobarriers (137-cm depth) is shown as a function of time in Fig. 1 along
with the water content in the crushed t u f f treatment at depths of 92, 107,
122, and 137 cm. In the plot with the crushed t u f f treatment, the water
content at a l l four depths remained essentially constant in 1984 until
November 6 (Fig. 1), indicating very l i t t l e percolation [snowmelt (January
through March) and rain (July through August)] of precipitation into the
p r o f i l e . However, the next six month period was more than 240% wetter than
normal for Los Alamos. The water content dramatically increased at a l l
sampling depths in the crushed t u f f from about 5-10% on October 17, 1984,
(Fig. 1) to about 18-20% on May 14, 1985.

157

The three biobarrier treatments involving gravel and cobble demonstrated higher water content values (30 cm beneath the biobarrier) with time
than similar values for the crushed t u f f treatment (Fig. 1 ) . This observation reflects the loss of water storage capacity in the 1-m-thick layer of
gravel and/or cobble that would otherwise be present in the corresponding
1-m-thick layer of crushed t u f f in this experiment. This loss of water
holding capacity can obviously result in s i g n i f i c a n t l y greater percolation
of precipitation and, concurrently, more rapid changes in soil water content
(Fig. 1). This effect is the most apparent under the very wet conditions
occurring at the end of snowmelt and late winter rainstorms in 1985 and
under the cobble biobarrier. Thus, the water content 3U cm under the cobble
biobarrier went from 19% on May 14 (Fig. 1) to 26% on May 22, and then to
17% on May 30. This trend also indicates that many of the pockets of
topsoil between the individual rocks at the top of the cobble biobarrier
became saturated after May 14, resulting in a surge of water percolating
into the underlying t u f f layer (Fig. 1).
GROUND AND SURFACE WATER MANAGEMENT SYSTEMS
The purpose of the Ground and Surface Water Management System Testing
subtask i s t o f i e l d - t e s t systems that can be used to control the movement of
water on t o p of or around SLB trenches. These systems w i l l i n c u r the
execution of the performance objectives f o r l o w - l e v e l r a d i o a c t i v e waste
disposal s i t e s set up by the Nuclear Regulatory Commission (NRC) Part 61 and
in s i m i l a r DOE requirements.
Small-scale modeling has demonstrated i t i s p o s s i b l e , by using
c a p i l l a r y b a r r i e r s , to maintain dry s t r u c t u r e s i n porous media. Barriers
are created by differences i n p a r t i c l e size and are e f f e c t i v e because
suction predominates over g r a v i t y f o r c e s . The p e r c o l a t i n g l i q u i d w i l l
penetrate the coarser material only a f t e r the o v e r l y i n g f i n e r m a t e r i a l s near
s a t u r a t i o n . Consequently, the s t r u c t u r e , which i s enclosed i n the coarser
m a t e r i a l , remains d r y . As long as the pressure at the c o a r s e / f i n e i n t e r f a c e
remains n e g a t i v e , water i n f i l t r a t i n g the f i n e r layer w i l l not cross the
i n t e r f a c e but w i l l flow l a t e r a l l y w i t h i n the f i n e r l a y e r ; p e r c o l a t i o n occurs
where the saturated water f r o n t reaches the edge of the coarse l a y e r . The
l i m i t i n g granulometric d i f f e r e n c e s beyond which t h i s phenomenon ceases to
e x i s t have been determined. This b a r r i e r concept has sometimes been
r e f e r r e d t o as the "wick e f f e c t . "
I t was found t h a t under saturated
c o n d i t i o n s , a gravel lens caused l a t e r a l flow i n a f i n e r - t e x t u r e d overlying
m a t e r i a l . The l a t e r a l distance over which the water can be transported i s
l i m i t e d and w i l l be influenced by the slope of the i n t e r f a c e .
At equal m a t n : p o t e n t i a l s , a f i n e - g r a i n e d medium w i l l contain more
water than a coarse-grained medium. During drainage, an i n i t i a l l y saturated
s o i l w i l l d r a i n i t s l a r g e s t pores f i r s t , whereas in wetting a dry s o i l the
smallest pores w i l l f i l l f i r s t as the matric p o t e n t i a l i s allowed t o
increase ( g e t t i n g less n e g a t i v e ) ; the water content increases as progress i v e l y l a r g e r pores are f i l l e d . This w i l l be accompanied by an increase i n
hydraulic c o n d u c t i v i t y and l a t e r a l d i v e r s i o n of water already promoted by
the presence of a sloping surface. The coarser medium, on the other hand,
w i t h i t s predominantly large pores w i l l remain r e l a t i v e l y dry w i t h a low
hydraulic c o n d u c t i v i t y u n t i l the matric p o t e n t i a l reaches zero and near zero
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at the i n t e r f a c e . The systems w i l l f a i l when or before the matric potential
at the i n t e r f a c e ceases to be negative. Point readings at the interface are
provided through tensiometers. Proximity of the f a i l u r e point to zero w i l l
be the f u n c t i o n of abruptness and magnitude of p a r t i c l e size difference at
the i n t e r f a c e .
Our wick system designs indicate that an e f f e c t i v e wick system i s one
where the suction at the wick interface i s about 4 kPa tension or less
before f a i l u r e . To obtain such a low suction between our b a c k f i l l and sand,
the a d d i t i o n of a small amount of bentcnite t o the b a c k f i l l materials at our
land disposal s i t e is necessary.
Our f i e l d experiment was designed ( F i g . 2) to test the performance of a
wick system emplaced in a 6.0-m-deep caisson w i t h a diameter of 2.0 m for a
wick system of known thickness (2 m), slope (10%), and slope length (2 m),
and for one combination of porous materials (a b e n t o n i t e - t u f f mix having a
0.02 bentonite r a t i o by mass overlying Ottawa sand) subjected to a known
addition r a t e of water. Using the s o i l water content and tension data
c o l l e c t e d over time at several positions w i t h i n the wick l a y e r , we w i l l then
be able t o f i e l d - v a l i d a t e a hydrologic model describing the two-dimensional,
unsaturated flow of water through a multilayered systen. This data set w i l l
then be a v a i l a b l e to f i e l d - v a l i d a t e several hydrologic models that can
subsequently be used f o r the construction of future wick designs.
We have continued to c o l l e c t additional s o i l water content data on the
wick experiment in Caisson E. Figure 3 shows that with the increase of
noisture w i t h depths greater than 0,8 m beneath the mix surface layer,
highly unsaturated conditions s t i l l p r e v a i l . The i n t e r e s t i n g t h i n g ,
however, i s that for the f i r s t time on A p r i l 5 (almost a year from the s t a r t
of the experiment), a discharge of approximately 40 mg of water per second
was measured. The fact that the intermediate ( t h i c k ) layer between the
upper surface and the wick interface is unsaturated (negative tension values
in Fig. 4) and that nontheless a breakthrough or f a i l u r e of the wick
occurred, i s a sure i n d i c a t i o n that the wick i s behaving the way i t i s
supposed to--somewhere along the interface the wick provided f o r saturation
( p o s i t i v e tension values in Fig. 5) to occur (through unsaturated flow
addition of water) with subsequent f a i l u r e of the system as a r e s u l t . After
saturation reaches deeper l e v e l s , drainage of the system under controlled
conditions can occur to permit the a p p l i c a t i o n of the instantaneous p r o f i l e
method f o r unsaturated conductivity computations.
I f we go by the assumption that the discharge from t h i s caisson is
regulated by the layer w i t h the lowest hydraulic c o n d u c t i v i t y , t h e n , since
discharge began, the moisture content of the d r i e r layer hovered around
0.1842 moisture by volume and the g discharge rate was 4.4*10" m s . This
corresponds g to_a f l u x of 6.08*10 ms" or a hydraulic c o n d u c t i v i t y estimated
at 3.87*10 ms
f o r a matric potential gradient t e n t a t i v e l y measured to be
1.57. At a moisture content of 0.1842 by volume,^the hydraulic conductivity
of pure crushed t u f f turned out to be K = 9.3*10" e
= 8.64*10" m s " .
This shows that at a moisture content by volume of 5.1842, the hydraulic
c o n d u c t i v i t i e s of pure crushed t u f f and of crushed t u f f mixed w i t h 2%
bentonite are of the same order of magnitude. This shows q u i t e some
departure i n behavior from the hydraulic c o n d u c t i v i t y at s a t u r a t i o n , which
is about three orders of magnitute higher in pure curshed t u f f than in the
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Subsurface Wick Experiment (plan views)
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Fig. 4. Soil water tension data collected above the t u f f - c l a y / s a n d
Interface in the envelope wick experiment.
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Fig. 5. Soil water tension data collected at the tuff-clay/sand interface
in the envelope wick experiment.
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mix. These data seem t o i n d i c a t e that for the mix, there i s very l i t t l e
change of p e r m e a b i l i t y as a f u n c t i o n of moisture content.
I t also needs to
be pointed out how a big d i f f e r e n c e in moisture content between the higher
and the o t h e r l e v e l s r e s u l t s i n minor d i f f e r e n c e s in moisture t e n s i o n ( F i g s .
4-5).
These data should provide us with i n t e r e s t i n g s o i l moisture
c h a r a c t e r i s t i c curves!

JOINT DOE/NRC TRACER MIGRATION EXPERIMENT
A f i e l d experiment was designed by the NUWMP and NRC in 1984 to
evaluate leaching and t r a n s p o r t of solutes i n sandy s i l t b a c k f i l l used in
SIB operations at Los Alamos. This experiment was emplaced and performed
throughout FY 1985 in caisson B (3-m diam, 6.1 m deep) at the Los Alamos
Experimental Ci~nineerea Test F a c i l i t y .
One of uie purposes of t h e caisson experiment i s t o compare the NRC
l a b o r a t o r y - d e r i v e d parameter estimates (see Polzer et a l . paper in t h i s
proceedings) w i t h those derived from the c a i s s o n . This w i l l provide unique
data f o r evaluating the a p p l i c a b i l i t y of lumped c o e f f i c i e n t s i n modeling
solute t r a n s p o r t under c o n t r o l l e d conditions i n the laboratory and i n the
large c a i s s o n s .
In t h i s experiment, Caisson B received a s i n g l e pulse input
of bromide and iodide (conservative and nonadsorbing t r a c e r s ) as well as
l i t h i u m , s t r o n t i u m , and cesium under steady-state flow c o n d i t i o n s . The
bromide and i o d i d e t r a c e r data were used to determine values of D , T , and
y , where D i s the d i f f u s i o n c o e f f i c i e n t i n cm / d , T i s a t o r t u o s i t y f a c t o r ,
and y i s tne d i s p e r s i v i t > i n cm. These values were used to estimate
e f f e c t i v e dispersion c o e f f i c i e n t s f o r subsequent analysis of the r e t a r d a t i o n
f a c t o r (R) and the d i s t r i b u t i o n c o e f f i c i e n t ( K , ) f o r l i t h i u m and strontium
using least-squares procedures.
In caisson B, nonsorbing tracers ( i o d i d e and bromide) were used to
determine c o e f f i c i e n t s f o r water being transported through s o i l , and sorbing
t r a c e r s (cesium, s t r o n t i u m , and l i t h i u m ) were used to determine r e t a r d a t i o n
f a c t o r s f o r a range of ion adsorption a f f i n i t i e s .
Flow c o n d i t i o n s included
two 6-day t r a c e r pulses with steady-state flow conditions [about 4 cm d~
(200 ml min ) ] and two 6-day t r a c e r pulses w i t h unsteady-state flow
conditions.
In the subsequent 70-day period f o l l o w i n g the s i n g l e t r a c e r
i n p u t , s o i l s o l u t i o n samples were c o l l e c t e d at incremental depths on a d a i l y
basis and analyzed f o r t r a c e r c o n c e n t r a t i o n s , o u t f l o w / i n f l o w samples were
c o l l e c t e d and analyzed f o r t r a c e r concentrations, flow rates were measured,
and neutron moisture gauge data were c o l l e c t e d as functions of depth and
horizontal distance w i t h i n the caisson.
This experimental design allowed us to gather information on a f i e l d scale study t o address two other issues. The r e s u l t s from t h i s series of
pulse inputs w i l l allow b e t t e r estimates of the sampling v a r i a b i l i t y of the
estimates of D , T , and v, t h u s , t e s t i n g how w e l l r e p l i c a t e d t r a c e r inputs
r e s u l t i n the reproduction of data-based parameter estimates. In addition
since two types of flow c o n d i t i o n s were s t u d i e d , experimental data could
address the f o l l o w i n g issues. F i r s t , how r a p i d l y (with respect to depth and
+
ime) does the unsteady response to a pulse i n p u t approach steady-state
conditions?
I f the unsteady response to a pulse r a p i d l y approaches
steady-state c o n d i t i o n s , then steady-state models may be a p p l i c a b l e to
p r e d i c t i n g t r a n s p o r t . The complexities of applying unsteady-state models
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are horrendous. Second, do we obtain the same or s i m i l a r data-based
parameter estimates under steady-state and unsteady flow conditions? Again,
t.he issue has p r a c t i c a l importance i n determining when a p p l i c a t i o n of
s t e a d y - s t a t e models are appropriate and i n i n t e r p r e t a t i o n of parameter
estimates from unsteady flow and t r a n s p o r t d a t a .
Although we are c u r r e n t l y s t i l l assaying the thousands of samples
c o l l e c t e d i n t h i s experiment, iodide t r a c e r data i s presented i n F i g . 6 as a
f u n c t i o n of time and depth f o r the f i r s t steady-state pulse experiment. The
iodide peak heights and shapes are s i m i l a r at a l l six depths i n the caisson
as would be expected w i t h these flow c o n d i t i o n s . The peak i o d i d e
concentrations moved uniformly down the caisson from sampling p o r t to
sampling port at a rate t h a t varied from 6.3 t o 12.5 cm d , except f o r the
r e l a t i v e l y f a s t movement between the 197- to 271- cm depths. This
abnormally f a s t migration was probably caused by a t u f f l a y e r of minimal
compaction at t h i s depth i n t e r v a l , causing the flow of water and iodide t o
increase d r a m a t i c a l l y .
S i m i l a r iodide t r a c e r data are presented f o r the f i r s t unsteady s t a t e
pulse experiment i n F i g . 7. Notice t h a t i n contrast to the steady-state
data ( F i g . 6 ) , the i o d i d e peak heights and shapes are not s i m i l a r at a l l
six sampling depths in the caisson. Long a f t e r several of the peak iodide
concentrations pass a sampling depth, a small concentration ( t a i l ) p r e s i s t s
f o r a long t i m e . In s p i t e of these d i f f e r e n c e s , the iodide,peak
concentration t r a n s p o r t times ranged from 6.3 t o 11.0 cm d~ , s i m i l a r t o the
s t e a d y - s t a t e experiment ( F i g . 6 ) .
We also compared the t r a n s p o r t of i o d i d e t o t h a t of bromide and
l i t h i u m . Bromide appears to migrate very s i m i l a r to i o d i d e ( F i g . 8 ) , as
would be expected, but l i t h i u m and i o d i d e are not s i m i l a r i n t h e i r t r a n s p o r t
behavior ( F i g . 9 ) . I t was expected t h a t l i t h i u m would be mobile because o f
i t s weak a f f i n i t y to exchange s i t e s i n the presence of t h e 200 ppm i n the
i n f l o w s o l u t i o n . However, the l i t h i u m t r a v e l e d about 15% slower than the
iodide i n the f i r s t steady-state experiment and e x h i b i t e d concentrations
t h a t changed very slowly r e l a t i v e to i o d i d e , r e s u l t i n g i n very d i s s i m i l a r
t r a n s p o r t compared w i t h i o d i d e ( F i g . 9 ) .
The r e t a r d a t i o n f a c t o r s and d i s p e r s i o n c o e f f i c i e n t s f o r three iodide
t r a c e r pulses is shown as a f u n c t i o n of caisson depth i n F i g . ! . j . The
r e s u l t s i n d i c a t e that parameter estimates f o r FY 1986 modeling can be
reproduced reasonably well f o r iodide t r a n s p o r t f o r depths 1 m or g r e a t e r .
The unusually high r e t a r d a t i o n f a c t o r s and dispersion c o e f f i c i e n t s above the
1-m depth i n a l l p r o b a b i l i t y r e s u l t from nonuniform i n p u t of solutes at t h e
s o i l s u r f a c e . Unlike the other two pulses i n F i g . 10, t h e pulse performed
i n September was an unsteady-state pulse; parameter estimates f o r t h i s pulse
could not be successfully completed at several depths because the parameter
e s t i m a t i o n techniques used assume s t e a d y - s t a t e flow c o n d i t i o n s .
INTEGRATED SYSTEM DEMONSTRATION
Research conducted by the Los Alamos Environmental Science Group over
the l a s t three years has led to an improved understanding of water dynamics
and b i o l o g i c a l i n t e r a c t i o n i n the SLB s i t e environs. That research has led
to the development and t e s t i n g of improvements in the design of i s o l a t e d
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Iodide migration: first steady state pulse
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Fig. 6. Iodide concentrations i n the f i r s t steady-state pulse experiment
i n caisson B as functions of depth and time (December 1984 p u l s e ) .

Iodide migration: first unsteady state pulse

F i g . 7. Iodide concentrations i n the f i r s t unsteady-state pulse experiment
i n caisson B as functions of depth and time (September 1984 p u l s e ) .
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OPTIMAL PARAMETER ESTIMATES FROM
IODIDE TRACER STUDIES IN CAISSON B
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components of a SLB s i t e (2-7, and see Abeele
The purpose of this f i e l d demonstration is to
features of the isolated variable experiments
design for optimal water and biota management
transport at SLB s i t e s .

et a l . in these proceedings).
integrate some of the positive
into a state-of-the-science
to minimize radionuclide

The experimental design for the integrated experiment examines the
performance of standard technology for SLB compared with improved
technology. The cover consists of a mixture of seeded grasses and a
specified level of gravel mulch.
The unimproved technology treatment consists of the standard practice
for low-level waste (LLW) disposal at Los Alamos including about 1 m of
trench cap comprised of crushed t u f f covered with 15 cm of t o p s o i l , a l l
placed over a trench f i l l e d with waste and crushed t u f f b a c k f i l l . The
improved technology treatment from the surface downward consists of an
optimal topsoil depth which, based upon calculations and previous
measurements, is about 1 m of the local sandy loam soil [see (8) for plot
construction plans]. Below this may be a layer of mixed clay and crushed
t u f f as determined by experiments on the components processes. Next, a
cobble-gravel layer (25-cm gravel over 75-cm cobble) is used tc prevent
plant and animal intrusion and water flow (capillary barrier) to subsurface
regions. An optimum angle was placed on the interface between the topsoil
and cobble-gravel layer to divert the vertical i n f i l t r a t i o n component into a
l a t e r a l flow component using the principle of wick systems.
Crushed t u f f is used as a trench b a c k f i l l material because our
measurements and models have emphasized t h i s soil matrix. Appropriate
chemicals (see caisson B data) including bromide, iodide, cesium, and
l i t h i u m are located at specified layers in the backfill to provide a source
term for evaluating chemical transport. These assays have not been
completed at this time, but w i l l be reported by the end of this fiscal year.
Although a final detailed report is i n preparation on the data
collected in the two improved technology (modified plots) and the two plots
with the standard (control) technology, several interesting observations can
be made about their performance during FY 1985. The most outstanding
observation to be made about the winter and spring of FY 1985 was that t h i s
period was 241% wetter than normal for Los Alamos (Fig. 11). This resulted
in gradually increasing soil moisture levels from December 1984 through
April 1985 in the upper 80 cm of both the control and experimental plots
(Fig. 12); many readings came close to saturation (30-35%). The volumetric
water content at the bottom of the control plot (no biobarrier) also
dramatically increased during this time period and started producing
leachate at the bottom of the plot in l a t e April to early May 1985, t o t a l i n g
140 l i t e r s (Fig. 13). This volume represents 0.52% of the 26,700 l i t e r s of
precipitation received by this plot from May 23, 1984, through July 22,
1985.
In contrast, the modified plot only produced leachate from the drain
above the biobarrier (Fig. 13), and this leachate production occurred from
early March 1985 through early May 1985. During this time period,
approximately 335 l i t e r s of leachate were produced, representing 1.3% of the
total 25,470 l i t e r s received by this plot from May 23, 1984, through July
171

22, 1985. This demonstrates quite dramatically that the biobarrier is
behaving successfully as a capillary barrier in directing the subsurface
flow of percolating water horizontally and around the t u f f beneath the
biobarrier.

MOISTURE ON THE LT.P. - PLOT 1

Fig. 11. Precipitation received on one of the Integrated Test Plots,

After April 1985, another important effect of the capillary barrier/
biobarrier was noted that has important waste management implications in the
semi-arid and arid regions of the country. The biobarrier in the
experimental plots slowed down the vertical percolation of preci pitation
(relative to the control treatment) considerably (Fig. 12),, resulting in
more water available to the grasses growing on ^he plots, This resulted in
an enchanced stand of vegetation on the experimertal plots (relative to the
control plots), which subsequently transpired much greated amounts of water
(after April 1985) out of the upper layers of the trench cap than iii the
control plots (Fig. 12). This effect has been observed in our biobarrier
experiments at both the Area G and Area B disposal sites (see Abeele et al.
in this proceedings) and offers the site operator the benefits of
establishing a good vegetative cover on a SLB trench as well as dramatically
reducing the amount of water available for percolation throught the trench
cap by plant transpiration.
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INTEGRATED TEST PLOTS
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Fig. 12. Volumetric water content data for four sampling depths in Control
Plot 2 and Experimental Plot 2 of the Integrated System Demonstration.
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DESIGN, SITING, CRITERIA AND COST ANALYSIS FOR A
SMALL LOW-LEVEL WASTE DISPOSAL FACILITY

Fred Lavallee, P.E.
Maine Department of Environmental Protection
ABSTRACT
The following paper summarizes an i n v e s t i g a t i o n of shallow land
b u r i a l (SLB) made by t h e Maine Department of Environmental Protection
(DEP) under a 1984 Department of Energy (DOE) g r a n t . I t f u r t h e r
p r e s e n t s a recently completed design, c o s t i n g exercise and economic
a n a l y s i s of an engineered disposal f a c i l i t y , prepared by DEP as an
a l t e r n a t i v e t o SLB d i s p o s a l .
Maine's humid c l i m a t e and high permanent water t a b l e , combined
with i t s heterogenous s u r f i c i a l geology were seen t o pose s i g n i f i c a n t
problems t o conventional SLB. The i n i t i a l r e p o r t presented Maine's
proposed s i t e s e l e c t i o n process and modifications t o SLB, intended t o
overcome l i m i t a t i o n s of climate and geology. Unit d i s p o s a l c o s t s
were p r o j e c t e d for f a c i l i t i e s t h a t would accommodate v a r i o u s
combinations of Maine, New Hampshire and Vermont LLW volumes.
Several scenarios were a l s o developed t o accommodate wastes from the
decommissionings of t h e r e g i o n ' s atomic pov/er gene^aLion f a c i l i t i e s .
The recent follow-up study i n v e s t i g a t e d the design and economics
of an earth-mounded bunker as an a l t e r n a t i v e t o SLB. A hybrid
f a c i l i t y was proposed which combined tf.e aboveground "tumulus" of the
Centre de l a Manche, France with the Westinghouse/Hittman SUREPAK
concept of waste form s t a b i l i t y . F a c i l i t i e s were designed t o
accomodate Maine's LLW volume, with and without decommissioning
waste. As with t h e SIT" study, only p a r t - t i m e f a c i l i t y o p e r a t i o n was
assumed. Costs were developed for a l l l i f e - c y c l e phases. Unit
d i s p o s a l c o s t s were projected using t h e EG&G economic model, LLWECON.
INTRODUCTION
During 1984, the Maine Department of Environmental P r o t e c t i o n
(DEP), working under a U.S. Department of Energy (DOE) g r a n t ,
undertook a study of shallow land b u r i a l (SLB) of l o w - l e v e l waste i n
Maine. A progress r e p o r t on t h a t study was presented a t t h e Sixth
Annual P a r t i c i p a n t ' s Conference in Denver, Colorado i n 1984. The
r e p o r t was published i n t h e Con'"c-r =nce Proceedings. Since l a s t
September, we have completed the r,.veject and published our f i n a l
r e p o r t , e n t i t l e d "Thft S i t i n g , Design, and Cost of Shallow Land Burial
F a c i l i t i e s i n Northern New England." Recognizing t h e i n h e r e n t
d i f f i c u l t i e s i n l i c e n s i n g a SLB d i s p o s a l f a c i l i t y in Maine, t h e Maine
Low-Level Waste S i t i n g Commission, (Commission) then i n s t r u c t e d DEP
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to investigate a disposal technology more compatible with Maine's
limiting climate and geology. The follow-up study was completed in
July, 1985, and i s available under the t i t l e "Conceptual Design of an
Engineered Disposal Facility for Low-Level Radioactive Waste."
SHALLOW LAND BURIAL STUDY

Objectives
The objective of the SLB study was to describe a s i t i n g process
appropriate for Maine, to provide a conceptual design for such a
f a c i l i t y , and to investigate the economics and resultant disposal
costs across all l i f e cycle phases. The Commission further requested
that several waste volume scenarios be explored, corresponding to
various compacting options available among the northern New England
States of Maine, New Hampshire, and Vermont. Finally, a
transportation cost analysis was undertaken to determine to what
extent the increased disposal cost would be offset by savings in
transportation.
Assumptions
- Operation under all volume scenarios would be for 25 years.
- The facility would be sited in a deposit of marine clay or
clay-rich basal t i l l .
- The siting of the facility would conform to 10 CFR 61
requirements.
- The facility would be owned and operated by a public Authority,
although facility construction and annual trench preparation
would be contracted.
- The facility would be operated only during a two-month period
each year except during the decommissioning of a nuclear
generating station.
- Six volume scenarios were investigated, described in Table 1:
Table 1.

Volume Scenarios for SLB Study

Scenario

Annual
Volume (ft3)

I (Maine only w/o Decomm.)
IA (Maine only w/ Decomm.)
I I (Combination* w/o Decomm.)
IIA (Combination* w/ Decomm.)
I I I (Three States w/o Decomm.)
IIIA (Three States w/ Decomm.)

7,500
7,500
15,000
15,000
30,000
30,000

Decomm.
Vol. (ft3)

-0209,000

-0360,000

-0529,000

Total
(ft3)
138,000
?71,000
375,000
675,000
750,000
1,169,000

May represent Vermont alone cr a Maine-New Hampshire compact
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Site Selection Process
The site selection process proposed for Maine is a four-tiered
structure which provides for ever-increasing levels of precision for
remaining alternatives as regions, areas, and finally potential sites
are eliminated from consideration.
Level 1 screening takes advantage of the existing Maine data base
and reconnaissance level studies. This "first cut" identifies only
areas worthy of further investigation, as its precision is limited by
the accuracy of aerial photography and overlays of topographic
mapping. Its purpose is only to disqualify areas of unsuitable host
geology or whose natural characteristics clearly contradict Part 61
performance standards. At the end, roughly 100 areas will remain for
closer examination.
Level 2 screening is reserved for socioeconomic studies. Federal
technical requirements involving projected population growth and
future developments [10 CFR Part 6i.50(a)(3)] and nearby facilities
or activities are predominantly socio-economic, and will be applied
here. Level 2 criteria will narrow the number of areas to about 20
potential sites.
Level 3 studies bring the first site-specific information into
the selection process, eliminating sites found flawed during cursory
field reconnaissance. About ten candidate sites are likely to be
passed on for Level 4 investigation.
Le?el 4 studies combine new exclusionary criteria with a process
for ordering the surviving sites for characterization. With fatally
flawed sites eliminated, a matrix will be developed to assess the
merits and known minor deficiencies of remaining sites, and three
will be selected for detailed characterization. Criteria for Level 4
elimination are primarily geophysical and represent best professional
judgement of factors which would cause a site to fail Part 61
performance objectives. Information from local sources will also be
sought.
Completion of the level 4 process would produce three preferred
sites for a LLW shallow land burial facility in Maine. Other
candidate sites may or may not be eliminated, but any sites that
remained would be ranked in order of the degree to which they meet
the specified criteria. Detailed site characterization of all three
preferred 3ites would follow. If, during the characterization
process, a site was found to exhibit one or more of the exclusionary
criteria, it would be eliminated and the characterization process
would continue on the remaining sites.
Facility Design and Operation
As suggested earlier, design of a SLB facility in Maine must
overcome severe limitations of climate and surficial geology:
- Annual precipitation exceeds evaporation by some 20 inches,
making any Maine facility a "humid site."
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- Maine's soils - except for clays in the populous southern coastal
region - are of glacial origin. Even small areas with enough
homogeneity for reliable characterization would be difficult to
find.
- The water tables of the soils with the best permeability
characteristics - the basal t i l l s - are within a very few feet of
the surface.
In view of these limitations, i t was felt that disposal of waste
below the permanent water table in a s i t e which meets the "molecular
diffusion" criterion of 6i.50(a)(7) offered the best possibility of
successful licensure. It was further concluded that, to lend
integrity to the buried waste form and eliminate trench subsidence
after closure, void spaces between packages should be filled with a
concrete grout, forming a monolith of waste and i t s packaging.
Accordingly, conceptual design for a Maine SLB facility called for:
- Excavation of a trench to accommodate one year's waste, at a
depth of 25 feet.
- Installation of a drainage blanket in the trench bottom
- Dewatering from i n i t i a l excavation trough trench closure.
- Placement of the waste in the bottom ten feet of trench depth.
- Grouting of void spaces with a pumpable concrete grout.
- Backfilling and compaction of the upper 15' using excavated
materials.
- Placement of a clay cap over the closed trench.
- Loaming and revegetation over the cap to prevent erosion and
dessication cracking.
The footprint of the active disposal area would vary between ten
and twenty acres, depending upon the scenario considered, making even
the largest facility a mini-facility by commercial standards.
Buffers, roads, buildings, and parking would bring the land
requirement to about fifty acres. One building would be needed for
administrative, inspection, laboratory, and security functions. A
second building would provide for vehicle service and garaging during
the off-season.
Finally, a warehouse would be provided in each
decommissioning scenario to accommodate one month's waste flow,
should weather or equipment problems prevent the immediate burial cf
waste deliveries.
Part-time operation would adequately serve- generators' needs
except during the years of a generating plan decommissioning when a
u t i l i t y would need year-round access. Preparation of the annual
trench would begin in July, with the trench ready to receive waste in
about a week. Generators' accumulated waste would tben be delivered
to the facility over two to three weeks. Grouting would proceed
concurrent with waste placement, and be complete by the beginning of
August. Trench closure would then begin, backfilling and compaction
requiring another week. Applying the clay cap, the loam cover layer,
and revegetating the closed trench would be completed by mid-August.
The 3ite would then be closed until the following July except for
periodic inspections and monitoring.
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Waste volumes generated during a power s t a t i o n decommissioning,
.however, would far exceed the e x i s t i n g s t o r a g e capacity of n o r t h e r n
New England u t i l i t i e s .
The f a c i l i t y ' s o p e r a t i n g period would thus
have t o be extended beyond the normal two months t o r e c e i v e the waste
in a s i n g l e annual " s l - g " , or several two-month o p e r a t i n g p e r i o d s
would have to be arranged.
In e i t h e r c a s e , the u t i l i t y would need to
b u i l d a d d i t i o n a l s t o r a g e c a p a c i t y . Waste moving i n and out of
s t o r a g e a t tne u t i l i t y would r e q u i r e a second handling w i t h g r e a t e r
r i s k of r a d i a t i o n r e l e a s e and worker exposure.
These disadvantages a r e avoided by s h i f t i n g the f a c i l i t y t o
year-round operation during decommissioning y e a r s . No s h o r t term
s t o r a g e i s required s i n c e the waste i s packaged and shipped t o
d i s p o s a l as i t i s g e n e r a t e d .
No p r e p a r a t i o n of several d i s p o s a l
t r e n c h e s a t the beginning of each o p e r a t i n g season i s needed. No
m o t h b a l l i n g of the f a c i l i t y several times a year - with r e p e a t e d
m o b i l i z a t i o n of personnel and equipment - would be r e q u i r e d .
Costing and Economic Analysis
Life cycle c o s t s for the six s c e n a r i o s a r e presented in Table 2.
The Table 2 values were input i n t o BOE'3 economic model, LLWECON, to
produce the unit d i s p o s a l c o s t s of Table 3 .
Table 3 - COST TO GENERATORS
SHALLOW LAND BURIAL FACILITY
Unit Disposal Cost
Maine Only
Scenario I
Scenario IA

($/ft3)

$182
129

Combination
Scenario I.I
Scenario IIA

96
73

Three State
Scenario III
Scenario IIIA

51
44

From Table 2 it is apparent that the large fixed initial
expenditures (pre- operational plus capital) dominate disposal
economics. These costs do not vary significantly with facility
volume, resulting in the dramatic economies of scale evident in
Table 3- Manipulation of the LLWECON economic parameters (loan
rate, cost of capital, assurance rate, sinking fund rste, and
extended care rate) within realistic ranges did not greatly
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TABLE 2 FACILITY LIFE CYCLE COST SUMMARY
COSTS x $1000 IN 1983 DOLLARS

Scenario
I

Pre- Operational

Scenario
IA

Scenario
II

Scenario
IIA

Scenario
III

Scenario
IIIA

$4,041

$4,266

$4,204

$4,519

$4,374

$4,901

1,566

1,552

1,605

1,616

216
4?_2
216
7 99
22

1,680
216
422
216
422
22

1 ,680
216
422
216
898
22

799
779

822
822
822
822
822
822

822
822
1,977
1,588
1,957
1,588

908
908
908
908
908
908

908
1 ,594
] ,96c
2 ,346
2 ,346
1 ,582

216
422
216
422
22

216
422
216
Ilk
22

216
422
216
422
22

Operational
Annually
1988-2007
2008
2009
2010
2011
2012

779
779
779
779
779
779

Closure
2013
2014

914
318

1,297
319

916
319

1,313
319

917
319

1 ,344
319

53

53

54

54

54

55

Post-Cloaure Cere
Annually
2015-2115

1,589
1,580
1,560
1,580
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affect the Table 3 values. A cash flew analysis of the three
decommissioning scenarios indicates that a deficit of $10 to $12
million will be incurred in the early "low volume" years of
operation, until decommissioning revenues of the final four years
return the balance to aero at cloa'.ire. This points up the need
for an alternative payment structure cueh as pre-payment or
front-loaded pricing if the large deficit is not acceptable to
the operating Authority.
ENGINEERED DISPOSAL FACILITY
Objectives
The difficulties in meeting Subpart D siting requirements of
10 CFR 61 led to increased Commission interest in disposal
technologies other tlan SLB. It was felt that the design of an
engineered facility could partially compensate for deficiencies
of the Maine geology, allowing Subpart C performance objectives
to be satisfied. Accordingly, the Commission instructed DEP to
undertake a conceptual design and costing exercise for an
unspecified, engineered disposal technology. Further design
objectives included:
- The disposal unit should be entirely aboveground.
- Disposal should be monitorable. Contamination of groundwater
should be easily detected so that early remedial measures
could be initiated. Insofar as possible, the monitoring
system should allow identification of the failed disposal
unit.
- Entombed LLRW that is releasing radiation at unacceptable
rates should be retrievable for repackaging and proper
disposal.
- Design should provide against subsidence which allows
infiltration of precipitation.
Assumptions
For easier comparison with results of the SLB study, as many
as possible of the earlier assumptions were repeated in the
engineered facility study:
- Two volume scenarios were investigated for the Maine only
case with and without generating plant decommissioning,
corresponding to Scenarios I and IA respectively.
- Facility l i f e was 25 years.
- Operation was assumed to be part-year except during a
decommissioning when year-round operation would be required.
- The facility would be publicly owned and operated.
Construction and periodic closure of disposal units would,
however, be contracted.
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Design and Operation
The disposal facility presented combined two concepts: 1)
the aboveground portion of the earth mounded bunker which has
been used successfully for over fifteen years at the Centre de la
Manche, France and 2) the SDREPAK approach to waste
containerization, proposed by We3tinghouse/Hittman. I t should be
emphasized that the marriage z? these concepts i s only one
approach to LLRW disposal. Man, other technologies or
combinations of proven ideas might equally satisfy the objectives
of this study. No attempt was ir.ade tc optimize the
cost-effectiveness of transportation/processing/ disposal
operations. The report considered a single solution to problems
posed by SLB, with no exploration of more efficient unit
operations. If Maine chose to further investigate engineered
LLRW disposal, the concept presented might serve as a starting
point.
La Manche Facility
The la Manche facility currently accepts low and intermediate
level wastes from over 30 reactors now operating in France.
Annual waste volume i s about 730,000 cubic feet, about half
received in drums, and the balance equally divided between steel
boxes roughly equivalent to our LSA containers, and cylindrical
concrete blocks containing the higher activity wastes. The use
of these standard container sizes enables close stacking and
efficient utilization of available space.
All wastes accepted at la Manche have half-lives of under 30
years. High activity wastes are stacked in the belowground
portion of the disposal unit. Void spaces between packaging are
filled wj.t:. ~-ncret'' and an asphalt pad i s placed over the filled
trench. Lower activity wastes are then stacked in a mound-like
configuration ("tumulus") over the trench. Void spaces are
filled with sand and an earthen cover i s applied consisting of
f i l l , clay, drainage, and vegetative layers. Infiltrating water
i s picked up for monitoring by a collection system which services
both the belowground wastes and tumuli. Only the tumulus portion
of the l a Manche disposal unit would meet the objectives of this
study.
Westinghouse/Hittman SDREPAK
The "retrievability" objective i s satisfied by packaging the
waste prior to burial in containers similar to the
Westinghouse/Hittman SUREPAKs. The SDREPAK i s a reinforced
concrete cask with three-inch thick walls. I t has space for one
high-integrity container, one LSA box, or fourteen drums. With
void spaces backfilled with concrete grout, the SUREPAK reduces
radiation fields by a factor of 5,000. The hexagonal shape
allows honeycombing the SUREPAKs in a t i l i n g pattern with no
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wasted space. They may be stacked three-high. While SUREPAKs do
not currently meet 0.3. Department of Transportation (DOT) drop
test requirements, a re-usable steel overpack would allow them to
be transported from generator s i t e to the- disposal facility.
Hittman currently has alternatives to the overpack under study.
Most LLRW from Maine generators does not need shielding to travel
on public ways. However, packaging all waste in SUREPAKs
provides a number of advantages which may make their use
cost-effective:
- The packaging shape is consistent for more efficient
placement at the disposal facility.
- Subsidence of the completed tumulus is prevented upon failure
of the waste's original packaging.
- The SUREPAK i s an easily retrievable parcel, unlike buried
drums or crated materials.
In proposing the SUREPAK for the California facility,
Westinghouse/Hittman envisioned licensing the casting of SUREPAKs
to a local concrete products vendor who would manufacture the
SUREPAK at the disposal s i t e . On-site casting i s not recommended
at the Maine facility because of the cost of constructing and
operating a concrete batch plant. However, a Maine firm could
a t i l l be licensed to provide the containers. The cost i s
estimated at $2,000 each, and about 85 SUREPAKs would be needed
annually.
Five-Year Cells
The basic five-year disposal unit begins with a concrete slab
approximately 100' wide and 250" long, upon which filled SUREPAKs
can be placed (Figiu ^ 1). The slab is underdrained by a sand
blanket and perforated pipe to prevent groundwater from mounding
up into the containerized waste once i t is covered with earth.
Gutters run the length of the slab at both sides and the slab i s
slightly crowned to shed water into the gutters. The entire slab
i s also pitched so that water collected in the gutters runs
toward one end. The gutters are interrupted at 50' intervals by
drains that conduct any water to a central collection system
installed before the slab i s cast (Fig. 2). Each drain i s
equipped with a sampling trap, from which water can be drawn with
a bailer or suction pump. Thus, if contaminated water i s
detected at the end of the collection system, the source can be
pinpointed even in a closed five-year cell by sampling the traps
consecutively until the failed cell is found.
To elaborate: the
slab i s segmented into one-year cells by a concrete curb
installed each year below the area to be f i l l e d .
The slab i s
i n i t i a l l y cast without curbs but with all drainage piping in
place. Before any SUREPAKs are emplaced, a l l drainage grates are
blocked so that precipitation falling on the slab runs out the
gutters without entering the piping system. To prepare for the
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f i r s t year's waste, a curb is cast fifty feet below the slab's
higher end and the grates above the curb are opened. Water
entering the gutters above the curb i s then conducted to the
collection system. Below the curb, uncontaminated water
continues to run off the lower end of the slab without entering
the piping. When waste containers are placed above the curb, any
potentially contaminated rainwater can be monitored without
unnecessarily collecting clean water. Before the second year's
operation, a second ourb is cast and the grates above i t are
opened. Water i s then collected from the upper two c e l l s , the
lower three s t i l l running off unimpeded. The process continues
until all five one-year cells are filled.
Temporary Closure
A five-year cell cannot receive i t s permanent, impervious
mounded cap until all five years' waste has been emplaced.
During this time, all precipitation falling above curbed areas
would be collected, resulting in large volumes of water that
would potentially require treatment. To reduce this volume, a
temporary closure i s placed over each one-year cell as soon as i t
i s filled. First the gutters above the curb are filled with
crushed stone wrapped with a porous geotextile, to exclude earth
that would block the flow of leachate. A riser is inserted into
the grates to allow access for sampling after the cell is
covered. The bottom twelve inches of the riser i s perforated to
allow leachate from the gutters to enter the piping, whij 3 s t i l l
providing a mean.s of sampling. Fill materials are then placed
and compacted ov sr the slab and containers to a minimum two-foot
thickness, with sides sloped to form the mound-shape. A
polymeric membrane i s then placed over the f i l l and two
additional feet of earth are placed and compacted to hold the
membrane in place (Fig. 3). This temporary closure i s stabilized
with mulch and seed, for erosion control, until the next
operating season. The same process i s performed on each one-year
cell at the end of each year's waste deliveries, until all five
are filled.
Permanent Closure
At this point, the entire five-year cell is permanently closed
with the following sequence of layers:
- two feet of clay E. a barrier to infiltration;
- one foot of drainage material (coarse sand or gravel);
- a porous geotextile to pass water but exclude fine materials
that would clog the drainage layer;
- three feet of clean f i l l for evapotranspiration; and
- six inches of loam to establish shallow-rooted vegetation.
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FIG 3. SEQUENCE OF LAYERS AT CLOSURE

All layers are graded and compacted, and the completed mound
is seeded with a permanent vegetative cover mixture. A finished
five-year cell with 4:1 sideslopes will have dimensions of about
250' by 400' and will stand eighteen feet above grade.
Facility design for the non-decommissioning scenario will
require five 5-year cells, to accomodate 25 years of uniform
operation. The decommissioning scenario, however, requires a
facility with capacity for 21 years of uniform operation plus a
much larger cell for the final four years. The configuration for
this scenario consists of three 5-year c e l l s , one 6-year c e l l ,
and a single 120' by 850' cell with space for the roughly 2,400
SUREPAKs needed for decommissioning wastes. Unlike part-time
operation, year-around operation affords no convenient
break-points for applying temporary closures, yet the facility
clearly cannot collect for treatment four years' precipitation on
nearly three acres of concrete slab. The facility operators will
thus have to manage the large cell in small segments, casting new
curbs and placing temporary closures several times a year, so
that only the small working portion of the 3lab is contributing
water to the collection system at any time.
Layout of Facility
The cleared footprint of the facility measures some 900' by
1,500' and encompasses about thirty acres, exclusive of buffers.
I t i s shown schematically in Figure 4, with disposal cells for
both the non-decommissioning and decommissioning scenarios. In
practice, one scenario or the other would be provided for, but
not both. As with the SLB facility the engineered facility i s
connected by a 1/4 mile of unpaved access road to a state
highway. Access to the disposal area i s controlled by an 8' high
ohain link fence. The 40' by 50' administration building taken
directly from, the SLB report provides for security, inspection,
health/physica, and clerical functions.
A 50' by 90' vehicle
service/decontamination building provides for maintenance of
facility equipment and vehicle storage during the off-season. A
decontamination bay with water recycling provides for washdown of
any contaminated vehicles before they leave the controlled area.
A f i l l station is located adjacent to the adminstration building,
where incoming SUREPAKs containing LLRW are filled with concrete
grout prior to their placement in the waste cells. The f i l l
station i s a gantry equipped with a small crane for removing the
lids of SUREPAKs. A mobile concrete mixer prepares a pumpable
concrete grout as required to f i l l the arriving SUREPAKs. Raw
materials for the grout can either be stockpiled on site or, if a
concrete plant i s located within a reasonable distance, the
entire mob.ile mixer can be periodically taken off site and
recharged with dry materials.
Beyond the common gravelled surface for buildings, mixer,
parking and turnaround area, the gravel road continues out to the
disposal cells. These are constructed as needed, one 5-year cell
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at a time, on short spurs off the main road. The single large
decommissioning cell would be constructed during year 21, the
year prior to i t s requirement. The clearing, grubbing, and
general grading for a l l cells would be done, however, during
i n i t i a l facility construction, as would the entire f a c i l i t y ' s
leachate collection system.
Leachate Collection/Monitoring System
As described previously, the collection system for each
five-year cell consists of parallel pipes running under the
collection gutters on either side of the slab. These pipes are
intercepted by a single manifold pipe parallel to the road and
draining by gravity to a sampling/monitoring station adjacent to
the administration building. Sampling traps would be placed
along the manifold pipe after each c e l l ' s two collection pipes
have joined. Contamination appearing at the monitoring station
could thus be traced backward through the sampling traps until
the contributing one-year cell was identified.
The monitoring/sampling system consists of a measuring device
and a proportional sampler set to a given time or volume
interval. The sample would be continously monitored and an alarm
would be triggered if a sample's activity exceeded a determined
set-point. During the off-season, the alarm would be
telephone-dispatched.
Upon confirmation of activity in the leachate, personnel
would divert all leachate to an underground storage tank and
would immediately arrange to bring water treatment equipment to
the facility.
At the same time, they would begin analysis and
remediation of the problem. Not until the source was eliminated
would collected leachate be allowed to discharge to surface
waters.
Annual Operation
As with the SLB facility, the engineered facility will
receive wastes during only one month of each year. I t will be
opened in June, and the f i r s t week will be spent in inspections,
baseline monitoring, and preparation of the slab area to be used
for the year's waste. This preparation will consist of casting
the annual curb, opening the appropriate leachate collection
drains, and testing the collection system. Delivery of waste
will occur over the next four weeks, ending in mid-July. The
temporary closure will then be applied to filled portions of the
slab, closure activities requiring about two weeks. Finally, the
facility will be closed until the next year 1 s operating season.
If the year's waste will occupy the last available space on the
slab, construction of the next five-year cell Hill proceed
concurrent with receipt of LLRW. Cell construction should take
about 35 working days, and be completed well within the
f a c i l i t y ' s scheduled season.
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The procedure for receiving and entombing waste will be as
follows: low- level waste will be placed within SUREPAKs at the
site of generation, and will be inspected and manifested
according to existing generator procedures. The SUREPAKi3
themselves will be placed within re-usable steel overpacks to
meet DOT transportation standards. SUREPAKs arriving at the
facility will again be inspected for leakage or damage.
Health/physics technicians will survey and swipe test the vehicle
and the SUREFAKs. The vehicle will then proceed to the f i l l
station where the SUREPAK l i d s will be removed to inventory the
contents against the manifest.
All void space will finally be
grouted with concrete from the mobile mix plant located at the
f i l l station. The lids will be replaced and the truck will
continue into the disposal area to the designated cell. There,
SUREPAKs will be removed from their overpacks by crane and placed
tightly against each other, one container high, on the slab. The
truck, now carrying only the empty overpacks, will return to the
inspection station for an exit check by health/physics
personnel. If waste deliveries are distributed over a one month
receiving period, an average of two or three truck shipments a
day will need to be processed. This rate should be within the
capabilities of facility and staff.
At the end of the year's deliveries, a temporary closure will
be placed over a l l emplaced SUREPAKs, as previously described.
If the year's delivered waste occupies the l a s t space in a
five-year c e l l , the permanent closure will be immediately
applied. Permanent closure will take about 35 working days with
completion l a t e in September.
During Maine Yankee's decommissioning the facility will
switch from part-time to full-time operation, receiving waste
year round except during the monLhs of deep winter. Temporary
closure will be advanced as areas of the slab are used, leaving
only a saall working front uncovered at any time* Permanent
closure of the large decommissioning cell will require about 100
working days.
The requirement that LLW be packaged in SUREPAKs prior to
arrival at the facility solves certain problems while raising
others. As envisioned by Westinghouse/Hittman in their
California proposal, LLW would be sorted and reprocessed sit the
disposal f a c i l i t y .
SUREPAKs would be manufactured on site in a
batch concrete plant and filled with waste in an "assembly line"
section o.% the processing plant. While an operation of this
scale may be cost- effective for a state producing 200,000 cubic
feet of waste annually, the additional unit costs for a small
scale operation such as Maine1s would likely be prohibitive. As
an alternative, i t i s proposed that waste arriving at the
facility be pre-packaged in SUREPAKs at the generator site,
requiring only filling of void spaces with concrete grout at the
disposal f a c i l i t y before entombment. This approach 1)
eliminates the capital and labor of a processing plant, 2)
minimizes worker exposure and 3) allows a small mobile mixer to
f i l l the f a c i l i t y ' s need for concrete grout.
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While simplifying facility operation, generators would need
to standardize their packaging to Surepak dimensions, and provide
equipment to load their waste into Surepaks. In addition, the
weight of the concrete Surepak and i t s steel overpack would limit
the amount of waste in a truck delivery. In short, generators'
waste preparation and transportation costs would be increased in
favor of low-cost disposal facility operation.
The economics of
this trade-off would need thorough investigation before settling
on the optimum division of responsibilities.
Facility Closure/Post Closure Care
General closure at the end of the f a c i l i t y ' s operating l i f e
will require l i t t l e more than removal of the buildings and
revegetation of roads, stockpiles, and spoil areas. No final
closure of the disposal cells will be needed, as these are closed
as they are expended.
In the years following closure, no staff will remain at the
facility.
An electronic surveillance system will insure the
s i t e ' s security. Periodic inspections will be made to repair
minor damage, to obtain leachate samples, and to service the
f a c i l i t y ' s air and groundwater monitoring systems.
Facility

Staffing

A staff of sixteen will required tn operate the facility,
under both part-time and year-around operation.
Positions
include a s i t e manager, an operations supervisor, an accountant,
a secretary/clerk, security staff, health/physics technicians,
heavy equipment operators, and several maintenance and laborer
positions. With part-time operation, only the site manager would
be retained year-round, all other positions staffed only during
the operating season. All general facility construction, cell
construction, and closure work would be privately contracted.
During the two years of site closure, facility staff would be
reduced to ten and seven positions in the f i r s t and second years,
respectively.
Capital Equipment
With most construction and annual earthmoving work performed
by the private sector, very l i t t l e heavy equipment will be
dedicated to the facility.
The mobile mixer will be purchased,
as will a 20-ton crane for emplacement of SDREPAKs. A farm
tractor will be used to repair minor erosion damage. A pick-up
truck and passenger car will also be provided.
The facility will be equipped with a basic health/physics lab
including a gamma spectrophotometer and liquid scintillation
counter for on-site analysis of air, water, and soil samples.
Geiger-Mueller survey instruments will be used for waste
inspections and general workspace monitoring.
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Capital equipment within the administration building will
include office furniture, stenographic and recordkeeping
equipment, site communication equipment, and a microwave and
infrared surveillance system.
Cost & Economic Analysis
Tables 4 ana 5 present the costs for the engineered disposal
facility, without decommissioning and with decommissioning,
respectively. Costs are itemized for each of the five life cycle
phases of pre-operation, facility construction, operation,
closure, and post-closui-e care. Engineering fees are estimated
at 15$ of all contracted work, and contingency i s set at 25$ of
the non-engineering subtotal. All coats are given in 1983
dollars.
As with the SLB study, Table 4 and 5 cos.ts were input in the
the EG & G LLWECON economic model, producing the unit disposal
costs found in Table 6.
TABLE 6 - COST TO GENERATORS
ENGINEERED FACILITY
Unit D i s p o s a l
Cost ( $ / f t 3 '
Scenario I - Maine Only w/o Decommissioning
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Scenario IA -

1'40

Maine Only w/ Decommissioning

Comparison of Table 6 costs with those for SLB (Table 3)
shows that the cost for disposal in an engineered facility is not
significantly greater. While cost sensitivity to volume could
not be investigated as with the sis SLB scenarios, the high
pre-operational and capital costs suggest that similar economies
of scale would be obtained. Cash flow analysis reveals the same
large deficits during the early years of operation, for which an
innovative pricing structure would have to be devised.
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TABLE 4 ENGINEERED DISPOSAL FACILITY
COST SUMMARY WITHOUT DECOMMISSIONING
- COSTS x S1000
- 19f3 DOLLARS
YEAK
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1991
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211
80
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781
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1396
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TABLE 5 ENGINEERED DISPOSAL FACILITY
COST SUMMARY WITH DECOMMISSIONING
- COSTS x S1000
- 1983 DOLLARS
YEAS

PR* -OPERATIONAL

198"
1986
1989
1990
1991
1992
1993
1994
1995
1996
1997
1998
1999
2000
2001
2002
2003
2004
2005
2006
2007
2008
2009
2010
2011
2012
2013
2014
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CONCLUSIONS
- Even i f a s i t e for SLB can be found i n Maine conforming t o 10
CFR 61 r e q u i r e m e n t s , s p e c i a l engineering t e c h n i q u e s would be
needed t o prevent problems observed a t closed commercial
facilities.
Disposal below t h e permanent water t a b l e , combined
with a means ; *" preventing subsidence a f t e r c l o s u r e , would be
necessary. Grouting of t h e void spaces p r i o r t o trench
completion merits further investigation.
- An earth-mounded bunker i s a disposal technology which
surmounts many of the problems inherent in humid climate SLB
disposal. Monitorability and retrievablity are enhanced.
Aboveground disposal lengthens the pathway between waste and
groundwater, and facilitates detection of contamination.
- A concrete waste container such as the Westinghouse/Hittman
SUREPAK i s a viable method for providing waste form stability and
preventing subsidence within disposal units.
- Little additional siting flexibility i s likely to be obtained
by choosing an engineered disposal technology over SLB. NHC has
indicated in recent conversations that l i t t l e credit will be
given toward fulfillment of Subpart D requirements by engineered
features. Siting criteria for alternative technologies will be
as stringent as for SLB unless severe proofs of the f a c i l i t y ' s
long-term competence are met.
- Unit disposal costs for a small-scale facility are
considerably higher than for a large facility.
The cost of
disposal in an earth-mounded bunker, however, i s not
significantly different from SLB disposal.
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LOW LEVEL WASTE DATA BASE DEVELOPMENT—EPICOR-II
RESIN/LINER INVESTIGATION—A PROGRAM REVIEW*
John W. HcConnell, Jr.
Idaho National Engineering Laboratory
EG&G Idaho, Inc.
ABSTRACT
This paper presents an overview of the titled program and gives
the status of the work on resin degradation, resin
solidification, and field testing of solidified samples. A brief
discussion of some recent results is also included. Resin
materials from EPI COR-II prefilters used in the cleanup of the
Three Mile Island Nuclear Power Station are being examined to
(a) develop a low level waste data base and (b) obtain
information on survivability of waste forms composed of ion
exchange media loaded with radionuclides and solidified in
matrices of cement and Dow polymer. An unusual aspect of this
investigation is the use of commercial grade resins which have
been loaded with over five times the radioactivity normally seen
in a commercial application. That dramatically increases the
total radiation dose to the resins.
INTRODUCTION
The 28 March 1979 accident at Three Mile island Unit 2 (TM-2)
released approximately 2,120,000 L (560,000 gal.) of contaminated water to
the Auxiliary and Fuel Handling Buildings. The water was decontaminated
using a three-stage demineralization system called EPICOR-II containing
organic and inorganic ion exchange media. The first stage of the system
was designated the prefilter, and the second and third stages were called
demineralizers. Fifty EPICOR-II prefilters with high concentrations of
radionuclides were transported to the Idaho National Engineering Laboratory
(INEL) for interim storage before final disposal at the commercial disposal
facility in the State of Washington. Examinations are being conducted on
materials from several of those prefilters. A schematic of an EPICOR-II
prefilter is shown in Figure 1.
The examinations are being conducted by EG&G Idaho, Inc. under the Low
Level Waste Data Base Development--EPICOR-II Resin/Liner Investigation
Program, funded by the U.S. Nuclear Regulatory Commission (NRC). The U.S.
Department of Energy (DOE) initiated this work under the EPICOR-II Research
and Disposition Program in FY-1982, and responsibility was transferred to
NRC in late FY-1984. At that time, more emphasis was placed on
investigating the requirements of 10 CFR 61 "Licensing Requirements for
Land disposal of Radioactive Waste" by obtaining data on performance of
waste in a disposal environment. Studies to obtain that data are based on
the requirements of the NRC Office of Nuclear Materials Safety and
Safeguards "Branch Technical Position (TP) on Waste Form."2
a. Work supported by the U.S. Nuclear Regulatory Commission, Office of Nuclear
Materials Safety and Safeguards under DOE Contract No. DE-AC07-ID01570.
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Figure 1. Isometric and full section schematic of an EPICOR-II prefilter.

The objectives of the technical investigations are to (a) develop a
data base for low level waste disposal through examination of resin
materials from EPICOR-II prefilters from TMI-2 and (b) obtain information
on the survivability of waste forms composed of ion exchange media loaded
with radionuclides and solidified in matrices of cement and Dow polymer.
This paper presents a review of th^ investigations, including brief
descriptions of the status of the work, future plans, and some of the
findings. A schedule is included which identifies significant events in
the program (Figure Z ) .
SUMMARY OF PROGRESS TO DATE
The investigation is divided into four tasks which address different
aspects of waste disposal, as discussed in the program plan. 3 Those
tasks are resin degradation, resin solidification, field testing, and liner
integrity. Materials From six EPICOR-II prefilters have been studied in
the program, as described herein. Tne first of two funded samplings of
resins from prefilters PF-8 and -20 have been analyzed for degradation due
to irradiation, with the results presented in several documents. '^
Studies of resin solidification using resins removed from prefilters PF-7
and -24 are progressing, with several interim reports available.6,7,8
Field testing of waste forms solidified from resins obtained from PF-7 and
-24 has been initiated recently using lysimeters located at Argonne
National Laboratory-East (ANL-E) and Oak Ridge National Laboratory (ORNL).
Work on the examination of liners from prefilters PF-3 and -16 was
completed in FY-1983 and reported in FY-1984. 9 ' 1 0 Annual reports also
have been published wnich described results of the examinations.^ ^
The following paragraphs briefly describe the significant progress
made in the program to date:
Task 1--Resin Degradatiqn.--This task was initiated in mid-1982, as
snown in Figure 2. Design requirements of equipment were formulated
for removing resin samples from several EPICOR-II prefilter liners.
The experimental requirements to conduct this task were defined in
FY-1983, and all required capital equipment was designed and
fabricated. The first resin samples were removed from two study
liners, PF-8 and -20, that year.
Chemical and physical analysis of the first resin samples was
initiated in FY-1984 and completed in FV-1985. The NUREG report
describing the first analysis also was completed and released
(Reference 4 ) .
Task 2--Resin Solidif ic_a_tion--This task was initiated in mid-FY-1982,
as shown in Figure 2. Resin sample removal equipment used for this
task was designed and fabricated under Task 1. The experimental
requirements were identified in FY-1983; design requirements for the
solidification equipment were completed; and all capital equipment was
designed and fabricated.

199

ka-DOE-ojoCM

Activity

00

CO
03

U.
Rosin degradation
Equipment design & procurement
Operations & analysis

FTT

NRC
FY 84

1Q

2Q 3Q 4Q

FY 85
1Q 2Q 3Q 40

csi

co

CO

3b
IL

U.

TTT

-A

Resin solidification
Equipment design & procurement
Operations
Waste form testing
IV)

o
o

Lysimeter field testing
Equipment design & procurement
TAN ops, ship & install
Operations & analysis

•A

Liner integrity examination
Equipment design & procurement
Operations
Reporting

CV6 1S72

Figure 2. Schedule of significant events In the Low Level Waste Data Base
Development—EPICOR-II Res1n/L1ner Investigation Program.

Removal of the required resins from the two liners, PF-7 and -24, was
completed and the resins were solidified into waste forms using either
Portland cement or Dow polymer in FY-1983.
Testing of waste forms was initiated in FY-1984. The solidified resin
waste forms, each 4.8 cm (2 in.) in diameter by 7.6 cm (3 in.) long,
are being tested in accordance with the TP to measure (a) compressive
strength (initially, after thermal stability testing, after
leachability testing, after radiation stability testing, and after
biodegradability testing); (b) free standing liquids; and
(c) homogeneity. A letter report was issued describing results of the
initial compressive strength, free liquid determination, and
homogeneity testing (Reference 7 ) . Samples were retained to
investigate the thermal stability, Teachability, radiation stability,
and biodegradability of the waste forms.
Testing of waste forms for thermal stability and leachability was
conducted during FY-1985. Results of the thermal stability tests were
issued by letter report (Reference 8 ) , as will be the leachability
results. Testing for radiation stability and biodegradability will
continue through FY-1986.
Task 3--FieId Testing--This task was begun in mid-FY-1982.
Preliminary experimental requirements were completed for lysimeter
systems and waste forms. National Laboratories were contacted to
participate in the task. The field testing experiment was designed,
and eauipment required to conduct the task through completion was
placed on order by the end of FY-1983. Waste forms were molded using
samples removed from PF-7 and -24 and mixed with either Portland
cement or Dow polymer.
Two participating laboratories were selected, ANL-E and ORNL.
Lysimeter systems and casks containing the waste forms were shipped to
the participating laboratories in early FY-1985. Ther>i are
10 lysimeters: 5 at ANL and 5 at ORNL. Four of the lysimeters at
ANL-E were filled with local soil and four at ORNL with soil having
the characteristics of that from the waste disposal site at Barnwell,
SC. One lysimeter at each site was filled with inert media.
Procurement of all capital equipment was completed during FY-1985.
The lysimeter systems (Figure 3) were implanted in the laboratory
waste areas, the waste forms and detectors installed in each
lysimeter, and the lysimeters filled with the specified soils or inert
material. Seven waste farms were stacked end-to-end in each lysimeter
to provide a 1-L volume. Monitoring of detectors designed to track
migration of radionuclides began, with liquid sample collection
beginning three months from the time of placement and continuing once
every three months thereafter. The monitoring includes sampling of
liquids from locations near the waste form and chemical analysis of
those liquids. It is anticipated that radionuclide migation from the
waste form resulting from release of radionuclides by degradation of
the waste form will not be observed during the initial readings.
Those findings will be issued in a letter report.
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Figure 3. Full section schematic of a lysimeter used for field testing
EPICOR-II resin waste forms.
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Task 4—Liner Integrity Examination--The equipment design requirements
were developed for this task and a majority of the hardware was
fabricated during FY-1982. All capital equipment was completed and on
hand by early FY-1983. The ion ex^drige media from the two study
liners, PF-3 and -16, were transferred into replacement liners.
Visual examination of the liners, removal of metallurgical samples,
and metallurgical evaluation of the removed samples were completed.
Disposal of ;7--J and -16 was completed. The GEND a report
(Ref=~£-;ce 9) describing the results of the examination was released
ana distributed under DOE funding. The task then was terminated.
FUTURE PLANS
The following paragraphs describe plans for future work, assuming
funding is available:
Task .1--Resin Degradation—During FY-1986, the second sampling of
resins from the study prefilters, PF-8 and -20, will be accomplished
and the samples analyzed both chemically and physically to measure
additional degradation. The NUREG report comparing analyses of the
first and second samplings will be completed.
The chemical and physical analysis, of resins from tha third sampling
will be completed in FY-1988. A topical report will be prepared
comparing the results of the first three analyses. The fourth resin
sampling and sample analysis will occur in FY-1991, after which a
topical report will be written that year. The fifth and last resin
sampling and analysis will occur in FY-1994. The fifth sampling
effort will include collecting materials from two control liners, PF-9
and -27, stored with the study liners throughout the duration of the
resin degradation task. Analysis of these final samples will be
completed that same year. Results of all the resin degradation
analyses will be integrated and compared to ascertain the rate of
resin degradation through time as a function of cumulative radiation
dose. It is expected that degradation will progress with time and
that a significant amount will have occurred by the end of 10 years.
A final NUREG report on the task will be written and issued in FY-1994.
Task 2--Resin SpJ_id_i.Mcation--Testing for radiation stability and
biode> radabiiity will be completed in FY-1986, and a topical report
written and released, completing work on this task. EG&G Idaho will
evaluate the test methods recommended in the TP in terms of their use
for demonstrating stability for ion exchange media wastes. If needed,
alternative testing protocols will be recommended.
Task 3--Field Testing—Operation of the experiments will continue in
FY-1986. A letter report will be issued describing the previous
year's results, and a topical report written describing the experiment.
a. GEND is an acronym for General Public Utilities Nuclear Corporation,
Electric Power Research Institute, U.S. Nuclear Regulatory Commission, and
U.S. department of Energy.
~"
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The experiments will be operated and monitored on a continuing basis
through FY-2004, a total of 20 years. Letter reports will be issued
annually presenting the results of measurements to date. A topical
report will be written presenting interpreted results and comparing
them with results from other lysimeter experiments and leach tests of
Task 2. This report will be issued at the end of the project.
RESULTS OF INVESTIGATIONS
The following section reviews results obtained from the investigations
to date, including those produced under both NRC and DOE funding.
The study of degradation of EPICOR-II organic ion exchange resins at
INEL correlates the findings of other researchers (References 13-18), and
degradation has been identified in the EPICOR-II resins at a lower than
predicted total integrated radiation dose (Reference 15). The internal
dose received by the organic ion exchange resins in EPICOR-II prefilters
Pf-8 and -20 was sufficient to initiate degradation. The degradation at
the time of this analysis was measurable, as can be seen by the damage to
resins (Figures 4 and 5 ) . Also, the equilibrium of the polymer structure
had been shifted towards polymer breakdown. Further sampling and analysis
of EPICOR-II resins will assist in determining the rate at which the resins
are being degraded.
Find;.igs from tne degradation study can be related to the commercial
disposal of spent ion exchange media used in power reactors. The
determination of onset of degradation, and later, of significant loss of
exchange capacity with resultant loss of radionuclides will provide a data
base useful in planning for, and regulation of, disposal of ion exchange
resins.
The objective of the resin solidification task is to confirm the
adequacy of the test procedures recommended in the TP for ion exchange
resins having high radionuclide loadings. Testing actual ion exchange
media wastes provides an opportunity to assess how well the test methods in
the TP ensure solidification into a stable product. If highly loaded ion
exchange resins require alternative testing protocols, those methods will
be recommended.
Portland Type I — 11 cement and Dow polymer waste form specimens
(Figure 6) incorporating EPICOR-II ion exchange resin wastes from
prefilters PF-7 and -24 were found to meet the free standing liquid and
compressive strength requirements of the TP and were resistant to thermal
degradation, as specified by the TP. The test results indicate the general
applicability of ASTM 6 553-79 and ASTM C 39-72 to thermal stability
testing of waste forms, as specified in the TP. However, minor
modifications to the TP are recommended to ensure that (a) evaporative
water loss from specimens does not occur during or before thermal cycling
and (b) times at temperature are sufficient to cause specimen temperatures
to cycle between below freezing and above- thawing, or achieve desired
maximum and minimum temperatures.
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PF-8#1
Figure 4. Scanning electron microscope photomicrograph showing damage
(curved fractures) to the strong acid cation resin from PF-3 due
to degradation.

PF-8#2
Figure 5. Scanning electron microscope photomicrograph showing damage
(spongy appearance) to the phenolic cation resin from PF-B due
to degradation.
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Figure 6.

Example of an EPICOR-II resin waste form Immobilized with Dow
polymer.

In the field testing task, the lysimeter vessels (see Figure 3 ) ,
instrumentation, and weather stations were shipped to ANL-E and ORNL where
the experiments were installed, checked out, and are presently operating.
The first leachate samples will be collected at the end of September 1985.
The objective of Task 3 is to compare results of the short-term
laboratory leach test in Task ? with actual leaching in the field. If
short-term leach tests do not compare well with the field tests, EG&G Idaho
will recommend alternate leach testing methods.
In the liner integrity examination, visual examination o. the liner,
revealed that the exterior and interior base metal surfaces appeared sound
(References 9 and 10). It also was noted that the interior coatings were
blistered, loose, and in some locations had spalled or chipped. There
appeared to be more coating failures in liner PF-16 than -3. The interior
surface of liner PF-3 was coated with a thin, rust-colored film. Both
liners had bands of rust on the interior walls at the lovel corresponding
to the top surface of the resin.
Corrosion products were found between the coatings and the base metal
on both the interior and exterior surfaces of both liners. In general, the
corrosion products and coatings adhered to the base metal. Areas were
observed where corrosion products were surrounded by coating, which
suggests that corrosion products were formed before the coating was applied
to the liner.
The area of maximum corrosion on liner PF-3 was determined to be the
bare area on the inside surface where coating has been intentionally
removed for a conductivity probe. A section was removed from that area for
metallurgical evaluation (Figure 7 ) . Corrosion in that area was uniform
with no evidence of pitting or pitting-type corrosion (Figure 8 ) .
Comparing the minimum measured wall thickness in that corroded area with
the measured uncorroded base metal thickness indicates a calculated minimum
lifetime for liner PF-3 of 50 years. That exceeds the required liner
interim storage life of 13 years at INEL. The resulting information was
used to assess the ability of the liners to contain the highly radioactive
contents during interim storage at INEL and assist in selecting materials
for high integrity containers to be used in the final disposal of the
EPICOR-II prefilters. work on this project is complete.
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INEL 4 4421

Figure 7. Metailographic section removed from the wall of Uner PF-3
showing corroded Interior surface.

— Mounting
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Figure 6.

Photomicrograph normal to the Interior surface of Section 1
taken from prefnter PF-3 showing the uniformly corroded
Interior surface.
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SESSION II. CHARACTERISTICS AND
TREATMENT OF LOW-LEVEL WASTE
SESSION A

DEVELOPMENT OF AN ACCELERATED LEACH TEST(S) FOR LOW-LEVEL WASTE FORMS
D.R. Dougherty, M. Fuhrmann and P. Colombo
Department of Nuclear Energy
Brookhaven National Laboratory
I'oton, New York 11973
ABSTRACT
An accelerated leach test(s) is being developed to predict long-term
leaching behavior of low-level radioactive waste (LLW) forms in their disposal environments. As necessary background, a literature survey of reported leaching mechanisms, available mathematical models and factors that
affect leaching of LLW forms has been compiled. Mechanisms which have been
identified include diffusion, dissolution, ion exchange, corrosion and surface effects. A computerized data base of LLW leaching data and mathematical models is being developed. The data is being used for model evaluation
by curve f i t t i n g and statistical analysis according to standard procedures
of statistical quality control. Long-term leach tests on portland cement,
bitumen and vinyl ester-styrene (VES) polymer waste forms are underway which
are designed to identify and evaluate factors that accelerate leaching without changing the mechanisms. Initial results on the effect of temperature
on leachability indicate that the leach rates of cement and VES waste forms
increase with increasing temperature, whereas, the leach rate of bitumen is
l i t t l e affected.

INTRODUCTION
Leaching of low-level radioactive waste (LLW) in the disposal environment is the f i r s t step in the release of activity to the surrounding environment. Hence, evaluation of leaching behavior has been considered essent i a l in evaluating LLW forms1»2. Since the activity in LLW forms may not
decay to innocuous levels for several hundred years, i t has been deemed useful to develop an accelerated leach test(s) that can be used to predict the
long-term leaching behavior of solidified LLW. This is to be accomplished
through an understanding of the prevailing leaching mechanisms and the factors which control leaching behavior. A comprehensive evaluation of the
rate controlling factors associated with specific leachant and waste form
compositions will establish the basis for the development and validation of
an accelerated leach test(s) under a variety of environments.
Activities for the past year have been directed in the following areas:
(i) A literature survey of reported leaching mechanisms, available
mathematical models and factors that affect leaching of LLW forms has been
compiled. A report documenting the results of the literature survey has
been published.
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(ii) A computerized data base of LLW leaching data and mathematical
models is being developed.
(iii) Experimental investigations on portland cement, bitumen and
vinyl ester-styrene (VES) test specimens have been/are being performed to
provide data for the data base, for model evaluation and to evaluate factors
that accelerate leaching. These studies include long-term leach tests on
replicate test specimens, short-term scoping studies, solid phase analyses
and statistical ccrrelations of leaching releases.
Various solidification agents for LLW have been used in an effort to
produce stable, leach-resistant waste forms^.5. The solidification agents
under investigation in this program include portland cement, bitumen, vinyl
ester-styrene copolymer (DOW process^} and the soda-lime-silica glass
under development at Mound Laboratory'. These solidification agents represent a range of materials types - hydraulic cement, thermoplastic, thermoset and glass, respectively, and are either in use or being considered for
LLW solidification.
THE LITERATURE SURVEY
A literature survey on leaching mechanisms, mathematical models and
factors that affect leaching from solidified low-level radioactive waste has
been compiled from reviews of previous work, pertinent models and information about parameters known to affect leaching^. The following is a brief
summary of the results of this survey. Fuller accounts of, and references
for the statements in this section are provided in Reference 3.
A report8 on leaching mechanisms of the borosilicate glass high-level
waste (HLW) solidification matrix was reviewed for applicability to the LLW
leaching mechanisms survey program. Although some information from the HLW
program was useful, in general it was not applicable because the solidification agents, waste types, radionuclides of concern and disposal environments
are different and the time span of concern for LLW is shorter than that for
HLW.
Leaching Mechanisms
Reported leaching mechanisms have included diffusion, dissolution, ion
exchange, corrosion and surface effects. Diffusion has traditionally been
considered to be the most important leaching mechanism. However, it has
been indicated that dissolution is also important for waste containing soluble salts and that ion exchange is important when sorbents such as zeolites
or clay are included in the waste form.
Cement
The leaching of cesium from pure portland cement has been shown to
closely follow diffusion kinetics by numerous experimenters. This appears
to be so because cesium is neither chemically bound by cemant nor is it
sorbed to any significant extent onto cement. Additives which sorb cesium,
such as zeolites, certain clays and silica, can reduce cesium leachability
by factors of a hundred or more, depending upon the additive. When sorption
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is the dominant mechanism of cesium binding in an additive-doped cement
waste form, then cesium leachability may be dependent upon displacement of
the sorbed cesium by calcium from the cement. In such cases cesium leaching
may follow diffusion kinetics, however, the actual leaching mechanism ( i . e . ,
the rate l i m i t i n g step) is release from the sorbent. The amount of any such
additive is also important to the long-term leachability in that the continued slow reaction of Ca(0H)2 with available silacious material, including zeolites, reduces the sorbing capacity. I f the amount of additive is
not sufficient to consume a l l of the Ca(0H)2 liberated by the portland cement in the long term, then the sorption value of the additive can be lost
over time and the long-term leachability can increase.
Sr leaching from cemented waste forms does not appear to be simple d i f fusion. I t has been shown to be affected by the presence of CO2 and by
the presence of non-radiostrontium which may be added to waste forms to cont r o l Sr release by solubility and dilution considerations. I t has been
speculated t h a t , over the long term, Sr may be chemically incorporated into
cement although no direct evidence for this has been reported.
Cobalt leachability from cemented waste forms appears to be controlled
by the low s o l u b i l i t y of Co in the high-pH cement environment. Although Co
can exist in two oxidation states, no specific effects of Eh on cobalt
leachaoility seem to have been reported. Cobalt readily forms complexes
with chelating agents and other complexants which can increase the s o l u b i l i t y of the complexed ions.
Bitumen
No d e f i n i t i v e mechanistic studies of leachability of bituminized waste
forms were found although leach data have been analyzed assuming d i f f u s i o n ,
diffusion plus dissolution and dissolution. Swelling of bituminized waste
forms during leaching often complicated data interpretation.
Polymers

Mechanistic studies on the leaching of polymer-solidified waste forms
appear to be in a preliminary phase of measuring characteristics of permeation through polymer membranes. Such studies are necessary to consideration
of the effects of waste loading on leaching behavior.
Glass
The leaching mechanisms and leach rate controlling factors for HLW
glass have been intensively studied and extensively reviewed for conditions
in a HLW deep-geologic repository. The LLW glass which has been i n v e s t i gated is of a somewhat different composition than the HLW glass and is a
two-phase system as opposed to the single-phase HLW glass. These d i f f e r ences do not appear to affect the short term leaching behavior in that the
Teachabilities of both glass waste form types are reportedly similar in
short-term leach tests. Long-term behavior of the LLW glass waste form has
not been investigated.
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Mathematical Leaching Models
Mathematical models which quantify any understanding of leaching are
generally regarded as desirable and necessary for long term prediction of
leaching behavior. All of the mathematical models for LLW leaching are derived from solutions to the diffusion equation and most are limited to consideration of a constant diffusion coefficient and a semi-infinite medium.
Other mechanistic processes are included as additional terms in the equation. Each additional term represents a mechanistic process and incorporates a parameter which must be assigned a value, either by computation
within the model or from independent knowledge. Diffusion coefficients,
rate constants and equilibrium constants are common parameters. Although
these parameters are generally assumed to be constant, there is reason to
expect that the diffusion coefficient, D, varies with both concentration in
the waste form and changes in porosity in the waste form. The initial and
boundary conditions assumed for modeling purposes must be met for any model
to be a valid representation of the problem. The most common initial condition is that of a homogeneous medium with a uniform concentration prior to
leaching while a typical boundary condition assumes that the leachant concentration remain negligible during leaching.
Factors That Affect Leaching
Understanding factors that affect leaching is fundamental to any procedure for accelerating leach testing. The accelerated leach test(s) will be
based on accelerating factors which do not change the leaching mechanism(s)
predominant in the disposal environment.
Factors that affect leaching have been divided into three categories:
(i) system factors, (ii) leachant factors and, (iii) composition of the
solid waste form.
System factors include time, temperature, pressure, radiation environment and ratio of waste form surface area to leachant volume. Leach rate is
a function of time and the functional dependence typically changes over the
long term. Any attempt to predict long-term Teachability must account for
long-term changes in leaching behavior.
Temperature is generally the first parameter to be varied in attempts
to analyse rate processes since, if the rate behavior obeys the Arrhenius
equation, then an apparent activation energy can be assigned to the process.
Correlating apparent activation energies with reasonable physicochemical
processes is a traditional tool for analyzing rate processes. Leach rates
of some glasses follow Arrhenius behavior. The Teachability of cement increases with temperature; however, an irreversible change in the pore structure of cement with increasing temperature which increases leachability
complicates any attempted Arrhe.iius analysis. No definitive trends in the
leachability of bituminized waste forms with temperature have been
reported.
Pressure effects in near surface burial of LLW may be negligible except
for bituminized waste forms, which will probably deform by creep. The effect of creep deformation on the leachability of bituminized waste has apparently not been investigated.
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The specific u t i l i t y of the data base is to provide:
•

A convenient compilation of selected data.

i

An efficient vehicle for curve f i t t i n g data to mathematical models.

•

An efficient vehicle for statistical analysis of curve f i t s for
model validation and evaluation of factors that accelerated
leaching.

Leaching data from the experimental part of this task plus leach data
from the literature are being included in the data base.
Data Base
The data base 'schema' provides the instructions and format for entering the data and other information necessary to provide a complete description of the leach samples., Information on the solidification agent,
waste type, sample size, leachant composition, the reference from which the
data was taken, plus other information are cataloged for each sample or set
of replicate samples. The retrieval programs process the data for curve
f i t t i n g , plotting, printing out in various formats and other operations.
The 'schema' is formatted in pages ( i . e . , records) of information. The
f i r s t page contains the sample information on solidification agent, etc.,
while the leaching data is entered in the following pages, one page for each
data point. For leaching data the points are defined by the sampling time
and contain fractional release values for one or more radionuclides and/or
other elements or compounds of interest in the leaching experiments.
Each set of leach data is assigned a five digit number, the TESTID, and
may be further specified by an alphanumeric SAMPLEID. A Sample Replicate
Number may also be specified for replicate experiments. The five digit
TESTID is subdivided into (2 digits, 1 d i g i t , 2 digits) for organizational
purposes. The f i r s t two digits are used to designate the literature reference and/or reporter of the data. The third digit is currently unassigned
while the last two digits identify individual experiments. The SAMPLEID is
currently used for local identification of leaching experiments performed
under this task.
Data Selection
Data selection for the data base has been based on the completeness of
the experimental description such that the experiment, from test specimen
fabrication through leachant replacement intervals, could be d"plicated. Of
special interest, are data for replicate test specimens, full-scale waste
forms and test specimens incorporating real or simulated waste. Replicate
test specimens leached in both pure water and brine are of interest since
increased leachability in brine indicates that ion exchange may be the dominant leaching mechanism in leachants which contain exchangeable ions.

217

Since the data are to be curve f i t t e d with mathematical models, the
data must also be evaluated for compliance with the boundary conditions of
the models. I f the data were not obtained in a manner which complies to the
boundary conditions under which any particular model i s v a l i d , then the data
cannot be r e l i a b l y interpreted by curve f i t t i n g to that model. Therefore,
i t is also necessary to evaluate leach testing procedures for compliance
with model boundary conditions. One concern is the leachant flow rate or
replacement frequency in the leach t e s t . Leach t e s t s generally specify
fixed leachant replacement intervals which are closely spaced at the s t a r t
of the test and become longer as the test proceeds. The standard boundary
condition in leaching models is that leaching takes place into a leachant
which has e f f e c t i v e l y zero concentration of the species of i n t e r e s t . Since
experimental evidence of the effect of the leachant replacement interval is
seldom reported with leach testing results, a posteriori c r i t e r i a are being
developed to evaluate the adequacy of the leachant replacement interval in
any given leach t e s t to meeting model boundary conditions. These c r i t e r i a
are in a preliminary stage of development and are not presented here.
EXPERIMENTAL
Baseline Experiments
A series of leaching experiments designed to provide long-term leaching
data for t h i s program have been underway for over 400 days. T r i p l i c a t e
samples of portland type I cement, vinyl ester-styrene and bitumen each cont a i n i n g 137cs5 85s r and GOCo tracers are being leached in d i s t i l l e d
water. These experiments are based on the ANS 16.1 test but leachant replacement intervals have been added and the test time has been extended.
Currently, laachant replacement occurs every 21 days. These tests serve
several functions:
t

To provide long-term data for modeling.

•

To provide leaching data against which accelerated tests can be
compared.

t

To provide samples and data with which long-term leaching
mechanisms, or changes i n mechanisms, can be observed.

The examples presented here are limited to *37cs released from cement. Similar results are available for the other isotopes and s o l i d i f i cation agents under investigation.
Figure 1 i l l u s t r a t e s the cumulative fraction release of *37cs f r o m
replicate cement specimens. Such replicate tests are needed for s t a t i s t i c a l
evaluation of both the data and the significance of curve f i t s to models.
S t a t i s t i c a l analysis for t h i s program is being adapted from basic procedures
used for s t a t i s t i c a l quality c o n t r o l , as detailed i n Reference 10.
In addition to radionuclides released from the waste forms, leaching of
the matrix material is also being investigated. Cement leachates are being
analysed for Ca, S i , A l , Na, K, Cs, Sr, Fe, Mg and a l k a l i n i t y , A p r e l i m i nary correlation matrix for the elements detected in the leachate, as well
as i37c.s and ^ 5 Sr, is shown i n Figure 2.
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Figure 2. Correlated matrix, for elements released from portland cement. Each
correlation coefficient indicates the linear goodness of fit between
the element at the top of a column and the element in that row in the
column on the left.

This matrix provides an indication of the correlation between the releases of two elements. The closer the correlation coefficient approaches
one, the better the correlation between the leaching of the two elements.
For example, the correlation coefficient of 0.72 for calcium vs strontium
indicates r e l a t i v e l y uricorrelated leaching behavior whereas, the coefficient
0.96 for strontium vs potassium indicates stronger correlation, i . e . , strontium from the s o l i d i f i c a t i o n agent is released proportional to potassium.
The poor f i t of 85 Sr tracer to matrix strontium i s noteworthy. These elemental relationships w i l l be compared with correlations from future leaching
studies to detect differences that may indicate changes in leaching
mechanisms.
Temperature Effects
A series of short-term scoping experiments were performed to determine
effects of temperature on leaching. Figure 3 shows cumulative fraction released for cement samples leached at 20, 30, 40. 50 and 70°C. As expected,
leaching increases with temperature. Approximately 86% of the Cs-137 was
released in 18 days at 70°C whereas 73% of 137Cs was released in 368 days
at 20°C.
Preliminary analysis was performed by p l o t t i n g the 30°C, 40°C, 50° and
70°C cumulative fraction releases against the 20°C baseline fraction release. At 20°C, 30°C, 40°C and 50°C the data i s linear but with changing
slope to r e f l e c t accelerated leaching (Figure 4 ) . This suggests that the
mechanism remains unchanged over t h i s range of temperature. The 70°C data
is not linear. This may be the result of 137Cs depletion in the sample.
However, i t appears to be more related to the leaching mechanism i t s e l f
since the sample leached at 50°C does not show any depletion e f f e c t , even at
64% release, whereas, by comparison, leaching from the 70°C sample slowed
down at 45% release.
A further analysis of the data is shown in the Arrhenius p l o t , Figure
5, where the log of the incremental leach rate taken between the 11 and 18
day sampling intervals is plotted against 1/T where T is the absolute temperature in degrees Kelvin. The rates for temperatures from 20-50°C appear
reasonably l i n e a r , whereas that for 70°C is clearly anomalous compared to
the lower-temperature data. On this basis i t appears that 137r,s leached
from cement can be accelerated by temperatures up to approximately 50°C
without disturbing the leaching mechanism.
Ongoing investigations include:
•

Long-term leaching behavior at the optimum elevated temperature,

t

Scoping studies of other accelerating factors.

•

Scanning electron microscopy/energy dispersive x-ray spectrometry of
the solid phase after leaching.

•

Effects of wastes on leaching behavior.
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NITRATE WASTE PROCESSING BY MEANS OF
THE JOULE-HEATED GLASS FURNACE
K. M. Armstrong and L. M. Klingler
Monsanto Research Corporation
Mound*
Miamisburg, Ohio 45342
ABSTRACT
An investigation was conducted to determine the feasibility
of using a joule-heated glass furnace to treat the low-level
radioactive nitrate salt wastes being generated in vast
quantities at a number of DOE sites. Under current disposal
practices, these salts, because of their high solubility,
pose a serious threat of groundwater contamination.
The goal of the project was to demonstrate thermal decomposition of the salts, without creating an alternate environmental problem by releasing nitrogen oxide gases to the
atmosphere. Through the use of literature searches and a
series of experimental runs it was found to be possible to
obtain both high percentage s>jlt destruction and simple and
inexpensive No control. The selective reduction agent,
A

ammonia, introduced under proper furnace conditions, controlled NO emissions to well under 500 ppm without any
trolled NOA emissions to
A

equipment modifications.
INTRODUCTION
An evaluation of the capability of a joule-heated glass furnace to process low-level n i t r a t e wastes was performed by Mound f o r the DOE LLWMPsponsored Waste Generation Reduction - Nitrates study (WBS no. 3.5.1 AR)
directed by Rockwell I n t e r n a t i o n a l , Rocky Flats Plant.

The focus of t h i s

*Mound is operated by Monsanto Research Corporation f o r the U. S. Department
o f Energy under Contract No. DE-AC04-7GDP00053.
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work was on both the operational and economic feasibility of this treatment
technique to provide data for its comparison with analogous technologies.
Guidelines established by Rocky Flats as minimum criteria for determining the success of a process were the demonstration of greater than 90% salt
destruction and less than 500 ppm NO in the resulting offgas. Mound's
X

approach, therefore, was to conduct a series of short duration burns to
investigate the furnace's ability to comply with these criteria in standard
operating mode, then to investigate some basic process modifications. These
"screening studies" were designed to give parameters for a series of long
term (6 hr) burns approximating an actual processing mode in which a full
range of monitoring would be utilized.
SYSTEM DESCRIPTION
The system under study at Mound consists of an electrically hsated
glass melter connected to a wet offgas scrub system. The glass meiter was
purchased from Penberthy Electromelt, Inc., and is of fairly standard manufacturer design. The unit is equipped with feed systems designed to provide
the flexibility to introduce a variety of wastes in accurately metered quantities.
The glass melter is essentially an elongated chamber designed to provide
residence time in a high-temperature zone to primary combustion gases and
gas-entrained particles passing through it (see Figure 1). A pool of molten
glass forms the chamber floor. Four high-purity iron electrodes protrude
horizontally through one side wall and into the glass pool providing the
electrical power to sustain melt temperatures.
Upper chamber walls are constructed of dense firebrick, and the ceiling
of cast refractory blocks. The entire furnace is lined with firebrick. An
outer skin of 310 stainless steel is separated from the firebrick by an air
space.
A pressure relief valve for the furnace is provided by a water seal.
The chamber forming this seel is vented through an HEPA filter to a building
exhaust duct.
227

Glove Box

o

Glove Box

o
Air in

o o

Screw Feeder

o
oo

High Density
Firebrick (4Vi")

• Airspace
(V)
- SS Skin
(3/8")

Firebrick
(4'/,")

— AZS
Fused Cast Refractory
(6")

Figure 1. Schematic of glass furnace.

Gases ^ a v e the furnace through an exhaust port at the end of the chamber opposite the feed port and enter a wet offgas system (Figure 2 ) . The
system consists of primary and secondary wet scrubbing equipment, followed
by a high efficiency filter. A scrub liquid recycling system provides
caustic solution for the scrubbing operations.
DESCRIPTION OF WORK
Background Studies
Initial interest in investigating nitrate waste treatment by means of
the joule-heated glass furnace stemmed from a uniquely advantageous combination of system characteristics. This combination includes:
1.

An operational temperature range from 760°C to 13I5°C, adequate
even at the lower limit to decompose nitrate salts rapidly and
completely.

2.

A heat supply independent of combustion reactions, negating the
requirement for oxygen supply to the furnace.

3.

Great flexibility in and a high degree of control over reaction
vessel atmosphere and temperature.

4.

A molten glass bed in the chamber which has been shown to capture
most radioisotopes and toxic metals fed to the furnace and which.,
after removal and solidification, provides an excellent inorganic
immobilizing matrix for permanent disposal.

When coupled with an offgas system proven capable of handling acid gases
and particulate carryover, the glass furnace system appeared to offer optimum
conditions for the comprehensive treatment of a nitrate waste stream.
The major area of concern to be addressed in this study was whether the
favorable conditions afforded by the melter could be effectively used, not
just to decompose nitrate salts, but to do so without releasing unacceptable
quantities of nitrogen oxide gases.
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Figure 2. Wet offgas system.

Screening Studies
Screening experiments were performed first to determine the behavior of
nitrate salts in the furnace environment under various operating conditions,
and then to determine which of these conditions would result in emissions
within the established limits. This was accomplished in a series of short
duration burns in which a feed of pure NaNO,, was processed.
Table 1 shows the run conditions and resulting maximum NO

levels
A

experienced during each run. In each ca^J pressure in the furnace was
maintained at -3.7 to -5.6 mm Hg. Offgas flowrates were maintained as
constant as possible at approximately 1.63 m3/min (dry standard).
To determine NO emissions, a sample stream was extracted from the flue
A

ges prior to the scrubber system, conditioned for water and particle removal,
and then injected into a Beckman 951A continuous NO/NO monitor for analysis
A

by chemiluminescence.
Table 1. SCREENING EXPERIMENTS

Run No.
1
2
3a
4
5b
6
7
8
9
10
a.

Feed

Dry
Wet
None
Dry
Dry
Dry
Dry
Dry
Dry
Dry

Temperature
(°C)

Reducing
Agent

Maximum NO
Level x
(ppm)

1260
1260
1260
1260
1000
1260
950
950
950
950

None
None
None
Propane
None
None
None
NH40H
NH40H
NH40H

2500 (NO)
2600
90
2450
2650
2600
1150
450
150
260

Thermal NO
A

b.

Feedrate increased to 55 kg/hr

231

The first three runs of this series were conducted to establish "baseline" results for comparison with future data. Parameters were set to
determine the NO levels that could be expected as a result of thermal NO
X

X

production from air alone, and those produced by adding dry and wet (20 wt %
HpO) NaNO, without a reducing agent. Each of these runs was conducted at a
maximum furnace temperature of 1260°C to provide "worst case" data.
Subsequent runs were aimed at testing a number of operating conditions,
comparing results with the established baselines, and determining the most
promising treatment techniques. In these experiments the effectiveness of
flame reduction was first investigated because this was expected to involve
the least modification to the system. Propane was selected as the reducing
agent because it was already supplied to the furnace. The literature indicates that flame reduction is a nonselective process, and that all oxygen
has to be bound before significant NO reduction takes place. Providing
A

sufficient propane to accomplish this would be expensive in the existing
system because of air inleakage, would be hazardous because of insufficient
control and safety, and could result in combustibles in the offgas. Experimentation was therefore limited to attempting to provide local areas adjacent
to the feed stream in which highly reducing conditions prevailed. If these
experiments brought some corresponding decreases in NO emissions, further
A

experimentation was planned. Both relocation of propane feed ports and
increasing volumes of propane were investigated. The best results obtained,
as indicated in Table 1, were too inconclusive to continue.
Temperature reductions were then investigated in runs 5 and 7. As
shown, lowering of the operating temperature to 950°C (run #7) resulted in a
significant reduction in NO emissions.
A

Finally, ammonia was introduced as a selective reducing agent by means
of a 28 wt % solution of NH^OH in runs 8, 9, and 10. In standard application, ammonia reduction is used as a second stage treatment for an existing
process offgas in conjunction with gas conditioning. Chamber conditions in
the glass furnace, however, are such that the solution could be added
directly to the furnace, greatly simplifying the process. Run 8 represents
the results of metering solution into the offgas end of the furnace chamber.
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Although the results were within the emission limits, temperature control
became more difficult. The exothermic nature of this reaction caused a
steady increase in temperature at the offgas end of the unit, while dissociation at the feed end caused a progressive cooling. Runs 9 and 10 were
therefore conducted with the NH»0H solution metered into the front feeder
half of the unit. This provided an increase in residence time and enhanced
mixing which, when coupled with the lower operating temperature, afforded
excellent results.
Based on these data, information from literature, and simplicity of
operation, it was decided that the most promising operating mode for achieving the required NO reduction would be one of low chamber temperature
(950-1010°C) and the use of NH 4 0H as a reducing agent (at 650 cm 3 /min). A
waste feedrate of 41 kg/hr was chosen.
Extended Operation Study
To investigate these conditions further, a 6-hr burn was planned.
Waste for this burn consisted of a formulation of salts which simulated the
nitrate waste stream produced by Rocky Flats Plant (see Table 2 ) . This feed
was measured into the unit dry. Ammonium hydroxide was introduced through
two air inlet ports directly below the feed port, on opposite sides of the
furnace. In addition to providing maximum residence time and mixing opportunity, this location permitted reaction heat to be used to advantage in
maintaining a more uniform temperature over the furnace chamber.
NO emission levels were monitored continuously throughout the burn
A

using the Beckman NO/NO continuous monitor.

The instrument was calibrated

A

against high-purity span gases of known NO concentration prior to burn initiation and once every hour thereafter. Using this mode of operation,
accuracies of ±1% of full scale can be expected.
Backup data were provided by EPA Methods 7 and 7D. EPA Method 7D
consists of a 1-hr integrated gas sample which is extracted from the stack
and collected in alkaline potassium permanganate solution (4.0 wt % KMnO.,
2.0 wt % NcOH in H 2 0). N0 x emissions (NO and N0 2 ) are oxidized to the
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Table 2. ROCKY FLATS PLANT NITRATE
WASTE COMPOSITION USED IN TRIAL BURN
Compound

Quantity
(wt %)

NaNO3

53.9

KN0 3

33.9

Na 2 S0 4

2.8

K 2 SO 4

1.8

NaCl

3.2

KC1

2.2

Na 3 P0 4

0.9

K 3 PO 4

0.6

NaF

0.4

KF

0.3

nitrate ion (N0.J, which is analyzed by ion chromatography using a 0.003^
NaHCCL/0.0023JM Na^CO- element. Intralaboratory precision for a single measurement is ±67a at 200 to 270 ppm NO . One drawback of this method with the
A

chosen process conditions is the possibility of interference by NH~ which
would be oxidized to N0_ by the absorbing solution. For this reason, the 7D
sample was taken after the scrubber system so that NHL inte ference would be
el iminated.
During each EPA Method 7D sample run, several gas samples were extracted from the offgas duct just prior to the scrubber system using EPA Method
7. According to this procedure, a grab sample is collected in an evacuated
flask containing 25 mL of a dilute sulfuric acid-hydrogen peroxide absorbing
solution. The nitrogen oxides, with the exception of nitrous oxide, are
converted to nitric acid, then measured colorimetrically.
Flowrates through the offgas ducts were established by EPA Method 5.
This method couples isokinetic sampling techniques with moisture determinations via an impinger train.
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DISCUSSION OF RESULTS
Results obtained from the continuous NO/NO monitor during the trial
A

burn are shown in Figure 3 as a tracking of NO emission levels over run
X

time. The plotted results reflect only the first 4^ hr of run time because
nf a recorder malfunction in the latter part of the burn. As can be seen,.,
NO values were well under the operating limits, with the single exception
of the last data point. However, a general trend toward higher values began
after approximately 2 hr. The reason for this trend is made clear in Figure
4. Figure 4 shows a drop in the average furnace temperature as a function
of time. As a result, once the chamber temperature was reduced below the
lower reaction temperature limit (850°C), as discussed previously, the
effective NO reduction was likewise reduced.
A

The problem experienced with decreasing chamber temperatures occurred
because the operating power settings were based on energy requirements determined through the screening studies while processing pure NaNOg as a feed
material. The reaction involving Rocky Flats type nitrate waste, on the
other hand, was found to be much less exothermic. This resulted in a rapid
lowering of the chamber temperature so that, by the time the problem was
diagnosed, a cold cap had already formed on the surface of the glass retarding temperature recovery. This situation could easily have been avoided by
applying increased power to the furnace from the start of the run.
Backup data obtained by the EPA Method 7D integrated sampling technique
are shown in Table 3. A comparison with the average emission values recorded
by the NO continuous monitor during the entire sampling time shows a considerable reduction in NO levels due to caustic solution scrubbing.
A

Table 3. TRIAL BURN NO EMISSIONS BY EPA METHOD 7D
A

Sample Initiation
Time
(min into run)
110
255

NOX by EPA-7D
(ppm)
36.2
67.7
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Avg NO by Monitor
(ftpm)
205
452

Q.
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Figure 3. N0 x emissions by continuous monitor as a function
of time.
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Figure 4. Furnace chamber temperature as a function of time.
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During the course of the EPA Method 7 grab sampling i t was noticed t h a t
a dark yellow l i q u o r entered the f l a s k w i t h t h e sample stream.

An EPA Method

5 moisture determination j u s t p r i o r to the gr<sb sample l o c a t i o n revealed an
extremely high moisture content of 37.7%.

Analysis of t h i s stream indicated

a f l u i d composed mainly of w a t e r , but also w i t h s i g n i f i c a n t l e v e l s of Na ,
K+, NH,+ , NO-', and N0 3 " (see Table 4).
produced NO

Analysis o f the Method 7 samples

l e v e l r e s u l t s f a r above t h a t determined by the o t h e r monitoring

techniques, as can be seen i n Tables 3 and 5.

It is f e l t , therefore, that a

small p o r t i o n of the highly s o l u b l e n i t r a t e s a l t s was entrained i n the react i o n product l i q u o r and r e s u l t e d i n a s i g n i f i c a n t degree of sampling e r r o r .

Table 4. ION COMPOSITION OF LIQUID EXTRACTED
FROM THE FURNACE OFFGAS STREAM
Composition
(wt %)

Ions
F"

0.01

cr

0.15

NO 2 "

0.13

PO4"3

N.D.

Br"

N.D.

NO3-

0.16

so 4 ' 2

0.05

Na+

0.39

<

0.13

K+

0.74
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Table 5. TRIAL BURN N0 v EMISSIONS BY EPA METHOD 7
Sample Initiation Time
(min into run)

Sample No.

1
2

110
125
140
155
255
310
325
340

3

4
5
6
7
8

NO
X

Emission
(ppm)
3034
1174
2278
1599
3514
3377
1557
717

Note: Samples numbered 1-4 were taken during the first
Method 7D sample run, and samples 5-8 were taken
during the second M-7D sample run.

Contamination of the sample stream supplying the continuous monitor is prevented, despite its proximity to the Method 7 sample port, by an extraction
system which efficiently removes all moisture and particulate from the
stream prior to analysis.
CONCLUSION
Successful extended processing of RFP-type nitrate salts was accomplished in the glass furnace by maintaining operating temperatures between
850-1010°C with the addition of a selective reducing agent of 650 c:m3/min of
28 wt % NH.OH solution. The waste feedrate was 41 kg/hr when operating at
these conditions. NO emission levels were easily maintained at 500 ppm.
A

Although the demonstrated simplicity and effectiveness of this process
make it \/ery attractive, there are a number of areas in which Mound's glass
furnace does not represent an optimized, and therefore cost effective, system. Thus, actual processing of nitrate wastes would require some furnace
redesign.

238

TESTING AND EVALUATION OF POLYETHYLENE AND SULFUR CEMENT WASTE FORMS
E.M. Franz, P.D. Kalb and P. Colombo
Department of Nuclear Energy
Brookhaven National Laboratory
Upton, New York 11973
ABSTRACT

This paper discusses the results of recent studies related to the use
of polyethylene and modified sulfur cement as new binder materials for the
improved solidification of low-level wastes. Waste streams selected for
this study include those which result from advanced volume reduction technologies (dry evaporator concentrate salts and incinerator ash) and those
that remain problematic for solidification using contemporary agents (ion
exchange resins). Maximum waste loadings were determined for each waste
type. Recommended waste loadings of 70 wt% sodium sulfate, 50 wt% boric
acid, 40 wt% incinerator ash and 30 wt% ion exchange resins, which are based
on process control and waste form performance considerations are reported
for polyethylene. For sulfur cement the recommended waste loadings of 40
wt% sodium sulfate and boric acid salts and 43 wt% incinerator ash are reported. However, incorporation of ion exchange resin waste in modified sulfur cement is not recommended due to poor waste form performance. The work
presented in this paper will, in part, present data that can be used to assess the acceptability of polyethylene and modified sulfur cement waste
forms to meet the requirements of 10 CFR 61.
INTRODUCTION
The overall objective of the Waste Form Evaluation program, sponsored
by the U.S. Department of Energy's Low-Level Waste Management Program, is to
develop and test technology for the improved solidification of low-level
waste (LLW) through the use of materials and processes which are not currently being used commercially or by the DOE. The initial phases of the
program which included the selection of the potential solidification materials to be investigated (polyethylene and modified sulfur cement), the waste
types to be used, and the process development studies, have already been
reported 1 ' 2 * 3 . This paper will discuss the results of waste form property
evaluation studies.
The selection of polyethylene and modified sulfur cement was based on
such considerations as compatibility with waste, material properties, solidification efficiency, ease of process!bilitys availability of materials and
economic feasibility. They are both thermoplastic materials which form a
monolithic solid upon cooling. Since the solidification process is not dependent upon complex chemical reactions as it is in the case of hydraulic
cements and thermosettinn polymers, the processing is simplified and solidification of the waste is assured. Because both materials are heated above
their melt temperatures before they are combined with waste to form a homogeneous mixture, they are especially well suited for incorporation of dry
wastes resulting from advanced volume reduction systems. Both materials are
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resistant to chemical attack and are commercially available. The optimal
waste loadings for most waste types studied were usually as high or higher
than the optimal waste loadings for currently used solidification agents.
The types of waste which were selected for these studies are the products of advanced volume reduction technologies and "problem wastes," which
are wastes that are incompatible with conventional solidification agents.
The first category includes sodium sulfate waste, boric acid waste and incinerator ash. As a typical "problem waste," a mixed bed ion exchange resin
was used. The wastes were prepared to closely simulate actual wastes in
both physical and chemical composition. All of the wastes were dried to
facilitate mixing into the solidification materials.
WASTE FORM STABILITY TESTS
Waste form stability is considered to be an important factor in the
performance of shallow land burial sites. Thus, a data base of relevant
physical and chemical properties of the waste form is being acquired to help
predict potential behavior in a burial site. These data are generated
through the application of a series of standardized stability tests for
simulated laboratory scale waste form specimens. The tests which were used
in this study are listed in Table 1. All of these tests are included in the
NRC's Branch Technical Position Paper on Waste Form 4 . NRC's recommended
test methods and criteria by which waste form stability is determined are
also included in Table 1 so that the test, results reported in this study
could be judged for compliance with 10 CFR 61 stability requirements.
WASTE FORM FABRICATION
Polyethylene
Low-density polyethylene (LDPE) was chosen because its processibility
is less difficult than that of high-density polyethylene, which requires a
higher temperature and pressure. The processing methods used were extrusion
and batch mixing. Extrusion was found to be the optimal processing method
for incorporating LLW in polyethylene to form a. homogeneous mixture. For
the production of laboratory scale simulated polyethylene waste forms a commercially available 1 1/4 inch single-screw extruder was used. The process
details are given e l * ^
Maximum waste loadings for LDPE incorporating each of the waste types
investigated are: 70 wt% for sodium sulfate, 50 wt% for boric acid, 40 wt%
for incinerator ash and 65 wt% for ion exchange resins. Waste loadings are
presented in terms of waste which can be incorporated to form a monolithic
solid, based solely on processing parameters.
Modified Sulfur Cement
The modified sulfur cement used in these studies was developed by the
US Bureau of Mines and is commercially available. It contains a modifier (5
wt%) consisting of equal parts of DCPD (dicyclopentadiene) and an oligomer
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of CPD (cyclopentadiene). The material melts at 119°C t o form a l o w - v i s c o s i t y l i q u i d . Process development studies were performed using two methods, a screw extruder method and a d u a l - a c t i o n heated mixer. The low-melt
v i s c o s i t y of t h e modified s u l f u r cement impeded conveyance through the extruder barrel and also hampered the screw's a b i l i t y t o e f f e c t i v e l y mix the
waste and binder c o n s t i t u e n t s . More s u i t a b l e processing r e s u l t s were
achieved by using the heated batch mixer. The d e t a i l s of t h i s process have
previously been d e s c r i b e d ^ .

Table 1 . WASTE FORM TEST METHODS

METHOD

TEST
Compressive strength

ASTM C-39
or D-1074

90-Day Immersion i n Water

TEST CRITERIA
Compressive s t r e n g t h >_ 50 psi
Compressive Strength _>_ 50 psi

Thermal Cycle

ASTM B-553

Compressive Strength >_ 50 psi

Leach Testing (90 days)

ANS 16.1

L e a c h a b i l i t y Index > 6.0 f o r
each isotope

I r r a d i a t i o n - 10^ Rad
Biodegradation
Fungus Attack

Bacterial

Attack

Gamma I r r a d i a t o r
or Equivalent

Compressive Strength _>_ 50 psi
~~

ASTM G21

Fungal growth < 10%
Compressive Strength >_ 50 psi

ASTM G22

No observed b a c t e r i a l growth
Compressive Strength _>. 50 psi

Maximum waste loadings f o r modified s u l f u r cement waste forms as
achieved d u r i n g process development studies a r e : 80 wt% f o r sodium s u l f a t e
waste, 57 wt% boric acid waste and 43 wt% i n c i n e r a t o r ash.
WASTE FORM STABILITY EVALUATION
Polyethylene
The t e s t s outlined i n Table 1 have been applied t o polyethylene waste
forms c o n t a i n i n g each of the waste types i n v e s t i g a t e d at varying l e v e l s of
waste l o a d i n g s . Three r a d i o n u c l i d e s , 60c O} 85$ r and 1 3 7 C s , were
incorporated i n t o the waste f o r the leaching experiments.
In g e n e r a l , increased waste loadings f o r polyethylene specimens cont a i n i n g sodium s u l f a t e , b o r i c acid or i n c i n e r a t o r ash had l i t t l e e f f e c t on
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the results of such tests as thermal cycling, water immersion, biodegradation and irradiation. Only specimens containing ion exchange resins showed
a correlation between waste 'loadings and waste form failure during the water
immersion test. Specimens containing 50 wt% resin swelled approximately 9%
while those containing 60 wtX or more resin suffered severe cracking. Based
on this test a waste loading of 30 wt% dry ion exchange resin is recommended for solidification in polyethylene.
Some of the test results for polyethylene waste forms at optimal waste
loadings are summarized in Table 2. The results of the tests indicate compressive strengths which are well above the minimum 50 psi requirements.
In contrast, a clear dependence of leachability upon increased waste
loadings of 10, 30 and 50 wt% for all three isotopes was established for
polyethylene/sodium sulfate specimens. An example is given in Figure 1
where cumulative fraction leached of ^ C o is plotted as a function of
time. The cumulative fraction of 8 5 Sr, l37Cs and 6 0 Co leached from 50
wt% waste loaded samples after 91 days of leaching is similar (ru3 x 10" 2 )
for all three isotopes. For a plot of these data see Figure 2.
A dependence of leachability upon increased waste loadings was also demonstrated for all three isotopes in the leaching of polyethylene specimens
containing incinerator ash at waste loadings of 25 wt% and 35 wt%. An example of this can be seen in Figure 3 where the cumulative fraction leached of
"0Co is plotted as a function of time. At both loadings the cumulative
fraction
leached for 1 3 ? C S after 91 days of leaching was higher (7 x
10" 3 at 35 wt% loading) than that for &°Co and 8 5 Sr (^1.3 x 10" 3 at
35 wt% loading). These data are shown in Figure 4.
An opposite trend in the dependence of leachability upon increased
waste loadings of 10, 20 and 30 wt% of ion excnange resins in polyethylene
specimens was found. The higher the waste loading the lower the leachability. An example of that can be seen in Figure 5. In this case the cumulative
fraction leached for 85$r was higher (5.5 x 10-4) than that of
13
?Cs (1.2 x 10-4) and 60c o (2.3 x 10~ 4 ), as shown in Fipure 6.
In addition to cumulative fraction leached, all of the leaching data
was calculated in terms of the "leachability index" as recommended in the
ANS 16.1 leaching test. This index is a dimensionless figure of merit which
quantifies the relative leachability for a given waste type-solidification
agent. It can thus be used as a basis for comparison of the radionuclide
retention capabilities of various solidification matrix-waste type combinations. The NRC has issued a recommended minimum leachability index of >
6 in support of 10 CFR 51 waste form stability requirements. The average
leaching indices calculated for polyethylene waste forms are listed in Table
3. They all had a value greater than six. Optimal recommended waste
loadings for polyethylene, which reflect a compromise between solidification
efficiency and waste form performance, are summarized in Table 4.
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TABLE 2. COMPRESSIVE STRENGTHS OF POLYETHYLENE WASTE FORMS
Compressive Strength8 (psi)

WASTE TYPE

**>

WASTE
LOADING
WT%

INITIAL

IMMERSION

THERMAL
CYCLING

IRRADIATION

BIODEGRADATION
BACTERIA

BIODEGRADATION
FUNGI

Sodium Sulfate

70

1600

1680

1600

1700

1300

1290

Boric Acid

50

1600

660

1600

1900

1300

1300

Incinerator Ash

40

2180

1140

2100

1820

1800

1800

Ion Exchange
Resin

30

2100

1580

2100

1670

1700

1700

a. Performed in accordance with ASTM D-1074.

Co-BD release from polyethylene: sodium sulfate waste
50wt% waste

a

30wtX waste

waste

•<*

+

10*-2 J.

10"-3
0

20

40

80

60

100

Time (d)

Figure 1, Cumulative fraction leached of 60 Co as a function of time from
polyethylene waste forms containing 10, 30 and 50 wt% of
sodium sulfate waste.
Polyethylene leaching: 50wt% sodium s u l f a t e waste
Strontium-85

n

Cobalt-60

A

Cestum-137

+

10"-l

10*-3

20

40

60

BO

100

Time(d)

Figure

2. Cumulative fraction leached of 6 0 Co, 8 5 Sr and137 Cs as a
function of time from polyethylene waste forms containing 50 wt%
of sodium sulfate waste.
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Co-BO release from polyethylene: incinerator ash
35wtX ash
1Q--2

H

1

a
1

25wt% ash
1

1

1

+
h

1D--5

20

o

80

60

40

100

Time (d)

Figure 3. Cumulative fraction leached of 6Cc 0 as a function of time
from polyethylene waste forms containing 25 and 35 wt% of
incinerator ash.
Polyethylene leching: 35wt% incinerator ash

10--2

Strontium-85
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1
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Figure

4. Cumulative fraction leached of 6 0 C o , 85 Sr and 1 3 7 Cs as
a function of time from polyethylene waste forms containing
35 wt% incinerator ash.
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TABLE 3. AVERAGE LEACHABILITY INDICES FOR POLYETHYLENE WASTE FORMS

Waste
Type

Waste
Loading

Average
Leachability
Index, 60 Co

Average
Leachability
Index, 85 Sr

Average
Leachability
Index, 1 3 7 Cs

Na2S04

50%

10.1

10.2

9.9

Incinerator Ash

35%

12.7

14.9

11.3

Ion Exchange
Resin

30%

14.6

16.1

19.5

Modified Sulfur Cement
Increased waste loadings from 20 to 50 wt% of sodium sulfate, boric acid
and incinerator ash had no significant effect on the compressive strength of
the waste form.
Except in the case of water immersion tests, the initial compressive
strength of the waste forms did not change after being subjected to the various stability tests, Table 5. Waste forms containing >_ 50 wt% sodium sulfate and _>. 57 wt% boric acid failed the water immersion test. Waste forms
containing ion exchange resins < 5 wt% also failed. Use of modified sulfur
cement for encapsulation of ion exchange resins is therefore, not recommended.
Two radionuclides, 60r,o and 137cs, were incorporated into the modified
sulfur cement waste forms used in the leaching experiments, No leaching
experiments have yet been performed on modified sulfur cement/boric acid waste
forms. Modified sulfur cement/ion exchange resin waste forms were not tested
because of incompatibility between waste and matrix material.
A dependence of leachability upon increased waste loadings was shown for
modified sulfur cement/sodium sulfate waste forms. An example of this can be
seen in Figure 7 where the cumulative fraction leached of 60co is plotted as
a1 3 7function of time for waste loadings of 25 and 40 wt%. Of the two isotopes
Cs has a higher cumulative fractional release (1.1 x 1Q-1) than 60r,o
(4.2 x 10-2), Figure 8.
Increased waste loadings (from 20 wt% to 40 wt%) had little effect on
the leaching of waste forms containing incinerator ash as shown in Figure 9.
The 137cs cumulative fraction leached (6.7 x 10~ 3 ) is higher than for 60r,0
(1.6 x 10"4)as shown in Figure 10.
Leaching indices were also calculated for modified sulfur cement waste
forms. Again, all of the values are > 6. These results are shown in Table 6.
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Table 4. COMPARISON OF OPTIMAL WASTE LOADINGS FOR POLYETHYLENE, MODIFIED
SULFUK CEMENT AND HYDRAULIC CEMENT BASED ON PROCESSING AND WASTE FORM
STABILITY CONSIDERATIONS

Sodium
Sulfate

Boric
Acid

Waste Type
Incinerator
Ash

Ion Echange
Resins

Solidification in
Polyethylene:
70

50

40

30

Drum Wt., kg(b)
(IBs)

358
(789)

225
(496)

270
(595)

210
(463)

Waste/Drum, kg(O
(lbs)

250
(552)

133
(248)

108
(238)

63
(139)

40

40

43

Not recommended

Drum Wt., kg
(lbs)

415
(915)

287
(633)

384
(846)

--

Waste/Drum, kg
(lbs)

166
(366)

115
(253)

182
(360)

—

15

40

13

Wt% WasteU)

Solidification in
Modified Sulfur Cement:
Vt% Waste

Solidification in
Hydraulic Cement:(d)
Wt% Waste

9

Drum Wt., kg
(lbs)

307
678

296
(653)

318
(700)

318
(700)

Waste/Drum, kg
(lbs)

28
(61)

44
(98)

127
(280)

41
(91)

a. Based on dry solid weight.
b. 55 gallon drum size waste form.
c. Equivalent quantity of waste which can be incorporated in 55 gallon drum
size waste form.
d. Based on previous BNL waste form development studies for waste forms
which satisfied free-standing monolithic solid and vwo-week water immersion
criteria 6 '?* 8 .
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TABLE 5. MODIFIED SULFUR CEMENT WASTE FORM COMPRESSIVE STRENGTHS*1
Compressive Strengths (psi)
Waste
Type

Waste
Loading
(wt %)

Boric Acid

Inci nerator Ash

a.
b.
c.
d.
e.

Immersed

Thermal
Cycled

20
30
40

d

Irradiated*

3

Biodegraded
Bacteria
fungi

3000 + 400

1800 + 200

Blank
Sodiium Sulfate

Initial

0

3700 +_ 500
4360 +_ 60

d
2500 +_ 900
3000 _+ 900

d
2800 _+ 1000
3600 +_ 600

3000 +_ 400
4110 +_ 40
3300 +_ 1100

d
e

e

e
e

50

4600 +_ 200

failed

3700 +_ 1200

d

d

d

20
30

2200 +_ 100
2000 ± 200

3100 _+ 600
2600 +_ 200

2200 +_ 1200
3400 +_ 400

2600 +_ 300
3040 +_ 80

d
e

d

40

2000 _+ 100

1400 _+ 200

2200 +_ 200

2100 +_ 700

e

10

5400 +_ 300

2900 +_ 800

4100 +_ 1000

d

d

20

4300 +_ 300

4000 +_ 600

4400 +_ 900

4400 +_ 400

30
40

4200 i 2100
6400 + 100

3900 +_ 1600
4100 _+ 200

3800 +_ 1700
4700 +_ 950

4600 +_ 1000
7200 +_ 1300

d
e

43

4400 + 300

5400 +_ 1100

5400 +_ 2900

d

Performed in accordance with ASTM C-39. 1 psi = 6.98 kPa.
Results reflect average of 3 replicate samples _+ one standard deviation.
Results reflect average of 2 replicate samples.
Test not performed.
Test in progress.

d

e
e

e

d
d
e
e

d

d

Modified sulfur cemQnt: Co-60 release from sodium sulfate
40wtZ waste

a

25wt% waste

+

lO'-

1Q--

10--3

LJ

10--4

20

80

60

40

100

Time(d)

Figure 7, Cumulative fraction leached of ^^Co as a function of time
from modified sulfur cement waste forms containing 25 and
40 wt% of sodium sulfate waste.
1

Modified sulfur cemQnt: 40wt% sodium sulfatQ waste
Cesium-137
10"0

4

1

1

a
1

Cobalt-60
1

1

1

+
1

1

10'-2 ..

10--3

1Q--4

0
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40

60

80

100

Time(d)

Figure 8. Cumulative fraction leached of60 Co and 1 3 7 Cs as a
function of time from modified sulfur cement waste
forms containing 40 wt% of sodium sulfate waste.
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Modified sulfur cements Cs-137 release from incinerator ash
40wtZ ash

a

20wtZ ash

+

1C"-1

'-3

10*-4
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40

80

100

Time(d)

Figure 9. Cumulative fraction leached of

137

Cs as a function of time
from modified sulfur cement waste forms containing 20 and
40 wt% of incinerator ash.
Modified sulfur cement: 40wtJi incinerator ash
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Figure 10. Cumulative fraction leached of 6 0 Co and 13?Cs as a
function of time from modified sulfur cement waste
forms containing 40 wt% of incinerator ash.
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TABLE 6.

AVERAGE LEACHABILITY INDICES FOR MODIFIED SULFUR CEMENT WASTE FORMS

Waste
Loading

Average
Leachability
Index, 60Co

Average
Leachability
Index, 137Cs

Na2S04

40%

10.7

9.7

Incinerator Ash

40%

11.1

14.6

The optimal recommended waste loadings based on both, processing and
waste form s t a b i l i t y considerations as tested above, are l i s t e d in Table 4.
For comparison Table 4 also includes recommended waste loadings in polyethylene and hydraulic cement.
The work described in this paper demonstrates the f e a s i b i l i t y of polyethylene and modified sulfur cement as potential s o l i d i f i c a t i o n agents for
various types of low-level radioactive wastes. In addition, the results of
s t a b i l i t y testing to date indicate compliance with tne NRC Technical Position
Paper on Waste Form.
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DEVELOPMENT AND TESTING OF
A MOBILE INCINERATOR
Donald R. Eggett
Commonwealth Edison
ABSTRACT
The development and testing of a mobile incinerator for processing of
combustible dry active waste (DAW) and contaminated oil generated at
Nuclear Power Plants is presented. Topics of discussion include initial
thoughts on incineration as applied to nuclear waste; DOE's, Aerojet's, and
CECo's role in the Project; design engineering concepts; site engineering
support; 1icensabi1ity; generation of test data; required reports of the
NRC and Illinois and California EPA's; present project schedule for
incinerating DAW at Dresden and other CECo Stations; and lessons learned
from the project.
INTRODUCTION
Radioactive waste generated from nuclear facilities has become an
ever-increasing important issue in the nuclear industry today. More
specifically related to the subject matter now being presented, the waste
produced from nuclear power plants is almost becoming an insurmountable
problem with regards to the methodologies for handling, processing,and
disposing of this generated waste. The concept of volume reducing both
liquid and dry active waste (DAW) was introduced within the last decade and
now has become an integral part of the radwaste industry. Liquid waste,
which includes resins, sludges, and concentrates, has been given the head
start in this volume reduction field. Now an equal amount of time and
effort must be given to DAW which includes both combustible and
non-combustible waste. Technologies available are incineration and
supercompaction, respectively. This presentation briefly summarizes the
joint efforts among the Department of Energy, (DOE) Commonwealth Edison
(CECO) and Aerojet Energy Conversion Company (AECC) personnel in the
development and testing of the mobile incinerator.
DQE's, CECo's, AND AECC's ROLE IN THE PROJECT
In the early 1980's, individuals within CECo's corporate office
realized the need to reduce the volume of DAW that was currently being
shipped to the burial sites from the operating plants. At this time,
nearly fifty-percent jf the total radioactive waste leaving the sites was
DAW. Since AECC had already designed CECo's volume reduction permanent
incineration system for future processing of DAW at CECo's Byron and
Braidwood Stations (still under construction), the same concept should be
ab^o to be applied to their operating plants, only this time as a mobile or
transportable incineration system. The intent was to move the mobile
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incineration system or MVRS from site to site on a as-needed basis so as to
minimize the capital investment. Consideration was given to a central
incineration facility; however, it appeared at the time that there would be
a greater impact on the licensability, public relations, and environmental
aspects of this system if this non-solidified DAW was transported across
the highways to one central facility, Moreover, CECo's primary intent was
to optimize any service contract with the contractor to the maximum
possible, and thus, minimize the involvement with station personnel.
After considering numerous qualified vendors for the project, CECo awarded
the contract to AECC, primarily based upor their past experience with CECo
and volumes of test data generated in their pilot plant in Sacramento.
In parallel to this effort, CECo (along with Gilbert Commonwealth)
approached the Department of Energy to discuss this concept of mobile
incineration. After various discussions among the organizations, DOE saw
this concept as generic and in the best interests of the nuclear industry
to pursue. As a result, they agreed to support and fund the project. The
time frame for completion was October, 1985. However, due to "stumbling
blocks" encountered over the two year time frame (1983-1985), the contract
has now been extended for one year to October, 1986. By this date, the
mobile incinerator must have been operated successfully at Dresden (CECo's
pilot plant) and successfully transported to a second site and re-started
to satisfy the transportability requirements of the contract.
ENGINEERING CONCEPTS
The engineering concept behind the mobile incineration system was to
keep the design "as mobile as possible". This methodology would then
support the "service contract" option selected by CECo to the maximum
possible, i.e. optimum contractor and minimum CECo involvement.
The system is comprised of three trailers consisting of the following:
1) waste preparation trailer which includes the control room, ash handling
system, and other miscellaneous support systems 2) the incinerator trailer
comprising all its associated fuel, air, and offgas systems 3) the offgas
trailer itself which consists of the HEPA filter system, motor control
center, emergency generator, induction fan blowers, air compressor, and
final discharge stack with integral on-line monitor. All three trailers
meet DOT specifications for weight, and length, width, and height. The
materials chosen for the system were selected so as to minimize any
contamination buildup within the system and mitigate any corrosive effects
resulting from effluent gases. A key factor in the design is that only the
effluent gases and ash solidified product are the only by-products
generated. Any liquids generated in the off gas system are returned to the
incinerator and further processed. Finally, a specially designed nozzle
for processing of contaminated oil has been incorporated into the
engineering design. All is all, the incineration system is somewhat
sophisticated with associated alarms and emergency shutdown functions.
The site engineering interface was, to an extent, made simple by the
mobile design concept of the incinerator system itself. Tne interface
includes electrical power, water for fire protection capability and cooling
media for the generated offgas, a 60' x 60' concrete pad to house the
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trailers, fuel (propane in CECo's case) to support combustion, and
telephone capabilities.

REQUIRED DOCUMENTS
As a result of this project, numerous documents have been generated.
AECC's topical report was submitted in May, 1984 to the NRC and approved in
October of 1984. Dresden Station's Technical Specifications were reviewed
and amended by individuals from both the station and corporate office and
submitted to the NRC in November of 1984. The key issue in this amended
tech spec submittal was the addition of another release point on site. The
Safety Analysis Report (SAR) which assessed all aspects of the mobile
incineration system from a safety standpoint was submitted in late 1984.
The only remaining item that requires final NRC approval for system
operation is the liquid propane usage for fuel combustion. It is
anticipated this issue will be resolved within the next thirty-days,
assuming expiditious NRC approval. It must be pointed out that this is not
the initial submittal regarding the safety evaluation of liquid propane
usage but rather the final. Numerous conference calls and meetings have
been held with the NRC since February of this year. Finally, test data
generated during the test cycles of DAW has been obtained. Only the final
data remains to be documented as soon as the testing in Sacramento is
completed. Projected schedule for completion is September 30, 1985. This
test data will then be submitted to the California and Illinois EPA for an
approved operational permit of the incineration system.
REMAINING SCHEDULE
For reasons stated earlier in this paper, the DOE contract was extended
to October, 1986. During this time frame remaining, the mobile incinerator
is projected to arrive at Dresden Station by the end of October. In
parallel to this two month time frame, the licensing permit from the NRC
and operational permit from the Illinois EPA are expected to be issued to
CECo to operate the incineration system at Dresden. It is anticipated the
system will remain at Dresden Station until spring of 1986, then be
transported and restarted at second site to satisfy the transportability
requirement of the DOE Contract.
LESSONS LEARNED
The mobile incinerator project, from an overall standpoint went
extremely well. This may -ound like biased conclusion but as CECo's
engineering manager from the very beginning, this project witnessed careful
planning, from overall management control to the wery detailed engineering
designs. The only drawback that may have affected the entire engineering
design was that Gilbert Commonwealth did not have a local office in the
Chicago area. This did not cause any problems with the mobile incinerator
design but rather delays in completing any engineering reviews to support
the site interface construction at Dresden Station.
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The Project, however, has without a doubt been a success thus far.
Actual operation of the system, to begin this fall at Dresden, will surely
put its "Stamp of Approval" on the entire MURS Project.
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LOW LEVEL NITRATE WASTE PROCESS DEVELOPMENT
P.M. Arnold
A.J. Johnson
Program Manager: J.J. Blakeslee
Rockwell International
North American Space Operations
Rocky Flats Plant
ABSTRACT
A denitrification technology development program has been
conducted for four years at the Rocky Flats Plant and has
identified several promising denitrification methods. DOE
s i t e s were f i r s t surveyed to determine n i t r a t e waste
generation rates, inventory and regulatory concern. The
need for processes to handle this waste category was
evident, both from the survey results and comments of site
operators. The denitrification methods identified are
classified as thermal, aqueous and biological. Thermal
processes were demonstrated to destroy the nitrates with
th? creation of less than 500 ppm NOX as a by-product.
Studies were performed on a molten salt destructor, high
temperature fluid wall (HTFW) reactor, and also by Mound
using their glass furnace. A preliminary design and cost
estimate report has been prepared for a one million
kilogram per year process for denitrification using the
HTFW reactor. An aqueous process consisting of formic
acid and sulfuric acid reflux was developed which converts
the n i t r a t e to other forms, but r e s u l t s in slightly
elevated NOX emissions. Biodenitrification was developed
at Oak Ridge and is in production use there. Results and
conclusions on the program are discussed.
INTRODUCTION
The use of n i t r i c acid in chemical processing operations i s a widespread practice that eventually produces a waste stream containing high
concentrations of nitrate compounds. Many defense and commercial nuclear
operations generate nitrate wastes which may be classified as high-level
waste (HLW), low-level waste (LLW), or transuranic (TRU) waste, depending
upon their radionuclide content. Rocky Flats Plant (RFP) i s currently
producing approximately 1,000,000 kg per year of LLW spray dryer salts that
contain greater than 90 percent sodium and potassium n i t r a t e (NaN03 and
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This waste is highly water solublef very dispersible, and a strong
oxidizing agent. The concreted salts from RFP are presently being shipped
to the Nevada Test Site (NTS) for burial. Shallow land burial without
prior denitrification f however, may be unfeasible in more humid areas
because of t h e s o l u b i l i t y of the m a t e r i a l in ground w a t e r . The
concentration of nitrates in ground water is limited to 10 mg/1 (N) by the
Environmental Protection Agency (EPA) National Primary Drinking Water
Quality Criteria Rule 40 CFR 141.
OBJECTIVE
The primary o b j e c t i v e of t h i s program i s t h e development and
demonstration of technologies t o eliminate or greatly reduce the amount of
n i t r a t e s in LLW streams without the generation of objectionable oxides of
nitrogen as a by-product. A secondary objective i s the reduction of weight
and volume of t h e wastes during processing. The screening l e v e l for
successful demonstration of a d e s t r u c t i o n p r o c e s s i s s e t a t 90% n i t r a t e
destruction while producing no more than 500 ppm of N0x in the off-gas.

PRIOR WORK

In 1981, a project funded by the National Low-Level Waste Management
Program (NLLWMP) was i n i t i a t e d at RFP to address t h i s national problem.
The program was not limited to RFP wastes but encompassed any nitrate LLW
from nuclear facilities. One of the first accomplishments was a survey of
nitrate wastes stored at Department of Energy (DOE) and commercial nuclear
facilities. This survey identified a combined inventory in excess of 1»2 x
108 kg of nitrate wastes in the U.S. A literature search was also made in
1981 to identify methods of denitrification. One method identified was a
bacterial decomposition process developed and used at Oak Ridge Y-12 Plant.
Most of the other available information consisted of patents and procedures
for chemical decomposition by the use of various agents such as urea,
formic acid, and formaldehyde.
After completion of the l i t e r a t u r e search and nitrate waste survey,
efforts in 1982 were directed toward process evaluation. A series of
laboratory tests was conducted at RFP to evaluate urea as a reductant for
reacting the n i t r a t e . The urea was not efficient in the destruction of
simulated LLW under the test conditions.
In addition to the RFP t e s t s , two subcontracts were awarded and
completed. One contract was with Thagard Research Corporation of Irvine,
California, to test their high-temperature fluid wall (HTFW) reactor for
thermal decomposition of nitrates. The other subcontract tested a carbonn i t r a t e reaction in a molten salt destructor belonging to Rockwell
International, Energy Systems Group at Canoga Park, California. Although
both tests were quite preliminary in scope, they both produced excellent
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destruction of nitrates without producing significant amounts of N0x byproduct.
In 1983 F RFP t e s t s continued on development of an aqueous process.
Preliminary tests identified possible reducing agents, reaction promoters
and catalysts. A thermodynamics study was then performed which indicated
that most of the reactions should proceed to completion, but that the
reaction kinetics needed improvement. A matrix experintent using 3 reducing
agents with six promoters and catalysts was conducted. Since none of the
matrix tests were completely satisfactory, a two-step concept was
formulated and testing which continued into 1984, was initiated.
A peer review was conducted to acquire the comments and opinions of
the program from nitrate waste generators. The peer review group concluded
t h a t the program d i r e c t i o n was consistent with t h e i r needs, and
investigations of both thermal and aqueous denitrification should continue.
In 1984, testing was completed for pilot scale runs on the HTFW
reactor, for scoping studies on a plasma furnace, and for laboratory
demonstration of the aqueous two-step process. Experiments were conducted
using the high temperature f l u i d wall reactor to determine the
n i t r a t e / n i t r i t e destruction of simulated Rocky Flats Plant and Savannah
River Plant waste streams. These streams included n i t r a t e contaminated
soils and surrogate fission product containing feeds. Various additivies
were tested to enhance nitrate destruction, reduce NO off-gas generation,
and produce an acceptable final waste form. In adaition, testing was
completed with actual Rocky Flats Plant nitrate wastes on an aqueous
process consisting of formic and sulfuric acid reflux, followed by
evaporation of the liquid to dryness. Feasibility studies were conducted
using a plasma-fired coke furnace using sodium and potassium nitrate feeds.
The HTFW reactor and the plasma furnace both gave excellent n i t r a t e
destruction without significant N0x production. However, the plasma
furnace configuration was not suitable for production operations. The twostep process achieved good denitrification, but with slightly elevated N0x
emissions.
RESULTS AND DISCUSSION
In 1985 work was directed toward publication of a comprehensive r e p o r t
summarizing d e n i t r i f i c a t i o n technologies. In a d d i t i o n t o t h e previous work
done on d e n i t r i f i c a t i o n f o r t h e NLLWMP, a s u b c o n t r a c t was awarded t o
Thagard Research Corporation for a preliminary design and cost e s t i m a t e of
a f a c i l i t y using a HTFW reactor for d e n i t r i f i c a t i o n . " Additionally, t e s t i n g
performed by Mound using t h e i r g l a s s furnace for d e n i t r i f i c a t i o n and a l s o
the results of biodenitrification at the Oak Ridge Y-12 Plant will be
included in the comprehensive report.
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High Temperature Fluid Wall Reactor Facility
Thagard Research Corporation completed a preliminary design and cost
estimate report for a one-irillion kilogram per year facility to treat Rocky
Flats Plant and Savannah River Plant (SRP) wa&tes. Four separate scenarios
were evaluated for their cost and processing impact in the design. Capital
acquisition of major components for the plant based on the most restrictive
of the process scenarios was estimated to be $2,170,000. The installed
cost was estimated at $3,725,000 assuming the building and u t i l i t i e s
services existed. Overall processing cost including capital debt service,
operating and maintenance cost range from $1.47/kg to $2.01/kg for the four
scenarios.
If debt service is not included and labor, reagent and
electrical costs are reduced, tho best case estimate drops to $0.68/kg.
The HTFW reactor is a vertical tube using radiant heat transfer to
achieve a 2200° C temperature inside the core of porous graphite. An inert
gas flows through the core, forming a "fluid wall" to protect the core from
reactants. Particulates free fall through the core and are heated to a
temperature dependent on the radiant energy absorption of the particle.
Four processing scenarios were considered in the process design for
the thermal destruction of nitrate wastes. Two process streams, RFP waste
nitrate and SRP-Defense Waste Processing Facility wastes were each
considered for producing a carbonate product or a vitreous product.
Therefore, the four scenarios were: 1) RFP waste to carbonate, 2) RFP waste
to glass, 3) SRP waste to carbonate and 4) SRP waste to glass. The
material flows and chemistry were based on experimental results obtained on
pilot studies using a 15.2cm diameter HTFW reactor in May, 1984 at
Hercules, California.
Additionally, seven operating schemes were investigated and to be
conservative/ one was chosen which results in an operating efficiency of
50%. In t h i s scheme, the reactor would be operated 24 hours per day, 5
days per week, for 50 weeks per year. The reactor would be started from a
cold start every Monday and allowed to cool completely on Fridays.
The reactor sizing was based on previous experimentation by Thagard on
simulated RFP and SRP wastes and on Thagard's experience with other feeds.
A feed rate of 0.45 kg/min was demonstrated on n i t r a t e wastes using an
11.4cm process throat reactor. The reactor capacity scale? linearly with
the process throat cross-sectional area to 2.7 kg/min in a 27.9cm throat
diameter reactor. Thagard has processed similar materials at capacities of
13.5 kg/min therefore, the facility design basis was chosen at 8.1 kg/min
of total feed including glass forming additives and carbon in the 27.9cm
(nominal 12-inch diameter) reactor.
The worst case processing scenario was found to be SRP waste to glass,
since i t represents the maximum power consumption and maximum material
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handling both on input and output. Plant designs for the other three
processing schemes may be derived from the SRP waste to glass scheme by
deleting functions and substituting the corresponding volume flows of
materials. However, processing of waste for all four scenarios can be
performed with the same physical equipment, with differing degrees of
overall efficiency and different level of unit cost. All four scenarios
are summarized in Table 1.
Table 1.

Process Summaries for HTFW Reactor

RFP Waste
To Carbonate
Inputs:
Feed (kg/y)
1,000,000
CaO (kg/y)
0
SiO, (kg/y)
0
Carbon (kg/y)
310,000
Total Feed
1,310,000
(kg/y)
Electrical
3,830,000
Utility (kw-hr/y)
Outputs:
Solids (kg/y)
Process Gasses
(mVy)
N 0 x (kg/y)

670,000
570,000

RFP Waste
To Glass

SRP Waste
To Carbonate

SRP Waste
To Glass

1,000,000
180,000
570,000
320,000
2,070,000

1,000,000
0
0
240,000
1,240,000

1,000,000
210,000
650,000
250,000
2,110,000

5,220,000

4,400,000

5,360,000

1,200,000
610,000

880,000
520,000

1,400,000
580,000

1,000

420

260

20

The capital acquisition cost for the major pieces of equipment to
process SRP nitrates to glass was estimated at $2,170,000, including
$1,100,000 for the HTFW reactor itself. The estimated cost i s for a
complete facility including all operations required for an integrated
process including feed material handling, blending, off-gas treatment,
residue handling, and reactor power supply.
A construction cost estimate of 1.5 times the acquisition cost was
applied for installation of all equipment except for the large-ticket items
of reactor, reactor power supply, melt cruicible, and control computer
which were estimated at 0.5 times acquisition cost. The toal estimated
installed cost was estimated at $3,725,000. The t o t a l cost assumes that
the building and HEPA filtration system exist. The processing area
requires approximately 2200 ft of floor space. To cool glass monolythic
waste forms, approximately 2000 ft of floor space would be required as a
staging area.
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The range of estimated annual operating and maintenance costs are
shown in Table 2 and range from $0.68/kg to S2.01/kg of waste feed. The
most expensive alternative, n i t r a t e waste to glass, i s compared to the
least expensive case of RFP waste to carbonate. Costs for both SRP and RFP
nitrates processed to glass are very similar. The costs are sensitive to
whether debt service is included, utility costs, carbon reagent costs and
labor requirements. Debt service i s often not included in cost analysis
and was excluded from the best case assumption. Utility costs were assumed
to be $0.07/kw-hr for worst case and $0.03/kw-hr for best case. Carbon
reagent was priced at $0.66/kg for carbon black in the worst case and at
$0.125/kg for a carbon black-petroleum coke mixture in the best case.
Worst case labor estimates were conservatively estimated using dedicated
operators, laborers and forklif t drivers for 3 shifts/day and dedicated
engineering support and maintenance support for 1 shift/day. In the best
case, the labor was halved because labor could most likely be shared with
neighboring processes since the facility is mostly automated. Lower costs
than shown in Table 2 could be realized if the facility was run continually
on a 7-day per week schedule with increased feedstock because the operating
efficiency would increase from 50% to 92%.
Table 2.

Annual Operating and Maintenance Cost Sunirary
Extremes for HTFW Reactor
Worst Case
Nitrates to Glass
?/Year

Debt Service (20 year payout
$581,782
§ 11%)
Maintenance (5% of equip)
108,495
Utilities other than Process
($0.07/kw-hr)
44,352
Process U t i l i t i e s , Reagents,
Nitrogen, Packaging
852,700
Operating & Maintenance Labor
(3 shifts operator, labor, forklift
424,060
1 shift engineer, maintenance worker)
Total Annual Expense

$2,011f389

Cost/kg % 1,000,000 kg/year

$2.01/kg

Best Case
RFP Nitrate to
Carbonate
$/Year

108,495
($0.03/kw-hr)

25,344
334,400

(1/2 of worst
case)

212,030
$680,269
$O.68/kg

Mound Slass Furnace
In FY1985, Mound performed studies for the NLLWMP using the j o u l e heated glass furnace. Mound's r e s u l t s a r e presented elsewhere in the
Proceedings of the Seventh Annual DOE Low-Level Waste Management Program
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Participants Information Meeting, and will be briefly summarized here.
The glass furnace results indicate that i t destroys greater than 99%
of the nitrates while maintaining N0x emissions in the 100-200 ppm range
using ammonia as a selective reduction agent for the NOX formed in the
thermal decomposition at temperatures of approximately 950° C. Mound
processed 0.68 kg/min. of simulated RFP nitrate for one shift/day and
prepared glass for the other two shifts. Assuming an operating efficiency
of 84%, the glass melter could process 100,000 kg/year. The cost per
kilogram of waste was calculated by Mound to be $1.25/kg assuming an
electrical cost of $0.04/kw-hr. with no debt service, maintenance costs, or
packaging costs. The unit cost can be reduced, however, because of the
operational constraints and capacity of the Mound developmental furnace.
Aqueous Process Development
An aqueous process for n i t r a t e destruction has been researched in
previous years at Rocky Flats Plant with not completely satisfactory
results. However, a peer review conducted to solicit opinions and comments
of nitrate waste generators recommended that aqueous process development
continue. Therefore, an aqueous "two-step" process was conceptualized and
tested and produced, except for brief N0x spikes, results within the
screening c r i t e r i a limits for demonstration of a successful process.
The two-step process consists of refluxing a sodium n i t r a t e feed
stream with a formic acid reducing agent to destroy as much n i t r a t e as
possible. The reflux is continued while a sulfuric acid reaction promoter
is slowly added. The promoter converts the nitrate salt to nitric acid so
that i t is more readily destroyed by the formic acid. The solution i s then
evaporated to dryness.
The process was tested with a variety of feeds including actual Rocky
Flats Plant wastes. The results for the t e s t s are shown in Table 3. As
can be seen, n i t r a t e destruction was well above the 90% screening l i m i t .
The NO^ generation i s elevated above the 500 ppm screening level during
refluxing and briefly during evaporation to dryness.
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Table 3 . Denitrification of RFP Nitrate Wastes
with Formic/Sulfuric Acids
Distillation

Reflux

NO 3 Remaining

NO X
(ppm)

NC 3
Removed
%

NO X
(ppm)

N0 3 as

Sample

N0 3
Removed
%

Technical Grade

97.5

2200

1.7

<100

0.6

0.2

91.6

220P

5.3

<100

2.7

0.5

72.0

1400

22.5

750

2.0

3.5

85.2

1500

14.5

350

<0.5

0.3

NaNUo

Spray-Dryer Salt
Evaporator
Concentrate
Evaporator
Concentrate
(w/Ferrous
Catalyst)

mo.
%

N0

3
Residue
%

Biodenitrification
Biodenitrification was developed at the Oak Ridge Y-12 Plant to
decompose aqueous nitrates by anaerobic bacterial digestion to form
nitrogen and carbon dioxide gas. Since the process was well developed,
biodenitrification was not in the scope of work of the NLLWMP effort.
However, biodenitrification will be summarized in the comprehensive report.
Biodsnitrification is a relatively simple process to operate. Acidic
feeds must be neutralized to a pH of 7 to 8 and organic carbcnf phosphate
and other micronutrients are needed for the bacteria to multiply to achieve
good denitrification rates. At Oak Ridge the process is performed in
continuous reactors and in half-million gallon tanks as a batch process.
A centralized waste treatment facility is under construction to
collect, treat and discharge Y-12 Plant wastes. The facility will be used
in conjunction with the half-million gallon tank reactors. The new
facility will provide for pH adjustment of feeds and solids (biomass)
removal from the bioreactor effluent prior to discharge- The bioreactor
load is expected to be 2 to 3 million gallons per year containing
approximately 250,000 kg of nitrates. The centralized waste treatment
facility is expected to cost $5,800,000 which includes site preparation and
buildings, but does not include the half-million gallon tank reactors.
Additional cost data, as available, will be presented in the comprehensive
report,
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CONCLUSIONS AND RECOMMENDATIONS
Several processes have been developed or cocumented to satisfy the
objectives of the Low-Level Waste Management Program. Thermal processes
including the high temperature fluid wall reactor, Mound glass furnace,
molten salt destructor and plasma furnace all appear to destroy nitrates
while producing less than 500 ppm NOX in the off gas. ftqueous treatment can
successfully decompose nitrates using the formic-sulfuric two-step process
but results in elevated NOX emissions. Biodenitrification has been
demonstrated at Oak Ridge to successfully destroy nitrates.
Comparitive demonstration of several of the d e n i t r i f i c a t i o n
technologies on a pilot or production scale needs to be accomplished to
s a t i s f y the concerns of n i t r a t e waste generators for production
implementation of d e n i t r i f ication. Increased regulatory disposal
r e s t r i c t i o n s could also drive the production implementation of
denitrification technologies.

266

EVALUATION AND PERFORMANCE OF THE
SPECIAL WASTEFORM LYSIMETERS AT A HUMID SITE

Steven B. Oblath and Steven L- Hoeffner"
E- I- du Pont de Nemours and Company
Savannah River Laboratory
Aiken, South Carolina 29808
* ORAU Postdoctoral Participant
ABSTRACT

The Savannah River Laboratory has bef.'n evaluating the
leaching/migration behavior of commercial power reactor
wasteforms by the use of lysiineters operated under f i e l d
conditions at a humid site- These lysimeters model the
conditions in actual burial trenches- Wasteforms comprising Portland cement, masonry cement, and vinyl
ester-styrene polymer wasteforms were emplaced in the
lysimeters in March 1982- Effluent water has been analyzed
on a regular basis sinca that time- Cs-137, Sr-90, and/or
C)-60 have been observed in the effluent water from the
lysimeters, as well as in soil moisture samples coT'ected
from the unsaturated zone beneath the wastcforms. in March
of 1984, horizontal cores were taken from one of the
lysimeters containing a Portland cement wasteform to determine the vertical and radial profiles of radionuclides
which might not have reached the lysimeter sump. Results
from a l l of these sampling methods are discussed and
interpreted.

INTRODUCTION
Lysimeter studies at the Savannah River Plant (SRP) are designed to
measure radionuclide migration from well-characterized sources under actual
burial ground conditions at a humid s i t e . Three types of typical commercial
power reactor low-level wasteforms were emplaced in lysimeters at SRP. The
purpose of this program is to measure the leaching and migration rates of
radionuclides from the wastoforms under shallow land burial conditions at a
humid s i t e
Use of lysimeters allows these studies to be carried out in the
f i e l d unde unsaturated conditions, while maintaining capability for a mass
balance on the system.
The lysimeters, by acting as models of shallow land burial trenches,
provide a technical basis for evaluating the performance of the wasteforms
under actual burial conditions in a humid site- Identical wasteforms were
subjected to immersion leach tests at Brockhaven National Laboratory (BNL).
Comparison of these sets of data provides insight into how well saturated
leach tests can predict actual behavior when buried267

STATUS AND ACCOMPLISHMENTS

The construction of the lysimeters was completed in October 1981, and
ten wastefonns were emplaced in February and March 1982. An additional
lysimeter, f i l l e d with soil but no waste, serves as a control. The ten
wasteforms were acquired by Brookhaven National Laboratory (BNL) from power
reactor sites. Source terms were determined and saturated leach tests were
completed and are reported elsewhere.
Design, loading, operation, and
sampling of the lysimeters has been described at the Fourth and Fifth DOE
Low-Level Waste Management Program (LLWMP) Participants' Meetings."'^
Monitoring results through June 1984 were reported in the Sixth LLWMP
Participants' Information Meeting.
A f u l l description of the wasteforms has been given elsewhere.
The
three types of binders are Portland type I I I cement, masonry cement, and
vinyl ester-styrene (VES) polymer.. The Portland cement ^nd polymer wasteforms contain sodium sulfate concentrate waste with or without spent ion
exchange resin and are from a boiling water reactor. The masonry cement
wasteforms are from a pressurized water reactor and contain boric acid
wastes.
Analysis of both the effluent water and the water collected from the
unsaturated zone ironed iately beneath the waste (using porous cup soil
moisture samplers) has continued on a regular basis since January of 1983.
Methods of analysis (including use of mixed-bed ion exchange resin columns)
have been reported previously.
In the past year, Sr-90 concentrations in
the effluent water have continued to increase. Cs-137 has been observed for
the f i r s t time in effluent water samples, and showed a marked increase in
the soil moisture samples from the lysimeters containing Portland cement
wasteforms. Co-60, which has been observed in the effluent water since
February 1983, was demonstrated to be largely anionic.
Analyses of soil samples collected in March 1984 from a horizontal
coring of a lysimeter containing a Portland cement wasteform were completed.
Both Co-60 and Cs-137 were observed in the cores. A similar coring was
performed on a polymer-contaim'ng lysimeter in June 1985.
MONITORING RESULTS
Cobalt - 60

Effluent concentrations of Co-60 have increased to a maximum of 1030
pCi/L with the highest concentrations observed from the Portland cement
wasteforms. By combining the observed concentrations (no correction for
decay) with measured volumes of effluent water and source terms, annual
fractional release rates have been calculated for each of the lysimeters.
These values are given in Table 1. The values are obtained by counting the
curies as they ar& released from the lysimeter over the stated time period,
normalizing this to what would come out over a one year period, and dividing
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by the original source term for the lysimeter.
I t is important to point
out that these values do not represent leaching of the wasteform, but are
release rates from the entire waste/soi1/water system of the lysimeter.
The two striking features of this table are the nearly constant release
rates ovgr the three year period and the differences in performance between
the three types of wasteforms. The Portland and masonry cement wasteforms
a l l snow similar fractional release rates. The polymer wasteforms release
about two orders of magnitude less cobalt to the sump. As w i l l be discussed
in a later section, this is quite different than what was observed by BNL in
immersion leach tests.
By using cation and anion exchange resin beds in series rather than the
mixed beds usually employed, i t has been determined that the cobalt which
is released to the lysimeter sump is largely anionic in form. The data are
given in Table 2. Switching the order of the resin beds indicates that the
cobalt exists largely as a labile anionic complex. Other studies in our
laboratory have shown that catior.-'c cobalt should have an equilibrium
soil/water distribution coefficient (K^) greater than 1000 mL/g in the
lysimeter system. This large K.^ for cationic cobalt indicates that
unless all of the Co-60 leached from the wasteform to the soil/water system
is anionic, only a portion of the cobalt is mobile.
The anionic cobalt is most likely in the form of an inorganic complex
or cheldted compound. The wastes are typical commercial power reactor
wastes, so i t is expected that organic chelating agents from decontamination
reagents &re present in the sodium sulfate concentrate wastes. Related
studies involving Portland cement and VES polymer wasteforms have shown that
most of the commonly used decontamination agents dre leached from polymer
wasteforms one to two orders of magnitude more slowly than from the cement
wasteforms.
Although there is no data on the organic components of these
particular wasteforms, this is a reasonable explanation for the difference
in the Co-60 release rates.
Strontium - 90
Strontium has continued to be detected in low concentrations in the
effluent water from three of the lysimeters containing polymer wasteforms.
The Sr-90 f i r s t appeared between September 1983 and March 1984. Concentrations -:,. the last year have increased to a maximum of 1.4 pCi/L. In addit i o n , the lysi meters which contain cement waveforms have sporadically shown
concentrations as high as 2.4 pCi/L, but these have not been consistently
observed and are believed to be false positives.
Release rates are more d i f f i c u l t to calculate for Sr-90 than for Co-60
as there are small amounts of Sr-90 observed in the control lysimeter
effluent water. Measurements are also not made as often for Sr-90 as for
Co-60. When corrected for this observed background, fractional release
rates for the polymer wasteform lysimeters of 2-5 x 10"' per year are
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TABLE 1 .

Co-60 ROM SPECIAL WASTE FORM LYSIMETERS

Annual1 Fraction Released
Jul 83-Jun 84
Jul 84-May 85
Jan-June 83

Matrix

Lys
#

Type I I I Cement

44

2

X

10" 6

3

X

10" 6

2

X

10" 6

48

3

X

10" 6

2

X

10" 6

1

X

10" 6

47

2

X

10" 6

6

X

10" 6

2

X

10" 6

bottoms
+ resin

49

8

X

10" 8

1

A

10" 6

2

X

10" 6

Masonry cement

51

7

X

10" 6

4

X

10" 6

5

X

io- 7

52

1

X

10" 5

8

X

10" 6

2

X

10" 6

42

2

X

10" 8

4

X

lO" 9

46

2

X

io- 7

5 X 10" 8
7
1 X io-

4

X

10-8

8

X

10~9

bottoms
Type I I I Cement

boric acid

Polymer
bottoms

43

Polymer

4

8 x 10"8

41

TABLE 2.

10"

2 x 1 0 -8

7 x 10~ 8

Co-60 SPECIATION STUDIES

Polymer Wasteform

Resin Bed Order

X

8

Portland Cement Wasteform

a/c

c/a

a/c

a/c/n

% Cationic

0

18

0

8

41

% Anionic

100

82

100

92

58

% Neutral

-

--

-

0

1

Resin beds were run in series in order indicated
c = anion exchange resin
c = cation exchange resin
n = alumina for sorbing neutral species
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a/c/n

observed for the 17 month period for which there is dat^, i f the spikes in
the data for the Portland cement lysimeters are assumed to be r e a l , then the
release rates are approximately 10"° per year. These lower values are
expected, as strontium should substitute for calcium in the cement and would
not be available for leaching.
The calculated release rates for Sr-90 of lO""7 per year for the
polymer wasteform lysimeters are higher than the rate for Co-60. This is
consistent with a lower K^ for strontium^ and the fact that no complexation should be occurring. However, because Sr-90 is sorbed on the soil
(unlike the anionic cobalt species observed in the sump) i t is l i k e l y that
the release rate w i l l increase over time rather than remain constant as
observed for Co-60. This is based on the the soil acting as a chromatographic column and the Sr-90 undergoing breakthrough.

Cesi um - 137
Concentra1"-' ons of Cs-137 were observed in the effluent water from one
lysimeter for ti,e first time in May 1985. This lysimeter contains a
Portland cement wasteform comprising sodium sulfate concentrate waste, but
with no spent resin. Concentrations up to 19 pCi/L have been observed.
Elevated levels of Cs-137 had been observed in the soil moisture samples up
to January 1984 when the samplers failed. Other Portland cement wasteform
lysimeters showed significant increases in Cs-137 concentrations in the soil
moisture samples in July 1984, so a breakthrough of Cs is not unexpected.
Based on such limited data, a fractional release rate for Cs cannot be
calculated. However, based on the design of the lysimeter, the leading edge
of the cesium has migrated at an average rate Gf one foot per year. With a
high K d for cesium in the native soil , it is surprising that the cesium
has moved this fast. Channeling of the water/contaminant flow and/or
settling of the wasteform are suspected causes for the cesium appearance.
COMPARISON TO BNL TESTS
During 1982 and 1983, BNL performed static, immersion leach tests on
wasteforms identical to those in the SRL lysimeters. These tests were
carried out for 316 days on full scale wasteforms. The Portland and masonry
cement wasteforms released cesium about 200 times faster than cobalt in
these immersion tests. The polymer wasteforms released all of the species
within a factor of 5 of the same rate when expressed as fraction per day.
The BNL results* are summarized in Table 3 as relative rates with the
leach rate for each element from VES polymer defined as 1. The leach rates
(fraction per day) for cobalt were within a factor of three for all three
types of waste. Cesium leached at least an order of magnitude slower from
the polymer wasteform than from either of the concrete wasteforms. No leach
rates for strontium were determined, but based on the substitution of
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strontium for calcium in the cement matrix, Sr is expected to be leached
more slowly from the cement than from the polymer wasteforms.
For Co-60, the lysimeters show s i g n i f i c a n t l y d i f f e r e n t results than the
immersion t e s t s . Based on the concentrations observed i n the e f f l u e n t
water, fractional releases from the lysimeters containing the polymer wasteforms are generally two orders of magnitude less than from the cement wasteforms. This cannot be predicted using the immersion t e s t results alone, and
may be due to anionic cobalt species migrating to the sump mere rapidly than
the cationic species. The leach rate of chelating agents from the wasteforms may also be a factor.
The soil moisture samples from three of the polymer wasteform
lysimeters indicate that the quantity of cobalt released from the polymer
wasteforms is less than that from the Portland cement wasteforms by a factor
of 10 to 30. The one polymer wasteform which contains resin shows a concent r a t i o n only a factor of three less than the cement wasteforms, but i t also
has a factor of two higher Co-60 source term than any other wasteform.
It
appears that the r e l a t i v e release rates for Co-60 as measured in immersion
leach tests may not accurately indicate what w i l l happen when the waste i s
emplaced in the soil system.
Cesium does show the same trend in the lysimeters as in the immersion
t e s t s . Fractional release rates cannot be calculated since cesium has j u s t
recently been observed in the sumps. The soil moisture samples show cesium
from only the cement wasteform lysimeters. This is consistent with the
immersion leach t e s t results (Table 3 ) . Strontium release is observed only
from the polymer wasteform lysimeters. This was expected due to incorporat i o n of the strontium into the cement matrix in the cement wasteforms.

CORING RESULTS
In March of 1984, horizontal soil cores were collected beneath a
Portland cement wastsform in one of the lysimeters. Cores were collected
from both the upper and lower sampling ports across the entire six foot
diameter of the lysimeter. The i n i t i a l placement of the wasteform would
have placed these cores 12 and 22 inches below the wasteforms, but s e t t l i n g
appears to have reduced these two depths. The objective of this coring was
t o determine both a vertical and radial p r o f i l e of the migrating radionuclides i n the lysimeter after two years of operation.
Analyses were performed by drying the soil and obtaining a gamma PHA
spectum for a known weight of the s o i l . Only Co-60 and Cs-137 were observed
i n the samples. Standards were prepared in about the same concentration by
adding tracer? to clean soil samples, drying them, and counting the standards in the same geometry used for the core samples. The c a l i b r a t i o n
curves were l i n e a r .
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Figures 1-3 show the concentration p r o f i l e s of Cs-137 i n the upper core,
and Co-60 i n both cores. Cesium i s s u f f i c i e n t l y retarded by the s o i l that
only trace amounts are observed i n the lower core. During the c o l l e c t i o n of
the upper c o r e , d i f f i c u l t i e s were encountered when the sampling device
appeared to scrape the bottom of the wasteform. Inspection of the samples
showed small pieces of concrete, which were removed from the samples p r i o r t o
drying and counting the s o i l s . Pieces of concrete should only be observed i n
the s o i l samples i f the wasteform had s e t t l e d 12 inches over the two year
period, or i f i t were emplaced at the wrong depth. Either way, since only
trace amounts of cesium were observed i n the lower core, the data i n d i c a t e
that the leading edge of Cs-137 migrated about 10 inches i n a two year
period. The cesium p r o f i l e also indicates an o f f - c e n t e r placement of the
waste, with the majority of the a c t i v i t y occuring i n a 24 i n c h r e g i o n . This
agrees well w i t h the 22 inch diameter of the wasteform.
Unlike cesium, s i g n i f i c a n t concentrations of Co-60 are observed i n both
the upper and lower cores. The lower core shows a 22-24 inch band of high
a c t i v i t y located at approximately the same distance i n t o the l y s i m e t e r as
was observed f o r cesium. The upper core shows elevated Co-60 a c t i v i t i e s at
shorter distances i n t o the lysimeter. This i s believed to be due to contamination of one sample taken from 12 inches i n t o the lysimeter during the
coring process. Other than f o r t h i s one sample, the r e s u l t s appear to be as
expected.
The Co-60 concentrations i n the lower core of up to 4 nCi/g ere about a
factor of 2 lower than i n the upper core, but s i g n i f i c a n t l y below the 300
nCi/g maximum observed f o r cesium. This i s consistent both w i t h a greater
m o b i l i t y f o r the cobalt, and a lower f r a c t i o n a l leach rate from the waste (as
observed i n the immersion leach t e s t s ) . I f the c o b a l t , which i s present i n
the waste at a higher c o n c e n t r a t i o n , was leached at the same r a t e as the
cesium, then the cobalt concentrations in the s o i l should be s i g n i f i c a n t l y
higher.

CONCLUSIONS
The data collected during the f i r s t three years of t h i s l y s i m e t e r
experiment, summarized i n t h i s and previous papers, > 4 have demonstrated
that the wasteforms do release radionuclides under r e a l i s t i c b u r i a l condit i o n s i n a humid s i t e . However, the low f r a c t i o n a l release rates f o r a l l of
the lysimeters i n d i c a t e t h a t the waste/soil systems are performing e x c e l l e n t l y .
In the short term, i t appears that cement based wasteforms are p r e f e r able i f one's goal i s to minimize the release of Sr-90, however t h i s w i l l be
at the expense of releasing greater amounts of cobalt and cesium. I f one's
purpose i s t o minimize the release of Co-60 and Cs-137, at the expense of
Sr-90, than i t may De preferable to use the VES polymer wasteforms. With the
short h a l f l i f e of Co-60, i t i s probably more important to be concerned w i t h
strontium and cesium.
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TABLE 3. RELATIVE LEACH RATES
IMMERSION TESTS AT BNL
Cobalt

Cesium

VES Polymer

1 (defined)

1 (defined)

Masonry Cement

1.5

40

Portland Cement

0.5

10

300
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Figure 1. Cesium-137 concentration profile in the upper soil core.
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Probably the most important conclusion of the test is in the comparison
of the immersion leach results to the leaching in the burial environment.
The differences noted for Co-60 leaching indicate that what is observed in
immersion leaching may not represent what is to be expected in the f i e l d .
This is an area in which work is continuing to resolve the differences, and
to understand the causes and their effects on release projections.
FUTURE WORK
Horizontal cores from a lysimeter containing a polymer waste form were
collected in June 1985 and w i l l be analyzed in the coming year. The results
w i l l help answer the lingering question of whether the polymer wasteforms
release less cobalt than the cement based wasieforms, or i f similar amounts
are released, but the material is partitioned differently between the soil
and water portions of the system. The monitoring of the soil moisture samples and the effluent water w i l l continue.
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SPECIAL WASTE FORM LYSIMETERS-ARID
Annual Report 1985

M. B. Walter and M. J. Graham
Pacific Northwest Laboratory

ABSTRACT
The Special Waste Form Lysimeters-Arid program was initiated
to determine typical source terms generated by commercial solidified low-level nuclear waste in an arid climate. Waste-form
leaching tests are being conducted at a field facility at the
Hanford site near Richland, Washington. A similar program is
being conducted at a humid site. The field facility consists
of 10 lysimeters placed around a central instrument caisson.
The waste samples from boiling water and pressurized water reactors were emplaced in 1984, and the lysimeters are being monitored
for movement of contaminants and water. Solidifying agents
being tested include vinyl ester-styrene, bitumen, and cement.
Laboratory leaching and geochemical modeling studies are being
conducted to predict expected leach rates at the field site and
to aid field-data interpretation. Small samples of the solidified
waste forms were made for use in the laboratory leaching studies
that include standard leach tests and leaching of solidified
waste forms in soil columns. Complete chemical end radionuclide
analyses are being conducted on the solid and liquid portions
of the wastes. This work was supported by the U. S. Department
of Energy (DOE) under Contract DE-ACO6-76RLO 1830.

INTRODUCTION
The Special Waste Form Lysimeters-Arid program was initiated in 1983 tc
determine typical source terms generated by commercial, solidified low-level
nuclear waste in an arid climate. The major task of the program is to construct
and monitor a field test facility designed to quantify the leaching of radionuclides and major chemical components of selected waste forms. Laboratory
experiments and geochemical and hydrologic modeling performed in support of
this task will enabla the identification of the chemical and physical processes
controlling the radionuclide concentrations in the soil surrounding the waste.
Methods for representing source-term boundary conditions .'or these wastes
wi11 be determi ned.
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FIELD LYSIMETER FACILITY
The field lysimeter facility is located on the U. S. DOE Hanford site in
southeastern Washington state (Figure 1 ) . Ten 3-m-deep by 1.8-m-dia lysimeters
formed from galvanized, corrugated steel were set into a concrete pad surrounding a 4-m-deep by 4-m-dia instrument caisson (Figure 2 ) . Sampling ports,
instrument conduits and lysimeter drains connect the lysimeters with the instrument caisson
Sorted gravel was placed in the bottom of the caissons, and
they were backfilled with sifted sand from the site excavation.
Soil physics instrumentation including thermocouples and moisture blocks
were installed during backfilling to provide thermal and moisture gradients.
Ten waste forms with their 210-L barrels cut away were emplaced in the lysimeters in 1984. The waste forms, obtained by Brookhaven National Laboratory
(BML), consisted of boric acid waste from a pressurized water reactor (PWR),
evaporator concentrate wastes, and evaporator-concentrate with ion-exchangeresin wastes from a boiling water reactor (BWR} solidified in cement, vinyl
ester-styrene, and bitumen (Tabl^ 1). Suction candles (porous ceramic tubes)
were placed near the waste form to provide representative samples of leachate
near the source term.

TABLE I. WASTE FORMS OBTAINED FOR THE SPECIAL WASTE FORM
LYSIMETERS-ARID PROGRAM
Vidste Stream

Reactor

Solidifying Agent

Boric acid concentrate
was te
Boric acid concentrate
waste
Evaporator-concentrate
(regenerative) v/aste
Evaporator-concentrate
(regenerative) waste
and ion-exchange-resin
waste

PWR

Masonry cement

PWR

Bitumen

BWR

Portland Type III cement

BWR

Portland Type III cement

Evaporator-concentrate
(regenerative) waste
and ion-exchange-resin

BWR

Dow polymer
(Vinyl ester-styren^)

waste
Note:

PWR = pressurized water reactor.
BWR = boiling water reactor.
DATA COLLECTION

Micrometeorological data collected near the field site along with the
soil physics data are recorded by data loggers and stored on magnetic tape. At
selected intervals, an offsite automated computer system accesses the data
logger memory via telephone link and inserts the data in permanent storage.
Moisture profile data are also being collected by a field technician using a
downwell neutrc" probe inserted into wells which are attached to the walls of
each lysimeter (Figure 1 ) .
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the

Baseline data on the lysimeter soils have been collected and Are reported
in a topical report [1]. These data include water-retention characteristics,
hydraulic conductivities, and particle-size distributions for soils collected
from the lysimeters during the backfill operation. Chemical and radiological
analyses are conducted quarterly on leachate collected and measured from the
drains in the bottom of the lysimeters. A sudden snow melt in the second
quarter of this fiscal year flooded 3 of the 10 lysimeters. As much as 700
liters of leachate was drained from each of the flooded lysimeters while each
of the remaining 7 lysimeters, having es^aDed the overland flow of ponded water,
produced approximately 100 liters of leachcte. No radionuclides have been
detected in any of the leachate samples. Two of the lysimeters (one having
experienced flooding) have been gamma logged with a downwell high resolution
germanium diode gamma-ray spectrometer. This instrument is used to detect
the presence of radionuclides in the soil surrounding the waste form. It
provides a measurment of the in situ leaching and transport cf radionuclides
from the waste form. No release of radioactive contaminants was indicated in
either of the two lysimeters logged.

WASTE CHARACTERIZATION
Laboratory leach tests and organic analyses are being performed to characterize the low-level waste emplaced in the field lysimeter facility. Laboratory-scale waste forms were prepared by BNL, for use in standard leach tests
such as ANS-16.1, MCC-3S and MCC-4S. Data obtained from these tests will be
used to relate laboratory measurements of waste-form characteristics to the
release and migration rates observed in the field. The results of one ANS
16.1 test performed by BNL on Portland Type III cement containing concentrate
waste and ion exchange resins are shown in figure 3. The plot of cumulative
fraction leached (log scale) vs time (days) indicates that cesium-134,137
is readily released and cobalt-60 is released but to a much lesser extent.
These radionuclides represent the highest concentrations in the raw waste
streams followed by manganese-54.
Pacific Northwest Laboratory (PNL) has completed the organic analyses of
the liquid and solid fractions of the boric acid concentrate waste (PWR) that
were solidified with masonry cement. A variety of organic cnelating agents were
identified in the hydrophilic organic fraction of the sample (Table 2). Two
of them, ethylene-diaminetetraacetic acid (EDTA) and citric acid with concentrations of 11.2 ppm and 7.1 ppm respectively, are typically used in the decontamination operations at nuclear facilities. FD3A, having the highest
singular concentration (22.5 ppm) is a degradation product of EDTA. Also
completed are the organic analyses (liquid and solid fractions) of the BWR
waste streams (evaporator-concentrate waste and evaporator-concentrate with
ion-exchange-resin waste). The orqanic contents of the BWR waste stream a "
qualitatively different. The major components are phenols and phosphate esters (Table 3). Such hydrophobic compounds are used as plasticizers and hydraulic fluids. The solid portion of the BWR evaporator-concentrate waste
also contained a significant concentration of EDTA.
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AIMS-16.1 Leach Test
BWR Concentrate with Ion Exchange Resin in
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FIGURE 3.

RELEASE O F CO-60 AND Cs-137 FROM PORTLAND TYPE III CEMENT IN ANS-16.1
LEACHING EXPERIMENT

TABLE 2. HYDROPHILIC ORGANIC COMPOUNDS IN COMMERCIAL NUCLEAR WASTES

Concentration
Boric Aid
Concentrate
Liquid
Chelating Agents
EDTA
ED3A
Fragments
Other
Tricarboxylic Acid
Citric Acid

BWR Concentrate
Waste

Solid

Liquid

Solid

11.2
22.5
39.0
9.5

2.1

66.8

7.1

1.8

BWR Concentrate
Waste + Ion
Exchanae Resin
Solid

1.8

0.4

entry indicates <0.1 ppb
TABLE 3.

HYDROPHOBIC C R C A N I C IMPOUNDS IN COMMERCIAL NUCLEAR WASTES

Concentration (ppm)(a)
BWR Concentrate
Waste

BWR Concentrate
Waste + Ion
Exchange Resin

Solid

Liquid

Solid

Liquid

1.5
11.1

3.2

25.8
14.4

4.3

5.9

0.7

16.2

8.8

1.7
16.3

17.2

Boric Aid
Ccncentrate
Liquid
Alkyl Phenols
Cresol (Methyl phenol)
Dimethyl phenols
Ethyl phenol
Co-Phenols
Other

1.3
3.9

7.1

10.8

7.7

0.3

Phosphate Esters
Phthalate Esters
Dioctylphthfllate
Dimethyl pht ha"! a tes
Hydroxyberiza Idehyde
Other

89.7

5k> 1 i d

9.5
2.1

15.4

84.3

14.4

1.5

2.9

33.2
46.0
0.1

entry indicates <0.1 ppb
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COLUMN STUDIES
Thr soil and soi1-waste-form column experiments being conducted at PNL
are designed to provide waste-form leaching and soil adsorption data that
can be used in the geochemical modeling task. Results from these experiments
and the geochemical modeling will aid in the prediction of radionuclide
release and migration in the field lysimeters. Six 2.5-cm-dia by 5-cm wasteform samples were obtained from BNL. Four of these samples are duplicates
containing evaporator concentrate and ion exchange resin from a BWR solidified with Portland Type III cement. Two are blanks containing only cement.
The experiments will be conducted in three parts as indicated in the experimental design (Figure 4 ) : (1) ANS-16.1 waste form leaching tests, (2)
soil column adsorption tests, and (3) soil-waste-form column tests combining
leaching and adsorption processes. Three waste forms will be leached in
the ANS-16.1 test [2]: two of the radioactive samples and one blank sample
of Portland Type III cement. Leachate collected from the low-level waste
samples will be combined and passed through the soil adsorption columns.
The column adsorution tests (part 2) will consist of three upflow
columns (2.1 cm dia by 8.4 cm long) containing soil from the field lysimeter
site. Two of the columns will receive identical leec! ate from the ANS
16.1 leaching. One will receive only filtered Hanf'ord groundwater.
Two of three columns used in the waste-form column leaching test (part
3) will contain duplicate solidified waste forms. The third column will
contain a blank Portland III cement form as a control. The forms will be
placed vertically at the inlet end of the upflow columns (3.8 cm dia by
15.24 cm long) and packed in soil from the field lysimeter site. Complete
chemical and radiological analyses will be conducted on all leachate. By
isolating the leaching and adsorption r ""~esses, and comparing the results
with the combined leaching/adsorption data, some determination can be made
of the effectiveness of leaching tests or si. Ttion tests to independently
predict the performance of a waste form in e. ,ield situation. Besides
providing data for the MINTEQ geochemical model, these column experiments
will provide insight into the processes controlling the elease of radionuclides into the soil solution surrounding the waste.
All collected data will be reviewed in Fy 1989 and a decision made regarding the future use of the field facility.
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Experimental Design
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FIGURE 4. EXPERIMENTAL DESIGN OF COLUMN STUDY TO PROVIDE WASTE-FORM LEACHING AND SOIL
ADSORPTION DATA FOR GEOCHEMICAL MODELING
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SESSION II. CHARACTERISTICS AND
TREATMENT OF LOW-LEVEL WASTE
SESSION B

LEACHING STUDIES OF LOW-LEVEL RADIOACTIVE WASTE FORMS*
R. Dayal, H. Arora, J.C. Clinton, and L. Milian
Department of Nuclear Energy
Brookhaven National Laboratory
Upton, New York 11973
ABSTRACT
A research program has been under way at the Brookhaven
National Laboratory t o investigate the radionuclide release
behavior of ion exchange bead resin waste s o l i d i f i e d in
Portland cement. An important aspect of t h i s program i s t o
develop and evaluate t e s t i n g procedures and methodologies
which enable the long-term performance evaluation of waste
forms under simulated f i e l d conditions.
Cesium and strontium release behavior using a range of
t e s t i n g procedures, including i n t e r m i t t e n t leachant flow
c o n d i t i o n s , has been investigated. For c y c l i c wet/dry
leaching t e s t s , extended dry periods tend to enhance the
release of Cs and suppress the release of Sr. Under extended wet period leaching conditions, however, both Cs and
Sr e x h i b i t suppressed releases. In c o n t r a s t , radionuclide
releases observed under continuously saturated leaching
c o n d i t i o n s , as represented by conventional leaching t e s t s ,
are s i g n i f i c a n t l y d i f f e r e n t . The relevance and a p p l i c a b i l i t y of these laboratory data obtained under a wide range of
leaching conditions t o the performance evaluation of waste
forms under anticipated f i e l d conditions i s discussed.

INTRODUCTION
The Rule 10 CFR Part 61 promulgated by the U. S. Nuclear Regulatory
Commission requires either s o l i d i f i c a t i o n or the use of high i n t e g r i t y containers for the disposal of several classes of low-level radioactive waste.
Primary concerns in licensing radioactive waste forms and containers are
t h e i r dimensional s t a b i l i t y and the potential f o r release of the immobilized
radionuclides.
Primary emphasis for evaluating the release of immobilized r a d i o nucl ides from s o l i d i f i e d wastes has been placed on the establishment of
uniform leaching test conditions (American Nuclear Society, 1984; Hespe,
*Work carried out under the auspices of the U.S. Nuclear Regulatory
Commission.
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1971). These tests simulate leaching conditions representing a flooded or a
temporally saturated burial environment. Leaching procedures outlined in
these conventional tests are primarily designed to permit inter-laboratory
comparisons for evaluation of waste form products rather than the simulation
of disposal environments encountered at burial s i t e s .
Accordingly, experiments were i n i t i a t e d at the Brookhaven National
Laboratory to study the leaching behavior of cement/resin waste forms under
a range of burial environments simulating i n t e r m i t t e n t leachant flow cond i t i o n s . In e a r l i e r reports, Dayal et a l . (1985, 1984) presented cesium and
strontium release data based on wet/dry cyclic leaching conditions.
In t h i s
r e p o r t , we provide experimental d e t a i l s , current status of ongoing experiments,and the Cs-137 and Sr-85 release data showing the effects of variable
wet and dry leaching periods on the overall release of radionuclides.
EXPERIMENTAL
Preparation of Waste Forms
The test specimens selected for t h i s study were r i g h t cylinders with
nominal dimensions of 5 x 10 (diameter x height, cm). The simulated waste
consisted of Na-saturated organic cation exchange bead resin (Rohm and Haas,
IRN-77) spiked with Cs-137 and Sr-85 such that each specimen contained
approximately 100 and 200 microcuries, respectively, of these radionuclides.
For s o l i d i f i c a t i o n , a slurry of the constituents was prepared in a batch
mode with a waste-to-cement (Portland Type I) r a t i o of 0.6 and a w a t e r - t o cement r a t i o of 0 . 4 . The slurry was poured into individual molds which were
capped and cured for a period of 28 days in the laboratory. This formulat i o n was chosen based on e a r l i e r process parameter investigations which haa
established s t a b i l i t y regions in terms of waste form components (bead r e s i n ,
water, and cement) for obtaining a free-standing s o l i d product of s u f f i c i e n t
compressive strength (Manaktala and Weiss, 1930). Salient characteristics
of the waste forms employed in these experiments are presented in Table 1.
More detailed information on the preparation of test specimens i s available
elsewhere (Dayal et a l . , 1983).
Leaching Column Configuration and Characteristics
The leaching apparatus basically represents a flow through system in
which a test specimen is placed in a porous medium contained in a polyethylene tube f i t t e d with f l a t r i g i d f i l t e r supports at the top and bottom
(Figure ] ) . The funnel-shaped bottom of the leaching column i s equipped
w i t h a clamp, which allows the leachant flow to be regulated in a c y c l i c
mode. No provision was made to exclude atmospheric CO? or oxygen from the
system. The c y l i n d r i c a l test specimen was placed a x i a l l y in the leaching
column and surrounded on a l l sides by a 5-cm thick layer of porous packing
material consisting of inert high density polyethylene (HDPE) beads obtained
from Dow Chemical Company. On the basis of preliminary sorption t e s t s , the
HDPE beads were found to be r e l a t i v e l y inert with respect to Cs-137, Co-60,
and Sr-85. Water retention tests showed that r e l a t i v e to the t o t a l void
space of the bead column, a very small fraction of water (<5%) resides i n
the column upon draining under g r a v i t y . This indicates that the bead column
remains p r a c t i c a l l y unsaturated during the dry period, following an immer-
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sion cycle. The combination of both low water retention capacity and the
lack of r e a c t i v i t y with radionuclides was the deciding factor in favor of
using HDPE beads as the porous medium. A summary of the leaching column
c h a r a c t e r i s t i c s , without the waste form, i s given in Table 2.
TABLE 1.

CHARACTERISTICS OF TEST SPECIMENS EMPLOYED IN COLUMN
LEACHING EXPERIMENTS

Parameter

Value for Experiment
Code Na

Weight (upon 28-day c u r i n g ) , g
Weight upon saturation, g
Oven dry weight, g
Moisture content at s a t u r a t i o n , %
Estimated amount of cement i n
waste form, g
Estimated amount of bead resin
in waste form, g
Diameter, cm
Height, cm
Volume (V), cm3
Surface area (S), cm2
V/S, cm
Bulk d e n s i t y , g/cm3

237
293

Range for a l l
Waste Forms Used

284-396

26

b
b
b

181

181-250

233

0.94

36-50
4.7-5.2
9.2-10.4
160-221
172-212
0.93-1.04

1.8

1.8

36
4.7
9.4
163
173

26C

Estimated porosity, %
a

Average f o r two waste forms used in Experiment N.
^Not determined.
c
Based on water content upon saturation.

Leaching Conditions
Basically three types of leaching tests were considered: (a) c y c l i c
wet/dry leaching; (b) modified IAEA leaching representing continuously saturated conditions with periodic leachant replenishment; and (c) s o l u b i l i t y l i m i t i n g leaching representing no leachant replenishment. Deionized water
was employed as a leachant i n a l l experiments described in t h i s report. The
leachant volume during each replenishment or immersion period was based on
the relationship v/S = 10 cm, where v represents the leachant volume, and S
is the geometric surface area of the test specimen. Thus for a typical 5 x
10 size specimen, with a surface area of 180 cm 2 , the leachant volume employed was 1800 mL. All experiments were conducted in d i o l i c a t e or t r i p l i cate at ambient room temperature.
Information on various leaching modes used in the cyclic wet/dry leaching experiments i s given i n Table 3. After a predetermined dry period, the
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column was r e f i l l e d w i t h f r t ^ h leachant t o t a l l y immersing the specimen f o r
tne duration of the wet c y c l e .
In most experiments (B, L, M, and N), the
immersion tim? ( t w ) was kept constart at one day, w h i l e the dry period
( t ^ ) was varied from one to twenty days, referred t o as v a r i a b l e dry period
experiments. In experiments C and S, however, the dry period of one day was
kept constant w h i l e t h e length of wet period was v a r i e d from three t o s i x
d a y s , referred to as v a r i a b l e wet period experiments.

Figure 1.

Schematic of a column leaching apparatus employed f o r leaching
under i n t e r m i t t e n t leachant flow c o n d i t i o n s .
TABLE 2.

LEACHING COLUMN CHARACTERISTICS8
Value

Parameter

Dimensions (diameter x height), cm
Volume (nominal), cm3
Air dry wt. of beads in column, g
Saturated wt. of beads (dewatered), g
Moisture retention capacity, %
Hydraulic conductivity, cm/s
Bulk density (D5), g/cm3
Particle density, Dp
Packing density or fraction,
Porosity, %
a

15 x 20
3S30
=2140
=2240
4.5
1.2 x 10 - 1
0.61
0.96
63
37

Waste form not included.

I t is important to note t/iat during tha dry periods observed in these
experiments the waste form is not necessarily dry, free of water. In actua l i t y , the waste form retains s u f f i c i e n t moisture from the preceeding wet
cycle to remain largely saturated during the experimental dry period.
Flow
rates corresponding to wet/dry leaching conditions calculated on the badis of
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1eachant volume in contact with the waste form over the duration of the
wet/dry cycle vary from 0.62 mL/min for Experiment Code B to 0.06 mL/min for
Experiment Code N. More detailed description of these experiments is given
elsewhere (Morcos and Dayal, 1982).
TABLE 3. WET/DRY CYCLIC LEACHING CONDITIONS
Experiment
Code

Wet Period
(t w , days)

Dry Period
(t d , days)

Cycle Length
(tw + t d , days)

Number of
Cycles

Variable Dry Period Experiments
B
1
1
1
4
L
1
6
M
N
1
20

2
5
7
21

85
39
28
21

Variable Wet Period Experiments
C
3
1
6
1
S

4
7

46
13

For the modified IAEA leaching, the method described by Hespe (1971)
was modified in our laboratory so that the entire surface of the specimen
was in contact with the 1eachant (Arora and Dayal, 1984a; Dayal et al.,
1983). The leachant was replaced periodically, simulating a flowing system
with a variable flow rate resulting from charging frequency of leachant
renewal with time. Following the first leaching period of 100 minutes, the
leachant was renewed daily, except weekends, for the first six weeks.
Subsequently, the daily leachant renewal frequency was changed to weekly for
the next six weeks, and finally, to monthly until the experiments were
terminated. During the immersion period, the v/S ratio was kept constant at
10 cm. The daily leachant renewal frequency corresponds to an equivalent
flow rate of 1.25 mL/min. Reference flow rates suggested for MCC-4 leach
test employed for simulating high level waste repository conditions are 0.1,
0.01, and 0.001 mL/min (Materials Characteri :ation Center, 1981).
Static tests were conducted to simulate solubility-limiting conditions
in which the leachant was not renewed. A 100 mL aliquot of the 1 eachate was
sampled periodically, analyzed, and subsequently returned to the leaching
vessel so that the v/S ratio was kept constant at 10 cm (Dayal et al.,
1985). More details on leaching methodology and counting procedures were
described in previous reports issued in this program (Arora and Dayal,
1984b; Dayal et al., 1983).
Based on 1eachate analysis, incremental releases of Cs-137 and Sr-85
were measured at the end of each wet cycle in the cyclic leaching experiments
In the modified IAEA and static leaching tests, radionucl ides were
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measured in solution at the end of each immersion or sampling period.
Normalized t o the i n i t i a l a c t i v i t y of each radionuclide present in the test
specimen, the leaching data were reduced i n the form of incremental fractional release (IFR) and cumulative fractional release (CFR) of a radionuclide expressed as
IFR = a n 'A 0

(1)

CFR = Ean/Ao

(2)

where an is the amount of tracer leached from the test specimen in
incremental leaching time, AQ i s the amount of tracer present i n i t i a l l y in
the specimen, and zan is the cumulative amount of tracer leached out of
the test specimen in cumulative leaching time.
RESULTS AND DISCUSSION
The CFR data for Cs-137 and Sr-85 (normalized for V/S variations in
test specimens) vs total elapsed leaching time for the various wet/dry cycl i c leaching conditions were presented in previous reports (Dayal and Arora,
1985; Arora and Dayal, 1984a). For both radionuclides, i t was observed that
the modified IAEA leaching data represent conservative estimates of the
releases observed under wet/dry cyclic conditions. This is to be expected
considering that IAEA leaching data represent releases measured on a daily
basis during the daily leachant renewal frequency period, while in the
wet/dry c y c l i c experiments no releases are measured during the dry periods.
In other words, for a given elapsed experimental time of say, 30 days there
are t h i r t y data points for the IAEA test as opposed to 15 data points for
the cyclic Experiment B (one-day wet/one-day dry) and only 6 data points for
Experiment L (one-day wet/four-day dry). Therefore, for a valid comparison
of the observed releases under the range of leaching conditions employed in
t h i s study, only the actual immersion periods must be considered. Accordi n g l y , we calculated incremental leach rates for both Cs-137 and Sr-85 based
on IFR data and the actual immersion periods using the relationship (Ooard
and Bryant, 1982)
R

n "

where
Rn = leach rate (cm/s)
S = exposed surface area of specimen (cm2)
V = volume of specimen (cm3)
t n = cumulative leachant renewal period ( s ) , and
t n - t n _ 1 = duration of leachant renewal period (s)
The elevated releases observed during the i n i t i a l immersion periods,
attributed to a "wash"ng-off" e f f e c t from surface relaced processes, were
disregarded because they give transient high leach rates and are not representative of the bulk matrix leaching characteristics (Dayal et a l . , 1983).

294

Cs-137 Release Behavior
Variable Dry Period Experiments
In a preliminary analysis of leaching data for wet/dry cycle experiments (Dayal et a l . , 1984), we reported that Cs release when considered as a
function of actual immersion time (total length of the wet periods of
wet/dry cycles) remained r e l a t i v e l y constant, irrespective of the varying
lengths of dry periods in a cycle. However, on the basis of additional
experimental data with longer dry periods of up to 3 weeks we observed that
the leach rates for cesium in a given total immersion period are greater
than those based on the IAEA t e s t . Furthermore, there is a d i s t i n c t trend
of progressive increase in Cs release with increasing length of dry period
in a cycle. As an example, Figure 2 shows the observed enhancement in leach
rates of Cs-137 for one-day immersion period measured at 20-, 30-, and
35-day leaching times as a function of increasing length of dry period in a
cycle.
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Cs-137 leach rates as a function of leaching mode representing
increasing length of dry period in a cycle. The leach rates
are given for 20-, 30-, and 35-day leaching periods.

It seems that during the dry period of the leaching cycle the specimen
leached surface is replenished with cesium derived from the relatively enriched sub-surface zones, and subsequently released during the next rinse
cycle. As discussed in earlier reports (Dayal and Arora, 1985; Dayal et
a l . , 1984), such a mechanism for Cs mobilization and transport in the waste
form during the dry period would explain the observed enhancement in Cs
release with increasing duration of dry period.
Variable Wet Period Experiments
In contrast to the release behavior of Cs under variable dry period
experiments described above, we observe a consistently lower release as the
length of leachant residence time increases. This is evident from the leach
rates based on IAEA and s t a t i c tests which show a distinct trend of lowf.
leach rates with decreasing leachant renewal or leachate sampling frequency,
with the leach rates based on static test being consistently lower than
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thosa based on the IAEA test (Figure 3).
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Figure 3.

Cs-137 leach rates as a function of leachant renewal and
leachate sampling frequency in IAEA and static t e s t s .

Leach rate data for variable wet periods (3- and 6-day wet periods in
experiments C and S), along with the modified IAEA and static leaching data
reported previously (Dayal et a l . , 1983), are presented in Figure 4. These
data show clearly suppressed radionuclide release with increasing leachant
residence time, attributed to saturation effect resulting from build up of
dissolution products due to decreasing frequency of leachate sampling or
1eachant renewal.
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Figure 4.
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Cs-137 leach rates as a function of leaching mode representing
increasing leachant residence time. The leach rates are given
for 25-, 30-, 35-, 40-, and 45-day leaching periods.
Sr-85 Release Behavior

Variable Dry Period Experiments
The overall release of strontium is significantly lower than that of
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Cs. Furthermore, a systematic decrease in the release rate of Sr is observed with increasing length of dry period in a leaching cycle (Figure 5).
Decreasing rates of Sr release with increasing length of dry periods is
believed to be a result of d i f f e r e n t degrees of curing (length of dry periods) of tiie cementitious matrix incorporating strontium. The longer the
duration of dry period in a cycle, the greater i s the curing time. For
example, miiiimal Sr release i s observed in the six-day dry cycle experiment
M in which the curing time corresponds to -160 days in an experimental
elapsed leich time of =190 days. In comparison, significantly higher release of Sr is observed in the one-day dry cycle experiment B in which the
curing time for experimental elapsed leach time of =190 days corresponds to
95 days. Therefore, i t appears that the observed dependence of decreasing
Sr release with increasing length of the dry cycle can be attributed to i n creased curing of the test specimen during dry periods of the experiments.
Accordingly, strontium releases observed under conventional IAEA test conditions with no curing represent conservative estimates of releases a n t i c i pated under unsaturated f i e l d leaching conditions. Further interpretation
of Sr release data is presented in previous reports (Dayal and Arora, 1985;
Dayal et a l . , 1984).
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Figure 5.

Sr-85 leach rates as a function of leaching mode representing
increasing length of dry period "n a leaching cycle. The leach
rates are presented for 25-, 30-, 35-, and 40-day leaching
periods.

Variable Wet Period Experiments
The effect of saturation on the overall release of Sr-85 i s also e v i dent from Figure 6. Like cesium, strontium leach rates exhibit a steady
decrease with decreasing frequency of leachant replenishment or leachate
sampling in modified IAEA or static t e s t s , respectively (Figure 5 ) . This is
believed to be a consequence of a buildup of dissolution products due to
infrequent leechant renewal intervals or 1 eachste sampling. As expected,
the saturation effect is more pronounced under s o l u b i l i t y - l i m i t i n g leaching
conditions.
Figure 7 presents Sr-85 leach rates based on s t a t i c , modified IflEA, and
cyclic Experiment. C (one-day dry, followed by three-day wet) leaching
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modes,representing increasing leachant residence time for 25-, 30-, 35-,
40-, and 45-day immersion periods. Although the data show d i s t i n c t l y lower
leach rates under static leaching as opposed to those observed under modified IAEA leaching conditions, the cyclic leaching data (leaching mode C) do
not follow the trend expected based on a saturation effect alone. More data
based on additional cyclic leaching mode are required to conclusively establ i s h the effect of saturation on strontium release during extended wet periods of wet/dry cyclic leaching.
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Sr-85 leach rates as a function of leachant renewal and
leachato sampling frequency i n modified IAEA and s t a t i c t e s t s .
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Sr-85 leach rates as a function of leaching mode representing
increasing leachant residence time. The "leach rates are given
for 25-, 30-, 35-, 4 0 - , and 45-day immersioi periods.
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Contrasting Release Behavior of Cs-137 and Sr-85
As displayed in a composite plot shown in Figure 8, the leach ratel i m i t i n g conditions represented by the conventional IAEA leaching test
reflect conservative estimates of Cs-137 release for variable wet period
experiments. For extended dry period experiments, however, enhanced cesium
release i s observed relative to that based on IAEA t e s t , representing continuously saturated conditions. Fractional leachant contact time in Figure
8 represents the fraction of the time during which the specimens are actually contacted with the leachant in a given leaching cycle.
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Cs-137 leach rates as a function of flow rate showing the
effect of increasing leachant residence time (bottom curve); and
as a function of fractional leachant contact time showing the
effect of increasing dry periods in a leaching cycle (upper
curve). The leach rate data are given for a 30-day immersion
period.

In contrast, the effect of extended dry periods and variable wet periods on the overall release of Sr-85 is shown in Figure 9. Unlike the release behavior of Cs, strontium release i s significantly lower and exhibits
a systematic decrease with increasing length of the dry period in a leaching
cycle.
As discussed in earlier reports (Dayal and Arora, 1985; Dayal et a l . ,
1984), the observed differences in the release behavior of Cs and Sr can be
attributed to different mechanisms by which these radionucl ides are mobilized and transported from the bulk matrix into the leachant. In case of
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cesium, diffusion is the principal release mechanism. Ion-exchange of
cesium from the bead resin and dissolution of cesium compounds are too rapid
to be rate-controlling. Strontium, on the other hand, is incorporated into
the cement matrix during curing of the waste form. Consequently, release of
strontium involves matrix dissolution and subsequent diffusion of strontium
into the leachant. Because of an additional rate-controlling, dissolution
step, the observed release rate of strontium is lower than that of cesium.
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Figure 9.

Sr-85 leach rates as a function of flow rate showing the effect
of increasing leachant residence time (upper curve); and as a
function of fractional leachant contact time showing the effect
of increasing dry periods in a leaching cycle (bottom curve).
The leach rates are given for a 25-day immersion period.

Practical implications of the results of this study are that radionuclide releases observed in the laboratcry under continuously saturated
leaching conditions as represented by conventional leaching tests can be
significantly different from those observed under anticipated f i e l d conditions. In particular, extended dry periods tend to enhance the release of
Cs and suppress the release of Sr. Under extended wet period leaching conditions, however, both Cs and Sr exhibit suppressed releases.

300

REFERENCES
1.

American Nuclear Society, "Measurement of the L e a c h a b i l i t y o f
S o l i d i f i e d Low-Level Radioactive Wastes," American Nuclear Society
Standards Committee, Final Draft of a Standard, ANS-16.1 (1984).

2.

Arora, H . , and R. Dayal, "Properties of Radioactive Wastes and Waste
Containers," Sixth Annual DOE LLWMP P a r t i c i p a n t s Information Meeting,
Denver, Colorado. CONF-8409115, 444-457 (1984a).

3.

Arora, H . , and R. Dayal, " S o l i d i f i c a t i o n and Leaching of Boric Acid and
Resin LWR Wastes, Topical Report," BNL-NUREG-51805 (1984b).

4.

Dayal, R. and H. Arora, "Properties of Radioactive Waste and Waste
Containers, Quarterly Progress Report, January-March 1985,"
A-3027/7-9-85 (1985).

5.

Dayal, R., H. Arora, L. M i l i a n , and J . C l i n t o n , "Leaching Studi".. c;
Low-Level Radioactive Waste Forms," i n Proceedings of the Canadian
_Nu_c_1_ea_r_ Society Annual Conference (1985J]

6.

Dayal, R., D. G. Schweitzer, and R. E. Davis, "Wet and Dry Cycle
Leaching: Aspects of Releases i n the Unsaturated Zone," i n NRC Nuclear
Waste Management Geochemistry '83, NUREG/CP-OO52 (1984).

7.

Dayal, R., H. Arora, and N. Morcos, "Estimation of Cs-137 Release From
Waste/Cement Composites Using Data From Small-Scale Specimens, Topical
Report," BNL-NUREG-51690 (1983).

8.

Hespe, E. D., "Leach Testing of Immobilized Radioactive Waste S o l i d s , A
Proposal f o r a Standard Method," Atomic Energy Reyiaw 9, 195-207
(1971).

9.

Manaktala, H. K., and A. J . Weiss, "Properties of Radioactive Wastes
and Waste Containers, Quarterly Progress Report, January-March 1980,"
BNL-NUREG-51220 (1980).

10.

Materials Characterization Center, "Nuclear Waste Material Handbook,"
DOE/TIC-11400, P a c i f i c Northwest Laboratory, Richland, Washington
(1981).

11.

Morcos, N., and R. Dayal, "Properties of Radioactive Wastes and Waste
Containers, Quarterly Progress Report, A p r i l - J u n e 1982,"
BNL-NUREG-31566 (1982).

12.

Ogard, A. E., and E. A. Bryant, "The Misused and Misleading IAEA Leach
Test," Nuclear and Chemical W:ste Management 3, 79-81 (1982).

301

CHARACTERISTICS OF COMMERCIAL LOW-LEVEL WASTE
AND
LOW-LEVEL WASTE PRACTICES - CRCPD h\'~ SURVEYS

"^y Osborne
Conference of R.v; iacion Control Program Directors, Inc.

ABSTRACT
The Conference of Radiation Control Program Directors,
Inc., (CRCPD) conducted a survey of waste generators in
forty-one (41) states, the District of Columbia, and
Puerto Rico. Survey information was collected by use of a
questionnaire designed by the CRCPD. This 1982 waste
information has been entered into the National Low-Level
Waste Management Information System designed by EG&G
Idaho, Inc.
A general description of the information available from
the survey is given including a brief discussion on:
1.
2.
3.

completeness of survey,
waste management practices, and
waste characteristics.

In addition, a similar survey is currently being conducted
by the CRCPD relative to 1984 data. Survey participants
include forty-seven (£7) states and the District of
Columbia. A brief description of the information that
will be available from the 1984 survey is also given.

INTRODUCTION

The Conference of Radiation Control Program Directors, Inc. (CRCPD)
conducted a 1982 s u n iy of low-level waste generators in forty-one
states, Puerto Rico and the District of Columbia.
Overhead #1 shows those states that participated in the survey and
those that did not. (Refer to overhead #1)
This low-level waste survey was conducted with the aid of State
Radiation Control Programs that agreed to participate in the CRCPD
survey. A survey questionnaire was developed by CRCPD in order to
collect data. This questionnaire was designed with the goal of looking
at the total waste management picture at a facility. The questionnaires
were mailed by the participating State Radiation Control Programs to each
facility within their state that utilized radioactive material. Data
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#1
1982 CRCPD SURVEY PARTICIPANTS

43 PARTICIPANTS (41 STATES AND PUERTO RICO AND
DISTRICT OF COLUMBIA)

NON-PARTICIPANTS
NEVADA

ALASKA

OKLAHOm fflCHIGWJ

CALIFORNIA

ILLINOIS MINNESOTA
ARKANSAS TEXAS
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from the returned questionnaires has been entered into the DOE/EG&G
National Low-Level Waste Management Information System by CRCPD
personnel.

DESCRIPTION OF 1982 SURVEY

Let me briefly describe the overall completeness of the 1982 survey
and the items asked for in the questionnaire.
Overhead #2 deals with the completeness of the survey. If we look
at the number of forms returned and divide this number by the number of
forms mailed, we obtain approximately a 70% completion. If we are more
concerned with waste that is shipped to t, site or transferred to a broker
then consider item 2 on the overhead. If we take the total volume
shipped according to the CRCPD survey and divide this amount by the total
volume received at the three commercial low-level waste sites from the
forty-three participants (according to the sites), we obtain
approximately a 78% completion.
Overhead #3 describes the 1982 survey questionnaire. A major
portion of the survey form deals with the waste type and associated
volume per waste management method per facility type. Also another major
portion asked for the radionuclide and associated activity per waste
management method per facility type. (Refer to this overhead).
Examples of waste management methods included in the survey are:
general category of on site management with specific on site methods
being stored, release to air, release to water, release to sewer and
incineration; general category of off-site management with specific offsite methods being shipped to site, transferred to broker and returned to
manufacturer.
Overhead #4 shows other items that were asked about on the
questionnaire. (Refer to this overhead).
Generic information is available from the survey in the form of 19
summary reports. These summary reports may be obtained on a per state
basis or by compact region or for "all participating states." Overhead
#5 lists the titles of these reports. (Refer to this overhead).
Let me briefly describe a few of these reports and in so doing, give
examples of some of the information that may be obtained from the
reports. I will refer to summary reports 10, 6, 7 and 17 in that order.
Overhead #6 is obtained from summary report 10. This report offers
by facility type the radionuclides and associated activity shipped to a
LLW site or transferred to a broker. Examples of some of the major
radionuclides and associated activities are listed for the fuel cycle and
the academic facility types. (Refer to this overhead).
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#2

1982 SURVEY COMPLETENESS

1.

// forms r e t u r n e d ^
If forms m a i l e d

2.

Consider 43 participants

a p p r o x l m a t e l y

70%

(CRCPD Survey) total waste volume shipped to site/broker
.
-, -,o<,,
,„ TTr
i^
:;
:;
r1-—5
= approximately 78/i
:
r
(3 LLW sites) tctal waste volume received at sites

#3
SURVEY QUESTIONNAIRE
(1982)

Facility Type
|Waste Management Method1.

[Shipped to Sitef
Animal
Carcasses

75 ft. J

Scint.
Vials

150 ft. 3

Facility Type
[Waste Management~MeLhod
|Radionuclide|—H Activity |

Waste Management Methods
On Site:

stored, air, water, sewei, incineration

Off Site: LLW site, broker, returned to manufacturer
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SURVEY QUESTIONNAIRE
1982

O tlaeiff"

•q-uessttiomis

on:

S i L t . e -used f o r b u r i a l
"Masardous properties of waste
Prcocessiug methods
S 5: enrage capacity
Coimitainers used for shipping
j^'ir objections in terms of volume

307

#5
SURVEY RESPONSE SUMMARY REPORTS
1.
2.
3.
4.
5.
6.
7.
3.
9.
JO.
II.
:.2.
13.
14.
15.
16.
17.
18.
19.

SUMMARY OF SURVEY RESPONSES
DETAIL SUMMARY OF SURVEY RESPONSES
WASTE GENERATION SUMMARY
DETAIL WASTE GENERATION SUMMARY
RADIOACTIVE WASTE MANAGEMENT SUMMARY BY WASTE TYPE
SUMMARY OF WASTE VOLUME SHIPPED
WASTE GENERATION SUMMARY BY WASTE MANAGEMENT TYPE
RADIOACTIVE WASTE MANAGEMENT SUMMARY BY RADIONUCLIDE
SUMMARY OF RADIONUCLIDES GENERATED
SUMMARY OF SADIONUCLIDES SHIPPED
HAZARDOUS PROPERTIES OF WASTE SHIPPED
COMMERCIAL DISPOSAL SITES USED
WASTE BROKERS USED
WASTi, PROCESSING METHODS USED
WASTE SHIPPING CONTAINERS USED
SUMMARY OF STORAGE CAPACITY
ESTIMATED FUTURE WASTE PRODUCTION
SUMMARY OF WASTE SHIPPED
DETAIL SUMMARY OF WASTE SHIPPED
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#6
RADIONUCLIDES AND ASSOCIATED ACTIVITY SHIPPED
(Summary Report 10)

Fuel Cycle

Academic

Radionuclide

Curies

Co-60
Cs-137
Mn-54
Sr-90
Zn-65

1.904
8.872
2.004
1.702
4.527

NOTE:

Radionuclide

H-3

E+4
E+3
E+3
E+3
E+3

C-14

Curies
2.117 E+2
4.071 E+l

Above is partial listing for "All Participating States."
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Overhead #7 is obtained from Summary Report 6. This report offers
by facility type the waste type and associated volumes shipped to a lowlevel waste site or transferred to a broker. Examples of a couple of the
major waste types and associated volumes are listed for the medical
facility type. (Refer to this overhead).
The survey ".an describe the waste management picture in a particular
state for 1982. Overhead #8 which deals with the state of Pennsylvania
and which is obtained from Summary Report 7 offers the waste generation
summary by waste management method for 1982. It is important to remember
that the total volume figure of 500, 595 cubic feet includes such wastes
as Tc-99m contaminated cotton swabs, absorbent pads and gloves vhich were
stored for decay to background. (Refer to this overhead).
The survey was concerned with projections relative to future vaste
generation. States that did a very "complete job" of surveying their
waste generators will in all probability have a reliable set of data
relative to future waste generation based on the 1982 survey results.
For example, let us consider overhead #9 which looks at future waste
volumes to be shipped by the state of Massachusetts and compares the
CRCPD survey results with the Massachusetts waste volumes received at the
low-level waste sites as recorded by these sites. The future waste
volumes are obtained from summary report 17. As can be seen, the
projected numbers from the 1982 CRCPD survey compare quite well with
those numbers recorded by the sites in 1983 and 1984. Summary Report 17
will also show the projections by facility type so that one may see if
projected increases or decreases are due to the fuel cycle (reactors) or
industrial or academic or medical sectors.
We have very briefly looked at some generic information that is
available from the survey. It should be mentioned that the states
themselvss have an "Ad Hoc" capability in which they can look at specific
data relative to individual facilities located in their state. For
example, if a participating state wanted to look individually at each of
their academic and medical generators that shipped Co-60 to a site in
1982, these parameters could be given to the computer through the use of
the "Ad Hoc" mechanism and the list of such generators along with
detailed information per individual generator would be provided. This
capability is available to each state but only for that state's own waste
generators.

DESCRIPTION OF 1984 SURVEY

CRCPD is
information.
participating
participating

currently conducting a similar survey relative to 1984
Forty-seven states and the District of Columbia are
in this survey. Overhead #10 shows those states that are
and those that are not. (Refer to this overhead).
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WASTE VOLUME SHIPPED
(Summary R e p o r t 6)
MEDICAL

Waste Type

Volume (ft. 3 )

Compacted trash or solids
Scintillation vials

40,138
41,212

NOTE:

Above is a p a r t i a l listing for "All Participating States.'
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#8

STAT E : Pennsyl y an i a.
Total Volume: 500,595 cubic feet

U982)

OFF-SITE 45.OX

OTHER

1

\

\
STORED

53.0%

(Summary Report 7)

WASTE GENERATION SUMMARY by WASTE MANA^MENT TYPE

31?

2. OX

#9
ESTIMATED FUTURE WASTE PRODUCTION
(Summary Report 17

and Site Totals)

MASSACHUSETTS
YEAR
1982
1983
1984
1985
1986
1987

COMM. SITE RECEIPT (FT.3)
285,995
166,622
192,966

CRCPD SURVEY (FT.3)
282,277
149,819*
183,806*
107,771*
121,596*
94,367*

9
9
9

*Prcriections from 1982 CRCPD Survey
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#10
1984 CRCPD SURVEY PARTICIPANTS
48 PARTICIPANTS ( 47 STATES AND DISTRICT OF COLUMBIA)

NON-PARTICIPANTS
NEVADA
OKLAHOMA
ILLINOIS

This 1984 survey is looking at similar information as in the 1982
survey with some noted changes. Overhead #11 notes a few of these
changes. This 1984 survey relates volume, processing method, containers
used, and radionuclide and associated activity to waste type. Then, all
this is tied into the waste management method. (Refer to this overhead).
In addition, waste classification information per 10 CFR Part 61 is asked
for along with projections that deal in waste classifications. We
anticipate results being available from the 1984 survey in late 1985 or
early 1986.

SUMMARY

Let me summarize by saying that the CRPCD surveys (both 1982 and
1984 data) represent important information from the facilities that
actually generated the waste. The 1982 data has had and the 1984 data
will have a series of fifteen crosschecks run on it in order to give the
data a high degree of accuracy and completeness. The data is available
for review and should be given serious attention by all parties
interested and involved in low-level waste issues.
Thank you.
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#11
SURVEY QUESTIONNAIRE
(1984)

WASTE MANAGEMENT TYPE
Waste
Waste
Type

Class

volume

A, B, C

Projections

-

Proc.
, ,
Method

M

„
.
Container

Greater

thanC

Volume, Waste
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Radionuclide
. . .
Activity

(lOCFRPart 61)

classification

10 CFR Part 6 1 )

IDENTIFICATION OF RADIOACTIVE MIXED WASTES IN
COMMERCIAL LOW-LEVEL WASTES*
B. S. Bowerman, C. R. Kempf, D. R. MacKenzie,
B. Si ski nd, and P. L. P i c i u l o
Department of Nuclear Energy
Brookhaven National Laboratory
Upton, New York 11973

ABSTRACT
A l i t e r a t u r e review and survey were conducted on behalf of
the U.S. NRC D i v i s i o n of Waste Management to determine
whether any commercial low-level radioactive wastes(LLW)
could be considered hazardous as defined by EPA under 40
CFR Part 261. The purpose of the study was to i d e n t i f y
broad categories of LLW which may require special management as r a d i o a c t i v e mixed waste, and t o help address uncert a i n t i e s regarding the r e g u l a t i o n of such wastes.
Of 239 questionnaires sent out t o reactor and non-reactor
LLW generators, there were 91 responses representing 29% by
volume of a l l low-level wastes disposed of at commercial
disposal s i t e s i n 1984. The analysis of the survey r e s u l t s
indicated t h a t three waste streams generic to commercial
LLW may be p o t e n t i a l radioactive mixed wastes. These are
as f o l l o w s :
1.

wastes containing organic l i q u i d s , disposed of by a l l
types of generators and representing =2.3% by volume of
a l l wastes r e p o r t e d ,

2.

wastes c o n t a i n i n g lead m e t a l , i . e . , discarded s h i e l d i n g
and lead c o n t a i n e r s , representing <0.1% by volume of
a l l wastes r e p o r t e d , and

3.

wastes c o n t a i n i n g chromium, i . e . , process wastes from
nuclear power plants which use chromat.es as c o r r o s i o n
i n h i b i t o r s ; these represent 0.6% of the t o t a l volume
reported i n the survey.

Certain wastes, s p e c i f i c to p a r t i c u l a r generators, were
i d e n t i f i e d as p o t e n t i a l mixed wastes as w e l l .

*Work performed f o r the U.S. Nuclear Regulatory Commission, under the
d i r e c t i o n of Mr. Stephen A. Romano, Program Manager (FIN A-3173).
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INTRODUCTION
The disposal of low-level radioactive waste (LLW) is regulated by the
U.S. Nuclear Regulatory Commission (NRC) under 10 CFR Part 61. U ) The
U.S. Environmental Protection Agency (EPA) has promulgated regulations under
authority of the Resource Conservation and Recovery Act (RCRA), governing
the management and disposal of hazardous wastes. \*-) Recently, questions
have been raised regarding the applicability of EPA standards to LLW containing hazardous chemical constituents, or radioactive mixed wastes.
As part of its technical assistance program for the NRC, Brookhaven
National Laboratory has been conducting several studies in order to provide
NRC with the information needed to determine the applicability of EPA standards to radioactive mixed wastes. The studies which have been completed
focused on the following:
• a review of EPA regulations, and
• a review of the literature and commercial disposal site records for
the known chemical characteristics of LLW.
EPA regulations concerning the management and disposal of hazardous
wastes are contained In 40 CFR Parts 260 to 270. The regulation of particular concern for determining whether LLW would be considered hazardous is
40 CFR Part 261, "Identification and Listing of Hazardous Waste." In 40 CFR
Part 261, wastes are defined as hazardous if they exhibit one of four
characteristics:
•

ignitability,

• corrosivity,
•

reactivity, and

t

extraction procedure (EP) t o x i c i t y .

The characteristics are defined in Subpart C of 40 CFR Part 261. In addit i o n to these characteristics, wastes are hazardous i f they correspond to
one of the wastes listed in Subpart D of 40 CFR Part 261. These l i s t s are
subdivided as follows:
f

hazardous wastes from non-specific sources,

•

hazardous wastes from specific sources,

•

discarded commercial chemical products, off-specification species,
container residues, and s p i l l residues thereof.

The latter l i s t of chemicals is subdivided into acutely hazardous and toxic
lists.
The l i t e r a t u r e review and review of disposal site records i d e n t i f i e d
two waste categories as potentially hazardous under the Subpart C characteri s t i c s . These were lead metal and organic solvents used in l i q u i d
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scintillation media. No LLW types were identified which directly corresponded to the wastes listed in Subpart D. Lead was considered potentially
hazardous because of EP toxicity. Organic solvents were identified as
potentially hazardous due to ignitability and the presence of toxic constituents listed in Appendix VIII of 40 CFR Part 261.
Survey of LLW Generators
The results of the early studies by BNL were extended by conducting a
survey of generators of LLW. The survey questionnaire was designed to
address information gaps identified in the earlier studies, e.g., the presence and concentrations of various hazardous constituents such as phenols,
hydrazine, cyanide, and chromates. The survey was sent to 239 reactor and
non-reactor generators of LLW. Of these, 97 responses were received, representing approximately 29% by volume of all LLW sent to commercial disposal
sites in 1984.*
The distribution of waste volumes by generator type is shown in Table 1
as well as a comparison with the national volume of LLW disposed of in
1984. The response from each type of generator in terms of waste volumes
was reasonably consistent with the overall response, with the exception of
medical faciliti?1".
TABLE 1.

COMPARE;0N OF SURVEY RESPONSE WITH 1984 DATA

(cubic f e e t )
Generator
Type
Reactor
Non-reactor
academic
medical
industrial
Total

Totals f o r
1984a

Survey
Response

Percent' 5
Response

1.,682,149

511,759

30.4

76,899
60,290
799,286

17,931
10,865
242,739

23.3
18.0
30.4

2 ,618,624

783,294

29.9

a

Volumes for separate government category were distributed evenly over other non-reactor categories.
^Column 2 as a percentage of Column 1.
The analysis of the survey results revealed three broad categories of
wastes which may be radioactive mixed wastes. These were as follows:
• wastes containing organic liquids, disposed of by all types of
generators and accounting for 2.3% by volume of all wastes reported,
*Data for 1984 was obtained in a telepl >ne contact with L. Carpenter of
EG&G, Idaho National Engineering Laboutory on August 23, 1985,
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o

wastes containing lead metal, i . e . , discarded shielding and lead
containers, which represented <0.1% by volume of the LLW reported,
and

«

wastes containing chromium, e . g . . process wastes from nuclear powor
plants which use chromates as corrosion i n h i b i t o r s , which represented C.b% by volume of the wastes reported.

Certain wastes, specific to p a r t i c u l a r generators, were i d e n t i f i e d ai potent i a l mixed wastes as w e l l .
The sources of wastes containing organic l i q u i d s with respect to generator type and the d i s t r i b u t i o n according to waste type are shown in
Tables 2 and 3, respectively. These indicate that the largest amounts of
waste in terms of disposal volume consist of s c i n t i l l a t i o n v i a l s , and that
academic and i n d u s t r i a l generators are the two largest sources of wastes
containing organic l i q u i d s .

TABLE 2.

SOURCES OF WASTES CONTAINING ORGANIC LIQUIDS
Percent of
LLW Reported
in Surveya

Volume
(ft5)

Percent
Distribution

Reactor

2,451

14.7

0.5

Non-reactor
academic
medical
industrial

5,952
35727
5,604

36.5
15.0
33.8

33.2
34.3
2.3

17,734

100.0

2.3

Generator
Type

Total
a

Column 1 as a p e r c e n t a g e o f Column 2 in

TABLE 3.

Tab! e 1 .

WASTE TYPES CONTAINING ORGANIC LIQUIDS
Vol ume

(ft 3 )

Waste Type

S c i n t i l l a t i o n liquids
S c i n t i l l a t i o n vials
Organic lab liquids
Miscellaneous solvents
Total

320

Percent o f
Total

3,222
9,178
3,708
1,626

18.2
51.7
20.9

17,734

100.0

9.2

A comparison of the survey results listed in Tables 1 and 2 shows that,
as a percentage of the total wastes reported for each generator type, wastes
containing organic liquids represented O.b% of all reactor wastes, 33.2% of
academic totals, 34.3% of medical wastes, and 2.3% of industrial wastes.
Because organic-containing wastes form a larger percentage of medical and
academic facility wastes, and medical and academic facilities ere underrepresented in terms of volume compared to other generator types, the value
of 2.3% mentioned earlier as the overall percentage of organic-containing
wastes may underestimate the national figure. However, it was found during
follow-up contacts that some respondents had included volume data for scintillation vials which were de minimis (de-regulated) and were sent to
facilities other than commercial LLW disposal sites.
Wastes containing lead metal are present in less than one percent by
volume of all LLW, according to the survey, These wastes are primarily in
the form of discarded, contaminated shielding, e.g., lead bricks or blankets, and containers such as lead pigs for sealed sources. The lead metal
wastes were generally mixed with non-compactible trash, and the quantities
reported reflect the amounts as-shipped.
The amounts of lead-containing wastes reported in the survey are summarized in Table 4 according to generator type. These are reported as weight
(lbs) since more than half the respondents for this category of wastes provided weight rather than volume data.
TABLE 4. SOURCES OF LEAD-CONTAINING WASTES
Generator
Type

Weight
(lbs)

Percent of
Total

Reactor

77,400

64.3

Non-reactor
academic
medical
industrial

480
820
41,660

0.4
0.7
34.6

120,360

100.0

Total

Chromium-containing wastes reported in the survey fell into three
categories:
1. lab waste and trash contaminated with trace amounts of chromates
used as car-^'.rs for Cr-51,
2. process wastes from LWRs which use chromates as corrosion
inhibitors, and
3. process wastes from LWRs not using chromates, contaminated with
chromium present in rorrosion products.
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The volumes associated with these categories are shown in Table 5.
Approximately 95% of these wastes contain chromium in corrosion products,
presumably as Cr 2 0 3 . The t o t a l volume of chromium-containing wastes corresponds to =13% of the t o t a l LLW reported in the survey.
TABLE 5.

BREAKDOWN OF WASTES CONTAINING CHROMIUM
Volume Shipped
(ft 3 )

Source
Non-reactor

758.0

Reactor
chromates used
corrosion products

5,350.0
95,450.0

Total

101,558.0

Conclusions and Discussion
The survey reported here was conducted with the intent of identifying
categories of LLW which would be classified under EPA regulation 40 CFR Part
261 as hazardous due to the chemical properties of the waste. Three waste
types are identified under these criteria as potential radioactive mixed
wastes:
•

wastes containing organic liquids,

•

wastes containing lead metal, and

•

wastes containing chromium.

The survey also indicated that certain wastes, specific to particular generators, may also be radioactive mixed wastes.
Ultimately, the responsibility for determining whether a f a c i l i t y ' s
wastes are mixed wastes rests with the generator. The determination that
certain types of LLW are mixed wastes may, in some cases, require further
analysis. Of the three categories of LLW l i s t e d here as potential mixed
wastes, two should be examined further. Wastes containing organic l i q u i d s ,
in p a r t c u l a r , s c i n t i l l a t i o n liquids and s c i n t i l l a t i o n v i a l s , do not need
further tvaluation because they can be considered listed hazardous wastes
under a proposed rule defining a l l spent solvents previously l i s t e d and mixtures containng more than 10% of any of th°se solvents as hazardous
wastes.(3) Wastes containing lead metal may have to be examined further.
Lead bricks have been reported to exhibit EP t o x i c i t y ( 4 ) although the
cited reference does not present numerical data. A testing program for
wastes containing chromium, from LWRs which use chromates as corrosion
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i n h i b i t o r s , is being conducted under FIN A-3173. Of the three groups mentioned under chromium-containing wastes, t h i s type is considered most l i k e l y
to exhibit EP t o x i c i t y .
In addition to identifying mixed wastes, appropriate methods for the
management of mixed wastes must be defined. In an ongoing study, BNL is
evaluating options for the management of mixed wastes. These options w i l l
include segregation, substitution, and treatments to reduce or eliminate
chemical hazards associated with the wastes l i s t e d above.
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TREATMENT OF RADIOACTIVE MIXED WASTES IN COMMERCIAL LOW-LEVEL WASTES'
C. Ruth Kempf and Donald R. MacKenzie
Department of Nuclear Energy
Brookhaven National Laboratory
Upton, New York 11973
ABSTRACT
Management options for three generic categories of radioactive mixed waste in commercial low-level wastes have been
identified and evaluated. These wastes were characterized
as part of a BNL study in which a large number of generators were surveyed for information on potentially hazardous low-level wastes. The general management targets
adopted for mixed wastes are immobilization, destruction,
and reclamation. It is possible that these targets may not
be practical for some wastes, and for these, goals of stabilization or reduction of hazard are addressed. Solidification, absorption, incineration, acid digestion, segregation, and substitution have been considered for organic
liquid wastes. Containment, segregation, and decontamination and re-use have been considered for lead metal wastes
which have themselves been contaminated and are not used
for purposes of waste disposal shielding, packaging, or
containment. For chromium - containing wastes, solidification, incineration, containment, substitution, chemical
reduction, and biological removal have been considered.
For each of these wastes, the management option evaluation
has necessarily included assessment/estimation of the
effect of the treatment on both the radiological and potential chemical hazards present.
INTRODUCTION
An evaluation of management options for potentially hazardous lowlevel radioactive wastes is being performed at Brookhaven National Laboratory (BNL) under contract to the Nuclear Regulatory Commission (NRC). This
is part of a program in which BNL has been obtaining information on the
amounts and characteristics of low-level wastes in order to identify those
wastes which may be considered hazardous under the regulations of the
Environmental Protection Agency. To establish a data base on such wastes,
BNL has conducted a limited survey of fuel-cycle and non-fuel-cycle waste

Work performed for the U.S. Nuclear Regulatory Commission, under the
direction of Mr. Stephen A. Romano, Program Manager (FIN A-3173).
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generators. Based on information obtained in this survey, three generic
mixed low-level wastes have been identified as potentially significant contributions in terms of the volume represented. These are: organic liquid
wastes, lead metal wastes and chromium-containing process wastes (these
were generally ion-exchange resins or evaporator bottoms). The information
obtained in t'np survey and the identification of these wastes will be summarized in the report, "An Analysis of Low-Level Waste: Review of Hazardous Waste Regulations and Identification of Radioactive Mixed Wastes," by
B. S. Bowerman et al. The identification of these wastes and the evaluation of possible management options to be applied to them was not meant to
be exhaustive.
Current management practices, administrative procedures, quality
assurance and process controls exercised by the larger volume generators of
these wastes have been investigated. Their consistency with NRC's guidance
in 10 CFR Part 61 and the potential for the alleviation of concern pertaining to the potential hazard of waste as packaged for disposal have been
considered. In some instances, the management options evaluated represent
the current management practices. In particular, incineration, solidification, absorption, and containment in a high integrity container (HIC) are
management methods that are already practiced for some low-level wastes.
The management options considered may be divided into three categories
on the basis of ultimate effect. These are: destruction, immobilization,
and reclamation/recovery. For each of the three main generic mixed lowlevel wastes, organic liquids, lead metal and chromium-containing process
wastes, several specific treatments are being characterized and evaluated
for their expected effect on the potential chemical hazard and, concurrently, on the radiological hazard. Finally, testing methods to allow
determination of the effectiveness of a particular management option on a
waste are being considered.
DISCUSSION
For the destruction, immobilizatioi and reclamation/recovery categories, a brief descriptive summary is given of the specific management options, their expected process products or residues for a waste type, the
effect on chemical and radiological hazards and the anticipated benefit
(volume reduction, elimination of need for absorbent, etc.) of exercising
the option.
• Destruction Methods
Incineration
Incineration is a process of high-temperature oxidation (thermal
decomposition/combustion) which can essentially completely destroy inost
wastes (99.99% efficiency). Oxidation products of hydrocarbon/organic
incineration include C 0 2 and H 2 0, S0 x , N0 x , and hydrogen halides for
sulfur-, nitrogen-, and halogen-containing wastes, and metal oxides for inorganic wastes. Inorganic constituents may form solid residues or they may
vaporize (depending on their volatility) and recondense as an aerosol.!1)
Organic materials leave minimum ash when efficiently incinerated. Attention must be paid to emission rates of C-14 and H-3 for organic wastes
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containing labels of these r a d i o i s o t o p e s , to ensure t h a t regulated l i m i t s

)

are not exceeded. L-i f-gas scrubbing may also be necessary. The p o s s i b i l i t y exists that some organic wastes may be burned in compliance with EPA
guidance as secondary fuels, i . e . , for recovery of their heat value, i f
their heat of combustion exceeds 18,600 KJ/kg.( 2 ) Several common laboratory solvents such as acetone, butyl alcohol, ethanol, methanol, hexane,
and xylene are reusable for t h e i r heat recovery. Such activity is not considered "incineration" under EPA regulations.^)
Incinerator design must lead to appropriate conditions of turbulence
( i . e . , mixing of waste and air/oxygen can occur), temperature ( i . e . , the
thermal threshold for reaction must be reached), and time ( i . e . , s u f f i c i e n t
exposure of the wastes to oxygen and high temperature must be ensured so
that complete reaction can occur). Tht dependence of incineration e f f i ciency on the specific nature of the wastes means that wastes must be well
characterized.
Incineration can be disadvantageous from the point of view of set-up,
i n s t a l l a t i o n , capital and testing costs. I t can be conveniently used for
large volume, low radioactivity, consistently known composition wastes.
The process results in destruction of the original waste chemical hazard,
emission of gases and, occasionally, aerosols which must be monitored for
radioactivity. There is also production of, in most cases, ash which presents l i t t l e or no chemical hazard and represents a significant volume
reduction.
Acid Digestion

-'

In the U.S., acid digestion was developed mainly at Hanford Engineering Development Laboratory (HEDL).(^) It involves dehydrogenation and/or
dehydration of organic compounds by concentrated HjSO^ at elevated temperature (=250°C), followed by oxidation of the resulting carbon to CO and C02
with HN03 or H 2 0 2 . The severity of the acid digestion conditions, i . e . ,
elevated temperature and highly corrosive reagents, requires special mater i a l s of construction for the equipment, so increased costs and operational
hazards must be considered prior to i t s general application to low-level
wastes.
This treatment has been applied to ion-exchange resins both in the
U.S. and other countries, and to l i q u i d organic waste streams. Results of
work with the l a t t e r indicate that a certain amount of development would be
required to make the process suitable for complete destruction of v o l a t i l e
organic liquids, including benzene. Volatile halogenated organics may be
more easily treated than toluene. Toluene has been adequately handled by
the HEDL digester, but benzene would probably require a changn in design,
because of i t s higher v o l a t i l i t y and greater chemical s t a b i l i t y .
The process may be applicable to a number of EPA-listed hazardous organics, but would have to be demonstrated for highly chlorinated compounds
like PCBs (polychlorinated biphenyls) and dioxin. PCBs were tested in the
digester used in the HEDL research program, and a considerable amount of
organic material, more than half of which was unchanged PCB, appealed in
the condensate.
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Complete acid digestion of organic l i q u i d wastes and ion-exchange
resins (chromium-containing) would result in destruction of the organic
chemical hazard with concurrent production of CO, C02, H20, and inorganic
suifates. A net volume reduction in the radioactive waste should be
obtained.
Wet-Air Oxidation
Wet-air oxidiation has been used for decades in treating a wide variety of aqueous industrial wastes containing dissolved or suspended organics. I t is essentially a combustion process, i . e . , organic romp:; ids
are converted (ideally) to CO, and H20. I t is most economically applicable
to aqueous wastes containing 2 to 20% by weight combustible matorial.(^)
In this process, aqueous waste is heated to 200-250°C and contacted with
compressed air or oxygen at sufficient pressure (600-700 psi) to maintain
the water in the liquid phase. These temperatures are generally required
to achieve useful reaction rates for the "combustion" of organics. One
recent advance in the state of the art is the use of homogeneous catalysts,
bromide and nitrate ions, in an acidic medium. (Proprietary process based
on a patent assigned to IT Enviroscience, Inc.(6)) This increases the
rates of reaction, permitting either use of lower temperatures or treatment
of wastes which may be relatively d i f f i c u l t to destroy.
The procedure is applicable TO ion-exchange resin destruction and to
certain l i q u i d organic wastes, probably not including liquid s c i n t i l l a t i o n
wastes because of the limited solubility of toluene and xylene in water.
In industry, the process has been found effective with several individual
EPA-listed hazardous wastes, including copper and cadmium cyanide electroplating solutions, phenolic wastes, chlorinated hydrocarbon sludge and a
number of other wastes from the refinery and petrochemical industries.(5)
This treatment should bring about destruction of waste chemical hazard, and
possibility reduction in waste volume.
All Destructive Processes
Incineration, wet-air oxidation and acid digestion can a l l provide
volume reduction, which may be considered an advantage. For mixed lowlevel waste of any class containing only C-14 and H-3 radioactivity, and no
inorganic hazardous constituent such as chromium, the treatment converts
all organic material to C02 and H20. No further treatment is required for
disposal of whatever residue is formed in the process, so the volume of
mixed waste is effectively reduced to zero. I f the original waste contained inorganic constituent(s), the residue following treatment would no
longer be radioactive, but i t should contain inorganic material. In such a
case, treatment, such as s o l i d i f i c a t i o n or containment in a HIC, can be
provided which is designed to permit the final waste to pass the EP toxici t y t e s t . This applies to a l l combustible mixed wastes containing inorganic hazardous constituents, i . e . , their residues would most l i k e l y require further treatment in order to pass the EP t o x i c i t y t e s t s .
Radioactive residues from destructive treatment of combustible waste
containing no inorganic hazardous material can be disposed of by simply
packaging in a suitable container, such as a polyethylene-lined 17H 55-gal
drum, as long as i t is Class A. If i t is Class B or C, i t w i l l require
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s o l i d i f i c a t i o n or containment in a HIC according to the 10 CFR Part 61
regulations. Volume reduction is almost certain to be appreciable for the
types of wastes considered, i . e . , organic liquids and ion-exchange resins,
even when s o l i d i f i c a t i o n is required as a subsequent step.
Immobilization Methods
Solidification
As a process for application to the mixed wastes considered in t h i s
paper, s o l i d i f i c a t i o n refers to fixation or immobilization of either l i q uids or dispersible solids in a solid monolithic waste form. The s o l i d i f i cation agent or binder most commonly used for low-level waste is Portland
cement. Other inorganic cements such as t ' e proprietary Delaware Custom
Material (DCM) and Envirostone are also used, as are bitumen or asphalt,
and thermosetting polymers such as polyester resins and Dow Chemical Co.'s
proprietary vinyl ester-styrene polymer (VES).
The l i t e r a t u r e on testing and use of these s o l i d i f i c a t i o n agents is
voluminous and no attempt w i l l be made here to describe the various processes involved in their application to different wastes. Almost any waste
can be s o l i d i f i e d in any of the binders (with the exception that bitumen
would generally not be applicable to organic liquids) as lcng as certain
conditions are met. One of these conditions is that the waste loading must
be kept low, frequently _<10% by weight. In some cases, this may be j u s t i f i a b l e , but i t must be remembered that i t entails a large volume increase.
Also, the s u i t a b i l i t y of the particular waste form would generally have to
be demonstrated for each specific waste, especially liquid organic wastes.
This applies particularly to release rates of organic constituents, since
essentially a l l leach testing so far has been done to determine release
rates of radioactive isotopes in inorganic chemical form. The applicabili t y of s o l i d i f i c a t i o n to l i q u i d organic waste must address the immobilization of organic constituents.
S o l i d i f i c a t i o n of the inorganic residues from a destructive treatment
of organic wastes appears, however, quite appropriate. The residues, i f
requiring further treatment, w i l l generally be able to be s o l i d i f i e d in a
straightforward manner and in a volume such that overall volume reduction
of the original waste is achieved. There are several reasons why residues
might require further treatment. They might, for example, be Class B or C
low-level waste for which s o l i d i f i c a t i o n or packaging in a HIC is mandated
by 10 CFR Part 6 1 , or they might contain an inorganic EPA-listed constituent such as chromium and be unable to pass the EP t o x i c i t y test as
produced.
S o l i d i f i c a t i o n has been used for both ion-exchange resins and evaporator bottoms at nuclear power plants, v ) The l a t t e r can be s o l i d i f i e d
readily in both inorganic cements and in the organic binders (bitumen and
thermosetting polymers). Ion-exchange resins can be immobilized i n
Portland and other inorganic cements, but loadings must be kept low in
order to ensure satisfactory waste form s t a b i l i t y and performance. Higher
loadings can be used with bitumen and thermosetting polymers, and extensive
testing of resulting waste forms for radiation resistance, biodegradation,
and leaching of radioactivity indicates good performance. I t is not known
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whether these forms would pass the EP t o x i c i t y test for chromium were
chromate incorporated in the matrix.
Absorption
Absorption of wastes is a means of incorporating liquids in a solid
matrix either through chemical a f f i n i t y or by means of pore- or vacancy- ,
f i l l i n g mechanisms. To meet one of the current NRC requirements for packaging of low-level radioactive wastes for shallow land b u r i a l , generators
must assure that contaminated free liquid does not exceed 1% for waste.disposed of in a HIC or 0.5% by volume, for stabilized wastes. I f absorbents
are used for l i q u i d wastes, they must be present in twice the necessary
volume. In general, this requirement has been met through the use of a
variety of absorbents including: vermiculite, zeolite, Speedi-Dri,
Floor-Dry, diatomaceous earth, Superfine, H i - D r i , Radlite, and Oil r>ry.
The use of absorbents for immobilization of oils and organics has been
documented in Lin and MacKenzie.(8) Seidenberger and Barnard,( 9 )
Liskowitz(-O) et a l . , and many others have documented the use of absorbents for cleanup of hazardous organic materials.
Seidenberger and Barnard described the use of clay absorbents and
Solusorb for clean-up of s p i l l e d organic solvents. The flash points of
several solvents (ethyl alcohol, methyl i s o - b u t y l , ketone, and toluene)
were substantially increased when absorbed on Solusorb, but not on clay
absorbent.
A number of patents have been awarded for the development of absorbents designed specifically for selective uptake of o i l s , organic liquids
and/or l i q u i d hazardous chemicals. Several of these have properties which
make them useful for preferentially absorbing organic or hazardous chemicals over water.
I t has been noted that for EPA-hazardous liquid wastes (especially
laboratory wastes) planned to be l a n d f i l l e d , a common method of packaging
is the EPA-specified lab pack (40 CFR Part 265 Section 316). U ) In short,
this method consists in the use of a 55-gallon open-head steel drum being
f i l l e d with small containers of chemicals packed in and separated by suff i c i e n t absorbent material to completely absorb a l l the l i q u i d contents of
the inside containers. NRC-licensed low-level waste generators (in compliance with requirements of 10 CFR Part 61) have been and are currently using
a waste packaging method quite similar to t h i s with the exception that
twice the necessary volume of absorbent is required to be used.
Absorption of liquid organic wastes may be considered an immobilization method which results in a volume increase but, for effective absorbents, a reduced chemical hazard. The factors affecting retention for v a r i ous absorbents are being evaluated.
Containment in a High I n t e g r i t y Container
Containment in a specially-designed waste container is a management
option that may be applicable to contaminated lead wastes and chromium-
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containing waste ion-exchange resins and evaporator bottoms. A material
being used for such containers is high density polyethylene (HDPE).C11)
Current NRC requirements for performance of high integrity containers
include that the HIC must have a 300-year design l i f e t i m e . This may be
contrasted with the EPA monitored disposal site l i f e of 30 years. Addit i o n a l l y , for NRC wastes, <1% free liquids may be disposed of in a HIC,
while free liquids are expected at EPA sites. The understanding that a HIC
must provide containment may be considered similar to the EPA liner performance objectives. NRC requirements for HICs containing radioactive
wastes may be quite consistent with the use of this management option for
wastes which may also have the potential to be EPA-hazardous.
Recovery/Reclamation
Distillation
Steam d i s t i l l a t i o n can be used to remove water-immiscible, v o l a t i l e
compounds from a waste that is at least partially aqueous. I t can also be
used to recover heat-sensitive, high boiling-point water-soluble
compounds. The process is based on the vapor pressure relationship of
immiscible l i q u i d s , namely, that each immiscible component exerts i t s own
vapor pressure independently, such that the pressure in the d i s t i l l a t i o n
system is the sum of the individual component vapor pressures for the conditions given. Conventional d i s t i l l a t i o n may effectively be applied to
l i q u i d organic wastes in which the components are miscible.
D i s t i l l a t i o n is a method particularly suited for solvent recovery.
Depending on the nature cf the radioactive contamination, d i s t i l l a t i o n may
result in a (several) concentrated, labeled chemical fraction(s) which may
or may not themselves be of concern with respect to potential hazards.
Should the radioactive fraction(s) be potentially hazardous, they may s u i t ably be subjected to any of several chemical destruction techniques.U^)
Should the radioactive fraction(s) be of no concern with regard to potent i a l hazard, packaging for disposal can be performed according to
10 CFR Part 61.
For those organic wastes which consist of several solvents with at
least one solvent species duplicated as radioactively-labeled material,
e . g . , C-14-labeled methanol in a methanol fraction, d i s t i l l a t i o n could be
effective in removing/separating the bulk radioactive fraction from other
fractions (e.g., methanol separated from toluene). However, i t is not
effective in separating radioactive methanol from nonradioactive methanol.
The net result of d i s t i l l a t i o n for this type of system may be segregation
of radioactive wastes such that some (those not of concern for potential
hazardousness) may be directly packaged for burial while others (those of
potential hazard concern) may be subjected to further treatment ( e . g . , spec i f i c chemical destruction, incineration) or reused ( e . g . , as part of ar.
organic synthesis).
Liquid-Liquid Solvent Extraction
Liquid-liquid solvent extraction is a method of separating components
of a liquid solution by bringing them into contact with another immiscible
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l i q u i d . The differential s o l u b i l i t y of the original solution components in
the second solvent can bring about a partitioning or redistribution of components from one solvent to the other. This management option is a step as
opposed to a complete treatment in the preparation of a waste for disposal. I t results essentially in the transfer of a waste component from
one solvent to another. The situations in which this would be useful would
likely involve quantities of radioisotope labeled chemicals in a solution
of solvent(s) which would be of concern for i t s potential hazardousness.
Additionally, the labeled chemicals themselves may be of concern for their
potential hazard.
In short, l i q u i d - l i q u i d solvent extraction may be used to segregate
radioisotope-labeled materials from a bulk solution. The final waste may
thus be hazardous, but the volume of the radioactive fraction is reduced.
Liquid-liquid solvent extraction cannot compete economically with biological oxidation or adsorption for treatment of large quantities of very
dilute wastes.
Decontamination
The decontamination of lead metal wastes is currently being studied.
Such a process may consist of melting of contaminated lead metal with the
contamination fraction being removed as separated from the melt. The lead
could be r e - s o l i d i f i e d and re-used while the contamination fraction would
need evaluation to determine i t s potential hazardousness prior to disposal.
Other processes, such as simple surface cleaning, may also be of value.
Segregation arid Substitution
The possibilities of process changes at the waste generation site to
bring about the segregation of potentially hazardous wastes from radioactive wastes should have already been considered by generators since this
would be an obvious basis for volume reduction. Substitution of materials
which are not of potential concern for EPA hazard may be effective for at
least some of the three main wastes. Organic liquid wastes l i k e l y contain
potentially hazardous solvents which may be substituted for by nonhazardous solvents. Chromium used as a corrosion inhibitor may be substituted for by a variety of other inhibitors. U^)
The f e a s i b i l i t y of this
management option may be based on economics and a v a i l a b i l i t y .
SUMMARY
The a p p l i c a t i o n of t h e management options discussed t o mixed commerc i a l l o w - l e v e l wastes can r e s u l t i n d e s t r u c t i o n of the chemical hazard w i t h
concurrent residue p r o d u c t i o n , i m m o b i l i z a t i o n , and/or r e c l a m a t i o n / r e c o v e r y
of the waste. S p e c i f i c chemical d e s t r u c t i o n techniques may be used f o r
residues or f o r small volume, s p e c i f i c a l l y c h a r a c t e r i z e d r a d i o a c t i v e wastes
which are of concern f o r p o t e n t i a l chemical hazards. The e f f e c t i v e n e s s of
i m m o b i l i z a t i o n and containment methods i s being i n v e s t i g a t e d .
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NOTICE
This paper was prepared as an account of work sponsored by an agency
of the United States Government. Neither the United States Government nor
any agency t h e r e o f , or any of t h e i r employees, makes any warranty, expressed or i m p l i e d , or assumes any legal l i a b i l i t y or r e s p o n s i b i l i t y f o r
any t h i r d p a r t y ' s use, or the r e s u l t s of such use, of any i n f o r m a t i o n ,
apparatus, product or process d i s c l o s e d i n t h i s paper, or represents t h a t
i t use by such t h i r d party would not i n f r i n g e p r i v a t e l y owned r i g h t s .
The views expressed i n t h i s paper are not necessarily those of the
U.S. Nuclear Regulatory Commission.
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THRESHOLD GUIDANCE UPDATE
'.on' E. Wickhan
EG&G Idaho, Inc.
ABSTRACT
The Department of Energy (DOE) is developing the concept of threshold
quantities for use in determining which waste materials must be handled as
radioactive waste and which may be disposed of as nonradioacti ve waste at
its sites. Waste above this concentration level would be managed as
radioactive or mixed waste (if hazardous chemicals are present); waste
below this level would be handled as sanitary waste.
Last years' activities (1984) included the development of a theshold
guidance dose, the development of threshold concentrations corresponding to
the guidance dose, the development of supporting documentation, review by a
technical peer review committee, and review by the DOE community. As a
result of the comments, areas have been identified for more extensive
analysis, including an alternative basis for selection of the guidance dose
and the development of quality assurance guidelines. Development of
quality assurance guidelines will provide a reasonable basis for
determining that a given waste stream qualifies as a threshold waste stream
and can then be the basis for a more extensive cost-benefit analysis.

-

The threshold guidance and supporting documentation will be revised>
based on the comments received. The revised documents will be provided to
DOE by early November. DOE-HQ has indicated that the revised documents
will be available for review by DOE field offices and their contractors.
INTRODUCTION
The Department of Energy (DOE) is developing the concept of threshold
quantities for use in determining which waste materials must be handled as
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radioactive waste at its sites.

From the concept of threshold quantities,

a threshold dose has been defined.

It is the dose below which radioactive

waste would be treated according to its nonradiological characteristics.
Waste with radionuclide concentrations resulting in a dose greater than the
threshold guidance would be managed as radioactive or mixed waste; waste
with concentrations less than the guidance would be handled as sanitary
waste.

Implicit in the definition is that the materials disposed of to the

environment would cause a negligible increase to the total radiological
impact to an individual or population.
In February 1985, two reports on the topic of threshold guidance were
sent out for review by DOE-HQ.

These were Development of Threshold

Guidance,

a background document giving the technical considerations of
2
the project, and Threshold Limit Guidance, the actual guidance that
would eventually be included in DOE Order 5820 that mandates this work.
The remainder of this paper describes those twc reports, the comments
received on them, and how they will be revised.

THE FIRST CUT
The approach taken in the threshold documents was to select a threshold
dose for the maximally exposed individual based on a level of risk that was
acceptable by society.

It quickly became evident that acceptable risk

(events having a very low probability of occurrence) was very different
from accepted risk (risk for which no significant public concern was
evident). ' '

After a review of numerous risk studies, ' ' ' ' a
_Q

range of risk values was suggested by the literature, extending from 10
probability of fatal effects per year up to a maximum of about 10
Since for any given source of risk, the number of people exposed is a
determinant as to its acceptability, it was deemed reasonable to consider
the population exposed in the determination of the acceptable risk, and
ultimately, the threshold risk.

Dose levels based on the selected risk

range values were calculated by applying a risk coefficient for whole-body
equivalent dose as suggested by the Committee on Biological Effects of
Ionizing Radiation.
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A variable threshold guidance dependent on the size of the exposed
population was proposed. The values 30, 3 and 0.3 mrem/yr, corresponding
to populations of less than 1000, 1000-1,000,000, and 1 million to
1 billion, were suggested as guidance for threshold quantities. Given that
the critical population would be small based on the two limiting scenarios
of landfill worker and intruder-agriculture, 30 mrem/yr was selected as the
threshold dose guidance upon which to base calculations. It was felt that
basing calculations on a specific value would help focus the discussion and
comments about the threshold dose guidance.
The exposure scenarios considered in the analysis included a landfill
worker, reuse of materials, intruder-construction, intruder-agriculture,
offsite maximally exposed individual, and offsite maximally exposed
population. The landfill worker scenario addressed exposure pathways to
occupational personnel during the operational period of the landfill
facility. During the operational phase, workers (waste collection and
transport personnel) would be exposed to direct radiation from contained
and buried waste, and to inhalation and ingestion of contaminated soil.
The reuse scenario dealt with radiation exposure resulting from reuse by
the public of such items as tools, building materials, scrap metal, and
instrumentation.
For the intruder-construction scenario, an individual was assumed to
construct a house, including excavation of a basement, on the landfill site
following a site surveillance period of 100 years. (Although no
environmental monitoring or institutional control period would be formally
required o'; a sanitary landfill, it was assumed that the entire DOE site,
of which the landfill was a part, would have limited public access for some
period of time after all the facilities on the site were no longer being
used.) The intruder-agriculture scenario assumed that a family of four
occupied and farmed the above homestead, and derived food from produce and
animals rasied within the landfill boundaries. Exposure pathways include
inhalation and ingestion of contaminated soil particles, external
radiation, and for the latter scenario, ingestion of contaminated
foodstuffs and water.
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The offsite exposure scenarios were concerned with exposure pathways
and consequent doses to the maximally exposed individual and population
located offsite. The principal modes of exposure include inhalation and
ingestion of radioactivity transported by air and water vectors,
respectively.
Transport of radionuclides from the buried waste through the
9
environment to locations accessed by man was modeled using the DOSTOMAN
computer code. Abiotic and biotic access locations included air, ground
and surface waters, soil and biota (plants and animals). Calculated doses
were 50-year effective whole-body dose equivalents as defined in the
International Commi ssion of Radiological Protection (ICRP,
publications 26).
The intruder-agriculture and the landfill worker scenarios proved most
limiting and were used in determining the threshold concentrations for both
INEL and SRP. The resulting threshold concentrations were compared with
the radionuclide concentrations in individual waste streams to assess each
waste stream's compatibility for disposal in a sanitary landfill. Of
the 38 INEL waste streams considered, only one was within the threshold
concentrations for INEL. Examination of SRP's 52 waste streams showed a
total of 22 that fell within threshold concentration guidelines for the
years 1983 and/or 1984, representing approximately 13% and 17% of the total
waste volumes disposed of at SRP for 1983 and 1984, respectively. Seven
waste streams complied for both 1983 and 1984.
THE COMMENTS
In general, the comments on the documents were positive. Most DOE
sites commented tnat there was a need for a threshold limit and hoped it
would be workable when one was defined. Two areas of the support document
generated major comments. These were the threshold dose of 30 mrem/yr and
the cost-benefit analysis. Most sites agreed that 30 mrem/yr was a
•"?asonable magnitude for a threshold dose, but none felt that the actual
value could be justified by the accompanying analysis. The strongest
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disagreement with this value came from the Office of Operational
Safety (OOE-HQ), who felt that the value was too high, especially since
other groups such as the Nuclear Regulatory Commission (NRC), National
Committee on Radiological Protection, and International Atomic Energy
Agency (IAEA) have proposed values in the range of 0.1 to 1 mrem/yr. Other
values suggested by the field offices included 100 and 25 mrem/yr.
All field offices commented on the cost savings, as indicated in the
cost/benefit analysis indicating that a more indepth analysis that
considers the costs of sample analysis, waste stream monitoring, and waste
segregations should be done. These items have the potential to erode away
the cost savings resulting from disposal of waste in a sanitary landfill.
Other comment areas included questions on how threshold guidance would
be implemented and the use of the International Commission on Radiological
g
Protection Publication 26 methodology.
THE REVISIONS
The comments were collated and a tentative plan for revision of the
threshold guidance suppor: document developed. The actual threshold
guidance will be revised as necessary to reflect the different basis for
the various numerical threshold values being considered. The following
revisions were identified.
o

The variable threshold guidance curve (p.25 DOE/LLW-40T) as the
basis of the threshold quantity dose will be deleted.
It was felt by several commenters that a single threshold value
would be more defensible than a threshold that varied according
to population size.

o

Alternative threshold guidance dose and concentrations, based on
existing standards and regulations, v/ill be compared and the
discussion included in the document.
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A comparison of existing standards and regulations v/as originally
included in the report, but later deleted at the request of the
peer review group on the basis that a threshold had to be based
on its own technical merits, not justified by previous works.
Threshold levels that will be evaluated in the revised document
will include operating low-level waste site standards
(25 mrem/yr.), FUSRAP (Formerly Utilized Sites Remedial Action
Program) criteria (100 mrem/yr), uranium mill tailings
standards 5 and 15 p/Ci Ra/gm of soil), and IAEA proposed
de minimis level (1 mrem/yr).

While these dose or concentration

limits are not intended to represent a threshold dose limit, they
will provide a perspective in the delineation of acceptable
exposure limits and the corresponding threshold concentrations.
Probability values will be assigned to the various exposure
scenarios.
Some commenters felt it was not appropriate to use intruder
scenarios in calculating threshold concentrations.

Hence,

probabilities will be calculated for selected scenarios to
determine whether or not intruder scenarios are appropriate to
use.
Guidelines discussing the segregation, monitoring, analysis and
quality assurance necessary to reasonably show how waste streams
could meet guidance will be prepared.
A section vill be developed discussing the segregation,
monitoring, and analysis necessary to implement threshold
limits.

The quality assurance guidelines necessary for assuring

that the identified threshold waste is, indeed, below the
threshold, will be developed.

The quality assurance procedures

will then be the basis for a more inclusive cost-benefit
analysis.

The cost-benefit analysis will not be part of the

revised document.
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o

Technical and editorial comments by the field offices and DOE-HQ
will be resolved in those portions of the document not undergoing
changes.

Revision of the documents has already begun and will be completed by
early November. DOE-HQ has indicated that the documents will be reissued
for review to the DOE field offices and their contractors; HQ did not give
a date when these would be available.
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UPDATE OF PART 61 IMPACTS ANALYSIS METHODOLOGY
0. I . Oztunali
Envirosphere Company

.

G. W. Roles
U. S. NRC

ABSTRACT

The U.S. Nuclear Regulatory Commission is expanding the impacts
analysis methodology used during the development of the 10 CFR Part 61 rule
to allow improved consideration of costs and impacts of disposal of waste
that exceeds Class C concentrations. The project includes updating the
computer codes that comprise the methodology, reviewing and updating data
assumptions on waste streams and disposal technologies, and calculation of
costs for small as well as large disposal facilities. This paper outlines
work done to date on this project.

INTRODUCTION
This paper presents a summary of the ongoing project to update the
analysis methodology (Ref. 1) used by the Nuclear Regulatory Commission
(NRC) to analyze alternatives in the draft and final environmental impact
statements (EIS) (Refs. 2, 3) on the regulation 10 CFR Part 61 ("Licensing
Requirements for Land Disposal of Radioactive Waste") (Ref. 4 ) . The
updated analysis methodology may be potentially used for rulemaking
analyses and to generically analyze disposal of individual wastes that
exceed Class C concentrations on a case-by-case basis. A report describing
the updated analysis methodology will be published in the fall of this year
as NUREG/CR-4370.
Background
The background to this study is dominated by the past definitions of
low- and high-level waste, as well as recent actions on their regulation.
Resolution of the technical, institutional, social, and political
issues surrounding the disposal of low-level radioactive waste has been
called by many an important national goal. One of the milestones on the way
to meeting this goal was the passage of the Low-Level Radioactive Waste
Policy Act in 1980 (Pub.L. 96-573). This Act establishes the principle
that disposal of low-level waste is a state responsibility while
reconfirming the principle that disposal of high-level waste is a federal
responsibility.
Another significant milestone in achieving the above goal was the
promulgation by the NRC of the regulation 10 CFR Part 61 on December 27,
1982 (Ref. 4 ) . The Part 61 regulation was supported by the draft and final
EISs (Refs. 2, 3) prepared by the NRC staff. An analytical methodology was
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created to perform rulemaking analyses in these EISs and the initial
version of the analysis methodology (Ref. 1) used for the draft EIS was
considerably modified to perform the calculations for the final EIS.
A waste classification system was instituted in the regulation which
establishes three classes of waste suitable for near-surface disposal:
Class A, Class B, and Class C. Limiting concentrations for particular
radionuclides were established for each waste class, with the highest
class being Class C. Waste exceeding Part 61 Class C concentrations (less
than 1% of the about 3,000,000 ft of commercial low-level waste annually
being generated) has been generally excluded from near-surface disposal and
is being held in storage by licensees.
Regulation of high-level waste disposal has been proceeding on a
parallel course. Based on the authority of the Energy Reorganization Act of
1974 (Pub. L. 93-438), the NRC developed and adopted regulations that
govern the licensing of the DOE activities at geologic repositories for
disposal of high-level waste. These regulations are codified in 10 CFR Part
60 (Ref. 5). More recently, the Nuclear Waste Policy Act of 1982 (Pub. L.
97-425) provides for the development of repositories for the disposal of
high-level radioactive waste and establishes a program of research,
development, and demonstration. This law also provides NRC with the
authority to establish a more precise definition of high-level wastes by
rulemaking action.
Waste Definition
The legal and regulatory definitions of both high-level and low-level
wastes are given in an imprecise manner in the above regulations and Acts.
All definitions address the source of the waste rather than the specific
radioactive contents. This has led to some problems.
One problem is that while the above source oriented definitions were
developed with an understanding of the relative difference in hazard
potential presented by the two types of waste, there can be some overlap.
That is, both high-level and low-level wastes may contain a wide range of
radior.uclides and radionuclide concentrations. Occasionally these radionuclide concentrations overlap, so that some wastes defined as low-level
wastes may have nuclides in concentrations that exceed those in some highlevel wastes. A definition of both types of waste which is more precisely
based on radioactive hazard is therefore needed.
A second problem is the existence of orphan wastes -- i.e, low-level
wastes generated in the commercial sector for which disposal criteria are
undefined. Prior to the promulgation of the Part 61 regulation, there was
no uniform waste classification system, although all operating low-level
waste disposal sites had adopted license conditions that prohibited disposal of waste containing transuranic material in concentrations exceeding 10
nCi/g. Waste exceeding 10 nCi/g was "orphaned" since: (1) there was no
commercial (licensed by NRC or an Agreement State) capacity for low-level
waste disposal, and (2) the Department of Energy took the position that as
long as it was not "high-level waste" the Department had no leg=il authority
to accept the waste for storage and eventual disposal. Licensees therefore
had no place to dispose this waste.
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This Catch-22 situation was not resolved with the promulgation of 10
CFR Part 61. Many licensees holding wastes exceeding Class C concentrations are in the same essential predicament as before. Wastes exceeding
Class C concentrations are still defined as low-level waste and have
therefore been considered outside of federal responsibility.
A third problem is a perception by some that the above uncertainties
associated with the definitions of high- and low-level wastes present a
hinderence to the compacting process, i.e., states are not likely to proceed with the compacting process unless the wastes for which the states are
responsible for under the Low-Level Radioactive Waste Policy Act are
precisely defined.
Problem Resolution
The NRC is considering a number of alternative approaches to resolve
the above problems. These alternative approaches are discussed in detail
in an advance notice of proposed rulemaking (ANPRM) on the definition of
high-level waste. The NRC staff expects this ANPRM to be published in the
fall of this year.
One approach is to examine low-level wastes that exceed Class C
concentrations, as well as various alternatives for low-level wasta
disposal, to determine whether there exists concentrations of wastes that
might be safely disposed by these alternative methods. This could result
in a new classification of low-level waste -- "Class D waste" -- which
would mark the upper limit of low-level waste disposal. Wastes exceeding
Class D limits would be defined as high-level waste. To do this, the Part
61 analysis methodology needs to be updated to more precisely define wastes
exceeding Class C concentrations and possible disposal methods.
GENERAL APPROACH
The general approach taken in the updated Part 61 analysis methodology
is very similar to that taken for the Part 61 analysis methodology
originally described in reference 1 and later heavily modified as described
in reference 3. The calculational methodology is structured as a number of
computer codes, and the selection of a particular code depends upon the
type of information desired. The updated analysis met'muology makes heavy
use of a reference data base consisting of a radioactive waste source term
and processing techniques, site environments, and alternative disposal
technologies. In addition, the computer codes are constructed so that the
user can readily modify or add to the reference data base. The updated
analysis methodology includes procedures to calculate:
o The occupational and public (individuals and populations) exposures
resulting from the disposal of low-level waste;
o The occupational and the population exposures resulting from the
processing of the waste by the waste generator or at a centralized
location within a region (assumed to be located at the disposal site),
and the transportation of the waste from the waste generators to the
disposal site;
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o The costs associated with processing,
low-level waste; and

transportation,

and disposal

of

o The land area committed to low-level waste disposal.
SPECIFIC APPROACH
The original Part 61 analysis methodology was developed with a
specific purpose in mind: comparative analysis of various available options
on land disposal of radioactive waste in view of the wastes expected to be
generated in the near-future, the commercially available waste processing
and disposal technologies, and past disposal experience.
The four
principal components of the original Part 61 analysis methodology data base
include:
(1) Projected waste volumes and characteristics,
(2) Various waste processing options;
(3) Environmental properties of potential waste
treatment and/or disposal locations; and
(4) Commercially available disposal technologies.
The radioactive waste source term consisted of 37 individual waste
streams which were characterized on a volume, physical, chemical, and
individual nuclide basis. Volumes for these waste streams were considered
as a function of 4 regions comprising the contiguous United States.
Reference waste processing operations were also considered.
Within each
region a reference site was assumed which had environmental characteristics
representative of the region. Finally, a number of alternative near-surface
disposal technologies and operating practices were assumed.
All of these components have been modified from the data base used
the original Part 61 analysis methodology.

in

Waste Stream Characteristics and Processing Options
The most apparent change is in the waste stream data base. Most of
the 37 waste streams in the original Part 61 analysis methodology have been
kept, although several improvements have been made in the projected
volumes, and physical and radiological characteristics. Many additional
waste streams have also been characterized. These additional waste streams
can be grouped into three types: (1) routine wastes of small volumes and
relatively high concentrations (e.g., waste from sealed source manufacturers), (2) wastes that depend on formulation and implementation of certain
decisions (e.g., processing of spent-fuel, and decommissioning through
dismantlement of nuclear power plants, and (3) other wastes (e.g., waste
from the West Valley Demonstration Project). Table 1 presents a summary of
the waste stream groups considered.
The following presents significant changes in the waste stream data base:
o New and more accurate unit generation rates are used for LWR waste
streams based on recent survey data. This new set of unit generation
rates permits consideration of LWRs in five categories: PWR Fresh Water
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TABLE 1. WASTE STREAM GROUPS CONSIDERED
I. Nuclear Power Plants (13 streams)
II. Other Nuclear Fuel Cycle Facilities (6 streams)
III. Institutional Waste (8 streams)
IV. Industrial Waste
Routine Waste (6 streams)
Large Radioisotope Manufacturers (19 streams)
Small Tritium Manufacturers (6 streams)
Sealed Sources and Devices (12 streams)
V. Other Non-Fuel Cycle Waste
Radium Sources (7 streams)
Military Waste (2 streams)
VI. Non-Routine Waste
Uranium Fuel Processing (20 streams)
Mixed Oxide Fuel Fabrication (3 streams)
Power Plant Decommissioning (19 streams)
West Valley Demonstration Project (25 streams)
VII. Other Waste
Spent Fuel and Hardware (2 streams)
Site (FVIS), PWR Salt Water Site (SWS), BWR-FWS with Filter Demineralizers, BWR-FWS with Deep Bed Demineralizers, and BWR-SWS.
o A gross concentration distribution has been obtained and assumed based
on shipped waste data for the four trash waste streams from LWRs.
o High activity and small volume waste streams (e.g., waste originally
denoted by N-SOURCES, N-ISOPROD, N-TRITIUM) have been split into several
other waste streams, and are characterized much more accurately.
o Waste streams containing radium-226, including sealed sources and ion
exchange resins from groundwater treatment processes, are included.
o Wastes from some military establishments, small tritium manufacturers,
and large industrial sealed source manufacturers have been characterized
and added to the data base.
o A large number of waste streams have been characterized from potential
nuclear fuel cycle operations, including reprocessing waste and waste
from mixed oxide fuel fabrication facilities.
o A large number of waste streams from future decommissioning of LWRs are
included, as are wastes from the West Valley Demonstration Project.
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o

Activated metal wastes (e.g., end pieces and spacers) from
fuel consolidation activities have been included.

potential

In addition, the 23 radionuciides considered in the original Part 61
analysis methodology was considered to be relatively limiting. This report
considers 53 radionuciides.
Moreover, many of these radionuciides have
more than one solubility class. Consequently, this project considers a
total of 100 distinct radionuclide/solubility combinations.
These are
presented in Table 2,
TABLE 2.
r. -2
1.-14
Na-22
Cl -36
Fe-55
Co-60
Ni-59
Ni -63
Sr-90
Nb-94
Tc-99
Ru-106
Ag-108m

*
*

D
D,W
W,Y
W,Y
D,W
D,W
D,Y
W,Y
D,W

Y
D,W,Y

RAD10NUCLIDES CONSIDERED AND SOLUBILITIES
Cd-109
Sn-126
Sb-125
1-129
Cs-134
Cs-135
Cs-137
Eu-152
Eu-154
Pb-210
Rn-222
Ra-226
Ra-228

D,W,Y
D,W
D,W
D

Ac-227
Th-228
Th-229
Th-230
Th-232
Pa-231
U-232
U-233
U-234
U-235
U-236
U-238
Np-237

D
D

D
W
W

w
*
w
u

W,Y
W,Y
W,Y
W,Y
W,Y
W,Y
D.W.Y
D,W,Y
D.W.Y

D.W.Y
D.W.Y
D,W,Y
W,Y

Pu-236
Pu-238
Pu-239
Pu-240
Pu-241
Pu-242
Pu-244
Am-241
Am-243
Cm-242
Cm-243
Cm-244
Cm-248
Cf-252

W,Y
W,Y

W,Y
W,Y
W,Y

W,Y
W,Y
W,Y
W,Y
W,Y
W,Y
W,Y
W,Y
W,Y

Reference Environments
The four reference site environments defined in the original Part 61
analysis methodology have been preserved in substantially the same format.
However, a few new parameters have been added, e.g., parameters on unsaturated zones of the reference sites. The most significant change has been
to incorporate all the site related information, including transportation
information, in a separate data file which permits the user of the codes to
easily alter these data and/or add site-specific information.
A qualitative description of the reference site environments is presented in Table
3.
TABLE 3.

REFERENCE SITE ENVIRONMENTS

Site Name

General
Environment

Northeast
Southeast
Midwest
Southwest

Humid
Humid
Humid
Semi-Arid

Population
Density
high
Moderate

Low
Low
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Soil
Permeability
Low
Moderate
Low
High

Disposal Technologies
This component of the data base underwent a drastic change. The revised analysis methodology permits the use of up to six different disposal
technologies at the same location. The number six was selected based on
the assumption that each different class of waste could conceivably be
disposed using a different disposal technology.
Four of these six classes
of waste are as follows: Class A, Class A Stable, Class B, and Class C. In
addition, a hypothetical "Class D" has been included consisting of wastes
that exceed Class C concentration limitations. These are separated into two
subclasses for convenience: Class Dl which denotes waste with activities
exceeding Class C limits that are routinely generated in relatively small
volumes, and Class D2 which denotes waste with activities exceeding Class C
limits that are generated intermittently in relatively large volumes.
A number of generic disposal technologies have been characterized. A
brief list of available reference disposal technologits and operational
options considered in quantitative detail is presented in Table 4.
TABLE 4.

DISPOSAL TECHNOLOGY OPTIONS CONSIDERED

Non-enqineered Concepts
Options
Location
Humid
Arid
Cover
Reference
Improved
Compaction
Regular
Moderate
Extreme
Backfill
Soil
Sand
Grout
Emplacement
Random
Stacked

Large
Trench

Concrete Concepts

Small Unl ined Slit
Trench Au ger Trench Trench

Slit
Trench

Modular
Repackaged

X
X

X
X

X
X

X

X

X
X

X
X

X
X

X
X

X
X

X
X

XV
A

X
X

X
X

X
X

X
X
X

X
X
X

X
X

X

X

X
X

X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X
X

X
X

X
X

X

X

X

X

X

X

Any one of the disposal technologies given in Table 4 can theoretically be used to dispose any of the above six categories of waste. (Clearly,
some disposal technologies will be incompatible with certain classes of
waste, e.g., Class C wastes must be disposed in accordance with the intruder protection requirements of 10 CFR 61.52(a)(2).) Moreover, the six
classes of waste can potentially be mixed among each other (e.g., Class A
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Stable mixed with Class B ) , resulting in use of fewer than six different
disposal technologies. Some disposal technologies may be appropriate for
disposal of all the waste.
Impact Measures and Analysis Methodology
Many changes were made to the calculational algorithms. One significant change, which both expands and updates the methodology, concerns the
manner in which waste in very small volumes with very high concentrations
(e.g., sealed sources) can be classified, and their impacts calculated.
The original Part 61 analysis methodology was oriented towards calculation
of impacts based on radioactive concentrations, i.e., activity per unit
volume or mass.
This treatment was considered adequate and sufficient to
address the major portion of the waste stream volumes being generated.
Since then, however, regulators are beinj faced with the responsibility to
make decisions on sealed sources and other small volume waste streams.
Thus, this report allows an option to be considered for these waste streams
(generally referred to as sources) that permits their classification on a
total activity per source basis. Impacts assessment calculations have also
been modified to allow consideration of these and other unique wastes such
as activated metals. Some of the other modifications made include:
o

Consideration of the use of several different disposal technologies at a
single disposal facility site. An example would be the use of shallow
trenches for Class A waste, segregated shallow trenches for Class A
Stable and Class B waste with Class C disposed in a layered manner.

o

Consideration of a wide range in annual volumes disposed. The original
analysis methodology was principally geared to large disposal facilities
(e.g., 50,000 m of waste per year) and could not easily consider
disposal costs and impacts for smaller facilities.

o Modification and expansion of the intruder impact scenarios. For the
intruder-well scenario, the only impacts which were considered were
those from potential consumption and use of contaminated water. Well
drilling, however, could potentially intersect the disposed waste,
bringing radioactive contamination to the surface which could impact a
potential inadvertent intruder through otiier pathways.
o A more detailed treatment of groundwater migration by considering
unsaturated zone transport separate from saturated zone transport.
o Calculation of radon emanation and ingrowth within dwellings as part of
impacts due to potential inadvertent intrusion into disposed waste.
o An update of the health physics "lethodology used to determine impacts
from radioactive contamination at a given biota access
location
including regional dependency of certain uptake factors and the use of
ICRP-30 methodology.
o A more detailed consideration of the factors that contribute tc calculation of disposal facility costs. This includes costs during preoperational siting, licensing, and construction, as well as operational costs
broken down by personnel and equipment hours for each technology.
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A more detailed treatment of highly engineered disposal facilities such
as concrete bunkers.
A more accurate analysis of transportation impacts which more fully
incorporates the radiological characteristics of specific waste streams.
The original Part 61 analysis methodology used a simple approximation
based on WASH-1238 (Ref. 6 ) .
Consideration of interregional waste shipments. The original Part 61
analysis methodology considered only intraregional transportation ana
disposal. This was consistent with the then evolviny »_umpacting
process. However, cross-regional waste shipment still occurs today and
may continue to do so in the future for some waste streams.
DISCUSSION
It is expected that the study will be published in the fall of this
year as NUREG/CR-4370, and among other applications, will be used by NRC
during the forthcoming NRC rulemaking on the definition of high-level
waste. The analysis methodology update is evolutionary in nature, and it
can be expected that further refinements to the updated analysis methodology will be made in the future. Some areas needing additional work have
already been identified by the authors, and others will undoubtably be
identified during the course of the rulemaking.
Some preliminary
observations» however, can be made at this time.
First, the establishment of a new waste Class D appears to be
technically feasible. In the study, Class D waste has been visualized as a
class of waste having requirements for near-surface disposal which lie
between those for Class C waste under 10 CFR Part 61 and those for
high-level waste under 10 CFR Part 60. Some of the basic concepts for
disposal of the various types of waste are listed in Table 5.
As shown, the two basic principles for Class D waste are that (1) the
waste is disposed in a stable form, and (2) the waste is disposed so that
it would not be affected by such potential surface events as erosion,
housing construction, or deep rooted plants. One way to accomplish the
latter is postulated to be disposal at a sufficient depth in the ground.
Work by Napier (Ref. 7) and others (Ref. 8) seems to indicate that
"sufficient depth" could be as little as 10 meters of cover by soil or
lower activity waste. If this is the case, then about the on':.' way in
which the waste could be contacted is via the Intrjder-drilling scenario.
In this scenario, an intruder is assumed to inadvertently drill into
disposed waste as part of establishing a .-.'atc.r well for a house to be
built. During the drilling activities, sone waste is brought to the surface
and is a source of direct gamma exposure to ti.o drilling crew. After construction of the well, some of the drill cuttings are assumed to contribi'ce
exposures to persons occupying the house for which the well was constructed. In a manner similar to the analyses performed to set other waste
classes, impacts from the intruder-drilling scenario can be compared with a
specified dose limit. Among other considerations, this comparison can be
used to set radionuclide-specific concentration limits for Class D waste.
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TABLE 5. BASIC CRITERIA FOR WASTE CLASSIFICATION
Class A Miir!mum waste form requirements
Segregated disposal from stable waste
Institutional control for at least 100 years
Class B Minimum waste form requirements
Disposal in a structurally stable manner
Institutional control for at least 100 years
Class C Minimum waste form requirements
Disposal in a structurally stable manner
Institutional control for at least 100 years
Disposal considering inadvertent intrusion
(e.g., disposal at 5 m minimum depth)
Class D Mir.imum waste form requirements
Disposal in a structurally stable manner
Institutional control for at least 100 years
Disposal in a manner removed from near-surface
processes (e.g., disposal at 10 m minimum depth)
HighLevel
Waste

Minimum waste form requirements
Multiple barriers (engineered and geologic)
- containment (300:1000 years)
- release rate (10" per year after 1000 years)
- groundwater travel time (1000 years to
accessible environment)
Waste retrievability

One difficulty with this approach is that unlike other intruder
scenarios involving direct human contact with the waste, impacts from the
intruder-drilling scenario are governed not only by the radionuclide
concentration,
but also by the radionuclide quantity.
The total
radionuclide quantity brought to the surface is of concern, which means
that in addition to a limit on the radionuclide concentration, a limit is
needed on the thickness of the radionuclide column accessed.
A general way to accomplish this is to specify a radicmuclide-specific
area concentration limit in units of Ci/mt -- i.e., a limit on the total
activity of a given radionuclide beneath a given surface area. An area
concentration limit could be used by licensees (it is practical, more so
than a specific dose limit, for example), and could be easily calculated by
dividing the radionuclide Class D concentration limit by the waste stratum
thickness used to ^et the concentration.
A second difficulty is that establishment of either a disposal depth
requirement or an area concentration limit may decrease the efficiency by
which waste may be disposed.
Depending upon the relative quantities and
classes of wastes to be disposed, less waste may be allowable for disposal

351

within a given disposal cell. Algorithms to consider this effect have been
incorporated into the updated analysis methodology.
A third difficulty is that a disposal criterion related to a minimum
depth decreases th? likelihood that disposal of Class D waste may be accomplished in all parts of the country. Disposal above the water table could
probably be problematical in many parts of the eastern United States. An
alternative could be disposal in a mine or in a diffusion-dominated system
as allowed under Section 61.50 of the regulation. Another alternative
could potentially consist of isolation of the waste through engineering
means. The ease of finding suitable disposal sites and methods in all parts
of the country would appear to be a significant factor in determining
whether Class D waste disposal can be accomplished by all state compacts.
A second observation is that the current waste classification, which
is based on the concentration of particular radionuclides within the waste,
is not totally suitable for wastes such as sealed sources. These wastes
are typically very small physically -- sources average less than an inch in
diameter and six inches in length -- but are highly concentrated.
Impacts
from disposal of such waste are better modeled by assuming a series of
point sources within a disposal cell rather than a distributed volume
source.
For such wastes, a special interpretation of the waste
classification system seems to be appropriate. This interpretation would
be based on the total activity of the source rather than the concentration.
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EG&G PRESENTATION
IMPACT OF RESOURCE CONSERVATION AND RECOVERY ACT
ON LOW-LEVEL DISPOSAL SITES AND
THE REGIONAL COMPACT SYSTEM
J. J. Scoville, President
US Ecology, Inc.
ABSTRACT
The dual regulation of the commercial
low-level
radioactive waste sites could cause a disruption of the
national system for waste disposal and delay in the siting
and construction of new facilities. A resolution of this
situation may be forthcoming from Congress in the form of
an amendment to the Low-Level Waste Policy Act of 1980.
The Dual Regulation Problem
US Ecology, Inc., operates two of the nation's three commercial
low-level radioactive waste disposal facilities. The company's sites are
located in arid desert environments near Beatty, Nevada, and Richland,
Washington. The company has over twenty-five years of experience in dealing
with low-level radioactive waste, and has been intimately involved in the
regulatory processes which govern this type of material.

\
'

The dual regulation of LLRW facilities by the NRC and EPA threatens
enactment of the regional compact system (Exhibit A ) . Additionally, it
presents potentially unresolvable difficulties for present and future site
operators. Recent events have forced this issue to become of grave concern
for medical generators and perhaps to industrial and utility generators as
well.
Without timely resolution of the dual regulation issue by Congress, the
following could occur.
o As of November 3, 1985, US Ecology will be forced to stop accepting
some medical wastes (scintillation vials) for disposal at its
Richland, Washington facility. We are the only land burial disposal
source for these radioactive materials.
o As of November 8,
radioactive waste sites
be forced depending on
waste to stop accepting
receive for disposal.

1985, the presently operating low-level
(Beatty, NV; Richland, WA; Barnwell, SC) may
the extent of the EPA's definition of mixed
a substantial amount of waste they currently
~

New site development and construction could be delayed or totally
frustrated unless the regulatory conflict is resolved.
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Exhibit. A

LOW-LEVEL RADIOACTIVE WASTE COMPACT STATUS
FEBRUARY IMS

Congjreee fS
M.n.M2)

MIDWEST
• Introduced fci 98th
Congreat
• No host State selected

OTHER
• M A . NY. M l m*y go
alone or start new
• M A sHlno would require
voter approval
• Others undecided

WD
a
fceln otheta: Dakota
Compact

• SD ahlng would
require votar
approval: poaaM
Dakotr Compact
t2 vartlonal or
Rocky Mountain
Compact

CENTRAL MIDWEST
• tL host Stata

APPALACHIAN
• In negotiation i
• PA WOMM heat ake

• WV. M O w r f D E m
eBofble

WESTERN
•CAawl
Eractadb* AZ.
vatbyCA

SOUTrlEAST
• Introduced In
Convretc IS.4MI
• No host State <
to replacw SC In 7992

ROCKY MOUNTAIN
Congraaa IS.442)
CO naxt tract State
TEXAS
• Prac—dinq alona

CENTRAL
• introduced in 99th
ContfMHM IH.R.1M6I
• No ho«t State seMcted

Roi'i'icn.-e: NRC Policy
roper(SECV-R5R3)

Issue

All commercial low-level radioactive waste sites dispose of wastes
regulated under the Atomic Energy Act of 1954, as amended, as well as
naturally-occurring and accelerator-produced wistes. Some of the wastes
contain small quantities of hazardous chemical waste which are regulated by
the EPA under the 1976 Resource Conservation and Recovery Act (RCRA). For
example, some scintillation vials containing radioactive material used by
the medical profession may also contain small quantities of toluene and
xylene.
In 1980, this situation was brought to the attention of the EPA by US
Ecology, which pointed out the need for a single regulatory agency (the NRC)
to regulate all radioactive materials buried at the low-level radioactive
waste disposal sites. US Ecology requested clarification of the regulatory
program governing the disposal of those wastes that consisted of both NRC
and EPA regulated materials.
In 1983, almost tnree years after the problem was brought to the
attention of the EPA, the EPA advised that the Agency was in the process of
developing with the NRC s Memorandum of Understanding (<MOU) with respect to
these wastes. The MOU was necessary as the NRC regulations (.10 CFR Part 61)
and the EPA regulations (40 CFR Part 264) contained serious differences in
both approach and design in regulating a land disposal site, 3ven tnough
both agenc'.ea have the same goal in mind--the protection of the public
health and safety (Exhibit B ) . The EP1 has taken the position that the
November 1S34 amendments to RCRA preclude any further work on arriving at a
MOu with the NRC and is requiring that an application for a RCRA Part B
permit be filed no later than November 8, 198b. Ir, short, it is the
intention of the EPA to regulate the existing low-level radioactive waste
^it.-s even though the EPA's r e l a t i o n s differ significantly from those of
the NRC.
Tna problem is compounded when it is reported that the EPA may not only
be looking at mixed medical wastes (scintillation vials) but other wastes as
well that may contain some RCRA wastes; for example:
o
o
o
o

radioactive contaminated lead shielding;
resins containing toxic metals,;
filter media; and
chemical solvents, cleaning solutions, chelating agents, and chromic
acids.

Further, the Washington State Department of Ecology (WDOE) has
indicated to US Ecology that it too is not only concerned with the
regulation of scintillation vials under RCRA, but is looking at a whole
spectrum of waste which may encompass the majority of waste streams received
at the Richland, Washington facility.
In 1980, US Ecology filed as a protective measure RCRA Part A permit
for both its low-level radioactive waste disposal facilities. It is the
only company operating shallow land burial facilities to do so. Should the
RCRA regulations be interpreted to extend tc this broader spectrum of wastes
accepted at the low-level waste sites, a site which has not filed a Part A
permit application could be forced to shut down prior to the November 8,
1985, deadline for a Part B application.
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Exhibit B

NRC-EPA REGULATION OF
LOW-LEVEL RADIOACTIVE WASTE SITES

The c o m m e r c i a l l o w - l e v e l r a d i o a c t i v e w a s t e s i t e s d i s p o s e o f s o u r c e , b y - p r o d u c t
and small q u a n t i t i e s of s p e c i a l n u c l e a r m a t e r i a l u n d e r t h e a e g i s of t h e A t o m i c
E n e r g y A c t of 1 9 5 4 , as a m e n d e d .
Naturally occurring radioactive materials
(NARM)-' : , a c c e l e r a t o r - p r o d u c e d i s o t o p e s , a n d h a z a r d o u s w a s t e a r e r e g u l a t e d b y
the s t a t e s a n d E P A u n d e r R C R A .
All of t h e c o m m e r c i a l s i t e s a r e e n g a g e d in t h e
disposal
of l o w - l e v e l
rtomic
energy waste and NARM w a s t e s , with m i n u t e
quantities- o t h a z a r d o u s w a s t e co m i n g l e d w i t h the r a d w a s t e .
For e x a m p l e ,
s c i n t i l l a ! Ion v i a l s u s e d in m e d i c a l r e s e a r c h a n d _r.alyses c o n t a i n r a d i o a c t i v e
m a t e r i a l s in o r g a n i c s o l v e n t s .
The goal of b o t h Part 61 of t h e N R C R e g u l a t i o n s and 4 0 C F R 2 6 4 of t h e E P A
r e g u l a t i o n s i the p r o t e c t i o n of the p u b l i c h e a l t h a n d s a f e t y .
However, the
regulations
d i f f e r in b o t h a p p r o a c h a n d d e s i g n .
The conflicts
in t h e
regulation., a r e set f o r t h b e l o w :

EPA/NRC DISPOSAL
REQUIREMENTS

NRC

EPA
Hazardous W a s t e disposal Permit
Requirements:
40 CFR 2 6 4

Low-Level Radioactive Waste
Requirements:
1 0 C F R 61

o

Requires detailed chemical and
p h y s i c a l a n a l y s i s of r e p r e s e n tative sample prior to t r e a t rent or d i s p o s a l .
Liability
on o p e r a t o r . [ 2 6 4 . 1 3 6 ( a ) ( 1 ) ] .

Generator/packagers assure
that c l a s s i f i c a t i o n c h a r a c t e r istics and stability satisfy
61.55 and 6 1 . 5 6 (20.311).

o

A n a l y s i s a b o v e will
chemical laboratory
of s a m p l e .

61.55 and 6 1 . 5 6 provide
classification and characteristics which assure suitability for land disposal.
No a c c o m m o d a t i o n s made for
treatment.

require
handling

For e x a m p l e , uranium, t h o r i u m , radium, a n d tritium.
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NRC
Low-Level Radioactive Waste
Requirements: 10 CFR 61

EPA
Hazardous Waste Disposal Permit
Requirements: 40 CFR 264
Because of liability on disposer
each movement of waste must be
inspected and, if necessary,
sampled avA analyzed to assure
identity matching, manifest (drums
must be o p e n e d ) . [26^.13(a) ( 4 ) ] .

61.56(a)(8) requires treatment
of hazardous component to
minimize to extent practicable the hazard from nonradioactive material.

o

Liability, assurances and QC
program of generator eliminates need for disposer to
open and inspect containers,
for chem lab to handle, in
keeping with ALARA."'"''

o

Manifest must contain chemical form, solidification
agent, chelating agent, etc.
(20.311 ).

ALARA discourages opening of
containers. Identification
liability is on generator.
Manifest discrepancies in
in type and are not detectable at disposal facility.

o

Requires inspection and, if
necessary, analyses of incoming
wastes and reporting of manifest
discrepancies in type or quantity.
(264.72).

o

o

Requires operating recoru containing waste analyses and inspection
results (264.73).

••> Analysis and inspection of
waste movement discouraged
due to ALARA.

o

Requires detection and compliance
monitoring of chemicals. Also,
corrective action as part of permit.
Monitoring parameters are of chemical
nature and comprise the groundwater
protection standard and hazardous
constituent and concentration limits
list 264 Subpart F.

o

Requirements for groundwater
monitoring address only
radionuclides.
(61.53).

ALARA. NRC's guiding principle to minimize exposure,
"£S j_ow £s reasonably achievable."
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EPA
Hazardous Waste Disposal Permit
Reauirements: 40 CFR 264

NRC
Low-Level Radioactive Waste
Requirements; 10 CFR 61

D

o

Requires operation and
closure to achieve stability
necessary to eliminate the
need for ongoing maintenance
to the maximum extent possible (61.13, 61.44, 61.52).

o

Requires 5-year post closure
care and 100-year institutional control (61.70).

Requires operation and closure that
will minimize ongoing maintenance
_ (246.111 and 265.301).

Requires 30-years post closure

Maintenance after post closure
care accommodated by post closure
liability tax on RCRA hazardous
wastes.

Funding for institutional
care (100 years) provided
via perpetual care and maintenance fund which is collected from disposer based on
waste receipt.

Requires synthetic liners (264.301).

Combines site locational
characteristics, waste stability and necessary constructed barriers to minimize
contaminant migration to
groundwater (61.50,51.51).

o

Requires leachate collection and
and removal systems (264.301).

Discourages leachate collection and removal systems due
to long term maintenance
(p. 547450 of FR 47); relies
instead on locational characteristics and stability.

o

Requires removal, treatment, and
disposal of contaminated leachate

ALARA is violated if contaminated leachate is handled,
increasing exposure. Reliance instead on prevention
of the need.

o

(264.301).

o

No requirement.

o
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RCRA hazardous waste must be
treated to reduce to rhe maximum extent practicable th"
potential hazard from nonradiological materials
(61.566(8).

It has been and continues to be the company's position that there
already exists a stringent and comprehensive regulatory framework which
regulates the low-level radioactive waste disposal sites for the protection
of public health and safety.
In addition, such a regulatory conflict if not resolved will
undoubtedly delay and frustrate new siting attempts. This conclusion is
borne out by the fact that RCRA regulations are designed to discourage and
even eliminate new landfills whereas NRC has found that a low-level
radioactive waste site constructed pursuant to 10 CFR Part 61 of its
regulations is an acceptable method of disposal.
The Dual Regulation Solution
In 1980, the Congress enacted the Low-Level Radioactive Waste Policy
Act (LLRWPA) (P.L. 96-573) which provides that, subject to the consent of
the Congress, states may enter into regional compacts for the establishment
and operation of disposal facilities for the disposal of low-level
radioactive waste. The Act also provided that, as of January 1, 1986,
regions with compacts consented to by the Congress may bar waste from
outside the region. Various compacts had been submitted to Congress for its
consent.
After it became obvious that a MOU was not going to be developed
betw?en the two agencies and, inde:d, that legislative relief was needed to
resolve the problem of dual regulation, US Ecology intensified its efforts
to bring the problem to the attention of Congress within the context of the
pending Compact ratification or consent process.
US Ecology originally proposed an amendment would have given sole
regulatory authority at the commercial low-level radioactive waste sites to
the NRC.
However, in order to assure speedy passage of the compacts, a
compromise amendment was forged to take into consideration the position held
by some that the EPA's expertise in hazardous chemicals should not be
overlooked when considering regulating materials with both chemically
hazardous and radioactive constituencies. The compromise amendment was
passed at the full committee level and attached as Section 13 to H.R. 1083
which is the legislative consent vehicle recently reported out of House
Interior and Insular Affairs committee (Exhibit C ) .
The amendment offered by Rep. John McCain (R-Ariz.) provides for the
following:
o Within 90 days of enactment of the compact legislation, the EPA
Administrator with the concurrence of the NRC shal", identify a list
of substances disposed of at commercial low-level radioactive waste
sites which should be subject to EPA regulation.
o

No later than 12 months after enactment of the compact legislation,
the EPA will promulgate regulations in regard to the treatment,
handling, disposal, or monitoring of the listed substances.
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Exhibit C

MCCAIN018

AMENDMENT TO THE COMMITTEE PRINT OF JULY 18. 1985
(H.R.

1083, AS REPORTED FROM THE SUBCOMMITTEE)
OFFERED BY MR. MCCAIN

Page 34, line 23, strike out the close quotation mark and
the period following and insert after such line the following
new section:

1

*'SEC. 13. MIXED WASTES.

2

*(a) IDENTIFICATION.—Not lacer than. 90 days after the

3

date of the enactment of the Low-Level Radioactive Waste

4

Policy Amendments Act of 1985, the Administrator of the

5

Environmental Protection Agency (hereafter in this section

6

referred to as the * Administrator'), shall with the

7

concurrence of the Nuclear Regulatory Commission, identify

8

and publish in the Federal Register a list of any substances

9

disposed of or projected to be disposed of at commercial low-

10

level radioactive waste disposal facilities identified or

11

listed as hazardous waste by the Environmental Protection

12

Agency under subtitle C of the Solid Waste Disposal Act,

13

which, due to their volume, concentration, composition,

14

hazard, or other relevant characteristics, should be subject

15

to regulation under subtitle C of the Solid Waste Disposal

16

Act.

17

' ( b ) REGULATIONS.--Not l a t e r than 12 months a f t e r the
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2
1

date of the enactment of the Low-Level Radioactive Waste

2

Policy Amendments Act of 1985, the Administrator, with the

3

concurrence of the Nuclear Regulatory Commission, shall

4

promulgate regulations governing the management and disposal

5

of substances identified under subsection (a) at commercial

6

low-level radioactive waste disposal facilities. Such

7

regulations shall prescribe methods of treatment, handling,

8

disposal, or monitoring appropriate for the substances

9

identified under subsection (a) and shall ensure a level of

10

environmental protection at least equivalent to that provided

11

for such wastes under subtitle C of the Solid Waste Disposal

12

Act.

13

N

'(c) DELEGATION CF AUTHORITY--Not later than iso days

14

after complying with subsection (a), the Administrator shall

15

enter into an agreement with the Nuclear Regulatory

16

Commission under which the Administrator shall delegate

17

permitting authority under section 3005 of subtitle C of the

18

Solid Waste Disposal Act to the Nuclear Regulatory Commission

19

for the disposal of waste identified under subsection (a).

20

Such agreement shall provide for the exercise of such

21

authority in accordance with part 61 of title 10 of the Code

22

of Federal Regulations and compatible with the regulation of

23

hazardous waste under subtitle C of the Solid Waste Disposal

24

Act.

25

%%

(d) INTERIM REQUIREMENTS.—Notwithstanding any other
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•MCCAIN018
3
1

provision of law, any regional disposal facility referred to

2

in paragraphs (1) through (3) of section 5(b), which is

3

subject to regulation under subtitle C of the Solid Waste

4

Disposal Act, shall be required to comply with Interim Status

5

requirements of the Hazardous and Solid Waste Amendments of

6

1984 -ot later than 12 months after the date of the enactment

7

of the Low-Level Radioactive Waste Policy Amendments Act of

8

1985. Any such facility shall not be required to obtain a

9

permit under subpart B of the Solid Waste Disposal Act until

10

the regulations under subsection (b) have been

11

promulgated.' .
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o The EPA administrator shall enter an agreement with
delegating the NRC permitting authority under RCRA.

the

NRC

o Twelve months after the date of enactment of the comoact
legislation, the three current facilities must be in compliance with
the interim status regulations of the 1984 RCRA Reauthorization
Amendments.
While the company has had to accept this approach, it does not solve
the entire problem. Even twelve months after enactment, there will still
remain dual regulatory conflicts. For example, waste analyses requiring
testing for both chemical and radioactive substances may still create
problems for the regulated community.
Further the compromise will result in future disposal fees being
increased to offset more expensive construction and operating cost" due to
the inclusion of EPA regulations at the commercial low-level wasta disposal
sites.
The NRC in conjunction with Brookhaven National Laboratory is currently
evaluating chemically hazardous low-level radioactive waste to determine the
extent to which the EPA's 40 CFR Part 264 hazardous waste regulations imy be
applicable to commercial low-level radioactive waste. the preliminary
results of this investigation will be completed by October. This study can
provide guidance to both agencies in determining what materials should be
considered :'mixed waste" and how those materials should be handled in the
regulatory framework currently envisioned by the Congress.
Failing to educate Congress on this important issue will initially
jeopardize a large segment of the nuclear medicine practice, and could
affect those people whose health depends on medical ionizing radiation. It
may also have even wider implications for the nuclear power industry.
The low-level radioactive waste disposal industry and the medical
profession cannot serve two masters. If the disposal operators are forced
to close their sites to scintillation vials in November 1985 because they
cannot operate under conflicting regulations, the medical profession may
have to store its mized waste for an indeterminate but apparently long
period of time. The alternative would be to discontinue the use of
scintillation vials in the practice of nuclear medicine. Should this
happen, it could be a serious setback for the medical and research
communities. Obviously should the EPA extend the mixed waste issue beyond
scintillation vials, the consequences to the low-level radioactive waste
generators are even more severe.
However, tht ongress has not yet finished its final deliberations on
the compact legislation and the present compromise may still be further
amended or removed altogether. Generators of low-level radioactive waste
should be active in guiding Congress in its deliberations in order to assure
the continuation of a safe national disposal system of low-level radioactive
waste.
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V.

SESSION III. ENVIRONMENTAL MONITORING
AND PERFORMANCE

LONG-TERM MONITORING FOR CLOSED SITES
N. W. Golchert, J. Sedlet, and V. R.
Argonne National Laboratory

Veluri

ABSTRACT
A procedure is presented for planning and implementing a
long-term environmental
monitoring
progrf" for
closed
low-level r a d i o a c t i v e waste disposal s i t e s .
The i n i t i a l
task in t h i s procedure is to c o l l e c t the available i n f o r mation on the l e g a l / r e g u l a t o r y
requirements,
s i t e and
area c h a r a c t e r i s t i c s , source term, pathway a n a l y s i s , and
p r i o r monitoring r e s u l t s .
This information is coupled
with parameters such as h a l f - l i f e and retardation f a c t o r s
to develop a monitoring program.
As examples, programs
are presented f o r a s i t s that has had l i t t l e or no waste
m i g r a t i o n , and f o r s i t e s where waste has been moved by
surface water, by ground water, and by a i r .
Sampling
techniques and practices are discussed r e l a t i v e to how a
current program would be structured and projections
are
made on techniques and practices expected to be a v a i l a b l e
in the f u t u r e .

INTRODUCTION
Shallow-land b u r i a l of l o w - l e v e l r a d i o a c t i v e waste has baen conducted
f o r a number of years by the Federal government and by the commercial sector.
A number of b u r i a l grounds are closed because the s i t e has been
f i l l e d to capacity or unacceptable waste m i g r a t i o n was observed. The l o n g term care of these s i t e s r e q u i r e s some l e v e l of maintenance and monitoring
to ensure t h a t the s i t e s would continue to perform in an acceptable manner.
M o n i t o r i n g programs are conducted to 1) v e r i f y t h a t t h e r e i s no unacceptable m i g r a t i o n of waste through pathways t h a t can lead t o man, 2) assess
the impact of the s i t e on the health and s a f e t y of the p u b l i c and on the environment, 3) s a t i s f y m o n i t o r i n g requirements in a p p l i c a b l e r e g u l a t i o n s and
measure compliance with s t a n d a r d s , and 4) detect m i g r a t i o n e a r l y enough t o
perform e f f e c t i v e c o r r e c t i v e actions (USDOE, 1983).
The purpose of t h i s
p r e s e n t a t i o n is to i d e n t i f y the i n f o r m a t i o n necessary and the considerat i o n s t h a t are a p p l i c a b l e to the development of m o n i t o r i n g programs f o r
closed l o w - l e v e l waste s i t e s .
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BACKGROUND INFORMATION
The design of

a long-term m o n i t o r i n g program is p r e d i c a t e d on the past

behavior of the s i t e . Therefore, i t is important to collect the information on the site that impacts the monitoring program. The most important
areas of information are 1) the legal/regulatory requirements, 2) the site
and area characteristics, 3) the waste inventory, 4) pathway analysis, and
5) the results of a l l the monitoring programs and related studies. Once
collected, i t is necessary to judge i f the quantity and/or quality of the
information is adequate.
The legal/regulatory requirements which are applicable are determined
by 'what type of closed site is considered. The monitoring conditions for a
closed DOE site would be controlled by DOE Order 5820 (USDOE, 1983a). In
the future, commercial sites would comply with 10 CFR Part 61 (USNRC,
1982). The present interest would be in the existing closed commercial
s i t e s , Maxey Flats, Sheffield, and West Valley, which could be covered by
Section 151 of the Nuclear Waste Policy Act of 1982. This law allows for
the transfer of ownership of a closed commercial low-level radioactive
waste site to DOE (EG&G, 1985).
The site and area characteristics include meteorology, hydrology,
geology, geochemistry, demography, ecology, and land use. A large number
of site-specific physical, ecological, sociological, 2nd other parameters
were probably evaluated before and during the operation of the s i t e . These
should be available from the site operator. Missing information may be
available from studies by such organizations as the U. S. Geological
Survey, State 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 i t w i l l 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
amounts of individual radionuclides buried (by trench), the chemical and
physical composition and forms 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 f r a c t i o n 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 needed to design 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 graphic description of the major potential pathways associated with a
low-level waste burial f a c i l i t y is presented in Figure 1. A discussion of
the application of pathway analysis to a low-level waste site is given in
USDOE fl983) as well as other references cited in this source.
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TABLE 1 .

Characteristic

PARAMETERS AND THEIR PURPOSE TO CHARACTERIZE
THE SITE AND VICINITY AREA

Purpose

Parameters

Subsurface
Hydrology

Aquifer location, hydraulic conductivity,
transmissivity, storativity, porosity, hydaulic 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
erosion, lithology,
pathway analysis and subseismicity, mineralogy
surface monitoring locations.

Geochemistry

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

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

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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Evaluation of the p r i o r monitoring programs is essential in the design
of long-term monitoring programs. The primary source of the monitoring i n formation is the program conducted by the s i t e operator.
The available
monitoring information should provide a d e s c r i p t i o n of the sample c o l l e c t i o n schedule, l o c a t i o n , t y p e , data analysis and i n t e r p r e t a t i v e procedures,
q u a l i t y assurance measures, detection l i m i t s , trend a n a l y s i s , comparison to
control samples, and c a l c u l a t i o n of p o t e n t i a l dose or other health e f f e c t s
from r e l e a s e s . The adequacy of the monitoring data should be evaluated to
determine i f any additional information is needed.

PROGRAM DESIGN CONSIDERATIONS
A number of f a c t o r s e x i s t at waste s i t e s that can be used to provide
guidance in the program design. These include such considerations as past
r e s u l t s , experience, r e g u l a t i o n s , h a l f - l i f e , r e t a r d a t i o n f a c t o r s , source
term, and p o t e n t i a l hazard. This information can be used to make decisions
on monitoring frequency and d u r a t i o n .
Experience has shown t h a t at humid l o c a t i o n s , the most l i k e l y pathway
w i l l be the subsurface m i g r a t i o n of radionuclides with ground water whereas
the atmospheric pathway is dominant at a r i d s i t e s . Other pathways are of
lesser importance, but may require some m o n i t o r i n g . Based on the e x p e r i ence at e x i s t i n g s i t e s on the r e l a t i v e importance of various pathways, the
f o l l o w i n g d i s t r i b u t i o n of monitoring program e f f o r t is suggested:
Pathway

Humid S i t e

Arid Site

Subsurface Water
Surface Water
Intruders
Atmospheric

70-90%
10-20%
4-8%
ip to 5%

20-40%
up to 5%
5-15%
50-70%

This description should only be used as a guide and s i t e - s p e c i f i c
tion should be used to des.gn the "long-term monitoring program.

informa-

The h a l f - l i v e s of the radionuclides that may be in the waste can b;
used to determine sampling and analysis frequencies provided that th
buried quantity was not excessive.
Since a number of years w i l l havt
passed between the cassation of burial and the i n s t i t u t i o n of the long-term
monitoring program, i t is assumed that a l l radionuclides with h a l f - l i v e s of
one year or less w i l l not require any monitoring. For radionuclides with
long h a l f - l i v e s , greater than 50 years, radioactive decay is not a r i j o r
consideration and the need to monitor these nuclides w i l l be determined by
other considerations such as their source term, chemical and/or p1 ysical
form, and method of containment.
For those radionuclides with h a l f - l i v e s between one and 50 year,s,
radioactive decay can impact the monitoring schedule, a general rule is
that after ten h a l f - l i v e s , a nuclides has decayed to an a c t i v i t y level that
is not longer of co cern and monitoring could be discontinued.
However,
monitoring should not be constant in terms of number of samples collected
and analyzed during the ten h a l f - l i f e period, but the monitoring should be
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oeriodically reduced.
*
*
•
•

One suggested schedule might be:

First three half-lives - I n i t i a l schedule
Second three h a l f - l i v e s - One-half of i n i t i a l schedule
Next four h a l f - l i v e s - One-fourth of i n i t i a l schedule
After ten h a l f - l i v e s - No sampling.

The retardation of radionuclides as they move through subsurface soil
by means of ground water can affect the long-term monitoring program.
Those radionuclides with h a l f - l i v e s between one and 50 years could essentia l l y decay enroute i f the species were highly retarded and therefore may r e quire l i t t l e or no monitoring.
Most long-lived transuranic nuclides have
high retardation factors in most s o i l s . However, those long-lived nuclides
that normally exist as anions, such as carbon-14, technetium-99, and
iodine-129, are very poorly retained by soils and therefore p a r t i c u l a r
emphasis should be placed on providing adequate monitoring for them.
If
measured or calculated retardation factors are not available for a specific
s i t e , tabulations of generic retardation factors are available f o r some
nuclides (Murphy and Holter, 1980).
The characterization of the waste is an important factor in the design
of a long-term moritoring program. Not only is the quantity of each buried
radionuclide necessary, but also the physical/chemical form, presence of migration enhancers, and the l i f e expectancy of the containment. These factors affect the quantity of material available f o r migration and the r a t e .
Accurate determinations of the source term w i l l probably not be a v a i l a b l e .
Although the best available information should be used in the design of the
monitoring program, i t may at times become necessary to use a generically
derived reference radionuclide inventory (USNRC, 1981).
H a l f - l i f e , retardation f a c t o r s , arid source term can be combined to provide guidance on which radionuclides the analytical e f f o r t should be concentrated.
For the. subsurface movement of radionuclides by ground water,
these factors can be combined to indicate the r e l a t i v e hazard from each migrating radionuclides.
One method is that used by Spa!ding and Munro
(1984) and shown in Equation 1 :
u

H D t-inn - (Waste Concentration)(e"

nazara Kating

)

M\

(Retardation FactorHConcentrations Guides)

As an example of the use of t h i s equation, the waste concentrations in
USNRC (1981), the retardation factors in Murphy and Holter (1980), and concentration guides in USDOE (1981) are used to calculate the hazard rating
for a humid eastern s i t e .
I f the individual radionuclides are also corrected for decay to 100 years from the end of b u r i a l , the r e l a t i v e importance
of each can be determined. The results are in Figure 2. Of the major nuc l i d e s , radioactive decay w i l l eliminate only a fr ,
Some measurements for
many of the l i s t e d radionuclides f / i l l be required :• at least 100 years.
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PROGRAM DESIGN STRATEGIES
Monitoring programs are designed f o r several types of assumed s i t e performance h i s t o r i e s .
The performance h i s t o r i e s considered are f o r a s i t e
t h a t has had no problems, a s i t e where subsurface migration has o c c u r r e d , a
s i t e t h a t has had contamination spread by surface water, and a s i t e where
airborne releases occur. This does not imply that any dose standards have
been exceeded in any of the scenarios described. A closed s i t e w i l l also
r e q u i r e a s u r v e i l l a n c e and maintenance program, and the environmental monit o r i n g program may ''epend in part on the f i n d i n g s of the s u r v e i l l a n c e and
maintenance a c t i v i t i e s .
The two programs can be e f f e c t i v e l y i n t e g r a t e d to
improve both and reduce cost.
As part of the long-term care of a closed l o w - l e v e l radioactive wastedisposal s i t e , p e r i o d i c inspections w i l l be necessary to establish t h a t the
s i t e is in an acceptable c o n d i t i o n .
The long-term monitoring program
should be managed so that the same personnel would conduct the i n s p e c t i o n
of the s i t e , c o l l e c t the required environmental samples, check and service
instruments and operating equipment, r e c a l i b r a t e monitoring systems, and
make minor r e p a i r s .
I t is suggested that the s u r v e i l l a n c e be conducted
twice a year, in the s p r i n g , to determine the impact of the w i n t e r , and in
the f a l l , to see the e f f e c t s of the growing season.
In addition to the
scheduled s u r v e i l l a n c e , inspections should be made f o l l o w i n g any unusual
events such as extremely high winds, tornadoes, extended or high periods of
p r e c i p i t a t i o n , f l o o d s , or earthquakes, or human events such as vandalism,
inadvertent i n t r u s i o n of the fenced area, or t h r e a t s . A s i t e s u r v e i l l a n c e
and maintenance program would be common to any s i t e performance h i s t o r y .
For a s i t e t h a t has performed as expected, i t is assumed that the r e s u l t s of the operational monitoring program were in agreement with the pred i c t i o n s of the pathway a n a l y s i s , very l i t t l e m i g r a t i o n occurred, and the
l e v e l s were well below the acceptable l i m i t s .
The strategy proposed f o r
t h i s s i t e performance scenario is to monitor the important pathways at a
low frequency.
Monitoring should include ground water, trench l e a c h a t e ,
and surface '.vater.
I f deep-rooted plants or burrowing animals were observed or i f r a d i o a c t i v e vapors and gases have been found during operat i o n s , they should be sampled.
Sampling should be conducted f o r ground water at one upgradient well
and two downqradient wells i f the geohydrology of the s i t e is simple. Addit i o n a l sampling may be necessary i f the gechydrology is complex. Some o f f s i t e sampling may be desirable to demonstrate to the local public the i n t e g r i t y of the s i t e .
I f provisions e x i s t for trench leachate c o l l e c t i o n , t h i s
•v,ats>r should be sampled.
Surface water should be collected from streams
M a t drain the s i t e at the confluence of the s i t e streams. Air monitoring
;rr." the c o l l e c t i o n of plant and animal samples should only be conducted
i<bt;'< required.
"In9 s i t e water samples should be collected semi-annually and analyzed
f o r i n i t i a t e d water and leachate indicators ( e . g . , e l e c t r i c a l conductance,
pH, ci'Joride, c o l o r , t u r b i d i t y , chemical oxygen demand, and t o t a l organic
carbon;.
I f these species are discovered, additional analyses should be

37.1

performed for gamma-ray emitting nuclides, carbon-14, strontium-90, technetium-99, iodine-129, and transuranic nuclides. This is the core sampling
and analysis program that should be conducted for all site performance histories.
For the case where waste is moved by ground water, contact of the
waste in the burial trench by water must occur. This normally occurs by infiltration of precipitation through the trench cap. Dissolved waste will
migrate downward into the ground water. Sampling for ground water includes: sump water from the trenches, soil moisture in the unsaturated
zone, ground water from wells installed below the water table, subsurface
drinking water supplies, and discharges to the surface streams. The collection choices are determined by the prior monitoring results.
For those ground water locations where migration has been identified,
sampling should be conducted at least quarterly. The actual sampling frequency should be a function of the radionuclide concentrations and their
variations with time. The analysis and measurements to be performed on
those samples collected from locations where migration has been previously
identified, will be determined by past operational results and the inventory of buried waste.
For the case of migration by surface water, the waste will follow the
overland water flow patterns and eventually enter a surface stream. Surface stream sampling locations are up- and downgradient from the waste
site. The downgradient location should be at the convergence of the individual surface streams that could be affected by the site. For relatively
low and constant concentrations, quarterly sampling is adequate. If concentrations very considerably and unpredictably, continuous sampling may be
necessary. It may be necessary to sample other environmental media that
comes in contact with water that contains waste such as vegetation (crops)
and milk, if water is used for irrigation, sediment from the bottom of
lakes and streams, soil and vegetation contaminated by surface runoff, and
aquatic flora and fauna in surface water. Again, the analysis will be determined by past operational results.
At a site that has been properly closed, the need to monitor radioactive airborne particulates should be unnecessary. If the atmospheric
pathway is to be predominant, then the release of radioactive gases and
vapors must be occurring. These result from 1) evapotranspiration of tritiated water, 2) production and release of hydrogen-3 and carbon-14 containing compounds, 3) release of r-3don-222 from the decay of radium-226, and 4)
the escape of buried krypton-85. The sample collection frequency and required analysis will be determined by 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 analysis scheme will rely principally on the
determination of tritiated water, gamma-ray emitters, a few selec.ed radio-
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n u c l i d e s , i n c l u d i n g s t r o n t i u m - 9 0 , and the chemical p o l l u t a n t leachate i n d i cators.
This should provide a r e l a t i v e l y complete p i c t u r e on the r a t e of
movement of s p e c i f i c substances from the buried waste.
One of the goals of the monitoring program would be to minimize the
manpower requirements by e l i m i n a t i n g as much of the sample c o l l e c t i o n and
l a b o r a t o r y analyses as p o s s i b l e .
I t is a n t i c i p a t e d t h a t upon the development of remote monitors with adequate s e n s i t i v i t y and r e l i a b i l i t y , these
systems woulc' be incorporated i n t o the program. The f u t u r e monitoring programs would i n v o l v e the use of h i g h l y s e n s i t i v e and s p e c i f i c _i_n s i t u
sensors that would make computer programmed p e r i o d i c measurements and t e l e meter the data to a central f a c i l i t y .
To implement the a n t i c i p a t e d
changes, i t is assumed that some periodic formal review would be conducted
of the program at which time decisions would be made on which p o r t i o n s of
the program would be changed, d e l e t e d , or r e v i s e d .
Support f o r t h i s study was provided by the U. S. Department of Energy
Low-Level Waste Management Program. A complete r e p o r t on "Long-Term Monit o r i n g f o r Closed S i t e s " w i l l be provided the LLWMP at the end of FY 1985.
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LOW-LEVEL WASTE MANAGEMENT AT THE WEST VALLEY DEMONSTRATION PROJECT
Eli Maestas
DOE West Valley Project Office
and
John C. Cwynar and Jerry Goodman
West Valley Nuclear Services Co., Inc.
ABSTRACT
The West Valley Demonstration Project requires a f u l l y
integrated waste management system. The spectrum of
Project a c t i v i t i e s includes spent fuel shipments, highlevel waste s o l i d i f i c a t i o n , f a c i l i t y decontamination and
dismantlement, and storage and disposal of wastes.
C r i t e r i a have been developed to establish waste form
requirements for disposal of Project low-level waste
consistent with the appropriate requirements of
10 CFR 61 and DOE Order 5820.2. Low-level waste flow
diagrams, waste form recipe development, and treatment
systems are described.

INTRODUCTION
The Western New York Nuclear Service Center i s located i n a r u r a l
area about 50 km (30 miles) southeast of B u f f a l o , The Center's f a c i l i t i e s
include a shutdown commercial nuclear fuel reprocessing p l a n t , a spent
nuclear f u e l receiving and storage f a c i l i t y , disposal areas f o r s o l i d
r a d i o a c t i v e wastes, and underground tanks c o n t a i n i n g l i q u i d h i g h - l e v e l
radioactive wastes.
The f a c i l i t i e s were constructed on land leased from New York State t o
Nuclear Fuel Services, I n c . (NFS), the former commercial operator of the
Center. Nuclear Fuel Services reprocessed both commercial nuclear power
reactor f u e l s and defense production reactor f u e l s at the Conter from 1965
to 1972. Approximately 2.2 x 10 b l i t r e s (580,000 gallons) of l i q u i d h i g h level r a d i o a c t i v e wastes, c u r r e n t l y stored i n underground t a n k s , r e s u l t e d
from t h i s reprocessing. These a c t i v i t i e s were regulated pursuant t o a
license from t h e US Nuclear Regulatory Commission (USN3C1 and i t s
predecessor agency, the Atomic Energy Commission.
T

he lease between New York and NFS provided t h a t ^he f i r s t term of
the lease would terminate at the end of 1980, and NFS advised t t v s t a t e of
i t s i n t e n t i o n not t o renew t h e lease t h e r e a f t e r .
In 1976, New York State
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requested that the federal government take over the site. In October
1980, Congress enacted the West Valley Demonstration Project Act , which
directed the US Department of Energy (USDOE) to use the facilities to
demonstrate the solidification of the liquid high-level wastes at West
Valley.
The site is currently the responsibility of the USDOE, Idaho
Operations Office, West Valley Project Office. West Valley Nuclear
Services Company (WVNS), a wholly owned subsidiary of Westinghouse
Electric Corporation, is the prime contractor and site operator under
Contract DEAC 0781NE44139. All waste management activities are performed
by the contractor.
Funding for Waste Management is appropriated through Project
sources. The Project is funded 90 percent by the USDOE and 10 percent by
New York State.
PROJECT ACTIVITIES
The West Valley Demonstration Project involves a f u l l y integrated
waste management system. The spectrum of Project a c t i v i t i e s includes
spent fuel shipments, high-level waste s o l i d i f i c a t i o n , f a c i l i t y
decontamination and dismantlement, and treatment, storage and disposal of
wastes.
Spent Fuel Shipments
At the cessation of reprocessing operations i n 1972, 750 spent fuel
assemblies remained o n - s i t e in a water f i l l e d storage p o o l . These
assemblies contained a t o t a l of 165 metric tons i n heavy metal (MTIHM) —
Uranium and Plutonium. From the end of 1983 through the end of August
1985, a t o t a l of 546 assemblies containing 108 MTIHM we r e safely shipped
t o the owner u t i l i t i e s of the f u e l . Completion f o r shipping the remaining
204 assemblies (57 MTIHM) is a n t i c i p a t e d by mid 1986. Included are fuel
assemblies which w i l l be shipped t o the Idaho National Engineering
Laboratory f o r dry cask storage demonstrations. Project plans are t o
decontaminate the vacated storage pool area and convert i t t o a s i z e reduction f a c i l i t y by mid-1987.
High-Level Waste S o l i d i f i c a t i o n
Over 90 percent by volume of the high-level waste (HLW) is a
supernatant l i q u i d containing about 40 weight percent dissolved sodium
s a l t s ( n i t r a t e , carbonate, s u l f a t e ) and about h a l f of the t o t a l
r a d i o a c t i v i t y , mostly as cesium s a l t s , with minor amounts of strontium i n
s o l u t i o n and l e s s e r amounts of plutonium as f i n e p a r t i c u l a t e matter. The
remaining 10 percent is a sludge on the bottom of the tank, composed of
mixed s a l t s ( n i t r a t e s , carbonates, hydroxides, oxides) including a l l other
f i s s i o n products. This sludge contains the other h a l f of the
r a d i o a c t i v i t y , p r i m a r i l y as strontium salts with l e s s e r amounts of other
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f i s s i o n products and a c t i n i d e s . A complete d e s c r i p t i o n of the HLW i s
contained i n Reference 2 and an update on the analysis completed t o date
i s shown i n Reference 3.
The Project w i l l reduce the volume of bulk material that u l t i m a t e l y
w i l l become s o l i d i f i e d HLW. Thus, the supernatant w i l l be decanted,
passed through an ion exchange medium to remove the radioactive
c o n s t i t u e n t s , and the r e s u l t i n g low ^ v e l waste (LLW) w i l l be s o l i d i f i e d
in cement. The waste w i l l be assayed and i f determined t o be LLW, sent t o
the disposal area on s i t e and i f transuranic (TRU) waste stored o n - s i t e
u n t i l a federal repository i s i d e n t i f i e d . The sludge w i l l be washed t o
remove excess sodium s a l t s t o the extent p r a c t i c a l and the washed water
s i m i l a r l y t r e a t e d and s o l i d i f i e d f o r d i s p o s a l .
The washed sludge, the ion exchange medium, and a small amount of
l i q u i d waste containing thorium n i t r a t e w i l l be homogenized, brought t o
the proper consistency, blended w i t h glass forming chemicals, and fed t o a
Slurry-Fed Ceramic Melter (SFCM). Inside the M e l t e r , the remaining water
w i l l be evaporated, the feed materials dissolved i n t o molten glass and
heated by an e l e c t r i c c u r r e n t . The glass w i l l be thoroughly mixed by
convection i n the furnace and continuously poured and cast i n t o a steel
c a n i s t e r . The canisters w i l l be sealed shut, cooled and stored on the
WVDP s i t e u n t i l a federal repository i s ready t o receive them i n the
1990s. The system is described i n Reference 4.
Approximately 2,300 cubic metres of waste w i l l be immobilized as LLW
i n t o about 2,100 cubic metres of cement in approximately 15,000 2 0 8 - l i t r e
drums. The h i g h - l e v e l p o r t i o n w i l l be v i t r i f i e d i n t o about 240 cubic
metres of b o r o s i l i c a t e glass i n about 300 steel c a n i s t e r s .
F a c i l i t y Decontamination and Dismantling
The Process P l a n t , which i s the largest b u i l d i n g on the 13.40 E +
06 ml (3,300 acre) West Valley s i t e , has over 2.83 E + 04 m3 (1.00 E +
06 f t ) of volume on six elevations - f i v e above grade and one below
grade. There are 235 area d i v i s i o n s in t h i s b u i l d i n g , i n c l u d i n g a fuel
storage p o o l , 24 shielded c e l l s of various s i z e s , several l a b o r a t o r i e s ,
and several other a u x i l i a r y areas. Details of the plant are more f u l l y
described i n Reference 5.
Decontamination and dismantling (D/D) operations are c o n t i n u i n g with
extensive work being accomplished in several p l a n t areas. The areas of
the plant t h a t have been completed and are in progress are shown i n
Figure 1. (Note: Extraction Cell 3 (XC3) has now been completed).
Several new and innovative methods are being employed in dismantling
of c e l l s to accelerate the schedule and reduce exposure t o personnel.
Robotics have played a part w i t h the development of the Viking robot t o
enter the large c e l l s and remotely accomplish what used t o require manned
entry and the use of a hydraulic arm for removal of pipe from the
Extraction C e l l s . A hydroblast has also been demonstrated t h a t uses a
high pressure water j e t t o cut through p i p e , cement, e t c .
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• Master Slave Manipulator Shop
(Complete)
• Extraction Chemical Room
(Complete) (Pathway to XC-2.
XC-3. & PPC)
• Extraction Cells XC-2. XC-3.
PPC (In-Progress)
» QA and Hot Labs I Complete)
• Counting and Chemistry Labs
(Complete!
• Sample Stoiage Cell .Complete)
• Plutonium Product Handling Aie<i
(Complete)
• Equipment Oecontanmnation Room
(In-Progress)
(Pathway toCPCl
• Chemical Crane Room
(Complete)
• Chemical Process Cell Cranes
(In-Progress)

CTS

WVDP DECONTAMINATION ACTIVITY
Figure '

These D/D a c t i v i t i e s w i l l cover a span of many ye^rs and w i l l
continue to remove f a c i l i t i e s i n c l u d i n g process equipment used in the
s o l i d i f i c a t i o n of the HLW.
Storage and Disposal
As required by DOE Order 5820.2, the WVDP has adopted waste disposal
c r i t e r i a f o r LLW and a c e r t i f i c a t i o n plan f o r TRU waste.
Class A LLW r e s u l t i n g from normal plant operations i s c u r r e n t l y
disposed o n - s i t e i n the NRC Disposal Area (NDA) using improved shallow
land disposal techniques. These disposals are u t i l i z i n g t h a t part of the
Western New York Nuclear Service Center which has been authorized by the
USNRC f o r the disposal of LLW i n accordance with the t e c h n i c a l
s p e c i f i c a t i o n s approved in the license granted t o NFS. Improved shallow
land disposal i s considered to be an e f f e c t i v e and environmentally
acceptable a l t e r n a t i v e f o r disposal of WVDP LLW, however, other
a l t e r n a t i v e s are being evaluated f o r disposal of l o w - l e v e l wastes
generated as a r e s u l t of the HLW s o l i d i f i c a t i o n .
Environmental
documentation i s being prepared in the form of an Environmental Assessment
(EA) which considers the incremental environmental impact placed on the
Center r e s u l t i n g from WVDP waste disposal p r a c t i c e s . The USDOE w i l l then
s e l e c t the disposal method, based upon a long-term performance assessment,
f o r the P r o j e c t ' s Class B and C waste.
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LLW forms are meeting the i n t e n t of the c l a s s i f i c a t i o n an
c h a r a c t e r i s t i c requirements of 10 CFR 6 1 .
C u r r e n t l y , only Class A Waste
i s being disposed in the NDA. Class B and C wastes are now e i t h e r
s t a b i l i z e d or placed i n Higli I n t e g r i t y Containers (HIC) pending d i s p o s a l .
TRU waste w i l l eventually be sent t o a f e d e r a l r e p o s i t o r y .
P r i o r to
the a v a i l a b i l i t y of such a r e p o s i t o r y , TRU waste w i l l be stored o n - s i t e in
a TRU I n t e r i m Storage F a c i l i t y .
The WVDP has been evaluatiny the Waste
I s o l a t i o n P i l o t Plant (WIPP) Waste Acceptance C r i t e r i a ' (WAC) and
continues t o monitor the development of other storage repository
c r i t e r i a . Because the WIPP-WAC are the most developed c r i t e r i a , the WVDP
has based i t s TRU waste c e r t i f i c a t i o n program on them.
Containers
Four types of containers are being used t o package the m a j o r i t y of
West Valley low-level and TRU wastes. The B-25 ( s t r o n g - t i g h t ) rectangular
steel container has outside dimensions of 1.9 m x 1.2 m x 1.3 m (L x W x
H) and i s c u r r e n t l y i n use at the WVDP f o r packaging a l l s o l i d LLW
destined f o r o n - s i t e d i s p o s a l .
Recording rectangular TRU containers, the WVDP has an approved TRU
conta He t h a t meets the c r i t e r i a of WIPP and i n t e r f a c e s e f f i c i e n t l y with
the TRUFACT (TRansUranic PACkage X r a n s P o r t e r ) «
A 1.7 m x 1.4 m x 1.0 m
(L x W x H) rectangular steel container with mechanical closure has been
designed, f a b r i c a t e d , and t e s t e d . The container passed a l l t e s t s i n
accordance w i t h the applicable requirements of 49 CFR and has been
c e r t i f i e d as Type A.
Two types of 208 l i t r e drums are used at the WVDP. S p e c i f i c a t i o n 17H
drums are used f o r packaging LLW; they are painted black with appropriate
l a b e l i n g . S p e c i f i c a t i o n 17C drums are used f o r packaging TRU waste. They
are painted w h i t e and are labeled according t o t h e TRU waste c r i t e r i a and
s i t e handling requirements. D e t a i l s are given i n Reference 8.
WASTE TREATMENT
S o l i d Waste Treatment
A large r a d i o a c t i v e waste compactor, rectangular container type with
HEPA f i l t r a t i o n , i s c u r r e n t l y operational at the WVDP. The u n i t has a
compaction f o r c e of 45,000 kg (100,000 l b s ) . I t i s designed t o compact
materials i n the B-25 rectangular container. The compactor has been
operating w i t h a compaction r a t i o of approximately 5 : 1 . All l o w - l e v e l
(non-TRU) compactible waste w i l l be compacted. I t i s not planned t o use
t h i s equipment t o compact TRU waste because of the contamination r i s k .
A l l small equipment (noncompactible) LLW items are being packaged in
Spec. 17H 208 l i t r e drums and/or B-25 rectangular steel boxes. TRU waste
w i l l be packaged i n Spec. 17C 208 l i t r e s drums and/or Type A rectangular
steel boxes.

381

Large equipment TRU waste, e.g. tanks, are currently being
decontaminated and fixed to acceptable levels on the exterior only. This
equipment is wrapped in plastic sheeting and/or containerized and stored
on site for future size reduction and additional decontamination. It is
planned to decontaminate TRU components in so far as possible so that the
resulting equipment is classified LLW and treated accordingly. The
secondary waste stream containing actinide constituents will be processed
as TRU waste and stored for later disposal.
Large equipment LLW will be decontaminated to levels acceptable for
on-site handling, stored temporarily, and disposed on-site. A size
reduction facility is currently being designed which will volume reduce
large bulky equipment and components to conserve space upon disposal.
Other forms of waste processing (including supercompaction, incineration,
and various decontamination techniques) are being evaluated for use with
solid wastes resulting from Project activities.
Liquid Waste Treatment
A Radwaste Treatment System (RTS) is being installed at West Valley
to pretreat, volume reduce, and solidify in cement the liquid and wet
solid LLW and TRU waste streams. Figure 2 is a flow diagram of the RTS,
and Tables 1A and IB list the waste streams it will process. The
required system will be dble to collect wastes for sampling and
characterization; pretreat and volume reduce liquid streams; solidify
resins, concentrates, and sludges; polish effluents; and be capable of
handling containers of solidified waste. The RTS is split into two
subsystems, a Cement Solidification System (CSS) and a Liquid Waste
Treatment System (LWTS).
Liquid
Wan*
Treatment
System
tLWTS)

Reoyole
Controlled
Environmental

Ion Exchange

Discharge

Overheads
Cement Solidification
Subsystem (CSS)
Choinlcat
H
I Additives

Cement

High
Shear
Mixers

(2)

08
Qal.
Drum

Interim

Stonge
Disposal

RADWASTE TREATMENT SYSTEM (RTS)
PROCESSING FLOW SHEET
Figure 2
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TABLE 1A. WASTE STREAMS GENERATED BY PROCESSING HLW
Total A c t i v i t y

No. of Cemented Drums

Volume

w/VR

w/o VR

(uCi/ml)

VRF

(Ci)

Waste Stream

(Litres)

[lecontaminatpd
Supernatant

5.7 x 106

4.3

40,500

9,350

4.3

24,500

Sludije Wash
Solutions (3)

1.7 x 106

0.8-5.3

12,450

1,275

9.3

4,300

No, Scrubber*
Solution

3.6 x 106

16.0

15,700*
4,900**

5.7**

CFMUT
Overheads*

2.4 x 106

Total

13.4 x 10°

57,600
|

12,300*

18.9

*J

80,950

N/A

45,400

131,800

5.2

15,525

* These two streams will be combined and concentrated in LWTS and recycled to Melter.
** Numbers shown are for information only if streams were solidified in CSS.

TABLE IB. REMAINING WASTE STREAMS GENERATED

Waste Stream

Decon Solutions
Plant Operations
Wastes

Vol ume

Acti vity

No. of Cemented Drums

(Litres)

(uCi/ml)

w/o VR

w/VR

k'RF

N/A

N/A

N/A

1,000

N/A

N/A

N/A

12

4.0 x 105
6

2.5
3

Total Activity
(Ci)

2.5 x 10 /yr

5.0 x 10"

5.0 x 104

1.0

J70

185

2.0

50

1.6 x 10

4

1.0

120

25

4.8

16

2.5 x 10

4

1.0

180

10

18.0

25

x 10

5

N/A

N/A

N/A

1

670

220

3.0

1,104

RTS Secondary
Wastes
a. Spent Resin
b. Spent Z e o l i t e s
c. Fi H e r Backwash
d. Drum Decon
Solut i on

2.0

Totals

3.6 x 1 0 5

5.0 x 1(T

3

N/A
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Cement S o l i d i f i c a t i o n System (CSS)
The CSS i s designed as a batch process system which w i l l be
a u t o m a t i c a l l y c o n t r o l l e d t o provide the optimum m i x i n g t i m e , and the
optimum cement t o waste r a t i o f o r t h e p a r t i c u l a r waste t o be processed.
The heart of t h i s CSS i s a h i g h - s h e a r mixer developed f o r
s o l i d i f i c a t i o n cf radwaste.
This mixer has the a b i l i t y t o encapsulate
t h e wide v a r i e t y of r a d i o a c t i v e wastes generated at West V a l l e y . The
h i g h - s h e a r provides a s t r o n g mechanical a c t i o n which has been demonstrated
t o overcome the adverse e f f e c t s of v a r i o u s waste c h e m i s t r i e s .
This high-shear mixer c o n s i s t s of an i m p e l l e r and a small high-shear
m i x i n g vessel where r a d i o a c t i v e waste i s mixed w i t h cement. This m i x i n g
vessel was i n t e n t i o n a l l y designed t o be small t o m i n i m i z e the volume of
f l u s h w a t e r r e q u i r e d , and t o f a c i l i t a t e disposal at t h e end of i t s s e r w i c e
life.
An exact d u p l i c a t e of t h i s m i x i n g vessel was used f o r the waste
form development and t e s t i n g program discussed l a t e r .
The t a r g e t date f o r i n i t i a l hot o p e r a t i o n at West V a l l e y i s October
1985. To meet t h i s s c h e d u l e , the system has been i n s t a l l e d in an e x i s t i n g
unused process b u i l d i n g . This b u i l d i n g was designed and c o n s t r u c t e d
d u r i n g a p l a n t expansion in 1972 t o house an acid recovery system and an
o f f - g a s scrubbing system. The p l a n t was not r e s t a r t e d f o l l o w i n g the
expansion shutdown and t h i s process equipment was never used, so the
b u i l d i n g does not need t o be decontaminated. However, t h e processing
equipment was removed t o make way f o r t h e cement system. C o n s t r u c t i o n ,
i n c l u d i n g b u i l d i n g m o d i f i c a t i o n s and i n s t a l l a t i o n of t h e CSS, was s t a r t e d
i n J u l y 1984. I n s t a l l a t i o n of the system was completed i n J u l y 1985 and
i s c u r r e n t l y undergoing equipment and instrument c h e c k o u t . Cold runs are
now being performed and hot o p e r a t i o n s are scheduled i n October 1985. The
s o l i d i f i e d waste product from the CSS w i l l meet the s t a b l e waste form
requirements f o r d i s p o s a l i n a f a c i l i t y designed t o 10 CFR 6 1 .
L i q u i d Waste Treatment System (LWTS)
The LWTS w i l l c o n s i s t of two p a r a l l e l process t r a i n s ; one f o r
decontaminated supernatant and other l i q u i d waste streams w i t h a high
t o t a l d i s s o l v e d so"!ids (TDS) c o n t e n t , and a second f o r low TDS waste.
The 'nigh TDS waste processing t r a i n w i l l i n c l u d e chemical adjustment
f i l t r a t i o n , e v a p o r a t i o n , and ion-exchange p o l i s h i n g of condensates.
Evaporator c o n c e n t r a t e s w i l l be pumped t o the cement s o l i d i f i c a t i o n
system. Ion exchange p o l i s h e d condensate w i l l be analyzed and combined
w i t h water from t h e low TDS t r a i n in a r e c y c l e hold t a n k . Current plans
c a l l f o r maximum r e c y c l e of t h i s t r e a t e d water w i t h i n t h e P r o j e c t .
T r e a t e d water i n excess of P r o j e c t needs w i l l be evaporated and discharged
t o t h e e-i'ironment i n compliance w i t h DOE Order 5 4 8 0 . 1 .
Low TDS waste
w i l l be l e m i c a l l y a d j u s t e d , f i l t e r e d , ion-exchanged, a n a l y z e d , and
combined w i t h the w a t e r from the high TDS t r a i n .
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Target date for initial hot operation of this system is March 1987.
The LWTS will be installed in several cells inside the main process
building which had previously been used for reprocessing spent reactor
fuel. These cells are being decontaminated as well as modified to
accommodate the LWTS. Decontamination of the cells required for the LWTS
is scheduled for completion in December 1985. System design will be
completed in March 1986 and construction completed in November 1986.
Completion of cold operations is scheduled in February 1987.
Waste Form Recipe Development
Cement encapsulation tests were conducted on identified waste to
determine a recipe that would result in a stable waste form. The wastes
(simulated) included: 1) the supernatant from the HLW tank 8D-2, which
has been treated by ion exchange to remove much of the radioactivity,
2) the ion exchange resin and the sludge from the LLW Treatment Facility
(LLWTF), and 3) the ion exchange resin and filter sludge from the fuel
receiving and storage (FRS) poo'i. The supernatant was examined at
concentrations of 39 and 53 weight percents to determine the effects of
encapsulation when volume reducing this waste by evaporation. Additional
encapsulation tests were conducted on uranyl nitrate, sludge washes, and
salt solutions. With the utilization of the high shear mixer, recipes for
solidification of these wastes were developed. See summary of test
recipes in Table 2.
TABLE 2. SUMMARY OF FULL SCALE TEST RECIPES
(For a Volume of 75 Litres)

Waste
Stream

Amount of Waste
(litres)

(kg)

Amount of Cement
fltq)

39 w t . percent
Supernatant

69.4

53.0

60.5

53 w t . percent
Supernatant

76.5

54.3

54.7

LLVTF Sludge

61.3

56.2

62.8

FRS Sludge

32.1

26.1

32.1

LLWTF Resin
(CS-1OO)

46.0

41.3

47.2

FRS Resin
(ARC)

49.5

41.8

46.7

Uranyl N i t r a t e
Solution

100.0

70.4

76.4

55 wt. percent
Sludge Wash

100.7

67.1

64.8

ZO w t . percent
NaNO3

65.7

57.7

116.9

40 w t . percent
NaNO3

71.1

53.8

121.8

55 wt. percent
NaNO3

90.4

64.1

101.8
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The specimens, made from these recipes, were sjbjected to the
followina tests :
Compression tests in accordance with ASTM C39.
Q

Expose specimens t o a minimum of 10 rads in a gamma i r r a d i a t o r and
then conduct the above compression t e s t s .
Thermal degradation t e s t s (30 cycles from +60 C t o -40 C) in
accordance w i t h the procedure in ASTM B553 followed by the above
compression t e s t s .
90-day immersion t e s t s followed by the above compression t e s t s .
Leach tests i n accordance w i t h the procedure i n ANS 1 6 . 1 .
Biodegradation resistance t e s t s in accordance with ASTM G21 and
ASTM G22.
The results of these t e s t s are shown in Table 3. Note that a
successful t e s t t h a t includes compression t e s t i n g , r e s u l t s in a
compressive strength greater than 0.34 MPa (50 p s i ) ; a leach index of at
least s i x is required f o r the leach t e s t . As shown in Table 3, a l l these
waste streams can be s t a b i l i z e d .
TABLE 3.

Waste
Form

Compression
MPa (psi )

Radiation
Stability
MPa (psi)

TEST RESULTS ON WASTE FORMS

Thermal
Degradation
MPa (psi )

lmnersi on
MPa (psi)

Leach
Index

6.6

No visible
growth

Biodegradation

39 wt percent
Supernatant

3.1
(450)

4.1
(640)

3.9
(5701

5.1
(740)

S3 wt percent
Supernatant

2.6
(380)

2.6
(370)

2.9
(420)

2.8
(400)

6.8

No vi sible
growth

LLWTf
Sludge

10.1
(1,470)

10.0
(1,450)

12.7
(1,840)

9.7
(1,410)

6.9

No visible
growth

FRS
Sludge

17.0
(2,470)

24.1
(3,490)

21.0
(3,050)

18.7
(2,700)

7.0

No visible
growth

LLWTF Resin
(CS-100)

9.9
(1,440)

9.5
(1,370)

5.5
(800)

11.2
(1,630)

9.2

No visible
growth

FRS Resin
(ARC)

7.9
(1,150)

7.9
(1,150)

5.3
(770)

9.8
(1,430)

9.3

No visible
growth

Uranyl Nitrate
Solution

11.b
(1,670)

10.5
(1,530)

14.9
(2,160)

10.4
(1,500)

11.0

No vi sible
growth

55 wt. percent
Sludge Wash

4.7
(685)

7.6
(1,050)

k

**

6.5

No visible
growth

20 wt. percent
NaNO3

22.0
(3,190)

39.9
(5,780)

13.5
(1,950)

**

7.3

No visible
growth

40 wt. percent
NaNO3

20.3
(2,940)

32.8
(4,760)

12.9
(1,870)

**

7.2

No visible
growth

55 wt. percent
NaNO3

13.5
(1,965)

25.3
(3,660)

10.4
(1,500)

6.7

No vi sible
growth

* Samples broke up in test chamber.
** Testing in progress - results will be reported before end of FY 1985.
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SUMMARY
Since February 1982, when WVNS assumed c o n t r o l of the former reprocessing f a c i l i t y , many o u t s t a n d i n g accomplishments have o c c u r r e d .
Included are the f o l l o w i n g :
Approximately three quarters of the spent f u e l assemblies have been
safely removed and returned t o t h e i r o r i g i n a l u t i l i t y owners.
The HLW s o l i d i f i c a t i o n process has been e s t a b l i s h e d . A SFCM,
c u r r e n t l y i n s t a l l e d w i l l be used to s o l i d i f y sludge in g l a s s .
HLW supernatant w i l l be decontaminated and processed in a LLW
treatment system.

The

Decontamination and d i s m a n t l i n g of several p l a n t c e l l s and p l a n t
support areas have been completed. These c s l l dreas w i l l be reused
f o r LLW treatment systems, TRU waste storage and HLW storage.
Volume reduction of LLW i s being performed using a large r a d i o a c t i v e
waste compactor. Compactor r a t i o s up t o 5:1 are being achieved. A
size r e d u c t i o n f a c i l i t y f o r large LLW equipment is being designed and
w i l l be i n s t a l l e d in the FRS area.
A RTS f o r t r e a t i n g l o w - l e v e l l i q u i d and wet s o l i d waste i s being
designed. The RTS is comprised of two subsystems: the CSS and the
LWTS. The CSS has been completed and i s undergoing cold t e s t i n g .
The LWTS i s scheduled f o r c o l d t e s t i n g in November 1986.
Recipes were successfully developed f o r a v a r i e t y of LLW streams. A
cement waste form w i l l be used f o r producing a stable encapsulated
waste which w i l l meet disposal requirements of 10 CFR 6 1 .
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TRITIUM MIGRATION AT THE LOW-LEVEL RADIOACTIVE WASTE DISPOSAL SITE
AT MAXEY FLATS NEAR MOREHEAD, KENTUCKY

Mark A. Lyverse
U. S. G e o l o g i c a l S u r v e y , Water Resources D i v i s i o n
Kentucky D i s t r i c t - L o u i s v i l l e , Kentucky

ABSTRACT

High values of specific conductance and tritium concentrations have been detected in ground-water samples from wells
along the perimeter of a low-level radioactive waste disposal site at Maxey Flats, near Morehead, Ky. Test wells
have snown that ground-water flow in the shallow sedimentary
rocks (sandstone and shale) at the site is controlled primarily by naturally occurring joints and fractures. Ground
water containing tritium concentrations (1.5 - 3.5 microcuries per milliliter) and specific conductance values
(2,600 - 4,500 microsiemens per centimeter) is associated
with a horizontal sandstone bed (about 15 feet below land
surface) which probably has a higher density of open joints
and fractures than the predominant overlying and underlying
shales. These joints and fractures probably act as conduits
for ground-water flow from the topographically higher burial
trenches to the downslope observation wells. Specific conductance values and tritium concentrations in ground water
from wells where the sandstone bed is thin or nonexistent
are much lower. Although tritium concentraticns and specific conductance values from some offsite wells downclope of
the burial grounds are high and water appears to be moving
primarily in the fractured sandstone bed, water-quality
measurements from small seeps and ephemeral streams in the
outcrop area near the wells indicate that contaminated water
is not reaching the land surface on the hill slope in this
particular location. Plotted elevations of the fractured
sandstone bed (obtained from levels) has resulted in the
detection of a small anticline which may inhibit groundwater flow to this outcrop area. Also, existing fractures
are more likely to become plugged with colluvium and weathered shale where the sandstone is near land surface, thus
further impeding flow.
INTRODUCTION
The purpose of this report is to present preliminary results from a
hydrogeologic study conducted by the USGS to determine the extent of tritium
migration from the Maxey Flcts low level radioactive waste disposal site
near Morehead, Kentucky (fie. 1 ) .
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Figure 1. Location o f Maxey Flats and study area.
The study began in the Fall of 1984 after tritium concentrations were
detected in leaves from deciduous trees adjacent to the site (Kirby and
Rickard, 1984, p. 15). The concentrations were as high as 2.7 x 10 pico
curies per liter (p Ci/L), which were well above the normal background
concentration of 10 p Ci/L and well above the drinking water standard of
2 x 10 p Ci/L. The leaf samples were obtained from trees growing on the
western side of the site, approximately 160 feet from the fenced burial area
and pinpointed a likely location to establish monitoring wells outside the
restricted area.
The suspected source of the tritiated water was burial trenches along
the western edge of the site where over half a million curies of solidified
tritium were buried during the period 1962-77. In particular, 484,224 curies
were buried in trench 31 (fig. 2 ) .
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Figure 2. Location of project area, trench orientation
and observation wells.
Wells were drilled by the Survey outside the restricted site in an area
between the trenches which contain the tritium and the trees where high
tritium concentrations had been observed. Because the bottoms of most burial
trenches on the western edge of the site are formed by a sandstone bed, most
wells were drilled to that bed. This bed, called the lower sandstone marker'
bed, ranges from 0 to 2.60 feet in thickness. It is generally 15 to 25 feet
below land surface, is fractured, and can range from 0 to 2.60 feet in
thickness witiiin 100 linear feet. Therefore, spacing of approximately 100
feet or less between observation wells was considered necessary to describe
and define the shallow hydrogeology at the Maxey Flats disposal site.
The following sections provide information about site description,
history, hydrogeology, data collection, and interpretative conclusions.
Primary objectives of the study were to determine whether tritium had moved
away from the burial area by ground-water movement, define the extent of the
subsurface contamination, if any, and to define ground-water movement in
the vicinity of the trenches containing tritium.
SITE DESCRIPTION AND HISTORY
Maxey Flats is located 9 miles northwest of the city of Morehead in
northeastern Kentucky (fig. 1). The site is irregular in shape, but is
about 5,000 feet long and 3,000 feet wide. The part of the site underlain
by trenches is about 1,800 feet long and 1,200 feet wide.
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The Maxey Flats site was operated by Nuclear Engineering Company (now
named U.S. Ecology Company) as a commercial radioactive waste-burial facility fromMay 1963 until operations ceased in December 1977. Since then,
only waste that is generated on site from routine monitoring and maintenance
activities is buried. The site is presently being maintained and decommissioned by a commercial firm under contract with the Kentucky Natural Resources and Environmental Protection Cabinet. This office also holds title
to the land. The Kentucky Department for Human Resources is responsible for
radiation monitoring,
Approximately 4.8 million cubic feet of waste, containing over 2.4
million curies of byproduct material, 431 kilograms of special nuclear
material, and 533 thousand pounds of source material were buried during the
period of commercial operation (Zehner, 1983). Briefly defined: byproduct
material is material made radioactive by exposure to radiation; special
nuclear material is plutonium, uranium-233, and enriched uranium-235; and
source material is uranium and thorium, not including special nuclear
material. By convention,-the unit for quantity of special nuclear material
is gram, where that of source material is pound.
Most waste is in solid form and is buried in 48 rectangular, unlined
trenches, with dimensions ranging fi~om 15 to 670 feet long, 10 to 70 feet
wide and 10 tn 30 feet deep. The trenches are separated by about 5 to 10
feet of fissile dark blue to green shale containing several thin sandstone lenses. When filled, the trenches were covered with approximately
3 to 10 feet of compacted clay and crushed shale.
A program was initiated in 1972 to remove and evaporate water that had
accumulated in the trenches. Until 1980 infiltration to the trenches was
fast enough to keep the site evaporator running at maximum capacity. In
1980 rnost of the burial trenches were covered with a polymer membrane (polyvinyl chloride) infiltration barrier 2mm in thickness. This barrier has
limited vertical surface-water infiltration into the trenches and the site
evaporator is now operated only part time.
HYDROGEOLOGIC CONDITIONS
Maxey Flats is a topographically isolated knob located in the Appalachian Plateau region of eastern Kentucky. The Maxey Flats site is located
on one part of this knob and is bounded on three sides by streams. Relief
between the upland surface at the site and bordering valley bottoms is
about 300 feet.
Maxey Flats is underlain by fractured shales and sandstone which dips
gently (25 to 40 feet per mile) toward the southeast. The rock units directly underlying the Maxey Flats site are the Nancy and Farmers Members
(predominantly a shale and sandstone respectively) of the Mississippian
Borden Formation, the Henley Bed (shale) of the Farmers Member, the Mississippian Sunbury Shale, the Mississippian and Devonian Bedford Shale, the
Devonian Ohio Shale, and the upper part of the Silurian Crab Orchard Group
as illustrated in figure 3.
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Figure 3. Geologic section across the Appalachian knob on which
the Maxey Flats Disposal site is located.
The weathered and unweathered parts of the shale in the Nancy Member
are separated a thin (0 to 2.6 foot thick) sandstone bed which is present
over most of the site. This bed is referred to as the lower sandstone
marker bed and forms the bottom for many burial trenches'. The upper part
of the Farmers Member is a sequence of alternating thin (1 to 3 foot thick)
sandstone and shale beds, whereas the lower part of the unit is predominantly
sandstone. Radioactive wastes were buried in trenches excavated in the
Nancy shale on the upland surface.
Precipitation infiltrates at the site where the polymer covering is not
present and moves vertically through the unsaturated zone. The movement of
water in the saturated zone has both vertical and horizontal components, but
the predominant component of flow through the lower sandstone marker bed is
probably horizontal through fractures. Flow in other rocks is considered to
be mostly vertical in the unweathered part of the Nancy Member, Henley Bed
of the Farmers Member bcth in the Borden Formation, and Bedford Shale, and
horizontal in the upper part of the Farmers Member, Sunbury Shale and Ohio
Shale. The horizontal component of flow is away from topographically high
areas, toward the adjacent valleys.
Surface-water drainage from the Maxty Flats site is down the steep
slopes bordering the site and then by Drip Springs Hollow to the west, Rock
Lick Creek to the south, and an unnamed stream to the east.
DATA COLLECTION
Methods and procedures used to detect and evaluate t r i t i u m migration
from the Maxey Flats waste disposal site include i n s t a l l i n g ten 1-1/2-inch
diameter wells d r i l l e d to the lower sandstone marker bed, sampling water
every 4 to 5 weeks from the wells and i n s t a l l i n g continuous water level
recorders at three locations. Water levels are taped monthly at the other
wells. Data from a 2-inch diameter PVC well (N2B) installed by s i t e personnel were also used in this study. Locations of the study wells are shown
in figure 2.
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The wells were drilled in a somewhat alternating fashion wherein data
obtained by sampling the most recent well were utilized in the placement of
the next. By drilling in this manner the general extent of the tritium
migration was determined. For instance, when well UE8 was completed south
of UE7 (see fig. 2) where the lower sandstone bed was found to be very thin
and contained no water, the drilling operation moved north of UE2, which
contained water, and the next hole was placed.
The Survey observation wells average 20 to 25 feet in depth, are cased
with galvanized steel and have a 2 foot long 0.10 inch slotted stainless
steel screen. A bentonite and natural backfill was used with a 4 foot cement grout to ground surface.
Water samples are taken approximately every 5 weeks by Survey personnel
using a parastaltic pump or bailer. Samples are analyzed by personnel from
the State Department for Human Resources and/or the commercial management
site laboratory. The samples are always analyzed for tritium and specific
conductance. Other nuclides are checked if volumes permit.
ANALYSIS AND EVALUATION OF TRITIUM MIGRATION
Elevated levels of tritium, as water, and high specific conductance
values were observed in all wells except UE4, 5, and 6. The 8 wells containing tritium were finished at the top of the lower sandstone marker bed with
the exception of UE7 and UE8 which were finished just beneath the bed. At
these two sites the lower sandstone marker bed is very thin (0.10 and 0.40
feet) and was easily penetrated by the auger rig. Wells UE4, 5, and 6 were
also drilled to the lower sandstone marker bed downslope from the other 8
wells but no water entered the boreholes at these sites. Levels to the
lower sandstone marker bed indicate a small anticline apparently exists between the 8 wells receiving water and the 3 t.at did not. This anticline
appears to act as a geologic barrier to ground-water movement and the migration of tritium to wells UE4, 5, and 6 and to the outcrop area beyond the
wells. Figure 4 is a contour plot of the lower sandstone marker bed in the
project area and illustrates how the anticline may act as a barrier to
ground-water flow. The 3-dimension plot was constructed by contouring to
plotted points at the top of the lower sandstone marker bed. These points
were obtained by levels from this and previous studies, site burial records,
and a current drilling project.
Tritium has not been detected at other areas where the lower sandstone
marker bed crops out. This may be due in part to the fractures becoming
plugged with colluvium and weathered shale near the outcrop areas. Also,
because not much is known about the rate of movement of tritium within the
lower sandstone marker bed it is possible that tritiated water has not yet
reached other outcrop areas.
The movement of water within the lower sandstone marker bed is complex
because of the lateral changes in thickness, local structure, and the joint
and fracture system. Water-level records obtained at burial trench sumps
indicate that the polymer cover has virtually eliminated direct vertical
recharge to the trenches. However, ground water continues to enter the
trenches at a rate requiring periodic dewatering and evaporation. Recent
drilling for an ongoing project has identified numerous, weathered, very
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Figure 4. Contours at the top of the lower sandstone marker bed
and direction of ground-water flow.
thin (0.10 to 0.50 feet thick) sandstone lenses located in the shale of
the Nancy Member at elevations above the water levels in the trenches
as a probable source of water entering the burial grounds. These lenses
are saturated and probably transmit water horizontally towards the
burial area while the lower sandstone marker bed transmits water laterally away from the trenches.
The only radionuclide detected at concentrations above Kentucky maximum permissable concentration in water sampled from wells is tritiutii, in the
form of water. Tritium concentrations in water from wells associated with
the lower sandstone marker bed range from 0.05 microcuries per milliliter to
3.48 microcuries per milliliter and vary spatially and with time.
Data collected for one year graphically illustrate that tritium levels
have declined since the first sample from each well was analyzed in late
summer, 1984 (fig. 5). Water levels declined also during this period as
depicted by well N2B, but have begun to rise since April 1985 (fig 6 ) .
Several explanations are possible for the decline in tritium levels and
the decline and recent rise in water levels. One reason may be that the
wells are receiving recharge down the borehole from the thin weathered sandstone lenses in the Nancy Member above the lower sandstone marker bed.
At times, these lenses are so thin that they are hardly detectable when
drilling, but can be subsequently observed as wet rings which appear at
different levels in the borehole. These lenses transmit a small amount
of water to the well causing dilution of water contributed from the lower sandstone marker bed. The contribution of water to the well in this
manner is considered to be small.
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A second explanation may be the result of periodic trench pumping by
the commercial firm operating the site. After elevated concentrations of
tritium were observed in samples from offsite wells, dewatering of the
trenches on the western side of the burial site was increased with the hopes
of eliminating, or at least decreasing, the source of contaminated water.
Water levels in all three offsite wells with continuous recorders (UE1, 2,
and N2B) show a downward trend in the fall and winter of 1984-85 which corresponds to a period of concentrated pumping of leachate from certain
trenches. Heavy pumpage of leachate from these trenches was curtailed in
early 1985 and water levels in the wells began subsequently to rise. If
this effect is not entirely seasonal and pumping is a factor in reducing
water levels and tritium concentrations in the offsite wells, then tritium
levels should also begin to rise again as pumping is curtailed and proportionally more of the water in the wells originates as leachate instead
of natural recharge. Future data collection at the wells will aid in making
this determination.
Specific conductance values, while relatively high (660 - 4,500 microsiemens per centimeter), have remained within a range for trench water as
well as that for natural water in association with the sandstone rock
(Zehner, 1983). Therefore, conductance values have been little help in
determining the extent of the tritium migration.
Water samples from several observation wells have shown a periodic rise
in conductance while at the same time showing a corresponding decline in
tritium concentration. This indicates that the origin of water flowing to
the wells may be from several sources and that flow varies with time, but
does not explain why the initial tritium concentrations observed in August
1984 are the highest yet observed at the selected wells (fig. 5 ) .

397

CONCLUSIONS
Several preliminary conclusions can be drawn from the study of tritium
migration at the Maxey Flats low level radioactive waste disposal site:
(1) Contaminated water appears to be moving horizontally off the
restricted burial site primarily in the fractured lower sandstone marker bed, in the Nancy Member of the Borden Formation.
(2) Water samples collected from serial! seeps and springs in the
area indicate contaminated water has not reached the lower
sandstone marker bed outcrop areas which may be due to:
(a) an existing anticline in the lower sandstone marker
bed that inhibits offsite flow,
(b) loose shales and colluvium that are more likely to
plug the fractures in the lower sandstone marker
bed near its areas of outcrop, and
(c) the possibility that tritium has not yet been
transported to the outcrop areas.
(3) Levels of tritium in the ground water from the study wells
have generally declined in the one year of data collection.
Such declines may be the result of:
(a) a small amount of leakage to the wells through
small weathered sandstone lenses,
(b) pumping leachate from nearby burial trenches that
reduces the source of contaminated water.
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FIELD STUDIES AND MODEL ING
OF CHEMICAL PROCESSES IN THE UNSATURATED ZONE
W. I. Polzer and H. R. Fuentes
Los Alamos National Laboratory
ABSTRACT
Technical assistance is being provided to Nuclear
Materials Safety and Safeguards of the Nuclear Regulatory
Commission to evaluate the v a l i d i t y of several guidelines
listed in 10 CFR Part 61 for the future burial of low-level
radioactive waste. Those guidelines include the requirement that the burial site shall be capable of being
modeled.
Both laboratory- and field-scale studies are being
conducted under unsaturated moisture conditions and under
steady-state and unsteady-state flow conditions. This
paper reviews the kinds of experiments in low-level
radioactive waste disposal in development at the Los Alamos
National Laboratory. Major emphasis is on some of the
i n i t a l analyses of data for laboratory sorption experiments
and for f i e l d transport t e s t s . Brief reference is made to
leaching and transport studies.
Laboratory batch equilibrium sorption studies suggest
that adsorption of nonconservative tracers can be described
in terms of two empirical constants; one gives an
indication of the average K. for all adsorption sites and
the other gives an indication of the spread of individual
K J ' s about the average « d . This information can be
translated into a "chemical dispersion" under dynamic flow
and equilibrium sorption conditions that is in addition to
the t r a d i t i o n a l l y accepted physical disperson.
Laboratory nonequi 1 ibriurn sorption studies suggest
that nonequi Iibrium models may be needed to model the
transport of the nonconservative tracers cobalt and cesium;
equilibrium models should be suitable to model strontium
transport.
Analyses from field-scale studies indicate that
conservative tracers can reasonably be modeled with a onedimensional advective-dispersive equation for steady flow.
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INTRODUCTION
The Environmental Science Group at the Los Alamos National Laboratory
has c a r r i e d out experiments to t e s t disposal concepts and s t r a t e g i e s under
f i e l d conditions f o r a l l aspects of a r i d shallow land b u r i a l . Part of the
recent accomplishments included laboratory and f i e l d studies designed to
understand the flow and t r a n s p o r t of radionuclides t y p i c a l l y found i n
low-level r a d i o a c t i v e waste. These studies have been sponsored by the
Nuclear Regulatory Commission (NRC) as technical assistance t o Nuclear
Materials Safety and Safeguards. Expected r e s u l t s from these studies are
needed to evaluate the v a l i d i t y of various t e c h n i c a l requirements f o r land
disposal f a c i l i t i e s .
Those requirements include t h a t the disposal s i t e
shall be capable of being modeled and that waste shall be buried i n the
unsaturated zone [10 CFR61.50(a)(2) and ( a ) ( 7 ) ] .
This paper describes the experimental l a b o r a t o r y - and f i e l d - s c a l e
c o n f i g u r a t i o n s , the r e s u l t s and analysis of l a b o r a t o r y batch s t u d i e s , and
some i n i t i a l analyses for the behavior of the most conservative t r a c e r s in
the caisson s t u d i e s . The l a s t section of t h i s paper describes c u r r e n t
a c t i v i t i e s and tasks planned f o r FY86.
EXPERIMENTAL CONFIGURATIONS
The l a b o r a t o r y studies have been designed t o support the f i e l d studies
in the determination of source terms, i n the e v a l u a t i o n and s e l e c t i o n of
expressions f o r s o r p t i o n , and in the understanding of p o t e n t i a l p r e v a i l i n g
mechanisms and evironmental f a c t o r s . Another major aspect of the
experiments i s t o assess the a b i l i t y of l a b o r a t o r y studies t o p r e d i c t
behavior of the radionuclides i n the caisson s t u d i e s . This aspect i s of
major importance because a l a r g e number of c o n d i t i o n s can be t e s t e d i n
r e l a t i v e l y short periods and under more highly c o n t r o l l e d c o n d i t i o n s i n the
laboratory s t u d i e s .
Bandelier Tuff has been the s o i l matrix of choice in both l a b o r a t o r y
and f i e l d caisson studies. This t u f f i s mostly s i l i c i c glass w i t h the size
d i s t r i b u t i o n of a si 1ty sand. The cation exchange capacity i s about 3.3
The t u f f was obtained from a l o c a l quarry and was crushed to
ymol (p ) / g .
12.7 mm before f i l l i n g the caissons. For l a b o r a t o r y work, only sizes less
than 1 mm have been used. The t u f f was conditioned w i t h a s o l u t i o n of U.01N
(200 mg/L Ca) calcium c h l o r i d e , which has also been used as c a r r i e r f o r the
tracers i n both laboratory and caisson s t u d i e s .
Batch Studies
Batch t e s t s used c a l c i u n - t r e a t e d t u f f , a s o l i d to s o l u t i o n r a t i o of 1:4
by weight, and continuous mixing f o r a minimum of 48 hours at a t a r g e t
temperature of 25 C. Tests included e q u i l i b r i u m adsorption and noneguirim adsogotion and desorption s t a t e s . Tests were performed w i t h
Co,
Cs, and
Sr as tracers f o r t h e i r respective s t a b l e elements i n s o l u t i o n .
Samples of s o l u t i o n were f i l t e r e d at 0.45 \im and analyzed by measurement of
the applied r a d i o a c t i v e t r a c e r s . A Nal(Th) c r y s t a l - d e t e c t o r p h o t o m u l t i p i i e r
system configured with a multichannel pluse-height analyzer was used f o r
i n t e g r a t i n g peak areas representative of the r a d i o n u c l i d e of concern. The
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equilibrium tests covered a range of initial solution concentrations between
10 and 500 mg/L.
The nonequi1ibrium tests were performed for both adsorption and
desorption. Initial solution concentrations were 20 mg/L for each
individual solute. The portions adsorbed were then desorbed in 0.01N
calcium chloride solution. Both sorption and desorption tests were
performed for up to 200 hours. Some tests had the tracers in groups of two
and three with the purpose of evaluating overall effects of potential
compecitive interactions. Solution samples were taken at different
intervals of time to define changes in the second, minute, and hour domains.
Column Studies
Lucite columns of 40 cm x 3.8-cm i.d. packed with approximately 30 cm
of the compacted porous medium (tuff) were operated under vacuum to maintain
a uniform moisture profile in a simulated unsaturated steady flow state.
Influent solutions were applied at flow rates of about 40 cm /d by precision
peristaltic tubing pumps. All studies have been carried out at about 2b C.
Samples were collected for the influent at time intervals that vary between
5 and 48 hours. Fig. 1 depicts the configuration for a typical set of six
columns. The configuration can be used for either transport or leaching
tests. In transport studies, pulse or step inputs can be properly applied
with the influent solution. In leaching experiments, the influent solution
removes target elements or substances from the porous medium.

Teflon Tubing
S t o H w Stad Tubing
RtvoMng hflu«nt

Luclts Column
(40cm x 3.9cm l.d)

Rubber Stoppers
Sempto ColtacHon
Bottles

Voc Control
Vdv«

Vacuum [ |
Reservoir L—I
VeKUumf

I

Fig. 1. The configuration for a typical set of six laboratory columns
for leaching and transport studies.
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Caisson Studies
In the f i e l d s t u d i e s , two caissons* (A and B) from the two 6-caisson
c l u s t e r s have been used for both t r a n s p o r t and leaching studies. The
studies conducted i n caisson B were designed f o r the National Low-Level
Waste Management Program and NRC i n 1984 to evaluate t r a n s p o r t of solutes
under unsaturated steady-state and unsteady-state flow c o n d i t i o n s . The 6 m
x 3-m i . d . caissons have been extensively equipped w i t h monitoring devices
f o r moisture measurements, flow c h a r a c t e r i z a t i o n , t r a c e r sampling and
d e f i n i t i o n of environmental f a c t o r s , e . g . , temperature. Access to the two
caissons f o r o p e r a t i o n , maintenance, and sampling i s done via a separate
empty caisson t h a t i s c e n t r a l l y located in each c l u s t e r . F i g . 2 p i c t u r e s a
scheme of the major components of the caissons.
Chemicals
Qiemlcd mixing
Monitoring station
Mixing chamber
Storage

Water

Pumps
Flow meter and
sampler
Applicator

Porous
medium

Access ports
for samplers

Collection sump
Effluent
F i g . ?.

Configuration of the major components of the caisson leaching and
transport s t u d i e s .

CURRENT RESULTS AND ANALYSIS
This section summarizes major findings and the f i r s t attempts at i n t e r p r e t a t i o n for both laboratory and f i e l d studies. Although one of the major
goals of these studies is to f i n d r e l a t i o n s h i p s between laboratory and f i e l d
d a t a , these r e l a t i o n s h i p s w i l l not be discussed i n t h i s paper because the
analysis e f f o r t i s in the beginning stages.
403

Iaboratory Bateh Tests
Results of nonequi1ibrium sorption tests indicate differences in the
sorptive behavior of strontium, cobalt, and cesium. The overall rate? of
adsorption and desorption shown in Figs. 3 and 4, respectively, are greatest
for strontium and cobalt. The rates can be defined in various time domains
f<~on instantaneous (within the first minutes) to long term (up to wee's).
Each domain, which relates to similar contact times in continuous flow
scenarios, provides an insight into expected kinetics and extent of sorption
for transport and leaching events. In general, the overall rates can be
categorized into two time domains. In one +ime domain the rates are rapid
and can be described as independent of solute concentration. In the other
time domain the rates are slow and can be described as exponential in nature
or concentration-dependent. The overall rates of sorption for strontium are
comprised mostly of rapid rates. The overall rates for cobalt and cesium
include a range of slower reactions in addition to rapid rates. Cobalt
exhibits a wider range of reaction rates than does cesium. The differences
in sorption rates suggest that in continuous flow the movement of strontium
can probably be predicted using equilibrium models, whereas the movement of
cesium and cobalt can only be predicted with nonequil ibrium sorption models.
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Fig.

3.

N^nequilibriun adsorption of cobalt, cesium, and strontium
in batch experiments at 25 C.
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Nonequi 1 ibriurn desorption of cobalt, cesium, and strontium
in batch experiments at 25 C.

Evaluation and comparison of the linear, Langmuir, Freundlich, and
modified Freundlich isotherm expressions for equilibrium studies indicate
that the latter model fits best the equilibrium adsorption for strontium,
cesium, and cobalt. Next, the Freundlich isotherm expression makes a very
good representation. The linear isotherm gives the worst fit. In this
paper the modified Freundlich expression is discussed because in addition to
its good fit, its empirical parameters provide a unique interpretation of
the adsorption phenomenon.
The modified Freundlich model is derived based on the assumption that
the exchanger surface is heterogeneous and that different classes of
exchange sites adsorb individually. When concentrations are used in lieu of
rhemical activities, the modified Freundlich model may be expressed as
f ol lov.'s
log
where
C
l
S
<.max
A and

-,
max
=
=
=
=

^

= S log

+ log

1

^
max

concentration of solute 1 in solution,
maximum available exchange sites or cation exchange capacity.
amount of solute 1 adsorbed, and
empirical parameters.
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The parameters A and B are determined through l i n e a r regression
analysis on Eq. ( 1 ) . Figure 5 d e p i c t s the r e s u l t i n g p l o t s tor Eq. (1) and
t h e i r respective experimental d a t a . Table 1 contains values f o r both
parameters and c o r r e l a t i o n c o e f f i c i e n t s .

2 ~i
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-6-8-10
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0

C [ log /xmol (p*) / rrt ]

F i g . 5.

Modeling of sorption e q u i l i b r i u m data f o r c o b a l t , cesium, and
strontium by the modified Freundlich e q u a t i o n .

TABLE 1: STATISTICAL AND EMPIRICAL DATA
FOR THE MODIFIED FREUNDLICH ISOTHERM

Element
Sr
Cs
Co

2
R

=

R2

A

0.999
0.991
0.984

0.63
1.54
5.38

S
0.941
0.665
0.752

K

d

0.17
0.39
1.91

correlation coefficient^ A and 6 have units corresponding to S i n
(p )/g and C i-i ;jmol ( p ) / m l ; C, i s tnl/g.
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The empirical parameters A and e can then be used to compute tho site
distribution function m(q) as follows:

2 cos U e ) exp L B ( q m - q ) ] + 2 exp [ B ( q m - q ) ]
mlqj

m

max

X

m

1 + 2 cos ( » B ) e x p [ 3 ( q m - q ) ] + e x p [ 2 e ( q m - q)J

where
n

=

AP^/S

C?
m
q'
qm

=
=
=
=

concentration of solute 2 in solution,
value of m(q) at its maximum,
value of q at m
, and
relative affini¥yxparameter that defines the class of adsorption
sites (-B to + B ) .

Figure 6 presents distribution functions for strontium, cesium, and
cobalt. They show that cesium has the greatest distribution of affinities
(lowest B) and strontium the least (highest e). The empirical parameter A
is a measure of the weighted average K. estimated as follows:
A =
where
K. = average distribution coefficient
B = a measure of the spread (coefficient of variation) of many
distribution coefficients about the average distribution coefficient, K ,.
The data in Table 1 indicate that the average K. is greatest for
cobalt. This suggests that in continuous flow in which adsorption
equilibrium prevails, on the average cobalt would move the slowest and
strontium the fastest. On the other hand, cesium would show the greatest
"chemical dispersion" and strontium the least. This "chemical dispersion"
is in addition to the traditionally accepted physical dispersion.
A first attempt to apply these concepts to dynamic scenarios is
explained and exemplified in the next paragraphs. The data for strontium
are used as an example.
Although Fig. 6 [Eq. (4)] represents a continuous function, we can
discretize that function by subdividing the area under the curve into
several different strips corresponding to affinities for different
adsorption sites. Because of the sharp distribution of strontium, almost
all of the sites would adsorb with distribution coefficients grouped closely
about the average distribution coefficient K., or its equivalent q . Each
strip represents a different portion of the solute that is being absorbed
with a unique distribution coefficient. Thus a unique retardation
coefficient can be estimated for each strip, which permits the prediction of
the movement of a portion of the solute under defined transport conditions.
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Fig. 6. Frequency d i s t r i b u t i o n of the relative a f f i n i t i e s
for sorption sites defined from the parameters of the modified Freundlich

A discretized breakthrough curve may then be predicted for an
instantaneous release of a f i n i t e quantity of strontium in a soil medium. A
convolution-type solution to the advective-dispersive equation applied in a
semi-infinite medium i s solved at a specific depth when physical and
chemical information is known. The advective-dispersive equation can be
expressed as

D

n

(6)

3t
Rax
R ax 2
where
C = tracer concentration,
D = physical dispersion coefficient,
R = retardation factor,

t = time, and
x = travel distance.
The physical and chemical information is selected for a set of
conditions similar to. those in the caisson studies: an instantaneous
release of 5 umol (p )/cm of strontium traveling at 13.3 cm/d in a medium
of 1.5 g/cm at a moisture content o| 0.3; the physical dispersion
coefficient is estimated to be 15 cm /d and the breakthrough is predicted at
200 cm of depth.
The predicted breakthrough curves for the discretization of the
distribution function are depicted for two and three dimensions in Figs. 7
and 8, respectively. Both figures predict overall dispersion for the
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release with the bulk of the solute taking between 20 and 60 days to
completely pass through. Smaller quantities of the solute are observed to
move either faster or slower than the bulk, thus creating a tailing effect.
Verification of these predictions in continuous flow is a next step. The
concept of chemical dispersion offers a tool to predict transport of
adsorbing solutes in porous media when sorption is understood as a
heterogeneous process.
0.030 n

p
m
Flow velocity s 113 crr/d
So8 density = 15 g/an*
Sofl moWure -QJS
ftp, ooefi. = 15 arf/d

0.000
40
60
Una (days)
Fig. 7. Predicted breakthrough curve for an instantaneous release
of strontium based on the parameters of the modified Freundlich isotherm.

Fig. 8. Three dimensional breakthrough surface for an instantaneous release
of strontium based on the parameters of the modified Freundlich iostherm.
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laboratory Column Tests
These tests have concentrated upon defining source terns for the
caisson leaching study. Mixtures of t u f f and resins are leached with
calcium chloride solution under steady-state and unsteady-state unsaturated
flow conditions. The resins are previously saturated with the target
solutes to simulate the conditions of spent reactor resins buried in waste
trenches. Figure 9 represents the effluent curves for l i t h i u m , cesium, and
strontium under steady flow conditions. The relative leaching of those
three solutes (lithium > cesium > strontium) is in general agreement with
the relative s e l e c t i v i t y of those solutes for the resin (strontium > cesium
> l i t h i u m ) , whereas the relative selectivity of those solutes for soil is
different (cesium > strontium > l i t h i u m ) . The high leach rates of solutes
at the i n i t i a t i o n of the test probably resulted from the chemical reaction
of the solute-resin system with the soil matrix during soil and column
preparation and before leaching began. The flow rate reached steady-state
conditions by the time the second aliquot of leachate was collected.
Although changes in flow rate could have some influence on the early leach
rate, i t is probably not the major influence.
Cobnn - 7, 8, and 9 Resin / Soil Mixture
10000

20

10

o

ittHum

•
A

strontium
c*skm

30

Fore volume (jnQ

Fig. 9. Effluent curves for the leaching of l i t h i u m , cesium, and strontium
from a resin-tuff mixture under unsaturated steady flow conditions.

Caisson
Various pulses have been applied since 1983: August 1983, September
1984, December 1984, February 1985, and April 198b. Each pulse application
lasted 6 days. Based on the conservative tracers, breakthrough at the
caisson bottom requires 45 days of travel time. The September pulse
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contained a mixture of the conservative tracers iodide, bromide, and lithium
and the nonconservative tracers cesium and strontium. (Lithium is expected
to be slightly less conservative than iodide.) All of the other pulses only
contained the three conservative tracers. All tracers were added at the
target concentration of 0.001M. These tracers provide a range of behaviors
in addition to their representing low-level radioactive wastes.
The following information only covers the results from modeling efforts
for iodide, bromide, and lithium transport in the pulses of August 1983,
September 1984, and December 1984. Modeling consisted of estimating the
dispersion coefficient and retardance factor by an optimal parameter curve
fitting applied to an analytical solution of the advective-dispersive
equation [Eq. (6)]. The August 1983 and September 1984 pulses occurred at
pseuriosteady-state flow. Flow through the -aisson was maintained at about
200 cm /min equivalent to an average pore velocity of 14 cm/d. Moisture
contents varied in tine and with depth between 25 and 39% with an arithmetic
average of about 28%. Estimates from the travel times of the peaks for
iodide indicated that the velocity increased as function of depth, which
defined a nonuniform pseudosteady-state flow. These two pulses were
designed as replicates of each other.
The September 1984 pulse was conducted under unsteady-state flow. Flow
ranged from about 60 to 200 cm /min. This pulse was intended to evaluate
the effectiveness of steady-state flow models to simulate unsteady-state
flow.
Figures 10 and 11, respectively, summarize the estimates for the flow
and transport parameters of the August and December 1984 pulses. The most
relevant features observed from each individual pulse and their comparison
are
(1) The parameters, dispersion coefficients, and retardance factor for
bromide tracks those for iodide very well as a function of depth.
Any differences are well within the expected experimental errors.
(2) The retardance factor tends to approach 1.0 with an increase in
depth. A value of about 1.0 is expected for conservative tracers
such as iodide and bromide. The tendency for the retardance
factor to approach unity with an increase in depth agrees with the
state-of-the-art issue that Fickian models represent reality
better at distances far from the source than at distances close to
the source.
(3) The parameter estimates of the lower depths for both pulses are
consistent with the expected dispersion coefficients and
retardance factors. The deviation from those estimates at the
upper levels of the caisson is greater for the August pulse than
for the December pulse. Two major factors could account for the
improvement in the parameter estimates for the latter pulse. One
is an increase in the homogeneity of the soil characteristics
through rearrangement of the soil matrix. The other is more
uniformity in the tracer application of the December pulse. The
tracers were distributed through 96 outlets in the December pulse
and through 48 outlets in the August pulse.
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(4)

Lithium shows a slightly higher stabilized retardation factor than
iodide or bromide. Its physical dispersion coefficient is well
within the range of those for either iodide or bromide.
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Fig. 10. Dispersion coefficient and retardance factor estimates
(pulse of August 1983).

412

OPTIMAL PARAMETER ESTIMATES FROM
TRACER STUDIES IN CAISSON B
DEC 6 - 1 2 1984
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Fig. 11. Dispersion coefficient and retardance factor estimates
(pulse of December 1984).

(5)

Breakthrough predictions are quite satisfactory for all pulses.
Problems exist at the upper levels in the caissons; however, the
predictions get better as depth increases. Conservation of mass
in the predictions is not effectively maintained. Reasons may be
related to either the applicability of the model i t s e l f , or the
lack of spatial v a r i a b i l i t y considerations, or both. Figure 12
depicts a typical breakthrough curve and i t s prediction. .
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F i g . 12. Breakthrough curve and respective p r e d i c t i o n
by the a d v e c t i v e - d i s p e r s i v e equation (pulse of December 1984'

An environmental f a c t o r that may a f f e c t flow and transport i s
temperature. This e f f e c t could be s i g n i f i c a n t because the two pulses
covered d i f f e r e n t seasonal periods. The potenial e f f e c t i s magnified i n the
uppermost l e v e l s of the caisson where short- and long-term temperature
changes reach below freezing c o n d i t i o n s . At the present time, several
experiments to evaluate the e f f e c t of temperature are i n development w i t h
l a b o r a t o r y columns. I n i t i a l observations indicate a s i g n i f i c a n t e f f e c t on
nonconservative t r a c e r s .
With regard t o the unsteady-state flow pulse (September 1984 p u l s e ) ,
the general conclusions on the attempt of modeling w i t h a steady-state flow
model are as f o l l o w s :
(1)

Estimates f o r both the disperson c o e f f i c i e n t and the retardance
f a c t o r are e r r a t i c as a f u n c t i o n of depth. Their values are
e i t h e r too large or too small without any consistent p a t t e r n .

(2)

Differences i n parameter estimates for i o d i d e and l i t h i u m are also
v a r i a b l e and e r r a t i c .

(3)

In g e n e r a l , breakthrough p r e d i c t i o n is poor.
of mass i s accentuated.

Lack of conservation

Based on the above preliminary f i n d i n g s , the use of unsteady-state
models becomes a n e c e s s i t y .
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flow

CURRENT TASKS
For the next fiscal year, the major effort will focus on completion of
ongoing pulses. Also, pulses will be applied in flooding fashion to
evaluate models in saturated and unsaturated conditions and to test effects
of boundary conditions, as well as testing modeling for nonconservative
tracers.
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ENVIRONMENTAL MONITORING AT LOW-LEVEL WASTE SHALLOW-LAND BURIAL SITES
Lisa A. Blanchfield and Kenneth S. Moor
Idaho National Engineering Laboratory
EG&G Idaho, Inc.

ABSTRACT
The objective of this task is to document routine environmental surveillance activities conducted at major .low-level
waste (LLW) shallow-land burial (SLB) sites. Monitoring
activities at six Department of Energy (DOE) sites and
three commercial sites were observed. Techniques presently
in use at these disposal sites for monitoring environmental
levels of radioactivity in air, surface water, surface
soil, and for monitoring penetrating radiation are being
documented. A final report will be available in fiscal
year 1986.
This paper summarizes the types of monitoring at the •
major DOE LLW disposal sites. Groundwater is monitored
at most disposal sites as part of DOE reservation-wide
monitoring networks. Air monitoring is emphasized at
arid sites, while water monitoring is emphasized at humid
sites. All sites utilize thermoluminescent dosimetry
(TLDs) to monitor disposal site perimeters or as part
of a DOE reservation-wide network. Frequency and methods
for surface radiation surveys vary among sites.
OBJECTIVES
The purpose of this task is to document existing techniques, recent
developments in improved environmental monitoring techniques, and equipment
used for monitoring shallow-land burial (SLB) sites. This information
will be contained in a document, "Experience and Improved Techniques
in Environmental Monitoring at Major Low-Level Radioactive Waste Disposal
Sites." This document will be prepared in FY-1986.
The final document will:
1.

Provide a concise summary of monitoring activities conducted
at major DOE SLB sites. This information will be centralized
for ready reference by DOE or commercial site operators.

2.

Provide information on recently developed techniques which
are applicable to environmental monitoring at LLW disposal
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sites. This information will aid operators in upgrading monitoring
programs, where necessary.
3.

Provide a forum for operators to identify needed improvements in
monitoring capabilities. This, in addition to (2) above, will
aid in the transfer of technology and help improve environmental
monitoring of disposal sites.
BACKGROUND

DOE Order 5820.2 "Radioactive Waste Management," requires "an environmental monitoring program having documented procedures and access to
sampling and analytical equipment."1 Environmental monitoring, the measurement of contaminant concentration or radiation intensity by direct or
indirect means^, is a critical component of an environmental surveillance
program, defined by Corley, et al (1981), as:
The complex of activities which has as its objective the measurement, interpretation, and reporting of environmental concentrations of selected trace materials. These activities
include design of sampling systems and specification of measurement techniques, the taking, preparation, and analysis of
samples, the correlation of the measurements with other data and
with concepts of health physics and the environmental sciences,
and advisory services regarding the statur, consequences, and
forecasts of environmental impacts.2
The types of environmental media monitored and the level of surveillance employed are based upon many factors. The factors include site
environmental conditions, potential hazard of the contaminants, burial
practices, size and distribution of the exposed population, the costeffectiveness of increased monitoring efforts, and the availability of
suitable equipment.
METHODOLOGY
Environmental monitoring at six major DOE LLW disposal sites was
reviewed and observed. The six sites visited were Los Alamos National
Laboratory, Idaho National Engineering Laboratory, Nevada Test Site,
Oak Ridge National Laboratory, Hanford, and Savannah River. Site locations
are shown in Figure 1. Volume of LLW disposed at each site and the approximate surface area included at each disposal site are shown in Table 1.
These six sites contain 68 percent of total DOE LLW. 3
Techniques and equipment used for monitoring ambient radiation and
environmental levels of radioactivity in air, surface, water, surface
soil, groundwater, and the vadose zone at SLB sites were documented.
Effluent monitoring, operational/health physics monitoring, and monitoring
of nonradiological contaminants were not within the scope of the task.
Monitoring in special studies or demonstration projects was addressed
only where techniques were appropriate for routine surveillance of LLW
disposal sites.
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1. Locations of the six major government-owned near-surface disposal sites.

TABLE 1. MAJOR DOE LOW-LEVEL RADIOACTIVE WASTE DISPOSAL SITES
Cumulative Volume LLW 3
Buried at Site (m 3 )

Disposal Site
Area (hectares)4

Los Alamos National
Laboratory (LANL)

179,800

35

Idaho National Engineering
Laboratory (INEL)

130,300

36

Nevada Test Site (NTS)

164,000

38

Oak Ridge National
Laboratory (ORNL)

200,500

24

Hanford

339,900

490

440,500
1,455,000

80
695

Savannah River
Total
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Topics reviewed for each type of monitoring included:
o

Objectives of the monitoring program

o

Sampling design (locations, frequencies, etc.)

o

Sampling equipment and sample collection and preparation

o

Documentation of procedures

o

Quality assurance

o

Laboratory analyses and detection limits

o

Past and planned changes or improvements
RESULTS

Some common objectives of environmental monitoring programs at
LLW sites are:
o

Demonstrate compliance with applicable DOE orders, state and
federal regulations, and field office policies.

o

Obtain data used in evaluating site performance, determining
trends, and predicting future impacts.

Environmental monitoring activities at the six major DOE LLW disposal
sites are described in general below.
Routine Air Monitoring
The number of air samplers located on LLW disposal sites ranges
from zero to six. Where no monitoring is conducted within disposal site
fencelines, reservation-wide air monitoring is used to monitor the airborne
pathway. In general, the airborne pathway is monitored to a greater
degree at arid sites than at humid sites.
Low-volume air samplers (2-5 cfm) are employed more frequently than
high-volume (HV) samplers (5-20 cfm). Operators using HVs generally
report more problems with equipment failure. Routine analyses of particulate filters include analyses for gross beta and gross alpha activity,
gamma-emitting radionuclides, Sr-90, and plutonium isotopes. Gases are
monitored at several LLW disposal sites. Gases monitored include tritium,
using silica gel, and iodine, using charcoal filters.
Routine Surface Water Monitoring
Limited monitoring of surface water runoff is conducted within LLW
disposal sites. Availability of water is a limiting factor at arid sites
and sites with sandy soils. Volume of water and radionuclide concentrations
in water leaving the disposal sites are monitored where water runoff
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has been identified as an important pathway. Surface water bodies outside
the LLW site fenceline are generally monitored as part of a reservation-wide
program.
Most operators filter surface water in the laboratory prior to analysis.
Analyses include gross activity, gamma-emitting radionuclides, Sr-90,
and, at some sites, tritium, plutonium, and americium.
Routine Monitoring of Groundwater
All LLW site operators utilize wells near the disposal site which
are part of DOE reservation-wide monitoring networks to monitor groundwater
impacts. In most cases, groundwater monitoring is carried out by other
groups within the contractor's organization or by other governmental
agencies. Groundwater monitoring networks at humid sites, where water
tables are much nearer the surface, are generally more extensive than
networks at arid sites.
Samples are generally obtained by pumping. Analyses include gross
activity, gamma-emitting radionuclides, Sr-90, tritium, and, at some
sites, plutonium arid americium. In addition, groundwater for consumptive
use is monitored for compliance with National Interim Primary Drinking
Water Standards.
Routine Monitoring of the Vadose Zone
Two LLW sites have routine monitoring programs in place for monitoring
the vadose zone. Other sites currently conduct or have conducted special
studies of the vadose zone elsewhere on the DOE reservation. Programs
are primarily aimed at the prediction of future radionuclide migration,
although some measurement of radionuclide concentrations in the unsaturated
zone is being conducted.
In general, suction lysinieters are used to collect waters from the
unsaturated zone; other techniques are being used to measure soil-moisture
content or hydraulic properties.
Routine Monitoring of Ambient Radiation
Ambient radiation is monitored at all LLW disposal sites using thermoluminescent dosimeters (TLDs) located around the perimeters of the disposal
sites. Some sites also place TLDs within operational areas. Most sites
exchange and evaluate TLDs on a quarterly basis.
Some sites conduct routine surface surveys using hand-held instruments
or vehicle-mounted instruments. In situ spectral analyses are used infrequently. Survey frequencies vary from one to five years. Development
activities in this area were noted.
Routine Soil Monitoring
All sites have reservation-wide soil sampling programs; however,
soil is not routinely sampled in-ide the fencelines of disposal sites.
Those operators that do perform soil sampling, do so infrequently and
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bias sampling toward "worst case" locations. Analyses include gammaemitting radionuclies, plutonium, uranium, Sr-90, and, at some sites,,
tritium and americium. Problems identified included difficulty in obtaining representative samples and interpreting results.
General Comments
Most monitoring procedures are documented. Quality assurance programs
are in place within laboratories for analyses of environmental samples;
some environmental surveillance programs conduct their own quality control
programs.
CONCLUSION
More specific information concerning monitoring at the individual
LLW sites and improved techniques will be documented in the final report,
"Experience and Improved Techniques in Environmental Monitoring at Major
Low-Level Radioactive Waste Disposal Sites," in FY-1986.
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SESSION IV GREATER CONFINEMENT AND
ALTERNATIVE DISPOSAL METHODS

GREATER CONFINEMENT DISPOSAL PROGRAM
AT THE SAVANNAH RIVER PLANT
Oscar A. Towier and James R. Cook
E. I. du Pont de Nemours and Company
Savannah River Laboratory
Aiken, SC 29808
ABSTRACT
A demonstration Greater Confinement Disposal facility,
consisting of twenty GCD boreholes, began accepting
solid low-level radioactive waste at the Savannah River
Plant in 1984. Three of the boreholes have been filled
with the higher activity fraction of SRP solid waste.
They have been stabilized with grout to prevent
subsidence and reduce water infiltration. Closure will
take place when all twenty boreholes have been filled.
A Greater Confinement Disposal trench project is
underway, with construction scheduled to begin in
November 1985. Trench volume will be 100,000 cubic feet.
INTRODUCTION
The Savannah River Plant is conducting two demonstrations of Greater
Confinement Disposal of the higher activity fractions of low-level solid
radioactive waste. The first demonstration is a cluster of twenty GCD
boreholes which are presently being filled with SRP waste. The second is
a GCD trench, with construction scheduled to begin in November 1985.
Greater Confinement Disposal, as defined in DOE Order 5820.2, is "A
technique for disposal of waste that uses natural and/or engineered
barriers which provide a degree of isolation greater than that of shallow
land burial but possibly less than that of a geologic repository." At
Savannah River, the techniques are deeper burial, surrounding the waste
forms by a foot or more of grout, stabilization of waste emplacement by
grout, and closure methods to prevent root intrusion to the waste and to
reduce to a minimum the percolation of water to the waste.
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GCD BOREHOLES
Borehole Construction Resume
The GCD borehole construction proceeded as follows:
a

Concept development and design

1/83

©

Construction of 20 boreholes

11/83 - 2/84

•

Turnover to operations

2/84

- 7/84

•

Prepare operating procedures

7/84

- 9/84

o

First waste emplacement

9/84

- 11/83

From concept development to the first waste emplacement took 20
months.
The borehole design is shown in Figure 1. Waste is emplaced in a
7-ft diameter, 20-ft-high fiberglass l i n e r — total volume 770 cubic
f e e t . The liner is placed on a 1-ft-thick concrete pad in a 9-ft-diameter
augered hole. The surface of the pad is 30 f t below grade, making the
top of the waste in the fiberglass l i n e r at least 10 f t below grade. The
l i n e r is surrounded by a 1-ft-thick annulus of grout. A monitoring well
is installed adjacent to the l i n e r . On top of the fiberglass liner is a
removable steel collar that prevents soil from collapsing en the liner
during construction and waste emplacement and provides support for a
safety fence and a rain cover.
The boreholes are spaced 16.5 f t center-to-center in two rows of ten
in the SRP burial ground. The area is graded to prevent surface water
i n t r u s i o n , and provided with a hard gravel surface for crane access.
Each borehole can hold six layers of seven 55-gallon drums each, or
boxed waste at less volume u t i l i z a t i o n .
Borehole Operating Status
As of August 1985, three boreholes have been f i l l e d with GCD t r i g gered waste, and a fourth is 3/4 f u l l . GCD trigger values are based on
the activity/volume s p l i t for SRP waste, such that under ideal circumstances 5% of the volume of low-level solid radioactive waste would
contain 98% of the a c t i v i t y . This activity/volume s p l i t was determined
by examination of the computerized burial records maintained by Savannah
River. Each waste shipment is accompanied by a burial s l i p which
includes information on the a c t i v i t y and volume of the waste. This
information is used to segregate the waste into GCD and SLB fractions.
Presently used trigger values are as follows:
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Figure 1. Borehole design.

This shows the design of the borehole. A 9-ft diameter hole is
augered to a depth of 34.5 ft. Then a steel collar with a
safety fence, a monitoring well, and gravel to cover the
screened portion of the well are placed. A concrete pad is
poured on top of the gravel and allowed to set. Finally, a
fiberglass liner is set on the concrete pad and a;ement grout
is poured in the annular space around the liner.
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Rachonuclide

Trigger Value, Micro Ci/cc

Tritium
Cobalt-60
Strontium-90
Cesium-137
Fission products
Induced activity

2
100

0.04
1

Same as strontium
1% of cobalt value

The GCD trigger values for the first four radionuclides are equal to
or less than the limits for Class B waste given in 10 CFR 61.
While GCD utilization has been low for the first ten months of
operation (September 1984 through June 1985), borehole utilization is
expected to increase with increased familiarization with procedures and
increased emphasis on segregating the GCD triggered waste.
One of the boreholes contains, among other waste, 54,500 curies of
tritium packaged in 40 cubic feet of waste volume, corresponding to a
concentration of 48,000 uCi/cc, well above the GCD trigger value for
tritiated waste. The other boreholes contain californium-252 waste, for
which no trigger values exist at present. The californium waste was
emplaced in the GCD boreholes because of its large neutron emission rate.
One of the boreholes contains 21,100 ng of Cf-252, corresponding to a
neutron emission rate of 5 x 1 0 1 0 neutrons/second.
Monitoring wells in the GCD boreholes have been dry, making analysis
impossible, but indicating that no water is percolating through the
borehole system.
Closure Plans
When the twenty boreholes have been filled and the waste grouted in
place, the top collars, safety fences, and covers will be removed. These
can be reused for another set of boreholes. Soil and a 2-ft-thick clay
cap will be constructed over the two rows of ten boreholes to a total
depth of 16 ft from the surface to the top of the borehole, as shown in
Figure 2. In addition, the monitoring wells will be extended to the
surface. The design intent of the 16 ft of soil cover is to reduce the
probability of root intrusion to the waste to near zero for plants
indigenous to this area.
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Figure 2.

6CD borehole closure.

This is the design for closure of the GCD boreholes. After the
boreholes are f i l l e d with waste, the collars w i l l be removed
and a low-permeability clay cap w i l l be placed over the two
rows as shown. Native soil w i l l be added on top of this clay
until the grade level is 6 f t above the original grade l e v e l .
This w i l l make the minimum distance between the waste and grade
level 16 f t and w i l l help prevent future root and animal
intrusion.
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GCD TRENCH
Trench Design
A GCD trench demonstration project is underway, with construction
scheduled to begin in November 1985. One trench will be built, which
will be divided into four cells, each 25 ft x 50 ft. The trench will
have a concrete floor and sheet pile walls. Waste will be emplaced about
1 ft from the walls, and this space will be filled with grout after waste
emplacement. Rain covers will be provided for each of the cells.
The general design concepts for the GCD trench are the same as for
the boreholes. Waste forms will be stabilized in grout; monitoring wells
will be provided to collect any percolating water (none is expected); and
a closure design will ensure that root penetration to the waste forms
will not occur.
Total GCD trench volume will be 100,000 cubic feet for the demonstration phase. The GCD trench will be able to accept waste forms too
large to be emplaced in GCD boreholes. The waste forms will consist
mainly of 96 cubic feet B-25 metal boxes, which will be emp'o.ced in the
cells by means of a straddle crane. Bulky GCD waste is generated at the
rate of about 70,000 cubic feet a year.
A trench demonstration will test construction and waste emplacement
methods. The information will be used to develop cost effective designs
for improved waste emplacement in new waste disposal areas,
Construction should'be completed by the first half of 1986, when
waste emplacement should begin.
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PLANNING FOR GREATER-CONFINEMENT DISPOSAL

T . L . G i l b e r t , C. Luner, N.K. Meshkov, L.E. T r e v o r r o w , and C. Yu
E n v i r o n m e n t a l Research D i v i s i o n , Argonne N a t i o n a l L a b o r a t o r y

ABSTRACT

A report chat provides guidance for planning for greaterconfinement disposal (GCD) of low-level radioactive waste is being
prepared. The report addresses procedures for selecting a GCD
technology and provides information for implementing these procedures. The focus is on GCD; planning aspects common to GCD and
shallow-land burial are covered by reference. Planning procedure
topics covered include regulatory requirements, waste characterization, benefit-cost-risk assessment and pathway analysis methodologies, determination of need, waste-acceptance criteria, performance objectives, and comparative assessment of attributes that
support these objectives. The major technologies covered include
augered shafts, deep trenches, engineered structures, hydrofracture,
improved waste forms, and high-integrity containers. Descriptive
information is provided, and attributes that are relevant for risk
assessment and operational requirements are given.
OBJECTIVE, SCOPE, AND ORGANIZATION
A document on planning for greater-confinement disposal (GCD), one of a
series of handbooks sponsored by the National Low-Level Water Management
Program, is in preparation. Peer review of a working draft has just been
completed, and a final version will be issued early next fiscal year. The
objective of the document is to provide procedures and technical information
needed to plan for and develop a greater-confinement disposal (GCD) facility
for low-level radioactive waste (LLW).
The focus of the document is on LLW that requires GCD because of high
activity concentrations or long half-lives of the radionuclides present in
the waste. It is intended to address the planning problems of developing a
GCD facility: selecting a suitable site, selecting a suitable method of
waste confinement and facility design, and anticipating the operating
problems and problems of closure and extended care. The document does not
endorse a particular GCD technology, nor is it intended to provide answers
to specific questions or problems; rather, it is intended as an overview of
the GCD technologies available and as a planning guide for selecting and
implementing the GCD technology best suited for a specific situation. The
choice of a GCD technology in a specific situation will depend on the waste
stream, characteristics of available sites, institutional requirements, and
other variables. The problems of mixed waste (defined as radioactive waste
containing hazardous biological or chemical material in concentrations
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sufficient to present a significant hazard) and of transportation of waste
from a generator to a disposal site are outside the scope of the document.
The document is organized into two parts corresponding to two planning
phases. Phase I planning covers two major topics: (a) planning procedures
for selecting a suitable site and facility design, and (b) relevant technical
information for implementing the planning procedures. Phase II planning
covers operation, closure, and extended care for a selected site and design.
The overall planning sequence for both phases is shown diagramatically in
Figure 1.
PLANNING PROCEDURES
Basis for Determining Need and Selecting an Alternative
The performance objective that guides all of the planning effort is to
limit the risk of adverse health effects—more specifically, to limit the
radiation dose to the general public from release of radionuclides into the
environment or intrusion into the waste and to limit the occupational dose
during emplacement operations, closure, and extended care. The performance
objectives provide the basis for resolving the two major Phase I issues:
establishing the need for GCD and selecting an alternative for implementation.
The need for GCD can be established prior to a detailed analysis if, on
the basis of information available at the outset, it can be established that
SLB cannot meet regulatory requirements for radiation protection. If this
cannot be clearly established, then SLB is included among the alternatives
considered for detailed analysis, and a final answer to the need for GCD is
obtained at the end of the selection process. Six alternatives for GCD that
merit consideration in the selection process are described in the section,
"GCD Alternatives". The alternatives considered are limited to those which,
on the basis of preliminary information, can be expected to be in compliance
with regulatory requirements for the candidate waste streams. Regulatory
requirements are also considered.
The criterion used to select an alternative for implementation is that
the total short-term and long-term risks associated with disposal of the
waste should be as low as reasonably achievable (ALARA). A comparative
benefit-cost-risk (BCR) assessment of the different alternatives must be
carries out 7'n order to rank, the alternatives and identify a preferred
alternative according to this assessment.
In a comparative BCR assessment, the alternatives are ranked according
to the net present value (NPV) for each alternative, defined as the benefits
less costs and risks: NPV = B - C - R. The benefits accrue in actions that
generate the waste; hence, the comparison of GCD alternatives reduces to a
comparison of costs plus risks. Discounting procedures for including longterm costs and risks and introducing a time horizon that takes into account
the large uncertainties in long-term predictions are discussed.
In a traditional cost-risk analysis, it is necessary to establish
trade-offs between the costs and the various risk components in order to
define a single quantity, analogous to the NPV, that can be used for comparing different alternatives. There is no concensus on these trade-off
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PHASE I

Need

Ko

Is GCD Needed?

Implement SLB
Alternative

Yes or uncertain

What are the reasonable site/design alternatives?
Alternatives
Based on preliminary information, which site/design
alternative is preferred? (optional)

Environmental
Assessment

What are the environmental impacts (public health and
safety, ecological, and socioeconomic) of the reasonable SLB and GCD alternatives?

Decision

Which site/design alternative will be implemented?

PHASE II

What is the most cost-effective implementation of
• Facility design
• Operating, closure, and monitoring procedures

Implementation

for the alternative selected?

Figure 1.

Overall Planning Sequence.
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factors, and they may vary from one situation to another. Specifying a
trade-off between costs and risk is equivalent to assigning a dollar value
to a fatality, although this may not be apparent (and may be more acceptable
politically) if the trade-off is expressed as the cost per person-rem averted.
In view of the lack of concensus and the sensitivity of the trade-off to
case-specific conditions, the purpose of the planning procedure is to provide a separate assessment of the different costs and risks involved and to
present the results of the cost-risk assessment in a tabular form. The
items that would be included in the table would include the cost, the population dose, the dose to a member of the critical population group (or
maximally exposed individual)--both onsite and offsite, the occupational
dose (and risk), and the groundwater contamination. These quantities would
be determined for each of the reasonable alternatives. All costs and risks
would be for a unit quantity of a specified mix of waste streams for a
specified scale of operations. This information, summarized on a single
sheet, would be the basic data on which the choice of a particular GCD
technology for a particular situation and site would be based. Although
some guidance on weighting factors is provided, the choice of weighting
factors for using the data in making the final selection of a GCD technology
is left to the individual responsible for the final decision.
Cost Estimates
The cost estimates may be.developed by standard procedures for estimating costs for engineering projects. The selection of GCD alternatives must
be based on case-specific estimates because generic estimates are too uncertain to discriminate between GCD alternatives (due to regional cost differences for materials and services and dependence of costs on case-specific
design deta-i's). Cost elements specific to GCD that must be taken into
account in making cost estimates are provided; however, no cost figures are
given in the report because they would be necessarily generic or exemplary,
and subject to misinterpretation and misuse.
Risk Analysis
Much of the planning effort for GCD centers on risk estimation and
assessment. The key quantities for establishing the need for GCD and identifying a disposal alternative
for implementation are the waste hazard (H),
the risk (R) associste'4 with disposal of the waste, and the risk/hazard
relation (R/H).
The risk from waste disposal consists of all adverse effects, primarily
health effects from exposure to radioactivity, that are incurred during and
after disposal of the waste. A concensus on a single quantity that could be
used as a summary measure of the total risk is lacking; htncp, the comparative risk assessment of different disposal technologies is based on an
appropriate measure of those risks that are of greatest regulatory and
public concern. The two risks of greatest regulatory concern are (1) the
radiation dose to a critical population group (commonly interpreted as
individuals who establish residence on the site at some time in the distant
future), and (2) the occupational risk. The collective dose to the surrounding population is also of concern and is used in the comparative
cost-risk analysis. For the purpose of the following discussion, the risk
may be interpreted as the effective committed dose equivalent to an average
member of a critical population group.
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The waste hazard is the risk that would be be incurred if the waste was
not confined. There are many factors that determine the hazard of a waste-including the radiotoxicity of the radionuclides present, the chemical and
physical
form, and the activity concentrations (expressed, for example, in
Ci/m 3 ) of the radionuclides present. Waste-acceptance criteria, which are
based on waste hazard, are commonly given by specifying the allowable
chemical and physical characteristics and limits on the concentrations of
specific radionuclides. In the following discussion, the waste hazard may
be interpreted as the activity concentration of radionuclides in the waste.
For any disposal technology implemented at a specific site, there will
be a characteristic relation R = f(H) between the waste hazard and tha risk
incurred from disposal by that technology. In general, the risk will
increase w'th the hazard. For the purpose of explaining the risk assessment
methodology, it may be assumed that the relation is linear. With this
idealization, the risk-hazard relationship of a disposal technology implemented at a specific site will be represented by a straight line. The
slope, R/H, of this line is the key quantity for characterizing the degree
of confinement and comparing the risks of different disposal technologies at
a given site. If H Q is the hazard of a particular waste stream and (R/H) n T
is the risk/hazard ratio for a particular disposal technology implemented at
a specific site, then the risk from disposal of the waste stream at the site
with the specified disposal technology is RQ = (R/H) D T x H Q . The R/H ratio
will decrease with increasing confinement, with a resulting decrease in the
risk for disposal of a waste stream with a given hazard. These relationships are shown schematically in Figure 2. The lines representing the
characteristic R/H relation for a particular GCD disposal facility and an
SLB disposal facility at a specified site are represented by bands rather
than lines in order to indicate the uncertainty in the determination of the
risk/hazard relationship.
There will be a maximum acceptable risk for waste disposal, established
by regulation. (A risk limit is in practice, specified as a basic radiation
dose limit.) This limiting risk is indicated by the upper line in Figure 2.
The intersection of this line with the R/H line determines the wasteacceptance criteria for the most hazardous waste that can be accepted at a
site. The point D corresponds to the most hazardous waste that would be
acceptable if the GCD technology characterized by the R/H line were implemented; the point C corresponds to the most hazardous waste that could be
accepted if an SLB technology were implemented. For risks below some
threshold value (commonly referred to as a risk that is "below regulatory
concern"), it becomes unnecessary, and generally uneconomic, to provide the
same confinement needed for more hazardous wastes. The threshold risk is
represented by the line labeled "threshold risk" in Figure 2. The intersection of the R/H line with the threshold risk line determines a waste
hazard value threshold criterion) for which it is appropriate to use less
costly disposal technologies that generally provide less confinement. The
threshold criteria for the SLB and GCD facilities correspond to the points A
and C, respectively, on the abscissa in Figure 2.
If, in a given situation, the hazards for all waste streams requiring
disposal lie below the point C, GCD is unnecessary. For waste streams in
the interval between C and Q, a GCD facility is necessary, for waste streams
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B C
Waste Hazard (H)
Figure 2. Risk-Hazard Relationships for Disposal of
Low-Level Radioactive Waste.
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in the interval between B and D, GCD is appropriate. (Institutional and
political considerations could lead to use of GCD for waste streams below
the point B.) If the waste hazard exceeds the point D, a technology providing greater confinement than the GCD technology corresponding to the R/H
factor shown in Figure 2 would be needed.
The risk analysis needed for GCD planning consists of procedures for
determining the R/H ratios and their dependence on the various attributes of
a particular technology. A quantitative determination of the R/H ratio may
not be feasible or necessary in many circumstances. If it can be established
that modifying a particular design, attribute in a specified way can increase
or decrease the R/H ratio, then a comparative risk assessment can be carried
out even if the quantitative relation between the r.iodification of the attribute and the effect of this modification on the R/H ratio cannot be determined.
In application, the determination of the R/H ratio reduces to a determination of the ratio of the radiation dose (D) to an individual (or population)
to the concentration (S) of the radionuclides in a waste stream. This
relation is commonly referred to as the dose/source (D/S) ratio.
Waste Characterization
The primary waste characteristics include radiological, physical, and
chemical characteristics. Radionuclide activity concentrations are the key
quantities for specifying waste-acceptance criteria. Other waste characteristics are important because the D/S ratios may depend on them; they are
used to establish different waste categories to which different concentration limits apply. Waste categories in current use are discussed in the
report.
The two waste characteristics of greatest concern for selecting a GCD
alternative are the initial activity concentrations and the half-lives of
the radionuclides. The type of facility needed for confining short-lived
and long-lived radionuclides can be quite different. Short-lived radionuclides can have very high initial activity concentrations that require
greater confinement, but loss of containment effectiveness beyond a few
hundred years is usually acceptable. For long-lived radionuclides, the
duration of effective containment becomes a matter of primary concern.
Waste streams consisting of mixtures of short-lived and long-lived radionuclides present the greatest problem, and may require a different approach
that combines both greater initial confinement and more lasting confinement.
It is helpful for planning to be able to visualize the activity concentration as a function of time in order to assess both the initial hazard and
the duration of the hazard. Activity/time plots, as shown in Figure 3, are
useful for this purpose. Activity/time plots for a number of commercial and
DOE/defense waste streams are given in the report.
Pathway Anaysis
A pathway analysis of the mechanisms by which radionuclides can migrate
along different pathways from the waste to a point of human exposure is
needed to estimate the risk for different disposal sites and facility designs.
The pathway analysis is used to calculate a dose/source factor, (D/S)., for
each radionuclide (i). A given disposal alternative is characterized by the
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ratios (D/S)., and a given waste stream is characterized by the radionuclide
concentrations S.. The radiation dose for a given disposal alternative and
waste stream may be calculated by means of the formula:
D = ^ ( D / S ) i x S..

(1)

i
In the pathway analysis, the D/S ratio for each pathway and each radionuclide is expressed as a product, D/S = FpCPp) x F^.Pj) * F E ( P E ) X F c/ P (p'
of a dose conversion factor (Fp.), an intake or shielding factor ( F T ) , an
environmental transport factor ( F c ) , and a containment factor (F~). P.,, P,,
Pr, and P, are sets of parameters that characterize biological processes and
the facility, site, and waste. The dose conversion factors and intake or
shielding factors are common to all alternatives, the environmental transport
factors are characteristic properties of a site, and the containment factors
are characteristic properties of the facility design (but also depend on
nonradiological waste characteristics).
In a comparison of alternative sites, all factors except the sitedependent factors are combined into a single weighting factor, WV = F n (P r )
x Fj( p j) x F r/ P Cp' for eacn P a t n w a Y and radionuclide. The D/S ratios for
alternative sites are then calculated by the formula, (D/S). = I. VL .,
1
K
t j1 K
x FL,
using
the
common
set
of
environmental
weighting
factors
(W
..) for
F 1-I,,
c
K
h,lK
each radionuclide (i) and each pathway (k) and the environmental transport
factors (Fr - k ) calculated for each site. The sites may then be compared by
comparing dose estimates for a given waste stream, calculated by using
Equation 1.
Alternative facility designs may be compared in a corresponding manner
by calculating a common weighting factor W~ = F n (P n ) x F T (P T ) x F.-(PF),
calculating D/S ratios for each design by the formula (D/S). = I, W r ..
x Fr .. , and comparing the dose estimates for a specified waste stream using
Equation 1.
Each containment factor may be resolved into a product, F r = Fp W >< F« r
x Fp E x Fpr., where the individual subfactors correspond to confinement
barriers provided by the waste form (Fp,,), waste container (F rf ,), engineered
features of the disposal cell ( F r F ) , and depth of placement ( F C Q ) . The
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relationship between these factors and the transfer coefficients that specify
the rate of migration through barriers is discussed in the report.
Methods and data for calculating the dose conversion factors, intake or
shielding factors, environmental transport factors, and containment factors
for depth of placement are available from the literature. Containment
factors that characterize the short-term effectiveness of waste forms, waste
containers, or engineered structures can be inferred from engineering specifications. Methods and data for inferring the long-term effectiveness of
these barriers--i.e., the long-term time dependence of the containment
factors--are lacking; hence, estimates of long-term performance must rely
largely on engineering judgment.
The need for GCD can be established by calculating the D/S factors for
an SLB facility and using these factors in Equation 1 to calculate the
annual individual dose for a critical population group for a candidate waste
stream. If this estimated annual effective dose equivalent exceeds
100 mrem/yr, then SLB is unacceptable and GCD is mandatory. If the estimated
annual effective dose equivalent is less than 100 mrem/yr, GCD may still be
the most appropriate alternative but the selection should be bastd on a
comparison of risk and cost rather than on risk alone.
A risk analysis for establishing compliance with regulatory limits for
the dose to an individual or for ranking alternatives with respect to public
risk alone is based on the risk to a member of a critical population group,
assumed to be an individual who lives in a residence built on the site after
institutional controls have lapsed. In order to rank sites with respect to
both cost and risk, the costs and risks must be aggregated. This requires a
determination of the collective dose to the exposed population. Equation 1
may be used for this purpose if: (1) the offsite pathways not included in
calculating the onsite dose are added, (2) the dependence on the location at
which exposure occurs is taken into account, and (3) the individual dose
estimates are summed over the entire exposed population. The occupational
dose should also be included in an assessment based on the aggregated total
of costs and risks.
Site Selection
The procedures for site selection are essentially the same for an SLB
facility or a GCD facility. The differences arise in the need to choose a
site with characteristics that are compatible with the special requirements
for some GCD technologies. The site requirements for the GCD alternatives
of improved waste form and high-integrity container are the same as those
for SLB. Changes from SLB requirements for an engineered structure are
minor, and they are related to the engineering specifications for supporting
the engineered structure. The augered shaft and deep trench alternatives,
especially the former, require greater depth to the water table and soil
characteristics that allow steep or vertical unsupported slopes during
construction. Hydrofracture places the most stringent siting requirements;
it can be used only when strata are present that are suitable for formation
of horizontal grout sheets by injection at an appropriate depth.
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Summary of Planning Procedures for Selecting a
Site and Facility Design
The steps in the planning procedures for selecting a site and facility
design for GCD are summarized in Table 1.

TABLE 1. PLANNING STEPS FOR SYSTEMATIC SELECTION
OF A GCD ALTERNATIVE
Identify reasonable alternatives
Screen reasonable alternatives to identify sites and facility designs
for detailed study
Identify exposure pathways and scenarios
Identify cost elements, risk parameters, and facility attributes
Develop a data base for cost elements and risk parameters for all
alternatives selected for detailed study
Determine costs for alternatives
Evaluate
- Dose conversion and intake factors
- Environmental transport factors for different sites
- Containment factors for different facility designs
Assess risks and environmental impacts of alternative sites (using
generic containment factors)
Select a preferred site
Evaluate costs and risks for SLB and GCD alternatives (using environmental transport factors for preferred site)
- Determine concentration limits for dispc a I by SLB from regulatory
dose limits
- Make a definitive determination of need for GCD (if preliminary
assessment did not lead to an unambiguous decision)
Evaluate uncertainties in costs and risks
Identify a preferred GCD candidate alternative (or alternatives) on the
basis of aggregated costs and risks
Select a preferred GCD alternative from preferred candidate alternatives
on the basis of attribute analysis if the cost-risk analysis does not
lead to unambiguous selection of an alternative
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GCD ALTERNATIVES
Although an indefinite number of technologies might be shown to fit the
definition of GCD, this work focuses on
the six most cost-effective alternatives identified in an earlier study1: (1) augered shaft, (2) deep trench,
(3) engineered structure, (4) hydrofracture, (5) improved waste form, and
(6) high-integrity container. These alternative technologies are described
below by examples that include materials of construction, spatial arrangement,
and typical dimensions. Advantages and disadvantages associated with each
of the technologies are also briefly discussed. The choice of six alternatives for consideration in this report is not intended to limit the range of
alternatives that might be considered in a specific case; they were chosen
as examples of the range of alternatives that merit consideration.
The augered shaft, exemplified by demonstrations at the Nevada Test
Site 2 and the Savannah River Plant,3 consists of a hole in the ground with a
diameter of about 3 m and a depth of 10 to 35 m. Advantages of the augered
shaft include a geometry that shields operators from emplaced radioactivity,
compatibility with remote-handling techniques, sufficient depth to preclude
plant and animal intrusion, easy closure, and low susceptibility to erosion.
A disadvantage is the limit required by typical shaft diameters on the size
of waste items.
The reference deep trench holds the same volume of wastes as the SLB
trench, but at a depth of 16 m--twice that of the SLB case. 4 The wastes
would normally be surrounded with soil, as in the SLB trench. The deep
trench places wastes beyond the depth of penetration of intruding roots and
animals and offers simplicity, flexibility in acceptance of waste types, and
little vulnerability to erosion. It requires, however, a thick layer of
soil and unconsolidated materials over the water table. Unless shoring
techniques are used, the wide opening required to excavate a deep trench
requires a large area commitment and may cause difficulties for emplacement
of wastes from its top edge.
The engineered structure is typically a chamber built of concrete. 3 ' 5 - 7
Several concepts, intended for placement either above or below grade level,
have been described. The main advantage of the engineered structure is the
barrier it would present to infiltration and intrusion. Because concrete is
prone to eventual cracking, however, the engineered structure eliminates
neither infiltration of water nor release of leachate over the long term.
Above-grade placement of engineered structures has received much attention
because it is perceived to offer protection from groundwater and ease of
surveillance, maintenance, and remedial actions.
In disposal by hydrofracture, a grout slurry containing the waste to be
disposed is injected into fractures in deep-lying shale formations.8 This
method '.as been practiced successfully over a period of many years at
Oak Ridge National Laboratory. The advantages include a high degree of
isolation from the environment and from intruders, little commitment of
surface land, and low sensitivity to weather during emplacement and to
erosion after emplacement. Disadvantages include applicability only to
wastes in liquid or slurry form or to wastes that can be converted to such
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forms, the possible stimulation of minor seismic effects, a requirement for
special geologic characteristics, and the impossibility of any remedial
action.
Improved waste forms are generally created by using some binding agent
to incorporate primary waste forms of miscellaneous
sizes, shapes, and
physico-chemical properties into solid blocks.9 The binding agents used to
produce improved waste forms are of three types: cement, organic solids,
and glass. An advantage is the potential for their use in an ordinary SLB
trench to provide GCD. Also, they provide some attenuation of penetrating
radiation, are independent of site characteristics, and limit both dispersion and leaching. Disadvantages include the involvement with chemical
processing equipment that is usually necessary and an inability, in many
cases, to completely incorporate all waste forms—particularly oils.
The high-integrity container (HIC) is a vessel that is intended,
according to criteria for HIC design that have been defined by the NRC and
the state of South Carolina, to provide structural stability and containment
of radionuclides for 300 years. Prototypes fabricated by various organizations are of polyethylene, steel, and concrete with sizes ranging from
55-gal drums to large units that can be handled only by powered cranes. The
HIC, like improved waste forms, offers the advantage of achieving GCD within
the SLB trench. A disadvantage is its inability to accept unusually large
i terns.
ATTRIBUTE ASSESSMENT
Risk assessment is based on known quantitative relationships between
the risk and numerical-valued parameters. A quantitative formulation is
most feasible when the risk-determining attributes are characterized by
descriptive text rather than by numerical-valued parameters or when the
quantitative risk-parameter relationships are not known. A comparative
assessment that enables a ranking of the alternatives with respect to risk
can still be carried out in these circumstances by using a qualitative or
semiquantitative variant of risk analysis referred to as "attribute analysis".
Attribute analysis is used at two stages of the planning. One is for a
preliminary ranking of the alternatives for the purpose of selecting a
limited number of the most promising alternatives for a quantitative risk
analysis. The other is to resolve ambiguities in a quantitative risk
analysis. If the difference in the risk estimates for two alternatives is
comparable to the uncertainty and if the cost difference is not sufficient
to justify selection of one over the other, then attribute analysis may be
used to take into account unquantifiable attributes not included in the risk
analysis for making a final selection. The use of quantitative risk analysis
and qualitative attribute analysis, together, provide a more reliable and
cost-effective means for selecting a GCD alternative than use of either
method alone. Quantitative risk analysis can be used for either an absolute
or comparative assessment of the risks of GCD alternatives. Attribute
analysis can be used only for comparative assessments. The planning time
and expense is considerably greater for a quantitative risk analysis of an
alternative than for an attribute analysis; thus, it is desirable to limit
the number of alternatives for which a quantitative risk analysis is carried
out.
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The relationship between risk analysis and attribute analysis is discussed in the reports. The risk from disposal of waste in a GCD facility
can, in principle, be expressed as a function of all system design elements
or of all attributes (including those that are defined by description rather
than numerical-valued parameters because of their complexity). (An attribute
is an inherent characteristic, quality, or property of a GCD alternative; a
system design element is a specific property, usually a physical quantity,
used in preparing specifications for a disposal system. The attributes will
be functions of the system design elements; the risk can, in principle, be
expressed as a function of either the attributes or the system design
elements.) The functional relationship between the risk and the attributes
(or system design elements) can be approximated by a linear relation oT the
form R = I. W. x a., where a. are parameters or descriptive categories
J

J

J

J

(referred to as descriptors) that specify the attributes. In risk analysis,
the attributes must be numerical-valued parameters, and the coefficients
V.--which may be regarded as weighting factors for the attributes—must be
calculable. In attribute analysis, the weighting factors are assigned on
the basis of expert judgment and the attributes may be specified either by
parameters or descriptors. Quantitative risk analysis is usually based on
the relation between risk and system design elements; attribute analysis is
based on the relation between risk and attributes because judgmental assignment of attribute weights is more credible than judgmental assignment of
design element weights, and examination of the attributes provides a more
systematic means for taking into account all qualities and properties that
can affect the risk. In some circumstances, the only credible judgment that
can be made regarding attribute weights is the signature--i.e., whether
increasing a given attribute will increase or decrease the risk.
Attribute analysis consists of three steps: (1) identifying a set of
attributes—called performance attributes—that are important for realizing
the performance objectives identified above; (2) ranking the GCD alternatives with respect to each performance attribute; and (3) aggregating the
individual attribute rankings in order to obtain an overall ranking of the
GCD alternatives with respect to attributes.
In order to facilitate identification of all relevant attributes, a
categorization into site attributes, GCD attributes (waste form, packaging,
and facility design), and operational attributes is introduced; and the
important attributes for each category are identified. A list of performance attributes is given in Table 2.
Various methods can be ..sed for ranking sites with respect to attributes. A common method is a pairwise ranking with respect to each attribute.
Weights must then be assigned to the different attributes in order to obtain
a pairwise ranking of the alternatives and to obtain an ordered ranking of
all alternatives. Another procedure is to rate each alternative with respect
to each attribute on a ranking scale (e.g., a scale of 1 to 10), assign a
weight to each attribute, and then rank the alternatives with respect to
scores obtained by summing the product of the attribute ratings and weights
for each alternative. The simplest procedure, useful for screening, would
be to use a three-point ranking scale for rating a site with respect to an
attribute. The assignment of attribute ratings and weights should be based
on the collective judgment of a panel of experts, which should include
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TABLE 2. PERFORMANCE ATTRIBUTES
GCD ATTRIBUTES (Continued)

SITE ATTRIBUTES
Climate
Demographic setting
r
conomic value (present and future)
Erosion resistance
Hydrogeologic complexity
Natural drainage and flooding potential
Radionuclide migration resistance
Topography
Water infiltration resistance

Attributes Relevant for Occupational Risk.
Limitation of stress on container
Strength of container
Worker exposure
OPERATIONAL ATTRIBUTES
Pre-Closure

GCD ATTRIBUTES (WASTE FORM, PACKAGING,
AND FACILITY DESIGN)

Ability to handle high radiation levels
Compatibility of low-volume rate
Complexity
Ease of performance assessment
Flexibility in siting requirements
Flexibility in waste-form acceptance
Maintenance requirements
Materials-handling needs
Reliability
State of technological development.
Vulnerability of emplacement operations
to weather

Attributes Relevant for Public Risk
Biodegradation r&sistance
Compressive strength
Chemical inertness
Distance to groundwater
Drainage control
Infiltration resistance
Intrusion resistance
Ion-exchange capacity
Leach resistance
Radiation stability
Structural stability
Thermal stability

Closure and Post-Closure
Ease of carrying out decontamination
and decommissioning
Ease of surveillance and monitoring
Need and ease of carrying out remedial
action

administrators or staff who are well-informed and can objectively assess
public concerns. A process known as the Delphi Method, which is an
iterative procedure for arriving at a panel concensus, is useful for this
purpose. 10
PLANNING FOR OPERATION, CLOSURE, AND EXTENDED CARE
Some oper-itions that would be carried out at a GCD facility are similar
to these carried out at any disposal facility for low-level waste whereas
others would be unique and specific to the type of GCD technique that is
practiced. The latter type has been given attention in this document. Each
of the six GCD techniques considered is examined for the unique operations
that are required for implementation of that technique by the operator of
the disposal facility. The operations and supporting equipment considered
include construction of facility and disposal cells, waste receipt and
inspection, equipment maintenance, waste emplacement, monitoring, recordkeeping, radiation and industrial safety, quality assurance, disposal cell
closure, site closure, and post-closure activities. Diagrams are provided
that represent the sats of generic operations that would be carried out at
any waste disposal facility and for each of the GCD technologies considered.
The operations of waste receipt and inspection are governed by wasteacceptanc3 criteria that must be developed at each facility to suit the GCD
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technique and site characteristics. Even though the G~D facility is designed
to provide a superior degree of containment, it will impose restrictions on
waste form, radionuclide concentrations, and packaging. Wast?-acceptance
criteria must also provide a system for establishing the destination for a
given waste, i.e., whether disposal by SLB or GCD is appropriate. As for
any di"_,. u \1 facility, the primary goal of waste-acceptance criteria at the
GCD facility will be to limit the health risks to the general public and! to
operating personnel, in conformance with DOE ALARA policy. Because, it is
not practicable to base waste-acceptance criteria on quantitative relationships between risk and radionuclide concentrations, these criteria will have
to be based on more qualitative judgments—including public concerns, costs,
technical feasibility, and site-specific factors. In receiving operations,
wastes will be expected to arrive separated from SLB wastes and to be subjected to visual inspection, to surveys for both penetrating radiation and
surface contamination, to weighing, and to verification of the descriptions
given in the shipping manifest. A major consideration for GCD wastes, not
only in receipt and inspection but also in subsequent handling, is that they
may have high radionuclide concentrations and therefore present increased
hazard in the event of loss of integrity of containment or shielding.
Each GCD technique has some requirements for special disposal procedures and operational equipment that are not employed in the traditional SLB
technology. Major examples are: (1) earth augers in excavation for augered
shafts; (2) draglines rather than dozers or backhoes in excavation for deep
trenches; (3) equipment and supplies characteristic of reinforced-concrete
construction for engineered structures; (4) equipment essential to construction, operation, and maintenance of injection wells for hydrofracture;
(5) chemical-processing equipment for improved waste forms; and (6) containerfabrication facilities, although not at the disposal site, for high-integrity
contai ners.
From the definition of GCD as a type of containment whose quality must
exceed those provided by SLB, it is inferred that quality assurance techniques must be used as to control the quality of the various elements on
which that containment depends: disposal cell design, equipment, operations,
and fabrication of waste forms and packaging. Quality assurance in nuclear
projects is commonly based on the set of 18 requirements expressed jointly
by the American National Standards Institute and the American Society of
Mechanical Engineers. Actions required of the GCD operator to ensure that
operations in carrying out any of the six GCD techniques considered here
conform to each of the 18 quality assurance requirements are reviewed.
Those requirements, which are mainly management-control strategies, would be
practiced at the GCD facility in the same way as at any other waste disposal
facility. Carrying out some of the quality assurance requirements, however,
will require activities unique to each GCD technique.
Although the closure of each different type of disposal cell has some
singular characteristics because of design, the task of site closure—making
it ready for long-term, minimum-maintenance containment--is expected to be
much the same for most GCD facilities as for an SLB facility. The exceptions are deep augered shaft and hydrofracturing, which would not involve
the same type of surface-maintenance problems as a grid of disposal cells
located on the surface or slightly below it.
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Post-closure operations at a GCD facility are expected to be the same
as those suggested for an SLB facility: a 5-year period of relatively
active maintenance, surveillance, and monitoring, followed by a longer
period of institutional care in which these activities would be carried out
on a less-intense schedule.
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CONTAMINATED SCRAP METAL MANAGEMENT AT THE ORGDP - A PROBLEM SOLVED
L. C. Williams
Oak Ridge National Laboratory
ABSTRACT
Cleanup operations are currently 1n progress at the Oak
Ridge Gaseous Diffusion Plant (ORGDP) contaminated scrap
metal storage yard. The storage yard, 1n existence since
the early 1970s* contains an estimated 30*000 tons of
contaminated mixed-type metals spread over an area of
roughly 30 acres. Work 1s currently underway to remove the
metal from the storage yard* sort Into the various types,
and size reduce specific types for overall volume reduction
and possible further processing 1n the future. This paper
explains the methods and procedures used to accomplish this
task.
INTRODUCTION
As a result of the diffusion cascade Improvement and upgrading
programs at the Oak Ridge Gaseous Diffusion Plant (ORGDP), a large
quantity of scrap metal contaminated with Iow-enr1ched uranium, ^
and trace quantities of transuranics has been accumulated. Small amounts
of these radioactive materials were deposited on the surface of the metal
in the gaseous diffusion process. Although the scrap metal has been
cleansed of gross deposits, complete removal of the residual contamination
1s not feasible. Legal restrictions currently prohibit the sale of any
material containing enriched uranium; however, this material 1s considered
as a resource with potential economic value and 1s being stored above
ground at the ORGDP 1n anticipation of reclamation.
An aerial view of the contaminated scrap metal storage area prior to
the start of cleanup operations is shown in F1g. 1. A ground-level view
1s shown 1n Fig. 2,
PROJECT DESCRIPTION
This project consists of the cleanup of the ORGDP contaminated scrap
metal storage yard. This storage yard, 1n existence since the early
1970s, contains an estimated 35,000 tons of both ferrous and non-ferrous

*Research sponsored by the Office of Defense Waste and Byproducts
Management, Martin Marietta Energy Systems, Inc., for the U.S. Department
of Energy under contract no. DE-AC05-840R21400.
451

en

Figure 1. Aerial view prior to start of cleanup operations,

en
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Figure 2.

Ground-level view prior to start of cleanup operations.

scrap metal. Carbon steel comprises about 75% of the total weight, with
lesser amounts of aluminum plus other ferrous and non-ferrous materials.
After removal from the scrapyard* the various metals are segregated as to
specific types. The carbon steel is size reduced by a hydraulic shear to
a form and size suitable for feed to an electric Induction melting
furnace. Other metals not suited for future smelting are to be size
reduced and stored 1n manageable configurations until final disposition is
determined. Segregation of the various metal types will be maintained
throughout the program.
CONTAMINATION LEVELS
Most of the scrap has undergone wet chemical decontamination to
remove the major portion of the surface contamination. Estimates of
contamination levels remaining on the scrap metal are based on surface
smears and readings. As noted earlier, the primary contaminants are
uranium and ^lc. Since the diffusion plant upgrading programs
concentrated on the lower-enrichment cascadesf the uranium contamination
is predominately low-enriched to depleted (<0.711% 235u) uranium. The
average enrichment is estimated to be between 155 and 1.5% 235U. Uranium
at 1.5% 2 3 5 U has a specific activity of 0.36 yC1/g and is of biological
concern only from the standpoint of ingestion or Inhalation. The " T c
1s a beta emitter with a specific activity of 17 mCi/g.
The concentration levels of these two contaminants vary widely, even
on similar components. Uranium concentrations vary from a few parts per
million up to several thousand parts per million. Values of 99yc range
from <0.02 ppm to 70 ppm. For most of the scrap, uranium concentrations
are estimated to be less than 200 ppm, and 99yc is expected to be below
5 ppm for 95% of the scrap metal.
PROCESS DESCRIPTION
A subcontract was awarded to the Guadrex Corporation of Gainesville,
Florida, and Southern Metal and Alloys Corporation of Rockwood, Tennessee
in September 1983 to do the scrapyard cleanup. Quadrex has the overall
responsibility for the work, including all health physics (HP) aspects.
Southern Metals furnishes the equipment and manpower for the actual metal
movement and processing within the yard. Since the scrapyard area is
classified as a contamination control area, all subcontractor personnel
are required to conform to the same controls and procedures as company
personnel. The contractor personnel were given a radiation-contamination
training orientation prior to beginning field work, and all site workers
undergo monthly urinalysls testing. The scrapyard outer perimeter has
sufficient air samplers to detect any unexpected airborne contaminants
that could be generated due to moving metal from the piles. All
precautions have been taken to protect both the scrap workers and company
personnel working adjacent to this particular area.
The current work force includes six health physics personnel and
approximately 20 scrap workers. The actual scrap processing starts with a
HP survey of the specific area of the yard to be cleaned. A survey team
first does a beta-gamma scan of the scrap and also a visual Inspection for
large deposits of uranium compounds that will show as yellow, green, or
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white deposits on the metal. Any metal with beta-gamma reading greater
than 100 mR/h or 250f000 disintegrations per minute (dpm) per cm 2 1s
marked for special handling. All other metals are color coded for
removal and further processing. After the HP survey, ths metal 1s
removed from the yard by the specific type -- steel, aluminum, metals
designated as refuse, or other types. The metal Is loaded Into trucks
using both magnetic-crane pick up for ferrous materials and clam-shell
pick up for non-magnetic materials. The loaded trucks are weighed, and
the metal 1s then transferred to a specific storage area within the
yard. All metals are stored by types. All steel components are
transferred to the size-reduction area. Components too large for feed to
the metal shear are Initially sized by torch cutting as shown 1n F1g. 3.
The metal 1s then fed to a large hydraulic shear for final size
reduction. The metal Is cut to a nominal size of 2 ft wide by 4 ft long,
which 1s suitable feed stock for possible future smelting operations. An
overall view of the metal shear Is shown in Kig. 4. A face-on view of
the shear and blade assembly 1s shown in Fig. 5.
An aerial view of the overall shear and size-reduction area is shown
in Fig. 6. The large pile of size-reduced steel in the upper center of
the photograph contains approximately 15,000 tons. The aluminum
components, left area of Fig. 6, will be processed at the conclusion of
the steel size-reduction efforts. To date, a totai of 32,000 tons of
metal has been removed from the overall area of the scrapyard. The
material is currently in a manageable condition and can continue to be
stored 1n this manner until final disposition is determined. An aerial
view of the original area of the scrapyard, as it currently looks, is
shown in Fig. 7. Processing will continue until all areas of the yard
are cleaned.
CONCLUSION
All Industrial waste streams, particular those generated by
nuclear-related operations, continue to receive tighter public scrutiny
as environmental awareness levels increase. What may be perceived as
essentially abandoned contaminated equipment In existing governmental
scrapyards has the potential to become an object of public concern now or
at some time in the future. The prospect for recycle of this material
Into a reusable form in years to come is greatly enhanced by transforming
the present junkyards into well-characterized, manageable, metallic
stockpiles. At the 0RGDP, newly generated scrap metal will be sorted and
size reduced as 1t is received at the storage yard. During fiscal 1986,
metals not conducive to further processing will be baled for burial or
long-term storage.
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Figure 3. Torch size reductions of the larger steel components.

Figure 4. Hydraulic shear for metal size reduction.

Figure 5.

Face view of metal shear and blade assembly.
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Figure 6.

Aerial view of size-reduction area.
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"ALTERNATIVE METHODS FOR LLW DISPOSAL:
SUMMARY OF METHODS AND ASSESSMENT OF TECHNICAL CRITERIA"

R.D. B e n n e t t
U.S. Army Engineer Waterways Experiment

Station

ABSTRACT

Alternative disposal methods considered were aboveground vaults,
belowground vaults, earth-mounded concrete bunkers, shafts, and mined
cavities.
Technical criteria of 10 CFR Part 61, Subpart D, paragraphs
61.50-61.53, related to site suitability, design, operations, closure, and
monitoring were assessed for applicability to each method. With few
exceptions, these criteria are appropriate to evaluate 4 of the 5 methods.
A few criteria may require modification or guidance and additional technical
issues should be addressed in certain cases.
The existing criteria ere insufficient to completely evaluate mined
cavity disposal. This alternative should perform satisfactorily, given
proper site conditions, but is quite different from near surface disposal.
Some criteria are inapplicable, some require modification, and additional
issues must be addressed to evaluate this method.
Although the technical criteria are adequate to evaluate aboveground
vault disposal, satisfaction of the performance objectives and minimum
technical requirements will be difficult with this alternative.
In this paper the 4 disposal methods to which the Part 61 criteria
apply directly Are discussed.
ABOVEGROUND VAULTS
Description and Summary of Experience
An aboveground vault is an enclosed structure with roof, walls, and
floor. It has limited access openings for waste emplacement and monitoring.
The floor may be man-made materials or natural or treated soil. The access
openings may be made in the walls or roof, depending on the operating plan.
The vault is assumed to be partially or completely exposed to the
atmosphere.
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Although aboveground vault disposal of LLW has been proposed by various
groups in the United States, there is not much experience, other than
shcrt-term storage, from which performance can be projected. Aboveground
vaults are used in Canada for storage of LLW. The New Brunswick Electric
Power Commission has built storage vaults on bedrock at its Pt. Leprau site.
Aboveground storage vaults are also being used at Ontario Hydro's Bruce
Nuclear Power Development site. These facilities were not designed for
long-term performance, as is required for LLW disposal facilities. An
aboveground vault is not a near surface disposal facility as defined by 10
CFR 61.2. A near surface disposal facility is defined.;as a facility in
which radioactive waste is disposed of in or within the* upper 30 meters of
the earth's surface. However the method has similarities in purpose,
layout, and operation which make it amenable to evaluation using existing
near surface disposal criteria.
Assessment of Criteria and Additional Technical Considerations
The assessment of the applicability of these criteria to the evaluation
of aboveground vault disposal of LLW is summarized in the following
paragraphs. With few exceptions, these criteria were found to be
applicable. However, satisfaction of several of these requirements may be
difficult with this method.
Site Suitability Criteria
Except for minor qualifications, all 11 existing site suitability
criteria were found to be applicable. f: The possible exception for allowing
disposal below the water table in 61. 0(a)(7) obviously cannot be applied to
aboveground vaults. The wording of 61.50(a)(8)
referring to "the
hydrogeologic unit used for disposal'1 is not appropriate jince an
aboveground vault is not a hydrogeologic unit. The intent of this
requirement is to prohibit disposal in a hydrogeologic unit that discharges
groundwater to the surface within the disposal site. As a practical matter,
location of a disposal vault over a formation that discharged groundwater to
the surface within or even near the site should be considered unsafe and
unnecessary. It is relatively simple to uncover evidence of springs during
the site characterization. Such occurrences should be grounds for exclusion
of that particular site from further consideration.
Part 61 Section 61.50(a)(9) specifies avoidance of areas where tectonic
processes occur with such frequency and extent to significantly affect the
ability of the disposal site to meet ths performance objectives. This
requirement is applicable to any disposal method. However, the degree to
which tectonic processes may impair disposal site performance would vary
significantly for different alternatives. Indeed, one of the key advantages
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of engineered disposal facilities is that they may be designed to resist
forseeable seismic events or other natural events. It is emphasized that
the risk must be quantified for design. If this is done, methods are
available to design the structures to resist such events.
Additional Site Suitability Considerations
Additional technical considerations that should be addressed to
demonstrate site suitability include the need to determine the existence and
potential adverse impacts of dispersive soils, liquefiable soils, corrosive
soil:, expansive soils, karstic or cavernaus areas, and areas undergoing
land subsidence. These issues should be considered for any disposal metric J.
Dispersive soils can result in accelerated erosion, piping and collapse
of the surface. Such erosion could undermine structural foundations.
Measures are available to prevent problems if the dispersive nature of the
deposit is recognized before construction.
Corrosive soils in humid areas could lead to deterioration of disposal
unit floors, drains, and waste packages. High soil acidity, substantial
soil moisture, and dissolved calcium ions contribute to long-term corrosion
of concrete. Metallic corrosion is most serious in the presence of high
soil electrical conductivity, substantial soil moisture, and high dissolved
ion contents. The potential risk to both concrete and metal from corrosive
soils is much smaller in arid regions. Chemical analyses can be used to
determine whether a potential problem exists. If so, design and
construction measures can be implemented to reduce the impacts, such as the
use ot sulfate resistant concrete. Otherwise suitable sites should not be
disqualified on the basis of occurrence of corrosive soils alone.
Solution cavities are formed in carbonate and sulfate rocks such as
dolomite, limestone, and gypsum by the action of slow-moving ground water
that dissolves the rock and forms tunnels and caves. Solution cavities
below disposal units could lead to collapse of overlying strata which may
serve as aquicludes or provide foundation support. The occurrence of
solution cavities can also result in significant unpredictable alteration of
ground water seepage patterns and quantities, which would preclude reliable
modelling and prediction of long-term performance. Regional geological data
can provide evidence to indicate the occurrence, depth, and lateral extent
of formations known to be susceptible to occurrence of solution cavities.
Because of the potential for damage to disposal units from solution cavities
and the difficulty in reliably locating and grouting such cavities, as well
as the expense, these areas should be avoided.
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Liquifaction of soils is the transformation from a solid to a liquified
state as a consequence of increased pore water pressure that results in the
total loss of effective shear strength. Liquefaction of sand deposits and
resulting damage is often associated with seismic activity. Liquefaction of
sensitive clays has also caused extensive damage in Norway and Canada, where
marine deposits have liquefied after only minor disturbances. These
occurrences were preceded by leaching of salts from the clays by ground
water moving downward. These clays lose strength as the salts are removed,
and in many cases near the sea, a state of near-equilibrium exists. Even
minor disturbances, such as excavating a building foundation or farm pond
have been known to initiate liquefaction of these sensitive clays. Once
initiated, wide areas can be progressively affected and demage may be
severe.
The potential risk to LLW disposal facilities from liquefaction is
actually minor, because most sites with liquefiable deposits have other
characteristics that make them undesirable. For example, the site may be
near d coastal high hazard area, or an area of high soil permeability. The
main danger would be failure to recognize the liquefaction potential of
deposits below the planned disposal site during site characterization.
Expansive soils each year cause extensive damage to highways, bridges,
and buildings. A 1972 survey indicated that 36 of the 50 states have
expansive soil deposits. The annual cost of damage to streets and highways
caused by expensive soils was estimated in 1973 to be $1.14 billion. The
key geological factors that determine a geological unit's expansive nature
or swell potential are clay mineralogy and amount of clay or shale within a
geologic unit. Clay mineralogy, specifically montmorillinite content, can
be used to estimate the degree of expansiveness; the frequency of occurrence
can be related to the amount of clay or shale in the geologic unit. One
other essential factor that determines whether expansion actually occurs is
the availability of water. Without water the soil will not swell.
Likewise, if water is readilv available year round, the soil will swell to
its full potential under existing loading conditions and no further volume
change will occur. Consequently, the damage caused by expansive soils
occurs primarily from volume changes near the surface within the zone of
seasonal soil moisture changes.
Damage usually takes the form of buckled, heaved, or warped slabs
cracked masonry or concrete walls, and general structural distortion. In the
case of engineered disposal units, damage is likaly if concrete slabs or
walls are cast in direct contact with expansive soils. The potential for
damage is increased if the slab is cast over an excavation because the soil
has been unloaded by the excavation and the moisture equilibrium has been
disturbed.
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Methods are available to minimize or prevent damage to structures built
on or within expansive soil deposits. For example, form voids of heavy
corrugated paper may be placed against the soil before the slab is poured to
allow space for the soil to swell without damage. The slab must be
supported on grade beams founded on piers or footings that extend below the
zone of seasonal moisture change. The grade beams must not be in direct
contact with the soil. However, all the engineering fixes have two things
in common. They rely on discovery of the expansive nature of the soil
before construction and they add to construction cost. The Federal Highway
Administration has published a series of reports that identify major
swelling soil problem areas within the U.S. and provide guidance for
remedies where feasible. In general these areas should be avoided.
Land subsidence is caused by densification of soils, collapse of strata
overlying cavities, plastic outflow of weak materials, and regional
downwdrps. Soil densification can result from withdrawal of ground water or
oil, vibration of granular deposits, decomposition of organic deposits,
densification of deltaic deposits, and artificial compaction of fills and
embankments. Collapse of strata overlying cavities may result in areas of
Karst topography or areas of careless mining practices. Examples of plastic
outflow of weak materials can be found where fill has been placed above peat
bogs or recent lake deposits. Regional downwarps are large scale subsidence
basins caused by tectonic, glacial, or volcanic activity.
Subsidence can cause serious damage to engineered disposal facilities.
Therefore, regional geological data should be carefully examined to identify
any areas of possible subsidence. Records of previous mining, oil drilling,
or substantial ground water use should be investigated. If evidence of
significant ongoing subsidence is found, these areas should be avoided.
As mentioned, these site suitability issues are important for any LLW
disposal method.
Design Criteria
It should be noted that, for the aboveground vault alternative, the
design features play a critical role in meeting the performance objectives.
Beiowground disposal methods may rely heavily on suitable site
characteristics and require only that the design features complement and
improve those site characteristics. Aboveground disposal methods rely
almost entirely on design features. Except for the pathway downward through
geological materials, site characteristics do not contribute to waste
isolation. This difference is the critical distinction between beiowground
and aboveground disposal and is a primary disadvantage to the use of
aboveground disposal.
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As mentioned previously, most of the existing design criteria are
applicable to aboveground vault disposal. However, satisfaction of some of
these criteria using aboveground disposal may be quite difficult in
practice.
Criterion 61.c;l(a)(4) refers to the objectives of cover design, i.e.
to minimize infiltration, to direct percolating or surface water away from
the disposed waste and to resist degradation by surface geologic processes
and biotic activity. These goals are desirable, but for aboveground vaults,
the vault roof and walls must satisfy these requirements, as there is no
cover in the traditional sense. If covers are defined to include the vault
walls and roof, then the criterion is applicable. The vault roof and Wdlls
must also resist degradation from meteorological and climatological
processes.
Additional Design Considerations
The requirement in 61.51(a)(1) for avoidance of the need for long-term
active maintenance after closure will be quite difficult to meet. The
requirement in 61.51(a)(3) that the disposal site must be designed to
complement and improve, where appropriate, the ability of the disposal sites
natural characteristics to meet the performance objectives is the critical
issue for aboveground vaults because of the heavy reliance on design
features. The surface pathways of release are much more important for
aboveground disposal than for belowground disposal and should be carefully
analyzed.
Operations and Closure Criteria
In the assessment of existing criteria for operations and closure, the
points of difference or exceptions center around the requirements stated in
61.52(a)(l),(A), and (5), respectively, for segregation of unstable Class A
wastes, minimization of void spaces, and filling of void spaces.
Aboveground vaults are self-supporting structures that by themselves,
satisfy the stability requirements of 61.56(b)(1). They do not have an
earth cover and do not rely on the contained waste for support. Waste
package stability is not an important factor in minimizing subsidence.
However a potential problem that could result from decomposition of unstable
Class A wastes should be considered. Products of decomposition of unstable
Class A wastes may include gases and liquids which could damage the vault
structure through chemical attack. This potential problem and economic
considerations are strong incentives for avoiding disposal of unstable Class
A wastes in vaults. If unstable wastes are disposed in vaults, the wastes
must be shown to pose no hazard to vault materials. Therefore, although
segregation is unnecessary for minimization of settlement and infiltration,
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other incentives exist to encourage segregation or stabilization prior to
disposal.
The requirement for maintenance of package integrity during emplacement
stated in 61.52(a)(4) is important for worker safety for any disposal
method. However, minimization of void spaces and filling of those void
spaces is not critical for reducing future subsidence for the reasons
discussed above. Minimization of voids promotes efficient use of disposal
space, and filling of voids may impede radionuclide migration. Therefore,
these practices may be desirable but should not, in the author's opinion, be
required for vault disposal.
The cover referred to in 61.52(a)(6) nust be defined as the vault
envelope (roof and walls) if the criterion is to be applicable to vault
disposal.
The surveying requirements stated in 61.52(a)(7) are overly restrictive
for aboveground vault disposal. Practical considerations in site layout,
construction, and efficient land use would almost certainly lead to the use
uf boundary surveys, topographic surveys, and related mapping. However, the
physical bounddries of disposal units (aboveground vaults) can be determined
without benefit of surveys, markers, or maps. Therefore, the requirements
are not applicable for the objectives stated within the criterion.
The Requirement within 61.52(a)8) for a buffer zone of adequate
dimensions to carry out environmental monitoring and take mitigative
measures can be achieved with any of the alternatives considered. However,
insufficient time may be available to take mitigative measures before
unacceptable releases occur from aboveground disposal vaults. The vault
envelop is the only barrier to atmospheric release. Appropriate remedial
action must be tcken quickly after detection of any emergency situation.
Therefore, it is important that the licensee have a remedial action plan on
file that indicates actions to be taken and expected response times for such
emergencies. Necessary equipment should be available on-site and personnel
sh~'jld be trained in its use. Even if this is done, it will be difficult to
demonstrate that the objective of the criterion can be met with aboveground
vault disposal.
The requirement stated in 61.52 (a)(ll) that "only wastes containing or
contaminated with radioactive materials shall be disposed of at the disposal
site" does not go far enough in stating what may not be disposed. This
issue is considered within 61.56. However, the intent of 61.56 is to
facilitate handling, ensure protection worker health and safety, and to
protect the environment from incidental concentrations of hazardous
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materials. In addition, the potential for damage to the disposal unit from
the contained wastes, e»g., chemical attack, should be considered.
Additional Operations and Closure Considerations
In addition to the issuei discussed in the assessment of existing
criteria, the potential benefits of filling voids inside the vault should be
assessed. The potential for worker exposures to health and safety hazards
should be quantified. Remote handling for waste emplacement may reduce some
of the risks to workers. The potential for damage to the vaults from the
contained wastes shculd be assessed in the design stage. If found tu be
significant, operations and closure plans must account for this problem.
Monitoring Criteria and Important Monitoring Considerations
All of the monitoring criteria were judged to be applicable to
abovegruund vault disposal of LLW. A detailed remedial action plan should
be required with specific actions and response times stated, if detected
concentrations or rates of migration of radicnuclides exceed pre-estabilshed
limits. In addition specific reporting requirements should be established.
The reporting requirements should be keyed to the specific sample data,
frequency of measurements, and use of those data that would be required to
demonstrate satisfactory performance. The requirement that the monitoring
system be capable of providing early warning of releases of radionuclides
before they leave the site boundary will be difficult to achieve with
aboveground vaults. If the monitoring system is designed to detect only
releases from the vault, then insufficient time will be available to take
mitigative measures before radionuclides leave the site boundary.
Monitoring the inside of the vault is difficult to accomplish without
compromising the integrity of the vault and may not provide data from which
reasonable predictions of radionuclide releases from the vault may be made.
Again, this problem is considered to be one of the critical issues with
aboveground disposal and one for which no completely satisfactory solution
may be found.
BELOWGROUND VAULTS
Description and Summary of Experience
A belowground vault may be thought of as being identical to an
aboveground vault with the added feature of a soil cover. Belowground
vaults may be constructed in excavations and then covered or constructed on
the surface and covered. The vault may be partially exposed to the
atmosphere during operations, but is assumed to be completely covered during
or before final closure.
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Belowground vault disposal fits the description of near-surface
disposal and is amenable to evaluation using existing criteria.
Belowground v:._its have been used fur storage of LLW and TRU wastes,
but have noi been used for disposal. They are used for storage of TRU
wastes at Oak rtidge National Laboratory. These vaults are built aboveground
ground and covered. At the Chalk River Nuclear Laboratory and the
Whiteshell Nuclear Research Establishment sites, variations of belowground
vaults have been used for storage of LLW. The structures at these sites
have evolved from rectangular, bunker-type, concrete trenches to the
currently used cylindrical concrete designs with removable, weather-proof
caps.
Assessment of Criteria and Additional Technical Considerations
Site Suitabilty Criteria
Except for minor qualifications, all of the existing site suitability
criteria are applicable to belowground vault disposal.
The requirement in 61.50 (a)(9) for avoidance of areas where tectonic
processes occur with such frequency and extent tu significantly affect the
ability of the disposal site to meet the performance objectives or preclude
defensible modelling and prediction of long-term impacts is applicable to
this method. However, one of the primary advantages of engineered disposal
facilities is that they may be designed to resist forseeable natural
hazards. As mentioned in the discussion of aboveground vaults, the risk
must be quantified for design.
Additional Site Suitability Considerations
The additional considerations which should be assessed in determining
bite suitability for belowc, . jnd vault disposal facilities are the same
considerations identified in the discussion of aboveground vaults. They are
the occurrence and potential adverse impacts of:
°
°
0
0

°
°

Dispersive soils
Corrosive soils
Solution cavities
Liquefiable soils
Expansive soils
Areas undergoing land subsidence

The potential adverse impacts are essentially the same as discussed for
aboveground vaults. The occurrence of corrosive soils in humid climates may
be cause for somewhat more concern for belowground vaults because they are
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completely covered. Expansive soils may be more problematic because the
excavation for the vault unloads the soil and disturbs the soil moisture
equil ibrium.
Design Criteria
All of the design criteria are applicable to belowground vault
disposal. The specification of covers designed to minimize infiltration,
control runoff, and resist degradation required by 61.51(d)(4) should,
however, include the vault roof in the definition of "cover".
Additional Design Considerations
Plans for temporary and final closure ut individual disposal vaults, as
well as plans for monitoring individual vaults, should be part cf the
design. In addition, the compatibility of vault construction materials and
soil backfill should be assessed. The benefits of filling voids inside the
vaults should be assessed and included in the plans for operations and
closure if significant benefits can be obtained. The design should include
plans for remote waste handling if worker exposures would be significantly
reduced as a result of this practice.
Operations and Closure Criteria
The assessment of the applicability of operations and closure criteria
to belowground vault disposal is identical to that for aboveground vaults,
and for essentially the same reasons. The requirement in 61.52(a)(1) for
segregation of unstable Class A wastes, or stabilization prior to disposal,
is unnecessary for minimizing subsidence. Likewise, the requirements for
minimizing voids and filling of voids, as called for in 61.52(a)(4) and
(a)(5) are unnecessary for subsidence prevention. However, pathway analyses
may indicate that significant benefits may be derived from backfilling
voids. If so, backfilling should be encouraged. The requirement in 61.52
(1)(11) that only material containing or contaminated with radioactive
wastes be disposed of does not go far enough in stating what may not be
disposed of. Any wastes that pose a hazard to construction materials should
be excluded.
Additional Operations and Clusure Considerations
Other than the issues discussed above and those design issues that
impact on operations and closure, no additional technical issues must be
addressed for operations and closure of belowground v u l t s .
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Monitoring Criteria and Important Monitoring Considerations
All of the monitoring criteria are applicable to the evaluation of
belowground vault disposal. Each disposal vault should be monitored for
radiological and structural safety. Corrective measures should be keyed to
monitoring warnings. Establishment of specific reporting requirements,
keyed to the need for and use of collected data, is recommended. Water and
soil samples and other sampled materials found to be contaminated must be
safely disposed. The last 2 considerations are applicable to any disposal
method.
EARTH-MOUNDED CONCRETE BUNKERS (EMCBs)
Description and Summary of Experience
The EMCB is a hybrid facility with elements of shallow trenches,
reinforced concrete compartments, surface and subsurface drainage and
collection features, and aboveground earth mounds. This method has been
used in France for low- and medium-level waste disposal since 1969, at the
Centre de la Manche site.
The sequence of construction, operations, and closure may be summarized
as follows:
a.
b.
c.
d.
e.
f.
g.
h.

A wide trench is excavated and a French drain encompasses the
trench perimeter.
A concrete slab is cast on the trench bottom and an internal
drainage system that is constructed.
Reinforced concrete compartments or bunkers dre built side-by-side
on the slab. These compartments are open at the top for waste
emplacement.
Waste packages are placed in these compartments using a crane.
After each layer of waste is placed, it is covered with concrete.
When all of the compartments have been filled with wastes and
backfilled with concrete, a waterproofing layer of asphalt is
applied.
Backfill is placed between the large concrete monolith thus formed
and the trench side slopes to the top of the monolith.
Another drainage and collection system is installed which is
connected to the lower system,
The mound portion of tt)e EMCB is then built up, using waste
packages (typically 2m J cylindrical concrete casks and 200 liter
drums) as the structural framework. At the perimeter of the mound
the concrete casks are placed in a stepped arrangement to form the
foundation for the earth slope.
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i.
j.
k.

Periodically during waste emplacement, coarse-grained backfill is
placed between waste packages to reduce cover subsidence.
The entire mound is then covered with a thick layer of
low-permeability clay, which in turn is covered with a layer of
topsoil.
A final surface drainage system is provided and the mound is
completed. Native vegetation is allowed to grow over the mounds
to stabilize the slopes and promote drying.

Experience gained in France since 1969 has shown the method to be an
effective disposal method.
Assessment of Criteria arid Additional Technical Considerations
Site Suitability Criteria
All of the site suitability criteria are applicable to the evaluation
of EMCB disposal. However, the possible exception for disposal below the
water table stated in 61.50(a)(7) cannot be applied to EMCB disposal.
Disposal below the water table would result in part of the disposal unit
lying within the zone of fluctuation of the water table, which is prohibited
within the same criterion.
Additional Site Suitability Considerations
The same issues previously identified for aboveground and belowground
vaults should be considered in the evaluation of site suitability for EMCB
disposal. The potential adverse impacts are essentially the same as for
belowground vaults. Volume change of the soil surrounding the structure is
not as likely to damage the massive completed structure. Damage may occur
to disposal units under construction, however, if moisture becomes available
to the expansive soil after the slab is cast over the excavation but before
the s^.i'1 is reloaded. Drainage systems in contact with expansive soils
could be seriously damaged if the drainage system leaks water to the
expansive soil.
Design Criteria
The 6 existing design criteria are all applicable to EMCB disposal.
Additional Design Considerations
An issue that should receive emphasis is the need to plan for closure
of individual disposal units as they are completed. In France, the mound
portion is not progressively covered. Rather, the entire mound framework is
formed by placement of waste packages before the cover is placed. The
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Wastes may be exposed for as much as a year. Perhaps it would be
advantageous to make the disposal units smaller to shorten the time period
during which the waste packages are exposed, to provide temporary covers, or
to progressively cover sections of the disposal mound as they are filled
with wastes.
Another issue is the need to ensure geochemical compatibility of soil
backfill, construction materials, and waste packages which form the
structural framework of the aboveground portion of the disposal unit.
Other important design features of this method that should be carefully
considered are the selection and placement of the drainage blanket and mound
backfill. These features can cause long-term maintenance problems if they
are not properly designed and constructed. The drainage blanket should be
graded to resist migration of fine-grained soil into the blanket, which
would clog the drain. Mound backfill must fill voids effectively without
forming arches or bridges over voids. Such arches could collapse later and
result in subsidence of the cover.
Long-term durability of construction materials is an important
consideration or this method, and for any engineered disposal facility.
Operations and Closure Criteria
All of the 11 operations and Closure Criteria are applicable to EMCB
disposal. However, as pointed out in the discussion of aboveground and
belowground vaults, 61.52(a)(ll) may not go far enough in stating what may
not be disposed of. The potential for damage to the disposal units from the
contained waste of its products of decomposition should be assessed.
Additional Operations and Closure Considerations
Some of the issues mentioned under Design Considerations are related to
the operations and closure phase. These include backfill selection and
placement, closure of individual disposal units, and compatibility of
operations and closure activities to prevent interference or damage to
completed units.
Muntoring Criteria
All of the Monitoring Criteria are applicable to EMCB disposal.
Additional Monitoring Considerations
It is recommended that each EMCB be monitored and that reporting
requirements be keyed to the need for and use of collected data. In this
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way, corrective measures can be implemented promptly if specified limits of
one or more critical monitoring parameters are exceeded.
SHAFTS
Description and Summary oV Experience
The term shaft disposal refers to a near-surface disposal alternative
in which the wastes would be disposed of in shafts or boreholes augered,
bored, or sunk by any other method. Access for weste emplacement is limited
to the surface opening. This disposal method is accurately considered a
near-surface disposal method, and in fact, has many similarities to current
shallow-land burial practice. The method can be evaluated with existing
criteria, but several additional technical issues have been identified that
should be considered to complete!v evaluate its performance.
A significant amount of short-term experience with storage of LLW and
TRU wastes in shafts is dvailable, as well as some disposal experience.
Demonstration projects using shafts as the disposal units have been
undertaken by the DOE dt two of its disposal sites. LLW and TRU wastes have
been stored in shafts at other sites in the U.S. and Canada. Research and
development projects using shafts as the disposal unit are also being
pursued'in Sweden and the Federal Republic of Germany. Evaluation ^f this
short-term experience indicates that the shaft disposal method is capable uf
satisfying the performance objectives specified in 10 CFR Part 61 Subpart C
and the related technical requirements of Subpart D.
Assessment of Criteria and Additional Technical Considerations
Existing Criteria
All of the existing criteria for site suitability, design, operations,
closure, and monitoring of near-surface disposal facilities are applicable
to shaft disposal.
Additional Technical Considerations
The same issues previously identified for determination of site
suitability of the other alternative disposal methods are applicable to
shaft disposal. The occurrence and potential impacts cf dispersive soils,
corrosive soils, solution cavities, liquefiable soils, expansive soils, and
areas undergoing land subsidence should be determined. These areas should
be avoided if siting of a disposal facility within these areas would result
in failure of the facility to meet the performance objectives of Subpart C
or preclude defensible modelling or prediction of long-term performance.
The potential adverse effects of such soils or geological formations were
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discussed in the preceding section on aboveground vaults. The potential for
damage to disposal shafts would be approximately the same as for other
disposal methods.
Some of the more important design considerations or features for
disposal shafts incluJe temporary and final closure of individual shafts,
the temporary collar required for ?haft wall stability during operations,
the lining and drainage blanket surrounding the lining, and backfill
selection and placement inside the shaft. The design should include
provisions for monitoring each shaft.
As was pointed out for the other disposal methods, geochemical
compatibility of site soils and construction materials should be assessed,
and long-tirm durability of construction materials is an important design
consideration.
ihese issues also relate to the construction, operations, and closure
phases during which the design is carried out.
Monitoring considerations should include plans for individual disposal
shaft monitoring. Specific reporting requirements should be keyed to the
need for and use of collected data in the performance assessment, and a
detailed plan for corrective measures to be implemented if specified limits
of critical monitored parameters are exceeded.
SUMMARY
With the exception of aboveground vaults (and mined cavities) each of
the alternative disposal methods considered are near-surface disposal.
Aboveground vault disposal has similarities to near-surface disposal and is
amenable to evaluation using existing criteria.
Some experience is available with each method for jtorage or disposal
of radioactive wastes. This experience is very limited for aboveground and
belowground vaults. Significantly more experience exists for EMCBs ana
shafts.
Each of the belowground disposal methcds should perform satisfactorily,
if proper care and judgement are exercised in the site characterization,
design, construction, operations, arid closure phases. Monitoring should
span all these phases and continue into the post-rlTsure phase.
Aboveground vault disposal may be unable to meet some of the
performance objectives or related minimum technical requirements of 10 r.FR
Part 61. Subparts C and D, respectively. Specifically, long-term active
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maintenance and a very long institutional control period may be required.
In addition, the almost total reliance on design features and the lack of a
geological barrier may not allow sufficient time for response to suspected
or detected performance problems. The long-term durability and performance
of construction materials for engineered disposal facilities is a critical
issue that will require careful evaluation in the design of such facilities.
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R.D. Baird
A.A. Sutherland
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Salt Lake City, Utah
ABSTRACT
A methodology for classifying low-level radioactive waste (LLW)
disposal technologies is presented.
The methodclogy is based on the
functions which must be performed by disposal facilities and the
functional features incorporated to accomplish the functions, Disposal
technologies are uniquely classified by reference to four functional
features:
the location of the facility relative to natural grade, the
existence and extent of cover material, structural capability provided by
the facility, and the presence and characteristics of fill material. The
applicability and adequacy of 10CFR61 requirements to LLW disposal
technologies other than shallow land burial is presented and discussed.
INTRODUCTION
Since the beginning of the nuclear age, shallow land burial has been
one of the prime methods of disposing of low-level radioactive was e (LLW).
Recently, however, there has been a growing chorus of public opposition to
the use of shallow trenches (SLB) for LLW disposal. This opposition is
based on a concern by the public of potential releases from this kind of
disposal, influenced by the fact that three commercial LLW disposal sites
have been closed in recent years because their containment performance has
become suspect.
In the nation as a whole, and especially in the humid eastern parts of
the U.S., searches have begun for alternatives or improvements to shallow
land burial that will increase public confidence in LLW disposal. A number
of alternatives have been identified by various agencies with an interest
in developing disposal facilities, but very little information exists on
the performance and cost characteristics of these disposal technologies.
Furthermore, there is confusion about what actually constitutes an alternative to SLB.
The Electric Power Research Institute (EPRI) has recently initiated a
project to develop an information package on a timely basis that will
consistently classify all LLW disposal technologies, and contain
performance and cost characteristics of the technologies.
The project objectives are to:
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1.

Define disposal technologies with a self-consistent methodology.

2.

Identify potential licensing questions.

3. Define design features and perceived performance characteristics.
4.

Prepare preliminary cost estimates.

5. Characterize performance with exis'ing models.
6.

Evaluate the economic and technical impacts on electric
utilities generating LLW.

This paper will focus on the first two objectives. The second section
contains a self-consistent approach for defining LLW disposal technologies
based upon major design features and performance characteristics. The
third section shows the relationship between the disposal technology
classification and traditional alternatives identification.
The fourth
section contains a comparison of disposal technologies with the technical
requirements in 10CFR61. Finally, the last section contains conclusions
and the summary.
DEFINITION OF LLW DISPOSAL TECHNOLOGIES
The approach for defining LLW technologies begins by identifying
performance objectives and disposal technology features which are conceived
to satisfy each objective. A major performance objective of LLW disposal
is the immediate separation of LLW from the biosphere and from man. There
are three general features which accomplish the separation objective.
Separation is provided by covering, by depth of disposal, and by placing
structural components between the was^d and the biosphere.
The main
purpose of the structural component is to provide physical stability and to
inhibit the migration of contaminants fron the disposal location. The
cover material separates the waste from the biosphere and assists in
diverting incident wate.-.
The depth of disposal also influences the
separation of the waste from the biosphere.
Placing the waste in a structure also effectively separates the waste
from the biosphere, at least in the near term. Concrete, reinforcing
steel, sealants, and other materials have been considered in meeting the
objective.
A second major performance objective is to minimize the future
availability of radionuclides to the environment. This objective can be
satisfied as long as the structural stability of the facility can be
reasonably assured.
When the structural stability is assured, the
potential for subsidence at the surface is minimized, and infiltration into
the waste may be reduced. Minimizing future availability of radionuclidas
to the environment can be accomplished by disposing of the waste in a
structure, which includes the use of sealants. It may also be accomplished
by backfilling the waste with compacted material which occupies voids
between waste packages. Fill may also be placed inside waste packages.
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Another performance objective is that worker exposures be maintained
"as low as reasonably achievable." Design features such as the need for
remote or double handling influence the magnitude of worker exposures.
In particular, such features include the need to transfer the waste from
the shipping vehicle to an overpack container and the need to place the
waste horizontally (as through a doorway) instead of vertically (as through
an open top).
Another function of LLW disposal is that inadvertant intruders be
protected from unacceptable exposures to radiation. To the extent that a
disposal technology represents an attraction for intrusion, once
administrative control is relinquished, it is desirable to minimize
visibility of the facility, no matter what class of waste is disposed of at
the facility.
Therefore, the features of LLW disposal technologies that influence
the achievement of these performance objectives include placement of the
waste above or be'.ow natural grade, earthen cover over the waste,
structural components to contain the waste (such as roof, walls, and
floors), backfill materials which influence the management and release of
water and radionuclides, and the nature of access to the immediate vicinity
(horizontal or vertical) where each package of waste is to be placed.
A generic framework for characterizing LLW disposal technologies has
been developed by using a combination of these features identified above,
structure, above-below grade, cover, ana fill.
For example, one
technology may be described as:
above-grade disposal with a shallow
earthen cover, no engineered structural components, but with earthen fill.
This combination of features is identified as Disposal Technology #1 (DT-1)
in Table 1. Several other combinations of functional features leading to
different disposal technologies are also shown in the table. From this
tabulation it is apparent that there are many similarities between certain
of these LLW disposal technologies. For example, DT-2 is similar to DT-1,
except that one is above natural grade and the other is below.
In the above comparisons, we do not distinguish between disposal
technologies when the difference is only the value of a parameter, such
as the total thickness of walls or roofs or the shape of a structure. The
critical questions in this characterization system are whether the characteristic is present, and in the case of cover and structure, a description
of the characteristics of the features.
In Table 1, disposal technologies are excluded which do not satisfy
the 1OCFR61 requirement for structural stability through the use of
compacted backfill (or the stated equivalent of the disposal structure
itself). We have assumed that for waste placed above grade, a deep cover
is unreasonable, and if disposal is below grade, the absence of cover is
also unreasonable.
It is possible to associate descriptors with each functional feature.
Each particular combination of descriptors can be used as a generic name
for the particular disposal technology. These generic names are listed in
Table 2 for the 17 viable generic disposal technologies based on the four
dominant functional features.
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TABLE 1
DISPOSAL TECHNOLOGIES DESCRIBED BV FOUR DOMINANT FUNCTIONAL FEATURES

Disposal Technology
DT-1

DT-2

DT-3

DT-4

DT-5

DT-6

DT-7

Structure (No, Y_es, Modular)

N

N

N

Y,M

Y,M

Y,M

Y,M

Aoove/B_elow Grade

A

B

B

A

A

r
D

D

Cover (_None, Shallow, Deep)

S

S

D

N

s

S

D

Fill (No, Yes)

Y

V

Y

N,Y

iN.Y

N,Y

IN, Y

Functional Feature
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TABLE 2
GENERIC DEFINITION OF DISPOSAL TECHNOLOGIES

Disposal
Technology

Structure

Above/Below
Grade
Cover

1

N

A

S

Y

Covered Placement with Fill

2

N

B

<:

Y

Buried Placement with Fill

3

N

B

D

Y

Deep Placement with Fill

4

Y

A

N

N

Uncovered Structure without Fil

5

Y

A

N

Y

Uncovered Structure with Fill

6

Y

A

S

N

Covered Structure without Fill

7

Y

A

S

Y

Covered Structure with Fill

8

Y

B

s

N

Buried Structure without Fill

9

Y

B

s

Y

Buried Structure with Fill

10

Y

B

D

N

Deep Structure without Fill

11

Y

B

D

Y

Deep Structure with Fill

12

M

A

S

N

Covered Modules without Fill

13

M

A

S

Y

Covered Modules with Fill

14

M

B

s

N

Buried Modules without Fill

15

M

B

s

Y

Buried Modules with Fill

16

M

B

D

N

Deep Modules without Fill

17

M

B

D

Y

Deep Modules with Fill
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Fill

Generic Name

A visual symbol can be associated with each feature, so that each
disposal technology can be represented schematically. Representations of
some of the below-grade structural disposal technologies are shown in
Figure 1.
APPLICATION OF THE CLASSIFICATION SYSTEM
TO COMMON LLW DISPOSAL TECHNOLO3IES
An important aspect of the classification and characterization system
presented and described in the previous section is that all LLW disposal
technologies that are currently considered as possibilities be adequately
and uniquely described by the system.
The generic disposal technologies are presented in Table 3, together
with their generic and traditional names where LLW disposal technologies
nave been suggested that have the particular characteristics. From this
table, it is apparent that there are numerous possible disposal
technologies (as characterized by the four features determined to be
significant in differentiating among technologies) which have not been
considered to any appreciable length to date.
It is useful to note that
this characterization system
technologies at a single site.
as "colocated buried structure
wi th fill (tumulus)."

the earth-mounded concrete bunker
really consists of two distinct
By this system, the EMCB would be
with fill (monolith) and covered

(EMCB) by
disposal
described
placement

As a further illustration of the application of this disposal
technology characterization system, Figure 2 depicts a generic classification and traditional schematic for modular concrete canister disposal.
COMPARISON TO 1OCFR61
The major disposal technologies were evaluated against each technical
requirement in 10CFR61.
Interpretations of technical requirements were
drawn from the NRC draft Eranch Technical Position on Near Surface Disposal
Facility Design and Operation'-*-) and an exchange of questions and minutes
pertaining to an April 4, 1985 meeting between NRC staff and Texas Low
Level Radioactive Waste disposal Authority staff.( 2 ) Since 10CFR61 was
oriented toward buried placement with fill, no modifications are required
for this disposal technology.
Many of the technical requirements were found to apply to all the
disposal technologies without revision and without potentially complicating
licensing of any technology. However, many of the requirements in 10CFR61
are, individually and collectively, inappropriate for licensing some of the
deep disposal categories. Those technical requirements needing further
attention fall into four broad categories:
a

Requirements for which some clarification or expansion is
needed in order that all the disposal alternatives may be
considered for licensing.

8

Requirements that in their present form could prevent licensing
of one or more disposal alternatives.
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14

9B

8A

BURIED STRUCTURE
WITHOUT FILL

10

11

15

BURIED MODULES
WITHOUT FILL

BURIED STRUCTURE
WITH FILL

03
CO

BURIED MODULES
WITH FILL
DEEP STRUCTURE
WITHOUT FILL

DEEP STRUCTURE
WITH FILL
RAE-101148

FIGURE 1. SCHEMATIC REPRESENTATION OF GENERIC DISPOSAL TECHNOLOGIES
USING BELOW-GRADE STRUCTURES.

TABLE 3
CORRESPONDENCE OF TRADITIONAL LLW DISPOSAL TECHNOLOGIES
WITH GENERICALLY DEFINED DISPOSAL TECHNOLOGIES

Structure

1

3

Above/Below
Grade

Cover

Fill

Generic Name

Traditional Name

N

A

S

Y

Covered Placement With Fill EHCB Tumulus

N

B

S

Y

Buried Placement With Fill

Shallow Land Disposal

N

B

D

Y

Deep Placement With M i l

Deep Land Disposal
Unlined Auger Hole

Uncovered Structure
Without Fill

Above Ground Vault

b

Y

A

N

Y

Uncovered Structure With
Fill

6

Y

A

S

N

Covered Structure
Without Fill

7

Y

A

Y

Covsred Structure With Fil 1

8

Y

B

s
s

N

Buried Structure Without
Fill

9

Y

B

s

Y

Buried Structure With Fill EMCB Monolith

10

Y

B

D

N

Deep Structure Without
Fill

11

Y

B

D

Y

Deep Structure With
Fill

12

M

A

S

N

Covered Modules Without
Fill

13

M

A

Y

Covered Modules with Fill

14

M

B

s
s

N

Buried Modules Without
Fill

15

M

B

s

Y

Buried Modules With Fill

16

M

B

D

N

Deep Modules Without
Fill

17

Deep Modules With Fill
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Below Ground Vault
Concrete Lined Trench

Mined Cavity

Lined Auger Hole

Modular Concrete
Canister Disposal

i

1

SCHEMATIC REPRESENTATION OF
MODULAR CONCRETE CANISTER DISPOSAL
(BUR1E0 MODULES WITH FILL)

ISOMETRIC VIEW OF
MODULAR CONCRETE CANISTER DISPOSAL
RAE-101149

FIGURE 2. GENERIC AND TRADITIONAL SCHEMATICS FOR
MODULAR CONCRETE CANISTER DISPOSAL.
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t

Requirements that appear to be inapplicable for licensing one
or more disposal alternative.

•

One requirement that could provide relief from other requirements
when certain disposal alternatives are used.
Requirements Needing Clarification or Expansion

Table 4 lists ths technical requirements in 10CFR61 that need clarification or expansion in order to be useful in licensing the major disposal
technologies. An x in the table indicates the requirement is in some way
deficient for licensing the disposal technology indicated at the head of
the column. Making each of these requirements compatible with licensing
any of the disposal technologies does not require a significant change in
the technical philosophy reflected in 10CFR61.
The list of specifics in the middle of requirement 61.13(d) needs to
be expanded to include seismic effects, meteorological effects and soil
chemical interactions with man-made materials. Also, for disposal options
that are largely above ground, 61.13(d) needs to be expanded to cover
widespread (e.g., not site-specific) man-made phenomena such as acid rain.
61.27 Application for Renewal or Closure
(a) Any expiration date on a license applies only to
above ground activities and to the authority to dispose of
waste.
The wording in the first sentence of 61.27 must be changed to
accommodate above-ground disposal, not just operations activities.
61.28 Contents of Application for Closure
(a) Prior to final closure of the disposal site,
or as otherwise directed by the Commission, the applicant
shall submit an application to amend the license for
closure. This closure application must include a final
revision and specific details of the disposal site closure
plan included as part of the license application submitted
under 61.12(g) that includes each of the following:
(1) Any additional geologic, hydrologic, or other
disposal site data pertinent to the long-term
containment of emplaced radioactive wastes obtained
during the operational period.
(2) The results of tests, experiments, or other analyses
relating to backfill of excavated areas, closure and
sealing, waste migration and interaction with emplacement
media, or any other tests, experiments, or analysis
pertinent to the long-term containment of emplaced
waste within the disposal site.
(3) Any proposed revision of plans for:
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TABLE 4
TECHNICAL REQUIREMENTS NEEDING CLARIFICATION OR EXPANSION

10CFR61
Technical
Requirement
Long-Term Stability
Analysis
61.13(d)
License Expiration
61.27(a)

oo

Backfill for Closure
61.Z8(a)(2)
Groundwater Discharge
to Surface
bl.50(a)(8)
Geology Effects on
Siting
61.50(a)(10)
Cover Design
61.51(a)(4)
Environmental
Monitoring
61.53(c)
Waste Characteristics
61.56(a)

Covered
Uncovered
Placement Structure
With Fill Without Fill

Deep
Buried
Placement Structure
With Fill Without M i l

Buried
Buried
Deep
Structure Modules Structure
With Fill With Fill With Fill

(i)

Decontamination and/or dismantlement of surface
facilities;
(ii) Backfilling of excavated areas; or
(iii) Stabilization of the disposal site for postclosure care.

Elaboration or generalization of 61.Z8(a) is needed for licensing of
those disposal technologies indicated by an x in Table 4. For example, the
emphasis on tests on backfilling excavations should be extended to include
tests on soil, water, and concrete interactions.
Requirement 61.50(a)(8) refers to the "hydrogeologic unit used for
disposal." This wording results from the assumption, underlying the present
10CFR61 that disposal would be buried placement with fill. Minor word
changes are needed tn clarify this requirement for use of above-ground
disposal technologies.
Requirement 61.50(a)(10) lists a number of surface geologic processes
that should be considered in siting a low-level waste disposal facility.
For disposal technologies that involve structures, the chemical nature of
the soil must also be considered.
The part of requirement 61.51(a)(4) that addresses cover degradation
by surface geolog' , processes needs to be expanded to include meteorological processes for above-ground disposal and geochemical processes acting on
man-made structures below grade.
Requirement 61.53(c) should
to inferential, monitoring of
migration whenever possible.
monitoring the condition of the
disposal technologies.

be expanded to require direct, as opposed
the condition of structures to nuclide
For example, this would mean at least
concrete portions of structure or modular

Requirement 61.56(a) contains 8 subparts that define treatments that
must be applied to certain wastes and prohibit wastes that have certain
characteristics from being placed in the disposal facility. The requirement should be augmented to prohibit wastes that may in any way chemically
attack man-made materials used in disposal alternatives.
Requirements That Could Prevent Licensing of Some Disposal Technologies
Table 5 lists technical requirements in the current version of 10CFR61
that could cause difficulty in licensing one or more disposal technologies.
An x in the table indicates that a requirement may prevent licensing of the
technology listed at the head of the column. In order to remove the
difficulties caused by each requirement listed in the table, clarification
of the requirement by the NRC will be needed, the requirement will have to
be changed, or potential licensees of certain disposal technologies will
have to take significant action to show their facility will meet the
requirement as it stand-;. The first four requirements listed in the table
essentially reflect the same philosophical point that active maintenance
after closure be minimized.
Requirement 61.43 specifies the application of ALARA to protection of
individuals during operation of the disposal facility. Operation of
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TABLE 5
TECHNICAL REQUIREMENTS THAT COULD PREVENT LICENSING
Uncov jred
Structure
Without Fill

Technical
Requirement

Covered
Placement
With Fill

Deep
Structure
With Fill

Minimize Active
Maintenance
61.7(c)(2)
61.23(e)
61.44
ALARA During Operations
61.43

x

Siting Near Natural
Resources
61.5O(a;(4)
F i l l Voids Between
Packages
6?.52(a)(5)

x

TECHNICAL REQUIREMENTS THAT ARE NOT APPLICABLE
Technical
Requirement

Uncovered
Structure
Without Fill

Deep
Structure
With Fill

Not in 100 year
Floodplain
61.50(a)(5)
Minimize Upstream
Drainage
(6)

Sufficient Depth to
Water Table
(7)

TECHNICAL REQUIREMENTS THAT COULD RELIEVE THE NEED FOR
WASTE STAB::LIZATION/SEGREGATION
Technical
Requirement

Uncovered
Structure
Without Fill

Structural Stability
of Waste
61.56(b)(l)
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Buried
Structure
Without Fill

Deep
Structure
With Fill

current low-level waste disposal facilities allows placement of waste and
containers that give high radiation exposure rates at the container surface
to be accomplished by remote means. However, it will be more difficult to
place such wastes for some of the above-grade and deep disposal
technologies.
For these cases, the careful stacking of waste packages
prescribed in 1OCFR61 (61.52(a) (4)) will probably require horizontal
movement of the wastes.
Requirement C1.50(a) presently contains a list describing features tG
be sought or avoided when siting a low-level radioactive waste disposal
facility. The fourth of these requirements prescribes siting near "known"
natural resources where the removal of those resources will result in
failure to meet the system-level performance objectives stated in Subpart C
of 10CFR61. In particular, this requirement may result in difficulty in
licensing deep disposal technologies such as mined cavities.
Requirement 61.52(A)(5) specifies
packages be filled with some material to
ment presents a potential difficulty only
fill such as may occur with above-ground

that voids between the waste
reduce subsidence. This requirefor disposal technologies without
aults.

Technical Requirements That Are Not Applicable
Table 5 also lists three technical requirements in the current 1OCFR61
that are probably not applicable to the disposal technologies indicated by
the presence of an "x". Requirements 61.5O(a)(5), (6), and (7) address
surface water considerations and water table depth in picking a disposal
site. None of these requirements appear to be applicable for LLW deep
disposal.
Technical Requirement That May Not Be Needed
Table 5 also lists the one technical requirement in 10CFR61 that could
form the basis for relief from other requirements. The last sentence in
requirement 61.56(b)(1) indicates that disposal methods that provide
structurally stable waste containers or a stable facility structure will
satisfy the requirement for waste structural stability. Some structural
disposal technologies may meet the needs of 1OCFR61.
CONCLUSION AND SUMMARY
A methodology has been developed for classifying and characterizing
LLW disposal technologies in a self-consistent manner. The methodology is
based upon four functional features: cover, structure, fill, and relationship to natural grade. Most of the technical requirements in 1OCFR61
can apply directly tc the major disposal technologies. However, some of
the requirements would need clarification or minor expansion. In addition,
requirements relating to the following areas could prevent the licensing of
some technologies unless changes were made:
o

Minimizing active maintenance after closure

6

ALARA during operations
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•

S i t i n g near n a t u r a l

resources

t

F i l l i n g voids between packages
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ABSTRACT

Low-level waste disposal p r a c t i c e s w i l l be described f o r
ten or more c o u n t r i e s . These p r a c t i c e s w i l l be compared
w i t h e x p e c t a t i o n s f o r disposal designs f o r l o w - l e v e l
waste regional compacts i n the U.S.
INTRODUCTION

Defense waste f a c i l i t i e s are e n t e r i n g a new era i n regard t o low
l e v e l r a d i o a c t i v e waste d i s p o s a l . We have become more informed on what
other c o u n t r i e s are doing w i t h t h e i r low l e v e l waste, and we are becoming
more knowledgeable about t h e d i r e c t i o n and philosophy t h e r e g i o n a l s t a t e
compacts are t a k i n g i n t h e i r plans f o r low l e v e l waste d i s p o s a l .
The US does not have a n a t i o n a l , consolidated l o w - l e v e l waste
program — i t i s d i v i d e d according t o DOE, NRC, EPA, and now i n d i v i d u a l
state policies.

On the one hand, t h e US Congress passed the Low-Level Radioactive
Waste Policy Act in 1980 relegating responsibility to each state for
providing disposal capacity for low-level waste generators operating
within the state's border. Under the Act, the states may form compacts
with other states on a regional basis to dispose of LLW within the
compact region. In the four years since the Act was passed, six regional
compacts have been formed, but none has received f i n a l Congressional
approval, and no compact region has opened a new low-level waste disposal
facil i t y .
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On the other hand, the US Nuclear Regulatory Commission amended i t s
regulations in 1982 for licensing f a c i l i t i e s for the land disposal of LLW
by issuing 10CFR61, which requires classification of LLW into three
classes according to the concentration of activity in the waste, and
requires separate disposal c r i t e r i a be followed for each class. The new
regulations increase substantially the effort required by a regional
compact to obtain a new disposal f a c i l i t y . Only one new disposal site i s
being investigated at present, and although a large amount of money has
been spent on site characterization, licensing of the s i t e for LLW
disposal is s t i l l an uncertainity.
On a third point, the governors of the three states with conmercial
LLW disposal f a c i l i t i e s in operation (South Carolina, Nevada, and
Washington) are taking an increasingly active role i n determining what
types of LLW and how much can be disposed of in their respective states.
The states continue to increment their surcharges for waste disposal to
provide an escrow fund for long-term institutional control. Also, each
state's health and environmental control agency is demanding increasing
control of the ground water beneath the disposal s i t e s .
Because of the d i f f i c u l t i e s encountered in forming final compacts,
i n licensing new disposal f a c i l i t i e s , and in increased state or regional
control, there is a movement of ideas toward monitored retrievable storage of LLW. Storage would be preceded by volume reduction (compaction
probably — incineration would require state permits). Storage would be
in. the form of above or below ground concrete buildings. Facility design
would prevent release of radioactivity to ground or surface water.
Storage containers would be precast concrete cylinders or hexagons, or
high integrity plastic containers. Storage w i l l necessarily have a
higher unit disposal cost than shallow land disposal, and w i l l lead the
waste generators to consider morn effective volume reduction methods.
The environmental concern in the US over low level radioactive waste
disposal has not weakened, but has grown stronger in the past few years,
particularly in the concern for ground water protection. The increased
concern may lead to a change from disposal of LLW by shallow land burial
to contained, monitorable, retrievable storage of the LLW. What follows
from that, whether long-term i n s t i t u t i o n a l control or geologic disposal
or whatever, has not yet been determined.
This paper describes low level waste practices in other countries,
and discusses the opinions expressed by regional-compact states ebout low
level waste disposal methodology.
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LOW LEVEL WASTE PRACTICES IN OTHER COUNTRIES
Canada
«

Zero release s t o r a g e , and eventually a r e p o s i t o r y .

©

Storage consists of a storage b u i l d i n g f o r very low a c t i v i t y waste and
t i l e holes, concrete bunkers, and heavily shielded quadracells f o r
increasingly higher a c t i v i t y waste.

9

Two repository s i t e s are being considered.
Belgium

9

Formerly ocean d i s p o s a l , but now storage.

<i Using bitumen waste pncapsul a t i o n .
*

Testing a ">posal in underground clay formations,
France

o

Zero-rel easi"- storage/disposal facility. Higher activity waste placed
below grour.d in concrete monoliths; lower activity waste in concrete
forms stacked above ground on top of the monoliths.

»

waste packages stabilized.

*» Tritium waste stored for decay in place.
»

Complete leak collection. Walk-through, repairable leak collection
system.

*

Developing closure plans to reduce percolation to 1% of normal.

e

Performing site selection for next disposal facility.
West Germany

9

Waste treatment — compaction -- and storage only in a very large
storage building.

a

Planning two geologic repositories in mines.
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Sweden
«

Storage now.

•

All waste to reinforced concrete containers.

<» Constructing an underground repository under the ocean. Reason: no
d r i l l i n g w i l l occur into the waste in the future; any leaks w i l l be
greatly diluted by ocean.
Denmark
»

Research only; no storage or disposal.
Italy

»

Storage only.

No immediate future plans for repository.

Japan

• Ocean dumping until recently.
» Now, drum storage only.
o

Constructing a low level waste research facility.

• Searching for a repository.
Switzerland
*

Planning only.

• Planning to put low level waste from La Hague processing into tunnels
under mountains. Containers will be concrete boxes.
UK
9

Formerly ocean dumping.
union opposition.

Stopped by combination of Greenpeace and

9

Now, storage only, except at Driggs, where SLB is used,

a

Planning treatment, SLB, or repository.
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REGIONAL COMPACT EXPECTATIONS

California
•

Wants above ground, monitored, retrievable storage/disposal

•

Stabilized waste in concrete concainers.

•

No impact on ground or surface water.

facility.

Illinois/Kentucky
9

I l l i n o i s is the host state.

•

Compact prohibits shallow land b u r i a l ; recommends above ground
disposal as the preferred alternative.

9

Requires source reduction by generators.
Texas

»

Poll of 1000 adults:

58% favor below ground; 24% favor above ground.

•

Site selection has been restricted to state-owned lands.
Appalachian (Penn., Md, Del., W. Va.)

•

Wants an engineered, rnonitorable, retrievable f a c i l i t y .

•

Pennsylvania w i l l have exclusive management authority over the
proposed disposal f a c i l i t y .

9

Governor states that the engineering standards of the f a c i l i t y would
"greatly exceed" the old standards of traditional shallow land burial
methods.
CONCLUSIONS

Most of the other countries looked at in t h i s review are opting f o r
r e t r i e v a b l e storage now, and disposal l a t e r i n a geologic r e p o s i t o r y .
Shallow land b u r i a l i s not a part of f u t u r e disposal methods. France i s
an e x c e p t i o n , but i n t h e i r f a c i l i t y a l l of the percolate and leachate
water i s c o l l e c t e d - - ground and surface water impacts are zero.
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Expressions from people concerned with the regional state compacts
for the most part favor engineered, above ground facilities with zero
impact on ground water.
These conclusions point to design parameters for the ultimate modern
facility for disposal of low level radioactive waste. These parameters,
and reasons fn>" Liiem, are:
DESIGN CONDITIONS

REASON

• Total leachate collection
o

Double liner of plastic, or clay

0

Retrievable waste forms

1

Fully monitorable

»

Containerized waste forms

9

Stabilized waste forms

o

Capping

a

Surface water control

• Decouples waste from ground
water
*» Double protection; suitable
for mixed waste
<* Leaves options open for
future generations; allows
for repair
• Provides warning against
container or cap failure
>» No surface contamination;
good stacking efficiency
n Prevention of subsidence
n Reduced percolation; reduced
water interface
» Control of erosion; reduced
percolation
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VII. SESSION V. LOW-LEVEL WASTE MANAGEMENT
SESSION A

DISnnSAL FACILITY, HOST STATE AND SITE SELECTION
PROCESS IN THE SOUTHEAST COMPACT
Aubrey V. Godwin
Alabama Department of Public Health
ABSTRACT
The Southeast Interstate Low-Level Radioactive Waste
Management Compact envisions a multistep process to identify
the next regional disposal site. The first part of that
process is the selection of the host state. The final site
selection is made by the designated host state.
Introduction
The Southeast Low Level Radioactive Waste Management Compact consists
of the states of Alabama, Florida, Georgia, Mississippi, North Carolina,
South Carolina, Tennessee, and Virginia. All of the states have approved
the compact and are awaiting consent by Congress. Under the terms of the
compact a host state for a disposal facility must be designated by July 21
of 1986. Further, earh party state is to require a minimization of waste
generation within the state.
Host State Selection
The Commission has developed procedures for the selection of a host
state for a disposal facility and other waste management facilities, in
doing this a three phrase process is invisioned, depending upon the need
for a regional facility.
(a) A Voluntary Process.
Under this concept a party state would review the needs of the
region and volunteer to host a regional facility. Upon acceptance by the Commission that the proposed facility is a needed
facility under the regional plan and that the proposal by the
party state meets the objectives of the compact it will be
designated by the Commission as a host state.
(b)

Participation Plan.
All of the party states will contribute proposals which would
indicate the conditions under which they could accept host
state designations for a disposal facility. This process will
allow a state to fully access the advantages and disadvantages
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of being a host state and aware of the states needs before
volunteering to be designated. I t i s hoped this process would
lead to a party state volunteering to be a host state. However,
i f the designation process must be used, then both the Commission
and designated host state w i l l have some estimation of the
anticipated costs and problems associated with that state being
a host state.
(c)

The Designation Process.
Under the terms of the co.npact, the Commission may by 2/3 vote
of one party states designate a host state. The c r i t e r i a for
such designation has been developed. The screening c r i t e r i a
is on going at the present time which w i l l result i n a ranking
of the states. The Commission w i l l receive this ranking from
our contractor i n l a t e December and w i l l designate a host state
after that. The Commission has had numerous public hearings
and correspondence regarding the c r i t e r i a being used f o r
screening and the selection c r i t e r i a .

At the present time the Technical Committee is recommending to the
Southeast Compact Commission that a land base disposal f a c i l i t y i s a l l
that w i l l be required i n 1991. The Technical Committee evaluation that
the volume reduction required by HR 1033 and the requirement by the
compact of each party state to require that the generator to reduce the
volume of low-level waste w i l l eliminate the need for a regional waste
treatment f a c i l i t y . The Technical Committee recognizes that s i g n i f i c a n t
departure from enhanced shallow land burial disposal technology may result
in extraordinary license delays.
The Technical Criteria the Commission w i l l use in selecting the host
state for a disposal f a c i l i t y includes:
1.

Potentially suitable areas. This includes the considerations
of geology and hydrogeology, population centers, protected
areas (federal lands, state parks) and coastal flood plains.

2.

Volume of waste shipped for disposal by each state.

3.

Types of waste shipped from each state.

4.

Distance from low level radioactive waste generator to the
host state.

\.

Transportation systems ( i e , primary road networks) available
within the state which may be used by the regional f a c i l i t y .

•

_ocal population density.
to precipitation ratio.
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Site Selection
Once designated by the Commission as a host state the host state is
responsible for selecting the site. The Compact Commission has developed
guidance to the host states for the use in selecting a site. Key
recommendations include meeting 10 CFR 61 designed criteria. A full
National Environment Policies Act accessment should be made including the
consideration of having alternate sites, socio-politico economic consideration, and alternative disposal technology for disposal. The site
is expected to operate for a minimum of 20 years and receive all Class
A, B, and C waste. Please note that the host state, not the Commission,
will be choosing tha kind of disposal technology. Further, it is the
host state not the Commission, that is responsible for assuring the safe
operation of the site.
Present Status
The Southeast Compact has adopted an administrative process for
selecting a host state. The present procedure provides for the voluntary
process and participation process to begin approximately 90 days after
the Commission adopts the regional plan for the management of low-level
radioactive waste. The Technical Committee will submit to the Commisssion
for its consideration at the end of October a proposed regional plan.
When the Commission adopts the plan the participation process begins. The
designation process will commence in January or February 1986 and should
be completed by June 1986, assuming Congress approves the compact.
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POTENTIAL PROBLEM AREAS:
EXTENDED STORAGE OF LOW-LEVEL RADIOACTIVE WASTE'
B. Siskind
Department of Nuclear Energy
Brookhaven National Laboratory
Upton, New York 11973
ABSTRACT
If a state or regional compact does not have adequate d i s posal capacity for low-level radioactive waste (LLRW), then
extended storage of certain LLRW may be necessary. The
Nuclear Regulatory Commission (NRC) has contracted with
Brookhaven National Laboratory to address the technical
issues of extended storage. The dual objectives of this
study are (1) to provide practical technical assessments
for NRC to consider in evaluating specific proposals for
extended storage and (2) to help ensure adequate consideration by NRC, Agreement States, and licensees of potential
problems that may arise from existing or proposed extended
storage practices. Storage alternatives are considered in
order to characterize the l i k e l y storage environments for
these wastes. In particular, the range of storage alternatives considered and being implemented by the nuclear power
plant u t i l i t i e s is described. The properties of the waste
forms and waste containers are discussed. An overview is
given of the performance of the waste package and i t s contents during storage ( e . g . , radiolytic gas generation, corrosion) and of the effects of extended storage on the performance of the waste package after storage (e.g.,
radiation-induced embrittiement of polyethylene, the
weakening of steel containers by corrosion). Additional
information and actions required to address these concerns,
ircluding possible mitigative measures, are discussed.
INTRODUCTION
The Low-Level Waste Policy Act (PL 96-57°, December 22, 1980) established state responsibility to provide disposal capacity for low-level

*Work performed for the U.S. Nuclear Regulatory Commission, under the
direction of Mr. Stephen A. Romano, Program Manager (FIN A-3171).
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radioactive waste (LLRW), and i t was envisioned that all states would be
s e l f - s u f f i c i e n t in this respect. In addition, the Act encourages the formation of interstate compacts which (subject to approval by Congress) may
refuse LLRW from outside t h e i r respective compact areas after January 1,
1986. Amendments to the Act are now before Congress, but the a v a i l a b i l i t y
of LLRW disposal capacity after January 1, 1986, remains uncertain. Shuuld
a state or state compact not have adequate disposal capacity, then extended
storage of waste may be required until disposal means are available. The
waste may be stored for a period of several months to several years at the
site of waste generation ( e . g . , on site at a nuclear power p l a n t ) , at the
disposal f a c i l i t y , or at a state or regional f a c i l i t y dedicated to such
extended storage,
LLRW storage needs that may result from the unavailability of disposal
capacity constitute a r e l a t i v e l y new radwaste management problem in the
United States. Most nuclear power plants were not designed with on-site
LLRW storage capacity of extended duration since, in accord with the customary procedure, i t was assumed that the LLRW would be shipped to a disposal site whenever a truckload had accumulated. Similarly, most nonfuel-cycle LLRW generators have operated under the assumption that the
waste would be shipped for disposal rather than stored. Extended storage
of LLRW has not been necessary at the disposal site since disposal of the
LLRW has usually occurred within a few days after receipt.
The U.S. Nuclear Regulatory Commission (NRC) provided guidance for
LLRW storage practices at nuclear reactor sites in Generic Letter
81-83.(1) i n this document the NRC has considered two phases or time
scales for the storage of LLRW at a nuclear power plant:
1.

interim contingency storage, for up to 5 years, and

2.

long-term storage, for over 5 yea^s.

Due to current uncertainties regarding the a v a i l a b i l i t y of LLRW disposal
capacity, the NRC is aware that extended storage of LLRW may be pursued by
nuclear power plant licensees and by other NRC licensees who generate
LLRW. (In this paper, the term "extended storage" is generally considered
to include both "interim contingency storage" and "long-term storage.")
Extended storage of LLRW is a relatively new undertaking in the U.S.
In order to develop guidance for the extended storage of LLRW by NRC l i c e n sees and to help ensure the continued protection of public health and
safety, the NRC has contracted with Brookhaven National Laboratory (BNL) to
address the issue of extended storage of LLRW, focusing on the waste form
and container but also considering storage alternatives in order to establ i s h the l i k e l y range of storage environments that the wastes would encounter. The dual objectives of this study are (1) to provide practical
technical assessments for NRC to consider in evaluating specific proposals
for extended storage and (2) to help ensure adequate consideration by NRC,
Agreement States, and licensees of potential problems that may arise from
existing or proposed extended storage practices. In this paper, the major
points of BNL's draft report(^) are summarized.
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EXTENDED STORAGE FACILITIES
C l a s s i f i c a t i o n of Storage F a c i l i t i e s
The various types of LLRW storage f a c i l i t i e s , whether e x i s t i n g , under
construction, or proposed, have been categorized in a survey of u t i l i t y
plans and actions which was conducted ,,y the E l e c t r i c Power Research
I n s t i t u t e (EPRI)w) and also in a New York State study of LLRW management
practices.£4) The EPRI survey was published in July 1984 and contained
information v a l i d as of 1983. The construction status of on-site storage
f a c i l i t i e s as given in that survey is presented in Table 1, from which i t
may be noted that the storage f a c i l i t i e s are c l a s s i f i e d into three categori e s , v i z . , reinforced concrete structures, pre-fab structures (concrete or
metal panels) and bunkers. In the New York State study, LLRW storage
f a c i l i t i e s are grouped into four categories, v i z . , shielded b u i l d i n g s ,
shielded storage modules, shielded casks, and unshielded f a c i l i t i e s .
Informal comments made by nuclear u t i l i t y staff at two meetings - - Waste
Management '85 in Tucson in March and the June '85 ANS meeting in Boston - indicate that many u t i l i t i e s are building simple b u t l e r - b u i l d i n g - t y p e
structures. Each storage f a c i l i t y is in some ways unique, and for the
purposes of the present study, a spectrum of storage concepts based on both
of the above-mentioned c l a s s i f i c a t i o n schemes w i l l be considered.
TABLE 1.

CONSTRUCTION STATUS OF ON-SITE STORAGE FACILITIES AT
REACTOR SITESa

Reinforced Concrete Structures
Pre-fab Structures (concrete
or metal panel s)
Bunkers

Compl eted

Not
Completed

8
1

18
5

2

0

i n f o r m a t i o n from EPRI NP-3617, Reference 3.

The following spectrum of storage f a c i l i t y concepts ranges from shielded
structures with temperature and humidity control through those with less
environmental control to ones with minimal shielding as well as minimal
environmental c o n t r o l :
•

Large engineered structures. These are permanent buildings designed s p e c i f i c a l l y for the extended storage of LLRW. They may be
reinforced concrete structures or steel frame buildings with uninsulated metal siding and roofing. They are generally provided with
separate shielded areas for the storage of dry active waste and sol i d i f i e d wastes. T y p i c a l l y , some control over the temperature and,
sometimes, the humidity i s provided, e . g . , a heating system to prevent freezing during the winter. 'L'^rhead bridge cranes are used
f o r remote handling of the waste packages.
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•

Shielded storage modules or bunkers. These are permanent concrete
structures with removable covers. Waste containers are emplaced or
retrieved from above with a gautry crane.

t

Shielded storage casks, These are all-weather concrete containers,
usually c y l i n d r i c a l , that can be located outdoors and that are
designtd to hold waste drums or l i n e r s .

•

Unshielded pre-fab structures. These are unshielded buildings
which provide some degree of weather protection but have no temperature control system. Simple steel frame buildings with uninsulated metal siding and perhaps an overhead crane or hoist would
f a l l into this category. These structures are generally intended
f
or the storage of low-specific-activity wastes. These f a c i l i t i e s
have generally been used for storage for decay rather than extended
storage.

•

Minimal unshielded f a c i l i t i e s . These are simple fenced-in outdoor
concrete pads or very simple storage sheds. L i t t l e or no environmental protection is provided by these f a c i l i t i e s , which were generally intended as holding areas for waste packages awaiting
pick-up by a waste broker and not as waste storage f a c i l i t i e s .
Storage Environment Characteristics

The behavior of radioactive wastes, of the binder materials in which
they are immobilized, and of the container materials w i l l be affected by
the environment within the storage f a c i l i t i e s . The environmental variables
considered are length of storage time, temperature, humidity, potential for
wetting of the container, and radiation f i e l d . Unfortunately, e x p l i c i t
information about these variables is generally not presented in descriptions of LLRW storage f a c i l i t i e s .
The potential storage time is a variable significantly impacted by
factors other than technical considerations. The storage space available
and the rate of waste production are, of course, important, but social,
p o l i t i c a l , and economic factors that affect the a v a i l a b i l i t y of disposal
sites for LLRW are l i k e l y to be the major considerations in determining the
length of time for which storage of LLRW may be needed.
The temperature of the storage environment w i l l vary only s l i g h t l y in
the more elaborate large engineered structures for containerized radwaste,
which include HVAC systems in t h e i r design. A minimum temperature of 50°F
(10°C) is e x p l i c i t l y mentioned by one u t i l i t y for i t s LLRW storage f a c i l i t y . ( 5 ) Values for the r e l a t i v e humidity were not given, but the environment provided by this f a c i l i t y for the stored drums was considered noncorrosive. The c r i t i c a l value at which atmospheric corrosion becomes significant for steel ranges from about 50% to 70%. In the less elaborate
large engineered structures, which have only heating and ventilation system, temperatures w i l l be kept above freezing during the winter but may
easily exceed 100°F during the summer. For example, temperatures for the
indoor storage of resin waste in spent resin holding tanks at two nuclear
power plants have been reported to range from 40°F to 90°F (4°C to 32°C)
and 70°F to 100°F (21°C to 38°C).(6) A t t h e o t h e r extreme, the wastes in
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a simple fenced-in concrete storage pad w i l l be exposed t o the outdoor temperature and the outdoor h u m i d i t y , which over the course of a year in some
locations may range from below -40°F (-40°C) t o above 104°F (+40°C) and
from 0% t o 100%, r e s p e c t i v e l y .
Fo -,uch outdoor storage there i s , of
course, a s i g n i f i c a n t p o t e n t i a l f o r wetting of the container by r a i n o r , in
locations near bodies of s a l t water, by s a l t spray, which i s very corrosive
toward? carbon s t e e l .
For a and e r a d i a t i o n i t may be assumed to a very good approximation
that r a d i a t i o n emitted w i t h i n the waste package i s absorbed w i t h i n the
package. The y - r a d i a t i o n f i e l d w i t h i n a p a r t i c u l a r waste package w i l l
depend on the r a d i a t i o n emitted w i t h i n the package i t s e l f and also on the
•y r a d i a t i o n emitted by nearby packages. The y r a d i a t i o n emitted w i t h i n a
p a r t i c u l a r package is generally not completely absorbed w i t h i n the package
itself.
For example, at points of contact between two containers loaded
with y e m i t t e r s , the dose to the container material to a very good approximation w i l l be the sum of the doses to those points f o r each of the two
containers in i s o l a t i o n , i . e . , when considering the dose to waste packages
stored in proximity to one another, the y - r a d i a t i o n f i e l d i n t e n s i t i e s of
the i n d i v i d u a l packages should be superimposed. The dose to the contents
of a waste package from the adjacent waste packges in a c l o s e l y packed
stacked array of such packages may be conservatively estimated by replacing
the i n d i v i d u a l waste packages by an i n f i n i t e medium. For example, the
y-ray dose to the contents of a stacked 55-gallon drum may be conservat i v e l y estimated by t r i p l i n g the y-ray dose t o a 55-gallon drum i n i s o l a tion.
( I t i s assumed in making t h i s estimate t h a t a l l the drums in the
stacked array contain the same concentrations of y e m i t t e r s . ) ( 2 )
I t should be noted t h a t i n c e r t a i n respects, the storage environment
can be more severe than the disposal environment. According t o guidance
provided by the NRC to waste generators, under the expected disposal condit i o n s , Class B and C waste forms should maintain gross physical properties
and i d e n t i t y over a 300-year period and high i n t e g r i t y containers should be
designed to maintain t h e i r s t r u c t u r a l i n t e g r i t y over such a p e r i o d . Yet,
because of the greater s e v e r i t y of c e r t a i n storage environment, waste packages which would be expected t o meet the 300-year disposal l i f e t i m e c r i t e r i a may s u f f e r severe performance degradation over a much shorter extended storage period. Among the ways in which a storage environment can
be more severe than a disposal environment are temperature f l u c t u a t i o n s ( i n
unheated f a c i l i t i e s in areas w i t h cold winters) and corrosive atmospheres
( e . g . , i n d u s t r i a l and marine atmospheres, as well as acid d e p o s i t i o n ) .
Also, no subsequent handling of the waste package a f t e r disposal i s a n t i c i pated. Stored waste packages, on the other hand, need t o maintain s u f f i c i e n t i n t e g r i t y t o prevent dispersal of the waste during storage, t r a n s p o r t , and handling up to and including emplacement for d i s p o s a l . Loss of
waste package i n t e g r i t y p r i o r t o disposal w i l l require repackaging of the
waste.
THE LOW-LEVEL RADWASTE PACKAGE
Properties of Waste Package Components
In t h i s s e c t i o n , an overview i s given of the properties and behavior
of low-level radioactive waste (LLRW) streams, s o l i d i f i c a t i o n agents, and
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container materials. The emphasis is on those characteristics of these
materials that may be important for predicting the behavior of the waste
forms and containers during extended storage and for assessing the effect
of extended storage on waste form s t a b i l i t y and container i n t e g r i t y during
transport and after disposal. In addition to ordinary chemical processes
which may degrade the performance of the binder or container materials
( e . g . , atmospheric corrosion of carbon steel containers), the effects of
the radiation f i e l d on the properties and behavior of the waste package
materials are also considered.
In 10 CFR Part 61 Subpart D, LLRW is classified based on the concentration of radionuclides. Class A waste must meet certain minimum requirements for near-surface disposal and Class B and Class C wastes, with progressively higher concentrations of certain radionuclides, must meet more
rigorous requirements for disposal. Class A wastes are mostly trash,
paper, p l a s t i c , low-specific activity resins, and various i n s t i t u t i o n a l
wastes; Class B wastes tend to be evaporator concentrates, resins, and
spent f i l t e r s ; Class C wastes include certain wastes generated by industry,
e . g . , rejected or spent radiation sources, as well as discarded activated
parts and equipment from commercial nuclear power plants. U>8)
I t must be emphasized that, non-radiolytic effects are l i k e l y to be the
primary concern for the majority of LLRW packages. Based on the concentrations of radionuclides, most LLRW packages are found to contain Class A
waste. For example, according to a recent study by New York S t a t e , ^ )
the LLRW volumes generated by the commercial sector ( i . e . , commercial
nuclear power plants, academic and medical i n s t i t u t i o n s , and industries)
may be categorized as follows: 60% Class A, 30% Class B, and 10% Class C.
Even higher percentages of Class A waste have been estimated as a result of
a survey carried out by BNL for the NRC.(^) The 16 nuclear power plants
responding to the survey a l l reported that over 80% of t h e i r LLRW volume
shipped o f f - s i t e in 1984 was Class A. In t h i s regard, i t should be emphasized that the information in this paper is based on the results of tests
and experiments that in many cases, particularly for phenomena involving
radiation, were carried out under worst-case (or even beyond r e a l i s t i c
worst-case) conditions in order to accelerate testing or for the sake of
conservati sm.
The following discussion of waste package component characteristics
deals only with fuel-cycle wastes. Because of the varied nature of nonfuel -cycle wastes, generic waste descriptions are not possible. Concerns
such as radiolytic gas generation, production of corrosive l i q u i d s , and
biodegradation will be relevant to particular non-fuel-cycle wastes, but
except in special cases", e . g . , LLRW generated by Union Carbide Corporation,
New England Nuclear Corporation, and the 3M Corporation as described in
recent reports by BNL for the NRC,](9>10>H) no general accounts of properties and behavior are available. Even for these special cases, the descriptions refer to wastes generated prior to the effective date of 10 CFR
Part 61. If a rion-fue1 -cycl e waste is Class A, i t is l i k e l y to be stored
in dewatered form in i t s shipping container; i f a non-fuel-cycle waste is
Class B or Class C, then s t a b i l i z a t i o n , either by incorporation into a
binder material or by use of a high i n t e g r i t y container (HIC) is required.
In either- case, much of the discussion below w i l l be applicable. Based on
the results of a recent survey of LLRW generators,(8) only a small
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proportion (<5%) of the non-fuel-cycle LLRW volume is l i k e l y to be greater
than Class A.
Container Materials: Carbon Steel
•

The following generic types of corrosion are considered to be of
concern in the degradation of steel LLRW containers during storage:
uniform attack, localized attack ( p i t t i n g and crevice corrosion),
galvanic attack, dealloying attack, and cracking phenomena (stress
corrosion cracking).

•

Corrosion by the atmosphere, generally in the form of uniform corrosion, results from the interaction of carbon steel container
material with the atmosphere and depends on the temperature, the
relative humidity, and the contaminants in the atmosphere. This is
the familiar but somewhat d i f f i c u l t - t o - q u a n t i f y type of corrosion
which is commonly known as "rust". Rates of 0.1 to 0.5 mils per
year (mpy) are reported for the atmospheric corrosion of steels in
an industrial atmosphere; these values are ten-year averages with
about half of the corrosion occurring during the f i r s t y e a r . ( 1 2 )
Rates of 30 to 55 ,,rils over a 20-year period have been estimated
from tests of carbon steel in a marine atmospheric environment,
which is one of the most severely corrosive atmospheric environments because of the presence of salt water spray. U^)

•

Corrosion of carbon steel containers may occur as a result of
chemical reactions with aggressive components of the waste.
-

Corrosion rates of 0.4 to 4 mpy have been reported for mild
steel immersed in various simulated unsolidified LLRW as a
result of some preliminary work at BNL.(14,15) (This is of
relevance for carbon sceel containers with Class A waste, which
does not have to be s o l i d i f i e d but only dewatered).

-

Corrosion of carbon steel embedded in s o l i d i f i e d wastes has also
been observed. It is minimal for steel embedded in
cement.(14) Corrosion of metals in bitumen has been
attributed to biodegradation.(16) A corrosion rate of about
0.01 mil/day (4 mpy) is reported for mild steel embedded in
waste forms consisting of a chelating decontamination reagent
s o l i d i f i e d in vinyl ester-styrene.(!')
Container Materials: Polyethy1ene(18>19)

«

High density polyethylene (HDPE) is resistant to attack by a large
number of chemical reagents (at least in the absence of a radiation
field).

t

Irradiation of polyethylene under anoxic conditions promotes crossl i n k i n g rather than degradation. Irradiation in air produces, in
addition, radiolytic oxidation at the surface. This oxidized zone
is believed to gradually penetrate into the bulk of the polyethylene material as the i r r a d i a t i o n proceeds, eventually resulting in
oxidative degradation of the material. In addition to the total
510

dose, th3 dose rate is once again important in these r a d i o l y t i c
processes. Furthermore, the r a t e - l i m i t i n g steps of i r r a d i a t i o n induced cross-linking and of radiolytic oxidation are thought to be
activated processes, so that the rate w i l l be temperature dependent. I t is not clear however, whether radiolytic oxidation of HOPE
is an important degradation mode for containers stored at ordinary
temperatures.
Binder Materials: Bitumens
•

Rcdiolytic generation of gas has been observed in bitumens. The
major component of the gas is hydrogen, which may pose a
flammability or explosion hazard under certain storage conditions.
The G-values for gas generation depend on dose rate and the
presence of oxygen, whether in the gas phase or incorporated into
the solid matrix of oxidized bitumens. U^)

•

Biodegradation of bitumens has been observed. There is some
evidence that corrosive substances may be produced as a result of
biodegradation of bitumens.(16)
Binder Materials:

Cement

•

Radiolytic generation of gas, predominantly hydrogen, has been observed in waste forms consisting of low-level waste s o l i d i f i e d in
cement and has been attributed to radiolysis of water in the
cement.(20)

t

Freeze-thaw cycling can damage cements which contain s u f f i c i e n t
amounts of freezable water, particularly i f mitigative measures
have not been taken ( e . g . , air entrainment).(21/

•

Certain of the products of waste radiolysis, such as low-molecular
weight organic acids, have been found to attack cement.(21)
Binder Materials: Thermosetting Organic Polymers

«

Radiolytic gas generation has been observed from at least one
thermosetting organic polymer, vinyl ester-styrene, but the details
are proprietary. There does not appear to be any information on
the radiolytic generation of corrosives frGm this category of
binder materials.

•

During short-term, small-scale t e s t i n g , a small amount (<0.4 volurre
percent) of a free l i q u i d (pH=5) as been observed on the surface of
waste forms consisting of simulated LWR waste streams s o l i d i f i e d in
vinyl ester-styrene. Thermal cycling of these waste forms i n creases the amount of this free l i q u i d (up to 1.3 volume percent). (22) Similar data on f u l l - s c a l e waste forms do not seem to
be available.
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lon-Lxchange Resins
Radionuclide loadings on spent ion-exchange resins vary, typii
nical
loadings
loadings at
at different
different reactor? ranging from 0.1
0.1 to
to 30
30 Ci/ft
C i / f t ^3 and
.

maximum loadings from 0.3 to 60 Ci/ft . Dose rates to the resin
for a loading of 10 Ci/ft 3 are estimated to range from 1 0 2 to
10 3 rad/h. Based on the guidance given to LLRW generators in the
NRC Technical Position (TP) on Waste Form, the accumulated dose to
the resins should not exceed 10 8
(^3)
•

A variety of radiation effects have been identified which may be of
significance for the storage of spent ion-exchange resins, espec i a l l y i f the 108 rad accumulated dose l i m i t recommended in the TP
is exceeded. It should be noted that the following radiation processes may be affected both quantitatively and qualitatively by the
partial pressure of oxygen and by the dose rate.
Irradiation of ion-exchange resins may produce and/or release
chemically active substances that can adversely affect the
binder and container materials. U^)
-

•

Radiolytic generation of gases from ion-exchange resins has been
observed in the laboratory and from the Epicor-II p r e - f l i t e r s
used in the cleanup of contaminated water at Three Mile Island
Unit 2 (TMI-2).(25) The predominant gas was found to be
hydrogen, which may pose a flammability or explosion hazard
under certain storage conditions. In addition, the generation
of other gases, such as carbon dioxide, methane, and trimethylamine, as well as the uptake of oxygen have been reported as
resulting from the irradiation of ion-exchange resins.(25)

Biodegradation has been identified as a possible cause of agglomeration of and gas buildup in unsolidified ion-exchange resins during
storage.(26)
Other LWR Wastes

•

The radiolytic generation of gases (predominantly hydrogen) and of
corrosive substances has been observed in cellulosic
material s. ( ^ )

t

Because much of this waste consists of organic materials ( e . g . ,
cellulose) biodegradation is likely i f the wastes have not been
s e l f - s t e r i l i z e d or treated with a biocide. However, specific i n formation on the nature of the biodegradative products ( e . g . ,
gases, corrosive materials) and their effects, i f any, on binder
and container materials does not seem to be available.
Waste Package Performance During and After Extended Storage

Only a few data on the performance of low-level waste packages during
storage and handling are available (e.g., radiolytic gas generation data
from the Epicor-II p r e - f i l t e r resins at TMI-2) and thus their performance
for the most part, must be inferred from the characteristics of the storage
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environments and the properties of the waste package components discussed
above.
One of the most important performance parameters for steel containers,
especially carbon steel drums and liners, is the rate of corrosion of the
container material. Corrosion of carbon steel containers has not been considered a problem since such containers, which have generally been given no
credit for containment after emplacement in the disposal trench, have traditionally been used for the short-term storage and shipment or dry or dewatered Class A waste and of solidified Class B and Class C waste. However, if an extended storage period between the packaging and disposal
operations should become necessary, then container corrosion will need to
be addressed because of its possible effect on the performance of the waste
package during storage and during handling after storage.
Internal corrosion of shipping containers, whether radiolytic or nonradiolytic in origin, may lead to failure of the container during storage,
either by localized pitting attack, resulting in penetration of the container wall, or by any of several corrosive attack mechanisms, resulting in
loss of structural strength and possibly in eventual collapse of stacked
containers. Atmospheric corrosion of shipping containers may also result
in failure of the containers during storage. Furthermore, as a result of
the action of internal or external corrosion (or both), the containers may
not meet the Department of Transportation (DOT) requirements for radwaste
shipments, and, as a result, repackaging of the wastes may be necessary.
The performance of polyethylene high integrity containers during
handling after storage may also be affected by an extended storage period.
Radiolytic cross-linking resulting in embrittlement of the container material and radiolytic oxidative degradation resulting in loss of strength of
the material may compromise the ability of the container to meet the free
drop and lifting load requirements for high integrity containers. Once
again, repackaging of the wastes for shipment could become necessary. (It
should be noted here that the rates of these radiolytic processes in polyethylene need to be determined under representative storage conditions in
order to ascertain the validity of extrapolations by Dougherty et
al .(19))
Radiolytic gas generation from waste, binder, or container material
may result in pressurization, causing damage to the waste form, the container, or both. In additon, the gas itself may pose a fl ainmabil ity or explosion hazard. Biodegradative processes during storage may also result in
container pressurization from gas production.
Other processes during storage may contribute to problems with waste
package performance after storage. Agglomeration of spent ion-exchange
resins stored for extended periods in resin holding tanks may result from
either biodegradative or radolytic processes and can interfere with subsequent transfer and processing of the resins. Temperature fluctuations
(freeze-thaw cycling) in unheated storage facilities may result in the loss
of monolithic physical integrity of cement waste forms, especially if mitigative measures such as air entrainment have not been taken. The radiolytic production of corrosives from the wastes may also compromise the
physical integrity of waste forms, especially cement.
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Based on actual f i e l d experience and f i e l d studies with radwaste packages or similar systems, corrosion of carbon steel container material ana
radiolytic generation of flammable gases are the waste package performance
problems of greatest concern. A review of the corrosion of steel containers of transuranic waste has been conducted by DOEV13) and contains
atmospheric corrosion data for carbon steel in a wide range of environments, from the extremely corrosive marine atmosphere to the r e l a t i v e l y
beniyn desert environment. Unfortunately, with the exception of some preliminary studies alluded to above, primarily at BNL,(1<!M5) rates of corrosion of container materials by various low-level wastes and waste forms
do not seem to be readily available. Because of all the possible combinations of waste forms, s o l i d i f i c a t i o n agents, and container materials, obtaining such data could involve a long and expensive test program. There
seems to be somewhat better data on the rate of radiolytic gas generation,
at least from highly loaded ion-exchange resins, since calculations of the
rate of gas generation from these resins have been verified by the observed
rate of hydrogen gas generation from the Epicor-II p r e - f i l t e r liners used
in the TMI-2 cleanup.! 25 )
MITIGATIVE MEASURES
Mitigative measures to counteract potential waste package performance
problems during and as a result of extended storage of LLW should be
considered.
t

The corrosion of carbon steel by aggressive constituents from
either the low-level waste or the atmosphere may be reduced or prevented by use of protective coatings. An example of t h i s practice
is the use of galvanized steel drums, i . e . , drums coated with zinc
metal. Several kinds of organic coatings have been developed for
the protection of metals, but proper preparation of the base
metal -- e.g., removal of all corrosion products -- before applicat i o n of these coatings is necessary in order to avoid later b l i s tering and spall ing of the coating.

•

Atmospheric corrosion of steel containers may be reduced or e l i m i nated by several methods. In enclosed structures t h i s result may
be achieved by lowering the relative humidity of the storage environment, e.g., by heating the air or by the use of hygroscopic drying agents. For more open storage areas the protection provided by
a commercially available weather shield may suffice; t h i s is basica l l y an a i r - i n f l a t e d fabric structure which protects against atmospheric corrosion by eliminating the exposure of the waste cont a i n e r to r a i n f a l l and air-borne particles.

r

The problems resulting from radiolytic gas generation may be
alleviated by the use of catalysts to promote recombination of
hydrogen and oxygen gases in situations where both gases might be
generated -- e . g . , from radiolysis of water in inorganic zeolites
- - and by the use of getter materials to absorb hydrogen gas. The
rate of radiolytic gas generation is l i k e l y to be small, probably
only cubic centimeters of gas per day from some Class C waste packages. Pressurization may be avoided with a pressure-relieved cont a i n e r . Accumulations of hazardous gases may be avoided by storing
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wastes which are l i k e l y to generate gases in an adequately ventilated area monitored for radionuclides and explosive gas mixtures.
•

Biodegradative processes resulting in resin agglomeration, gas generation, or corrosion may be prevented by the addition of a suitable biocide to the waste at the start of the storage period.

•

Radiolytic degradation of polyethylene, particularly radiationinduced cross-linking leading to loss of d u c t i l i t y and eventual
embrittlement of the container material, may be avoided by storing
the waste in an on-site holding tank, i f practicable. The waste
would not be transferred to a HIC until immediately before shipment
for b u r i a l .

•

The resistance of cement waste forms to freeze-thaw cycling may be
increased by the use of appropriate additives, in p a r t i c u l a r , those
which enhance air entrainment.

t

Low-activity wastes (Class A) should not be stored adjacent to
high-activity wastes (Class C) in order to avoid radiolytic. degradation of the low-activity wastes by the y-radiation f i e l d of the
high-activity wastes.
NOTICE

This paper was prepared as an account of work sponsored by an agency
of the United States Government. Neither the United States Government nor
any agency thereof, or any of t h e i r employees, makes any warranty, expressed or implied, or assumes any legal l i a b i l i t y or responsibility for
any t h i r d party's use. or the results of such use, of any information,
apparatus, product or process disclosed in this paper, or represents that
i t use by such t h i r d party would not infringe privately owned r i g h t s .
The views expressed in this paper are not necessarily those of the
U.S. Nuclear Regulatory Commission.
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TECHNOLOGY, SOCIO-POLITICAL ACCEPTANCE,
AND THE LOW-LEVEL RADIOACTIVE
WASTE DISPOSAL FACILITY
Lloyd J . Andrews and John S. Domenech
Chem-Nuclear Systems, Inc.

ABSTRACT
The technology which i s required to develop and operate
low-level radioactive waste disposal sites i n the 1990's
i s available today. The push f o r "best available
technology" i s a response to the p o l i t i c a l d i f f i c u l t i e s
in securing public acceptance of the s i t e selection
process. Advances in waste management technologies
include development of High I n t e g r i t y Containers (HIC),
s o l i d i f i c a t i o n media, l i q u i d volume reduction techniques
using GEODEsm and DeVoe-Holbein technology of selective
removal of t a r g e t radioisotopes, and CASTOR V storage
casks. Advances in technology alone, however, do not
make the s i t e selection process easier and without
s o c i o - p o l i t i c a l acceptance there may be no process at
all,
Chem-Nuclear has been successful in achieving
community acceptance at the Barnwell f a c i l i t y and
elsewhere. For example, l a s t June in Fall River County,
South Dakota, citizens voted almost 2:1 to support the
development of a low-level radioactive waste disposal
facility.
In Edgemont, the c i t y nearest the proposed
s i t e , 85% of the voters were i n favor of the proposed
facility.
Chem-Nuclear operates one of the three commercial f a c i l i t i e s in the
United States. We have operated the Barnwell, Soutn Carolina, Low-i_evel
Nuclear Waste Management Facility since 1971 and have the distinction of
continual operation without closure due to any regulatory action. Uur
safety record is envied by those in the nuclear industry: over 1.25
m i l l i o n hours worked without a lost-time injury and 23 industrial safety
awards, over 10.5 m i l l i o n miles driven by our transportation f l e e t without
a charr.^able accident (equivalent to more than 440 times around the
world). We operate the model site for the disposal of low-level
radioactive waste.
My presentation w i l l address two topics: f i r s t , the technique for
disposal and how these improvements have been transferred to general
nuclear industry a p p l i c a b i l i t y and second, how these advances impact the
acceptance of low-level radioactive waste disposal by the public.
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Recently, there has been considerable discussion by the general
public, public o f f i c i a l s , and the nuclear industry about low-level
radioactive waste disposal u t i l i z i n g "enhanced technology" or engineered
systems. The focus of t h i s discussion has been directed toward providing
the "best available technology." In our judgment, the push for "best
available technology" is a response to the d i f f i c u l t i e s in securing public
acceptance of the site selection process for low-level radioactive waste
disposal.
The technology which is required to develop and operate low-level
radioactive waste disposal sites in the 1990's is available today, and is
evidenced by the continuous safe operation of the Barnwell ^aste
Management F a c i l i t y . I t is operated in f u l l compliance with 10 CFR bl
requirements. As you know, 10 CFR 61 took f i v e years and over '3 million
dollars to develop and responded to needs expressed by the puDlic,
industry, the Congress, the States, the NRC, and other federal agencies.
All possible technologies were explored from a perspective of radiation
exposure reduction and a cost-benefit analysis.
The technique employed by the operating sit.es in the U.S. meet the
performance standards of 10 CFR 61. There have been many improvements in
the technique in the past several years and refinements o"e expected to
continue into the future. Meaningful improvements to the disposal system
that do not compromise public health, safety, or the i n t e g r i t y of the
environment, as long as they are economical and licensable are
aggressively evaluated and implemented.
Through our research and development program at the Barnwell Waste
Management F a c i l i t y we have heen continuously improving the disposal
technique and other waste management techniques since 1971. A few of the
improvements include:
0

Design, licensing, and extensive u t i l i z a t i o n of new High
Integrity Containers (HIC's) for low-level radioactive waste.
These special cross-linked polyethylene containers are designed
for long-term disposal by maintaining t h e i r i n t e g r i t y for more
than 300 years.

0

Development of special cement formulations which have been used
extensively throughout the United States to s o l i d i f y low-level
radioactive waste i n a form which meets 10 CFR 61 s t a b i l i t y
requirements.

0

Development of the GEODEsm System, which integrates a mobile
c r y s t a l l i z e r unit for l i q u i d volume reduction with mobile cement
s o l i d i f i c a t i o n . The GEODEsm System employs a forced
circulation c r y s t a l ! i z e r with mechanical vapor recompression,
thereby conserving energy by reducing the u t i l i t y ' s internal
demand for power by 80%. The primary advantage of the GEODE
System is that l i q u i d volumes of boric acid and sodium sulfate
waste streams are reduced by factors of 2:1 to 5 : 1 ,
respectively. Coupled with this i s the increased efficiency in
s o l i d i f i c a t i o n formulations which reduce volumes even further.
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0

Developing the CASTOR V Storage Casks, which are in a c i v e use
for shipping and storage of spent fuel and radioactive waste.
CASTOR V has the capacity to store 5-years 1 cooled f u e l . Tne
CASTOR V w i l l hold up to 27 PWR fuel assemblies, up to 4.1%
enriched U-235, and up to 60 BWR fuel assemblies. Helium gas
cools the f u e l , thereby preventing f a i l u r e s . NRC approval is
expected in mid-1985. On-site storage of fuel at reactor sites
i s expected before the federal permanent high-level disposal
f a c i l i t i e s begin operation after 1998.

0

Another l i q u i d volume reduction technique results from the
continued development of the DeVoe-Holbein technology of
selective removal of target radioisotopes. Through the use of
synthetic compounds, individual metals or groups of metals are
selectively exchanged at highly e f f i c i e n t ratios. Specific
a p p l i c a b i l i t y is in high conductivity waste where normal ion
exchange resins f a i l . Liquid waste streams such as these are
t y p i c a l l y reduced by factors of 10.

As you can see, the development of additional sites for disposal of
low-level radioactive waste has not been delayed due to the need for
technological development. In our judgment the general public is
unwilling to accept disposal f a c i l i t i e s at face value. Technology is not
the reason for this unwill ingness as some groups would have you believe.
Our experience has shown that the public needs an understanding of
the nuclear industry, current disposal techniques, waste processing,
volume reduction, and assurance that these advances provide for safe and
effective waste disposal now and in the future. I have not heard of a
v i s i t o r to the Barnwell Site that has expressed a concern on the adequacy
of our technologies. In f a c t , most visitors to Barnwell are very
impressed with our operations once they witness first-hand the engineering
and meticulous care exercised in disposal.
But nuclear technology improvement is only one component of the
s i t i n g process. I t must have socio-political acceptance. We have worked
hard and have achieved community acceptance at our Barnwell f a c i l i t y and
have been successful in gaining community acceptance elsewhere. For
example, l a s t June in Fall River County, South Dakota, citizens voted
almost 2:1 to support the development of a low-level radioactive waste
disposal f a c i l i t y . In Edgemont, the c i t y nearest Chem-Nuclear's proposed
s i t e , 85% of the voters were in favor of the proposed f a c i l i t y .
Siting of a f a c i l i t y in South Dakota has included working directly
with the legislature and the passage of the Dakota Compact. Much remains
to be done, including the upcoming challenge of the public referendum,
which is a question of whether Dakotans want to j o i n the Dakota Compact.
Based on our experience, we have found that the public requires an
understanding of the following before agreeing to host a disposal f a c i l i t y :
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0

Benefits of nuclear technology such as electric power
generation, nuclear medicine, research, and industrial
applications such as smoke detectors and food i r r a d i a t i o n .

0

An understanding of the types of waste which are generated and
the requirements for safe s t a b i l i z a t i o n , packaging, and
transportation.

0

Procedures to assure safe disposal in f u l l compliance with a l l
regulatory requirements.

0

Confidence that the overall disposal system provides very low
public risk during operations and in the future.

0

Confidence that adequate regulatory and administrative controls
are in place during and following disposal operations.

We have found that the tours of the Barnwell Waste Management
Facility are one of the best methods for giving the public better
understanding of low-level radioactive waste disposal operations. We
encourage and welcome tours and we have had thousands of v i s i t o r s in the
past two years. As of September 1 , 1985, we have had 50% more v i s i t o r s
than last year.
We w i l l continue, with the cooperation of the low-level radioactive
waste industry, to strive for public acceptance of low-level waste
disposal by maintaining our record of safety, continuing the advances in
waste technologies, and continuing our public education program.
In conclusion, Chem-Nuclear believes that the low-level radioactive
waste disposal sites required for the 1990's can be developed and licensed
using current acceptable techniques in conformance with 10 CFR 61.
However, public acceptance of t h i s proven technology is a key ingredient
and public acceptance can only be achieved by public understanding. I
respectfully request that a l l of us j o i n together in promoting a better
public understanding of nuclear waste management and disposal which is so
important to the future of our country's economic progress and
development. We want to work with states seeking solutions to radioactive
waste management questions. We think that our experience, safety record,
and unblemished operating history is necessary for the establishment a
low-level radioactive waste disposal f a c i l i t y .
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CENTRAL INTERSTATE LOW-LEVEL RADIOACTIVE WASTE COMPACT
PHASE I SCREENING STUDIES
L. H. Bohlinger
Louisiana Department of Environmental Quality
T. F, McKinney
Dames & Moore
INTRODUCTION
In 1979 the governors of the states of Nevada, Washington, and
South Carolina voiced their concerns over potentially dangerous operating
conditions at the low-level radioactive waste disposal facilities located
in their states. In the fall of 1979, the facilities in Nevada and
Washington were temporarily closed by orders of their respective governors,
and the facility in South Carolina was required by the state to reduce
ihe scope of its operations. It became apparent that the governors
of those three states would no longer allow their states to remain
the dumping sites for the entire nation.
In response to the states' concern with the low-level radioactive
waste disposal issue, Congress, in December 1980, passed the Low-Level
Radioactive Waste Policy Act (Public Law 96-573). The Act establishes
federal policy that each state is "responsible for providing for the
disposal of waste," and authorizes and encourages states to enter into
interstate compacts for the purpose of meeting their responsibility.
Significantly the Act allows compacting states to ban the importation
of low-level radioactive waste from states that are not party to the
^jmpact. With passage of the Act, the stage was set for the development
of regional compacts as an alternative to each state developing its
own disposal facility.
The message was now clear that the status quo of low-level radioactive waste disposal was no longer an option. Each individual state
would be required to provide for the disposal of low-level radioactive
waste generated within it's borders. Because of the potentially high
economic costs involved in developing an individual state facility
for low-level radioactive waste disposal, the regional approach became
the most attractive option. As a result, regional compact discussions
began throughout the country. In the central states, compact discussions
were the result of efforts by the states of Kansas and Oklahoma.
The negotiation process in the central states was officially initiated
in Kansas City, Missouri, on February 18, 1981, with the Secretary
of the Kansas Department of Health and Environment presiding over the
discussions. After nearly one year of daliberation, compact language
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was agreed to and finalized on January 29, 1982, and submitted to initially
eligible states for consideration by their legislative bodies. The
states of Arkansas, Kansas, Louisiana, Nebraska, and Oklahoma subsequently ratified the Central Interstate Low-Level Radioactive Waste
Compact as a mechanism to meet their responsibilities as mandated by
the federal legislation. The Compact has been submitted to both Houses
of Congress for consent and is currently awaiting action.
The Compact created a Commission and empowered it to carry out
the states' duties and responsibilities of low-level radioactive waste
management. At its organizational meeting on June 29. 1983, the Commission
elected officers, appointed part-time staff, adopted partia1 by-laws,
resolved to seek expeditious Congressional consent to the compact,
and as a first step toward meeting the states' responsibilities for
establishing regional disposal capacity, agreed to submit a proposal
to the Department of Energy (DOE) for a Site Exclusionary Study. The
proposal was approved and subsequently funded by DOE. The study was
completed in July of 1985.
The Site Exclusionary Study assesses the entire region based on
the technical criteria found in the U. S. Nuclear Regulatory Commission
Regulations, 10 CFR 61.
The results of this study pertain only to the exclusionary process.
The region was examined to ascertain which broad areas in each state
could not serve as a potential site for the development of a low-level
radioactive waste disposal facility. No attempt was made to determine
which areas could be utilized for such purposes. The Commission's
next step will be to conduct a Phase II Siting Study. The purpose
of the Phase II Siting Study will be to determine which areas within
the region that have not been excluded in Phase I, can potentially
serve as a site for a low-level radioactive waste disposal facility.
Policy and Purpose
The policy and purpose of the Central Interstate Low-Level Radioactive
Waste Compact is outlined in Article I of the statute (S.655-99th Congress)
and can be summarized as follows:
Party states recognize that each state is responsible for
the management of its non-federal low-level radioactive waste.
Recognizes that Congress through Low-Level Radioactive Waste
Policy Act of 1980 has authorized and encouraged states to
form compacts for efficient management of these wastes.
Party states' policy is to cooperate in the protection of
health, safety and welfare of citizens and the environment.
Provide for and encourage the economical management of low-level
radioactive waste.
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The Compact forms the framework of this cooperative effort
to:
1)

Promote health, safety and welfare of the citizens and
the environment of the region;

2)

Limit the number of facilities needed to effectively
and efficiently manage low-level radioactive waste;

3)

Encourage the reduction of the generation thereof; and

4)

Distribute the costs, benefits and obligations among
party states.

Development and Operation of Regional Facilities
Articia V of the statute outlines the steps to be taken in the
Development and Operation of Regional Facilities and can be summarized
as follows:
A)

Collect data and information from the states and allow the opportunity for each party state to volunteer as a host state for a
regional facility.

B)

If no state volunteers or if no proposal identified by a volunteer
state is deemed acceptable by the Commission, the Commission shall
seek applicants for the development and operation of regional
facilities.

C)

The Commission shall review and consider each applicant's proposal
based on the following criteria:
1)

Capability of the applicant to obtain a license from the
applicable authority;

2)

The economic efficiency of each proposed regional facility
including the total estimated disposal and treatment cost
per cubic foot of waste;

3)

Financial assurances; and

4)

Other criteria as shall be determined by the Commission to
be necessary for the selection of the best proposal, based
on the health, safety and welfare of the citizens in the
region and the party states.

> e Commission shall make a preliminary selection of the proposal
\r proposals considered most likely to meet the criteria enumerated
"' section c. and the needs of the region.
•

'•'.-.•-"/ party states of the results of the preliminary selection
'.-" 'e/e'lopment applicant. Following this, the Commission shall:
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F)

1)

Authorize selected applicant to pursue licensure of regional
facilities as per the selected proposal; and

2)

Require the appropriate state or states or the NRC to process
all applications for permits and licenses required for the
development and operations of any regional facility or facilities
within a reasonable period from the time that a completed
application is submitted.

Preliminary selectior of the applicant shall become final and
receive the Commission's approval as a regional facility upon
the issuance of a license by the licensing authority. If the
proposed regional facility fails to become licensed, the Commission
shall make another selection pursuant to the procedures identified
above.
SITING STUDIES

Phase I
The Commission has completed a Phase I regional site exclusionary
screening study under contract with Dames & Moore. Criteria were developed
to identify broad areas where considerations at the regional scale
indicated areas which did not meet the minimum technical requirements
as outlined in Section 61.50 (a) of 10 CFR Part 61.
Exclusionary mapping of the five-state compact region was performed
using the following general criteria or issue maps at a 1:1,000,000
scale.
1)

Unsuitable Geology-Complex and Unstable geologic conditions.

2)

Hydrogeology-Aquifer Recharge areas.

3)

Major Flood Plains-Coastal and Riverine.

4)

Demography.

5)

Natural Resource Areas.

6)

Protected Areas.

Criteria 1 through 4 result in exclusion of broad areas based
on tne development of an initial overlay composite. Areas remaining
following this step are further refined based on application of Natural
Resource and Protected Areas (#5 and #6) in these areas. Other characteristics considered as suitability criteria and app'h'ed at the 1:1,000,000
scale include:
Meteorology-The ratio of potential evaportranspiration to
precipitation as well as frequency of severe and damaging
winds.
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Transportation Suitability
Distance to Waste Generators.
Candidate areas were identified by the composite mapping of the
exclusionary criteria. Broad areas of unsuitable geology have been
excluded based on:
Geologically complex (folded and faulted) mountainous areas.
Areas of near-surfaced bedrock conditions.
Areas of surface faulting in Coastal Plain ; eas.
Major floodplain areas have been mapped as exclusion areas based
on identification of major valleys on the 1:1,000,000 scale maps.
In Louisiana, coastal flood prone areas were identified based on mapped
nrojections for the 100 year coastal flooding from storm surge.
Hydrogeologic exclusions were based on the recharge areas of aquifers.
he outcrop areas of geologic units identified as sources of ground
water were excluded. Broad areas of the region were excluded based
on the widespread recharge area for the Ogallala Formation, a number
•/ Tertiary aquifer units in the Gulf Coastal Plain, widespread Quaternary
terrace and alluvium aquifers, as well as older bedrock aquifer areas.

T

Demographic exclusion areas included Metropolitan Statistical
Areas (MSA) as well as the following buffer zones:
MSA greater than 500,000-entire MSA excluded
MSA population of 300,000 to 500,000-the central city and
a 25-mile buffer zone from the center city
MSA 100,000 to 300,000-the central city and a 15-mile buffer
zone from the city center
MSA 50,000 to 100,000-the central city and a 10-mile buffer
zone from the city center.
Results of the initial exclusion step at 1:1,000,000 has resulted
in the identification of potential candidate areas in all five states.
Potential host formations include clay shale units of Cretaceous age,
Tertiary clay units, and glacial till and clay deposits of Quaternary
age.
Based on suitability considerations and attributes, the most promising
candidate areas in each state were identified and mapped in additional
detail at 1:250,000 scale.
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Computer Mapping
The Phase I Regional Screeing Study utilized Dames & Moore's Geographic
Information Management System (GIMST) for the regional mapping at the
1:1,000,000 scale. GIMS is a computer-based technique that provides
users with a tool for recording, storing, analyzing, and displaying
geographically referenced or mappable multi-disciplinary information.
GIMS has been employed successfully on a variety of past projects relating
to industrial site and route selection resource assessment and environmental
impact.
Data were compiled from various published maps and data sources
and areas transferred onto standard USGS base at the 1:1,000,000 scale
for consistency. The source maps (for example, complex geologic areas,
aquifer recharge areas and flood prone areas) were then digitized directly
from physically mapped data. The GIMS system is also capable of utilizing other data (such as USGS topograhic data) which are already in
digital form through appropriate conversion to GIMS-readable format.
All source data are then abstracted into matrix files of grid cells,
with each grid cell 2 miles on a side. The initial step in this Phase
I study was primarily an exclusion screening and thus an exclusion
overlay composite was prepared by combining the various exclusion source
maps. The composite map shows the areas excluded and non-excluded
or candidate areas.
In addition to this initial site exclusionary screening process
and its documentation, GIMS can be a power tool in the evaluation of
the suitability of the various potential candidate areas or sites.
This analysis would be more appropriate in subsequent stages in the
process, for example for the comparison of sites within a state in
Phase III. Environmental suitability can be treated by combining source
data in a structured format, for example, distance from sensitive environmental areas in order to develop and map zones of environmental sensitivity for differenct issues. GIMS is also capable of incorporating
other analysis functions on geographic-based data.
The various issue maps can be mapped separately as to suitability
based on a structured classification scheme. To provide an overall
suitability ranking of all suitable sites, the individual issue maps
must be assigned relative importance weights. This can be accomplished
by a modified Delphi Process wherein a group consensus is reached as
to the relative importance or weight which each issue map should receive.
Thus, a geographic-based data management system such as GIMS can
provide many advantages over conventional overlay mapping schemes with
regard to documentation, retrieval, and manipulation in the siting
of low-level radioactive disposal sites.
In addition, for this study, states will be provided data files
for this information for use and retrieval in a number of other siting
and environmental management applications.
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Phase II
The Phase I siting study has resulted in the exclusion of broad
areas and the identification of remaining candidate areas. The objective
of Phase II will be to identify, map, and describe a number of detailed
siting areas (smaller than candidate ureas) across the region at a
scale of 1:250,000 within which one or more suitable sites may be located.
The resolution of these siting areas will be based on a more detailed
data base than for Phase I and the reapplication of exclusionary and
suitability criteria as appropriate to this level of detail for both
10 CFR 61 (NRC) and 10 CFR Part 51 (NEPA) criteria.
Ground and air reconnaissance surveys will be conducted to verify
mapped information. The results of the Phase II siting study will
identify and describe in detail the available siting areas. These
results will form the basis for the Phase III siting study to be performed by the selected private developer, should no state volunteer
with an acceptable plan for development.
MANAGEMENT STUDIES
In order to assure the safe, efficient, and environmentally sound
management of the Compact's low-level waste, the Commission plans to
develop a management plan which will address the following tasks:
Waste Source Characterization and Data Base Update:
Evaluation of Processing and Storage Technologies; and
Evaluation of Alternative Disposal Options.
The management plan will then identify the number and types of
facilities (storage, volume reduction/treatment and disposal options)
which are appropriate for the Central Interstate Compact conducted
in parallel with the Phase II siting study during 1985-86 and provide
much needed and timely information for the states to assess the advisibility of a volunteer position in the light of the plan and an evaluation
of potential incentives which may be appropriate.
If an RFP is called for following completion of the Phase II siting,
the management plan will be utilized to specify more clearly the objectives and preferred approaches of the Compact for appropriate response
in the developer proposals. This information will be also useful in
the evaluation of the developer proposals.
PHASE III- SITING STUDY
The Phase III Siting Study will result in the identification of
a final site from the array of suitable siting areas identified in
the Commission's Phase II Siting Studies discussed above. If a member
state proposed an acceptable plan and volunteers to host the disposal
facility, the state will complete the Phase III Siting and identify
a site within its suitable siting areas.
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The volunteer process will be enhanced by data and information
present in the management studies, the nature and availability of potential sites, and the incentives available. In addition to information
on waste volumes and types generated within the region, and related
transportation, the states will have available the management plan
and detailed information on potential siting areas with which to make
careful judgements as to the advisability of hosting the facility.
Should the volunteer process not produce a host state, however,
the Commission will select a private developer who will carry forward
the Phase III Siting and in effect, through selection of the final
site, as approved by the Commission, conduct de facto host state identification.
The developer will also be guided in this process by the same
array of information available from the previous siting studies and
the management studies. The availability of sites from the Phase II
Siting areas together with the political acceptability both at the
local and the state level will come together in this phase through
the efforts of the developer. If the site or state chosen is not reasonable from the political perspective, it will not likely receive Commission
approval.
This process includes a systematic site alternative analysis from
the regional screening of Phase I through Phases II and III based on
technical criteria which will be wholly consistant with environmental
evaluations of alternatives, for example as outlined in NRC Regulatory
Guide 4.18. In addition, it will provide for the application of socioeconomic and political consideration in this final phase to allow the
identification of an acceptable and available site from the array of
technically suitable sites. This combined approach and the inclusion
of this final phase within the private enterprise arena has a high
likelihood of success.
The Phase III siting process will also require the conduct of
on-site verification studies to demonstrate that conditions assumed
to occur at the site based on regional, published data, do in fact
exist.
Following Phase III siting studies and Commission approval, the
developer will proceed with site characterization and assessment studies
to complete the licensing as outlined in 10 CFR Part 61. With the
successful issuance of a licensp, the Commission will approve as final,
the selection of the developer/operator of the facility and construction
of the facility will commence.
SCHEDULE
Commission studies on Phase II Siting and the management studies
are projected to be completed by mid-1986. The Commission hopes to
entertain state proposals to volunteer as host states up through the
summer of 1986. If no state volunteers, the RFP to developers should
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be issued in September 1986 with preliminary selection to be completed
by March 1987. It is anticipated that facility operation could be
achieved in 1992.
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PUBLIC PARTICIPATION AN APPROACH IN THE CENTRAL MIDWEST REGION!
Terry R. Lash
Illinois Department of Nuclear Safety
ABSTRACT
The State of Illinois and the Commission for the Central Midwest
Compact are committed to providing for extensive public involvement in
developing a LLW management program for the state and the region. The
Illinois Department of Nuclear Safety, the state agency responsible for
siting the new disposal facility in Illinois, has developed the staff
resources needed to plan and implement public involvement activities
such as informational mailings, public meetings and workshops, and
formal public hearings, in an effort to meet this commitment. To
establish a fair and open process that can lead to the siting of a LLW
disposal facility in Illinois, the Department believes a public
involvement program must be given institutional support and attention
equal to that given the technical side of siting. In addition, the
program must include mechanisms for resolving conflict among the
interested parties at every stage of the siting process.
Thank you for the opportunity to appear here today to discuss with
you the critical issue of public participation in decisionmaking on lowlevel radioactive waste management questions. These annual meetings for
the participants in DOE's Low Level Waste Management Program are very
important vehicles for exchanging information and ideas. The meetings
are an example of the innovation that has been characteristic of the
program from the outset.
The Low-Level Waste Management Program is not a newcomer to the
issue of public participation. Indeed, at the federal level the program
was one of the innovators and experimenters with a variety of techniques
for involving the public in the formulation and implementation of the
national strategy for low-level waste management. Some of the lessons
learned by the Program are set forth in a report, called Evaluating
Public Involvement in the National Low-Level Radioactive Waste
Management Program, DOE/LLW-1OT, dated September, 1982. The report
provides some good insights and recommendations for those of you trying
to design or implement public participation programs.
Today, I briefly want to describe the approach we are taking in
Illinois toward public participation. But before I present, that
description it may be helpful to state why the Illinois Department of
Nuclear Safety (IDNS) wants a public participation program and what we
hope to achi-• e from it.
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The Illinois Department of Nuclear Safety sees public participation
in a very positive light. We are not engaging in public participation
because someone or some law told us to. The public pays our salaries
and buys our equipment—they are our bosses. So, it is only appropriate
to involve these "stockholders" in the use of their investment.
Moreover, the public will be directly affected by the decisions made by
the Department. In a democracy it's only appropriate that the -".itizenry
be involved in helping make the decisions that impact it. bo, my first
point is that the public has an understandable and strong right to
participate.
The second reason the Illinois Department of Nuclear Safety wants a
vigorous public participation program on low-level radioactive waste
issues is to improve the quality of our decisions. With public
participation I am convinced that some of our decisions will be both
technically better and politically more workable. That's the "why"
part.
The "what" part is embodied in three major goals. These are as
follows:
(1) The first goal is to facilitate communication between and
among the various public interest groups and the IDNS and, thereby,
to improve the quality of the Department's decisions and
programs. Scrutiny and oversight by outside individuals and groups
can improve program design and implementation and help ensure that
appropriate technical solutions are being considered. Public input
also allows the Department to discern what various segments of the
public want.
(2) The second goal of the public participation program is to
provide relevant information to the public. Information about the
various aspects of radioactive waste management is essential to an
understanding of the technical problems, complexities, and
constraints involved. This understanding can help the public make
balanced assessments of program actions and intentions and can
encourage informed input. Meaningful public involvement in
government decisionmaking processes requires adequate information
and education. Only informed members of the public can most
appropriately decide on the level and focus of their involvement.
(3) The third, and most important, goal of the public
participation program is to facilitate implementation of the
policies which are developed in low level waste management. A
decision coming from a process that is manifestly open and fair is
more likely to be accepted by the majority of the public, including
many who might otherwise have opposed the decision. If a
significant segment of the public believes its concerns have been
ignored, it can, with sufficient resources, delay and virtually
stop any project. With a decisionmaking process that is open to
public inspection and responsive to public input, greater
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understanding and acceptance of the process and appreciation of the
value of compromise can result. Once implementation has begun,
active cooperation by I'.ey individuals and groups will then be more
likely.
Thus, the purpose of the proposed public participation program is
to help IDNS reach wise, just, and fair decisions that can be
successfully implemented. Public participation by itself cannot
guarantee that government decisions will be good ones, or that the
public will accept them. But public participation can help to make this
desired outcome more likely.
Now for the "how" part. How are we trying to achieve these
important goals? Our initial decision to make a strong commitment to
public participation and to dedicate substantial resources to public
participation was very important.
Late last year we decided to prepare a document that would describe
how the Department would involve the public in its decisionmaking. As a
prelude to developing such a plan, the Department invited several people
from a variety of states to meet with its staff on December 12, 1984, to
discuss various mechanisms for informing and working with citizens. The
workshop included experts from state and federal agencies, an
environmental organization, and a university, all of whom have
experience in public participation efforts related to hazardous and/or
radioactive waste management. The thoughts and recommendations of the
group's members to the Department are summarized in the meeting report
entitled "Exploring Possible State Plans for Working with Citizens on
the Management of Low-Level Radioactive Waste." Copies are available
from IDNS. Several of their recommendations have been incorporated in
the Department's public participation plan.
Following the December workshop, a preliminary plan was developed
and circulated in the Spring of 1985. On April 26, 1985, IDNS held an
all-day meeting with several leaders from citizen and environmental
groups around the state, to discuss the preliminary plan. A revised
draft has been prepared in light of the comments and suggestions made at
that meeting and the events which have occurred since then. The final
plan will be issued within a month.
The public participation mechanisms that are identified in the plan
and that the Department intends to use fall into four general
categories: (1) advisory groups, including a statewide LLW dialogue
group, ad-hoc panels on specific issues, and local committees from
affected communities; (2) meetings, including public hearings,
briefings, workshops, conferences, and other meetings; (3) informational
material, including newsletters and other media releases, studies "ami
reports, and regional and local information repositories; and (4) other
outreach mechanisms, including informal review of preliminary drafts of
rules and a speakers' bureau.
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Taken together, these mechanisms are intended to meet the following
objectives:
to identify groups and individuals that, at different steps in
the LLW management process, have special interests, concerns,
or contributions.
to disseminate information on the evolving LLW management
process and the roles of public agencies and private parties
in that process.
to facilitate dialogues on LLW management issues, both between
IDNS and interested groups and individuals, and among those
groups and individuals.
to improve public and private awareness and understanding of
different points of view on LLW management issues.
to help ensure that wise and fair decisions are made in the
LLW management process, both by IDNS, other public agencies,
and LLW generators and contractors, and by concerned groups
and individuals.
As you can tell, we are just completing our initial planning phase,
and we do not yet have as much direct experience as several other
states. But we are hopeful and optimistic that Illinois' approach to
public participation will lead to sound decisionmaking for establishment
of a safe low-level radioactive waste disposal facility by 1993.
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DECISION PROCESS FOR SITING LOW-LEVEL RADIOACTIVE WASTE
DISPOSAL FACILITIES: A ROLE FOR THE PUBLIC
Susan D. W i l t s h i r e
JK Associates
ABSTRACT
The Low-Level Radioactive Waste Policy Act of 1980 placed
r e s p o n s i b i l i t y f o r providing low-level waste disposal
capacity on state governments intending that new disposal
f a c i l i t i e s be developed. However, no new s i t e s have been
chosen. The impasse i s due p a r t l y t o lack of p o l i t i c a l
and c i t i z e n support f o r s i t i n g f a c i l i t i e s .
This paper r e f l e c t s the analysis of the experiences o f
agency o f f i c i a l s i n six states by a Review Group of the
Program Review Committee of the National Low-Level
Waste Management Program. The paper discusses the r o l e
o f public involvement in decision-making. A r a t i o n a l e
and set of goals f o r public involvement processes are
o u t l i n e d . F i n a l l y , possible f u t u r e actions of the
National Low-Level Management Program to assist s t a t e
agency o f f i c i a l s responsible for the s i t i n g of l o w - l e v e l
waste f a c i l i t i e s are described.

INTRODUCTION
In 1979 the problem was that Nevada, South Carolina and Washington—
the states i n which the only c u r r e n t l y operating commercial low-level waste
f a c i l i t i e s are located--were no longer w i l l i n g to be the sole r e c i p i e n t s
o f the whole n a t i o n ' s l o w - l e v e l radioactive waste.
In 1980 the s o l u t i o n seemed s i m p l i c i t y i t s e l f .
The f i f t y States,
newly enfranchised by the Low-Level Radioactive Waste P o l i c y Act to solve
a national problem, would a l i g n themselves i n t o regional groupings and draw
up simple agreements, or compacts, to develop cooperatively any needed lowlevel r a d i o a c t i v e waste disposal f a c i l i t i e s .
State l e g i s l a t u r e s would
approve, Congress would concur, and regional commissions would begin t h e i r
work. S i t e s , or states responsible for f i n d i n g s i t e s , would be designated,
management and regulatory schemes put i n p l a c e , f a c i l i t i e s b u i l t
a n d — v o i l a ! — a nationwide system of f i v e to six economically s e n s i b l e ,
compact and contiguous l o w - l e v e l waste disposal regions would be in b u s i ness.
I t was never going t o be that simple.
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In 1985, despite e f f o r t s of s t a t e s , Congress, the Department of
Energy, generators, and many interested c i t i z e n s , no compacts have been
approved by Congress and no s i t e s chosen.
How can we get there from where we are now?
The Low-Level Radioactive Waste Policy Act placed the r e s p o n s i b i l i t y
f o r providing disposal f a c i l i t i e s for low-level radioactive waste squarely
with state governments, e s t a b l i s h i n g two major national p o l i c i e s :
Each state i s responsible for assuring adequate disposal capac i t y f o r the low-level waste generated within i t s own borders, with
the exception of waste generated by federal defense a c t i v i t i e s .
The required disposal f a c i l i t i e s can best be provided through
regional groupings of states a l l i e d through i n t e r s t a t e agreements
c a l l e d compacts. A compact r a t i f i e d by a group of states must be
approved by Congress before i t takes f u l l e f f e c t . Consent to a compact may be withdrawn by Congress every f i v e years.
Congress added an i n c e n t i v e for states to work
that any regional compact may include a provision to
outside the region's borders a f t e r January 1 , 1986.
too soon for the c i t i z e n s of Nevada, South Carolina,

together, stipulating
exclude waste from
This date seemed none
and Washington.

What happened?
The act did not designate specific regional groupings or methods for
forming them. Most p o l i t i c a l action after the act's passage has centered
on state decisions about whether and which region to j o i n and on negot i a t i o n s among states to form compact regions and establish formal compact
agreements which protect t h e i r i n t e r e s t s .
As i t became clear t h a t no new disposal rapacity would be available
by January 1 , 1986, s t a t e s , Congress, and generators turned t h e i r a t t e n t i o n
to a fast approaching impasse: the very real p o s s i b i l i t y t h a t states with
sites would close them in 1986 and the lack of available options for states
without s i t e s .
The relevant parties have reached a t e n t a t i v e compromise to extend
outside use of current s i t e s . Nevertheless, the goal of the a c t - - a
national system of regional f a c i l i t i e s for the disposal of low-level
r a d i o a c t i v e waste--is far from r e a l i t y .
THE REVIEW GROUP ON PUBLIC INVOLVEMENT
The Program Review Committee (PRC) for the National Low-Level Waste
Management Program (Program) was established in 1981 to "review and comment
on low-level waste management program a c t i v i t i e s and related issues and to
o f f e r advice that may be necessary to ensure that the Low-Level Waste
Management Program achieves i t s overall o b j e c t i v e . "
The PRC has become increasingly concerned about the lack of progress
i n s i t i n g new f a c i l i t i e s .
I t s members note that while considerable
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progress has been made improving the technical expertise and regulatory
procedures for s i t i n g and constructing low-level waste disposal f a c i l i t i e s ,
far less progress has been made in developing policies and programs which
can ensure that technical proposals are p u b l i c l y and p o l i t i c a l l y acceptable.
To address the issue of p o l i t i c a l a c c e p t a b i l i t y , the PRC, with the
support of the Program, formed a Review Group on Public Involvement. The
Review Group's charge was to examine the r o l e the public has played in
e f f o r t s to s i t e low-level waste disposal f a c i l i t i e s , and to determine
whether and how public involvement can contribute to solving the problem of
providing for the disposal of low-level radioactive waste.
The Review Group met with representatives of agencies in f i v e states
that have been a c t i v e l y involved in s i t i n g - - C a l i f o r n i a , I l l i n o i s , South
Dakota, Texas, and V i r g i n i a - - i n Minneapolis, Minnesota on May 30-31, 1985
and--with the addition of a New York representative—in Boston,
Massachusetts on August 15 and 16, 1985. Their specific purposes in
meeting was t o :
* examine those states' e f f o r t s to s i t e low-level waste
disposal f a c i l i t i e s and i d e n t i f y lessons from t h e i r
experience that may be generally applicable,
* determine whether and how the public can play a
constructive r o l e in the s i t i n g and construction of a
f a c i l i t y , and
* recommend actions the National Low-Level Waste
Management Program can take to aid states in s i t i n g
disposal f a c i l i t i e s .
The remainder of t h i s presentation r e f l e c t s the Review Group's p r e l i minary findings and outlines possible future actions of the National
Low-Level Waste Management Program.
PUBLIC INVOLVEMENT ISSUES
Throughout i t s discussions the Review Group has viewed "the public"
and "public involvement" or "public p a r t i c i p a t i o n " in broader terms than i s
generally the case. The public encompasses a l l those outside the agency
implementing a program. "Public involvement" encompasses inclusion of nonagency people throughout the decision process and requires agency-public
i n t e r a c t i o n rather than l i m i t e d public r e l a t i o n s .
Why Include The Public
The rationale behind public involvement in decision-making is two
f o l d : (1) involving the public is the r i g h t thing to do, and (2) involving
the public is necessary because the public is powerful.
Members of the public have a l e g i t i m a t e interest in the outcome of
s i t i n g p r o j e c t s . Citizen involvement i s essential i f government actions
are to be viewed as l e g i t i m a t e under our form of government.
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Citizen involvement is essential i f government actions are to be
regarded as f a i r . If decisions are regarded as f a i r they are far more
likely to be accepted. Lloyd C. I r l and noted in a report on citizen part i c i p a t i o n in public land use decisions: "The technocrat searches for the
best plan, o n the basis of an abstract c r i t e r i o n such as 'maximizing net
"social gains.' The democratic view searches for the best decision-making
process, taking 'best' to mean that system which leaves participants
feeI ing that they have betn f a i r l y t r e a t e d . " 1
Public ••nvo'i vement in decision-making is also necessary because the
public frequency has a de facto veto. For example, a name is currently in
vogue for f a c i l i t i e s such as prisons, homes for mentally or emotionally
hadicapped c i t i z e n s , and waste disposal f a c i l i t i e s : l o c a l l y unwanted land
uses or LULUs . Opponents of f a c i l i t i e s considered to have undesirable
local impacts have been remarkably successful in stopping LULUs. In some
cases t h i s result has served the public i n t e r e s t ; in others, i t has delayed
the solution of urgent public problems.
An agency does face drawbacks when i t involves the public. Public
involvement is not a tidy process. In evaluating the nuclear debate,
Nelkin and Fallows observe:
..the conflict contains a fundamental paradox. As a concept, participation is necessary for legitimate democrat i c government, but as a procedure, participation may
burden the decision-making process. While participation
gives a government the right to r u l e , i t also may l i m i t
i t s a b i l i t y to rule e f f i c i e n t l y . The p o l i t i c s of part i c i p a t i o n in energy policy manifests the persistent tension between th•> ^deal of participation as the basis of
democracy and i i j pragmatic r e a l i t y in contemporary
democratic societies.2
However, these drawbacks can be mitigated or avoided by a clear,
mutually understood set of goals for public involvement.
Goals Of Public Involvement
At the most fundamental l e v e l , the purpose of public participation is
to allow citizens to i d e n t i f y and reflect their interests in a proposed
governmental action and to hold government o f f i c i a l s accountable for their
actions. Msny formulations have been developed that broaden this basic
d e f i n i t i o n of the purpose of public p a r t i c i p a t i o n . In the Fourth Working
Draft of the National Plan for Radioactive Waste Management of January,
1981, the Department of Energy stated that the objectives of public part i c i p a t i o n are:
1. To provide information to the public about waste management programs, technology, problems, and progress.
2. To improve the quality of waste management decisions
through s o l i c i t a t i o n of broad public input and review.
3. To enhance the legitimacy of the decision-making pro-
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•_ss by having i t "pen to public inspection and responsive
to contributions from responsible parties.
4. To gain public acceptance and cooperation in the implementation of a technically sound waste-management program
that protects the health and safety of citizens and is
compatible with broad social values.
Identity Of The Public
In general terms, the public is anyone outside the agency which is
responsible for the program. One useful way to identify specific interests
within the larger group i s to consider the public as composed of:
• the scientific community outside the project.
• government o f f i c i a l s in other state agencies and at
other levels of government.
" nuclear industry groups including generators and disposal f a c i l i t y companies.
• public and environmental interest groups, including nonnuclear industry business i n t e r e s t s . Some in t h i s category will be professionals engaged full-time in public
issues; others w i l l be volunteers. Requirements for
effective participation by various groups within t h i s
category are sometimes dissimilar.
• unaffiliated public. When a project is seen to d i r e c t l y
affect their l i v e s , members of t h i s group quickly j o i n
the previous one,
• the media and other information resources for the public.
Each sector of the public, however defined, w i l l have i t s own
requirements for obtaining information and for effective p a r t i c i p a t i o n .
Each person and organization w i l l choose to become actively involved at
specific points in the program. It is important to understand the dynamics
within and among these groups i f effective public involvement is to be
devel oped.
Characteristics Of Effective Public Involvement
Participants at the May and July workshops used t h e i r own experiences
to formulate the characteristics of a program leading to constructive,
problem-solving public involvement. In general, their remarks f a l l into
three categories making i t clear that to be effective, public involvement
e f f o r t s must be well-planned and well-executed, p o l i t i c a l l y astute, and
publicly credible.
1. To be well-planned and well-executed, a public involvement pi an must:
0

not be an appendage, but an integral part of the
program development. It must be focused on real
tasks and decisions rather than fabricated ones, must
not waste participants' time, and must be understandable and logical in i t s development.
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• be based on r e a l i s t i c goals and objective 1 -.
• not be static but remain dynamic and evolutionary,
open to modification in l i g h t of periodic evaluation
and the exigencies of implementation• use participation methods suited to situation and the
stage of the program.
• provide the resources (lead time and access to technical expertise) the public needs to deal with
complex technical issues.
• provide opportunities for public interaction well in
advance of decisions, so that the public's input can
have some effect on proposals. Otherwise the plan
w i l l be regarded as merely a public relations ploy.
• provide continuity over the periods between major
decisions. It must maintain the interest of and provide information to those whose attention w i l l be
needed l a t e r . For example, a newsletter can be sent
to those who have expressed interest or attended
meetings, and to key l e g i s l a t o r s .
s
encourage and support basic programs that provide
background information necessary for citizens to
understand the issues, such as programs in schools
and community forums and radiation.
2. To be p o l i t i c a l l y astute the efforts of an agency
pianner must:
• recognize the essential role leadership will play in
the plan's effectiveness and identify and develop
effective leadership among o f f i c i a l s and in the community,
• understand and allow for the natural flow of events.
For example, a general pattern developed during
meetings in Texas:
After the formal presentation, citizens i n i t i a l l y
challenge the speakers with questions from the f l o o r ,
but within 20 minutes, as answers are given f u l l y and
non-defensively, the meeting calms and good
discussion ensues.
• identify formal and informal power/decision structures.
• incorporate good negotiating techniques and not back
people into a corner. For example, in discussion
groups, participants are asked to identify their i n terests and concerns, not their position.
• allow latecomers to join the process.
• recognize diversity in the community, including d i f ferences in s k i l l s and resources among participants
and groups.
• develop a sense of ownership of the problem among
those who can contribute to the solution, but avoid
l e t t i n g the problem be captured by one interest
group.
• take into account the outside context, including
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recent failures or controversy about existing hazardous and low-level waste disposal s i t e s ; opposition
to nuclear energy; concern about related issues
(uranium m i l l i n g controversy in South Dakota); concern for equity (for example, desert residents feel
that desert areas are unjustly targeted for every
undesirable f a c i l i t y ) ; p o l i t i c a l need of elected
o f f i c i a l s , candidates or organizations fcr a p o l i t i cally useful issue; and concurrent efforts to site
other facil i t i e s .
• cultivate high-level agency understanding and commitment and retain the cooperation of the governor's
office.
• recognize that the state agency w i l l be seen as (and
is) an interested party charged with developing a
s i t e , not as an unbiased neutral observer.
3. For i t s efforts to be credible an agency must:
• define i t s actions clearly. It must be sure that
participants from the public know the l i m i t s of t h e i r
influence so they can decide whether or not to take
part.
• be frank about bad news.
• understand how to present proposals so that they w i l l
have the best chance to be considered on their
merits.
• base i t s actions on adequate, understandable, credible information.
• understand whether there is public confidence in the
agency and, i f not, seek to develop i t .
• respect opponents.
• keep an open, non defensive attitude toward c r i t i cism.
And i t is essential that underlying the process be a wellunderstood, agreed-upon method for resolving disputes as they arise and at
the lowest decision level possible. All p a r t i s must understand where the
responsibility l i e s for making decisions and tow appeals or disputes are
to be handled. Such a process should be capable of discriminating between
those issues which are matters of limited concern and those which contain
larger policy questions. In that way disagreements w i l l not be elevated
beyond their level of importance, nor would emerging substantive issues
remain embedded in what appears to be a local c o n f l i c t .
No single decision method or public involvement plan w i l l work in
all states or all stages of a project. Plans must remain f l e x i b l e ,
changing to meet changing circumstances.
A great deal has been learned during the last few years by those on
the front lines in this issue and by those working to solve other, equally
d i f f i c u l t siting problems. The Review Group's recommendations are
designed to extend the benefit of that hard-won understanding to others
charged with developing low-level waste disposal f a c i l i t i e s .
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RECOMMENDATIONS
During i t s August meeting the Review Group developed a s e r i e s o f
statements summing up the d i f f i c u l t i e s f a c i n g agencies r e s p o n s i b l e f o r
s i t i n g l o w - l e v e l waste f a c i l i t i e s . These problem statements f e l l i n t o two
general c a t e g o r i e s : those concerning agency o p e r a t i o n s and resource? and
those concerning p o l i c y and the d e c i s i o n p r o c e s s .
The Review Group concluded t h a t many o f the operation and resource
problems could be addressed d i r e c t l y by the National Low-Level Waste
Management Program. For example, many s t a t e s are faced w i t h developing
l e g i s l a t i v e language, drawing up s i t i n g g u i d e l i n e s , and promulgating regul a t i o n s . Some states have a l r e a d y passed these m i l e s t o n e s . A notebook
c o n t a i n i n g examples of such documents would be o f p r a c t i c a l assistance to
the former g r o u p . Other such possible d i r e c t aids include generic public
i n f o r m a t i o n m a t e r i a l w i t h camera ready copy a v a i l a b l e , a b i b l i o g r a p h y , and
sample press r e l e a s e s .
The p o l i c y and process questions r e q u i r e a d i f f e r e n t approach. For
example, c l a r i f y i n g p o i n t s - o f - v i e w about the c i t i z e n ' s r o l e i n p u b l i c
decisions may be done most e f f e c t i v e l y in a small working g r o u p .
Learning about dispute r e s o l u t i o n techniques, long-range p l a n n i n g , c r i s i s
management, and mechanisms f o r developing host community compensation may
also be best done in f a c e - t o - f a c e sessions. T h e r e f o r e , the Review Group
has recommended, and the National Low-Level Waste Management Program i s
now p l a n n i n g , a working c o n f e r e n c e . The converence w i l l b r i n g t o g e t h e r
those w i t h d i r e c t r e s p o n s i b i l i t y f o r developing low-level waste disposal
systems. The most valuable component may well be what p a r t i c i p a n t s learn
from each o t h e r .
S i t i n g and c o n s t r u c t i n g l o w - l e v e l r a d i o a c t i v e waste d i s p o s a l f a c i l i t i e s i s not o n l y a technical t a s k . Decisions about where to s i t e a f a c i l i t y and what to construct w i l l be made in the p o l i t i c a l arena. I t i s our
challenge t o implement a d e c i s i o n process t h a t leads to t e c h n i c a l l y sound
decisions t h a t are also p u b l i c l y and p o l i t i c a l l y a c c e p t a b l e .
Notes:
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A SITING SIMULATION FOR LOW-LEVEL WASTE DISPOSAL FACILITIES*
R. D. Roop
Oak Ridge National Laboratory
R. C. Rope
DOE National Low-Level Waste Management Program
ABSTRACT
The Mock Site Licensing Demonstration Project has developed
the Low-Level Radioactive Waste Siting Simulation, a roleplaying exercise designed to facilitate the process of
siting and licensing disposal facilities for low-level
waste (LLW). This paper describes the development,
content, and usefulness of the siting simulation. The
simulation can be conducted at a workshop or conference,
involves 14 or more participants, and requires about eight
hours to complete. The simulation consists of two sessions; in the first, participants negotiate the selection
of siting criteria, and in the second, a preferred disposal
site is chosen from three candidate sites. The project has
sponsored two workshops (in Boston, Massachusetts and
Richmond, Virginia) in which the simulation has been
conducted for persons concerned with LLW management issues.
It is concluded that the simulation can be valuable as 1) a
tool for disseminating information about LLW management,
2) a vehicle that can foster communication, and 3) a step
toward consensus building and conflict resolution. The DOE
National Low-Level Waste Management Program is now making
the siting simulation available for use by states, regional
compacts, and other organizations involved in development of
LLW disposal facilities.

INTRODUCTION
No site for disposal of low-level radioactive waste (LLW) has been
licensed since 1971, and since that time the regulatory and socioeconomic
climate for LLW disposal has changed significantly. Now, under the impetus
of the Low-Level Radioactive Waste Policy Act of 1980, several states and
regional compacts have started planning to establish LLW management facilities for the wastes they generate. The Mock Site Licensing Demonstration
project was undertaken to provide assistance to persons involved in this
*Research performed by Oak Ridge National Laboratory for the DOE National
Low-Level Waste Ma n agement Program, U.S. Department of Energy, under
Contract No. DE-AC05-840R21400.
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process, with the overall goals being 1) to identify potential problems in
the siting and licensing process and 2) to demonstrate methods to facilitate
the process.
The major accomplishment of the Mock Site Licensing Demonstration
Project was development of the "Low-Level Radioactive Waste Siting
Simulation," a role playing exercise that can be used as a tool for
training, ccnmunication, and consensus building with persons involved in
siting LLW disposal facilities. This paper describes siting simulation,
summarizes its development, and discusses its usefulness.
DESCRIPTION OF THE SITING SIMULATION
Development
The objective in developing the siting simulation was to design an
exercise in which participants could "walk through" key steps of the siting
process. Development of the simulation was guided by two decisions regarding its scope. First, rather than focusing primarily on the technical
aspects of siting and licensing, the simulation would also address social
and economic aspects, specifically the conflicts generated by proposed LLW
disposal facilities. Second, the simulation would focus on the early phases
of site selection, which are critical to the success of the effort.
Design of the simulation began in July 1984 by the Program on
Negotiation (an inter-university consortium at the Harvard Law School) under
the direction of Dr. Lawrence Susskind. The design activity began with
research to identify 1) who are the stakeholders (those parties having
significant interest in LLW facilities), and 2) what are the positions and
underlying interests of stakeholders. This was fallowed by creation of a
scenario for the simulation and designation of the issues to be negotiated
in the exercise. Finally the scoring scheme was developed; this involved
assigning point values to each of the issues under negotiation for each
role, based on the knowledge of stakeholder positions. Scores were then
adjusted to produce a workable simulation.
The simulation consists of two sessions which are typically conducted
in the morning and afternoon of an all-day workshop. The scenario for the
first session is a meeting to negotiate the selection of criteria for siting
a LLW disposal facility. (The criteria under discussion are supplemental to
the basic siting criteria already established in 10 CFR 61.) The simulation
addressed the selection of siting criteria because it represents one of the
earliest steps in the siting process and the first step likely to involve
public participation. The hypothetical parties involved in this negotiation
d.re the Public Management Authority, the Federated Indian Tribal Council,
the Environmental Coalition, the "Green Wave" Anti-Nuclear Coalition, the
Association of Municipal and County Gcvernments, the Association of Radwafte
Generators, and the Governor's Blue R'lDbon Advisory Panel.
The second session is concerned with selection of a preferred site for
a facility from among three suitable candidate sites. This stage was chosen
because it highlights the problems of local opposition to any proposed site.
The parties represented in this negotiation are the Governor, the
Environmental Coalition, the Association of Radwaste Generators, Town A,
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Town B, and Town C. Issues which figure prominently in the negotiation
include compensation to the host community and the sharing of control over
the facility between the operator and community.
To conduct a simulation participants are broken into groups of 6-10
individuals; each group sits at a separate table and includes at least one
person representing each of the parties in the negotiation. Participants
are given confidential role descriptions that indicate the negotiator's
goals and instructions. Each role description includes a score sheet which
indicates 1) the importance attached to each of the issues under negotiation
(indicated by a numerical point value) and 2) the total number of points
required for a "yes" vote. At intervals during the session, the negotiators
are asked to vote on whether they can support a package of proposals. If
five or more parties vote "yes" the negotiated package is adopted. At the
conclusion of the session the facilitator conducts a debriefing in which the
results from all the groups are compared.
The first draft of the simulation was tested in a "dry run" conducted
October 31, 1984 in Boston. Over 50% of the participants were persons whose
real-world activities were quite similar to the stakeholders represented in
the simulation. Feedback from the dry run participants was used to evaluate
t.he realism of the exercise and to calibrate the scoring scheme. For
example, as a re~''lt of comments on the dry run, the role of the "Green
Wave" anti-nuclear coalition was added to the first part of the exercise.
"n addition, the score sheets for a number of role descriptions were
modified to designate one or mote issues as "non-negotiable;" this was done
':o focus discussion :n the issues involved rather than the trading of
points.
A second dry run of the simulation war, conducted November 28 in
Oak Ridge. This event involved approximately 35 participants including
scientists and engineers involved in LLW disposal, local politicians,
environmentalists, representatives from states and regional compacts, and
newspaper and TV reporters. Once again, the comments and suggestions of
participants were used to refine the exercise. Some of the changes made in
response to participant feedback included: 1) revising the proposed site
selection criteria to make them more realistic, 2) adjusting the scoring
scheme to make the "Green-Wave" anti-nuclear group take a harder bargaining
position, and 3) providing more detail regarding the political situation of
:he Governor in the site selection sess.on.
Experience with Use of the Simulation
On December 14, 1984 the siting simulation was conducted in Boston with
33 persons from the northeastern states. This represented the first use
with the intended audience, namely persons who are actively involved in
siting for LLW disposal facilities. The participants included representatives from 1) regulatory agencies (state and federal), 2) waste generators,
3) potential facility developers, 4) state legislatures and administrative
agencies, 5) environmental and consumer groups, and 6) academic institutions
Persons from all the New England states and New York attended, but no participants came representing New Jersey, Pennsylvania, Delaware, or Maryland.
(The distance of travel and the time requirement were obviously factors
which discouraged participation.) Dr. Lawrence Susskind served as the
facilitator for the workshop.
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The s i t i n g simulation was conducted at a second workshop in Richmond,
V i r g i n i a , June 18, 1985. The V i r g i n i a Solid Waste Commission co-sponsored
the 35-person workshop, and about two t h i r d s of the p a r t i c i p a n t s were
members of the Low-Level R""1 i n a c t i v e Waste Dialogue Group organized by the
Commirsioii. The remaining p a r t i c i p a n t s were other V i r g i n i a r e s i d e n t s
interested in LLW issues, as well as persons from North Carolina, Ohio,
Michigan, Texas, and C a l i f o r n i a . John McGlennon and Peter Schneider
(ERM-McGlennon A s s o c , I n c . ) served as workshop f a c i l i t a t o r s .
Evaluation
Response to the simulation has been e n t h u s i a s t i c . After the Boston and
Richmond workshops, evaluations were conducted to determine p a r t i c i p a n t s '
reactions to the workshop and to i d e n t i f y what the p a r t i c i p a n t s had learned
from the s i m u l a t i o n . The evaluations indicated t h a t most p a r t i c i p a n t s had
l i t t l e d i f f i c u l t y with t h e i r r o l e assignments. Only 13% of the Boston
p a r t i c i p a n t s i n d i c a t e d that t h e i r r o l e s were u n f a m i l i a r , and only 9%
indicated d i f f i c u l t y in playing t h e i r r o l e s . P a r t i c i p a n t s f e l t t h a t the
simulation was r e a l i s t i c in i t s d e p i c t i o n of i n t e r e s t groups, r o l e s , and
issues, but u n r e a l i s t i c because of the time pressure under which
negot i at ions took place and the c o n s t r a i n t s imposed by the scoring system.1
Most workshop p a r t i c i p a n t s f e l t they had learned about the n e g o t i a t i o n
process from the s i m u l a t i o n . P a r t i c i p a n t s mentioned that they had learned
about the communication between diverse i n t e r e s t groups and about the
process of compromise leading to consensus.1 About 60% of the p a r t i c i pants l e f t the 3oston workshop expecting to behave in a co-operative manner
i n future n e g o t i a t i o n s . ' 1 P a r t i c i p a n t s also stated that they learned about
the overall s i t i n g process or some aspect of s i t i n g such as the i n f l u e n c e of
a l l i a n c e s , p o l i t i c s , or mechanisms f o r compensation .1
DISCUSSION
Negotiation and S i t i n g C o n f l i c t
The past two decades o f f e r numerous cases in which the proposed s i t i n g
of f a c i l i t i e s has provoked notable c o n f l i c t . The patterns by which
c o n f l i c t s arise are well documented^, and there is every reason to believe
t h a t LLW management f a c i l i t i e s , i f developed according to past p a t t e r n s ,
would encounter s i m i l a r problems.^ The t r a d i t i o n a l approach to f a c i l i t y
s i t i n g f r e q u e n t l y r e s u l t s in s i t u a t i o n s characterized by r i g i d i t y , s u s p i c i o n , h o s t i l i t y , and lack of communication by both proponents and opponents.
The p a r t i e s in a s i t i n g c o n f l i c t often engage is behavior that is uncooperat i v e , uncompromising, and adheres s t r i c t l y to a p a r t i c u l a r set of narrowlyframed, preconceived notions about how to accomplish s p e c i f i c goals.2 A
key point is t h a t both parties t y p i c a l l y see t h e i r goals as mutually e x c l u sive from t h e i r opponent's g o a l s .
A p r e f e r a b l e a l t e r n a t i v e would be a s i t i n g process which moved toward
the d e f i n i t i o n and s o l u t i o n of j o i n t problems. In j o i n t p r o b l e m - s o l v i n g ,
p a r t i e s work t o g e t h e r to discover or create s o l u t i o n s that are acceptable to
all.
Negotiation sessions between a l l major p a r t i e s may provide a way to
r e s o l v e j o i n t problems. However, negotiations which solve j o i n t problems
r e q u i r e t h a t stakeholders look beyond t h e i r own i n t e r e s t s and consider the
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concerns of other parties.^ Only then can stakeholders identify overlapping interests and issues on which compromise is possible.
Joint problem-solving through negotiation could help solve four
problems which seem likely to arise in LLW siting efforts:^ 1) lack of
information, 2) difficulties with the perception and/or allocation of risk,
3) the need to provide opportunity shared decisionmaking, and 4) the need to
provide compensation to host communities. However, a major obstacle tha1"
blocks greater use of negotiation to resolve siting conflicts is that ma,,y
people approach negotiations as an adversarial bargaining process rather
than a joint problem solving process.
Usefulness of the Simulation
The siting simulation exercise was originally conceived as fulfilling
two simple functions: providing participants with 1) a greater understanding of the site development and licensing process, and 2) greater
sensitivity to the issues and problems involved. Based on the experience to
date, however, the simulation has shown itself to be valuable in three ways:
1) as a tool for disseminating information about LLW management, 2) as a
vehicle that can foster communication, and 3) as a step toward consensus
building and conflict resolution.
Information Dissemination
As an educational training tool the simulation operates on three
levels:
1. Familiarization with the siting process. The exercise helps participants become familiar with siting criteria, both those criteria required
by regulations and those desired by various interest groups. In
addition, participants learn how the various technical, economic,
environmental, health, safety, and social concerns affect the site
selection process.
2.

Demonstration of an "enlightened" conflict managerent process. The
simulation exercise presents an overall model of siting as a process
which balances many competing interests. Participants learn about the
concerns of other interest groups with which they may not he familiar.
The simulation suggests to participants that negotiation cc. serve their
interests in the siting and licensing process.

3.

Instruction in gegotiating skills. The simulation introduces participants to basic skills of communication and conflict resolution. The
simulation also can make people more aware of (and proficient with)
negotiation skills they already have, especially in the context of
siting and licensing.

Part of the value of the siting simulation as a training tool comes
from the fact that the participants learn by doing. The simulation probably
has the greatest value to persons who are relatively less knowledgeable
about siting and licensing. Many participants, however, are well informed
about their areas of concern (e.g., regulations) but can benefit by broadening their knowledge of the entire process.
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Of the simulation's three educational functions, the second, broadening
participants' mental model of the siting process, may be the most valuable.
Many people have a rather simplistic conception of the siting and licensing
process that includes only two groups, "the developers" (e.g. the state,
compact, or development contractor) and "the opponents" (e.g., the environmentalists, local landowners, etc.). Persons who identify with either group
frequently tend to see the other group as being significantly more powerful.
Opponents of a facility may believe that developers can brush aside environmental or local concerns because of the state-wide or regional need for a
site. Developers, on the other hand often believe that opponents can
completely block development of a worthwhile facility through delaying
tactics or legal maneuvers. In this simplistic model, the end result is
stalemate. For some participants, the siting simulation can replace the
model of "two-sided deadlock" with a far preferable model of "multi-party
joint problem-solving."
Improved Communication
In the process of attending a siting simulation workshop, participants
meet and interact with other people who are concerned with LLW management,
thus promoting communication. While any meeting of people concerned with
LLW would foster communication, the mechanics and content of the simulation
enhance the quality of the interaction for many participants. In a role
playing exercise, participants must listen to each other in order to play
their roles well. In addition, because participants are playing a role,
they can make statements or proposals more freely than they would in a real
negotiation or in normal interaction. Thus, a simulation provides a lowerstakes environment for participants to test new ideas or new techniques for
solving problems. The patterns of improved communication between persons at
a simulation may carry forward into their real-life interactions.
Consensus Building and Conflict Resolution
Based on the evaluations conducted, many participants of the siting
simulation take home two key lessons:
1. Siting requires compromise to accomodate the needs of many diverse
interest groups, and
2. Shared power and compensation are two of the issues that may need to be
negotiated in order for a LLW disposal facility to be acceptable to a
community.
In addition, the simulation highlights the conflicts in a siting situation
3nd their sources.
3y providing a positive, holistic model of t;, process of conflict
~-.r-.;ernent, the simulation can provide a step toward consensus building and
•'•; resolution. Contributing to this is the simulation's demonstration
—: gains, the mutual benefits that can accrue to all or most stake': ervr, joint problem solving activity. In a real conflict situation,
•.-. c ^ V e s {or if an influential minority of the parties) share a posinr..'r" \c conflict management, the prospects for resolving the conflict
n&••-'. < ^

.
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AVAILABILITY FOR FURTHER USE
The Low-Level R a d i o a c t i v e Waste S i t i n g S i m u l a t i o n i s now a v a i l a b l e f o r
use by p a r t i e s involved i n s i t i n g LLW d i s p o s a l f a c i l i t i e s .
Use of the simul a t i o n can be coordinated through the DOE LLWMP, and copies of s i m u l a t i o n
m a t e r i a l s can be obtained from the Case Clearinghouse at Harvard
U n i v e r s i t y ' s Program on N e g o t i a t i o n . Use of the s i m u l a t i o n would be most
b e n e f i c i a l i n the f o l l o w i n g circumstances:
1.

•" re i s a real p o s s i b i l i t y t h a t the r e g i o n , s t a t e , or community w i l l
h j s t a LLW disposal f a c i l i t y ;

2.

The LLW planning process has begun but has not passed beyond the s i t e
s e l e c t i o n phase (and p r e f e r a b l y has not completed s e l e c t i o n of s i t i n g
criteria);

3.

P a r t i e s in c o n f l i c t
s o l v i n g ; and

4.

Resources and i n t e r e s t e x i s t f o r o r g a n i z i n g a moderate-sized workshop.

have some commitment to dialogue and problem

To date f o u r o r g a n i z a t i o n s have contacted t h e LLWMP expressing i n t e r e s t i n
conducting the s i m u l a t i o n . Plans are underway f o r North C a r o l i n a to organize a workshop in the w i n t e r o f 1986, and i t appears l i k e l y t h a t the
Midwest Compact and C a l i f o r n i a w i l l conduct s i m u l a t i o n s in the near f u t u r e .
CONCLUSION
The s i t i n g of disposal f a c i l i t i e s such as those f o r LLW i s fraught w i t h
problems t h a t cause c o n f l i c t between proponents, opponents, and other
affected p a r t i e s . Successful handling of these problems is c r u c i a l to
f u t u r e e f f o r t s in LLW management. Indeed, the development of e f f e c t i v e
communication between p a r t i e s in c o n f l i c t and the u t i l i z a t i o n of techniques
to manage and resolve the c o n f l i c t s represent perhaps the most s i g n i f i c a n t
challenge f o r the people involved in LLW disposal in the next decade.
The s i t i n g simulation is a tool that may help solve the s i t i n g puzzle
for LLW disposal f a c i l i t i e s .
I f incorporated i n t o public involvement or
public education programs in a host state or p o t e n t i a l host community, the
s i t i n g simulation can help to establish new patterns of i n t e r a c t i o n between
parties in c o n f l i c t over s i t i n g proposals.
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VIRGINIA PUBLIC PARTICIPATION PROGRAM
Barbara M. Wrenn
Executive Director
Solid Waste Commission
ABSTRACT
Too often, the technical and regulatory communities have
viewed public involvement in decision-making processes as
a series of delays and a loss of control over the outcome. However, in low-level waste management, attempting
to proceed without public involvement is a gamble with
odds against success.
Before a public participation program is developed,
determine (1) level of commitment to public participation; (2) identification of interested publics, their
roles and power to influence public opinion; and (3)
legal requirements for administrative procedures. Time
required for soliciting, considering and incorporating
public input should be structured into the process, with
the realization that the public can enhance the results.
In 1982, Virginia initiated a public participation
program with funding assistance from the Department of
Energy. The program is administered by a commission
within the legislative branch of government. As currently planned, the program will end in mid-1986 when the
Southeast Compact Commission has identified the next
state -- or states -- to host a regional facility.
T

echniques used include briefings, news releases, local
meetings, questionnaires, newsletters, establishment of a
citizen advisory committee and public hearings. There
appears to be no magic formula for public involvement in
low-level waste management decisions. Instead, a program
should be evolutionary yet founded on purposeful
strategies that provide information and continual opportunities for citizen contribution to the decision-making
process.

Since 1980, millions of dollars and hundreds of man-years have been
devoted to resolving technical questions in low-level waste management,
yet the nation still has no new low-level waste disposal sites. This may
be because low-level waste management has been addressed almost solely as

551

a technical matter, when the impediments to progress are more political
than scientific. Now that technical questions are generally answered and
progress on siting remains nearly stagnant, the lack of constructive
public involvement is recognizable as a deterrent to compact and state
advancement on low-level waste management.
Too often decision makers have appeared reluctant to purposely
involve the public in low-level waste management questions. Perhaps this
reluctance has stemmed from fears that public perceptions about radioactive waste would delay decisions that are already on a constrained
schedule. Yet structuring programs for increased public opportunities
and responsibility can enhance progress and may break the siting impasse.
In Virginia, a low-level waste public participation program was
initiated with the assistance of a Department of Energy grant to conduct
a "model" program with results that could be shared with other states.
Although the program has had a mixture of successes and failures, experiences prove that the public can contribute meaningfully to low-level
wast- management solutions.
The grant was awarded in 1982 to the Virginia Solid Waste
Commission, a legislative agency created by statute in 1972 to advise the
Governor and the General Assembly on matters relating to solid waste.
Commission members include both legislators and gubernatorial appointees.
When the low-level waste public participation program was conceived, the
State was beginning a facility site selection process through a regulatory agency in the executive branch of government.* The intent was for
the public participation program to parallel the siting study, aligned
with the milestones of the three-phase site selection process as it
narrowed from broad areas to specific sites.
The Phase I screening identified parts of 17 counties in a region
where residents believed that they had received at least their fair share
of undesirable land uses (e.g. , prisons). Copies of the screening report
were hand delivered to officials within the identified areas. The
Commission followed up with calls and visits to provide information these
people needed to respond to their constituents. The timing of the
announcement -- in late December and within three weeks of the beginning
of the 1983 General Assembly -- was unfortunate. Many local officials
and state elected representatives had personal commitments that conflicted with their need to pursue an unfamiliar and potentially volatile
situation.

*
Months prior to this, Virginia had been asked to leave the Southeast
Compact negotiations. The Governor requested the siting study, preparing
the State to meet disposal responsibilities by 1986 as assigned by the
Low-Level Radioactive Waste Policy Act, even if Virginia was not a
compact member. Virginia was readmitted to the compact negotiations
before the first screening of the site selection process was completed.
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The public participation program was first publicized with the press
release on the Phase I screening study, announcing that a toll-free
"hotline" had been established. Over 200 callers used the hotline in its
one month of operation.
The hotline allowed the Commission to demonstrate government's
responsiveness to its citizenry and to distinguish our role from that of
the agency responsible for site selection. This has proven to be important to the State's low-level waste management efforts. From the
hotline, we were also able to identify interested citizens and begin
formation of a mailing list. By far, the majority of calls received were
from residents of and property owners in the areas identified in the
Phase I screening as potentially containing acceptable sites. We found
we were handicapped by not having suitable materials available for mass
distribution, and quickly prepared a pamphlet that defined low-level
waste and Virginia's efforts to assure compliance with the Low-Level
Radioactive Waste Policy Act.
The second phase of the siting study, the selection of candidate
areas, was expected to be completed roughly six months after the Phase I
announcement. During this period, the work plan for the public participation prograr called for the conduct of meetings to gather responses
to a survey from g 'oups of local leaders. The survey was designed as a
questionnaire that would to be a learning experience for participants and
indicate that, while local preferences could be followed on matters like
routing and hours of operation, responsible decisions were not easily
reached. Twelve to fifteen local leaders for each meeting were carefully
identified to gather community opinion leaders for survey respondents.
The questionnaire/survey wes premature. Local officials had not taken
ownership of the problem and felt hesitant to cooperate ir contributing
toward a solution. Several participants complained that the questions
were poised from a position of "when did you stop beating your spouse."
In one location, we were surprised that the newspaper editor, who was
invited as a local leader, reported the session as an open meeting in the
local newspaper. Consequently, the meeting had to be moved from a quiet
room to an auditorium to hold the 300 attendees. The questionnaire
survey was set aside and an open question-answer session continued until
all questions were addressed. Still, the Commission concluded that the
participation at these local meetings was generally constructive.
Before six months brought the Phase II results and its identification of candidate areas, major institutional changes altered the
direction of the State's low-level waste management plans and the public
participation program: the General Assembly enacted legislation providing membership in the Southeast Compact, and the siting study was
discontinued. Termination of the siting study was not as immediate as
might be expected, given the certainty of compact membership. The public
did assist the State with realizing that the need to determine a disposal
site had been delayed by participation in the Southeast Compact. At one
of its regular business meetings, the Solid Waste Commission received
hours of citizens' expression of their concern that the siting study
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appeared to assume a shallow land burial facility without considering
other disposal methods and testimony of the dread of having a low-level
waste facility in their community. The Solid Waste Commission then voted
to recommend to the Governor that the siting study be discontinued, and
the recommendation was accepted.
The initial work plan for the public participation program was
devised by a contractor, which assisted with early implementation.
However, the contract was terminated after the siting study was discontinued as the work plan was no longer appropriate, the program required
a totally new approach and schedule.
The Commission began to fashion a new program oriented to Virginia's
membership in the Southeast Compact. The Solid Waste Commission believed
that without the immediate potential for a site in Virginia, public
dialogue on the issue would be less emotional, improving the setting for
informed public involvement. But it was apparent that without the press
of the siting study, public interest would quickly wane. Activities were
planned to keep the issue before Virginians. Specifically, a two-day
workshop was held, the Commission conducted two series of meetings in
"Hve locations around the state, and a newsletter was prepared and sent
r.c over 900 recipients at 6-week intervals. While these activities were
useful for dissemination of information, the program lacked structured
opportunities for active participation, except for receipt of testimony
at Commission meetings and an occasional public hearing.
Just this year, a citizen advisory committee was formed to provide
an enhanced participatory role for parties wanting to be involved in the
issue. The 15-member committee includes representatives of the various
publics that continue to demonstrate an interest or that are potentially
effected by the outcome of the Southeast Compact's activities; members
include representatives of local government, low-level waste generators,
environmental groups, civic organizations and a transporters organization. To avoid the committee meetings being imbalanced from a
member's absence, the r ommission asked each member to designate an
alternate member. The committee is facilitated by the Institute for
Environmental Negotiation which is housed at the University of Virginia.
The committee is tasked to discuss questions before the Southeast Compact
Commission and make suggestions for consideration in the State's position
on Compact issues. A record of the committee's dialogue is distributed
to Solid Waste Commission members, and Virginia's Compact Commission
members and alternates. Since April 30 of this year, the committee has
held three meetings, participated in the DOE siting simulation, and
toured the Chem-Nuclear disposal facility at Barnweli, South Carolina.
The actual design or work plan of a public participation program
should be prefaced by examination of three features that will prescribe
the style and breadth of the effort. First, the state or compact must
determine its level of commitment to public participation. This will
involve a definition of the purpose for such a program. The entity
should realize the naivete in believing that public education or participation will avoid disagreement or opposition. If reaching consensus
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is established as the purpose of public participation, the program will
not succeed. In addition to establishing a purpose, determining the
level of commitment requires a review of the resources -- both people and
funding -- that will be devoted to the effort. The availability of
resources may indicate a relative status of the program as measured
against other priorities. Resources need to be committed early in order
for clear establishment of a public participation program as part of the
low-level waste effort, and not an appendage or afterthought.
The second required step is the identification of the publics to be
solicited, going beyond an accumulation of names and addresses. The
state or compact must consider what roles these individuals and groups
have in effecting public opinion, and how their powers might influence
the low-level waste management program. Then the agent can determine how
these powers might be tapped to build an effective constituency.
The third step before designing a program is understanding legal
requirements. The Low-Level Waste Policy Act contains no procedural
requirements for public consultation by a state or a compact. Most
states have enacted procedural statutes prescribing administrative
requirements in decision-making, and many state agencies have adopted
regulatory procedures to implement such laws. Failure to comply with
such requirements establishes reason to challenge decisions as arbitrary
and could cause a decision to be overturned in court.
Compact commissions are not required to adhere to state administrative procedures, and because a compact commission is not a federal
entity, the Federal Administrative Procedure Act does not apply. In the
absence of its own procedures, a compact commission might rely on standard principles of administrative law to avoid challenges. The
principles are:
1. Adequate notice of its activities;
2.

Public access to information that will be considered
by the Commission in making decisions;

3.

Explanation of its proposed actions and the reasons
therefor;

4.

Opportunity for interested persons to comment prior
to a final decision;

5.

Consideration of comments and all relevant information known to it in making decisions; and

6.

Explanation of its decision in light of relevant
information (e.g. , why it chose not to follow a
particular recommendation).

A myriad of public participation techniques have been used in
low-level waste programs and other matters in which institutions such as
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government have accommodated public involvement. Programs should develop
a variety of techniques suited to the public's different levels of
interest and involvement. Public hearings alone may satisfy legal
requirements for public participation, but if not accompanied with an
educational process and opportunities for response from the
decision-makers, public hearings will not satisfy the individuals and
organizations who seek to affect the outcome. Without accompaniment,
public hearings are not likely to produce significant contributions
beneficial to the state or compact and consequently may be a waste of
everyone's time and an abuse of persons willing to contribute to
low-level waste management efforts. Public education is essential to
enhance citizens' ability to participate and to allow decision-makers to
rely on the input received. Newsletters, press releases, public briefv
ings ?re important educational too1
et public participation must be
more :ian duplicating informationa
acerials and throwing them to the
wind with hopes they will land in an interested person's hands. Educational programs need to be directed to specific audiences and augmented
with activities that are avenues for involvement.
The design of a public participation program should be carefully
prepared to have structure yet be flexible enough to respond to unanticipated occurrences. Strong but agile programs can survive unpredictable
reactions and tactics that may be used by individuals or groups involved.
To remain in control, the program should combine assertiveness with
demonstrated capacity to be receptive.
The Virginia public participation program is planned to terminate in
mid-1986 with the Southeast Compact Commission's identification of the
next member state tc host a regional disposal facility. A report will be
prepared shortly afterwards in time for other states and regions to
benefit from the Virginia experiences -- both good and bad. Meanwhile,
the Solid Waste Commission would be pleased to consult with other states
in an attempt to enhance progress in low-level waste management through
meaningful public participation.
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VII. SESSION V. LOW-LEVEL WASTE MANAGEMENT
SESSION B

MIDWEST REGIONAL MANAGEMENT PLAN

R i c h a r d F. P a t o n , E x e c u t i v e D i r e c t o r
Midwest i n t e r s t a t e Low-Level R a d i o a c t i v e Waste Commission

ABSTRACT
In response to t h e Low-Level R a d i o a c t i v e Waste P o l i c y Act
of 1980, die S t a t e s of I n d i a n a , Iowa, Michigan, M i n n e s o t a ,
M i s s o u r i , Ohio and Wisconsin formed t h e Midwest I n t e r s t a t e
Low--Level R a d i o a c t i v e Waste Compact.
One of t h e t o p
p r i o r i t i e s of t h e Compact Commission i s the developmen : of
a comprehensive r e g i o n a l waste management p l a n .
The p l a n
c o n s i s t s of f i v e major e l e m e n t s :
1) waste i n v e n t o r y ;
2) waste stream p r o j e c t i o n s ; 3) a n a l y s i s of waste management and d i s p o s a l o p t i o n s ; 4) development of a r e g i o n a l
waste management system; and 5) s e l e c t i o n of a h o s t
s t a t e ( s ) for f u t u r e l o w - l e v e l w a s t e f a c i l i t i e s .
When
completed, t h e Midwest Management P l a n w i l l s e r v e as t h e
framework for f u t u r e l o w - l e v e l r a d i o a c t i v e waste management and d i s p o s a l d e c i s i o n s .

THE LOW-LEVEL RADIOACTIVE WASTE POLICY ACT
In December, L980 Congress passed t h e Low-Level R a d i o a c t i v e Waste
P o l i c y Act (PL 9 6 - 5 7 3 ) .
The Act t u r n e d t h e problem of l o w - l e v e l r a d i o a c t i v e waste d i s p o s a l o v e r to the s t a t e s .
In C o n g r e s s i o n a l debate on t h e
Act i t was found t h a t t h e s t a t e s were more " . . . c a p a b l e of p l a n n i n g and
monitoring functions r e l e v a n t to low-level r a d i o a c t i v e w a s t e . "
(House
Report 96-1382, P a r t I I I , page 2 5 . )
While s t a t e s were a s s i g n e d the problem i n d i v i d u a l l y , t n e Low-Level
Waste Act d e c l a r e d as f e d e r a l p o l i c y t h a t l o w - l e v e l r a d i o a c t i v e wastes
could be "most s a f e l y and e f f i c i e n t l y managed on a r e g i o n a l b a s i s . "
(PL 9 6 - 5 7 3 , Sec. 4 ( a ) ( l ) ( B ) - )
Interstate
compacts for t h e s o l e purpose of
c o o r d i n a t i n g s t a t e e f f o r t s in l o w - l e v e l w a s t e management and d i s p o s a l were
therefore authorized under the Act. As an incentive for creating i n t e r s t a t e
low-level radioactive waste compacts, Congress authorized compact regions to
enact import disposal bans on wastes not generated within their compact
region.
Presently, 47 states have enacted or are officially pursuing the
development of interstate compacts. As many as 10 compact regions ranging
in size from 8-2 states are likely to develop.
(Figure 1 depicts likely
compact regions and waste volumes.)
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FIGURE 1.
ESTIMATED 1984 WASTE VOLUMES
BY REGION

CUBIC FEET

REGION
Southeast

884,250

Cent ral-Midwes t

323,840

Midwest

301,770

Appalachian

261,330

Northeast

245,930

Western

156,130

Northwest

107,180

Central

95,770

Rocky Mountain

6,430

Dakota

70
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THE MIDWEST LOW-LEVEL RADIOACTIVE WASTE COMPACT
The Midwest Low-Level R a d i o a c t i v e Waste Compact i s t h e s e c o n d l a r g e s t
compact by number of s t a t e s a n d t h i r d l a r g e s t compact by volume. The
compact region consists of the Upper Mississippi/Great Lakes area that
encompasses the States of Indiana, Iowa, Michigan, Minnesota, Missouri, Ohio
and Wisconsin.
In developing the Midwest Compact, the member states elected to develop
a regional waste management plan.
The objective for preparing a comprehensive regional management plan '..as to provide the Compact Commission with the
technical background, c r i t e r i a , procedures and options necessary to satisfy
state responsibilities under the Low-Level Radioactive Waste Act.
Specifically, Article IV of the Midwest Compact outlines several
principles upon which the regional plan should be based. These include:
1.

Preservation of public health and safety.

2.

Promotion of volume/source reduction of waste.

_i.

Selection of a host s t a t e ( s )

4.

in a manner that:

a.

Maintains public health, safety and welfare.

b.

Considers the existence of past regional

c.

Minimizes

d.

Provides for regional equity.

e.

Minimizes regional environmental, economic and ecological
impacts.

facilities.

transportation.

Develop the concept of a complete waste management "system" and
not merely focus on waste disposal.
REGIONAL WASTE MANAGEMENT PLAN

In d e v e l o p i n g t h e c o n c e p t f o r a r e g i o n a l p l a n , s i x key work t a s k s were
i d e n t i f i e d by t h e Commission.
These i n c l u d e d p u b l i c i n v o l v e m e n t , d a t a
i n v e n t o r y , w a s t e p r o j e c t i o n s , t e c h n o l o g i e s r e v i e w , waste management systems
and host s t a t e identification.
In October, 1984 the Commission issued a request for proposal to help
prepare the management plan.
In March. 1986, ERM-Midwest, Inc. was
selected to serve as the Commission's technical contractr"" for the plan.
Over the next 12 months d e t a i l s to the plan will be further developed.
Public Involvement Element
Public confidence in the planning process i s an important element.
Toward this end, opportunities for public input, participation and review
must be established.
Equally important is the development and
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dissemination of accurate and unbiased information that will allow
individuals to become conversant with the problem of low-level radioactive
waste.
In March, 1985 the Commission prepared a Public Involvement and
Awareness Report.
Among the recommendations in the report which have
already been implemented are the following:
s t a t e technical-citizen
advisory bodies have been established; a bimonthly Commission newsletter has
been developed; a slide show is being prepared; and Commission fact sheets
are being developed.
Throughout the Management Planning process, efforts to
improve upon public involvement and awareness will be sought.
Inventory of Regional Wastes and Waste Management Practices
Before the Commission can determine the type(s) and number of waste
management options to pursue, the existing waste volume generation rate=>,
waste type, waste classification and distribution of waste within the region
must be known.
A regional inventory of waste generators with over a 95,', confidence
rate on the waste volume characteristics and treatment methods is nearly
completed. Preliminary returns suggest the Midwest volume level may be
much less than originally thought.
Our returns also show that the u t i l i t y
generators on a whole in the Midwest are well below the national reduction
figures being discussed as part of the proposed amendments to the Low-Level
Waste Act. A draft report on the region's waste volumes and characteristics
i s scheduled to be completed by September 15, 1985.
Waste Projection Element
The need for future low-level waste f a c i l i t i e s depends upon existing
and projected wastes.
In concert with the Commission's waste inventory, a
projection of wastes by state over a 30-year period is being prepared. A
preliminary projection is scheduled for release September 15, 1985. In
preparing the projection, anticipated actions by waste generators,
decommissioning schedules for power plants and likely modifications to
federal rules are being examined.
Review and Characterization of Alternative
Waste Management Technologies Element
A variety of low-level radioactive waste management technologies and
options exist.
The Management Plan is examining the advantages and limitations of various disposal options given the nresent and projected waste
streams for the Midwest Region.
Identification of an Integrated Regional Waste Management System
A variety of combinations of disposal, long-term storage and waste
management practices are being explored. In evaluating the various
systems, consideration will be given to the system's environmental,
i n s t i t u t i o n a l , economic and long-term care requirements.
Further, a
schedule for implementing the system and i t s various parts is being
developed.
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Host State Selection Process
One of the most difficult tasks of the Commission's Management Plan
will be the development of a host state(s) selection process. Unlike many
of the other compact regions, the Midwest has no one state that generates
a major portion of the region's waste. Most of the states have similar
waste volumes and characteristics.
As such, the selection of a state (or states) to serve as a "host" for
future low-level radioactive waste facilities must be based on a sound and
trackable program. Further, the selection of a host state should work to
equitably distribute perceived burdens and benefits of a disposal facility
as much as possible. To aid in this effort a siting incentive program is
being considered.
Six selection processes are being investigated. These include the
following: i) a negative screening of unfavorable areas; 2) a positive
screening of desirable areas; 3) development of an incentive package;
A) development of a "pool of sites;" 5) development of a request for
commercial operators approach; and 6) a lottery. The advantages and
constraints of those processes are being explored and a process or
combination of processes that satisfy the requirements of the Compact and
adopted Co mmi r,s ion policies will be proposed later ii, September.
Regardless of the final host state selection process chosen, the
.selection of a disposal site will remain the responsibility of the
selected 'host state.
TIMETABLE FOR DEVELOPMENT
The Regional Management Plan is an integral feature in the Midwest
Compact's efforts to develop new disposal capacity. The plan itself should
be completed by mid-1986. The timetable adopted by the Commission is as
fo1 lows:
May, 1986

Technical work on plan completed.

December, 1986

Host state identified.

January, 1989

Disposal facilities identified and supportive
technical data completed.

January', 1990

License application submitted to the NRC.

January, 1993

Neu facility operating.
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DOE'S LOW-LEVEL WASTE DISPOSAL
SITE TRANSFER PROGRAM:
A STATUS UPDATE
A. C. Rutz and E. A. Jennrich
EG&G Idaho, Inc.
Idaho Falls, Idaho
ABSTRACT
The Nuclear Waste P o l i c y Act of 1982 (Section 151) authorizes the Secretary of the Department of Energy to accept
t i t l e and custody of l o w - l e v e l and special r a d i o a c t i v e
waste s i t e s under s t i p u l a t e d c o n d i t i o n s . The DOE has
developed programmatic guidance f o r the prospective t r a n s f e r of candidate s i t e s and has requested NRC review and
comment pending n e g o t i a t i o n s on a memorandum of unders t a n d i n g . To a s s i s t i n the development of the programmatic guidance and to determine the type of i n f o r m a t i o n
r e a d i l y a v a i l a b l e t o support a proposed t r a n s f e r , the DOE
has reviewed the a v a i l a b l e i n f o r m a t i o n p e r t a i n i n g to the
S h e f f i e l d , I l l i n o i s Low-Level Waste Disposal S i t e . The
background and recent developments in t h i s new program are
described.

BACKGROUND
The l e g i s l a t i v e h i s t o r y of Section 151 c o n s i s t s of two separate
h i s t o r i e s : one f o r l o w - l e v e l r a d i o a c t i v e waste disposal s i t e s and one f o r
special s i t e s . B r i e f l y recapped, these are:
(1)

Low-level waste disposal

sites:

In 1979 the Interagency Review Group on Nuclear Waste Management recommended i n i t s Report t o the President t h a t . . . "
s t a t e s be provided t h e option to r e t a i n management c o n t r o l
o f e x i s t i n g commercial low-level waste s i t e s or to t r a n s f e r
such c o n t r o l t o the f e d e r a l government."
DOE's Low-Level Waste Strategy Task Force recommended a s i m i l a r approach i n a 1930 d r a f t r e p o r t Managing Low-Level Radioa c t i v e Wastes: A Proposed Approach
Most r e c e n t l y , the S t a t e Planning Council recommended i n 1981
t h a t "Congress enact l e g i s l a t i o n to provide t h a t , upon s a t i s f a c t o r y decommissioning and t e r m i n a t i o n of a l i c e n s e f o r a
new or e x i s t i n g l o w - l e v e l waste disposal s i t e s , t i t l e t o the
s i t e may, at the host s t a t e ' s o p t i o n , together w i t h the
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perpetual care fund, be transferred to the Federal government
for the purposes of extended care."
Thus, Section 151 is the result of efforts to comply with recognized needs to make the transfer option available.
(2) Special Sites
"Special Sites" are those where the low-level radioactive waste
resulted from a licensed activity to recover zirconium, hafnium
and rare earth elements from source material. These sites are
held by private concerns that wanted to transfer them to the
Federal government. Whereas these sites were used solely for
Atomic Energy Commission licensed activities, and have been or are
being stabilized by the site owners to NRC criteria, the transfer
provisions of Section 151 recognize a shared federal liability.
The legislative authority of Section 151 comes from three subsections,
summarized as follows:
(1) Subsection (a) FINANCIAL ARRANGEMENTS—The Nuclear Regulatory Commission (NRC) is to establish by rule, regulation, or order, after
public notice, standards and instructions as it deems necessary
to ensure that adequate bond, surety, or other financial arrangement will be provided by a licensee to permit completion of all
the requirements NRC establishes for decontamination, decommissioning, site closure, and reclamation of sites, structures, and
equipment used in conjunction with the low-level waste. Such
financial arrangements are to be provided and approved by NRC or
the Agreement State before a disposal license is issued. In the
case of the existing sites, these financial agreements must be
made before the license is terminated.
NRC shall also ensure that financial arrangements necessary for
long-term maintenance and monitoring are made before termination
of the license involved.
2.

Subsection (b) TITLE AND CUSTODY--The Secretary of Energy has the
authority to assume title and custody of low-level radioactive
waste and the land on which such waste is disposed of, upon
request of the owner of such waste and land after the license
issued by the NRC for such disposal is terminated, if the NRC
determines that(A) the requirements of the Commission for site closure, decommissioning, and decontamination have been met by the licensee
involved and that such licensee is in compliance with the
provisions of the subsection on financial arrangements
(B) such title and custody can be transferred to the Secretary
without cost to the Federal Government; and
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(C) Federal ownership and management of such a site is necessary
or desirable in order to protect the public health and
safety, and the environment.
If DOE assumes title and custody of any such waste and land under this
subsection, the Department must maintain it in a manner that will protect the public health and safety, and the environment.
(3) Subsection (c) SPECIAL SITES—If the low-level radioactive waste
involved is the result of a licensed activity to recover zirconium, hafnium, and rare earths from source material, DOE, upon
request of the owner of the iste involved, shall assume title and
custody of such waste and the land on which it is disposed when
such site has been decontaminated and stabilized in accordance
with the requirements established by NRC and when such owner has
made adequate financial arrangements approved by the NRC for the
long-term maintenance and monitoring of such site.
The three closed commercial low-level sites that -.ould be transfer candidates are, of course:

Site

Ownership

Location

Maxey Flats

Morehead, KY

Kentucky Environmental
Protection Cabinet

Sheffield

Sheffield, IL

Illinois Department of Nuclear
Safety

West Valley

West Valley, NY

New York State Energy Research
and Development Authority

The three operating low-level sites that might fall under the transfer
provisions at some later date are:

Barnwell

Barnwell County,
SC

State of South Carolina

Beatty

Nye County, NV

State of Nevada

Richland

Hanford, WA

US Government

Currently, there are three special sites that could be candidates for
site transfer. These are located in Parkersburg, West Virginia,
Chattar.ooga, Tennessee, and Freeport, Texas.
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Of all the potential transfer candidates listed, the Sheffield,
Illinois site is nearest to completion of the prerequisite NRC post-closure
requirements for license termination; hence, considerable attention has
b°en focused on the site.
DOE'S SITE TRANSFER PROGRAM
DOE's site transfer program was established in 1983 to do three things:
(1) Develop the process for determining the acceptability of closed
disposal for transfer to the Secretary of Energy.
(2) Review transfer proposals (applications)
(3) Manage transferred sites in a manner that will protect public
health, safety, and the environment.
Recent Developments in the Site Transfer Program (1985)
The major programmatic accomplishments over the last twelve months
include the preparation of four documents:
(1)

"Guidance for Review of Site Transfer Proposals, Low-Level Waste
Site Transfer Program" - final draft, August 1985.

(2) "Guidance for Review of Site Transfer Proposal's, Special Waste
Site Transfer Program" - final draft, August 1985.
(3) "Review of Information on the Sheffield, Illinois Low-Level Waste
Disposal Site," final draft, August 1985.
(4)

"Memorandum of Understanding (MOU) Between the U.S. Nuclear Regulatory Commission (NRC) and the U.S. Department of Energy (DOE)
Concerning the Transfer of Low-Level Radioactive Waste Disposal
Sites from State to Federal Custody," draft, January 1985.

The process used to develop these documents has been methodical and
painstaking, resulting in concurrences between the DOE Site Review
Committee, a Technical Working Group and an Administrative Working group so
that the programmatic guidance provides the necessary technical and administrative tools to initiate negotiations with NRC on a MOU.
In a larger sense, the real progress in site transfer during 1985 can
be likened to an anecdote of two moose hunters who were flown deep into the
north woods of Maine by a bush pilot. As the pilot prepared to leave, he
reminded the hunters that his plane was small, and not able to carry heavy
loads. "I'll only be able to take the two of you, your gear and one moose
when I return to fly you out next week,'1 he said flatly. And with that, he
left.
A week later, right on schedule (and presumably within budget), he
taxied up to the two hunters, each of whom posed proudly beside a large
bull. Two hunters, two moose.

567

"I told you guys my plane would only handle you two, your gear, and ONE
MOOSE!" he exclaimed.
The two hunters exchanged a slightly feigned look of surprise. "Well,
last year the pilot didn't give us a, hard time about it," said one of the
hunters.
Not to be out-bush-piloted by an unknown competitor, the pilot reluctantly agreed to take the extra moose.
The
brush at
glancing
across a

take-off was absolutely harrowing - the plane BARELY cleared the
the end of the runway, groaned on about another quarter mile before
off a large pine tree and distributing itself and all its payload
mossy bog.

After unpacking moss and mud from his sensory portals, one hunter looked
across the debris and saw his partner laboring to extricate himself from the
mush. "Hey!" he shouted. "Where are we?"
"Oh, about a hundred yards further than last year." said his friend.
While the net progress of the transfer program may seem to resemble the
hundred yards just mentioned, the big difference is that the increment has
been critical to the work that will soon follow. The low-level guidance
document and MOU have been submitted to NRC for review and comirent, and a
schedule for negotiations on the MOU proposed.
Meanwhile, DOE has reviewed the available information pertaining to the
Sheffield site and is negotiating with Illinois on some work focused on site
stabilization, closure and public involvement in the transfer process.
Thus, DOE is completing the prescribed steps in the site transfer process development, as noted in the program plan:
<l) Develop guidance for DOE review of proposed site transfer.
(2) Cooperate with the NRC to establish, through MOU: the process
that will be used, in the case of low-level waste disposal sites,
to effect a transfer of title of land and custody of waste; common
transfer requirements for low-level waste disposal sites; agreement on National Environmental Protection Act (NEPA) issues and
responsibilities; and the process by which DOE will participate
with NRC regarding decommissioning, decontamination, stabilization,
and closure of special sites.
(3) Examine the proposed low-level waste disposal site application
review procedures for effectiveness...
As the negotiations with NRC and the State of Illinois proceed, DOE
will refine the guidance documents as necessary, specifying only the information needed and the general procedure that will be followed in its review
of site transfer proposals. As the guidance is fully de-^loped, hopefully
in the next several months, the states will be better able focus on the
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specific work needed to prepare sites for transfer while looking to the
larger issue of developing new disposal capacity for their low-level radioactive wastes.
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TEMPORARY STORAGE OF LOW-LEVEL
RADIOACTIVE WASTE IN NEW YORK
Jay D. Dunkleberger
Director, Technological Development Programs
New York State Energy Office
William F. Schwarz
Senior Project Manager
New York State Energy Research
and Development Authority
ABSTRACT
When it became clear that a new permanent low-level
radioactive waste disposal facility could not be sited,
licensed, and constructed in New York by January 1, 1986,
planning for a temporary storage facility was begun as
a hedge against loss of continued access. Several basic
design concepts for aboveground, monitored, retrievable
storage were evaluated, and volume reduction by incineration was considered. Cost projectsions for storage concepts with and without incineration were developed, based
largely upon nuclear plant storcge facility costs in
New York. Technical requirements for a storage facility
were developed in preparation for soliciting bids for
design, licensing, and construction. The facility was
to be located at West Valley, and would be operated by
the State. Legislation which would have authorized licensing, construction, and operation of the facility as part,
of New York's low-level waste management plan was submitted but not enacted. It will be reconsidered in October
1985.
In May of 1984, the New York State Energy Office (SEO) published a
management study of low-level radioactive waste in New York. One of the
recommendations of that report was that the State should develop a storage
facility for Class A non-utility radioactive waste at the West Valley site
owned by the New York State Energy Research and Development Authority
(NYSERDA). This paper discusses the reasoning behind that recommendation,
the potential problems that have developed, and the current status of this
i ssue.
Why a Storage Facility
When the management study was performed in 1983 and early 1984, one
of the principal topics was the evaluation of the proposed Northeast Com570

pact. The SEO, supported by a 17 member public Advisory Committee, recommended that New York not enter that compact. This basically meant that
the State would have to negotiate another compact or be responsible for
its own waste. It was clear in either case that New York had to accept
the fact that neither an out-of-state regional disposal facility or a
New York disposal facility could be ready by January 1, 1986 when the LowLevel Radioactive Waste Policy Act would permit approved regional compacts
to exclude waste from outside their regions.
SEO believed then and still believes that the best overall approach
to this interim period is to negotiate to obtain continued access to the
existing disposal sites. However, at that time, there was no assurance
that the three host states could or would negotiate with New York, or that
the conditions they might impose for access would be acceptable. The SEO,
therefore, recommended that the Legislature authorize construction of a
storage facility as a contingency plan. The Advisory Committee was very
support- e of this proposal. Legislation authorizing construction of a
storage 'ability was introduced by the Governor in a bill which also provides for development of a permanent disposal facility in New York.
11 'i.v; always been clear that any costs to generators for the temporary
storage of their wastes are directly additive to the total cost of ultimate
disposal, and that these costs are likely to be substantial. The additional
handling and transportation of wastes that storage would require, are also
•jndes1 rabl e. and in fact are arguably inconsistent with the ALARA principle.
Nevertheless. New York considered it prudent and responsible to plan for
so:;ie irterirn solution to the problems that would result if the existing
sites really did close their doors after January 1, 1986. Most generators
of radioactive waste have very limited storage facilities and would have
major problems if disposal were not an available option.
'he' 'J..PM generators in New York have also been pushing for New York
to o>-o\ u!e a storage option. They have strong fears that after January
r.ney will nave no place to ship their radioactive waste.
Problems and Unresolved Issues
A number of problems and issues have arisen in connection with
attempting to provide a central storage facility for NY's LLRW. Some are
technical, some are political, and many are some combination of the two.
As might be expected, the fundamental problems center upon "NIMBY", perceived risk, and the political intractability of the entire LLRW issue.
Siting
West Valley was recommended by the Energy Office as the location for
the temporary facility. Although the recommendation to use West Valley
for temporary storage did involve representatives of the adjacent communities as members of the Advisory Committee, it still resulted in vociferous
and indignant objection after the recommendation became final.
A site had to be designated by statute (rather than through a lengthy
selection process subject to delay and litigation), if there was to be
any realistic chance of having a temporary storage facility available when
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needed. West Valley was recommended by SEO as the logical and most convenient site for an above-ground temporary storage facility because a portion of the site was already committed to radioactive material processing
and disposal; NYSERDA owns the property, the region is thinly populated,
and it is a large controlled area of 3,345 acres. In addition, the history
and present activities at West Valley (clean up of the high-level wastes
and reprocessing facilities in the West Valley Demonstration Project, and
maintenance of the closed down former low-level waste disposal facility)
means that experienced personnel are available if needed (although the
storage facility would be entirely independent of and isolated from the
pre-existing facility). The temporary nature of the storage facility would
result in no significant increase in the environmental burden already
present, which would potentially not be the case at a new, pristine site;
and facility licensing and permitting was estimate to be far less difficult
at West Valley than at a new storage site co-located with a nuclear powar
plant.
Some environmental groups and local citizens objected to West Valley
because they alleged that:
0

The area had already done its part by hosting the previous commercial LLRW disposal area, the spent fuel reprocessing plant, and
the plant waste disposal area.

°

The current facilities were leaking radioactivity.

0

Western New York had been used too much for disposal of toxic
materials (West Valley, Love Canal, SCA, Niagara Falls Storage
Site, etc.).

°

Most of the wastes are generated near New York City far from
West Valley.

°

A temporary storage site would lead to a permanent site at the
same location.

The Environmental Planning Lobby, Sierra Club Radioactive Waste
Campaign, and several State legislators had proposed using the New York
Power Authority's nuclear plant sites at Fitzpatrick and Indian Point 3
for the storage of non-utility wastes. They argued that the wastes should
be stored close"- to where they are generated, and that there would be
reduced risk from transportation of wastes over greater distances. This
raised several new problems; including among other things:
°

Two facilities would double the licensing and siting costs,
increase other costs, and result in higher unit storage costs.

°

The licensing of such a facility at a nuclear plant site, which
is an unprecedented action, would likely be difficult and time
consuming since there is no clear, final NRC policy that has been
set for such licensing in an agreement state.

°

Two potential sources of release would be created, with dilution
of regulatory control.
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What LLRW Should be Stored
SEO recommended that only non-utility wastes be stored, but the storage
of all New York LLRW is being pushed by the waste generators. This would
roughly triple the required capacity of the facility, but wou.d benefit
the non-utility generators by reducing unit costs.
Owners of four of the five nuclear power plants have already built
or are preparing to build storage capacity to store at least two years
of their own wastes. They also !..ve the physical space and financial capability to build additional storage space. There is, thus, no need for
the State to provide abundant storage space for them. SEO felt that the
State's mandate was to prevent facilities from having to close due to lack
of storage space, hence the proposal eliminatel utilities since they had
the ability to and in general were taking care of their own needs. In
addition, SEO felt that the smallest facility absolutely necessary should
be builc so as to minimize the State's financial risk if the facility
should become uneconomic or unnecessary.
However, the utilities do not want to be excluded, even though they
have substantial storage capacity or the ability to provide it. It appears
they primarily do not want their waste treated differently from other generators, even if storage in a State facility would cost them more than storage in their own facilities.
SEO further recommended that the state storage facility be designed
to accept only Class A waste. SEO believed that it was reasonable to expect
to be able to arrange for disposal of non-utility Class B & C waste at
one of the existing disposal sites, The volume of this waste in New York
is \iery small (less than 5%) and virtually all of it is Class B from
Cintichem (formerly Union Carbide-Medical Products) as a result of production of radiopha>maceuticals for use throughout the country. In addition,
since Cintichem is the only U.S. supplier of these radio-pharmaceuticals
and supplies about half the total U.S. demand, the regions with existing
disposal sites themselves derive substantial benefits from the activities
which produce these Class B wastes. Storage of only Class A waste would
greatly simplify the building and handling requirements, and decrease the
costs. Class B lowleval radioactive waste (LLRW) storage would require
extensive additional shielding, remote handling, and other features due
to its high radioactivity.
The storage of all classes of New York LLRW is being pushed by the
utilities and other waste generators because of fears there will not be
access to disposal sites. The addition of Class B and C wastes for storage,
while not significant in terms of volume, is very significant in terms
of curie content and container surface radiation levels, and would require
more costly massive concrete construction and remote handling equipment.
In addition to the above mentioned issues of whose waste would be
scored and which classes would be stored, there is the desire by the State
to store as little waste as possible, for the shortest possible time.
SEO felt that a state storage facility should accept only those wastes
which cannot be stored or disposed of elsewhere, and should stesp accepting
waste whenever disposal space becomes available for all or .part of the
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waste stream. These uncertainties make sizing and characterizing a storage
facility difficult. In addition, the current uncertain status and content
of the amendments to the Federal Low-Level Radioactive Waste Policy Act
(HR1083) further contribute to these difficulties.
Animal Carcasses
In 1982, New York State sent nearly 6,000 cubic feet of contaminated
and possibly pathogenic animal carcasses to disposal sites. The biological
instability of this waste form makes conventional storage of it over a
period of years unacceptable. This would be a significant problem for
any storage facility, and requires further evaluation of all potential
alternatives. The following treatment alternatives for the storage of
packaged animal carcasses have been considered.
°

Incineration

°

Keeping the material frozen at -20°F for five or more years

0

Vacuum- or freeze-drying before ps:kaging

0

Aci<^ digestion or controlled decomposition before packaging

Incineration
The incineration of some or all incinerable wastes at the storage
facilicy site was considered, as was volume reduction by other means.
A small, batch-fed dual chamber incinerator could, for example, be used
to process carcasses for storage, or a larger one could process all incinerable wastes. The Sierra Club Radioactive Waste Campaign, however, takes
a strong position against incineration, and there was also strong objection
to it from some residents in adjacent West Valley communities. This opposition appears to be based partly on a general objection to possible air
contaminants from incineration (particularly from plastics and similar
substances) and partly on a fear that the investment involved in establishing an incinerator at a temporary storage facility would encourage a decision to site permanent disposal facility at the same site.
Title
One major question is where title to stored wastes should reside during
storage. Related issues include those of how any volume reduction or processing would affect title, timing and surety for payments of post-storage
transportation and dispusal costs, and liability and responsibility for
repackaging improperly peckaged wastes when these are discovered well into
the storage period. Another potential problem is the dete»mination of
who would be responsible for any necessary repackaging of wastes stored
under current regulations, and found to be unacceptable for disposal under
changing future disposal regulations.
hee Structure
The assessment of fees and costs has become a significant issue.
Recommendations have been made since very early that all costs of LLRW
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1.

"Warehouse". Basically a large building, possibly prefabricated, on an on-grade concrete slab.

2.

"Warehouse with incinerator". Same as 1., but with an onsite incinerator to volume reduce all or part of incinerable
wastes.

3.

"Overpack". The use of reinforced concrete containers
holding 55 gallon drums and sealed shut, stacked on an ongrade concrete slab.

Consistent with the SEO recommendation, it has been assumed for planning purposes that NYSERDA would contract for the site selection, preliminary design, license application documentation, and final design. The
facility would be constructed under a separate construction contract, then
would be operated by NYSERDA.
SEO recommended that the facility should bz operated by NYSERDA for
several reasons:
1.

State operation is judged to provide more State control and
accountability, thereby assuring maximum protection of public
health and safety and of the environment.

2.

The former operation of the West Valley disposal site is
an example of unsatisfactory operating performance by a private contractor, which New York does not want repeatec..

3.

NYSERDA has extensive knowledge and experience in the fields
of radwaste management and facilities, but at the same time
has no conflicting responsibilities as a regulator of LLRW
or LLRW facilities.

4.

As a public benefit corporation, NYSERDA has certain authority
to finance activities as an independent corporate entity
which most other State departments and agencies do not share.

T

t is also assumed that the facility would be used only for temporary
storage, possibly employing some on-site volume reduction. Wastes would
be transferred to New York's permanent disposal facility when that became
available, and the storage facility would then be decontaminated and decommissioned.
Cost Estimates
Rough estimates were made for the three basic design concepts described
earlier. It was assumed for these estimates that only Class A wastes would
be stored, that the facility would be at West Valley, and that the average
annual volume per year of Class A non-utility waste would be 70,000 cubic
feet. Costs in 1984 dollars were spread over an assumed eight year cycle:
two years for development, five years of operation, and one year of waste
transfer and facility decontamination and decommissioning. Rigorous cost
estimating efforts have not been undertaken because of the many uncertainties regarding final storage facility parameters such as size, location,
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waste composition, etc. However, all analyses do include estimates for
design, construction, equipment, licensing, project management, operation,
maintenance, and decommissioning costs.
Simple average unit cost estimates (total estimated cost/total required
capacity) for the three concepts wore:
Warehouse
Warehouse with incinerator
Overpack

$53/ft3
V P ' f t 33
$61/ft

Later some additional unic cost estimates were made to help assess
the other major storage options under consideration from a perspective
of comparative average unit cost. These options included the storage of
utility waste, and storage of all classes of waste. More detailed effects
of incineration were also included in these estimates. Major assumptions
for all cases were:
°

The site was to be on the West Valley preserve, which is already
well characterized and is owned by the State.

°

All LLRW from New York in each waste class or from each included
category of generators was to be stored.

°

Storage period was to be five years.

°

An incinerator could and would process all incinerables in the
waste stream (Any reduction in final disposal cost due to volume
reduction was not estimated, and is not reflected in these figures).

There is, however, little empirical data available, waste volumes are
inherently uncertain, and net volume reduction by incineration is highly
waste-stream dependent and therefore difficult to predict in terms of cost
and cost/benefit. Considering the uncertainty of these assumptions and
of the other estimates, the following average unit cost estimates are "orderof-mognitude", useful only for comparative purposes, which was the intent.
Avg. Unit Cost, 1984 $/ft3
Class A Only
Classes A, B, & C
Without Incinerator
Without Utility Waste

56

75

With Utility Waste

33

40

76
41

111
54

With Incinerator
Without Utility Waste
With Utility Waste
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Current Status
When the New York State Legislature adjourned early in July it had
not finally acted on the several bills being considered by the Assembly
and Senate.
A brief special legislative session in the Fall of 1985 is currently
expected, in order to deal with a few important issues. This is one of
the issues identified as a candidate for the special session. Reportedly,
agreement on a final bill was very close in the final minutes of the last
Legislative session.
Even with the progress of HR1083, Congressman Udall's amendments to
the Low-Level Waste Policy Act, SEO is still recommending that the temporary
storage provisions remain in the New York State bill. For one thing, HR1083
is not yet law and could still die. It is also not clear that a disposal
facility can actually be operating in New York by 1993, with all the legislative, siting, and licensing steps that have to be taken, and the potential
for court, litigation to cause significant delays. Therefore, even if it
is not needed in 1986, a storage facility may be needed beginning in 1993
for a short time.
This is a very expensive option that no one wants to have to utilize,
but it is one that may be necessary to have authorized so that it can be
available if and when needed.
BFS2/nb
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REGIONAL TREATMENT/DISPOSAL INFORMATION SYSTEM

J. S. C. Loughead
EG&G Idaho, Inc.

ABSTRACT
Completion of this project will provide a
system of linked, independent evaluation models
which can be utilized to assess various treatment
and disposal technology configurations for regional
low-level waste management. This system will be
comprised of several distinct models, all developed
in a compatible format so that they may bs utilized
together for analyzing a complete regional system.
The integrated system of models is envisioned to be
a decisionmaking tool for technical personnel
within a specific state or region, allowing the
prompt, consistent comparison of various technology
configurations for managing low-level radioactive
waste.
Each independent model may be invoked
separately, or as a subroutine of the
integrated system.

INTEGRATED SYSTEM DESCRIPTION
To use this system of models, the user would proceed through a
series of menus and input screens, defining a waste input profile
(based on waste stream information) and management system
configuration for a real or hypothetical region. This definition
would entail the following steps:
1.
2.
3.
4.

Define the generation region
Define the waste stream profile for the selected region
Specify a sequence of technologies to be employed
Specify which technologies are to be evaluated within the
selected sequence
5. Modify any technical assumptions within the default data
sets.(optional)

The user would initially specify and tailor a generating region
and waste stream profile over a time increment of interest. This
could be as simple as selecting a combination of generating states,
with waste volume and characteristics to be defined by default values
from the computer model database. A more experienced user could
modify these default values through a series of optional input
screens, and would thus create a new dataset representing a unique
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regional waste stream. This ability to alter the default data values
will allow the analysis of one specific generator sector for a
region, or would allow a hypothetical regional profile to be
examined. The model input screens will be developed so that the
interactive user need not traverse all the advanced input or data
value change input steps to proceed in analyzing a given
configuration, but would have the flexibility to do so, if desired.
Subsequent to defining the wrste stream profile to be analyzed,
the user will define a configuration path for tne waste technologies
to be evaluated. This ordering of the technologies to be considered
would specify the input screen order to follow, and the specific
models to be invoked during evaluation. This definition of path is
expected to be a series of screens which outline a default sequence,
each requiring either confirmation or modification, as desired. Such
a default configuration might proceed as follows:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Waste
Waste
Waste
Waste
Waste
Waste
Waste
Waste
Waste

Projection Model
Packaging Model
Transportation Model
Processing Model
Packaging Model
Transportation Model
Storage Model
Transportation Mode 1
Disposal Model.

Several models, such as packaging, transportation, or storage
might be invoked more than once, based on user preference. Again, the
screens will be developed to be simple and st.-lf-directing to the
novice user, yet allow maximum flexibility to the more advanced user.
Upon defining the sequence or path of the models to be included,
the user will select specific technologies where several options may
be available. Initial processing options will include
1.
2.
3.
4.
5.

Incineration
Supercompaction
Storage
Mobile Incineration
Mobile Supercompaction.

Consistent with other input screens, the user could simply select a
technology by generic name, relying on default database assumptions,
or could review and alter these assumptions considerably through
optional data input screens. Initially, a user might opt to utilize
default information to compare several general configurations, then
proceed to review and alter underlying assumptions and constraints
based on more detailed t&chnical information. Ir this manner, generic
technologies(such as incineration) could be customized to f orm new
technology options which might be more specific due to additional
input information provided by the user. Through such an effort, an
advanced user could create a dataset for a unique technology, such as
a "fluidized bed" type incinerator. Ultimately, the user r.ould review
and redefine all the technical, cost, and operational assumptions
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included in the default dataset and utilized by the operating model.
In a similar manner, the Low-Level Waste Management Program may
develop additional technology options as enhancements. These could
include combinations of developed technologies, or untested
experimental concepts.
This last input step would be repeated for both storage and
disposal technology options prior to initiating the system analysis
as configured. Disposal Technology options to be developed include:
1.
2.
3.
4.
5.
6.
7.
8.
9.

10 CFR 61 Near Surface Disposal
Modular Concrete Container Near Surface Disposal
Grouted Trench Near Surface Disposal
Synthetic Liner Near Surface Disposal
Augered Hole Disposal
Below Ground Vault Disposal
Above Ground Vault Disposal
Earth Mounded Concrete Bunkers
Mined Cavities.

The selected input, default, and modified data values could be
stored as named data files for each respective model, to be recalled
and reconfigured as desired to produce different system
configurations.
Upon completion of the above steps, the user's present input
dataset would be analyzed as developed by the combined system of
linked models, with a resulting output dataset produced as described
below.
OUTPUT DATASET FROM INTEGRATED MODELS
The level of precision of the output dataset is generally dependent
on the quality of the input data, which can be formed from either
default dataset information alone or augmented by additional
user-supplied informat.:-«. The eventual level of detail for the
default datasets cannot be determined until the conclusion of the
database project(RWTDP), but the model structure is expected to
generally provide several levels of information regarding a
particular regional system to be analyzed. The output information to
be produced for the user is tentatively anticipated to be organized
into several categories, as follows:
1.
2.
3.
4.
5.

Summary of Input(or default) Information
Qualitative Summary of Configuration Performance
Quantitative Summary of Configuration Performance
Comparison with other Output datasets(future)
Comparison with optimal Output Dataset for one
parameter.(future)
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Each category of the overall output dataset is described below.
1. Summary of Input(or default) Information
The user defined system of waste generation, handling, treatment
and disposal will be presented as an initial section of the output.
This summary will show the specific data values selected by the user
in defining each relevant section of the model. If any portion of the
input dataset was recalled from memory as a stored datafile, the
appropriate filename will be displayed for reference. (This category
of output could be suppressed from printing each time the model is
run, if the user preferred not to see this information.)
2. Qualitative Summary of Configuration Performance
The model will next provide a descriptive summary of the
selections and sequence of the various technologies included for the
present analysis. This section would also report any
incompatibilities, contradictions, or redundancies that might exist
due to a user error or oversight. Also, specific issues which may be
implied by a given configuration would be documented in the form of a
written warning statement or flag. If a given input dataset can not
be analyzed for some reason, a summary of the reason(s) would be
presented. Other constraints might also be identified in this section
if possible, such as legislative exclusions on certain technologies
for a given state.
3. Quantitative Summary of Configuration Performance
In conjunction with the textual summary of output, category 2,
this category of output values would include quantitative results for
comparison against output datasets from other system analyses. These
output values would be relative to other output datasets, and could
not be assumed to be absolute values. Where a dimensional number
cannot be computed, a relative index would be provided. Quantitative
output parameters to be provided are anticipated to be expanded as
the default dataset is augmented, but the following values would be
provided initially:
1. Net Present Value, Life Cycle, system unit costs for the
defined waste stream. This is anticipated to be a
cumulative, adjusted present value cost to handie and
disposal of a unit volume of waste from "cradle to grave".
The incremental cost for each technology step would be
provided as wel1.
2. Implementation schedule for each system element included in
defined system. These values will provide a relative
estimate of the development period required for the selected
technologies.
3. Occupational Hazard Risk Index. This value is anticipated to
be a relative index of the cumulative hazard that a
particular configuration might pose with respect to
occupational proximity to the waste. This index will be
derived by examining the general quality of worker contact
wich the waste throughout the defined system, using
consistent assumptions regarding hazard.
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4. Long-Term Care Requirement Index. This value is anticipated to
be a relative index of the long-term maintenance that can be
expected throughout the institutional control period. This
index will be derived based on best engineering assumptions
about the disposal system components employed, and will rely
on consistent statistical assumptions regarding the
potential for failure.
5. Ease of Remedial Action Index. This value is anticipated to be
a relative index of the ease with which disposed waste might
be exhumed after closure. This index will be based on an
engineering estimate of the relative difficulty that could
be expected if the waste matrix was required to be
physically retrieved as a remedial action effort.
6. Overall Volume Reduction Factor. This value is anticipated to
represent the overall ratio of the original projected
generation volume for the input waste stream divided by the
actual disposal facility volume required to permanently
dispose of the waste over the relevant time period. It is
possible that this factor could be greater than one for some
configurations, and would include the added volume of
containers, pallets, grouts, or other volume displacing
components.
7. Non-Radioactive Hazard Reduction Index. This value is
anticipated to represent the general ability of the selected
treatment and packaging technology to reduce the
non-radioactive hazard of a given waste stream. This index
will not be an absolute risk index, but will indicate a
technology which could be effective in reducing the
non-radioactive hazard component of a given waste stream.
This output category will be included in partial form as an
initial system feature, with items 4, 5, and 7 anticipated to be
added at a latei date. Other output values would be added as
possible.
4. Comparison of Other Output Datasets to Present Output
This output category is not anticipated to be included as an
initial system feature, but would be added as a system enhancement at
a later time. For a user with many distinct configurations, this
option would allow only the output data values which differ between
two (or more) runs to be identified by the system. This feature is
envisioned to be essential if the user desired to alter several
specific assumptions in any part of the input dataset, and then
evaluate the sensitivity of the system to this variable. The final
format for this category will be more clearly defined when the system
structure is established.
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5. Comparison with Optimal Dataset (for one parameter)
This output summary will not be included as an initial feature of
the system, but is to be added at a later date. At that tine, the
user would be able to compere his specific configuration output
dataset with the optimal configuration for a given waste stream
profile. This could only be completed for one output parameter, such
as unit cost or Occupational Hazard Index. When in place, the user
could compare a selected configuration to the optimal one for any
output parameter.
PRESENT DEVELOPMENT STATUS
Several existing models are being used as the basis for
developing this integrated system, and these existing models indicate
the project team objectives for the final system. Some sections of
these prototype models are being incorporated with only minor
programming alterations, while other portions of the existing tools
are inappropriate and must be redeveloped to allow a greater level of
detail or increased flexibility for the user. The logic and flow of
the transportation and financial subroutines are examples of existing
programmed units that can be inserted with minor alterations; the
tracking of incremental costs and the decision logic for processing
are being developed for the first time by the project team.
Several sections of the integrated system are being developed at
a greater level of detail than can be supported by presently
available information, and is oeing accomplished intentionally. The
full power of the integrated system is completely dependent on the
quality of information upon which it must rely to ma<e decisions.
Because it is assumed that more comprehensive information will become
available in the future, the integrated system is being developed to
allow for such information as it becomes available. As such, the
integrated system can take advantage of new information almost as
soon as it becomes available. Disposal technology costs and
occupational hazard databases are examples of such a treatment.
The tentative decision logic for building regional waste streams
and altering such streams through processing will be complete in
1985, with limited peer review expected shortly thereafter. The final
integrated system coding is anticipated to be complete by spring of
1986, with system testing and sensitivity analysis targeted for
completion before March. The complete system will be available for
general users by May of 1986, including on-line assistance and input
error guidance. Additional processing technologies, or combinations
of technologies will be added based on available resources and user
feedback after June 1986.
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MONITORING LOW-LEVEL WASTE ALLOCATIONS
FOR COMPLIANCE WITH LIMITED AVAILABILITY PROVISIONS
DURING TRANSITION AND LICENSING PERIODS

Gerald R. Hill
Southern States Energy Board
ABSTRACT
The U.S. Congress is considering legislation that
establishes interstate compacts for low-level radioactive waste disposal. Congressional attention currently focuses on requirements states must meet to retain
access to operating sites after the compacts' exclusionary authority becomes effective in 1986. The requirements a^e being debated as amendments regarding
"Limited A v a i l a b i l i t y of Certain Regional Disposal
F a c i l i t i e s during Transition and Licensing Periods."
Limited a v a i l a b i l i t y provisions w i l l mandate use
of effective data systems to monitor waste allocations specified for commercial nuclear power reactors.
A prototype system w i l l be reviewed for the southeastern region of the United States to demonstrate
how the monitoring tasks might be accomplished in
accordance with legislative intent.
The purpose of today's presentation is to acquaint you with a program
that is underway to identify a means for MONITORING LOW-LEVEL WASTE
ALLOCATIONS FOR COMPLIANT WITH LIMITED AVAILABILITY PROVISIONS DURING
TRANSITION AND LICENSING PERIODS. The intent is to provide a better idea
of how information w i l l flow through the system. I t is not the intent to
describe in detail the type of information that would be in the system.
ThiJ program is not
evaluation nor is i t an
proposed. The question
feasible to implement a
l e g i s l a t i v e intent.

an endorsement of the allocation system under
endorsement of the waste volume limits being
at hand is whether or not i t is technically
monitoring program that w i l l be responsive t o

Before we discuss t h i s , however, i t might be helpful to recap a few
events that led up to questions about limited a v a i l a b i l i t y and allocations
and monitoring techniques.
In mid-1979 the governors of Nevada, South Carolina and Washington
expressed concern about waste management practices and the health threat
posed to their states. Both the Beatty and Richland sites were temporarily
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closed during the year because of waste packaging violations and transportation incidents. This prompted the governors to call for improved NRC and
DOT enforcement of packaging and transportation regulations.
Governor
Riley of South Carolina consequently ordered a reduction in the amount of
waste accepted at Barnwell for b u r i a l , and a waste allocation system was
implemented in 1981 to ensure continued compliance with limitations.
Congress responded to the situation with the passage of the Low-Level
Waste Policy Act in December 1980. The Act assigns management responsibili t y to a l l states and suggests a regional compact approach to establishing
disposal s i t e s .
In addition, the Act specifies that states party to approved compacts may refuse the importation of waste from noncompact states
after January 1, 1986.
The Low-Level Waste Policy Act calls for r a t i f i c a t i o n of compact
membership and requires congressional consent of each compact. Currently,
41 states have r a t i f i e d language that provides for their membership in one
of 10 compacts.
Six compacts are now before Congress for consent.
Congressional Approval of Compacts
The congressional consent language provides the basis for approval of
compacts and, in addition, provides a mechanism for congressional review
every 10 years in accordance with the Low-Level Waste Policy Act. Since
not a l l compacts have a currently operating s i t e , i t was inevitable that a
compromise would be required that meets the expectations of congressional
members in non-sited compact regions as well as sited compact regions.
Congressman Udall of Arizona has presented, as amendments to the 1980
Policy Act, HR 1083. These amendments establish annual disposal l i m i t a tions at the operating sites through t r a n s i t i o n , licensing and construction
periods and set cut detailed short-term reactor allocations to ensure
compliance. This complex approach resulted from a congressional stalemate
prompted by the potential for disposal access cut-offs in 1986. HR 1083
was referred out of the Interior Committee and introduced in the Senate
before the August recess this year.
While the b i l l is quite comprehensive in addressing management issues,
we are concerned here only with the allocations provisions and their implications concerning waste accounting. Section 5 of HR 1083 addresses the
limited a v a i l a b i l i t y of the Barnwell, Richland and Beatty s i t e s . I t provides that the three host states enter into an agreement to establish
generator disposal assignments and vests the three host states with the
authority to do so.
Assignments may be made i n d i v i d u a l l y , region-byregion or by any other appropriate method selected by the host state".
The assignment process chosen may affect other provisions of the b i l l ,
particularly those concerning i n t r a - and interreactor allocations exchange.
The process also w i l l set an important precedent for future generator-tof a c i l i t y designations.
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The proposed annual limitations on waste disposal at the three currently operative sites are effective January 1, 1986 or 30 days following the
three-state agreement for waste acceptance, whichever is later.
These
limitations are stipulated by volume for a seven-year transition and
licensing/construction period. They are as follows:
Limitations Effective i.gr..,-:-v i
8,400,000 f t 3
9,800,000 ft 3 ,
1,400,000 f t J

- Barnwell
- Richland
- Beatty
The host
chose.

states

r 3'

retain the

right

to

(1.2 M ft 3 /year)
(1.4 M ft 3 /year)
(0.2 M ftr/year)
accept more waste i f

they

so

The seven-year sum is further broken down into:
1) a four-year transition period during which compacts are finalized
and additional f a c i l i t i e s are sited; and
2) a three-year licensing and construction period.
In addition, reactors disposing of v/aste during
receive allocations according to licensing date.

the

transition

period

Allocations further differ between pressurized-water reactors and
boi1ing-watar reactors and, within that distinction, between those located
in sited regions and those located in unsited regions.
Transition Period Allocations
For reactors licensed before September 1, 1984, the following allocations
are explicitly stated in the House b i l l :
Transition Period Allocations Effective Jan. 1, 1986-Dec. 31, 1989
(Reactors Licensed before Sept. 1, 1984)
-

PWR
PWR
BWR
BWR

Sited Region
Without Site
Sited Region
Without Site

49,308
41,832
110,400
93,662

ft3
ft3
ft3
ft3

For those reactors licensed on or after September 1, 1984, allocations
are designated per operative mo.ith.
Reactors licensed on • r after September 1, 1984
-

PWR
PWR
BWR
BWR

Sited Region
Without Site
Sited Region
Without Site

1,027
871
2,300
1,952
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ft 3 /operative
ft 3 /operative
ft;?/operative
ft 3 /operative

month
mo-th
month
month

The monthly allocation can be multiplied by the total months of
operation to arrive at a total allowable volume for each reactor. The
u t i l i t y then has f l e x i b i l i t y
in deciding v.hen portions of the total
allocation w i l l be shipped.
HR 1083 provides great f l e x i b i l i t y to the reactor operators by
allowing them to use their allocations at any time during the four-year
period. Conceivably, however, disposal amounts could increase or decre6-:e
e r r a t i c a l l y under t h i s provision, causing d i f f i c u l t i e s at the site in terms
of staffing and general operations. The current practice at the Sarnwell,
South Carolina, s i t e is to spread allocations evenly on a monthly basis to
f a c i l i t a t e site management.
Reactor operators also are permitted to aggregate allocations mong
t h e i r reactors and apportion them to their units at t h e i r discretion ^uring
the transition period. While this practice allows f l e x i b i l i t y in meeting
allocations, i t may l i m i t the generator-to-facility assignment process.
The host states w i l l most l i k e l y f o r f e i t the option to assign reactors
under common ownership to different regions.
Licensing and Construction Period Allocations
Each commercial nuclear power reactor licensed to operate under f u l l
power after September 1 , 1988, and in operation for less than 15 months
after the issuance of a f u l l power license after October 1, 1988, wil be
allocated the following low-level waste disposal capacity:
Licensing and Construction Period Allocations
Effective January 1 , 1990 - December 31, 1992
-

PWR
PWR
BWR
BWR

Sited Region
Without Site
Sited Region
Without Site

934
685
2,091
1,533

ft^/month
ft 3 /month
ft 3 /month
ft 3 /month

Again, the monthly allocation can be multiplied by the total months of
operation to arrive at a total allowable1 volume for each reactor. The
u t i l i t y then has the f l e x i b i l i t y to decide when portions of the t o t a l
allocation wil 1 be shipped.
In addition to the allocations just described, a generator may carry
forward any allocation from the previous four years that was not used by
December 31, 1989. This a b i l i t y to retain capacity differs significantly
from current practice in which unused allocations are returned to an open
pool for reassignment on a f i r s t come/first served basis.
As allowed by HR 1083 the licensing and construction phase allocations may be used at any time at the discretion of the reactor operator.
Again, this would differ from current practices at the Barnwell, South
Carolina, site where volumes are controlled on a monthly basis to f a c i l i t a t e
s i t e management.

588

Aggregated allocations also may be apportioned among a generator's
reactors during the three-year licensing and construction phase. Again,
this provides a great deal of f l e x i b i l i t y to the generator in meeting i t s
allocations. I t doer-, however, pose limitations on generator-to-facility
assignments. Assigning one multi-reactor generate to more than a single disposal f a c i l i t y would make waste allocation monitoring extremely
difficult.
The v a r i a b i l i t y of waste disposal is further complicated by the
allowance of interreactor exchanges of allocations.
Generators w i l l welcome the f l e x i b i l i t y in the event of extreme shortages or excesses of
waste. Again, however, generator-to-facility assignments may be limited
by this proposed provision. The trading of allocations also would c o n t r i bute to the waste accounting nightmare as the host states attempt to monitor compliance.
F i n a l l y , HR 1083 makes allowances for the disposal of unusual volumes
of waste. The three-site allocation during the seven-year period totals
794,792 f t ^ and is to be delegated according to c r i t e r i a published by
the secretary of energy. The three host states w i l l engage in a cooperat i v e process to determine which disposal sites w i l l receive this waste
volume.
As you can see, HR 1083 contains extremely detailed provisions
desig-ed to f a c i l i t a t e the implementation of regional compacts. Successful
implementation wil 1 require careful monitoring of the complex division of
capacity, which can be accomplished with a sophisticated information management system.
Information Collection and Management
Currently, the Southern States Energy Board and EG&G Idaho, Inc. are
working with the state of South Carolina and the Southeast Interstate LowLevel Radioactive Waste "'•"lagement Compact Commission to develop a computer
interface that w i l l allow information to flow to and from a National LowLevel Waste Information System. The National Low-Level Waste Information
System i s operated by EG&G Idaho, Inc. for the U.S. Department of Energy.
The system is a fourth generation relational data base management system
(NOMAD 2) that operates on an IBM 4341 main-frame compcter. The system i s
linked to IBM-PC/XT computers at the South Carolina Department of Health and
Environmental Control (DHEC) and at the Southeast Compact Commission. This
computer network is being used as a regional prototype for monitoring
low-level waste allocations as prescribed in the proposed l e g i s l a t i o n .
Prior to discussing the development of a regional prototype i t is
helpful to understand current information collection practices for the test
region. The current system of information collection in the Southeast
Compact region consists of the collection of pertinent data from u t i l i t i e s
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by the s i t e operator, Chem-Nuclear Systems, Incorporated.
include information on waste allocation t a r g e t s .

These

data

Currently the s i t e operator lias the responsibility f o r maintaining
base-line information on a u t i l i t y ' s actual disposal volumes. These are
compared to allocation volumes set for the u t i l i t i e s , and status -eports
are provided monthly to the host state, in t h i s case the South CarolHna
Department of Health, and Environmental Control.
Under current practices the s i t e operator assigns any unused monthly
capacity to a pool which is tnen made available to brokers and other shippers
of waste.
Regional Information System Prototype
The Regional Informatiun Syster Prototype, as envisioned under the
allocation proposal, would not d i f f e r markedly from current reporting
p r a c t i c e : . The s i t e operator would maintain i t s responsibility for obtaining
Dase-line information on actual disposal volumes from the u t i l i t i e s disposing of waste at that p a r t i c u l a r s i t e .
Current proposals i n Congress do
not, however, al low unused monthly allocations to be pooled. The "remaining
balanca" of disposal capacity t h ^ t is allocated to a reactor is carried
forward in one of three ways:
A) As remaining capacity for that reactor;
B) As remaining capacity f o r the parent u t i l i t y ; and
C) As capacity traded to another u t i l i t y .
Draft l e g i s l a t i o n defines broadened host state r e s p o n s i b i l i t i e s in
that generators would be assigned to a s i t e i n d i v i d u a l l y , region-by-region
or by other methods.
This responsibility f o r assignments f a l l s to the
host state in consultation with the regional compact members.
A system prototype that is responsive to the data needs as i d e n t i f i e d
consists of base-line information flow from the u t i l i t i e s t o the site
operator, with status reports from the s i t e operator to the South Carolina
DHEC. These data w i l l then be assembled and edited frv input i n t o a regional prototype within the National Low-Level Waste Information System.
Data that are entered i n t o the regional prototype w i l l be made a v a i l able to the Southeast Interstate Low-Level Radioactive Waste Management
Compact Commission. In a d d i t i o n , the commission can input other data to
the regional prototype.
ihe basic architecture of the regional prototype has been designed in
such a manner that the concept can be expanded to encompass interregional
information requirements.
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Under this basis of operation each region with a site would maintain a
consistent set of base-line data f i l e s and reporting protocols.
Each
would be responsible for providing i t s respective data to a central
system. Once this has been accomplished the three regions w i l l be in a
position to track the status of waste allocations throughout the nation as
prescribed in the pending low-level waste l e g i s l a t i o n .
Key base-line
include-.

data

thac

would

reside

in

an interregional

system

A) Reactor/disposal site identifiers;
B) Information about the volumes, types of waste and isotopic contents
of wasce for each generator that ships waste to a facility directly
or through a low-lev^l waste shipper; and
C) Information
reactor.

on waste allocations

used and remaining

for each

The base-line data also include information on interregional allocation
transfers and trades. Any commercial nuclear power reactor whose access
to a regional facility has not been suspended may assign any disposal
capacity allocated to it to any other commercial nuclear power reactor
whose access has, likewise, not been suspended. This information, when
combined with data on allocations used and remaining, will enable the host
states and compact commissions to assess actual versus projected rates of
disposal at each of the three sites.
There will undoubtedly be need for periodic review and adjustment of
reactor assignments in order to balance the allocation objectives of
the three dispobal sites. An interregional system can accommodate such
adjustments.
Integrated National System
The final component of an Integrated Low-Level Radioactive Waste System
Concept is the element representing DOE, NRC and congressional interests in
LLW management. It might be argued, however, that this was the first
component of the system since it fostered the initial need. In any event,
information is flowing from Congress and federal agencies that has a bearing
on the allocation program and must be taken into consideration. An integrated national concept such as the one presented provides the framework
necessary to accommodate such requirements.
Ultimately, information that flows to a centralized system must be
disseminated to users in order for that information to be useful. The
national LLW system that is being used in the prototype ;s extremely flexible
in this regard.
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<\s a relational data base management system, the National LLW System
has extensive capabilities in ad hoc report generation and in i t s capabilities in generating tailored output reports. The system can be accessed by
numerous parties at appropriate levels of access security. I t operates as
a user-friendly interactive system and does not require an inordinate level
of expertise to operate.
In conclusion, team members from SSEB and EG&G, Idaho, Inc. believe
that the system concept developed for low-level waste allocations demonstrates how the monitoring tasks might be accomplished in accordance with
legislative i n t e n t .
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COMMON DATA SYSTEM
FOR
LOW-LEVEL WASTE MANAGEMENT
R. L. Fjchs, Supervisor
Information Management
National Low-Level Waste Management Program
ABSTRACT
The efficient use of data throughout the Low-Level
Waste Management area is dependent on the proper
and expedient use of information collected from many
different sources. This need has lead to the development
of an information system sponsored by the Department
of Energy (DOE) and housed at the Idaho National
Engineering L'boratory (INEL). Objectives of this
information system are to optimize the use of common
data and to ensure the accuracy of that data by providing
on-line accessing methods to data originators. This
presentation will cover systems which are presently
operational at the INEL and provide information on
how to gain access to those systems.

INTRODUCTION
Common Data Systems are systems which will allow for the maximum
uce of the same information by the maximum numbers of people for
a minimum cost to the tax payer. The same data is to be viewed
by all users with update responsibility assigned to specific users
who are responsible for the data's accuracy, and timeliness. A common
data system needs to be designed to meet the stated goal with the
least amount of data maniH.Nation.
ATTRIBUTES OF A COMMON DATA SYSTEM
Common data systems must have as mcny of the following attributes
as possible in order to meet the above stated criterion. Access
to the system should be as easy as possible and from as many locations
as possible.
On-Line Access
Access to the data system should be via an on-line accessing
device such as a Catho-Ray Tube (CRT). This is not a mandatory
requirement, however, it is this author's opinion that the use of
an on-line devise such as a CRT allows the user of the system a
greater sense of understanding for the system.
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Access From Anywhere Within The United States
The system should be accessible from as many locations as possible.
A system that can only be accessed from your office will not help
you if you are in another location and you need information that
is on that system. The use of the telephone through national communcation
lines aids greatly in the usability of common data systems.
Accessing Equipment
Common data systems should be accessible from as many types
of equipment as possible. This will greatly reduce the initial
cost of the system and minimize the need to purchase additional
equipment to service the system. Everyday it seems, some new equipment
is bei-g introduced to the market; this makes this task even more
diffic ilt. If an attempt is made up front to use as basic accesses
as possible, the need to match the specifics of the new equipment
will be lessened and the system's cost will be smaller.
PORTABILITY OF DATA
The data found in the system should be presented to as many
users as possible. This can be accomplished through reports, on-line
inquiries, or through down loading data to stand alone devices.
fixed Format Reporting
The system should have as many standard reports as possible.
The presentation of data in the same format to all users will aid
in the understanding of that data. If a single piece of information
is presented to two individuals, and the format or heading of the
report is different, that information may be interpreted in two
different ways. There is no guarantee that if the information is
presented in the same format that two individuals will interpret
that information the same, however, the likelihood will be much
higher with a common standard report.
Ad-Hoc Reporting (User Format)
Ad-Hoc reporting procedures will allow the individual user
to format their own report. This function adds to the usability
of a system. The information found in a system may need to be presented
in a different way at times, this can be accomplished through the
use of the Ad-Hoc features by the individual addressing the system
without having to get programming involved.
Standard Inquiries
Wherever possible, questions that
and over again should be pre-formatted
requiring minimal access time from the
not require large reports and may only
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are asked of the system over
into a question/answer session
user. These questions do
address one area of the system.

Down Load Capability
The common data system should make use of a "down load" feature
wherever possible. This will allow the data from the system to
be used in devices such as Personnal Computers or other mainframe
computers. This is a feature which requires much front end planning
due to the many types of computers on the market today. An attempt
to accommodate as many computer types as possible will make the
ultimate use of the system more predictable. Those systems which
are only accessible from one office or one type of computer terminal
are destined to fail.
INTERFACE WITH OTHER SYSTEMS
This feature, like the down load capability, will not only
increase the use of a system but also increase the cost effectiveness
of a system. An attempt to minimize redundant processing of data
and to maximize the eventual use of that processed data must be
a goal of the Common Data system.
Use of Conclusion Data
The use of conclusion data from one process to feed another
is a real cost saver. It is not cost effective to re-run a process
to find answers if that answer can be stored in the process and
then recalled later for use in another process. The reuse of data
rather than the recreating of that data must be a consideration
in the front end design of a common data system.
EASE OF USE
This is a term that can have different meanings to different
people based on that person's experience level. The Common Data
System that will be most used will be the system that is usable
by the largest number of intended users. The term "USER FRIENDLY"
is predominent in this area, some if not all of the following will
aid in this area of Common Data systems.
System Prompts
The system should have the capability of prompting the user
with questions which based on the answer will return a different
response. This may be a time-consuming feature to the system but
in some cases it will prompt the thorough process that sometimes
is not followed and should be. Different users have different experience
levels with automated equipment and in some cases the use of a computer
terminal will create a degree of fear in the user.
Pre-Formatted Screens
The use of prompts is not always acceptable. For this reason
the Common Data System should have the capability to be driven by
formatted screens. This will allow the user to select a series
of parameters for processing all at the same time and in one place.
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This eliminates the need to page forward and backward to review
the parameters used. This capability should be optional.
Menu Driven
The use of menus in the Common Data System will allow for the
accessing of more than one system or areas of the same system from
one log-on process. The system that must be exited in order to
access another process will soon become cumbersome to the user.
Wherever possible, a determination should be made as to what processes
the intended user will be using and an attempt to allow access to
each of those systems from a menu should be made.
Qn-Lina Instructions
With a Common Data System, the experience level of the user
cannot always be determined. It becomes essential that instructions
be provided for the user who needs them. These instructions can
and should be provided as a separate document to be used away from
the system for initial guidance in system use. However, while using
the system, the user may have questions concerning a specific screen
or element on that screen. The use of On-Line instructions can
be a real help at this point. Common Data Systems that will allow
the user to locate a specific area on the screen and receive instructions
or explanations displayed on the same screen will ensure the best
possible use of that system.
Common Data Systems Use For Waste Management
The need for Common Data Systems in the Waste Management field
is real and must be addressed. The efficient use of data throughout
the Low-Level Waste Management arena is dependent on the proper
establishment of common information sources. EG&G Idaho, Inc.,
under the direction of the Department of Energy, has been developing
the "National Low-Level Waste Information Management System" using
the Common Data System approach outlined in this paper. Currently,
users of the system are located in 45 inidividual states (see map
on next page) and represent approximately 68 individual user groups.
This large foundation of users will help to ensure that the information
and processing capability the system has are the right ones. Continued
interaction with current and new users will help to ensure that
new information and processing requirements are met.
Current System Residing on the National Low-Level
Waste Management System
Authorization to access all of the below listed systems, unless
otherwise stated, will be obtained through -G&G Idaho, Inc. For
additional information on these rystems and on how to gain access
to them, please contact:
Edward A. Jennrich
(208) 526-9490
Manager Waste Management Program, or
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Ronald L. Fuchs

(208) 526-9717

Supervisor, Waste Information Section
System Status:
(A) = In active use.
(D) = In development.
(P) = Proto-type Developed.
Accountability Syst.-e-s:
(D) = Transitional System (Quota monitoring)
[} i = Manifest Tracking System
Survey System: Conference of Radiation Control Program Directors
(CRCPD)
(A) = CRCPD States survey 1982.
(P) = CRCPD States survey 1984. (surveys out)
Decision Models:
(D) = Waste Treatment and Economics.
(A) = Disposal Site Economics.
(P) = Transportation Routing and Economics.
(A) = Waste Volumes Projections.
Project Management Systems (PMS):
(D) = P.M.S. for Site Permit processing.
(P) = Single Level Project Tracking System.
(P) = Dual Level Project Tracking System.
Information Systems:
**(A)
(A)
(D)
(A)
(P)

=
=
=
=
=

National Low-Levei '-'aste Information Systems.
Reactor Semi-Annual Waste Volume reports.
Disposal Site Information System.
C.R.C.P.D. State Profile system.
Site Specific Response Notification system.

Access to these systems must first be authorized through the
specific State office who is responsible for maintaining the system.
(A)
(A)
(D)
(D)

= Florida Manifest Tracking system.
= Mississippi Manifest Tracking system.
= Illinois Manifest Tracking system.
= South Carolina Pre-Notification system.
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Packaging and Incident Reporting Systems:
Access to RAMPAC or RMIR must be granted from the Joint Integration
Office. Requests should be addressed to Cheryl Coppin, (505) 766-3402.
(A) = RAMPAC, RadioActive Material PACkaging system.
(A) = RMIR, Radioactive Materials Inicent Reporting system.
** Through this system various reports, such as the National Activity
report, are accessed. This system also allows, through the use
of menu's access to the Decision Models.
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DISPOSAL SITE INFORMATION
MANAGEMENT SYSTEM
R.A. Larson, C.A. Jouse
and V. Esparza
Idaho National Engineering Laboratory
EG&G Idaho, I n c .
ABSTRACT

An information management system for low-level waste shipped
for disposal has been developed for the Nuclear Regulatory
Commission (NRC). The Disposal Site Information Management
System (DSIMS) was developed to provide a "user friendly"
computerized system, accessible through NRC on a nationwide
network, for persons needing information to facilitate management decisions. This system has been developed on NOMAD
VP/CSS, and the data obtained from the operators of commercial disposal sites are transferred to DSIMS semiannually.
Capabilities are provided in DSIMS to allow the user to
select and sort data for use in analysis and reporting lowlevel waste. The system also provides means for describing
sources and quantities of low-level waste exceeding the
limits of NRC 10 CFR Part 61 Class C. Information contained
in DSIMS is intended to aid in future waste projections and
economic analysis for new disposal sites.

INTRODUCTION
The Disposal Site Information Management System (DSIMS) was established
to provide access to a computerized database of low-level waste shipments to
commercial disposal sites. DSIMS has been developed and maintained at the
Idaho National Engineering Laboratory (INEL) for the U.S. Nuclear Regulatory
Commission (NRC) by EG&G Idaho Inc. The information management system is
contained on the IBM 4341 computer system and is accessed through NOMAD
VP/CSS. DSIMS w*s developed to be "user friendly" with the use of menudriven selection screens and can be utilized by persons needing information
for management decisions. Integration of radioactive shipment manifests is
intended to allow for future waste projections and performance of economic
analysis for new disposal sitesThis paper describes the capabilities and
the type of information that can be obtained from the DSIMS.
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DISPOSAL SITE INFORMATION PROGRAM
The disposal site information program allows access to individual waste
shipment records received from each commercial disposal site by offering
the user a series of options to design and print reports. Through a series
of screens, the user can select which shipments will appear on the report,
what data from the shipment will be printed, in what order the data will be
sorted, and which data fields should be totaled or counted. Other options
allow the user to obtain a copy of the Users Manual or check the waste
classification per NRC 10 CFR Part 61. The waste classification can be
checked from information contained in a particular shipment from the
disposal site, or the data can be manually inputed to the screen.
Information must be selected on a yearly basis because of the differences in the recorded data for each year and the large amount of information to be sorted. New information will be added semiannually to provide a
current database for reporting disposed waste. There are presently three
commercial low-level waste disposal sites: Barnwell, SC; Beatty, NV; and
Richland, WA. Only data for the Barnwell disposal site have been loaded
into DSIMS for 1982, 1983, and 1984. Negotiations are in progress to
obtain data for the other two disposal sites.
A series of four selection screens allows the user to select the type
of information and the style of reports obtained for individual or multiple
radioactive waste shipments. The first two screens are for entry of data
to select and limit the shipments available for reporting. The third screen
allows for selecting and sorting the data fields available for printing.
The fourth screen designates which fields will be printed and which will be
counted, summed, or subtotaled.
The type of information that is available in DSIMS includes shipping
information, disposal information, type of waste, container information,
volume, isotcvos, and activity. Figure 1 lists the data fields found in
DSIMS that are available for reporting. Data contained in the Disposal
Site Information System was obtained from the radioactive shipment manifest
form as supplied to EG&C T daho Inc. by the various commercial disposal site
operators. Due to contract ,.?gotiations, not all the data from the shipment
manifests were obtained from Barnwell.
When the record selection process is completed, the user has many
options to set up and obtain a listing or report depending on the type of
information that was previously requested. Reports may contain anything
from a listing of all the information within a shipment to a summary of all
shipments meeting a specific requirement, such as waste type, container
type, waste classification, or isotopes. Figure 2 depicts the report
sequence screen which can be used to establish what information is reported
and the order it is to be printed. A report setup screen will appear for
each selected field to allow entry of the printing options and selection of
which data fields should be totaled or counted.
DSIMS also provides a computerized waste classification program for
classifying low-level waste as to the requirements of NRC 10 CFR Part 61.
This program features several options which can be accessed to a file or a
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RADIOACTIVE WASTE SHIPMENT RECORDS

Shipment Number
Generator Number
Generator State
Shipper Name
Waste Shipping Date
Waste Received Date
Waste Disposal Date
Disposal Site
Trench Number
Count of Packages in Shipment
Total Curies in Shipment
Total Cubic Feet of Shipment
Total Grams of SNM
Waste Classification

CONTAINERS
Container Sequence Number
Container Type
Cubic Feet of Waste
Pounds of Waste
Physical Form
Waste Type
Solidification Agent
Chemical Form
Grams of SNM

ISOTOPES
Container Sequence Number
Isotope Abbreviation
Curies per Isotope

Figure 1. Data fields available for reporting in DSIMS,
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DISPOSAL SITE INFORMATION SYSTEM
REPORT FIELD SEQUENCE SCREEN

DATA FIELD

DATA GROUP
SHIPMENT

STATE OF ORIGIN
GENERATOR NUMBER
DISPOSAL SITE NAME
RSR NUMRER
WASTE DISPOSAL DATE
TOTAL CUBIC FEET
WASTE CLASSES

FACILITY TYPE
SHIPPER NAME
TRENCH NUMBER
WASTE RECEIVED DATE
TOTAL CURIES
TOTAL GRAMS SNM

CONTAINERS
WITHIN SHIPMENT

CONTAINER TYPE
WASTE TYPE

PHYSICAL FORM
CUBIC FEET PER TYPE

ISOTOPES
WITHIN SHIPMENT

ISOTOPE CODE

CURIES PER ISOTOPE

Enter numbers from 1 to 19 indicating sequence of data to appear on
report. Enter S to display the report on your screen or P to print
the report.
XMIT = ENTER REQUEST F2 = RETURN TO SELECTION SCREEN

F8 = EXIT

Figure 2. Report Field Sequence Screen for printing report.
group of shipments in the existing database. Based on the information in
the database, the user will be able to classify or analyze low-level waste
that has already been buried. It also allows data to be entered manually
on the screen for classification of waste prior to shipment.
System Benefits
The options provided by the different selection and report screens provide
an ad hoc capability for the user to select, sort, and design a report for
his individual needs or aid in analyses. DSIMS provides an easily accessed,
computerized system for information that previously required a manual search
through many shipment manifest forms.
System Limitations
Several limitations currently exist in DSIMS, requiring continual
upgrade of the system to reach its full potential. Some of these limitations include: no data available from the Beatty and Richland disposal
sites; incomplete data for some reported fields; and more information for
container specifics rather tian shipment specifics.
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SUMMARY
The Disposal Site Information Management System has the potential for
being a very useful tool in the management of low-level radioactive waste.
This system provides easy access to information for analysis, characterization, monitoring, and reporting of disposed low-level waste. DSIMS was
developed for the U. S. Nuclear Regulatory Commission, and any information
or access to DSIMS should be requested through the NRC. DSIMS provides an
information service to NRC to support characterization of waste streams and
techniques for use in classification of LLW. The DSIMS project is an
ongoing effort to provide system enhancement and maintenance and to add new
information to the database. Updates or revisions to the Users Manual will
be issued as required to provide the user with changes or new instructions.
Programming will be maintained to assure system reliability and to incorporate user requests.
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DEVELOPMENT OP A PLAN FOR A
NATIONAL LLW INFORMATION MANAGEMENT SYSTEM
BASED ON DATA ACQUIRED FROM A UNIFORM MANIFEST
Ronald Gingerich
Inter/Face Associates
Middletown, CT 06457
and
R. Philip Shinier
Western Governors' Association
Washington, D.C. 20001
ABSTRACT
The Western Governors' Association (VGA), with funding
from the Department of Energy's (DOE) National LowLevel Radioactive Waste Management Program, has completed an 18-month national project to develop a plan
for a national low-level waste
(LLW)
information
management system based on data from a uniform manifest
for shipments of LLW. Under the plan, waste generators
would fill out a manifest for a shipment just as they
do currently, but they would use a nationally standard
form.
Shortly after a shipment arrives at a disposal
facility or a processor, data from the manifest would
be entered into the Program's Low-Level Waste Information Management Sys'Cfcm (LLWIMS)..
The data would be
available via computer to state, compact and federal
officials.
This paper provides an overview of the plan for implementing and operating a national information management system linked to manifest data. It reports on the
progress that has been made toward implementing the
system and outlines the work that remains to be done.
Finally, the paper examines the crucial role the system
will play in the development of an acceptable system
for managing the nation's LLW, particularly in the
post-1986 transition period.
INTRODUCTION
The VGA represents the governors of sixteen western stater,
including Nevada and Washington, host states for two of the
country's three operating commercial LLW disposal facilities.

605

The western governors and the WGA are very concerned that an
acceptable system for the management of the nation's commercial
LLW be developed.
Reflecting that concern, the WGA obtained a
grunt from the DOE ' s National LLW Management Program in August
1 98^ to undertake a project tha~ war, nation?-:! in scope. Th<- goal
of the Project was to develop a plan for a national LLW information management system based on data from a uniform mRnifent for
shipments of LL'rf. The project was created by the WGA and the LLW
Program to begin the ,rcce3o of providing information to state
policy-makers 4nd regulatory officials from a source of data that
covers all LLW shipped for disposal and tna i i::: more timely,
accurate and d^aiiea than existing sources.
To ensure national involvement in the Project, the WGA established a Technical Advisory Committee: composed of moro than 60
individuals representing state and federal agencies, LLW conpacts, national associations and LLW generators, collectors,
processors, transporters and disposal facility operators.
The
Technical Advisory Committee reviewed Project reports and other
work products and provided broad technical advice.
In addition
to the activities of the Technical Advisory Committee, the WGA
worked closely with many other individuals representing various
interests in LLW management.
In carrying out the Project, the WGA used the services of rsveral
subcontractors including Keysmith Corporation (Austin, TX), the
Southern States Energy Board (Atlanta, G A ) , Monaghan & Associates
(Denver, CO) and Inter/Pace Associates (Middletown, CT) . These
subcontractors had responsibility for regional aspects of the
Project as well as for specific reports and work products.
The plan and recommendations developed by the Project for a
national LLW information management system with data from a
uniform manifest are set out in the Project's final report (1).
The plan can be divided into two parts. The first is a plan for
operation of the system and the second is a plan for implementation of the system.
PLAN FOR OPERATION 0? THE SYSTEM
Under the plan developed by the WGA Project for operation of a
national system, waste generators would fill out a manifest for a
shipment of LLW to a waste processor or disposal facility just as
they currently are required to do by Nuclear Regulatory Commission (NRC) and Agreement State regulations. Generators, however,
would fill out a uniform manifest.
The uniform manifest developed by the Project (2) is designed to
meet federal and state regulatory requirements, collect the
necessary data on shipments of LLW and meet the needs of the
regulated community.
The design and format of the uniform
manifest are somewhat different than that used by the disposal
facility operators for their forms, but the uniform manifest
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calls for essentially the same information.
The principal advantage of the uniform manifest is that nationally standard data
would "be collected in a nationally standard format for each
shipment of LLW.
This standardization would make data entry
operations more efficient.
Waste collectors (brokers) would be required to fill out a
uniform consolidated
shipment manifest which identifies the
generators and their manifests for waste that is included in the
shipment. Collectors -would have to attach the detailed generator
manifests to the consolidated shipment manifest. This procedure
is designed to ensure that state regulatory officials can readily
identify the actual generator of the waste for volume allocation
purposes and for questions that may arise about a shipment.
Shortly after a shipment arrives at a disposal facility or waste
processor, data from the manifest would be entered into the
Program's LLWIHS.
Each host state will make the decision about
who should actually enter the data for shipments to its
facility.
Data entry operations could be performed by the
facility operators, by host state agencies or by other entities
selected by a host state. The important consideration is not who
enters the data, but that data entry is timely and that it is
accurate.
Data would be entered into the LLWIMS using self-prompting data
entry programs and video displays. A variety of programmed data
cross-checks and data entry limiters would be employed.
Whether
data entry is on-line or off-line, with subsequent batch transmission, would depend on the volume of data to be entered at a
particular location.
In addition to these provisions for manual
data entry, the system would be designed to accommodate direct
electronic data transfer from generators who have computerized
their manifest preparation operations.
The full range of data that would be entered into the LLWIMS has
not yet been determined, but the basic data unit would be the
individual waste container. It is the basic unit on the manifest
and its use would ensure that the most detailed data available
about waste shipped for disposal is available through the
LLWIMS. If, rather than the waste container, the entire shipment
were used as the basic data unit, the data on the manifest for
all of the containers would have to be aggregated before entry.
This could lead to delays and would increase the potential for
errors.
The LLWIMS would continue to be maintained by the LLW Program.
The Program would provide for system coordination and overall
supervision and management of the system.
Information on shipments would be available via the LLWIMS to
state, compact and federal officials in formats designed to meet
their specific information needs.
A wide-range of standard
reports would be available to respond to common and recurring
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questions. For example, one standard report would list the waste
generators in a state or region who shipped during a selected
time period and indicate the facility (including processors) to
which the waste was shipped.
Another would characterize the
waste shipped by a selected type of generator from a state or
region and would include the volume, activity, radionuclide
composition, waste class, waste form, waste description and
chemical form.
Similar standard reports would be available for
shipments to each disposal facility.
Standard reports that
summarized waste management activity on a national basis would
also be available.
In addition to the standard reports, an extensive ad hoc reporting capability would be available.
This would enable officials
to design their own reports for time periods and types of data
they select.
For example, a state regulatory official might be
interested in the variation of activity and radionuclide composition of a particular type of waste shipped by a particular generator over a two year period.
The official could select each of
these variables from the ad hoc report menu, put them in the
desired order and print out the report.
The manifest data would also be used in the models and programs
currently available through the LLWIMS.
It is also anticipated
that with more detailed, accurate and timely data available, new
models and improved versions of existing ones could be developed
including programs that allow users to select statistical functions from the ad hoc report menu.
System users would have unrestricted access only to the information for which they have a legitimate need.
Some users (e.g.,
host state regulatory officials) will have access to data on
individual waste containers. Most users will have access to data
summaries. The summaries, however, would cover each type of data
entered into the system and would be available for time periods
as short as one week.
While the plan developed by the Project does not include a waste
shipment tracking component., the system would facilitate development of a tracking system similar to the one many states are
developing to track shipments of hazardous waste.
If a state
required waste shippers to send a copy of the manifest to a state
agency at the time of the shipment, the agency could periodically
check the manifest against a printout from the LLWMIS of shipments from that state that had been received at facilities during
a specified time period.
This would permit state regulatory
officials to confirm that shipments from their states had arrived
at the proper disposal facility.
PLAN FOR IMPLEMENTATION OF THE SYSTEM
The plan for implementing the national system calls on disposal
facility and procestsor host states voluntarily and cooperatively
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to take responsibility for ensuring that data from the manifests
for shipments of waste to their disposal facilities and processors are entered into the LLWIMS. The plan also calls for host
states to require generators shipping waste to facilities in
their states to use the uniform manifest.
Of the numerous options identified and analyzed by the Project for implementing the
system, this one was selected for several reasons. This option
could result in the earliest implementation of the system, it
requires a relatively small number of entities to make the decision to implement the system and several of the host states
expressed a willingness to move forward with implementation.

Concurrent with the voluntary and cooperative implementation of
the system by host states, federal rule-making should be
pursued. Even though it is very likely that the system tfill be
implemented by the current disposal facility host states, federal
rule-making would ensure national uniformity and participation in
the future. It is necessary to start the rule-making process at
the same time th^- the system is being implemented by the host
states because •: : ::ould take a considerable amount of time fo
NRC and/or DOT to complete the process.

Assistance from the LLW Program will be reqiiired to develop and,
in the early stages, to operate the system. Under the implementation plan, the Program is to provide the technical assistance
to develop the system.
This assistance includes development oi
data entry programs, the data base and reporting capabilities.
PROGRESS TOWARD IMPLEMENTATION

Through the Project's work, a general consensus has developec
among state officials across the country that a national information management
system based
on manifest
data should b<
implemented.
Many state officials have indicated that thej
consider it extremely important that they have access to the datE
such a system could provide and that they have access to it soon.

The Project has secured agreements in principle from appropriate
state officials in all three of the disposal facility host states
(Nevada, South Carolina and Washington) to provide to the LLWIME
data from manifests for shipments to their facilities. All thret
have agreed to include the name of the shipper in the data the}
provide.

otate officials in Nevada consider it very unlikely that the;
will be able to obta.in funds from the state to pay for data entr;
by the state.
They have agreed, however, to provide a copy o:
the manifest for each shipment to someone else for data entry
Considering the small number of shipments made to the Beatt;
facility, this arrangement should be satisfactory.

South Carolina, with assistance from the LLW Program and th<
Southern States Energy Board, is currently entering data from it;
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shipment pre-notifIcation form into the LLWIF1S. After the system
for the pre-notif ication form data is fully operational, the
state officials will turn their attention to providing data from
manifests. Decisions about who will enter the manifest data and
how it will "be provided have not been made yet.
Washington is in the process of negotiating a contract with US
Ecology whereby the state will lease from US Ecology computer
equipment, software, programming services and access to US
Ecology's data b&.se for manifest data.
State officials have
agreed to electronically transfer to the LLWIMS the manifest data
obtained via computer by the state from US Ecology.
The Project ha.s developed a uniform manifest.
for use in the field, the manifest requires
federal agencies and, if necessary, final
Carolina and Washington have agreed to require
manifest for shipmerts to their facilities.

Before it is ready
a final review by
revisions.
South
use of the uniform

WORK REMAINING
While the commitmen" to implement the system has been secured
from the disposal facility host states, work remains to be done
in each of the states to implement the commitment and to develop
methods and procedures for transferring the manifest data to the
LLWIMS.
An organization acceptable to Nevada must be identified and
arrangements made with it to receive copies of the manifest and
enter the data. A procedure must be developed for US Ecology to
provide a copy of the manifest either to the state or directly to
the organization designated by the state.
South Carolina officials must decide who will enter the manifest
data into the LLWIMS.
The state may decide to enter the data
itself.
Alternatively, it ma} decide to have Chem-Nuclear continue to enter data and to electronically transfer it to the
LLWIMS either directly or through the state.
When the contract between Washington and US Ecology is in place,
procedures will have to b ? developed for the electronic transfer
of the manifest data to the LLWIMS. US Ecology uses a Wang data
processing system. The equipment it leases to the state will be
Wang equipment. Therefore, software will have to be developed to
transfer data from US Ecology's and the state's Wang system to
the Program's IBM system.
Through the development of the uniform manifest, the Project has
been able to identify most of the specific items of data from the
manifest needed by state, compact and federal officials.
The
identification of data needs must be completed. Potential users
of the system must be consulted to tentatively determine the
format and content of standard reports and the parameters of the
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ad hoc reporting capability.
Most of the technical work for implementing and operating the
system remains to be done.
Data entry programs, the data base
and reporting capabilities must be developed.
Fortunately, the
Program, through its work with Florida and Illinois on manifest
data, with South Carolina on pre-notification data and with the
Conference of Radiation Control Program Directors on survey data,
already has considerable experience in these areas. Once the
decision is made to proceed with development of the system, it
appears
that the technical work could be completed
in a
reasonable amount of time.
IMPORTANCE OF THE SYSTEM
New facilities for the disposal of LLW must be developed.
Providing incentives for the development of new facilities and,
at the same time, providing continued access to exisiting disposal facilities while new ones are "being developed is a complex
issue and one that Congress is currently addressing.
It appears
certain that Congress will enact legislation allowing continued
access to existing facilities for waste generators in non-sited
states and regions, but at volume levels lower than current
ones.
Continued access for non-sited states and regions will
depend
on
their
progress
toward
the
development
of new
facilities *
When supplied with data from manifests, the LLWIMS will provide
states and compacts the detailed, accurate and time?.y data they
need to site, license and construct new disposal facilities. The
system would allow states and compacts to monitor and mutually
verify the use of volume allocations at existing disposal
facilities during the transition period. It would provide states
and compacts the data necessary to develop management plans and
to monitor the operation of facilities. Finally it would provide
the data needed to respond to Congressional inquiries and to keep
Congress abreast of developments in the waste management system.
From both a technical perspective and a policy one, a state
and/or region developing a new disposal facility will need a vast
array of timely, detailed and accurate information on the LLW to
be managed at its facility. For example, the license application
for a new facility must include a detailed characterization of
the waste to be disposed of at the facility. State policy-makers
must have up-to-date and accurate data to justify potentially
controversial decisions to their constituents.
The development
of new facilities could be delayed if this type of data is not
available.
Manifest data in the LLWIMS will provide states and
regions with the information they need about the waste that would
be managed at a facility.
Host as well as non-host states and regions will need to monitor
continuously the use of their waste volume allocations.
Host

states will need to do so to ensure compliance with the plan they
develop for who will have access to which facility and with the
volume allocation assigned to particular generators, states and
regions.
Non-host states will want to know how rapidly their
waste allocations are being used and who is using them.
The
LLWIMS with manifest data will provide a common source of accurate, timely data on all waste shipped for disposal that can be
used "by both host and non-host states and regions to monitor
volume allocations.
It will also be important for states and regions to be able to
verify the volume figures for a shipment of low-level waste and
correctly to assign the shipment to the actual generator. Entry
of manifest data into the LLWIMS will provide a common source for
use by host and generator states to verify the volume of waste in
a shipment and the identity of the shipper.
To produce workable waste management plans, compact commissions
and states will need detailed information on the volume and
characteristics of the waste shipped by generators for disposal.
They will need the ability to manipulate the data to evaluate
policy options and to identify the type and size of facilities
they will need.
The system would provide the data and could
provide access to more sophisticated computer equipment and
software than a compact or state could afford on its own.
When the LLWIMS is prepared for receiving, storing and processing
manifest data it could be used by host states and compacts to
monitor facility operation. As indicated earlier, South Carolina
is now using the LLWIMS for data from its shipment prenotification form. Because of economies of scale, host states,
by using the system for their manifest data, would have access to
sophisticated computer equipment, software and programming services at a lower price than they would pay on their own.
Even if Congress does enact legislation this year to set-up a
definite transition period and system, its interest in LLW
management will continue. The Program, the states and the compacts will have to be prepared to respond to questions from
Congressional committees.
A ready source of detailed and comprehensive data on LLW would allow a quicker and more authoritative response. The LLWIMS with manifest data would provide such
a source.
CONCLUSION
The WGA Project has developed a workable plan for implementing
and operating a national system for providing data from a uniform
manifest for LLW shipments to the Program's LLWIMS. Each of the
operating disposal facility host states has agreed to make
manifest data available to the LLWIMS.
Other states have indicated that they consider the development of such a system very
important and that it would be very useful to them.
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With the manifest data, the LLWIMS could provide state, compact
and federal officials timely, accurate and detailed information
on LLW shipped for disposal.
This information will play and
important role in developing new disposal facilities and in the
operation of the post-1986 volume allocation system.
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VIII. SESSION VI. CORRECTIVE MEASURES

PAD A - AM EXERCISE IN SITE STABILIZATION

R. M. Brown
Idaho National Engineering Laboratory
EG&G Idaho, Inc.

ABSTRACT
Federal regulations, Department of Energy (DOE) Order 5820.2, and
Title 10, Code of Federal Regulations, Part 61 (10 CFR 6 1 ) , require
:,.proved stabilization and closure plans for all new and existing
shallow-laid radioactive waste burial sites. To prepare a closure
plan for the Subsurface Disposal Area (SDA) at the Idaho National
Engineering Laboratory (INEL), additional technology development was
considered necessary. Pad A, an abovegrade inactive buried waste area
within the SQA at the INEL, has been selected as a stabilization
demonstration site to provide operational and developmental technology.
This paper discusses the Pad A waste characterization, disposal
configuration, and proposed compaction and barrier cover methodology.
Since Pad A contains radioactive mixed waste, evaluation of the
proposed demonstration as it relates to DOE Order 5480.14,
Comprehensive Environmental Response Compensation and Liability Act
(CERCLA) is briefly discussed. Also briefly discussed are the Federal
regulations requiring stabilization and closure. Issues addressed
include radiological, safety, and environmental concerns and risks
encountered to date.

FEDERAL REGULATIONS AFFECTING PAD A
Stabilization of Pad A musv. adhere to and be guided by the
requirements of the following Feieral regulations:
o

Department of Energy ( D O L ) Order 5820.2, Chapter III, "Management
of Low-Level Waste," Section f, "Disposal Site Closure and
Postclosure," states that f.°ld organizations shall develop
site-specific comprehensive cics'j^e plans prior to initiation of
operations at a new or closure of an t.^'^tinn LLW disposal site.
DOE Order 5480.14, Comprehensive Environmental Response,
Compensation Liability Act Program (CERCLA), to protect the
health, safety, and environment from hazardous substances
migrating from closed or abandoned sites. This order is
discussed later in the paper.
Title 10, Code of Federal Regulations, ?art 61 (10 CFR 61),
"Licensing Requirements for Land Disposal of Radioactive Waste,"
Subiart C, "Performance Objectives, and the paragraphs as follows:
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61.41 - Protection of the general population from releases
of radioactivity
61.42 - Protection of individuals from inadvertent intrusions
61.44 - Stability of the disposal site after closure.
Note: It is DOE-Idaho Operations Office (DOE-ID1s) intention to provide an
equal degree of protection to that specified by 10 CFR 61. Therefore, any
stabilization activities performed at the INEL must consider this regulation.
PAD A BACKGROUND
Pad A is an abovegrade buried waste disposal site within the
Subsurface Disposal Area (SDA) at the Idaho National Engineering Laboratory
(INEL). Pad A, formerly identified as the Transuranic Disposal Area (TDA),
is an asphalt pad, 73 m (240 ft) wide by 97.5 m (320 ft) long by 5 cm
(2 in.) thick, laid over a minimum 7.6-cm (3-in.) pit run gravel base. Its
location was selected because of the presence of near-surface basalt, which
made it unsuitable for subsurface waste disposal. This pad is laterally
sloped (approximately 1.6%) to a center concrete drainage channel, which
has a southward longitudinal slope (approximately 0.31%).
Pad A was constructed in September 1972 for the aboveground disposal
of radioactive waste contaminated with less than 10 nCi/g of transuranic
radionuclides in a single container and exhibiting a dose rate of less than
200 mrem/h at the container surface. Plywood boxes [1.2 by 1.2 by 2.1 m
(4 by 4 by 7 ft)] were stacked around the periphery of the pad, except for
the northeast corner; and drums [208 L (55 gal)] were stacked
horizontally. Boxes were stacked to a maximum of five high, and the drums
were stacked horizontally to a maximum of 11 high. The height of the
containers stacked around the outer edges of the disposal array was reduced
to provide for an approximate 3:1 slope, with the exception of the boxes in
the middle of the array. This configuration is shown in Figure 1.
When Pad A was closed in November 1978, waste containers occupied only
the eastern half of the pad. Closure was completed by p' icing plywood
and/or polyethylene over the exposed waste containers and then applying a
final ioi1 cover. The final soil cover was approximately 0.9 m (3 ft)
deep, with an exterior perimeter slope of approximately 3:1. After soil
placement was complete, the area was seeded with crested wheatgrass in an
attempt to minimize soil erosion.
Monitoring and maintenance of the soil covering the buried waste at
Pad A are provided by EG&G Idaho, Inc., Waste Management Programs,
Radioactive Waste Management Complex (RWMC) Operations Branch.
Surveillance has revealed that neither the original soil cover nor :ne
vegetation seeding effort withstood the effects of subsidence corrective
actions and wind and water erosion. Visual inspection reveals rills and
gullies in the soil cover and an extremely sparse grass cover. Figure 2
shows the present condition of the Kad A soil cover and vegetation.
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Figure 1. Pad A Disposed Waste Configurat ion

Figure 2.

Pad A current cover condition.
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PAD A WASTE DESCRIPTION
Type and Number of Buried Containers
The total number of waste containers buried on Pad A is 20,261.
Included in this total are 18,231 Department of Transportation (DOT) 17C
208~L (55-gal) drums, 2021 plywood boxes, and 9 other containers. Among
the other containers are one Test Area North (TAN) vault and eight
unidentified types of containers. Figure 3 shows the Pad A layout. Some
of the last plywood boxes positioned on Pad A were painted white, although
the majority of boxes were unpsinted. Figure l i s a photograph of the
boxes in 1977. The DOT 17C 208-L (55-gal) drums were painted either black
or white; and some of these drums ars overpacked in 314-L (83-gal) drums.
It is not known how many, if any, of the 208-L (55-gal) drums contain a
polyethylene liner.
Waste and Waste Container Condition
The entire Pad A has been covered with soil for seven years. Before
closure, clear plastic sheets were nonuniformly placed over most of the
plywood boxes, and sheets of plywood were placed over approximately half of
the drums.
TDA Pad A
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Figure 3. INEL Transuranic Disposal Area Pad A plot plan.
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A Pad A penetration project was accomplished between September 26 and
October 12, 1979. The penetration was performed on the east side of Pad A,
exposing the northeast corner of the pad, which contained the oldest waste
containers on Pad A.
Excavation continued along the east side of Pad A until nine rows of
drums and approximately three rows of boxes were visible. The drums, lids,
and lockrings showed varying degrees of corrosion, but they appeared to be
intact, with no visible signs of breaching, except for one drum that was
breached during overburden removal. Many of the drums revealed damage,
such as dents and scratches, which probably occurred during stacking and
covering. The boxes revealed advanced stages of deterioration to the point
that containment appeared nonexistent. Figures 4 and 5 show the
peietration area and the condition of the waste containers in 1979.
The drums received an in situ ultrasonic inspection for wall
thickness. Three locations on each of 32 drums were tested by Quality
Assurance personnel. The results of the testing revealed that four drums
are from 1.3 to 6.3 mils under the minimum metal wall thickness. DOT
specifications for tolerances for new metal drum walls are a maximum mil
thickness of 59.8 and a minimum of 53.3. The boxes revealed virtually no
container walls because of advanced degradation.
WASTE CHARACTERIZATION
The waste characterized below was generated by the Rocky Flats Plant
(RFP), Golden, Colorado.
Nitrate Salt Waste
This waste is described as evaporator salts. This waste consists of a
salt residue generated from concentrating and drying liquid waste from
solar evaporation ponds. Chemical makeup of the salt is 60% sodium
nitrate; 30% potassium nitrale; and 10% chloride, sulfate, and hydroxide
salts. Limited amounts of other waste such as surgeons' gloves, paper,
rags, and metal may also be included as part of the waste. Tne average
container weight is 165 kg (364 1b) per drum and 1842 kg (4061 lb) per
box. Average contact dose rate in mR/h is approximately 1.0 per container
average. Nitrate salt, an oxygen supplier, can promote vigorous combustion
when in contact with organic material. It is also extremely soluble in
water, chemically toxic, and corrosive when damp.
Sludge Waste
Sludge waste primarily consists of moist-to-dry sewer sludge generated
from cleaning stabilization ponds at an RFP sewage treatment plant. This
waste may also include a limited number of waste drums containing sludge
generated by plutonium recovery operations. Portland cement was added to
this waste as an absorbent. The average container weight, contact dose
rate, and radionuclide inventory are 175 kg (386 lb), 0.5 mR/h, and 0.0 g,
respectively.
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Figure 4. Pad A northeast corner penetration.

Figure 5. Pad A plywood box condition.
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Beryl 1ium Waste
Beryllium (Be) was.j was generated by both RFP foundry and machining
operations. Foundry operations generated Be and BeO (beryllium oxide)
contaminated waste in the form of paper wipes, plastics, graphite molds and
crucibles, small tools, and casting "sculls" (casting residue). The sculls
may be solid (Be metal) or powder (BeO) forms. In addition to sculls,
impure or damaged castings that could net be salvaged were periodically
included with other foundry wastes. Foundry wastes are usually packaged in
a cardboard container and then placed in a waste drum lined with two
polyethylene bags. Waste generated by machining operations include
paperwipes, plastic, HEPA filters laden with Be or BeO dust, lathe oil, and
degreasing agents. Solid Be machine wastes are contained in a polyethylene
bag before placement in a plastic-lined waste container.
The specific quantity of Be or BeO shipped to the INEL, and therefore
disposed of on Pad A, is unknown.
Uranium Waste
A depleted uranium foundry and machining operation at RFP is conducted
in the same area as the Be foundry operation; therefore, wastes generated
in these areas are also similar. Depleted uranium casting sculls and
machining chips, metal turnings, and fines from machining operations are
incinerated to convert the pyrophoric metal to a stable oxide (U 3 0g)
before shipment to the INEL. Incinerated uranium, called roaster oxide, is
packaged in a 113.5-L (30-gal) drum and sealed; the drum is overpacked in a
208-L (55-gal) drum and the annular space filled with vermiculite.
Although it has always been the practice of RFP to incinerate this type of
waste, it does not preclude the possibility that pyrophoric metal could be
present in Pad A waste, as indicated by a fire at the RWMC that occurred
June 1, 1970.
Depleted uranium and Be waste, primarily from the foundry area, may be
intermixed in the waste containers.
STABILIZATION TECHNOLOGY
Compaction Methods
Pad A subsidence is routinely corrected by an active maintenance plan
that continually fills depressions, holes, and cracks with soil
overburden. The surface may ba compacted after soil emplacement to make
the fill dense, or it may be left to settle normally. Whatever means are
used, subsidence remains a major problem, and new methods to force
consolidation of waste and soil cover have continued to be pursued as a
solution. Present technologies studied consist of the following:
o
o
o
o
o
o

Tamper and/or roller compaction
Falling mass
Vibratory pile driving (penetration)
In situ grouting
In situ incineration
In situ vitrification
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o
o

Explosive charges
Surcharging
Cover Methods

Following a successful compaction operation, a cover/barrier must be
installed to protect the waste zone from both water infiltration and biotic
intrusion. The cover/barrier methods studies are concrete, asphalt, and
multilayer.
PAD A STABILIZATION METHOD
Compaction
Based on the present technology, the most viable methods for
compaction applicable to Pad A are falling mass and pile driving. These
methods have been evaluated to identify which technology is best suited to
Pad A stabilization. Roller compaction, in situ grouting, in situ
incineration, in situ vitrification, explosive charge, and surcharging were
1 2
eliminated based on extensive studies of compaction methods. '
Falling Mass
Falling mass, a compaction technique in which a large weight is
repeatedly dropped, has been effective up to a depth of 20 m (65 ft).
Since the maximum compaction dep-h required for Pad A is approximately
6.1 m (20 ft), the effective dep";h of this method is more than adequate.
However, the mass size and shape and the drop height for this particular
consolidation effort must be determined for thi r. method to be efficient and
effective.
Equipment needed to complete the compaction project using this method
consists of, but is not necessarily limited to, a crane, one drop weight,
one crane anchor (minimum), one scraper, one patrol, one mobile tamper, and
spare crane cable. A rough order-of-magnitude cost, using December 1984
equipment costs, and time estimate of approximately $457,800 and
approximately 16 weeks were established to complete this task.
2
Cost and time estimates were based on consolidating an area of
2
2
3623 m (39,000 ft ) , the approximate size of the disposal area on
Pad A. It was also assumed that each drop would be made using a 0.9-m
(3~ft)-sq grid pattern and that each drop would be repeated three times.
This results in a total of 12,900 drops. It was also assumed that it would
take 3 min per drop, resulting in a lapse project time of approximately
16 weeks.
Risks and safety hazards associated with this compaction technology
involve the possibility of c ^ n e , crane boom, and crane wire rope damage
and the possibility of contamination being released into the atmosphere.
Tnat is, when a heavy weight is repeatedly dropped from a variety of
heights onto a closed abovegrade radioactive waste site, the probability of
dispersing contamination into the atmosphere from the weight either
impacting or penetrating the waste is increased. The probability of
impacting or penetrating wastes in a covered site depends on soil
composition, soil cover depth, and waste condition.
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Vibratory Pile Driving
Pile driving, a compaction technique that uses a vibratory hammer, has
already been proven effective at increasing the density of soil and waste
deposits to depths of 20 m (65 ft), which is more than adequate compaction
capacity for the maximum 6.1-m (20 ft) depth existing on Pad A. This
method has been successfully used on a test plot of an actual closed
radioactive waste trench at the Hanford test site. No contamination was
dispersed from driving the pile, and the soil removed all loose
contamination from the pile as it was withdrawn.
Equipment needed for this method of compaction is a crane (equipped
with a vibratory hammer mounting fixture), a vibratory hammer, a patrol,
and a mobile tamper. The rough order-of-magnitude cost, using
December 1984 equipment costs, to complete this task is estimated at
$508,500. The time required to complete this task is expected to be
approximately 16 weeks, which is similar to the falling mass method because
of its repetitive drops. The basis for this estimate is the same as that
used for falling mass consolidation, with the exception of the time
2
required to drive and extract the pile. The cost and time estimates are
based on 3623 m 2 (39,000 f t 2 ) , a 0.9-m (3-ft)-sq pile grid pattern, and
an average pile drive and extract time of approximately 10 min.
Risks and safety hazards associated with this method are expected to
be minimal. No equipment damage is expected, and the potential for a
release of radioactive contamination should be minimized by this method of
compaction.
Pad A Cover/Barrier
The only Pad A cover presently considered inappropriate is the
concrete barrier because of its rigidity and the difficulty associated with
successfully making a large curved pour without flaws to compromise its
integrity. The remaining two barriers, the multilayer biobarrier and the
asphalt bar-ier, are acceptable methods because they both provide intrusion
protection from deep-rooted plants and burrowing animals and prevent
surface water from infiltrating into the waste zone.
The materials for both barriers are locally available, although the
multilayer materials will be more difficult to obtain and install in the
desired form. Gravel, cobblestone, and sand must be washed free of soil
and other foreign materials and must also be sized prior to installation.
Heavy equipment, while traveling over the large area of earthen materials
used in constructing the multibarrier, may tend to bog down. Should this
happen, the barrier interfaces will become intermixed, which will limit the
required capillary actions and reduce the effectiveness of the barrier.
These requirements not only make the sand, gravel, and cobblestone more
difficult to obtain, but also more expensive. Asphalt is the only material
in the asphalt barrier not readily available at the RWMC. However, the
ready availability of asphalt in the locale makes the barrier attractive.
2
Preliminary rough order-of-magnitude cost estimates for the two
barrier designs place fabrication of the asphalt barrier at approximately
$195,600 and the multilayer barrier at approximately $283,100. These
estimates include installation of soil overburden, top soil, erosion
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control blankets, and vegetation cover, in addition to the asphalt or
multilayer barrier. The vegetation recommended for the cover is a
rhyzomatous wheatgrass, which grows in arid climates. The wheatgrass is
shallow rooted, does not attract animals, and promotes evapotranspiration
of water.
ALTERNATIVES TO PAD A STABILIZATION
Several alternatives to in situ compaction and the asphalt barrier
specified in the preceding section were considered. These alternatives are
as follows:
o
o
o

Leave as is - routine soil cover maintenance
Retrieve, repackage, and dispose in RWMC pit
Retrieve, repackage, and ship to Nevada Test Site.
Leave As Is

This method is the least expensive alternative, in that all costs are
incurred from maintenance. Compaction of the waste containers would be
achieved through time and result in recurring subsidence and soil cover
maintenance. This method would also enhance the infiltration into the
waste by deep-rooted vegetation, burrowing mammals, and surface water. The
presence of these conditions increases the possibility for the spread of
contamination and migration of radionuclides, which are both undesirable
possibilities and should be minimized to the extent practical.
To accept the passive leave-as-is approach to Pad A would be contrary
to federal regulations and present waste management philosophy. It will
also not provide the public and environrent with the equivalent degree of
protection intended by 10 CFR 61 and CERCLA.
For the above reasons, the leave-as-is alternative is unacceptable.
Retrieve and Repackage
The Pad A penetration in 1979 revealed that although the drums
appeared to be sound, there was evidence of corrosion. The boxes uncovered
revealed almost total lack of containment. Therefore, retrieval would
undoubtedly require a great deal of repackaging and overpacking.
The method for retrieving waste from Pad A would include removal and
disposition of the earth cover and any remaining cell containment, such as
plywood and plastic sheets. The waste package [2Q8-L (55-gal) drums and
boxes] and/or waste would be removed from the disposal area and the
containers inspected to determine the repackaging and overpacking
requirements. These operations should be performed inside a containment
structure. The final operational activity would be the treatment (Resource
Conservation and Recovery Act) and disposition of the waste and removal of
the asphalt pad.
To retrieve, treat, repackage, and dispose of Pad A waste in an onsite
pit would be expensive because approximately 80% of the waste volume on
Pad A contains nitrate salts. If the waste were to be shipped to the
Nevada Test Site (NTS), it would significantly increase the costs. Support
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costs are expected to be significant because all waste retrieved will
require approved treatment before future disposal.
CONCLUSIONS AND RECOMMENDATIONS FOR PAD A STABILIZATION
Although its cost is expected to be slightly higher than falling mass,
vibratory pile driving is the preferred method for compacting Pad A because
it is expected to provide better deep density and to minimize health and
safety risks. For suitable barrier methods, both the asphalt and the
multilayer barriers provide an adequate degree of protection against water
and biota intrusion, orovided the waste site is stabilized so that only
minor site settlement is possible. The multilayer barrier would probably
last longer than the asphalt barrier because it contains all natural
earthen materials, but the installation of these materials is expected to
pose a problem that could result in the effectiveness of the barrier being
compromised. However, the asphalt barrier is le^s expensive and it is
expected to be effective for over 500 years, wh ch is considered more than
adequate.
Retrieval, treatment, repackaging, and disposing of the waste at
either the SDA or the NTS appear to be unsatisfactory because of the high
costs identified. Retrieval presents a significant health and safety risk
due to exposure of personnel to the nitrates, uranium, and beryllium
associated with the waste. Retrieval also makesi the waste subject to
Resource Conservation Recovery Act (RCRA) regul tions, which would prohibit
'ts disposal by shallow-land burial unless treated to remove the hazardous
substance.
Therefore, it is recommended that Pad A be stabilized in situ by the
Vibratory pile driving method and the asphalt barrier be used as its final
cap (see Figure 6).
Rhyzomsious Wheat
Grass
Erosion Blanket
Topsoil
Fine Overburden Soil
Asphalt Barrier
Basalt Rip Rap
Compacted Soil
Asphalt or
geotextile
barrier

Pad A Asphalt Pad
' Rip Rap Filled
Perimeter Trench

INEL 4 5608

Figure 6. Recommended Pad A stabilization and barrier sketch.
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PAD A CONCERNS AND RISKS
Verification of the waste buried on Pad A revealed a slight
radiological, safety, and environmental risk, in compacting the waste. This
risk is due to the depleted uranium, beryllium, and nitrate waste uuried in
the same general area and the potential that not all the disposed uranium
had been roasted. Therefore, an undetermined possibility exists that
(a ; sparks or heat of friction created during compaction could ignite the
unroasted uranium and (b) the oxygen necessary to sustain combustion cound
be supplied by the nitrates. Since the difference between fire and
explosion is the rate at which the reaction take place, nitrates, if
ignited, might be expected to exhibit a possible explosive potential.
The safety and environmental impacts, if such an underground fire were
to start, are currently being addressed. To complicate the problem, the
quantities of unroasted uranium and beryllium on Pad A are unknown, which
adds to the difficulty of assessing the fire potential and hence the safety
and environmental risks. If a fire was sustained, contamination from the
waste could be expected to be released, which would result in currently
unknown environmental impact. Nitrate salts are oxygen carriers,
chemically toxic, extremely soluble in water, and corrosive when damp.
Uranium is toxic, especially when inhaled; and, if unreacted, it is a fire
hazard when exposed to heat and/or air. Beryllium is highly toxic,
especially by inhalation of dust and fumes, and is also a known carcinogen.
The brief compaction concern discussed above reveals the importance of
determining the character and form of waste contained in a closed site
before consolidation, independent of what compaction method is used. The
problems encountered in verifying the waste on Pad A, which was a
relatively recent site closure, revealed that accurately verifying waste
character and form for an older and/or abandoned buried waste site will be
very difficult, if not impossible, because of past record-keening
practices, lack of information from previous site operators, and memory
recall of operators interviewed.
Although the impact and risks associated with a possible underground
waste fire are not currently known, they are presently being studied. The
results of these studies will be used to evaluate the probability of a fire
starting and the impact of such a fire on the health, safety, and
environment. From this study, a determination of acceptable risk will be
established.
PAD A VS CERCLA REQUIREMENTS
CERCLA, as implemented by the DOE Order 5480.14, consists of five
phases. Implementation of these phases are intended to identify and
evaluate inactive/abandoned hazardous waste shallow-land burial sites, and
to effect remedial actions necessary to control the migration of hazardous
substances from those sites. These five phases are briefly described below.
1.

Phase I - Installation Assessment, to evaluate site history and
records, to locate and identify those inactive hazardous waste
disposal sites that may pcse a risk to health, safety, and the
environment as a result of migration of hazardous substances.
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2.

Phase II - Confirmation, to quantify, by preliminary and
comprehensive environmental survey, the presence or absence of
hazardous substances that may pose a risk to health, safety, and
the environment.

3.

Phase III - Engineering Assessment, to develop, evaluate, and
recommend a plan for controlling the migration of hazardous
substanced identified in Phase II or effecting remedial actions
at the installation.

4.

Phases IV - Remedial Actions, to implement the recommended
site-specific remedial measures identified in Phase III. This
includes the engineering, design, and construction of barriers to
restrain migration of identified hazardous substances or
decontamination operations.

5.

Phase V - Compliance and Verification, to review monitoring data,
perform any monitoring required to determine that remedial action
and decontamination have been effective, establish any continuing
monitoring requirements, and prepare remedial action documentation.

In the process of stabilizing Pad A, an evaluation of how it meets
CERCLA requirements is necessary. This evaluation is discussed below.
Phase I Evaluation
The intent of Phase I is to locate and identify the inactive hazardous
waste disposal sites that could pose undue risks to the health, safety, and
environment due to migration of hazardous substances. Pad A fulfills this
requirement as follows:
o

Pad A is an inactive disposal site

o

Uranium, beryllium, and nitrate salts are hazardous materials
buried on Pad A

o

Pad A location, characteristics, operations, and active life span
have been identified

o

Waste container types, number, and condition as well as waste
form, characteristics, and associated hazards are specified.

The hazardous ranking has not been formally assigned by the EG&G Idaho
Hazardous Waste Program. However, the significant potential for Pad A has
already been established, and stabilizing the pad is designed to reduce or
eliminate the migration of hazardous substances. If the undue safety risks
are minimized, it also follows that the hazardous ranking v/i11 be reduced.

629

Phase II Evaluation
The intent of Phase II is to confirm the presence of hazardous
substances at a closed and/or inactive site. The Pad A waste description
identified the presence of hazardous substances (uranium, beryllium,
nitrate salts) from the waste disposal records. This record search is
considered an adequate substitute for monitoring to identify disposed
hazardous materials. This consideration was based on the recent relatively
short time span Pad A was in operation; it was constructed in September
1972, and inactivated in November 1978.
Environmental monitoring for signs of migration of radionuclides and
m'trate salts in the form of visual surveillance, soil sampling, and water
sampling has been, and will continue to be, performed. Environmental
surveillance is performed in accordance with the EC&G Idaho Environmental
Handbook for the RWMC and Other Waste Management Facilities and Waste
Technology Environmental Program Detailed Operating Procedures. Results of
the environmental surveillance are reported annually in the EG&G Idaho
Annual Report (Year) Environmental Surveillance for the INEL Radioactive
Waste Management Complex. To date, the migration of radionuclides and/or
nitrates from the waste on Pad A has been insignificant. Since
environmental moisture and erosion are not purposely controlled on Pad A,
the absence of hazardous substance migration from the waste may be a result
of (a) insufficient moisture intrusion to cause migration and/or (b) no
significant loss of container integrity.
Phase III Evaluation
The intent of Phase III is to evaluate alternate technologies to
control migration or remove hazardous substances from an inactive hazardous
waste disposal site. Pad A stabilization satisfies the intent of this
phase by evaluating stabilization technologies, selecting the optimum
method, and then evaluating this method against other alternatives. Pad A
stabilization is designed to nn'nimize both moisture and biotic intrusion
into the wastes, which will result in controlling the migration of
hazardous substances from the pad.
Phase IV Evaluation
The intent of the Phase IV regulations is to implement the approved
remedial actions identified in Phase III. Pad A stabilization consists of
stabilization technology alternative evaluations and the optimum technology
decision. Stabilization method modeling, safety analysis, and conceptual
engineering and design are also a necessary part of Pad A stabilization.
These tasks are instrumental in the preparation of the engineering
procedures required to perform the actual Pad A stabilization activities.
From the above, it follows that the Pad A stabilization will lead to
satisfying the intent of the Phase IV regulations.
Phase V Evaluation
The intent of Phase V is to prepare remedial action status reports and
establish monitoring requirements to verify the viability of the remedial
action.
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Pad A stabilization identifies the need to establish a monitoring
plan, which is presently in progress, to verify that the stabilization of
1
?^ A will, or will net, control the migration of radioactive and hazardous
substances from the pad. It also identified the preparation of annual
status reports documenting the stabilization effort and effectiveness.
Since Pad A stabilization identifies these tasks as necessary in the
re, it can he considered to partially meet the intent of Phase V. Full
rence to the intent of this phase is not expected to pose difficulties,
early awareness of these requirements will ensure their inclusion in
future, per the intent of this phase.
Conclusion
From the previous comparisons and evaluations of che CERCLA
requirements to the Pad A stabilization, the present Pad A could be
classified as a CERCLA site based on the disposed waste being classified as
radioactive mixed waste; that is, nitrate salts, beryllium, etc.,
contaminated with radionuclides. However, the primary intent of CERCLA is
to control the migration of hazardous substances from an inactive or
abandoned waste site to eliminate undue risks to health, safety, and the
environment. Stabilizing Pad A is designed to satisfy the primary intent
of CERCLA. Pad A stabilization is expected to control the migration of
hazardous substances from the pad by eliminating the pathways for wind,
water, and bictic intrusion into the warte. Adherence to the primary
intent of the DOE CERCLA Program and the previous comparison to the five
phases of this program make Pad A stabilization a viable method of adhering
to the intent of the DOE CERCLA Oratr 5480.14. It should also be noted
that Pad A stabilization is not an irreversible process. In the event that
this technology is unsuccessful or a future regulatory change dictates
other actions, its completion would not adversely affect other projects.
Pad A stabilization will also not be inimical to future SDA maintenance,
stabilization, and closure activities.
In conclusion, Pad A stabilization is a methodology demonstration,
designed to provide background data necessary for the development of the
SDA stabilization and closure technology. This technology must satisfy the
applicable DOE Orders and must also provide an equivalent degree of
protection to 10 CFR 61. Pad A stabilization is expected to demonstrate
the radioactive mixed waste stability and isolation requirements necessary
to provide Pad A with both the necessary compliances and the equivalent
degrees of protection.
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INTERIM MANAGEMENT AMD SITE STABILIZATION AT A CLOSED
COMMERCIAL SHALLOW LAND BURIAL FACILITY
C.A. Hornibrook
Low-Level Radioactive Waste Management Program
New York State Energy Research and Development Authority
2 Rockefeller Plaza
Albany, New York 12223
ABSTRACT
The New York State Energy Research and Development
Authority is the custodial agency responsible for the
closed commercial low-level radioactive waste (LLRW)
disposal area in West Valley, New York. In this regard,
the Energy Authority, in cooperation with the U.S.
Department of Energy, has initiated a project with the
following primary objectives:
o

Formulate a recommended strategy for permanent
stabilization of the LLRW disposal area, design
a project to demonstrate the potential
effectiveness of the trench stabilization
portion of the plan and develop an improved
interim site management plan for use until the
stabilization plan is implemented;

o

Identify West Valley LLRW disposal experiences
that may apply to the development of new
disposal facilities at other sites with similar
characteristics; and

c

Evaluate the LLRW disposal area's site
characteristics in light of pertinent regulatory
requirements.

Based upon a detailed literature review, the West
Valley LLRW disposal area site characteristics were
summarized and site problems to be addressed by the site
stabilization plan were identified. These problems were:
(1) water infiltration into trenches; (2) potential
collapse/subsidence of caps due to waste instability; (3)
gas generation in the trenches; and (4) the need for north
end disposal area stabilization to prevent landslides and
sheet-wash erosion.
A systematic evaluation of the "Universe of Design
Elements" capable of correcting these problems, coupled
with engineering judgment (e.g., compatibility of these
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elements), led to the development of six site
stabilization candidates. The six candidate options were
then contrasted based upon the following technical
criteria: constructibility, reliability, passivity,
engineering performance and confidence in design basis. A
relative ranking of these options resulted.
This presentation will briefly describe the
characteristics and operational history of the LLRW
disposal area and the status of the project to date. In
addition, the process that identified and ranked six
candidate plans, and the implications and associated costs
of instituting specific candidate plans, will be
discussed.
INTRODUCTION
The West Valley low-level radioactive waste (LLRW) disposal area is
located approximately 30 miles (48 km) south of Buffalo (see Figure 1) in
the 3,345 acre (1,354 ha) Western New York Nuclear Service Center at West
Valley, New York. The licensed disposal site is 22 acres (9 ha), 12 (4.9
ha) of which were actually utilized for LLRW disposal prior to site
closure in 1975 (see Figure 2).
From 1963 through 1975, Nuclear Fuel Services, Inc. (NFS) operated
the LLRW disposal area. In March of 1983, control of the facility was
transferred to the New York State Energy Research and Development
Authority (Energy Authority). The Energy Authority is responsible for
maintenance, surveillance, and monitoring of the closed disposal area. As
part of its efforts to fulfill its responsibilities, the Energy Authority
is investigating options to stabilize the disposal area so that eventually
only passive custodial care will be required for long-term facility
management.
DISPOSAL HISTORY AND PRACTICES
During its operational life, 2.4 million cubic feet (67,854 cubic
meters) of LLRW, initially containing about 700,000 curies, were disposed
of in the disposal area. The wastes were buried in 12 trenches, a buried
vault and a small area consisting of six augered holes. The waste came
from a variety of generators: institutional, industrial, power reactor
and nuclear fuel-cycle facilities.
The physical forms of the wastes ranged from nuclear power plant
processing wastes (e.g., resins, filters, evaporator bottoms) to
biological wastes (e.g., animal carcasses, excreta), liquid scintillation
vials and absorbed liquids, sealed sources and activated metals. However,
a significant portion of the waste was trash, most of which was both
compactible and combustible.
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The majority of disposal containers were either 5-. 30-, or 55-gallon
steel drums. The next most frequently used type were wood and cardboard
boxes, cartons, fiber drums and plastic bags. Concrete containers, the
specified waste container for power plant spent ion exchange resinr.,
represented a low percentage of the total disposal volume.
Radiologically, half the original activity disposed of at the LLRW
disposal area was located in trench No. 6. This waste was composed mainly
of activated non-fuel-bearing reactor core components where the activity
was fixed in place and was essentially non-leachable. Most of the
disposed waste volume was of Low Specific Activity (LSA), below 200 mr/hr
at the surface, and below the 0.2 Ci/ft activity limit in the West Valley
license. The bulk of the Special Nuclear Material (SNM) buried at the
LLRW disposal area was uranium-235 contained in 462 tons of natural and
depleted uranium oxide and sludge. Such low concentrations of SNM pose no
criticality problem. About 10 Ci of radium sources were also buried in
the LLRW disposal area.
Most of the LLRW disposal area wastes were buried in cut-and-fill
trenches similar to those used in sanitary landfills. The typical trench
wau about 20 feet (6.1 m) deep, 30 feet (9.1 m) wide at the top/20 feet
(61 m) wide at the bottom, and 600 feet (183 m) long. Waste packages were
usually dumped into the trenches and backfilled with bulk weste and clean
native soil. Once the trench was completely filled, a mounded cover (cap)
of at least four feet (1.2 m) of silty till was placed on the trench.
This thickness was later increased to 8 feet (2.4 m ) .
After a trench had been filled, covered and graded, the entire area
was seeded and concrete monuments were placed at both ends of the trench.
Periodic observations revealed that water accumulated in the trenches
during the initial years of operation. During the first two years after
each trench was completed, the water level rose from 1.5 meters to 3
meters, and then remained essentially constant, except for trenches 3, 4
and 5. The water level in th/se three trenches rose initially, but
appeared to stabilize when lue original umbrella cap covering trenches 1-5
was reworked into five individual caps in 1969. However, the water level
began to rise again in the fall of 1971. In March 1975, the trench water
seeped through the caps of trenches 4 and 5. NFS immediately halted
disposal operations and the site has since remained closed. NFS was then
granted permission to pump the trend es by the New York State Department
of Environmental Conservation. During the March-April 1975 pumping of the
trenches, approximately one million liters of water were removed, treated
in a low-level liquid waste treatment facility (to remove most of the
radioactivity) and discharged into surface streams. During the
October-November 1975 pumping, 1.6 million liters of water were pumped
from the trenches and during July-October 1976, 3.8 million liters were
removed.
In 1978, NFS added 4 feet (1.2 m) of compacted silty till soil on top
of trench caps 1-5 and improved the surface drainage pattern of the area.
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From 1978-79, sharp increases in the water levels in trenches 11-14
were observed. In 1980, NFS remediated these trench caps by stripping
28" (.7 m) of till from the caps, replacing and compacting the till in
layers, adding 12" (.3 m) of top soil, grading, seeding and applying
mulch. Between 1980 and 1981 all trpnches were pumped again. In March
1983, the Energy Authority assumed control of the LLRW disposal area and
thus the responsibility for monitoring and maintaining the site. Since
the 1981 pumping, most of the trenches have shown an increase in water
levels (with significant increases observed in trenches 2, 5, 10 and 14),
indicating that the present maintenance program will require periodic
pumping of the disposal trenches.
PROJECT OBJECTIVES
The primary purpose of this project is to provide sufficient
technical and cost data to allow the Energy Authority to select and
develop a stabilization plan for the West Valley LLRW disposal area. In
addition, it will provide a working document from which the lessons
learned at West Valley can be used by humid States (particularly in the
Northeast) developing new LLRW disposal sites. The primary objectives of
this project are to:
o

Formulate a strategy for stabilization of the LLRW disposal
area, design a project to demonstrate the potential
effectiveness of the trench stabilization portion of the plan
and develop an interim site management plan for use until the
stabilization plan is implemented;

o

Identify West Valley LLRW disposal experiences that may apply to
the development of new disposal facilities at other sites with
similar characteristics; and

o

Evaluate the LLRW disposal area's site characteristics in light
of pertinent regulatory requirements.

This paper will briefly delineate the process that identified and
ranked six candidate plans from which a stabilization plan will be
selected by the Energy Authority. This contract was developed through a
competitive solicitation issued by the Energy Authority in September 1984
and awarded to Envirosphere, Inc. in December 1984.
SITE CHARACTERISTICS
The LLRW disposal area is located on the floor of a glacial valley,
approximately 5,000 feet (1524 m) wid'-'. The thickness of the glacial
materials beneath the LLRW disposal orea is about 450 feet (147 m) (see
Figure 3 ) .
The major findings of previous site investigations are:
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o

The burial trenches of the LLRW disposal area have been
excavated to a depth of 21 feet (7 m) within Lavery till that is
approximately 120 feet (36.6 m) thick.

o

The upper two to three meters of the till is weathered and
contains vertical and horizontal fractures that act as conduits
for groundwater flow.

o

Unweathered Lavery till is found below the weathered till. The_ g
unweathered till has v>?ry low permeability, on the order of 10"
cm/sec. Shallow groundwater movement in unweathered till is
also on the order of 10" cm/sec.)

o

Groundwater data recorded at the site end surrounding the LLRW
disposal area indicate that groundwater moves predominantly
downward.

o

Over 80 percent of the water that falls on the LLRW disposal
area is carried away by surface drainage.

o

Assuming proper placement of an effective surficial water
barrier, the credible water migration pathways to the biological
environment are long. Vertical percolation from the bottom of
the trenches, through the Lavery till, would take a minimum of
160 years to reach the kame delta deposits and an additional
minimum of 250 years of near-horizontal travel to reach
Buttermilk Creek.

o

The long-term stability of the slope north of the burial
trenches will be affected both by surface erosion during storms
and undercutting at the toe of the slope by erosion along the
channel of Erdman Brook.

o

Previous studies indicate that trenches in the disposal area
emit measurable amounts of radioactive and other gases related
to the decomposition of organic matter.

The following relevant conclusions can be drawn regarding the site:
the till has a very low permeability (10" ) ; the site is isolated from the
regional groundwater aquifer; the natural till has very low infiltration
rates ranging from 1.5 to 3.5 cm/yr; the burial site has a high rate of
surface runoff (about 80 percent); and the credible groundwater pathways
to the biological environment are long. Therefore, the major problem
identified to date is the trenches filling with water and potentially
overflowing.
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SITE FACTORS OF CONCERN
The following site factors were identified as essential components of
a long-term site stabilization plan:
o

Recharge of water into the burial trenches;

o

Settlement of buried waste;

o

Groundwater release of radioactive gases; and

o

Stability of slopes at the north end of the site.

Tables 1-4, list the "Universe of Design Elements" capable of
correcting or alleviating each site factor of concern identified here.
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TABLE 1. MINIMIZE WATER INFILTRATION TO TRENCHES
(Universe of Design Elements)
Vertical Flow Management
1)

No action

Water Barriers - Soil
2) Remove/recompact existing cap
3) Remove/install clay cap
Soil Additives
4) Cement
5) Bitumen
6) Lime
7) Flyash (w/cement & lime)
8) Dispersants
9) Hydrophobic agents
10) Freeze point suppressants
Water Barriers - Non-soil
11) Concrete (poured or sprayed)
12) Asphalt
13) Roofed structure (metal building)
14)
15)
16)
17)

Polymer Membranes
PVC
CPE
HDPE
Hypalon
Subsurface Drainage Control

18)
19)
20)
21)

Sand/gravel
Thick geotextile
Geosynthetic combination drain
Cobbles
Surface Drainage Control

22) Increase surface slopes
23) Surface paving material
;4) Soil waterproofing mixture
.5) Modify vegetation - evapotranspiration
'< '"0 Increase slopes - provide erosion protection
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TABLE 1A. MINIMIZE WATER INFILTRATION TO TRENCHES
(Universe of Design Elements)
Horizontal Inflow Management
1)
2)
3)
4)
5)
6)
7)
8)
9)
10)
11)
12)
13)

No action
Water Barriers - Soil
Excavate/recompact existing soil
Excavate/install clay wall
Soil Additives (walls)
Cement
Bitumen
Lime
Flyash (w/cement & lime)
Dispersants
Hydrophobic agents
Freeze point suppressants
Slurry trench
Vibrating beam slurry wall
Envirosafe wall
Water Barriers - Nonsoil

14)
15)
16)
17)
18)
19)
20)
21)
22)
23)
24)
25)
26)

Concrete wall (reinforced)
Asphalt on sloped excavation
Sheet pile wall (epoxy-coated)
Augercast pile wall
Grout curtain
Polymer membranes
PVC
CPE
HDPE
Hypalon
Subsurface Drain
Sand/gravel trench (French drain)
Thick geotextile
Geosynthetic combination drain
Cobbles
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TABLE 2. TRENCH SUBSIDENCE MANAGEMENT
(Universe of Design Elements)
P

No action/delayed action

2)
3)
4)
5)
6)
7)
8)

Structural Support
Flat reinforced concrete slab
Cast-in-place concrete arch
Soil cement arch/slab
Precast concrete barrel vault
Precast flat slab
Multilayered geogrids
Geocell mattress'

9)
10)
11)
12)
13)
14)
15)
16)

Compaction
Deep dynamic compaction
Displacement piles
Vibroflotation
Explosives
Displacement grouting (cement)
Shallow surface compaction
Surcharging
Wick drains & surcharging

17)
18)
19)
20)

Waste Treatment
Intrusive grouting (chemical)
In-situ incineration
Accelerated decomposition
In-situ vitrification •
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TABLE 3. GAS GENERATION MANAGEMENT
(Universe of Design Elements)

1)

No action

2)
3)
4)
5)
6)
7)
8)

Gas Collection Zone
Sand/gravel layer
Cobble layer
Thick geotextile
Geosynthetic combination drain
Pipes in sand pack
Open cavity under structure
Vertical gas wells
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TABLE 4. STABILIZE NORTH END OF BURIAL AREA
(Universe of Design Elements)
TOE EROSION CONTROL
T) No action
2)
3)

Culvert the Stream
Steel culvert
Concrete culvert

4)
5)
6)
7)

Train the Stream
Concrete liner
Asphalt liner
Geonet liner with vegetation
Gabion boxes & mattress or rip rap

8)

Slow Down the Stream
Rip rap

:•

Concrete energy d i s s i p a t o r s

SHEETWASH EROSION CONTROL
T)
No action
2)
3)
4)

Modify Flow
F l a t t e n s l o p e / c u l v e r t stream
D i v e r t sheetflow
Bench/terrace slope

5)

Cover Slope
Modify vegetation

6)
7)
8)
9)
10)
11)
12)

Concrete cover
Asphalt, cover
Gabion mattress
Rip rap/gravel cover
Concrete/fabric mattress
Geonet with vegetation
Bcckfill valley/culvert stream

Of the four site problems 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. Waste
instability is believed to be the key issue because cap subsidence
provides a major pathway for water infiltration into the trenches.
Therefore, the trench subsidence remediation technique selected from Table
2 becomes the foundation upon which a long-term stabilization plan is
baced. The other critical elements are then incorporated into the design
in order to ensure a technically sound resolution. As you will note, Table
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2 includes a subcategory "Structural Support". This alternative was
in.. ,uded because the factor most responsible for trench subsidence ',*
trench content. Since the disposal records for this facility are
extremely sketchy regarding trench content, the Energy Authority's
subcontractor, Envirosphere, Inc., included in the universe of design
elements those sterilization options that could be, to varying degrees,
implemented independtnt of the waste in the trenches.
Each design element was screened initially on an acceptable (A),
better-than-acceptable (+) and less-than-acceptable (-) basis. Included
was a brief list of major advantages and disadvantages of the technology.
Table 5 shows the results of such a review for the removal of an existing
trench cap at the site and recompacting the existing material into a new
cap, versus removing the cap and installing a new compacted high-grade,
homogeneous clay for the cap.
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TABLE 5. INITIAL SCREENING OF DESIGN ELEMENTS
Vertical Inflow Management Water
Water Barriers - Soil

Technical
Criteria

Remove/Recompact
Existing Cap
1.

Constructibility

2.

Reliability & Past
Experience
Confidence in Design

3.

Remove/Install
Clay/Cap

Basis*
4.

Engineering Performance

5.

Passivity (300 yrs .)

Major Advantages:

A
A
Materials on site

Major Disadvantages:

Improved
Impermeability

Prone to Frost
Prone to Frost
Drying/Cracking
Drying/Cracking
Settlement Cracks
Limited Impermeability

* Note: Your individual ratings may differ; however, your overall
conclusion may well agree with that presented here.
** The level of confidence to which the design basis reflects actual site
conditions.
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As indicated by this example, a cap constructed of high-quality clay
is preferable to a cap constructed of materials on site.
Based on this initial screening approach, the following six
stabilization options were selected for further technical development,
review and evaluation: concrete barrel vaults, reinforced till caps,
reinforced clay caps, dynamic compaction, displacement piles and a
combination (displacement and intrusive) grouting. Each option was
preliminarily outlined to identify how it would be implemented at the
site. This outline included: necessary site preparation, specific
techniques to retard water infiltration, mechanisms for dispersing
generated gas, erosion control for the north slope and operating methods
to protect worker health and safety. The following descriptions provide a
skeletal outline of the plan envisioned for further development.
PLAN DESCRIPTIONS
Precast Concrete Barrel Vault
Construct a pile-supported precast concrete barrel vault over each
trench to support an overlying waterproofing of 80 mil HDPE and 5' (1.5m)
soil cover system. The cavity within the vault will form a gas collection
system that will be vented to the atmosphere.
This system is designed to be structurally independent of the
trenches, so as not to be affected by future subsidence. Therefore, normal
maintenance for such a completed 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
Construct a glacial till or clay cap, reinforced with high-strength
biaxial polymer geogrids [a 1' (.3m) vertical spacing in lower 5 1 (1.6m)
and 2' (.6m) vertical spacing in upper 5'(1.6m)]. The clay cap should be
compacted to at least 10~ cm/sec permeability) over the trenches. The
geogrids will support the primary gas venting system and soil cover
system. This reinforcement will span over 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
Attempt to stabilize the buried wastes via compaction of the waste
and trench backfill. Repeatedly drop a heavy weight from a great height
onto the trench surface in a regular .-overage pattern. Upon completion of
dynamic compaction operations, install a Universal Cap (see Universal Cap
below) over the trench area.
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Some future maintenance of the completed trench cap may be required
due to subsidence of unstabilized wastes and/or decay of wastes.
Displacement Piles
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 complption,
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 over such areas.
Pisplacement/Intrusion Grouting
Attempt to compact the wastes and fill all remaining existing voids
and pores via a sequential program of displacement grouting at 10 feet
(3m) grid spacings over the trench area, followed by a secondary
displacement grouting grid at 5 feet (1.6m) spacings. This grouting will
be performed in 2 feet (.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
decay, can cause subsidence which affects cap performance and requires cap
maintenance.
Universal Cap for all Intrusive Waste Stabilization Schemes
Construct a compacted 3' (.9m) clay cap reinforced with high-strength
biaxial polymet geogrid [at I1 (.3m) vertical spacing] over the stabilized
trenches, to support the overlying primary waterproofin.i, drainage and
soil cover systems.
Maintenance requirements for this cap may be equal to or somewhat
more than chat for reinforced glacial till and clay caps due to lesser
amounts of geogrid reinforcement. However, stabilization of wastes via
dynamic compaction, displacement piles and grouting is expected to reduce
the potential for waste subsidence.
TECHNICAL CRITERIA EVALUATION
The six stablization options were then ranked on the same technical
criteria utilized earlier: constructibility, reliability, confidence in
design basis, engineering performance and passivity, with the addition of
a demonstrability criteria. For this evaluation, demonstrability was
defined as: the ability to demonstrate that design and engineering
specifications have been met. Each of these criteria were of equal weight
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and the rating for each criterion ranged from 1-5, where one was the
lowest and five the highest score. The results of this ranking (see Table
6) in descending order were: (1) vaults, (2) reinforced till and
reinforced clay caps, (3) displacement piles, (4) dynamic compaction and
(5) grout.
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TABLE 6. TECHNICAL CRITERIA EVALUATION

Factor

Vault
Rating

Till
Rating

Clay
Rating

Constructibility
Reliability
Confidence in Design
Engineer Performance
Passivity
Demonstrabil ity

4
5
5
5
4
_5

4
2
_2

5
4
1
4
2
_2

Total Score

28

18

18

Factor

Compaction
Rating

5
4
i

Piles
Rating

Grant
Ratng

en

Construct!bil ity
Rellability
Confidence in Design
Engineer Performance
Passivity
Demonstrabil ity

3
1
2
3
2
_1

3
1
3
4
2
_1

1
1
2
3
2
_1

Total Score

12

13

10

In addition to formulating stabilization plans and ranking them,
preliminary capital cost estimates were calculated for each of these six
stabilization options. The results of this preliminary analysis are
contained in Table 7 below:
TABLE 7. PRELIMINARY COST ESTIMATES
(1985 Capital Costs for Stabilization of 12 Trenches)
Plan

Estimated Cost

(Toool
1.
2.
3.
4.
5.
6.

Precast Concrete Vault
Reinforced Glacial Till Cap
Reinforced Clay Cap
Dynamic Compaction*
Displacement Piles*
Displacement & Intrusive Grouting*

12.8
5.8
6.9
3.7
11.5
54.4

*Estimated cost includes cost of Universal Cap.
Envirosphere is in the process of selecting three stabilization
options from the six discussed above for final consideration by the Energy
Authority. Selection of the three options is motivated by the Energy
Authority's desire to have a broad renge of technically sound options
representing a reasonable r?ngp of costs. In addition, these options will
include a discussion of the objectives that could be attained by each
stabilization plan, what the long-term operation and maintenance costs
would be, and any other factors that should be considered when the Energy
Authority selects a stabilization plan. Because of the hiyh costs
associated with some of the above options and lack of confidence that the
in-trench stabilization technology options are sufficiently mature to meet
short-term and long-term stabilization requirements, the Energy Authority
requested that Envirosphere prepare the Interim Management Plan, being
developed in this project, in a form which will allow it to be evaluated
along with the final three stabilization options identified above. In
this instance, the Interim Management plan would be presented as a Natural
Stabilization option. It should be noted that the Interim
Management/Natural Stabilization option was not evaluated and is not
proposed for evaluation using the technical criteria utilized in Table 6.
This option is not considered comparable to options 1-6, whose intent is
near-term stabilization of the site.
From these four options, the Energy Authority will select a
stabilization plan. Envirosphere will then develop a detailed
demonstration plan aimed at demonstrating specific elements of the
selected plan. Depending upon the plan selected, there may be a need for
some research before proceeding with a demonstration project. In
addition, an implementation plan outlining the steps the Energy Authority
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would have to take in order to implement such a stabilization plan will be
developed.
SUMMARY
In summary, the geological and hydrological characteristics of the
LLRW disposal area are generally favorable for isolation of the buried
waste from the environment. The major problem identified to date is the
the trenches filling with water. Periodic maintenance of trench caps and
pumping of trenches has been required to minimize filling rates and
prevent overflow of leachate from the trenches.
The goal of any long-term remedial action plan at the LLRW disposal
area is isolation of the buried waste. With that goal in mind, the
elements of a recommended stabilization plan must include a solution that
prevents the overflow of leachate from the burial trenches, by minimizing
both the contribution of surface water infiltration through the caps and
groundwater recharge from the fractured, weathered till. The solution
should consider the unstable nature of the material within the trenches in
terms of subsidence and collapse of the present trench caps. Adequate
measures should be provided for the collection and venting of gases
generated within the burial trenches. In addition, remedial measures will
include the long-term stability of the slopes north of the burial
trenches, including protection from lateral erosion by streams at the toe
of the slope to reduce the risk of landslides, and mitigation of sheetwash
erosion on the slope surface.
Each of the six plans has accounted for each of these engineering
considerations, though the details were not presented here. As the
ranking results reflect, confidence associated with in-trench
stabilization methodologies tends to be lower than that for techniques
less dependent upon waste stability.
Factors that contributed to this lower ranking were: a lack of
knowledge regarding the existing and potential future voids in the
trenches and an inability to effectively measure the degree of success
achieved during the application of an in-trench stabilization technique.
As this project has progressed, it has become clear that the
technologies under consideration are at varying stages of development. At
the present time, implementation is not as straightforward as developing
stabilization plans and associated demonstration plans, completing a
demonstration and implementing a stabiliz3tion plan. For many of the
options discussed above, it is.clear that additonal research is necessary
(at other sites and at the LLRW disposal area) in order to further develop
these options for possible implementation at West Valley.
The Energy Authority's selection of a stabilization plan will take
into account all the technical data; the state of development of the
alternative technologies; capital, operating and maintenance costs and the
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degree of protection of public health and safety and the environment
provided.
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MAXEY FLATS NUCLEAR WASTE DISPOSAL SITE
IN SITU WASTE GROUTING DEMONSTRATIONRESULTS TO DATE
Caroline Patrick Haight and Doyle Mills
Department for Environmental Protection
Kentucky Natural Resources & Environmental Protection Cabinet
Frankfort, Kentucky 40601
John Razor
Westinghouse Hittman Nuclear, Inc.
Morehead, Kentucky 40351
ABSTRACT

At the 1984 DOE LLWMP meeting, the Kentucky Natural Resources
and Environmental Protection Cabinet presented its experiences during
the initial phases of a field demonstration of an in situ chemical
grouting technology at the Maxey Flats Nuclear Waste Disposal Site in
Fleming County, Kentucky. The previous presentation described the goals
and objectives of the project, site selection, grout selection, site
preparation, pre-grout injection data, and the actual grout injection.
Due to the date of the LLWMP meeting and the completion of the injection
procedure, only limited information was available concerning the results
of tha demonstration.
This paper will report on one year of data collection since the
injection of the sodium silicate grout into the trench test cell. Results
and conclusions will be presented where sufficient data exists. Surface
elevation data suggests no subsidence has occurred within the grouted
test cell nor the remaining ungrouted sections of the trench. Hydraulic
conductivity measurements at four locations within the grouted test
cell have been increasing over the past year. This data may suggest
the grout is degrading with time.
INTRODUCTION
Since the beginning of the nuclear industry in the 1950's, the
most commonly used technique for the disposal of low-level radioactive
waste (LLRW) has been shallow land burial. While this method of disposal
has proven to be relatively safe, the experience in the use of burial
facilities for the isolation of the waste materials from the biosphere
has been less than perfect. These problems have resulted in the closing
of three commercial LLRW disposal facilities located at Sheffield,
Illinois; West Valley, New York; and Maxey Flats, Kentucky. With the
issuance of 10CFR Part 61 by the U.S. Nuclear Regulatory Commission
in ]983, these early problems have been eliminated. Remaining to be
solved, however, are the problems at several closed commercial LIRW
disposal facilities.
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The most serious of the technical problems facing these closed
facilities have been identified as:
0
0
0

Trench Cap Subsidence
Surface Water Infiltration
Radionuclide Transport.

It is important to note that the public health and safety have not been
adversely affected by these occurrences. However, the public has lost
confidence in the use of shallow land burial as a method of LLRW disposal
and now demands remediation of those facilities which have not performed
as predicted. Several studies have identified potential methods which
may be applied to these problems at existng sites (Rose, 1983, Phillips,
1981, Davis, 1982. WHNI, 1983). This report will detail a program
designed to demonstrat • l--~ ability to reduce trench cap subsidence,
surface water infiltra jn and radionuclidc: transport through the use
of an in situ waste grouting technique. In particular, this paper will
report on one year of data collection since the injection of sodium
silicate grout into the trench test cell at the Maxey Flats Site.
The Kentucky Natural Resources and Environmental Protection Cabinet
(NREPC) was awarded a grant by the U.S. Department of Energy (DOE)
Low-Level Waste Management Program in November, 1983 to test in situ
grouting technology on a proof of principle field test at the Maxey
Flats Nuclear Waste Disposal Site (MFDS). The MFDS was chosen for this
demonstration because the site appeared to be generic to the humid east
and had experienced problems similar to other radioactive waste disposal
sites. These problems included subsidence, leachate generation, random
disposal, and leachate accumulation (the bathtub effect). In addition,
grouting technology is one of the methods which the Cabinet is evaluating
for the stabilization of the trenches at the MFDS. The Cabinet was
assisted in this demonstration by staff from Oak Ridge National Laboratory
(ORNL). ORNL provided technical support and consultative services due
to their previous experience and research with the grouting technology.
Actual field implementation of the grout injection demonstration was
performed under the direction of this Cabinet by Westinghouse Hittman
Nuclear, Inc., the decommissioning and stabilization contractor for
the Maxey Flats Nuclear Waste Disposal Site.
GOALS AND OBJECTIVES OF THE DEMONSTRATION
The goal of the in situ grouting demonstration project was to
demonstrate the feasibility of grouting a trench in situ by:
0

0

Structurally stabilizing the waste matrix of a closed trench
bo that the integrity of a cover or cap would not fail due
to subsidence, and
Reducing the permeability of the trench waste matrix thereby
reducing the leaching of radionuclides from the waste.
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With these overall goals in mind the scope of the demonstration
was developed and included the following:
0
0
0
0
0
0
0
0
0
0

Preparation of preliminary engineering studies for use in
selection of a candidate trench
Characterization of the selected trench
Development of injection system specifications
Selection of commercially available or preparable grout formula
mix
Development of grout specifications
Development of grout injection procedures
Procurement of injection equipment
Isolation of a trench test section
Emplacement of grout
Evaluation and reporting of results.

Objectives of the in situ grouting demonstration were as follows:
0
0
0
0
0
0

To provide a stable base for the installation of a trench
cap
To reduce hydraulic conductivity of the waste matrix to less
than 1 E-4 cm/sec
To prevent trench cap fracturing due to the injection technique
To fill at least 80 percent of the accessible voids with grout
To determine optimur, grid spacings for grout injection
To determine actual costs on a demonstration scale.
SITE SELECTION

The Cabinet selected Trench 2 to be utilized for the demonstration
because Trench 2 wa^ readily accessible and its contents were thought
to be representative of Maxey Flats waste trenches. In addition records
indicated that this was a relatively narrow trench and contained a minimal
amount of activity. Leachate analysis indicated tritium at 2,000 pCi/ml
and Cobalt 60 at 850 pCi/1. Americium 241 was present but not quantified.
Thus Trench 2 met the base criteria for the demonstration. The surface
of Trench 2 is not level however. The northern side of the trench is
approximately 1.4 meters (4.5 feet) higher than the southern side.
This topographic incline was not considered an obstacle to the
demonstration.
Available records were reviewed and indicated that the trench
was 55 m (180 feet) long, 7.6 m (25 feet) wide and 4.5m (15 feet) deep.
It was excavated with a backhoe with nearly vertical sidewalls and a
flat bottom; and was filled with a mix of 208 liter (55 gal) drums,
18 liter (5 gal) cans and cardboard boxes containing waste me.terial.
According to records, the trencii was opened in June 1963 arnd closed
in July 1963.
A 25% void fraction has generally bee1/1, considered reasonable
for the trenches at Maxey Flats.
For planning purposes, a more
conservative void fraction of 35% was used. Due to the limited
availability of funds for this demonstration, a 10 meter (30 foot) section
of the trench was designated as the test section.
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GROUT SELECTION
The selection of the grout formulation for this demonstration
was based on two objectives. First, the injection of grout into the
closed trench should fill more than 80 percent of the accessible void
space. This fractional void filling should assure the stabilization
of the trench ground surface from further subsidence and provide a stable
base for a cover or cap to divert infiltration of precipitation. Second,
the permeability of the waste backfill matrix should be greatly reduced,
to impede the movement of water through the waste. This latter criterion
would assure that, if a trench cap or cover failed, the waste would
remain "isolated" from percolating water thereby minimizing the leaching
of radionuclides from the waste.
Because it is difficult to fully characterize the soil, waste
form, leachate presence and properties, and void matrix which exists
in a closed low-level radioactive waste burial trench at a given time,
a grout had to be chosen which could perform over a broad range of
environmental conditions. Selection of the grout involved matching
what was known about the trench cover material, waste form, leachate,
and void matrix with the properties of candidate grouts.
Six criteria were selected to serve as a basis for selection
of the grout to be used during the demonstration. The selected criteria
were:
0
0
0
0
0
0

The grout must be capable of penetrating the trench backfill
The set time of the grout must be sufficiently long to permit
injection
The grout must have low permeability to water
The grout must be non-toxic
The grout must not enhance the mobility of the radionuclides
contained within the waste
The cost of the grout must be reasonable.

As a result of the grout formula selection process which was
reported or at the Sixth Annual DOE LLWMP meeting (Mills, Perkins, et
al, 1984), the chemical grout selected was sodium silicate with formamide
as the gelling agent. This selection process is further elaborated
on in the NREPC annual report submitted to USDOE entitled, "In Situ
Waste Grouting Demonstration" dated January, 1985.
TEST

CELL

DESIGN

A 30 feet (9.2 meter) .-ection of the trench was designated as the test
section with all planning and implementation estimates based upon this
decision. This dimension (30 feet) was felt to be typical of the width
of other waste burial trenches. The test area had to be isolated from
the remainder of the trench; this was accomplished by installing two
sheet piling walls. In order to obtain an effective seal to the flow
of liquids between the trench sections it was necessary to locate the
trench boundaries to permit installation of the sheet pile into the
undisturbed soils adjacent to the trench. Accurate boundary locations
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of the waste burial trench were also necessary in order to calculate
the volume of space to be groutad. However, little information in the
form of trench construction drawings, cross-sections, or profiles, etc.,
could be located. The methodology employed in searching for the sidewalls
of Trench 2 involved the excavation of a shallow ditch in the trench
cap soil (overburden) above the trench and waste. The determined sidewall
locations agreed well with the records that were available including
subsurface radar imaging used to locate trench boundaries in 1979 (Horton,
et al., 1982).
The steel sheet pilings used to isolate the test section were
driven in place with minimal difficulty to form a wall in late October,
1983. The grooves which join the metal sheets were sealed with a
waterproof sealant (mastic) in order to form a "water tight" wall.
With the installation of the two walls the trench was divided into three
hydrologically isolated sections: the test cell, the eastern trench
section and the western trench section.
Once the sheet pilings were installed it was necessary to establish
that isolation of the test cell from the remainder of the trench had
in fact been attained. To accomplish this, three additional ten-inch
metal dewatering sump pipes were installed, both inside and outside
the test section. Only the bottom 4 feet of these sumps were slotted
for leachate removal purposes. Installation of the dewatering sump
pipes permitted leachate drawdown tests to be performed and provided
an assessment of sheet pile wall effectiveness.
In addition to the dewatering sumps, injection/monitoring (I/M)
wells were installed inside and outside the test cell, The I/M wells
were 4% inch (11.4 cm) steel pipes and were installed in a grid pattern
based on 5 feet (1.5 meter) centers inside the test cell. The I/M wells
were slotted their entire length Lo facilitate the flow of grout into
vertically isolated void spaces. The slotted wells also provided an
observation point to view grout flow distance and depth. Ten additional
wells were installed on the exterior of the test cell, five on the east
side and five on the west side.
Injection/monitoring wells A2, B3, C4, and D5 had five feet
sections of two-inch PVC well screens installed approximately 2.5 feet
above the trench bottom in order to measure hydraulic conductivity of
the test cell. These four I/M wells form a diagonal across the test
cell. This placement provided access to different areas of the test
cell for evaluation and analysis. Figure 1 depicts a plan view of the
test cell project area, the sheet pile walls used to isolate the area,
the dewaterinq sumps, and the injection/monitoring (I/M) wells. With
the
test
section
isolated
and
the
dewatering
sumps
and
injection/monitoring wells installed, pre-grout injection data collection
was initiated.
TRENCH DEWATERING, VOID FRACTION CALCULATIONS AND SURFACE ELEVATIONS
The next step was to verify the effectiveness of the steel sheet
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Figure l
Plan View of Jhe Project Ares
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pilings in hydraulically isolating the test cell area. Approximately
5,100 gallons (19,304 lite.-s) ur leachate were pumped from the eastern
trench section. The pumping lowered the liquid level by approximately
3 feet. The liquid level inside the test cell area did not respond
to the pumping conducted on the eastern section. Hence, it could be
assumed that the sheet piling on the east side effectively sealed the
test area from the east end of Trench 2. Approximately 6,000 gallons
(22,710 liters) of leachate were pumped from the western trench section.
This pumping lowered the liquid level by approximately 4 fee + over a
30 day period. As with the east side, pumping on the western trench
section did not affect the liquid level inside the sheet pilings. Based
on the information gathered, it was concluded that the sheet pilings
on the west side also effectively sealed the test area from the west
end of Trench 2.
Dewatering was performed on the test cell area of Trench 2 in
two period?: from February 20 to February 27, 1S84, and March 6 to
March 13, 1984. A total of 7,297 and 2,770 gallons, respectively, of
leachate were removed during these periods. Of the 10,067 total gallons
of liquid removed, 10,000 gallons were pumped from sump 2-4 and 67 gallons
from the remaining I/M wells. Sump 2-4 exhibited very good hydraulic
communication with the entire test cell area as was evidenced by the
small amount of leachate available for removal via the I/M wells. Pumping
was attempted from several of the I/M wells, but several did not yield
sufficient liquid for the pump to operate.
From the information collected during the dewatering of the test
cell area, an accessible void fraction was calculated. Accessible voids
are defined as those open spaces within the waste matrix which the trench
cover material, grout, or water can enter. Voids contained within the
intact waste containers are not included in this fraction and may
represent an appreciable fraction of the total void space within the
waste matrix. It was important to determine the pre-injection accessible
void fraction in order to evaluate the effectiveness of the grout
injection project. A review of the data reveals that the accessible
void fraction varies with a low of 18 percent and a high of 27 percent
with an overall average of 23 percent for the two time periods. As
expected and predicted from earlier trench pumping, the void fraction
near the bottom of the trench is much lower than the average. This
is a result of greater consolidation of the waste in this region and
the downward piping of soil into the void spaces at the bottom of the
trench.
Surveys of pre-grouting ground surface elevations between each
injection monitoring well inside the test cell area and reference points
outside the test cell area were performed. Figure 2 illustrates the
locations of the ground surface monitoring points used to conduct ;?-3-,
during and post-grout njection elevation surveys.
GROUT INJECTION
A skid-mounted grout delivery system was employed for the mixing
and delivery of grout to the injection wells. This unit was designed

661

Figure 2
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and fabricated by ORNL. The system was comprised of two identical 500
gallon (1900 liter) subsystems capable of independent or simultaneous
operation. The separate units were alternated in the mixing and injecting
modes to provide continuous delivery of grout to the injection nozzle.
Although each unit operated independently of the other, provisions were
made to inject from either tank with either pump. This design feature
provided the ability to discharge the grout in the event of any individual
component failure within the system.
P plan for the injection of grout was developed to meet data
collection needs in support of the objectives of the project. Two of
these objectives were to demonstrate the ability to grout waste in situ
and lu determine the economics of the system. The plan for injection
required the filling of the uneven trench floor so that the distance
to which grout can be expected to flow could be determined. Figure
3 is a three dimensional plot of the surface of the trench floor prior
to injection of grout. The injection plan called for the initial
injections to be made in one of the ten inch dewatering sumps. This
was done in order to provide a large reservoir for grout (within the
sump casing) and to facilitate visual observation of grout acceptance
within the trench. The first lifts of grout were to be injected into
dewatering sump 2-4 with injection continuing until grout was observec
in the adjacent I/M wells. Injection would then continue in a well
along the trench wall (e.g., I/M well E2), so that observation of maximum
flow distance could be observed. This maximum flow distance is important
in determining the minimum grid spacing necessary to provide adequate
grouting of the entire trench, one goal of the project. By minimizing
the number of injection points, lower costs can be achieved in future
injections.
Injection of grout commenced on May 22 and continued through
June 25, 1984. Follow-up manual injections were made on July 26, August
15-16, and again on August 22, 1984 as part of the hydraulic conductivity
measurement program. Grout injection was initially set at a very slow
rate (less than 4 gallons per minute) to determine the rate of grout
acceptance into the waste matrix. The injection rate was increased
as operating experience was gained. At no time during the course of
injection was pressurized injection required to achieve grout acceptance.
The liquid grout column in the injection well provided the necessary
force to move the grout into the voids surrounding the waste materials.
Samples of the grout delivered to the injection well were collected
at the start and at the mid-point of injection for verification of gel.
Observations and measurements of the liquid levels within the adjacent
wells were made on the morning following the injection. This information
was used to develop three-dimensional plots of the liquid elevation
following each injection prior to injection. Figures 4 through 7 show
a three-dimensional view of the grout elevation within each well for
selected dates of injection. By comparing the grout levels with the
trench floor elevations, it can be seen that excellent distribution
of the grout occurred to all points of the test cell area.
During the injections on June 21, the rate of acceptance of grout
by the wells was noted to be greatly reduced. Several wells were used
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Vigure 3
Tesl Cell Trench Floor Topography
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Grout Elevations within the Tes' CeU Following
the Injection of May 22, 1984
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Figure 5"
Grout Oevations within the Test CeU Following
the Injection of May 23, 1984
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in the injection of 966 gallons (3,650 liters) of grout. As can be
seen in Figure 7, the grout had now filled the main body of the waste
matrix and the excellent connection displayed in earlier injections
no longer existed. While injecting into wells at higher topographic
elevation, grout was observed to be leaking from dessication cracks
in the trench cap downslope from the point of injection. The small
volume injections continued until August 22. The last injection entailed
only 25 gallons and would be attributed to final filling of the soil
above the grouted waste. Figure 8 shows the grout elevation following
the final injections. A total of 12,571 gallons (47,580 liters) of
grout was injected into the test cell.
POST GROUT INJECTION EVALUATION
The evaluation program was to specifically assess the effectiveness
of the project:
0
0
0

iii reducing trench subsidence inside the test cell area
in filling the accessible voids within the test cell area
in reducing the hydraulic conductivity of the wastf./soil matrix.

Trench cap surface elevation surveys were performed on the test
cell area in order to measure any change in the trench cap. Elevation
surveys were conducted on the test cell area throughout the injection
process. No significant surface deformations occurred during the period
of grout injection.
In order to assess the effectiveness of the grout injection
demonstration in attaining the objective of filling at least 80% of
the accessible voids, the void fraction calculated from leachate removal
data prior to grout injection, was compared to the void fraction
calculated based on the volume of r-out injected. Elevation surveys
were performed on the grout levels within the sumps following each
injection of grout in order to calculate the void fraction filled by
the grout. The void fraction calculated varied from a low of 12 percent
in the last injection to a high of 26 percent in the third day of
injection. The total test cell accessible void fraction average was
estimated as 21 percent.
To properly calculate the percentage of voids filled by the
grouting process, the volume of grout injected must be compared to the
volume of leachate removed over a specific range of elevations where
information is available for both activities. Information on dewatering
of the test cell is available for two regions but only one region has
corresponding injection data (1037.4 to 1042.6). The overall accessible
void fraction for this region was 24.6 percent. A corresponding set
of injection data is available from elevation 1036.9 to 1043.4. The
observed percentage of the region filled with grout was 23.0 percent.
Table 1 summarizes the dewatering and grout injection calculations of
the accessbile void fraction. The overall effectiveness of the injected
grout filling the accessible voids was calculated to be 93 percent.
Again it should be noted that this value is quite likely lower than
the actual value since the process of tre:ich dewatering has been shown
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Figure 7
Grout Elevations within the Test Cell Following
the Injection of June 21, 1984
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Grout Elevation within the Test Cell Following
the Injection of June 25, 1984
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to reduce the total void space within
post-dewatering trench cap subsidence.

a

trench

as

evidenced
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TABLE 1. PERCENT {%) OF ACCESSIBLE VOIDS SUCCESSFULLY GROUTED
Trench
Section
Range

Total Quantity
Leachate Pumped or 3
Grout Injected (ft )

Total
Trench
(ft 3 )

Void
Fraction
°i

Leachate
Removal
Period
2/20-27/84

1042.7
to
1037.4

976

3,975

24.6

Grout
Injection
Period
5/23-30/84

1036.9
to
1043.4

1,122

4,875

23.0

Accessible Voids Grouted = ?3.0/24.6 = 93%

The batches of sodium silicate and formamide used for this grouting
demonstration were analyzed f' r their conformity to the manufacturer's
specifications. It was concluded that both grout components were typical
of technical-grade materials required for a sodium silicate grout.
LONG TERM EVALUATION PROGRAM
The evaluation program described in the previous section was
successful in demonstrating that the grout was properly injected into
the test area and that the materials used in the project were of
acceptable quality. This section will describe the program used to
determine the long-term effectiveness of the grout in reducing the waste
matrix permeability and in reducing trench subsidence.
Trench Subsidence
A goal of the project was to reduce the occurrence and severity
of subsidence which is visible on the trench surface as major cave-ins.
The method chosen to evaluate the subsidence mitigation aspects of this
demonstration was land surface elevations. An observation period of
two years following grout injection will be used to assess the long-term
performance of the grout. Quarterly surface elevations
.*e being
performed on the grouted test cell and on adjoining sections -" Trench
2, outside the test cell area. These measurements will be analyzed
and compared to init^l post-injection surface elevations. Surface
elevation data obtaineu through the end of June 1985 indicated no
subsidence at the measurement points inside the test cell nor on the
eastern or western ends of the trench.
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Hydraulic Conductivity Measurements
Another goal of the in situ grouting project was to reduce the
permeability of the trench waste matrix. The method chosen to measure
the permeability of the waste matrix was hydraulic conductivity testing
of the waste/soil mixture within the test cell area. An observation
period of two years following grout injection was chosen in order to
assess the long-term performance of the grout. Quarterly hydraulic
conductivity measurements are being performed and will be compared with
the initial post-injection hydraulic conductivity of the waste/grout
matrix.
T

he hydraulic conductivity of the waste/backfill matrix prior
to modification was determined during the course of grout injection.
Post-injection hydraulic conductivities of the waste/grout matrix were
determined at four locations within the test cell through the four
specially modified injection/monitoring wells (A2, B3, C4 and D5).
The constant head gravity feed method was employed in making these
T
determinations
(Boersma, 1965).
he pre-grout
waste hydraulic
conductivity was estimated to be greater than 7 E-l cm/sec (2,000 ft/day).
This value is considered to be a lower limit of the hydraulic conductivity
because the design of the I/M well likely limited the intake rate of
the waste matrix.
Quarterly post injection measurements were made utilizing the
constant head delivery device. This device was constructed from a sealed
55 gallon steel drum open to the atmosphere by a standpipe extending
to -v,ithin two inches of the drum bottom. A translucent tube was attached
from the bottom to the top of the drum to allow visual inspection of
the water level within the drum. A siphon was employed to deliver water
to the well and the rate of water delivery was determined by the decrease
in the water elevation within the drum. The piezometric head for each
determination was computed as the distance from standing ground water
within the well prior to testing to the point of constant head provided
by the delivery device. The results of these quarterly measurements
are presented in Table 2.
Figures 9 and 10 have been constructed to demonstrate the change
in the conductivity of the wells since the completion of grout injection
in August 1984. Figure 9 provides a visual representation of the
conductivities with time. Figure 10 is a trend analysis of the values.
As can be seen in this figure, the conductivity of wells A2, C4 and
D5 are increasing with time or trending upward. Well B3, however, shows
no trend or is constant with time. This data would tend to indicate
that the hydraulic conductivity of the grout is degrading with time.
The mechanism for this degradation is unknown at this time as is the
overall effect of this on the grouted cell's ability to retain
radionuclides. This phenomena will be closely monitored over the next
year.
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figure 9.
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Table 2
Hydrau1ic Conductivity Measurement for Test Cell

A2

B3

C4

June 1985

9.5E-5

4. 1E-5

1.6E-4

2.4E-4

March 1985

6.2E-5

4. 1E-5

1.7E-4

3.3E-4

November 1984

1.2E-4

7. 1E~5

1.0E-4

3.7E-4

August 1984

5.6E-5

3.6E-5

7.7E-5

3.2E-5

Date / Well No.

Note:

D5

All units are cm per sec
ECONOMICS

Now that it has been demonstrated that the in situ grouting
injection technique was feasible, the question of economic viability
must be addressed. For the particular technique that was utilized in
this demonstration, a total of $128,500 was expended to grout a test
cell 25 feet by 30 feet in surface area. This provides a cost of $170
per square foot. In the case of Maxey Flats which has about 12 acres
of groutable trench surface area, this would imply a cost of $88.4
million. Obviously this in an exorbitant cost.
However, one can approach the question of economics by another
route. In this demonstration the use of sheet pile walls, single use
injection wells, even the writing of the annual contract report would
be costs not incurred by a commercial operation. The cost of the grout
alone was computed to be $0.70 per gallon or $5.25 per cubic foot.
If one assumes a trench excavated volume of 10,600,000 cubic feet and
an average waste/soil matrix porosity of 25%, then the cost of grout
for the Maxey Flats site is $13.9 million. Of course to perform this
activity the cost of labor and equipment rental must be added to this
figure to obtain a realistic injection cost.
Tables 3 and 4 provide additional information for the reader's
review on this subject and careful application to their particular
situation.
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Table 3
Estimated Cost to In Situ Grout Maxey Flats Trenches
Based on Cost Incurred for Demonstration Project
Total C. st of in situ grout demonstration

$128 ,500
750 sq ft

Test cell area (25 ft by .™ ft)

$170

Average cost per square foot

12 acres
520 ,000 sq ft

Maxey Flats trench surface area
or...

$88,400 ,000

Estimated total cost at $170/sq ft

Table 4
Estimated Cost of Grout for Maxey Flats Trenches
Cost of chemical grout
or...
Maxey Flats trench excavated volume
Average waste/soil matrix porosity
Estimated total cost of grout alone
(10,600,000 cu ft * 0.25 * $5.25/cu ft)

$0.70/gal
$5.25/cu ft
10,600,000 cu ft
25%
$13,900,000

Note: This cost does not include the cost of labor or equipment rental
OBSERVATIONS
Based upon the information obtained to date from this demonstration
project, the following observations are noted.
Even after a 20 year period of consolidation, the accessible
void fraction for a portion of Trench 2 was found to be as high as 27
percent for the waste matrix. While this fraction of voids is not
unexpected within waste trenches, it may indicate that the process of
consolidation occurs over a longer period of time than previously thought.
This slow process of consolidation emphasizes the need for providing
a stable base for trench cap construction.
During the course of injection, grout movement of over 30 feet
(10 m) from the point of injection was observed. Injection rates in
excess of 50 nallons per minute (200 lpm) were readily attained without
the use of pressurized injection techniques.
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Hydraulic conductivity measurements were performed on both the
pre-grout and post-grout waste matrix and quarterly thereafter. The
pre-grout hydraulic conductivity was estimated as greater than 7 E-l
cm per second. The post-grout hydraulic conductivity was found to average
5 E-5 cm/sec which represents a greater than fou«- c-der of magnitude
reduction. The June 1985 hydraulic conductivity was found to average
1 E--4 cm/sec which represent an increase in conductivity but it is still
three orders of magnitude below the pre-grout measurements.
Measurements were made of the success in filling the accessible
voids within the waste matrix.
Of the 23 percent void fraction
identified, grout was injected into at least 93 percent of these voids.
One concern at the start of the project was the possibility that
the additional buoyant force provided by th<e grout while still a liquid
could result in cap heave or cracking. Th~ yrout was injected in small
quantities and permitted to gel prior to continued injection. No
detrimental t-ffscts to the trench cap were observed as a result of the
injection of grout. Further, no releases of radioactive materials were
noted even when grout was found to be flowing from the desication cracks
in the trench cap. During the one year period of observation, no trench
cap subsidence has been observed.
CONCLUSIONS
The following conclusions can be made based on the observations
noted over the course of the project.
The use of sheet piling to isolate a section of the project trench
was shown to be effective in preventing the flow of liquids between
the separated trench sections. This method of isolation may be valuable
when remedial action is required on only a portion of a trench.
Based on the rapid acceptance of grout and the large distance
over which the grout was observed to flow from a single injection point,
it is concluded that the voids within the waste matrix are hydraulically
well connected.
The accessible void space within the test section was shown to
range from 18 to 27 percent. Lower void fractions were fou:id near the
trench bottom and at the contact between the waste and the trench cap.
This, in conjunction with the presence of large quantities of sediment
near the trench bottom, woul i support a corse", rsion that soil piping
(by gravity, water percolation and/or trench debaterii.g) is the major
force in trench subsidence at this time. General consolidation (collapse)
of the waste containers does not appear to be occurring. This conclusion
is supported by visual observations of the waste containers made visible
by the installation of the sheet piling. These containers were probed
and found to be structurally sound.
The grout appears to have been quito successful in filling the
accessible voids within the waste matrix. The objective or filling
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80 percent of more of the voids was exceeded. In addition, as of June
1985 the average hydraulic conductivity of the waste was reduced to
1 E-4 cm/sec which should prove effective in reducing the flow of liquids
through the waste matrix and thereby reduce the leaching of radionuclides
from the waste.
Based on the long distance over which the grout flowed (greater
than 30 feet), future injections should be made on a larger grid pattern.
A grid spacing of 15 feet or larger is deemed to be appropriate based
upon these results.
Owing to the large size of the voids and their excellent hydraulic
connection, the investigation of the use of a particulate grout is
warranted.
Particulate grouts have been found to produce a more
structurally sound final product, can enhance the ion-exchange properties
of the waste matrix, and are not subject to shrinkage as has been observed
in sodium silicate grout. This latter property is especially important
when large voids are present.
Based upon the data collected to date, the demonstration was
successful in meeting the goals and objectives of the project. Long-term
observations will be necessary to verify the grout performance over
time. In situ waste grouting may be applicable for reducing the problems
of trench subsidence, surface water infiltration, and radionuclide
transport at existing low-level radioactive waste disposal facilities.
This demonstration appears to have provided needed technical
information and economic data bases for evaluating the in situ grouting
engineering technology for stabilizing the trenches at the Maxey Flats
Nuclear Waste Disposal Site. This demonstration also appears to have
provided valuable information for determining the applicability of
transferring the in situ grouting technique to other low level radioactive
waste disposal sites.
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BURIAL TRENCH DYNAMIC COMPACTION DEMONSTRATION AT A HUMIO SITE

B. P. Spalding
Environmental Sciences Division
Oak Ridoi National Laboratory 1
Oak Ridge, Tennessee 37e31
ABSTRACT
This task has the objective of determining the degree of
consolidation which can be achieved by dynamic compaction
of a closed burial trench within a cohesive soil
formation. A seven-year-old burial trench in Solid Waste
Storage Area (SWSA) 6 of Oak Ridge National Laboratory
(ORNL) was selected for this demonstration. This 251 m 3
trench contained about 80 Ci of mixed radionuclides,
mostly 9 0 S r , in 25 m 3 of waste consisting of
contaminated equipment, dry solids, and demolition
debris. Prior to compaction, a total trench void space of
79 ma was measured by pumping the trench full of water
with corrections for seepage. Additional pre-compaction
characterization included trench cap bulk density
(1.68 '<g/L), trench cap permeability (3 x 1 0 ~ 7 m / s ) ,
and subsurface waste/backfill hydraulic conductivity
(>O.U1 m / s ) . Compaction was achieved by repeatedly
dropping a 4-ton teel-reinforced concrete cylinder from
heignts of 4 to 8 m using the wnipline of a 70-ton crane.
The average trench ground surface was depressed 0.79 m,
with some sections over 2 m, yielding a surveyed
volumetric depression which totaled to 6 4 % of the measured
trench void space. Trench cap (0-60 cm] bulk density and
permeability were not affected by compaction indicating
that the conso'Mdation was largely subsurface. Neither
surface nor airborne radioactive contamination were
observed during rtpeated monitoring during the
demonstration. Dynamic compaction was shown to be an
excellent and inexpensive (i.e. about $20/m 2 ) method
to collapse trench void space, thereby hastening
subsidence and stabilizing the land surface.

Operated by Martin Marietta Energy Systems, Inc., for the U.S.
Department of Energy under contract DE-AC05-840R21400. Research
sponsored by the Office of Defense Waste and Byproduct Management, U.S.
Department of Energy. Publication No. 2628, Environmental Sciences
Division, ORNL.
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INTRODUCTION
Trench subsidence is a very compromising problem to the performance
of shallow lard disposal sites. Although rapid subsidence can be
hazardous for workers and intruders at disposal sites, the major problem
centers around the instability of the land surface. The subsidence
depressions create catchments for surface runoff and precipitation and
channel water into contact with buried waste. Stability of the surface is
required for almost all infiltration and intrusion barrier designs and the
performance of such structures is impossible to assure without surface
stability.
Large and rapid subsidence events are caused by backfill or soil
movement within large vcid spaces among waste packages in the trench.
This process can be viewed as sedimentation, facilitated by transient
moisture conditions, as backfill falls to the trench floor. Obviously,
such conditions can also arise when large intra-package voids are opened
due to container degradation. A second cause of subsidence is the more
gradual process of backfill consolidation, in the absence of large voids,
to a density determined by its geomechanical properties and overburden
pressures. In present practice, backfills are not or can not be compacted
to adequate densities prior to trench covering. Thirdly, subsidence can
be caused as void space is created within the trench as microbiallydegradable constituents within the waste disappear. It is generally
believed that this latter process occurs quite slowly compared to the
first two processes (Roop et al. 1983).
In a recent review of potential corrective measures to stabilize
burial trenches (Roop et al. 1983), two techniques were judged to have
potential effectiveness: grouting and dynamic compaction by falling
mass. Dynamic compaction was concluded to be of much lower cost than
grouting. Less effective techniques included in this analysis were roller
compaction, explosive compaction, surface surcharging, pile driving, in
situ incineration, and accelerated microbiological decomposition. Several
uncertainties with dynamic compaction were pointed out including questions
of effectiveness with depth and potential for surfacing of waste with
spread of contamination. Field demonstrations were recommended as the
best approach to evaluate dynamic compaction and answer these
uncertainties. An excellent general review of engineering projects using
dynamic compaction for consolidation of loose geologic materials has
recently been published (Mayne et al. 1984).
Phillips et al. (1984) demonstrated that dynamic compaction worked
well at the Hanford, Washington, site. Simulated waste packages were
compacted within a backfilled trench at a depth of 2-3 m below grade which
decreased with successive impacts. Respirable dust tracers, placed in the
trench, were not observed either airborne or on the compaction equipment.
The soils used as backfill at the Hanford site were not particularly
compactible; these cohesionless soils free-fall to within 90% of their
maximum compactible density so that most of the observed ground depression
in this demonstration was due to waste package collapse. Similar
experience is needed using cohesive and compactible soils more typical of
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disposal sites in humid regions. The critical determination of the
present demonstration was to measure what fraction of a typical trench
void space could be collapsed by dynamic compaction. Supplemental
concerns included the potential for surfacing and spread of radioactive
contamination and potential effects on trench cap density and
permeability. It was also desired to use an actual older disposal trench
so that the additional real prjblem of uncertainty of waste types,
quantities, and radionuclide inventories, and exact trench location would
be included as they would in any operational as opposed to demonstrational
mode.
METHODS AND MATERIALS
Trench number 271, in Solid Waste Storage Area (SWSA) 6 (Figure 1)
was selected for this demonstration of dynamic compaction. Reasons for
this selection included: (1) The comparatively level ground surface to
facilitate crane maneuvering; (2) The trench was of sufficient elevation
so that the bottom was well above the seasonally-high water table
elevation. This condition had been recorded for several years in a
monitoring well within a meter of the trench (Webster et al. 1980). This
condition would also facilitate water drainage from the trench after
filling; (3) The proximity to a nearby water reservoir such as the
emergency waste holding basin about 150 m to the east as a source of water
for trench filling; and (4) The existence of a detailed record of trench
contents including types of wast?s and packages and a comparatively high
inventory of radioactivity; and \b) The proximity of electrical power at
the SWSA 6 entrance.
The corners of trench 271 and neighboring trench 283 were located by
the Engineering Division Survey team on February 25, 1985, and marked with
wooden stakes. Elevation of the land surface was then determined along
the two longer sides of trench 271 by observing a scribed staff with a
surveyor's level located at SWSA 5 elevation monument A-20 with reference
elevation of 259.48 m above National Geodetic Vertical Datum (NGVD).
These survey lines were established along both trench sir^is extending from
the SWSA 6 fence to the north to 4 m beyond the south er1 of the trench.
Before compaction, these lines were surveyed every meter and the elevations
of points between lines were calculated by linear interpolation. After
compaction, the same two lines were surveyed at 0.305 m intervals.
Elevations of the top of all well casings, bolft before and after
compaction, were also determined from the indicated reference point.
The computerized data base, Solid Waste Information Management System
(SWIMS) used at ORNL was tapped for available information on trench 271.
These records indicated that the first waste was put into the trench on
March 17, 1978 and it received its final consignment on June 28, 1978.
The total estimated volume of waste was 24.7 m 3 weighing 3,827 kg.
The waste types specified were mostly contaminated equipment, demolition
debris, and dry solids with a very minor amount of biological waste.
Waste packages include none, i.e. dumpster loads, plastic bags, wooden
boxes, eleven 30-gal garbage cans, one 55-gal drum, and numerous cardboard
boxes. The inventory of radioisotopes include over 66 Ci of 9 o S r , 2 Ci
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of 1 3 7 C s , between 1 ana 2 Ci of l s l S m and 1 2 1 ( n Sn and less than 1 mCi
each of other isotopes: 2 3 2 T h , 2 3 8 U , " T c , 1 3 4 C s , l o 6 R u ,
i""Ce, 1 9 2 I r , 6 ° C o , S 9 F e , 5 4 M n , 2 5 2 C f , and 2 4 4 C m .
Pre-compaction water monitoring wells were augered into the trench at
the indicated locations (Figure 2) using a drill rig (Mobile Drill Inc.)
with either 6-inch (well D) or 4-inch (all other wells) continuous flight
augers. The depths, elevations, and the screened or slotted intervals of
these and the post-compaction wells are indicated in Table 1. Well H was
actually a permanent monitoring well 'number 385) whose construction
characteristics were taken from Webster et al. (1980). The relative
depths, as well as solid and open casing sections, are depicted in
Figure 3. Continuously-slotted well screen (7.6 cm diam x 61 cm long) was
solvent welded to various lengths of 7.6 cm diam plastic pipe. In
addition to the screened sections, 90° radiai slots were cut with a hand
saw on alternate sides at 15-cm intervals alonij the adjoining pipe for an
additional 152 cm above the screen. Well D was constructed with 10 cm
diam x 152 cm long well screen with threaded connections to 10 cm diam
plastic pipe (Diedrich Drilling Equipment Corp.). The annulus between
casing and the auger hole was not filled because the casings needed to be
removed before compaction operations.
Post-comDaction monitoring wells were augered with 10 cm diam.
continuous flight auger using a trailer-mounted rig (Giddings Drilling
Inc.). Slotted casing (3.8 cm diam) of various lengths was placed in each
borehole and the annulus below the upper solid casing was filled with
coarse (i.e. 98% > 0.25 mm) quartz sand. The annulus above the slotted
section was filled with bentonite clay (Volday, Saline Seal, American
Colloid Inc.). The relative positioning of these wells (T through Z)
within the trench is depicted in Figure 4. Water acceptance rates of
these wells were used to calculate the hydraulic conductivity of their
surrounding material under constant head (Hvorslev 1951). Water
acceptance rates varied widely. In some cases, a water elevation within
the casing could be maintained by filling from a graduated cylinder over
periods of minutes or hours while other wells required delivery of water
at rates between 0.1 and 1 L/s.
To determine trench void space, water from the emergency waste
holding basin, just to the east of SWSA 6, was pumped through
approximately 150 m of 2.5 cm diam hose into well E using a dieselpowered trailer-mounted water pump. Pumping began at 4:18 a.m. on May 1,
1985 and continued until 6:39 a.m. on May 3, 1985. Two water meters
(Model 40, Badger Meter Inc.) were installed in the hose line within 15 m
of the dis:harge point. A total of 216.3 m 3 (57,150 gallons) of water
were delivered during this interval at a constant pumping rate of 71.7
L/min. The pumping rate was checked periodically by timing delivery for
fixed volumes at the meters and by timing delivery into calibrated 189 L
barrels near the discharge point. The meters were found to be quite
accurate and no detectable temporal variation in the pumping rate was
observed. The pump was turned off when the water elevation was within 1 m
of the ground surface at the lowest well (A). During both the pumping and
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TABLE 1. CONSTRUCTION DETAILS AND CHARACTERISTICS
OF MONITORING WELLS AT TRENCH 271, SWSA 6,
OAK RIOGE NATIONAL LABORATORY

Well

A
B
C
D
E
F
G
H
T
U

V

w

X
Y

Z

Elevation
Bottom
Top*
(m above NGVDj
252. 27
252.33
252..14
254.27
250..36
252.49
254.74
252..55
251..33
253.46
250,.94
253.07
253.79
251,.66
245.16
242,.11
254 .13
255.35
253 .54
255.98
252 .16
255.21
251 .93
254.98
255.17
253 .19
253 .68
254.75
254 .22
255.29

Borehole
Diameter
(cm)
10.2
10.2
10.2
15.2
10.2
10.2
10.2
10.2
10.2
10.2
10.2
10.2
10.2
10.2
10.2

Hydraulic
Conductivity x
(log[m/s])
nd2

>-l .16
nd
>-1.16
>-1.16
>-1 .16
>-1.16

nd
-7.40
-6.22
>-5.05,<-5.433
>-5.04,<-5.42a
-5.89
-5.80
-8.18

1 Calculated from constant-head water pump in
method of Hvorslev (1951). All intra-trench wells
before compaction (B, D, E, F, and G) accepted water
at the maximum pumping rate of 1.2 L/s.
2

nd = not determined.

a These wells failed to accept water at the
minimum pumping rate of 0.38 L/s but faster than the
maximum manual pouring speed, about 0.16 L/s.
A Top of the slotted or screened section of the
well casing.
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post-pumping periods, water levels were measured intermittently in wells A
throuyh H using a steel tape equipped with a bell sounder to locate the
water level relative to the top of the well casing. Samples of the input
water and the resulting trench interstitial waters were collected on May 3,
1985. Previously, on April 29, 1985, water samples were also collected,
where available, from wells. These latter samples were collected
following a preliminary pumping of 4.6 m^ of water into trench 271 to
test well acceptance rates and operation of pumping equipment.
All water samples were stored under ambient laboratory conditions
until analyses were begun on July 12, 1985. Samples were filtered through
0.45vim disposable membrane filters. Samples were measured for pH,
electrical conductivity, dissolved solids, hardness, alkalinity, and gross
alpha and gross beta activities (APHA 1980; Spalding 1984).
Samples of the trench cap material were taken on May 2, 1985, at four
locations spaced at 4 m intervals along the approximate center of the
trench. Samples were obtained to a depth of 60 cm with a manuallyoperated opposing-shovel posthole digger. All soil removed from the
approximately 10-cm-diam hole was placed in a 19-L metal can with lid for
sealing in moisture. The tared cans were then placed in a forced-air oven
at 105°C for five days with daily mixing of their contents after which
they were weighed again. The volume of each hole was measured by filling
with a measured amount of a coarse sand with an empirically determined
pouring density of 1.36 ± 0 .01 kg/L. Bulk density was then calculated
as the weight of oven-dried soil per unit volume of hole. Water content
was calculated from the loss of weight on oven-drying. After compaction,
a second suite of four samples was taken as above for determination of
bulk density of the compacted surface.
The trench cap soil samples, described above, were also used for
determination of texture of the <2 mm size fraction by the hydrometer
method (Day 1965) and compactibility of the <4.75 mm size fraction (Felt
1965). Samples were iirst sieved to remove coarse particles (>4.75 mm).
The particle size fraction between 4.75 and 2.00 mm was also isolated from
1 kg subsamples of the <4.75 fraction. Additional samples of radioactive
backfill material were obtained during augering of the post-compaction
monitoring wells. These soils were dried at 80°C for several days and
sieved to <2 mm for eventual gamma- and X-ray analyses of the
radionuclides present.
Infiltration rates of the trench cap were determined by placing six
double-ring infiltrometers (Bertrand 1965) at random locations on the
ground surface. Many attempts at infiltrometer placement were required
because of the presence of significant amounts of limestone gravel within
the cap material. These gravels are not part of the unperturbed soil
profile but are remnants from access roadbeds to the trench area during
its or a neighboring trench's use. The infiltrometers were filled with
water and water levels were recorded daily for a minimum of five days.
Measurements were performed both before compaction (May 3-8, 1985) and
after compaction (June 3-7, 1985).
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A 4-Mg reinforced-concrete cylinder was constructed as indicated in
Figure 5. The weight was attached to the whipline of a 70-ton crane via a
swivel-ball (Figure 6 ) . The trench was compacted in approximately 3 m
square segments by dropping the weight repeatedly in one position from
heights of 4 to 8 m until no further ground surface depression was
observed. Five points on the square segment, the four corners and the
middle, were usually depressed about 2 m within 20 to 30 drops each.
After this deeper depression of the five points within a segment, the
intra-cavity ground was pounded until a roughly level square depression
was achieved. The deeper compaction on the five square points was then
repeated on the segment followed by a second leveling. The adjoining 3 m
square segment was then compacted as above until the entire trench was
completed. A total of 12.35 hours of actual crane operation , over a four
day period, was required to complete the compaction. An estimated total
of between 1000 and 1500 drops were achieved during this interval. During
all dropping operations, two high-volume air samplers were run by ORNL
Health Physics personnel to determine if any airborne contamination
occurred. Occasionally, records of the number of drops versus total
ground surface depression were made. Two types of dropping environments
were identified. The first was in unperturbed areas of the trench, i.e.
>5 m from any previous dropping point, and the second was in areas which
were influenced by previous drops at nearby (<5 m) points within the
trench. Two drop points outside the trench were also selected for this
analysis to assess compactibility of the unperturbed soil formation.
RESULTS AND DISCUSSION
a. Void Space Determination via Trench Filling
Water elevations within the various intra-trench observation wells of
trench 271 during and after wcter filling are depicted in Figure 7. The
first observation of note was the rapidity with water flows within the
trench. The hydrographs of water elevations within each well were almost
superimpossible indicative of the large water-conductive voids within the
trench. These five wells (B, D, E, F, and G) all accepted water at the
maximum pump rate of 1.2 L/s without detectable backup within the
casings. Considering their slightly different casing geometries
(Table 1 ) , the hydraulic conductivity of the material surrounding the
boreholes was calculated to be greater than 0.07 m/s for all these wells.
Such a permeable condition must result form large void spaces throughout
the trench.
To estimate the void space within each of four arbitrarily selected
trench elevation regions (Figure 7 ) , the volume of water, required to fill
that region, was calculated with a correction for seepage losses during
the filling interval. Actually, the calculations are somewhat simpler if
pumping rates and times are employed rather than the actual metrred
volumes. The volume required to fill a region, V x , is determined by
the pumping rate, X l t multiplied by the time, t l t required for the
water elevation to climb from bottom to top of that region. However,
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water is lost via seepage from that region at some rate, X o less
than X x . Assuming that the volume, V l f required to fill a trench
region, is the same as the volume, V o , required to empty that region:
V, = (X, tx) - (X o t j

(1)

and
V

= X t

(2)

But, because V o = V l f V o can be substituted for V x in
equation (1) and, solving for X o , yielding:
X o = (X 1 tj.)/(t0 + t j

(3)

The time, t l t for v-'ter to fill a region, and the time, t o , for water
to empty that region were determined graphically (Figure 7 ) . From the
measured pumping rate, X x , the seepage rate, X o , was calculated using
equation (3). The time, t 0 , for fall within region 3 was estimated by
extrapolation of the slope of the declining water level until intersection
with the bottom of region 3. The calculated value of X o for a region
was substituted into equation (1) and its vrid volume, V 1 ? calculated.
The water in region 4, near the trench bottom, never seeped completely
following the preliminary o 8 m 3 test well filling during the month
previous to the actual pump in test. This region, because of its
extremely slow seepage rate, was assumed to contain a void volume equal to
this water volume of 3.8 m'J. This assumption has a relatively
insignificant impact on the total calculated trench vo:d volume. The void
volumes, obtained by this method for the various tren-.h regions, are
listed in Table 2 along with the total trench void space of 78.9 m 3 .
Several potential problems with this void space calculation method
need to be discussed. First, there is a potential that the trench might
conv- : n compactible void space which was not accessible to water, e.g.
water >ght waste packages. Given the waste package descriptions
prev"5' y presented, significant volumes of watertight packages would
seem un kely. Only one 55-gallon drum wa r present and the more abundant
metallic cc-bage cars are not likely to he watertight. However, an
underestimation of compactible trench void space cannot be ruled out. An
additional source of potential calculational error could be small voids
within the waste or backfill which, prior to trench filling, were empty
bet which failed to drain during water level recession. Such void space,
holding water against gravitational drainage, would not be included in the
calculation. However, this error would seem unlikely given the moisture
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TABLE 2. HYDROLOGIC CHARACTERISTICS OF ELEVATION REGIONS WiTHIN
TRENCH 271, SWSA 6, OAK RIDGE NATIONAL LABORATORY

Region
(Figure 3)

Height
( m)

1
2
3
4

1 .22
1.28
1.00
0.56

Total

4.06

Fi l l i n g
Time, t x

Emptying
Time,t o

hours—

(
40 .3
5 .28
4 .68
nd

Seepage
Rate,X 0

( - - - ma / h r

)

3.48
0.107
0.090
nd

9.6
207.5
218.9*
nd

-

Net F i l l i ng
Rate

-

-

Void Space***
(ma) (*)

-)
0.82
4.13
4.21
nd
-

33.20
22.16
19.72
3.79**

43
27
31
11

78.87

30

*
Estimated by extrapolation of final slope in Figure 7.
** Assumed to be equal to the 3.79 ma of water required to fill.
***
Void Space = (V L x 100)/(Height x Trench Area), where Trench
Area = 63.87iri2. Void Space is also expressed as a percentage of the
total region volume, i.e. Height x Trench Area.
TABLE 3. CHARACTERISTICS OF WATERS FROM IN AND NEAR
TRENCH 271, SWSA 6, OAK RIDGE NATIONAL LABORATORY

Well

Sampl ing
Date

Grcss Beta
(as uoSr)
/

A
B
C
D
E
F
G
H
Pump

B
C
D
E
F

May
May
May
May
May
May
May
May
May

April
April
April
April
April

3,
3,
3,
3,
3,
3,
3,
3,
3,

28,
28,
28,
28,
28,

1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985
1985

(as

24iAm)

Bq/L 10
996
17
129
2280
356
nd
44
nd
3930
90
168
1460
462
11

MPC**

Gross Alpha

)

nd*
nd
6
nd
nd
nd
nd
nd
10
9
nd
nd
8
4
148

*
nd = not detected, i.e. less than detection limit
(3 Bq/L).
**
MPC = Maximum Permissible Concentration from USNRC
(1979).
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conditions it the s H e . Such void spaces within the trench have been
exposed to transient saturated soil conditions for several years due to
the large excess of precipitation over evapotranspiration in the region.
Thus, undrainable void space, once wet, would "likely remain near its
free-draining moisture content. The l'te spring period used for this
trench filling would normally be that i ,ne of year when seasonal soil
moisture content is just beginning to decline. However, because moisture
contents of backfill and waste were not sampled before or after trench
inundation, this possibility of void space underestimation also cannot be
ruled out.
b. Post-Compaction Ground Depression
After compaction, the trench surface was depressed an average of
0.79 m (Figure 8) over its 63.87 m 2 surface. This corresponds to a
volumetric surface depression of 50.46 m 3 accounting for 64% of the
void space calculated from trench filling with water. This average depth
was based on 75 points on the survey grid (Figure 8 ) . Although the ground
surface was somewhat irregular, particularly after compaction, the large
number of observations would damp out effects of these irregularities. In
addition, the location of the trench walls was confirmed by the
observation of the original trench walls which were exposed following
compaction. The surveyed trench corners were found to be within several
centimeters of their recorded locations.
c. Field Compaction Operations
No waste constituents were observed on the compacted trench surface
nor were they exposed in the deeper compaction cavities during
operations. No radioactive contatron' t.ion was observed on the drop weight
which was 'smear1-monitored daily by Health Physics Division personnel.
Two high-volume (1 m 3 /min) airborne particulate matter samplers were
also run continuously while the weight was being dropped. Although
airborne solids were observed during several drops, no radioactively
contaminated solids were found. This conclusion would not s<?eni unexpected
because the waste was overlain by 1 to 1.5 m of uncontaminated soil cap.
Apparently, the surface soil was the source of these airborne solids.
Waste constituents were pushed down during compaction leaving no
opportunity for surface exposure.
The 1000 to 1500 drops of the weight produced no discernible damage
to the crane or its cables. One of the two concrete cylinders did sustain
some bending of the steel I-beam at its point of entry into the concrete.
This was caused by the occasional tipping of the cylinder after impact and
the resulting jerking motion as the operator braked the whipline to
prevent the swivel-ball from crashing into the cylinder (Figure 6 ) . The
original design of the drop weijht allowed the I-beam to extend about
60 cm above the concrete so that, if the hole used to attach the cable
were ripped, a new hole could be cut in the beam avoiding the sacrifice of
the cylinder. Actually, the attachment hole for the cable showed very
little wear and the I-beams of both cylinders were shortened to about
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(•) Before Compaction
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(b) After Compaction

Figure 8. Surveyed land surface of trench 271 before and after compaction
with the 4 Mg falling mass.

0RNL-DWC-S4-163B0

15 cm which condition obviated further bending of the I-beam. A pulley,
attached to a spring and tethered by rope to the crane's boom, was placed
on the whipline about 2 m from its hydraulic drum. This device damped the
free movement of the whipline following release of tension on ground
impact. This design facilitated the alignment of the cable on its drum
during its next hoist Using the comparatively short dropping heights of
4 to 8 m, an experienced crane operator could easily achieve six drops per
min. Thus, a typi-al ORNL burial trench, like trench 271, could have been
compacted to this degree within a normal working day.
The safe lifting rating for this crane with its 7/8-inch cable
whipline was approximately four times the actual weight used. Although no
significant wear of the cable was observed, it did become quite hot to the
touch after several hundred successive drops. The use of heavier weights
would obviously increase wear and shorten the life of the whipline cable.
Deeper and, perhaps, denser compaction could certainly have been achieved
by dropping the weight from greater heights (Mayne et al. 1984), but
cable velocities and, therefore, wear would also have been greater.
.'L field Compaction Evaluation
The geometry and r,ass of the cylinder used in this demonstration were
designed to provide the same impact energy per unit area of ground as had
been found effective at the Hanford waste disposal site (Phillips et al
1984). These irr.r^ct energies also correspond to an empirical engineering
relationship to re'ate the effective depth, D, of dynamic compaction by a
falling mass:
02 =

M • h

(4)

where D = depth of .ompaction in meters, M = the mass in Mg, and h = drop
height in meters. In this demonstration, a mass of 4 Mg, dropped from
heights of 4 to 8 m, results in an expected compaction depth of 4 to 6 m.
It should be noted that this empirical engineering relationship has been
derived largely from projects vjith uniformly unconsolidated gro'ind or
sediments. Its application tc waste burial trenches would seem dubious
and any predictability fortuitous because of the vagaries of waste package
and backfill distribution within a trench.
The square pattern of five deeper depressions within a trench
segment, followed by leveling of intra-depression areas, was found to be
most effective. This compaction strategy agreed with the general
engineering experience (Mayne et al. 1984) that wider-spaced compaction
points are most effective for deeper compaction. 'Ironing' is then
performed to level out the regions between the deeper craters for
compaction of the shallower layers. When attempting to compact a level
segment of the trench, a point was usually reached when further depression
at one point appeared to be matched by equivalent upheaval at another
point. Without additional deeper compaction craters being formed, no
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further net depression of the ground surface could be achieved. At this
point, the soil was also quite plastic probably because it was near its
compactibility limit at its ambient moisture content.
The cumulative depression of the ground surface as a function of the
number of drops showed a dependence on the characteristics of the area.
The most facile compactibility was exhibited at two points within the
trench which were outside the influence of other compaction points, i.e.
>5 m to a previous compaction point (Figure 9 ) . The most resistant
point to compaction was a location outside the trench within the
unperturbed soil formation. Between these extremes, were points within
the trench which were within 5 m of previous compaction points and one
point outside the trench. It should be noted that the ground surface
depression attained at both test points outside the trench was accompanied
by perimeter upheavals which were estimated to be equivalent in volume to
the central depression. At drop points within the trench, similar
upheavals were not observed except when drop points overlapped the actual
side wall of the trench. Thus, it appeared that the unperturbed soil
formation at the site was not particularly compactible by this energy
level of dynamic compaction.
e. Compaction Effects on Trench Cap
The bulk density of the trench cap (0-60 cm) was not affected by the
dynamic compaction operations. The mean bulk density of the four samples
before compaction was 1.68±0.13 (SD) kg/L at an average moisture content
of 20±5% (SD) on a dry-weight basis. After compaction, the four samples
of cap soil exhibited an average bulk density of 1.67±0.11 (SD) kg/L at
an average moisture content of 19±2%. The operational traffic during
closing of this trench and subsequently probably resulted in this rather
high cap bulk density. Compacted traffic pans in a soil profile are not
uncommon but g .erally do not penetrate very deep. All samples of the
trench cap, both before and after compaction, contained larje amounts of
stoney (>4.75 mm) and gravelly (<4.75 and > 2.00 mm) material
averaging 35 and 24%, respectively, of the total cap material. Most of
the stoney fragments were crushed limestone indicative of the material
used to construct access roads to burial trenches at ORNL. The
particle-size analyses of the soil material (<2 mm) in these samples
averaged 49±14% sand, 25±4% silt, and 25±10% clay. No differences
in these particle size distributions were observed between the average of
samples taken before and after compaction. Compactibility determinations
on these soil samples at various moisture contents have not been completed
yet.
The similarity of the cap material, before and after compaction, was
alsc confirmed by the measurement of infiltration rates at six random
locations over the trench surface. Mean infiltration rate before
compaction was 2.2±1.7 x 10 ~ 7 m/s (n=--6) while, after compaction, the mean
infiltration rate or surface hydraulic conductivity was 3.9±2.3 x 1C~ 7 m/s
(n=6). The presence of large numbers of stones in cap material made
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SWSA 6, to its i ti'ndation with water.

insertion of the double-ring infiltrometers quite difficult. Many
insertion attempts were required before ? ',nation was found where a 10-cm
minimum insertion depth could be achieved.
f. C"mpaction Effects Below the Trench Cap
Although '.r,e surveyed ground surface depression did account for 64%
of ths total trench void space, the effectiveness of the compaction as a
function of depth below the trench cap could not be evaluated directly.
Ideally, it would have been desirable to perform another trench filling to
repeat the void space measurements for the same elevation regions of the
trench. However, the hydraulic conductivity of all seven of the
post-compaction monitoring wells (Table 1 2nd Figure 4) was too low to
allow water to be pumped into the trench at a rate greater than the tota ;
trench seepage rate. Obviously, this condition indicated that there was
significant compaction at depth within the trench. All hydraulic
conductivities of these post-compaction wells were quite less than those
of the five pre-compaction intra-trench wells (Table 1). There was also
an expected trend that hydraulic conductivity increased with mean depth of
the slotted intervals within the trench.
Additional qualitative evidence was observed for some degree of
compaction at depth within the trench during augering of wells. Before
compaction, borehole augering below the 1 to 1.5 m soil cap was extremely
easy and almost no cuttings were observed for an interval of up to 2 m
below the cap. Nor were obvious waste constituents augered out of the
trench and only one borehole produced cuttings which were above background
counting rates of a portable Geiger-Muller survey meter. By contrast,
after compaction, borehole augering below the 1 to 1.5 m soil cap was
generally quite difficult. Many of the boreholes (Figure 4) refused auger
penetration on what 'sounded' like metal objects. Obvious waste
constituents were augered from four of the seven boreholes including
plastic, wood, concrete, and metal fragments. Three of the seven
boreholes yielded soil cuttings whose radioactivity was easily detectable
(i.e. >10 mrem/hr) with the survey meter at their surface. Samples of
these backfills were saved for later analyses which have not yet been
completed. Overall, the post-compaction augering experience indicated a
lack of large voids and more prevalent waste remnants at all depths within
the trench below the cap. Thus, significant compaction at depth within
the trench can be inferred.
g. Trench Seepage Water Quality Characteristics
The water used to fill the trench did perturb the water table in the
immediate environs of the trench (Figure 10, well H ) . Samples of the
water from all wells were obtained immediately after shutting off the pump
to ascertain any leaching of radioactivity from the trench (Table 3).
Some of concentrations of gross beta activity (i.e. 9 0 S r ) within the
trench were well above the Maximum Permissible Concentration (MPC) for
unrestricted use of water (USNRC 1979) of 11 Bq/L. These activities are
still a';ite low by comparison to other groundwaters in the SWSA 4 and

695

SWSA 5 which range up to 5,000 and 10,000 Bq/L (Spalding and Munro 1984).
One well-studied trench in SWSA 5 has exhibited interstitial and 'bathtub1
overflow concentrations of 9 0 S r to 16,000 Bq/L (Spalding 1984) while
the surface water draining SWSA 4, under low-flow conditions, is usually
in the range of 200-300 Bq/L (Melroy and Huff 1985). Thus, the gross beta
activity in trench 271 does not represent a unique or, by comparison,
significant problem. It should also be noted that the gross beta
activities in the five intra-trench wells were considerably greater than
those in the three extra-trench wells (A, C, and H, Table 3 ) . Gross alpha
activity was observed in only a few samples but always close to its
detection limit (3 Bq/L in the procedure employed) and below its MPC.
"""hus, no effect of the trench water filling on leaching of transuranic
isotopes was observed. Chemically, these water samples were very typical
of groundwater within the waste disposal areas (Spalding and Munro 1984).
h. Costs
The field operations charged to this project cost $5,170 for labor
and supplies for the 3.5 days of weight dropping. These included one
heavy equipment operator and two flagmen at institutional rates of
$28-34/hr. These charges also included services of welders and heavy
equipment mechanics. No charges for crane rental or amortization were
made because this crane (valued at $475,000) was already owned by the
Department of Energy. Equivalent crane rental or amortizacion costs for
such equipment would probably run about $200-300/day. Thur, true
operational costs, including labor, materials, and crane rental, would
total to $6,220 for this 63.87 m 2 trench or $97/m 2 . Costs for the
two 4 Mg reinforced concrete cylinders ran at $1,600 or $800/wtight.
Because there was virtually no wear or deterioration of these weights,
presumedly, they could be used for hundreds of trenches and, therefore,
their construction costs on a per trench basis become negligible.
Actually, the cylinders constructed for this demonstration are presently
in use to compact new disposal trenches before final covering because
extra disposal space can be obtained by compacting waste with a nominal
soil cover within open trenches. The cost of $97/m 2 of trench for
dynamic compaction would likely be considerably less in an operational
rather than demonstrational phase. Considering all the learning time
included in this demonstration, costs for dynamic compaction could
approach $20/m 2 of trench or $5/m 3 of trench assuming a 4 m
depth. This lower cost rate is based on a dropping rate of 6/min with a
three man crew. Alternate techniques for void filling, such as grouting,
cost between $30 and 245/m3 of trench (Spalding et al. 1985) assuming
the same void space and depth as this trench 271. However, grouting with
polyacrylamide yielded a trench of much lower hydraulic conductivity than
was achieved here by dynamic compaction. Thus, if hydrologic isolation of
buried waste as well as void space filling or collapse is desired or
required, then the more expensive grouting option needs to be considered.
Obviously, a combination of grouting, after dynamic compaction, may be a
very successful and economic technique to stabilize and isolate low-level
waste in situ.
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LIQUID DISPOSAL SITE VOID FILL AND ISOLATION:
SYSTEMS DESCRIPTION
S. J. Phillips, J. A. Winterhalder, D. L. Bernard, and T. W. Gilbert
Rockwell Hanford Operations, Richlana, Washington U.S.A
ABSTRACT
Several different types of structures have been used to
dispose of liquid low-level radioactive wastes. The design
of these structures typically included significant void
volume, both within the structures and within the
underlying backfill materials. This void volume permits
infiltration of liquids from the structure to the
substrate, while retaining specific radionuclides near the
base of the structure. A need to fill the void volume in
and around these structures has become apparent as these
structures are often geomechanically unstable. This
instability, if left untreated, may result in direct and
indirect pathways for exposure to contaminants. This paper
describes design, configuration, and operation of a
prototypic system being used to develop corrective measures
for closure of liquid disposal cribs. The system primarily
consists of a mobile grout plant coupled with a vibratory
hammer extractor. Options for system operations may
include: (1) gravity or pressure injection of particulate
grout directly into waste disposal structures; (2) pressure
injection of grout directly into gravel fill both
surrounding and below disposal structures; or (3) dynamic
consolidation of the structure and surrcjnding material'
simultaneously with pressure grout injection. The system
is currently being tested at the U.S. Department of
Energy's Hanford Site located at Richland,
Washington U.S.A.
INTRODUCTION
Low-level liquid wastes have been disposed of in structures
varying in design from relatively small wooden cribs to large rockgravel backfilled drainage systems. As these structures are retired
from service, a need may exist to stabilize and isolate the
structures. Physical stabilization and isolation of contaminants
from within and directly below each structure will augient
confinement of radionuclides within the structure and the surrounding
buffer area.
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Development of an engineering system to stabilize and isolate
structures used to dispose of liquid wastes is in progress at the
U.S. Department of Energy's Hanford Site near Richland, Washington.
This system consists of two primary modules: (1) a mobile
particulate grout injection module, and (2) a dynamic consolidation
vibratory hammer extractor module. These modules can be used
independently or coupled for simultaneous use. Operation of the.
particulate grout injection module involves automated mixing,
pumping, and injection of cement flyash slurries through packer
assemblies into cribs. The vibratory hammer extractor module
operates by driving a vertical beam through overburden and drainage
field materials. Operation of the system involves a crane-held
eccentric hydraulic device, an injection/dynamic-consolidation beam,
and injection tubes coupled to the previously described particulate
grout module. Description and use of the vibratory hammer extractor
module as a stancj-alone system for dynamic consolidation has been
described previously (1,2).
The complete system including optional operational components is
shown in figure 1. This figure illustrates application of each
modul2 for the simultaneous dynamic consolidation and pressure grout
injection of a liquid waste disposal crib. This system is also
applicable to other liquid and solid waste disposal structures.
Furthermore, applications are also possible for new waste receipts.
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MODULE DESCRIPTION
Participate Grout Plant
Particulate grout ir injected into waste disposal structures or
backfill materials by gravity or under high-pressure conditions from
a mobile grout plant module. This module produces grout from onboard
feed material consisting of (1) 5.0 t of water, (2) 18.0 t of flyash,
and3 (3) 7.0 t of cement. The grout module is powered by a 3.8 x
10 J/s diesel engine coupled5 directly
to a hydraulic pump component
2
nominally5 producing
7.0
x
10
kg/m
and
an air compressor producing
1.0 x 10 kg/m 2 . The hydraulic component operates all mixing and
pumping components of the plant. The compressor is used to operate
auxiliary tools and dry feed hoppers. During injection, the plant
sequentially mixes water, cement, and flyash into a mixing tank where
it is recycled until blended thoroughly. The slurry is then pumped
to a transfer t:nk and exits the plant through a high-pressure
progressive cavity pump at a maximum pressure of 2.1 x 10 3 kg/m 2 . Grout
is pumped from the plant to the disposal L'tructure via smalldiameter, abrasion-resistant, high-pressur% flexible tubing. For
direct void-fill applications where surfaco piping or risers are
accessible (i.e., crib), grout can be gravity injected. To augment
grout penetration into the void structure, underlying gravel fill
material, or surrounding and overlying backfill, high-pressure grout
injection can be accomplished by use of surface mechanical packers or
downwell inflatable packer assemblies. Gravel backfill drains are
injected under high pressure using a vertical beam or tube injector
directly coupled with the mobile grout plant. The plant is operated
by one person primarily using a programmable microprocessor module.

Vertical Injector
Grout injection under high pressure, if required, is facilitated by
use of a vertical injector or standard rod driven into contaminated
materials or disposal structure voids using the hammer extractor.
The vertical injector consists of an H-beam to which steel pipe is
attached along the internal surface by welding to the flange and web
of the beam. The vertical dimension of the H-beam is 8,0 m, with a
lateral dimension of 0.3 m. A steel plate is welded over the pipe
along the length of the beam. The lower terminus of the pipe is open
for direct injection. However, the open end of the pipe is protected
by an offset cone2 extending upward from the lower end of the beam to
within 5.0 x 10~ m of the injector pipe. This design permits open
high-pressure grouting directly into backfill or open void areas
either after or during dynamic consolidation of the waste disposal
structure. The design also negates grout pipe plugging during
injector insertion or withdrawal. The H-beam injector module is
designed to be used repeatedly within one general area or disposal
structure. As an alternative, simple vertical injector rods can be
used for one-time applications wherein the rods are inserted, packers
installed, grout injected, packers removed, and the rods lei't in
place.
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Vibratory Hammer Extractor
Participate grout is injected directly into gravel backfill or,
in some applications, directly into waste disposal structures via
injection tubes driven below grade using a vibratory hammer
extractor. This module consists of a diesel-powered hydraulic
componen coupled to a large eccentric driver component. The driver
is manipulated from a crane. The diesel-powered hydraulic component
produces a maximum output of 1.0 x 10" J/s.
This translates to a
maximum eccentric frequency of 3.0 x 101 Hz, with a corresponding
hammer extractor amplitude of approximately 5.0 x 10~ 3 m. The
hydraulic power component drives a crane-actuated eccentric component
that holds a vertical beam or rod through which grout is pumped. The
hammer/extractor module produces a dynamic consolidation energy
into
the ground through the beam or rod of approximately 2.5 x 10 5 J/m2.
As a result, the disposal structure is consolidated, compacted, and
grouted simultaneously, thereby producing a physically stable,
isolated disposal site.
SYSTEMS OPERATION
The system is currently being tested at an experimental site,
the Geotechnical Test Facility at Hanford. Testing is initially
being conducted on simulated liquid waste disposal cribs. These consist of an open timber framework wherein liquid waste was pumped and
allowed to infiltrate into the substrate under the crib. For testing
purposes, two cribs were constructed and instrumented with
transducers or access ports to permit monitoring of grout injection,
stabilization, and isolation performance. Monitoring devices
include: (1) neutron thermalization log for determining change of
moisture content in the crib void and the gravel-fill substrate;
(2) gamma backskatter log for determining changes in density, that
is, injection performance in the gravel-fill substrate below the
crib; (3) pressure plate, installed within the crib, to determine the
hydrostatic pressure and overpressure during grout injection;
(4) gypsum block for semiquantitatively determining the change of
moisture content of the grout during cubing; (5) thermocouples for
determining the change of temperature of the grout during curing;
(6) downwell vidicon for visually evaluating grout injection directly
into the open crib void; and (7) piezometer tubes used to determine
the change in grout elevation over time from the gravel fill below
the crib.
Figure 2 shows the complete system at the Geotechnical Test
Facility. Figure 3 shows several instrument systems used in
determining grout injection reliability and performance as discussed
above. Further detailed systems description, mechanical
specifications, performance monitoring data, and video tape testing
results can be obtained by contacting the senior author.
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Figure 2. High-Pressure Particulate Grout Plant, Vibratory
Hammer Extractor, and Injector Modules Used at the Geotechnical Test Facility.

8606324-2

Figure 3. Instrument Systems Used in Determining Grout Void Fill
and Pressure Injection Performance.
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STATUS OF CORRECTIVE MEASURES TECHNOLOGY
FOR SHALLOW LAND BURIAL AT ARID SITES
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W. J . Herrera, and G. J . Langhorst
Los Alamos National Laboratory

ABSTRACT
The f i e l d research program i n v o l v i n g c o r r e c t i v e measure
technologies f o r a r i d shallow land b u r i a l s i t e s i s desc r i b e d . Soil erosion and i n f i l t r a t i o n of water i n t o r
simulated trench cap w i t h various surface treatments was
measured and compared w i t h s i m i l a r data from a g r i c u l t u r a l
systems across the United States. Report of f i e l d t e s t i n g
of b i o i n t r u s i o n b a r r i e r s continues a t a closed-out waste
disposal s i t e at Los Alamos. Final r e s u l t s of an e x p e r i ment designed to determine the e f f e c t s of subsidence on the
performance of a cobble-gravel b i o b a r r i e r system are
r e p o r t e d , as well as the r e s u l t s of hydrologic modeling
a c t i v i t i e s i n v o l v i n g b i o b a r r r i e r systems.
INTRODUCTION
The corrective-measures technology f o r shallow land b u r i a l at a r i d
s i t e s mainly involves a p p l i c a t i o n of c o r r e c t i v e measures t o f i e l d - s i z e
s i t u a t i o n s . Our modified t r e n c h cap d e s i g n , as derived from modeling and
small scale s t u d i e s , was a p p l i e d t o an area of G.65 ha f o r v a l i d a t i o n
against a conventional d e s i g n .
The water balance and erosional behavior of b u r i a l t r e n c h caps of
several cover conditions exposed to simulated r a i n f a l l was also s t u d i e d .
Subsequent i n f i l t r a t i o n , r u n o f f , and erosion w i l l be, t o some e x t e n t ,
dependent on p e r m e a b i l i t y .
Quanitative studies i n v o l v i n g the physical and mechanical properties of
s o i l s having d i r e c t a p p l i c a t i o n on the design or the c o n s t r u c t i o n of waste
disposal f a c i l i t i e s include hydraulic c o n d u c t i v i t y , c o n s o l i d a t i o n , and shear
s t r e n g t h . Long-term s o i l c o n s o l i d a t i o n and sL>ear f a i l u r e w i l l r e s u l t i n
subsidence. Subsidence i s very l i k e l y t o a f f e c t the i n t e g r i t y of the
cobble/gravel b i o i n t r u s i o r b a r r i e r present i n our modified t r e n c h cap
designs.
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USE OF CREAMS FOR THE DESIGN OF SHALLOW LAND BURIAL FACILITIES
Data from two experimental caissons each 3.05-m diameter and 6.1 m deep
i s presented. One caisson contained t o p s o i l and crushed t u f f ; the second
was f i l l e d w i t h a mixture of t o p s o i l , cobble, and g r a v e l . The f i e l d s i t e
was decommissioned in 1948 and has l a i d f a l l o w f o r 32 years (Area B ) .
Experimental f i e l d plots at Area B are 40 m x 40 m. Various combinations of
t o p s o i l , b a c k f i l l , g r a v e l , and cobble were monitored at each s i t e .
Observed s o i l moisture data was obtained f o r the 1982-1984 period using
a Campbell P a c i f i c Model 503 neutron moisture gauge f o r comparison w i t h
CREAMS p r e d i c t i o n s . Moisture content was monitored 20 and 50 cm from the
s o i l surface i n both the caissons and at Area B.
The observed s o i l moisture averaged over the rooting depth and CREAMSsimulated s o i l moisture i s presented f o r two f i e l d scales i n F i g . 1-4.
Daily p r e c i p i t a t i o n and snow data are also included in these f i g u r e s .
Supplemental moisture was added t o the caissons b r i n g i n g the annual
p r e c i p i t a t i o n t o about 80 cm/yr (as opposed to about 45 cm/yr f o r natural
p r e c i p i t a t i o n ) . An annual p r e c i p i t a t i o n of t h a t magnitude at Los Alamos has
a p r o b a b i l i t y of occurring about once e\/ery 100 y e a r s .
Generally at both s i t e s , observed increases i n t o p s o i l moisture are
c o r r e l a t e d w i t h periods of snow cover (although caissons were i r r i g a t e d ) .
During the summer growing season, s o i l moisture i s r e l a t i v e l y constant or
decreases s l i g h t l y despite the occurrence of summer p r e c i p i t a t i o n .
Figures
1-4 show t h a t the CREAMS model p r e d i c t s observed s o i l moisture best i n the
summer and f a l l ; maximum divergence between observed and predicted s o i l
moisture occurs i n the w i n t e r w i t h snow cover, snowmelt, and freeze/thaw.
The two main d e s c r i p t o r s of the plant component — l e a f area index (LAI) and
rooting depth--are estimated and, t h e r e f o r e , may be subject to s i g n i f i c a n t
uncertainties.
The caisson data ( F i g s . 1 and 2) show the c l o s e s t agreement of f i e l d
data and model p r e d i c t i o n s . CREAMS simulates the major increases and
decreases i n s o i l moisture. The observed s o i l moisture on the experimental
and control caissons i s comparable except f o r s p r i n g 1983 when the
experimental volumetric s o i l moisture i s approximately 0.05 u n i t s higher
than the c o n t r o l p l o t . This may r e s u l t from the s o i l / r o c k b a r r i e r design
serving as a c a p i l l a r y b a r r i e r preventing the downward flow of water.
Previous studies (3) have shown t h a t the moisture content of t o p s o i l over a
rock b a r r i e r o f t e n measures several volume per cents higher than t o p s o i l
moisture over a t u f f b a r r i e r .
At the l a r g e r f i e l d scale of Area B, t h e r e i s more v a r i a b i l i t y between
the observed and CREAMS-predicted s o i l moisture (see Figs. 3 and 4 ) .
However, CREAMS s t i l l tracks increases and decreases i n s o i l m o i s t u r e . The
greatest discrepancies between observed and r ' i e d i c t e d s o i l moisture occur i n
the w i n t e r .
Determination c o e f f i c i e n t s between predicted and observed water content
f o r caisson data f o r the experimental and c o n t r o l p l o t s are 0.73 and 0.48,
r e s p e c t i v e l y . Thp determination c o e f f i c i e n t s f o r Area B data are
considerably lower than those f o r the caisson d a t a - - 0 . 4 2 and 0.21 for
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experimental and control plots, respectively. ? These results show that
CREAMS predicts soil moisture better (higher R ) for the experimental plots.
It also indicates that for Area B, less than 50% of the variation in
observed soil moisture is explained by CREAMS.
The results presented here suggest that consideration of the effects of
frozen soil and snowmelt on the water balance should be incorporated in
CREAMS. Secondly, since the CREAMS model has only recently been applied to
waste disposal sites under arid and semiarid conditions, additional research
is required to quantify model parameters (especially LAI and rooting depth)
under these conditions. Thirdly, rock barriers have been shown to act as
capillary barriers preventing downward flow of water. Whether CREAMS can
accurately model soil moisture through a soil/rock intrusion barrier design
requires further investigation. Finally, lateral subsoil movement of soil
water toward and through the wastes below the trench cap should also be
considered.
EROSION
The objective of this subtask was to investigate the water balance and
erosional behavior of burial trench caps of several cover conditions in
erosion plots established at the Los Alamos Experimental Engineered Test
F a c i l i t y . These plots were exposed to simulated r a i n f a l l to generate
i n f i l t r a t i o n , runoff, and erosion during the simulated r a i n f a l l events as
previously described.
Four treatments were imposed on the eight erosion plots by the end of
July 1983. As in 1982, two plots received a new up- and down-slope disking
(cultivated treatment). Both standard t i l l e d plots were thus again
comparable to the standard USLE plot used to determine the soil e r o d i b i l i t y
factor. A second year's data were collected on the two plots that were not
t i l l e d in 1982 and had no vegetative cover (bare soil treatment). To
determine the influence of partial gravel cover on soil erosion, two plots
were prepared as the bare soil treatment and then received a gravel
(<13-mm-diam application rate of 15 kg m" (gravel cover treatment). The
influence of partial gravel covers plus vegetation on soil erosion was
determined on two plots that were f i r s t seeded with Western Wheatgrass,
which then received the same gravel application rate a s the gravel cover
treatment (gravel and plant cover treatment).
Since the hydrologic processes at the surface of a SLB trench cap
influence the management of the subsurface hydrologic processes, we decided
to monitor the soil water content beneath the erosion plots. Soil water
determinations were performed at sampling depths in the topsoil (15 cm), in
the crushed t u f f (30, 46, 6 1 , 76, 91, and 107 cm) and in the undisturbed
t u f f beneath the simulated trench cap (122, 137, and 152 cm).
Over three years worth of neutron moisture gauge data (average values
for three locations per erosion plot) are presented in Figs. 5-7. After the
snowmelt and late winter rains had time to percolate into the trench cap,
almost a l l of the erosion plots exhibited either saturated or near-saturated
conditions within the trench cap. By May 1985, the average volumetric water
content within the trench cap under all three treatments ranged from 32 to
33% This represents a 45-46% increase in the water content of the trench
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rap since August 1984 in the bare soil and gravel cover treatments, with a
Lorresponding 95% increase i n water content observed under the erosion plot
with the wheatgrass and gravel cover treatment.
After Ihe late winter and spring rainstorms, the soil moisture content
of the gravel cover and gravel plus wheatgrass cover treatments again
changed dramatically between May and August 1985. The volumetric water
content in the trench cap with the gravel cover remained at 33% between May
and August, but the water content beneath the trench cap increased from
20.6% to 25.7% in this time period. Jusi, as i n 1984, the gravel plus
wheatgrass treatment exhibited decreased water content between May (33%) and
August (26%) within the trench cap due to t r a n s p i r a t i o n water losses. I t i s
also i n t e r e s t i n g to notice that a more long-term trend i s s t a r t i n g to
develop--the water content beneath the trench cap with the gravel plus
wheatgrass i s remaining d r i e r than that beneath the gravel cover.
One needs to realize that these are unusual events due to unusual
climatological circumstances t h a t , averaged over a period of 6 months,
amounted to precipitation of as much as 241% of normal.
MODIFIED TRENCH CAPS
Area B, a Los Alamos low-level radioactive waste disposal s i t e , was
closed in 1947 when waste operations were moved to another l o c a t i o n . In
1982, as part of scheduled remedial action on a 0.6b ha portion of Area B,
Waste Operations presented us with the opportunity to f i e l d t e s t our modified
trench cap design as derived from the modeling and plot studies already
described, along with a conventional design that was applied to Area B as a
part of the remedial action.
The monitoring study designed for Area B addressed two questions:
1. Does the cobble/gravel biointrusion b a r r i e r cap design perform any
better than the soil/crushed t u f f cap at f i e l d scale under natural
p r e c i p i t a t i o n regimes and native grass cover?
2. Does the cobble/gravel trench cap design act as a c a p i l l a r y barrier
to percolating water?
The remedial action performed by waste operations consisted of applying
a new trench cap on top of the existing cap i n order to cover radionuclide
contamination present on the ground surface. A l l tree and shrub cover was
removed p r i o r to beginning construction a c t i v i t i e s .
Two plot areas were established on Area B as shown i n F i g . 8. The
performance of the two designs in l i m i t i n g root intrusion was evaluated with
the cesium tracer method described previously. About 16 kg of cesium
chloride was applied to a 6 m x 40 m area in each piot^on top of the
existing trench cap for dr. application rate of 240 g / i / . After the tracer
was applied, a 15-crn layer of uncontaminated soil was spread over the e n t i r e
area to prevent cross contamination of the earth-moving machinery.
Neutron access tubes were installed at four locations along the slope
in each plot (Fig. 8). The tubes extended 100 cm into the old trench cap to
provide access for measuring the moisture content of soil underlying the new
caps.
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Fig. 8. Schematic of plot c o n f i g u r a t i o n s for the Area B b i o i n t r u s i o n
b a r r i e r study i n i t i a t e d in the f a l l of 1982. Control treatment represented
the conventional cap design constructed on Area B. The i n t r u s i o n b a r r i e r
design consisted of topsoil over layered rock.

The cap p r o f i l e i n the c o n t r o l plot consisted of about 75 cm of crushed
t u f f covered w i t h 15 cm of t o p s o i l . The improved cap design consisted of 75
cm of 10- t o 30-cm-diameter cobble covered w i t h 25 cm of 2-cm gravel a l l
covered with 60 cm of Hackroy s e r i e s clay/loam t o p s o i l . Both p l o t s had a
surface slope of about 2-3% to allow f o r some surface r u n o f f .
The surface of the e n t i r e area was seeded w i t h a mixture of n a t i v e
grasses and ccvered w i t h straw mulch used to minimize erosion during
establishment of the plant cover. Because the p l o t was constructed l a t e in
1982, plant cover did not become established u n t i l the spring of 1983. The
dominant plant species covering the s i t e in 1983 was wheat ( T r i t i c u m
aestivum) whose seeds were present i n the straw mulch. In l a t e 1983 and
during the growing season of 1984, perennial grasses and yellow sweet clover
dominated the plant cover.
The cesium concentrations i n plant samples c o l l e c t e d during the g,owing
seasons were reported i n l a s t y e a r ' s b i o b a r r i e r r e p o r t .
The most i n t e r e s t i n g feature of the soil moisture data from Area 8 i s
t h a t snowmelt dominated over r a i n f a l l in recharging t o p s o i l moisture and in
c o n t r i b u t i n g to percolation through both cap designs. For example, major
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increases in topsoil moisture during the winter (Figs. 9 and 10) were a l l
correlated with periods of snow cover, whereas r a i n f a l l , which occurred
primarily during the summer, produced no measureable increase in topsoil or
backfill moisture. In fact, during the period from May 1 to November 1 ,
1983, when 18.5 cm of rain f e l l on Area B, topsoil moisture steadily
declined from about 15-18% volume to 7-10% volume depending on the cap
design. The decrease in soil moisture, as we have previously shown to be
due n evapotranspiration, not only completely used that part of the 18.5-cm
rainfall that i n f i l t r a t e d into the topsoil ( i . e . , a l l that was not runoff),
but also used significant amounts of soil water in storage before May 1,
1983. As previously mentioned, major increases i n topsoil moisture were
sometimes followed by smaller increases in the soil underlying the trench
caps. This was especially apparent during the winter when a very sharp
increase in b a c k f i l l moisture occurred following the rapid rise in topsoil
moisture due to snowmelt.
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The data f o r the b a c k f i l l underlying both cap designs ( F i g . 9: 100 cm
f o r control p l o t s ; F i g . 10: 200 and 220 cm f o r b i o b a r r i e r p l o t s ) also
supports the l a t t e r statement i n t h a t b a c k f i l l moisture under the s o i l / t u f f
cap design increased a f t e r a l l but one of the several snow storms occurring
during the study suggesting t h a t p e r c o l a t i o n through the s o i l / t u f f cap
design had occurred. In c o n t r a s t , b a c k f i l l moisture under the rock b a r r i e r
did not respond t o most of these snowmelts. For example, snowmelt from
storms occurring in December 1982, January 1983, February 1983, l a t e March
and A p r i l 1983, and several times during l a s t w i n t e r , a l l resulted i n
observable changes i n b a c k f i l l moisture under the s o i l / t u f f cap d e s i g n .
However, only one measurable increase in b a c k f i l l moisture under the
s o i l / r o c k b a r r i e r occurred during the same i n t e r v a l . The lack of
p e r c o l a t i o n through the rock b a r r i e r , when i t had occurred through the t u f f
b a r r i e r , should r e s u l t in higher t o p s o i l moisture over the rock barrier-. As
mentioned, the data i n Figs. 9 and 10, where l o p s o i l moisture over the rock
b a r r i e r was higher than that over the t u f f b a r r i e r , lends some support to
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the p o t e n t i a l use of the s o i l / r o c k cap design as a c a p i l l a r y b a r r i e r to
percolation.
FIELD SUBSIDENCE EXPERIMENT
Test Plan
Subsidence c a v i t i e s measured on actual b u r i a l trenches vary widely i n
both size and shape from broad, shallow depressions to narrow pipes t h a t may
extend t o the waste. B u r i a l s i t e surveys i n d i c a t e that about 85% of the
measured c a v i t i e s are less than 2.75 m in diameter and 95% are less than
4.25 m i n di ameter.
To stress the b i o b a r r i e r , c a v i t i e s of four sizes were c r e a t e d . There
are two r e p l i c a t e s of each and two control p l o t s . The experiments are
conducted ? in a trench 38 m l o n g , 15 m wide, and 3 m deep. In t h e bottom of
each 58-m experimental p l o t we augered a 0.9-m-diam hole t o a dep'Ln
necessary t o equal the desired volume of the subsided c a v i t y 2 ( 1 . 4 , 3.4, 6 . 4 ,
and 11.5 m deep). Over each of these drawholes was a 2.25-m steel plate
with a hinged t r a p door, which was fastened by explosive c l o s u r e s . One side
of the drawholes was cut away f l a t t o a depth of 1 m to allow the door I O
open f u l l y . The e n t i r e trench was b a c k f i l l e d t o a depth of 2.2 m w i t h
crushed t u f f and screened t o remove p a r t i c l e s l a r g e r than 5 cm to prevent
c l o g g i n g . The b a c k f i l l i s o v e r l a i n by 0.9 m of cobble/gravel b i o b a r r i e r
material and s o i l . A l a y e r of cesium c h l o r i d e t r a c e r was placed at the
b a c k f i l l / b a r r i e r i n t e r f a c e . A l f a l f a was planted uniformly on the surface.
When the explosive closures were r e l e a s e d , the t r a p doors f e l l
downward, a l l o w i n g the b a c k f i l l to drain i n t o the drawholes causing
subsidence at the surface.
Plant root penetration i s being monitored by r o u t i n e sampling of plant
leaves. Cesium concentrations in the leaves w i l l be mapped as a function of
time and l o c a t i o n r e l a t i v e t o the subsided c a v i t i e s . Root penetration ( i f
any) can be expected t o occur f i r s t at the c a v i t y rims--regions of maximum
t e n s i l e s t r e s s and e l o n g a t i o n .
Results

The resistance to subsidence should be equal above all eight drawholes
since the main parameters influencing subsidence are unchanged in the
backfill overlying the eight drawholes. The uniform backfill thickness-drawhole diameter ratio (t/d)--was high enough to prevent suDsidence at any
of the eight locations.
From this experiment it is obvious that the crushed tuff and/or the
soil have some cohesiveness as was demonstrated in the laboratory.(6) The
lab results also show that, even for crushed tuff, a higher degree of
consolidation or compression is at the origin of an increase in soil
strength. (It is well known that densification causes soil stabilization.)
The bottom of the landfill, which is submitted to a pressure averaging 50
kPa, could consequently be fairly well stabilized when dry.
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A completely cohcsionless porous medium (Ottawa sand, for example)
would have undergone immediate subsi 'ence into the 0.9-m-diam drawholes when
the trapdoors were released. This was obviously not observed when the
trapdoors, overlain by crushed t u f f , were opened.
As stated e a r l i e r , the presence of excess water reduces the e f f e c t i v e
stress responsible for the f r i c t i o n between s o l i d s . Therefore, i t was
decided that by increasing the water content of the b a c k f i l l , the shear
strength may decrease enough t o cause f a i l u r e or subsidence while preserving
the " n a t u r a l " setup. This action could i n no way '"> consi.--.~ed to be
t o t a l l y undisturbing to the environment because i t was suspected that the
amount of water needed would f a r exceed the amount of water available
through natural p r e c i p i t a t i o n in Los Alamos.
Flooding of the area immediately overlying the drawholes caused
subsidence in two 1.4-m d&ep holes, two 3.4-m deep holes, two 6.4-m deep
holes, and one 11.5-m deep h o l e .
The shape of the subsidence holes was, at the s t a r t , far from
resembling an inverse cone with regular slope. Instead, i t had, i n most
cases, a v e r t i c a l wall where the cohesive materials are locatec (Harkroy
series s o i l ) and extremely i r r e g u l a r angles where the diameter of the
unstable moving material i s not small compared w i t h the height of the slope
(gravel and cobble in our cases). The r a t i o of the diameter of the unstable
moving material to the t o t a l slope has to be small to satisfy the demand for
i d e n t i f i c a t i o n of the angle of repose, which represents the angle of
internal f r i c t i o n and/or maximum slope angle of a granular material at i t s
loosest s t a t e . The r a t i o diameter/length of the slope i s too high i n the
case of gravel and cobble and the compression i s too high in the crushed
t u f f for t h e i r slope angle to be representative of the angle of repose.
Cohesion prevents the Hackroy series soil from adopting an angle that i s
i n d i c a t i v e of what the angle of repose might be.
Principles based on r e l a t i o n s h i p s between surface deformation and
underground c a v i t i e s can be applied to predict fundamental q u a n t i t i e s such
as maximum possible subsidence. Generalization of these empirical r e l a t i o n ships can lead to c a l c u l a t i o n of complete deformation p r o f i l e s , provided
1. The s t r a t i f i c a t i o n i s horizontal ( s o i l , b i o b a r r i e r , t u f f ) .
2. The subsidence reached i t s f i n a l stage.
3. The c a v i t i e s are geometrically simple.
Because the above conditions are f u l f i l l e d , f i n a l deformation i s
characterized by the following f a c t s :
1. The surface subsidence boundaries extend beyond the edges of the
cavity.
2. Concurrent with subsidence, horizontal displacement-producing
stresses occur. Those movements are larger than would be expected
from the subsidence curvature.
3. The c y l i n d r i c a l nature of the cavity causes maximum subsidence over
the center where there i s no horizontal movement, whereas the
v e r t i c a l and horizontal stresses and subsequent displacements
should be symmetrically d i s t r i b u t e d over the subsidence orea.
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The vertical component, whose upper limit is defined as "maximum possible
subsidence" is only present if the cavity has a minimum "critical area."
In case a critical area is present, the central maximum possible
subsidence is coupled with zero curvature and strain. Prediction of maximum
subsidence is based on the fact that it is correlated to cavity thickness or
S = at, where a = subsidence factor. If the displacements caused by any
cavity on ourplot are affected by displacements caused by neighboring
cavities, then we would witness a superposition of surface displacements.
Since this was not the case, we can assume that every cavity was unaffected
(through distance) by the presence of any other.
Maximum subsidence is also dependent on the subsidence factor, which,
in turn, depends on the depth of the cavity, its lateral dimension, and
stability of overlying soil layers. Because these three parameters are the
same for all cavities, the only variable remaining in our plot is t. The
subsidence factor would be very difficult to determine for our heterogeneous
over-burden, but one would expect it to decrease with increasing depth. The
General Institute of Mining Survey (7) suggests
S=

25m
25 +/ hcos

where a = angle of dip. and h = backfill thickness. This formula does
indeed point to a decrease of subsidence with depth of drawhole.
The National Coal Board, Mining Department (9) t r i e d to predict maximum
subsidence based on curves empirically derived from actual measured
occurrences that appear under certain conditions. However, those curves are
not drawn for cavities of less than 10 m in diameter or at depths of less
than 50 m.
Biointrusion
Statistical analysis of data from the short-term, small-scale biointrustion studies conducted in lysimeters (10) revealed that a trench cap
design consisting of 60 cm of topsoil over 25 cm of gravel (2-cm diam) over
a 75-cm layer of cobble (7.5- to 13-cm diam) effectively limited both plant
root and burrowing animal intrusion into a simulated waste emplaced beneath
the cap. Although the results from t h i s i n i t i a l screening experiment were
encouraging, a number of additional questions remained concerning the longterm performance of a soil/rock intrusion barrier cap design. Those
questions are
How does the soil/rock cap design affect water balance,
particularly percolation?
How does the soil/rock cap design perform at larger scales?
How does the soil/rock cap design perform over extended time?
How much subsidence can be permitted and s t i l l maintain the
effectiveness of the soil/rock intrusion barrier design?
The design and construction of the plot to address the question of
intrusion barrier performance under various degrees " f subsidence is
described in detail in a previous section.
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Evaulating the e f f e c t i v e n e s s of the s o i l / r o c k i n t r u s i o n b a r r i e r design
under various degrees of subsidence was accomplished throught the use of a
t r a c e r emplaced at the i n t e r f a c e of the trench cap and underlying b a c k f i l l .
A t o t a l of 73 kg of CsCl was spread uniformly i n a t h i n layer on the crushed
t u f f b a c k f i l l before placement of the s o i l / r o c k t r e n c h cap. Because cesium
i s plant a v a i l a b l e , time series analysis of the cesium content of vegetative
samples can be used to i n d i c a t e root penetration through the trench cap.
Although the e n t i r e plot area was seeded w i t h a mixture of n a t i v e
grasses, the only plant t h a t was successfully established on the p l o t was a
common invader (or weed) of the genus Euforbia. Plant cover during the
height of the growing season i n 1983 was about 50%. The lack of success in
e s t a b l i s h i n g n a t i v e grass cover stems from our d e c i s i o n not to supplement
p r e c i p i t a t i o n by i r r i g a t i n g the p l o t .
Vegetation sampling on each of the plots was begun in July 1983.
Samples were oven d r i e d and submitted f o r neutron a c t i v a t i o n a n a l y s i s t o
determine cesium content. Cesium concentrations i n excess of 1 ppm
(background l e v e l s i n plants are <1 ppm) were considered i n d i c a t i v e of root
penetration to the cesium l a y e r .
SUBSIDENCE ESTIMATION
P h i l l i p s (11) devised a method to estimate geomechanical subsidence.
I f we consider 3 that the t o t a l drawhole volumes are 0.89 m , 2.16 m , 4.07
m , and 7.32 m , respectively,, and t h a t they a l l occurred at 3.1 m below
grade, p r e d i c t i o n f o r subsidence depths and diameters could be attempted.
Using the subsidence feature estimation curves from P h i l l i p s , the
predicted maximum subsidence depths for the 2.16 m and 4.07 m drawholes
amount to 0.3 m, 0.6 m, and 0.8 m as compared to the measured values of 0.3
m, 0.8 m, and 1,3 m, r e s p e c t i v e l y . Only the c a v i t i e s of 2.16 m and 4.07 m
were completely surveyed. The curves were derived from s o i l mechanics
studies in i d e a l i z e d noncohesive, i s o t r o p i c and homogeneous porous media and
the morphology of the voids used herein by P h i l l i p s are i d e a l i z e d , i . e . , a
c y l i n d e r equivalent i n diameter and l e n g t h . The closer the voids studied at
Los Alamos resemble the i d e a l i z e d v o i d , the b e t t e r the match between the
predicted and the measured maximum subsidence (the smaller void depth i s the
one that most c l o s e l y matches the " i d e a l i z e d " v o i d ) .
Our subsidence feature appeared at the rim as a somewhat near v e r t i c a l
depression t h a t i s slowly being transformed t o a more shallow depression of
bigger diameter as the p a r t i c u l a t e s form i n c r e a s i n g l y stable slopes.
The estimated maximum subsidence diameter according to the P h i l l i p s . ,
subsidence.,feature estimation curves for the surveyed c a v i t i e s of 2.16 m
and 4.07 m are 4.75 m and 5.2 m, r e s p e c t i v e l y . This compares to measured
values of 3.7 m and 4.25 m.
I t has to be r e a l i z e d , as was stated in the procedure's 1imiuations
t h a t the p r e d i c t i o n s were v a l i d i n i d e a l i z e d , ncncohesive, i s o t r o p i c and
homogeneous porous media. This i s obviously not the case i n our experiment.
Neither are most the studied drawholes anything near an " i d e a l i z e d " v o i d .
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This last p o i n t , more than anything else, i s probably at the o r i g i n of the
noted discrepancies.
RESULTS AND DISCUSSION
I t can be seen that regardless of the fact that our drawholes have far
from an idealized void or medium, the shape of our cavities i s slowly
approaching the one predicted by P h i l l i p s . Indeed, the depth of the cavity
is decreasing as the diameter i s increasing, mainly through factors such as
erosion. ( P h i l l i p s ' 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 prediction, while our diameters measure 78% and 82%
of prediction. As of t h i s date, n-j cesium uptake is apparent over the
subsided areas. The biobarrier mry have l o s t some of i t s i n t e g r i t y in some
cases, but so far (two years) naturally occurring vegetation has been unable
to penetrate i t .
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VARIABILITY IN THE PARTIAL PRESSURES OF GASES IN THE
UNSATURATED ZONE ADJACENT TO A LOW-LEVEL RADIOACTIVEWASTE DISPOSAL SITE NEAR SHEFFIELD, ILLINOIS
R. G. Striegl and P. M. Ruhl
U.S. Geological Survey, WRD
University of Wisconsin, Center for Limnology
Madison, Wisconsin
ABSTRACT
As part of a continuing study to investigate the transport
of gases in the unsaturated zone, as many as eight gas samples have been collected from each of 15 gas piezometers
screened in undisturbed Pleistocene deposits adjacent to a
low-level radioactive-waste disposal site near Sheffield,
Illinois. The samples were analyzed for partial pressures
of nitrogen, oxygen plus argon, carbon dioxide, methane,
ethane, propane, and butane. Several samples were also
analyzed for tritiated water vapor, ^carbon dioxide, and
999

1n

radon. Methane and '^carbon dioxide, originating at
the buried wastes, showed concentration gradients that
diminished eastward from the site, and vertically to the
909

atmosphere. Concentrations of " r a d o n were highly elevated relative to atmospheric air, but gradients originating
from wastes were not determined. Total carbon dioxide, and
oxygen plus argon exhibited seasonal concentration patterns
characterized by near-surface pulses of carbon dioxide produced by root respiration in the summer, and little or no
measurable influence from the buried wastes. Trace quantities of propane and isobutane were detected in several samples collected from the boreholes nearest the buried wastes.
Ethane, n-butane, and tritiated water vapor were not
detected at above-background concentrations.
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INTRODUCTION
Disposal of low-level radioactive wastes in the unsaturated zone introduces a potential for the transport of gaseous radioactive and nonradioactive contaminants from buried wastes, through the unsaturated zone, and to
the biosphere, the atmosphere, and ground water. Quantification of gas
transport requires knowledge of temporal changes in the spatial distributions of gas partial pressures near the buried wastes.
This paper discusses distributions of the partial pressures of gases
that were collected from undisturbed glacial and aeolian deposits adjacent
to a waste-burial trench at the low-level radioactive-waste disposal site
near Sheffield, Illinois (figs. 1 and 2 ) . Radioactive waste was buried in
the trench from August 1968 to March 1971, had a volume or 6,550 m^, and
contained 10,450 curies of activity (1). Gas samples were collected from a
two-dimensional network of 15 gas piezometers screened at depths of 1.8 to
17 m, and located at horizontal distances of 12, 29, and 46 m from the
trench (fig. 3 ) . Partial pressures of nonradioactive and radioactive gases
were determined for as many as eight samples collected from each piezometer
from January 1984 to June 1985. Because of insufficient gas permeability,
only one sample was collected from piezometer Bl, and no samples were
collected from piezometer Cl. Samples were collected and analyzed according
to methods described in (3). Atmospheric-air samples were collected about
0.3 m above the land surface at Borehole A (fig. 3 ) . Detailed geologic and
hydrogeologic descriptions of the Sheffield site may be found in (4,5).
Nonradioactive gases analyzed in samples included (in order of decreasing abundance) nitrogen, oxygen plus argon, carbon dioxide, methane, propane,
isobutane, ethane, and n-butane. Radioactive gases included 14 carbon
dioxide, 77?radon, and tritiated water vapor.
NONRADIOACTIVE GASES
Like the atmosphere, the predominant gases in the unsaturated zone at
the Sheffield site are N 2 , 0 2 , Ar, and C0 2 . Unlika the atmosphere, the
partial pressures of these gases in the unsaturated zone may vary considerably with depth and season. Partial pressures of gases in samples collected
from the piezometer network ranged from 76,000 to 82,000 Pa (pascals) for N 2 ;
14,000 to 21,000 Pa for 0?+Ar (the Ar contribution can be assumed to be about
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1,000 Pa); and 35 to 5,000 Pa for CO2. Variability (with time) of these
partial pressures can mostly be attributed to the consumption of 0 2 and the
production of CO2 by respiratory processes, including plant-root respiration,
natural soil-microbe respiration, and the microbial decomposition of buried
wastes.

Partial pressures of N 2 , 02+Ar, and C 0 2 are most variable at shallow

depths in response to seasonal changes in plant-root respiration. Consequently, the greatest CO2 partial pressures and the least 02+Ar partial
pressures are found at shallow depths during periods of greatest root
respiration (6,7).

Time-dependent variability of the concentrations of N 2 ,

Og+Ar, and C 0 2 , as expressed by the standard deviation of their mean partial
pressures (table 1 ) , generally decreases with depth. The relative concentrations of the gases are nearly constant at 12 m.

No gradient of C0 2 that

originates at the waste trench can be distinguished from the data presented
in table 1.
TABLE 1. Mean partial pressures, ±1 standard deviation, of N2> 02+Ar,
and CO2 "in the unsaturated zone near trench 2, low-level
waste disposal site near Sheffield, 111., in pascals

Constituent

Depth below
land surface,
in meters

Borehole A
(12 m)

Borehole
(29 m)

B

13orehole C
(46 m)

N2

1..8
3. 7
7. 3
11..3
13.,8

78,800
79,200
79,800
80,400
80,600

±
±
±
±
+

1,100
700
400
700
800

79,100
79,000
80,600
80,500

±
±
±
±

400
700
700
700

78 ,600
79 ,000
80 ,600
80 ,600

±
±
±
±

1,000
800
700
600

02+Ar

1.,8
3.,7
7 ,3
ii!.6
13.,8

17,800
18,900
16,700
15,200
15,300

±
±
±
±
±

1,400
1,400
1,100
600
700

19,000
18,100
15,800
15,600

±
±
±
±

700
500
700
600

19 ,700
19 ,500
15 ,900
15 ,900

±
±
±
±

1,000
800
400
300

CO2

1,.8
3 .7
7..3
11..6
13 .8

3,"l00
1,700
3,500
4,000
3,900

±
±
±
±
±

1,200
900
800
200
300

1,800
2,700
3,100
3,700

±
±
±
±

800
700
600
200

2 ,000
1 ,600
3 ,600
3 ,800

±
+
±
±

1,300
600
200
100

Distributions of the mean partial pressures of methane (table 2) indicate a source at the waste, with the greatest concentration gradient in the
Toulon Member of the Glasford Formation (2). The Toulon Member is a gravelly
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TABLE 2. Mean partial pressures of methane, ±1 standard deviation,
in the unsaturated zone near trench 2, low-level waste disposal
site near Sheffield, 111., in pascals
Depth from
land surface,
i n meters
1.8
3.7
7.3
11.6
13.8

Borehole A
(12 m)
11
18
57
158
142

±
±
±
±
±

Borehole B
(29 m)

4
6
17
56
60

7
6
62
63

±
±
±
±
—

5
5
17
21

Borehole C
(46 m)
9
12
31
32

±
±
±
±
--

5
5
4
8

outwash sand and has the greatest intrinsic permeability of the geologic
deposits present. Unlike N 2 , 0 2 +Ar, and C 0 2 that have sources at or near
the land surface, standard deviations of mean methane concentrations generally increase with depth, and decrease with horizontal distance from the
waste trench (table 2 ) . Although peak concentrations vary with time, they
exhibit no defined seasonal trends (fig. 4 ) . Instead, the data suggest that
methane fluxes may be typified by aperiodic pulses. Although 1 4 C and 3 H
activities have not been measured for methane, it is suspected that methane
is enriched with both radionuclides.
Trace amounts of propane were detected in eight samples collected in
January, March, and June 1984 from piezometers Al, A2, A3, Bl, and B2.
Isobutane was also detected in eight samples collected from piezometers Al,
A2, A3, Bl, and B2 in March and June 1984. Ethane and n-butane have not
been detected in any samples.
RADIOACTIVE GASES
Distributions of mean partial pressures of ^ C 0 2 (fig. 5) indicate a
source at the waste, and like methane, the greatest partial pressures at
each borehole are in the Toulon Member. The mean concentration of 1 4 C 0 2 at
piezometer A2 is 5.0 x 10" 4 Pa. This decreases vertically to about
5.5 x 1 0 " 1 0 Pa at the land surface, and horizontally to 6.4 x 10" 6 Pa at
piezometer C2. When sampling error is considered, the partial pressure
gradient of C 0 2 from A2 to C2 is negligible (table 1 ) . Assuming that gas
transport in the unsaturated zone is by ordinary diffusion (8,9,10), the
differences in the magnitudes of the1 4 C 0 2 and the C0 2 partial pressure
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gradients suggest that the effective diffusivity of ^ C C ^ is less than the
effective diffusivity of C02- Results of modeling downward diffusion of
l4
C02 and COo in unsaturated deposits in Nortn Dakota support that observation (7;. Exchange of ^ C to dissolved-inorganic carbon in pore water, and
to solid-carbonate surfaces in the geologic medium may cause or contribute
to the observed differences in the partial pressure gradients.
Mean concentrations of 2 22R n are listed in table 3. With the exception
of samples collected at a depth of 7.3 m, concentrations are similar at similar depths, regardless of distance from the waste trench. It has not been
determined if the greater concentrations at that piezometer can be attributed
to buried waste, or if they represent natural-background radiation. One
possible explanation for the differences in concentrations at 7.3 m is that
piezometers at that depth are screened in the Radnor Till Member of the
Glasford Formation (2) and that the possibility for natural heterogeneity in
background radiation is greater in the poorly sorted till than it is in the
underlying outwash or in the overlying aeolian deposits.
TABLE 3. Mean concentrations, +1 standard deviation,
of 222 rac j on -jn the unsaturated zone neer
trench 2, low-level waste disposal site
near Sheffield, 111., in picocuries per liter
Depth from
land s u r f a c e ,
i n meters
1.8
3.7
7.3
11.6
13.8

Borehole A
(12 m)

Borehole B
(29 m)

1,530 ± 6 1 8
852 ± 521
2,520 ± 841
223+13.3
184 + 44.7

1,350
1,110
228
158

±776
+ 508
± 151
±51.0

Borehole C
(46 m)
887+536
1,080 ± 502
371 ± 66.4
200 ± 14.3

Although
CO2 concentrations indicated a source of radioactive ga ",es
from decomposing wastes, no samples of water vapor collected from the
piezometer network had greater than off-site background activities for
tritium (less than 200 picocuries per liter). Lack of tritium in the watervapor samples may be explained by the exchange of tritium in water vapor for
hydrogen in liquid pore water as the phases reach isotope equilibrium. The
molar ratio of liquid water to water vapor per unit volume of unsaturdted
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zone at the Sheffield site is about 20,000:1. When that is coupled with the
large differences in specific activities between the waste-produced water
vapor, and the pore water that originates from precipitation, it becomes
evident that most tritium in the vapor phase may exchange to liquid pore
water and infiltrate downward to the aquifer.
SUMMARY
Gas samples were collected from a two-dimensional network of piezometers located in the unsaturated zone near buried low-level radioactive
waste. Concentrations of methane and "^CC^ were found to originate at the
waste, and decrease horizontally through the unsaturated zone and vertically
to the atmosphere. Concentrations of <^2Rn were highly elevated relative to
the atmosphere, but gradients originating from the wastes were not determined. Water-vapor samples did not have greater-than-background concentrations of tritium.
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COLLAPSE AND EROSION AT THE LOW-LEVEL RADIOACTIVEWASTE BURIAL SITE NEAR SHEFFIELD, ILLINOIS

U.S.

J . R. Gray and L. L. McGovern
G e o l o g i c a l S u r v e y , WRD, U r b a n a , I l l i n o i s

ABSTRACT

Collapse and erosion are the dominant landform-modification processes at the Sheffield, Illinois, low-level
radioactive-waste burial site. Records on collapse have
been collected by the site contractor since 1978 and include date of inspection, location, and cavity dimensions.
Fluvial sediment yield was measured by the U.S. Geological
Survey beginning in July 1982 from three gaged areas which
drained two-thirds of the 20-acre site, and from a gaged
3.5-acre area in undisturbed terrain 0.3 mile south of the
site.
A total of 302 collapse cavities were recorded from October
1978 through September 1985. Based on the weight of earth
material equivalent to cavity volume, an annual average of
6 tons of sediment per acre of site area has moved downward
due to collapse. Sixty-two percent of the collapses
occurred in swales between waste-disposal trenches or near
trench boundaries, while the remainder occurred in earth
material covers over trench interiors. Two-thirds of the
collapses occurred during the months of February, March,
and April.
On-site fluvial sediment yield averaged 2 tons per acre per
year from July 1982 through July 1984. Although this yield
was approximately 200 times that from the a,idisturbed area,
it is abr at one-half the annual sediment yield expected
from a 20-acre row-crop agricultural basin on an 8-percent
slope near Sheffield.

INTRODUCTION
The long-term integrity of sites used for shallow-land burial of lowlevel radioactive wastes depends on complex interactions between physical,
chemical, and biological processes that podify the waste-containment
system. In a humid environment, the competency of the containment system
is in part dependent on processes involving water movement. The erosive
action of water can damage the trench cover and produce opportunities for
infiltration, and eventually lead to the exposure of *rench contents.
Collapse of waste and fill material may be accelerated by increased soil
moisture. The resulting collapses within the trenches enable additional
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entry of water. Water entering the trench can mobilize radionuclides which
may then nvigrate in ground water and contaminate deeper ground water or
emerge as surface seeps.
The Sheffield low-level radioactive-waste burial site is one of six
commercially-operated sites in the United States, and one of four in humid
climates. Two years after the last trench was closed in 1978, Heim and
Machalinski (1980, p. 7-8) documented the presence of rill and gully erosion on-site. A subsequent report by Kahle and Rowlands (1981) presented
an evaluation of trench-cover collapses documented since October 1978.
This paper presents results of a U.S. Geological Survey study of
collapse and erosion at the low-level radioactive-waste burial site near
Sheffield, in northwestern Illinois. The objectives of the study were to
describe characteristics of collapse and erosion, and provide a means for
evaluating their relative impacts at the site.
Study Area
The burial site is located on 20 acres of rolling terrain 3 miles
southwest of Sheffield in Bureau County. An undisturbed 3.5-acre basin
located 0.3 mile south of the site was used as a control site for comparative studies. The site drains to intermittent streams that flow into
Lawson Creek, a 5th-order tributary of the Mississippi River. The climate
of the area is continental, with warm summers and cold winters.
Waste-burial operations began in August 1967 and continued until April
1978. A cut-and-fill process was used to construct 21 trenches ranging
from 35 to 580 feet long, 8 to 70 feet wide, and 8 to 26 feet deep. Trench
volumes ranged from 5,040 to 783,000 cubic feet. Three general types of
trenches, differentiated by cross-sectional geometries, were constructed
(fig. 1). Type I trenches have greater widths than depths; widths and
depths of type II trenches are similar; and type III trenches have greater
depths than widths. The last two trenches built had silty-clay walls that
extended above the existing land surface to increase burial space while
ensuring wastes would remain at least 10 feet above the water table. Waste
containers, including concrete vessels, large steel vessels, large steel
boxes, steel barrels, wood boxes, and cardboard boxes typically were randomly deposited in the trenches and then covered with material excavated
from the trench (Russell Moore, US Ecology Corp., oral commun., 1983). The
movement of excavating machinery over backfilled trenches formed a compacted layer, over which a loess fill material was mounded. Trench covers
and adjacent areas were seeded to establish a vegetative cover.
When burial operations ceased due to the depletion of suitable burial
space, more than 3 million cubic feet of waste with a total activity of
60,200 curies had been buried (Foster and Erickson, 1979, p. 3 ) . Table 1
lists selected characteristics of each trench anr" a summary of collapses.
During this study the site was approximately 67 percent vegetated with
a variety of species dominated by brome grass (Bromus inermis) and red
clover (Trifolium pratense). Maintenance at the site includes mowing to a
height of approximately 4 inches and repairing damages to the land surface
caused primarily by erosion and collapse. Rills and small gullies are
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Figure 1 . — Trench types by cross-sectional characteristics.
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TABLE 1 . CHARACTERISTICS AND A SUMMARY OF COLLAPSES FOR TRENCHES
AT THE SHEFFIELD SITE 1

Trench
Label Type 2

Burial period
Opened
Closed
(y/m)
(y/m)

Trench
volume
(ft 3 )

Waste
volume
(ft 3 )

Total Collapses
Volume
Number
(ft 3 )

1

I

1967/08

1968/08

360,000

145,000

24

1. 100

2

I

1968/08

1971/03

690,000

231,000

15

730

3

I

1971/03

1972/05

550,000

191,000

5

740

4

I

1972/05

1973/04

336,000

198,000

3

2

5

I

1973/04

1973/08

350,000

136,000

2

21

6

I

1973/08

1974/03

351,000

212,000

11

220

7

II

1974/03

1974/06

253,000

134,000

66

3,000

8

I

1974/07

1974/08

104,000

49,400

3

2

9

I

1974/07

1975/02

447,000

185,000

3

25

10

II

1974/07

1975/01

33,200

13,900

6

2,700

I

1974/12

1975/06

183,000

92,000

19

440

25

III

1975/02

1975/05

43,200

14,500

1

63

26

I

1975/05

1975/08

265,000

166,000

16

170

8A

III

1975/05

1975/05

5,040

3, 180

2

54

8B

III

1975/05

1975/06

7,340

2,650

1

54

24

I

1975/06

1976/05

480,000

228,000

14

3,900

18

I

1976/03

1976/12

336,000

121,000

16

460

2 5C

i.

1976/04

1976/08

137,000

65,600

27

320

23

I

1976/08

1977/01

428,000

184,000

35

1,300

14

I

1977/01

1977/09

783,000

394,000

14

810

14A

I

1977/08

1978/04

716,000

352,000

19

1,400

6,858,000

3, 1 18,000

302

17,500

1 1

Totals:

1
2

Period of record from October 1978 through September 1985.
See figure 1 for a schematic of trench types.
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normally regraded and seeded. Collapses are typically backfilled with
soil, compacted by driving heavy machinery over the backfill, and seeded.
The undisturbed area was 99 percent vegetated. Timothy grass (Phleum
pratense) was the dominant species. Average height of vegetation in the
summer months is 1.7 feet. The undisturbed area was last used in the
1970's as a pasture and has not been maintained in any way since. Collapse
cavities were not observed in the undisturbed area.
Mean annual precipitation of 36 inches from October 1978 through June
1985 from sxte records and the three nearest National Weather Service stations was equal to the long-term (36-year) average. The maximum departures
from the long-term average annual precipitation occurred in 1979 (7 inches
excess) and 1984 (10 inches deficient).
Processes
Collapse (also referred to as subsidence or slump) is a form of gravity erosion that occurs when gravitational forces exceed the resisting
forces of friction and shearing strength of a soil mass. Collapse has 1 .=en
a fundamental problem affecting the stability of low-level radioactivewaste disposal sites. Collapse can be caused by a combination of:
1.

Filling of packing voids (spaces between containers);

2.

Loss of container integrity leadi.ig to filling of interior voids
(spaces within containers);

3.

Collapse of trench walls resulting from lack of lateral support;

4.

Volume reduction resulting from biological and chemical decomposition ;

5.

Soil consolidation; and

6.

Shrink and swell phenomena.

The first t o mechanisms are the most influential in collapse st low n avel
radioactive-waste burial sites. The letter four rr:chanisms contribute to
a lesser extent but may be important in specific situations. (Roop and
others, 1983, p. 8 ) .
The reworked loess deposits which predominate m surficial materials
throughout the entire site area are highly susceptible to erosion by wind
and running water. Wind erosion is not p. pignifjcant landform-modification
process at the site. Surface runoff oc.-irs initially as unconfined sheetwash which gradually concentrates in smaxl, poorly-defined rills, which
converge to form gullies. Gullies are often as wide as they are deep.
(Kahle and Rowlands, 1981, p. 7 ) .
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Methods of Study
Collapse
Records on site surficial conditions have been maintained by the site
contr .1- r since October 1 9 7 8 . The site was inspected at least monthly and
more often during and following rainfall or snowmelt p e r i o d s .
Figure 2
shows a site-surface inspection form completed by the site contractor.
Information on inspection sheets usually included approximate dimensions
and locations of collapse cavities.
An estimate of borrow material volume
used to fill the cavity w a s occasionally noted.
Table 2 lists five methods
used for estimating volumes of collapse cavities.
Weights of collapsed
m a t e r i a l w e r e computed from cavity volumes and a mes.n bulk density determined for site-surficial material of 9 7 . 4 pounds per cubic foot.

TABLE

2.

N u m b e r of
collapses

METHODS

F O R ESTIMATING V O L U M E OF COLLAPSE

Dimensions
recorded

D,H

2 56

34

W,L,H

SD,H,BD=0

bW,SL,H,BD=0

CAVITIES

Equation

Assumed
geometric
shape

used

to compute
cavity volume

Right circular
cylinder

V=3.142*H*(D/2)**2

Right elliptical
cylinder

V=0.785*H*W*L

Right
cone

circular

V=1.047*H*(SD/2)**2

Right
cone

elliptical

"=0.262*H*SW*SL

10

V=estimated based on
volume of f i l l

V
H
D
SD
L
1

=
=
=
=

Volume
Depth
Diameter
Surface Diameter
Length

From Beyer,

SL
W
SW
BD

1979, p . 144-147
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=
=
=
=

Surface length
Width
Surface width
Bottom diameter

MONTHLY

1)
2)

Number
Describe

TRENCH

and circle
tie
location
below
the
size
and

I INSPECTION

of
cause

holes
of

and
holes.

erosion.

Figure 2 . — Site-surface inspection form completed by site
contractor.
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Erosion
Rainfall, runoff, and sediment discharge from three basins composing
two-thirds of the site area and from the 3.5-acre undisturbed area (fig. 3)
were measured at continuous-record gaging stations. Runoff was computed
from stage data and a stage-discharge relation developed for each gage
(Kennedy, 1983). Sediment concentration analyses on samples collected during runoff were used with water discharge data to derive sediment discharge
(Guy and Norman, 1970; Porterfield, 1972). Two computerized methods were
developed and used to derive sediment transport. When sufficient samples
were available to define the temporal distribution of sediment concentration during a runoff period, a curve through sediment concentration values
was approximated with a quasi-Hermite spline interpolation procedure (IMSL,
1982). Sediment concentrations w're interpolated from the curve at each
water discharge node. Instantaneous sediment discharges were computed from
water discharges and sediment concentrations, weighted for time, and s jnmed
to obtain the weight of sediment transported for the runoff period.
A second method for sediment-discharge computation was based on
water-discharge hydrograph and a least-squares linear regression relation
between the common logarithms of both instantaneous discharge and a corresponding sediment concentration.
All samples collected at a gage were used
to develop the regression relation.
Concentrations calculated from the
regression relation using water discharge was used to compute instantaneous
sediment discharge.
Sediment discharge for the period was obtained by
summing instantaneous sediment discharges.
In order to reduce the standard
error of the regression equation, a qualitative variable was included in
the equation to separate the November-to-April period (dormant season) from
the Hay-to-October period (growing season) (W. O. Thomas, U.S. Geological
Survey, written commun., 1982). Results from t h i s method were used only
when lack of samples precluded the use of the f i r s t computational method.
RESULTS
Collapse
A total of 302 collapse cavities/ corresponding to a cumulative volume
of 17,500 cubic feet, were documented on-site from October 1978 through
September 1985 (Kahle and Rowlands, 1981, p. 124-165; US Ecology Corp.,
written commun., 1983, 1984, 1985). Collapse cavities were distributed
log-normally around a median of 9 cubic feet. Ninety-six percent of the
cavities were generally cylindrically shaped. Eight percent of the cavities exceeded 100 cubic feet, and 1 percent was larger than 1,500 cubic
feet in volume. Although few cavities had depths or widths that exceeded
10 Zeet, one was estimated to have a depth of 20 feet, and two were estimated to have widths exceeding about 18 feet. Photographs of collapses are
shown in figure 4.
The cumulative number and volume of collapses over time are shown in
figure 5. A mean of 43 collapses averaging 58 cubic feet per cavity
occurred an tally in the 7-year period beginning in October 1978. Collapses
were distributed unevenly with time. From October 1978 through September
1979, an annually-adjusted mean of 61 collapses occurred averaging 129
cubic feet per cavity
over the next 3 years, an averaae of 14 collapses
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8 9 ° 4 7 ' 34
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41°20' 17*

Contour
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10 f e e t .

EXPLANATION
Continuous-record gaging station
omplete weather station
(^^Precipitation gage (recording)
- • • - Drainage basin boundary
r*

J Waste burial trench

]j~^ Sheffield site boundary
Road
Intermittent stream

Figure 3 . — Topography and surface drainage divides at the
Sheffield site and nearby undisturbed area.
745

Collapse following snow melt, March 1979

Collapse with ponded water

Gully erosion, summer, 1983

and ice ridge, March 1985

Figure 4 . - - Collapse and erosion at the Sheffield site.
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corresponding to 32 cubic feet per cavity occurred annually.
From October
1982 through September 1985, 67 collapses occurred annually, each cavity
volume averaging 42 cubic feet.
Most collapses were recorded following periods of rainfall or snowmelt
when soil moisture was near maximum. Two-thirds of the collapses corresponding to 63 percent of the cumulative cavity volume occurred in the
months of February, March, and April.
Seventy-eight percent of t o t a l
volume resulted from 25 collapses.
Three cavities documented in March and
April 1979, following record high winter p r e c i p i t a t i o n , composed 30 percent
of the total cavity volume.
The areal distribution of collapse was also i r r e g u l a r .
The locations
of collapses relative to trench and s i t e boundaries are shown in figure 5.
Sixty-two percent of the collapses occurred in swales between trenches or
near trench boundaries.
The remainder occurred in earth-material covers
over trench i n t e r i o r s .
Some trenches and trench types were more susceptible to collapse than others.
Relations among trenches, trench types,
volumes of collapse cavities, and trench volumes are shown in figure 7.
The ratio of collapse cavity volumes to trench volume^ ranged from 0 to
0.082. This r a t i o was highest for type II trenches (mean ratio of 0.047),
and was lowest for types I and I I I trenches (mean r a t i o s of 0.002 and 0.007,
respectively).
Over two-thirds of the cumulative cavity volume was associated with five trenches (Nos. 1, 7, 10, 14A, and 24).
Based on the weight of earth material equivalent to collapse cavity
volumes, 850 tons of s i t e surficial material corresponding to an annual
average of 6 tons of sediment per acre have collapsed during the study
period.
In terms of the 20-acre s i t e surface area, t h i s volume would
correspond to a mean 0.035-inch decrease in the s i t e altitude annually.
Erosion
Sediment yield measured on-site averaged 2 tons per acre annually
during the period July 1982 through June 1984. Approximately 97 percent of
sediments transported were s i l t - and clay-size.
Most sediment was t r a n s ported during high-intensity rainstorms in the growing season.
Sediment
discharges at continuous-record gages on-site were related to basin slope.
Annual on-sita sediment yields were greatest at station 1, totaling 6 tons
per acre and lowest at station 2, t o t a l i n g 0.1 con per acre (table 3).
Land use also was a factor in sediment transport.
Yields at station 4
totaled about C.005 ton per acre annually. The absence of a compacted
layer near the surface and a mean 24 percent greater cover density than the
s i t e combined to increase i n f i l t r a t i o n and retard runoff and sediment transport at the undisturbed area.
Data collected at station 1 indicated that
erosion from bare areas provides most of the sedin-ent available for t r a n s port.
From August 1983 through March 1984, the drainage area for t h i s
basin included a 1-acre parcel southwest of the present drainage divide
that consisted primarily of part of a chemical-waste disposal facilitydevoid of vegetation.
A berrn was constructed in April 1984 to divert a l l
runoff from this 1-acre area away from station 1. Peak sediment concent r a t i o n s of 23,000 mg/L measured before herm construction decreased by over
an order of magnitude after diversion.
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Figure 6.— Locations of collapses and trenches at the Sheffield site,
October 1978 through Septembsr 1985
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TABLE 3.

CONTINUOUS-RECORD Gh TNG STATION CHARACTERISTICS AND SEDIMENT
YIELDS AT THE SHEFFIELD STUDY AREA

Station
name
Station
Station
Station
Station

Location
1
2
3
4

on-site
on-site
on-site
off-site

Basin
drainage
area
(acres)
3.25
2.82
7.42
3.52

Channel
slope
(percent)
6.4
2.0
5.8
7.3

Me an annua1
sediment yield
(tons/acre)
6
0.1
1
0.005

Fluvial sediment yields on-site were converted to volumes based on the
mean value for bulk density of site surficial material. Had erosion been
temporally and areally uniform during the study period, the site surface
would have been lowered 0.011 inch annually.
FACTORS IN COLLAPSE AND EROSION
Of the two types of landform modifications analyzed, collapse and erosion, erosion had the lesser impact on site integrity. Downward sediment
movement by collapse was 3 times greater than on-site fluvial sediment
yields on an annual basis. The annual average sediment yield of 2 tons per
acre is about one-half the annual yield for a 20-acre, 8-percent-slope basin
in row-crop agriculture near Sheffield (Alan Madison, Soil Conservation
Service, oral commun., 1985; Khanbilvardi and Rogowski, 1984, p. 866). Site
erosional yields have likely been reduced since 1980 by the implementation
of several erosion control measures. These measures included installing a
corrugated metal pipe to convey runoff downslope fr~>m trenches; widening
and sodding the major north drain; installing a synthetic fiber beneath the
slope of the major south drain; staking bales of straw in a watercourse to
reduce flow velocities; constructing a berm designed to prohibit flow from
the adjacent chemical-waste disposal facility to the radioactive-waste
burial site; and establishing a 67-percent vegetative cover on-site.
Two characteristics of collapse, numbers and volumes, were studied.
Numbers of collapses are important because each collapse represents a
failure of the site surface, and each cavity is a potential sink for runoff
(fig. 4 ) . The number of collapses has increased significantly since the
summer of 1982 (fig. 5 ) .
Volume of collapses is inversely related to consolidation of trench
contents. Once wastes, containers, and fill material are fully compacted,
collapse should cease. A comparison of graphs for cumulative collapse numbers and corresponding volumes (fig. 5) shows that, since 1982, collapse
numbers have increased at a greater rate than volumes. The relative size
of collapse cavities has decreased since October 1982.
Extreme floods occurred across northern Illinois during three periods
when large collapse cavities were documented: March to April 1979, early
Decembe. 1982, and March 1985 (fig. 5 ) . Streamflow records from the
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I l l i n o i s River at Kingston Mines (USGS gaging station 05568500) were used
t o aid in evaluating the incidence and cumulative magnitude of collapse at
the Sheffield s i t e (U.S. Geological Survey, 1979-1981; Richards and others,
1982; Fitzgerald and others, 1983, 1984; Paul Hayes, written commun., 1985).
The I l l i n o i s River basin at Kingston Mines is 15,819 square miles in size,
most of which lies in northern I l l i n o i s . Streamflow records at this gage
indicate that the peak discharge of 88,800 cubic feet per second on
December 7, 1982, was 2 percent less than the discharge that is expected to
be equaled or exceeded an average of once every 100 years. Peak discharges
which occurred in March 1979 and March 1985 corresponded to floods of about
19- and 12-year recurrence i n t e r v a l s , respectively.
(Curtis, 1977, p. 25).
Collapses d"r.;ng these three periods composed almost one-half of the t o t a l
volume ret • i during the study, with the greatest collapse volumes associated witii che higher peak I l l i n o i s River discharges.
Characteristics
common to the I l l i n o i s River basin and the Sheffield s i t e during these
three periods were unfrozen and near-saturated s o i l , low evapotranspiration
and relatively low-intensity (under 0.5-inch per hour), and long-duration
(over one-half day) rain. Snowmelt coupled with rain was a factor in the
1979 and 1985 periods.
SUMMARY

Collapse and erosion were evaluated at and near a low-level radioactive-waste burial site near Sheffield, 111. A t o t a l of 302 collapse
cavities were documented on-site from October 1978 through September 1985.
Collapse cavities were distributed log-normally around a median of 9 cubic
feet.
A mean of 43 collapses averaging 58 cubic feet per cavity occurred
annually during the period. The temporal and areal distributions of
collapse were highly variable. Collapses were most prevalent in type II
trenches, and corresponded to periods of flooding in the Illinois River
valley. Although the number of collapses has increased significantly since
October 1982, the relative size of collapses during this period is less
than the mean for a l l . jllapses.
A mean of 2 tons of sediment per acre were transported annually past
s i t e gages from July 1982 through June 1984. Highest sediment on-site
yields were measured at station 1 and totaled 6 tons per acre annually; the
lowest on-site yields were measured at station 2 and totaled 0.1 ton per
acre annually. On-site sediment yields are over 200 times higher than
yields measured at a nearby undisturbed area. Using a l l available data,
annual collapse yields are over 3 times greater than fluvial sediment
yields.
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O f f i c e of R a d i a t i o n Programs
U.S. Environmental P r o t e c t i o n Agency
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ABSTRACT

The Environmental P r o t e c t i o n Agency i s c'eveloping

genera]ly applicable environmental standards tor land
disposal of low-level radioactive wastes. Comparing
potential health risks to general populations and c r i t i c a l
population groups from land disposal of LLW ur.der a wide
variety of disposal methods and hydrogeologic md climatic
conditions is an important part of EPA's standards
development process. EPA has developed the PRESTO family
of risk assessment codes to compare these health risks.
This paper presents a preliminary report on the
sensitivity analysis phase of EPA's overall program to
verify ?.nd validate the PRESTO models and codes. In the
sensitivity analyses, input parameters related to waste
form and composition, hydrogeologic and climatic conditions
at the disposal s i t e , and engineering barriers used were
systematically varied to ensure that the models behave
logically and to identify parameters having pronounced
impacts on model output. Parameters tested, why tested,
and summaries of qualitative results of tests of the
PRESTO-EPA-POP and PRESTO - EPA- CPG cod.es are described.
INTRODUCTION
The U.S. Environmental Protection Agency (EPA) is developing
generally applicable environmental standards for the land disposal of
low-level radioactive wastes (LLW) under the authority of the Atomic
Energy Act, as amended. Comparing the potential risks and costs from
a broad number of disposal alternatives is an important element in
developing these standards, because they will apply to f a c i l i t i e s
throughout the United States which dispose of LLW. The Agency
anticipates the need to compare combinations of as many as ten
different disposal methods, three different but general hydrogeologic
and climatic settings, twenty-four types of waste, four waste forms,
and a variety of other variables. Another requirement was the need to
evaluate the potential health risks from all pathways, using the
Agency's own health risk methodology.
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The Agency's primary tool for assessing and coirp " isg the
p o t e n t i a l releases and h e a l t h risks from the land disposal of LLW is
the PRESTO-EPA code. Because of the number of different disposal
methods and conditions being analyzed, the PRESTO-EPA code has been
expanded into a family of codes that i n c l u d e s :
PRESTO-EPA (POP)

Risk/dose to a general population from l?nd
disposal of LLW by shallow methods.

PRESTO-EPA (DEEP)

Risk/dose to a general population from land
disposal of LLW by deep methods.

PRESTO-EPA (CPG)

Dose to a c r i t i c a l population group from ]and
disposal of LLW by shallow and deep methods.

PRESTO-EPA (BRC)

Risk/dose to a general population from
unregulated
disposal of BRC wastes by sanitary l a n d f i l l
and incineration methods; and

PATHRAE

Dose to a c r i t i c a l population group from
unregulated disposal of BRC wastes by
sanitary l a n d f i l l end incineration methods.

These codes, and how thp Agency plans to use them have b(j'-n
described in some d e t a i l at e a r l i e r LLWMP meetings (Hu 85a, Ga 84,
Ro 84). Complete documentation and u s e r s ' manuals for the PRESTO
family of codes plus PATHRAE (EPA 85a, thru EPA 85i, Me 81, Me 84)
and a Bac/oround Information Document (BID) on our risk assessments
(EPA 85j) j re available fron the .Age. zy).
The PRESTO-EPA codes when completes in t h e i r present form
approximate!/ two years ago, wer-? debugged but not thoroughlyt e s t e d . Yet, the Agency needed to begin using r e s u l t s from them
immediately. Therefore, the Agency began using the codes with a
concurrent program of code improvement, verification and
v a l i d a t i o n . This program, when completed, will include:
o

Quality assurance audits of a l l codes;

o

Improvements and corrections based on extensive t e s t and
production r u n s ;

o

Peer review;

o

S e n s i t i v i t y t e s t i n g and a n a l y s i s ;

o

Improvements and corrections based on review and use by
others;

o

Review by EPA's Science Advisory Board;
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o

Review and comparison of output by U.S. Geological Survey
(USGS) from existing LLW disposal s i t e s ;

o

Intercomparison with other like-type codes; ?>n.i

o

Comparison of PRESTO-EPA results with data from actual LLW
disposal sites.

Some phases of our program to verify and validate the PRESTO-EPA
codes are essentially complete. Their status is described elsewhere
(Me 85). This paper describes results from our Sensitivity Analysis
program for the PRESTO-EPA-POP and PRESTO-CPG codes. Sensitivity
analysis of the PRESTO-DEEP, PRESTO-BRC and PATHRAE codes has begun but
information is not yet available.
During i t s review, the question of the uncertainty of the results
from PRESTO-EPA was raised. The Monte Carlo analysis technique was
suggested as a method for clarifying the uncertainty in the risk
assessments. In this technique, the PRESTO-EPA deterministic risk
assessment model would be combined with random input parameter sampling
and s t a t i s t i c a l analysis submodels to form a probabilistic risk
assessment model. A Monte Carlo analysis of a large, complex system's
risk assessment model such as PRESTO-EPA would require a very large
volume of computer calculations and simulation. We estimated i t would
take at least six months and $250,000 to organize and execute a
Monte Carlo analysis of PRESTO-EPA. This was not feasible either from
the funds available or keeping to our schedule.
A single parameter sensitivity analysis was selected as a less
rigorous but acceptable and very useful method of clarifying many of the
uncertainties in the PRESTO-EPA risk assessments. This type of
sensitivity analysis gives us the relative sensitivity of model results
due to changes in the parameter tested. It also helps us to validate
the PRESTO-EPA code and, in addition, allows us to discern differences
in overall disposal system performance due to changing conditions
(parameters).
This type of sensitivity analysis has shortcomings and limitations
in that the relative importance of each parameter could be affected by
the values of other parameters. Therefore, one should remember that the
sensitivity analyzed i.i this study is the relative sensitivity expected
under the conditions postulated for the "Standard" run.
Approach To Sensitivity Analyses
The EPA has been conducting sensitivity analyses on i t s PRESTO-EPA
family of LLW risk assessment codes to gain a better understanding of
how they work and the relative importance cf changes in input on their
output. These sensitivity analyses have consisted of systematically
varying the values of specific input parameters, not only to understand
the e f f e c t of sensitive parameters on output values, but also to gain
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an overall understanding of the model r e s u l t s , including which pathways
were most important.
In some cases, we also tried to quantify the
effects of parameter changes. The general purposes of our sensitivity
analyses were to:
o

Confirm code logic and r e l i a b i l i t y ,

o

Identify sensitive parameters,

o

Test the effects of parameters with wide ranges of values or
large degrees of uncertainty,

o

Estimate impacts of disposal in various situations, and

o

Evaluate controversial parameter values.

To date, we have focused our sensitivity analyses on the
PRESTO-EPA-POP and PRESTO-EPA-CPG codes. For these codes, we chose
specific standard data sets for the input parameters (with concomitant
known output) against which to compare the output from the sensitivity
runs. Table 1 outlines important features of our "standard" input data
sets.
The majority of the parameters tested were related ro nuclide
retention, release, transport and exposure mechanisms. In no case did
we test the health risk portions of the codes. The DARTAB/
RADRISK (health risk) portion of ihe PRS-JTO codes received extensive
testing during development of i ' AIRDOSE code, for which i t was
originally developed.
To fully understand and interpret the results of the various
sensitivity t e s t s , i t is necessary to understand (1) the differences
between rhe PRESTO-EPA-POP and PRESTO-EPA-CPG codes and (2) how the
different regional hydrogeologic aid climatic settings affect and change
rhe importance of pathways and impacts of releases.
The PRESTO-EPA-POP and PRESTO-EPA-CPG codes, while basically
similar in design and function, have differences which are important to
understand when evaluating their r e s u l t s . The PRESTO-EPA-POP code
estimates the total health effects, including f^tal cancers and genetic
effects, to both local and regional general populations over 10,000
years. Local population health effects are calculated for a period of
1,000 years. In the assessments EPA has made, the local population is
assumed to live at a distance from the disposal s i t e similar to what one
might encounter today. Health effects for the regional population are
calculated for both an i n i t i a l 1,000 year period and for an additional
9,000 years for a t o t a l of 10,000 years.
The PRESTO-EPA-CPG code estimates the annual whole body dose and
the year in which i t occurs for a c r i t i c a l population group which is
assumed to live adjacent to the disposal s i t e and obtain their water
from a well or stream located within a few tens of meters of the
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boundary fence. Only the f i r s t 1,000 years are evaluated and regional
health effects are not c.alulated at a l l . Figure 1 illustrates the
differences between the areas and population groups covered by these two
codes.
Both models can be used to evaluate various disposal methods but
conventional shallow disposal was the only method evaluated during this
round of sensitivity analyses. That is because conventional shallow
disposal, or LLW disposal as i t was practiced between 1963 and 1980, is
the base case against which EPA is comparing other management and
disposal methods and alternatives.
The source term input data for the PRESTO-EPA-POP sensitivity runs
were based on a unit response mode where one curie of each nuclide of
interest is placed in the trench in one cubic meter of waste of a
specified form and leaching characteristic (absorbed waste, solidified
waste, activated metal, etc.) This then gives the impact of each
radionuclide on an equalized basis which is useful for evaluating the
potential impact of specific nuclid^s.
A special "Accounting Model" code is used to evaluate the potential
impact from a particular waste stream. This accounting model multiplies
the unit impact of each nuclide (calculated by the PRESTO/-EPA-POP code)
by its concentration in the waste stream of interest, to obtain the
health impact due to each nuclide. The total health impact due to the
waste stream can then be obtained by summation over all nuclides. It
should be noted that this impact is from a unit volume of the specific
waste stream.
The total health impact from a disposal s i t e filled with a number
of waste streams can be estimated by multiplying the unit volume impact
of each waste stream obtained from the "Accounting Model" by the actual
volumes of waste for each waste stream. This portion of the analysis is
not yet computerized but can easily be calculated.
For the PRESTO-EPA-CPG code, the source term input data for the
anticipated volumes and a c t i v i t i e s of LLW that might be received at an
accual 250,000 cubic meter capacity s i t e , including five different waste
corms, are put directly into the PRESTO-EPA-CPG code and runs are made
using the entire source term.
Because the hydrogeologic and climatic conditions at a s i t e can
directly affect and change the importance of pathways and impacts of
releases therefrom, EPA's routine assessments have normally been
conducted for three different regional hydrogeologic and climatic
scenarios. We used these three scenarios for the sensitivity analyses,
also. We did this because the LLW Standards will be applicable
throughout the United States and, therefore, must be usable under a wide
range of conditions. The three settings used are a humid permeable
Southeastern (SE) s i t e , a humid low-permable Northeastern (NE) s i t e , and
an arid permeable Southwestern (SW) site. Realistic site data typical
for these regions were used. We believe these scenarios cover the range
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PRESTO-EPA-POP
(Fatal cancers and genetic
effects to general population)
PRESTO-EPA-CPG
(Maximum dose to
critical population
group)
Fenceen

Precipitation

1. Maximum annual dose
body dose
2. Year of occurrence

Health effects
assessment for
local use point
up to 1,000 years

Health effects
assessments for
basin stream
up to:
1. 1,000 years
2. 10,000 years

5 5083

Figure

1. L o c a t i o n , y e a r o f o c c u r r e n c e , t y p e o f a s s e s s m e n t
and P R E S T O - E P A - C P G .

from

PRESTO-EPA-POP

cover the range of conditions under which a disposal facility would
normally be sited in the continental United States. Figure 2.
illustrates the difference in relative importance of pathways in these
three hydrogeoiogic and climatic settings.

General Summary of Sensitivity Analyses
In organizing trie sensitivity analyses for the PRESTO codes,
we analyzed the LLW disposal facilities as integral systems which
included the site, the trenches (including engineering and wastes), and
the local and regional areas around the site which might be impacted.
As mentioned at the outset, most of the parameters tested were related
to radionuclide retention, release, transport and exposure machanisms.
In no case did we test tha health risk portions of the codes. The parameters tested thus far are shown in Table 2.
Some general statistics about the number of tests conducted,
parameters evaluated and relative sensitivity of the parameters are
giver, in Table 3. Raw data from these tests are given in Tables 4 and
5. A preliminary qualitative interpretation of the results of the
sensitivity tests follows in the next two sections. Becausp the
analyses are still ongoing, it was felt to be premature to evaluate the
data in a more rigorous fashion. A final technical report, to be
published later, will contain detailed quantitative analyses of the data.
The ''sensitivity" of parameters must be viewed with care and in
perspective as to (1) the circumstances of the test arid (2) what the
magnitude of the change means. In the raw data in Tables 4 and 5, there
are numerous examples ot small changes in parameter values causing
orders of magnitude shifts between "standard" and test values.
A CPG
dose may hive decreased from 0.1 to 0.0002 mrem/year a very large change
overall
but when viewed in perspective, it is not a very signicant
change in dose. In other tests, where a particular dominant pathway is
not present, a normally "very sensitive" parameter may show little or no
sensivity
yet, it still is potentially sensitive.
Several have asked whether we tested all of the parameters on an
unbiased basis. The answer is no. We were quite selective in the
parameters we chose to test for two reasons. First, we were under a
very tight schedule for conducting the sensitivity analyses and simply
did not have enough time to test all possible parameters. Seco'd, we
felt that for our purposes, good engineering judgement could guide us
to the most important parameters to test and selected them on that
basis. "'• is, we cannot say that we have tested all of the sensitive
paramete;.. What we are doing, however, is using the results of the
completed parameter evalust-ions to guide us in selecting additional
parameters or different values for evaluation.

PRESTO-EPA-POP
In looking at the results from PRESTO-EPA-POP, it should be noted
that the Ioc3l population health effects do not dominate in any of the
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TabLe 2. Parameters tested in sensitivity analysis
of PRESTO-EPA-POP and PRESTO-EPA-CPG (as of 8/25/85).

TRENCH AREA PHENOMENA

PRESTO-EPA-POP

Trench cap failure
High integrity container lifetime
Amount of surface spillage
Solidified waste release fraction
Leaching options
Distribution coefficient of wastes
Distribution coefficient of surface soil
Active site maintenance period
Fraction of waste in watertight containers
Trench overburden thickness
Waste density
Residual saturation
Active depth of soil

X
X
X
X
X

PRESTO-EPA-CPG
X
X
X
X
X
X
X
X
X
X

X
X

BENEATH THE TRENCH PHENOMENA
Sub-trench porosity
Sub-trench permeability
Aquifer distribution coefficient
Distance from trench bottom to aquifer

X
X
X

X
X
X
X

X
X
X
X
X
X

X
X
X
X

AQUIFER (FROM TRENCH) TO WELL PHENOMENA
Aquifer dispersion angle
Aquifer porosity
Aquifer thickness
Aquifer distribution coefficient
Distance from trench to local well/stream
Ground water velocity
Distance from trench to CPG well (buffer zone)
Distance from trench to CPG well/ stream
Distance from trench to CPG population
(atmospheric pathway)

X
X
X
X

AT THE LOCAL USE POINT
Local/CPG water useage fractions
Local/CPG population values
Local/CPG stream flow rai;e

X
X
X

X
X
X

X

Not
Applicable

IN THE REGIONAL BASIN
Distance from local well to basin stream
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Table L.

Input data for "standard" sensitivity tests.

INPUT DATA

PRE5T0-EPA-P0P

PRESTO-EPA-CPG

Site
Characteristics

SE, NE, & SW
Regions

Sr, NE, & SW
Regions

Disposal
Method
Waste
Type

Conventional
Shallow Disposal
Absorbed Waste

Site
Capacity

Same

Absorbed Waste
Solidified Waste
Activated Metal
As Is Waste

Unit Response
(1 Cubic Meter
with one curie
each radionuclide)

250,000 M 3

Table 3. Statistics on the tests and results of the sensitivity
analyses conducted for the [RESTO-EPA-POP and PRESTO-EPA-CPG code.
PRESTO-EPA-POP
Tests Made (9/5/85)

40

Parameters Tested

PRESTO-EPA-CPG
65

19

26

Parameters Identified
As Always Sensitive

0

0

Paramters Identified
As Senstive Sometimes

18

23 (+?)

Parameters Identified
As Not Sensitive

1 (?)
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3 (?)
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Figure

2.

M a j o r r e l e a s e =ir:d e x p o s u r e o a t h w a y f r o m t h e 3 r e g i o i a l
hyd r o g e o l o g i c a n d c l i m s f i c s e t t i n g u s e d i nE P A ' s a s s e s s m e n t
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TABLE 4
SENSITIVITY ANALYSIS RESULTS K B FRESTO-EPA-POP
UNIT RESPOSHE 1.1000 AND 1OOO0 YEAR5J)

Tvpe of Tesl

Site

No Trench Cap Failure
SE
No Trench Cap Failure
»'
No Trench Cap Failure
NE
Increase C-14 Aquifer Kj
SE
Increase C-14 Aquifer Kj
5K
Increase C-14 Aquifer Kj
SW
Increase C-14 Aquifer Kj
NE
I n c r e a s e C-14 Ac,Jifer K<j
NE
Increase All Aquifer K j ' s
SE
Increase All Aquifer Kd' s
SW
I n c r e a s e All Kj Values
SE
Increase All Kj Values
SW
Increase Aquifer Disp. Angle
SE
I n c r e a s e HIC L i f e t i n e
SE
Increase HIC Lifetiire
SE
Increase KIC Lifetime
SE
Increase HIC Lifetime
SE
Modify Leaching Option
SE
Modify Latching Option
NE
Modify Anim./Crop Water Use
SE
Modify Anin./Crop Water Use
SB
Modify Anim./Crop Water Use
hi
Increase Well/Basin Stnn Dist
SE
Increase Well/Basis 3trn Dist SW
Increase Well/Basin Strn Dist
SE
t
Decrease Trench/Well Distance
Increase Aquifer Thickness
Sk
*
Decrease Grounduat.fr Velocity
Increase Local Stream Flow
HE
Decrease Local Stream Flow
NE
Low P e n . Geologic Data
Shi
Increase Residual Saturation
SK
Increase Residual Saturation
SW
Increase Spillage Fraction
SK
Increase Sol. Waste Rel Frac
SE
Decrease Sol. Waste Rel Frac
SE
Decrease Sol. Waste Rel Frac
SE
Increase Local Population
SE
Increase Local Population
SE
Increase j x a l Population
SE
Increase Local Population
SE
Increase Local Population
SE
Increase Local Population
SW
Increase Local Population
SW
Decrease Local Population
SE
Decrease Local Population
NE
Decrease Local Population
NE

Input2
Parameters

Output3
Variation

0.2/0.0
0.2'0.0
0.2/0.0
0.01/1.0
0.01/1.0
0.01/3.0
0.01/1.0
0.01/3.0
double
double
double
double
0.3/0.6
20/300
20/400
20/900
20/1900
IF/TC*
IF/TC*
0.5/1.0
1.0/0.0
0.1/1.0
457/914
29000/60000
457/685
457/229
37/62
90,40
4E*8/8E-8

0.7
1.0
IE-"
1.0
1.0
1.0
1.0
1.0
0.9
1.0
0.7
0.5
1.0
0.7
0.7
3E-3
4E-6
1.4
1.0

various
0.05/0.1
0.05/0.5
1E-7/1E-5
4E-4/4E-3
4E-4/4E-5
4E-4/4E-6
25/500
Z5/42t
2S/1E-4
25/5E*4
25/IE. 5
15/500
15/4265
25/15
4285/500
4285/15

1000 YEARS
LOCAL IMPACT
STD
TEST

REGIONAL D1PACT
STD
TEST

0.9S
0.9
1.0
1.0

1.5E-6
3.E-12
1.2E-6 7.E-13
9.6E-6 9.6E-6
3.E-12 3.E-12
3.E-12 3.E-12
1.2E-6 1.2E-6
1.2E-6 1.2E-6
1.6E-5 3.5E-6
J.E-U J.E-12
1.6E-5 1.6E-5
3.E-12 4.E-12
9.6E-6 4.7E-6
9.6E-6 1.9E-6
1.6E-5 1.2E-6
n.a.
9.6E-6
9.6E-6 2.E-12
6.9E-5
1.6E-5
1.9E-6 1.9E-6
1.6E-5 2.4E-5
J.E-12 J.E-12
1.9E-6 3.7E-6
1.6E-5 1.6E-5
3.1-12 J.E-12
1.6E-5 7.5E-5

6.4E-3 4.3E-3
7.9E-8 7.9E-8
4.5E-1 5.7E-8
6.4E-J 6.JE-J
7.9E-8 8.2E-8
7.9E-8 8.2E-8
4.5E-1 4.SE-1
4.5E-1 4.5E-1
6.4E-3 5.5E-3
7.9E-8 7.9E-8
6.4E-3 4.5E-3
7.9E-E 3.6E-8
6.4E-J 6.4E-J
6.4E-3 6.4E-J
6.4J-3 4.2E-3
6.4E-3
n.a.
6.4E-3 2.JE-8
6.4E-J 9.0E-3
4.5E-1 4.5E-1
6.4E-J 5.6E-3
7.9E-8 7.9E-8
4.5E-1 4.5E-1
6.4E-3 6.0E-3
7.9E-8 7.9E-8
6.4E-J 6.6E-J

6.4E-J
7.9E-8
4.5E-1
6.4E-3
7.9E-8
7.9E-S
4.5E-]
4.5E-1
6.4E-3
7.9E-8
6.4E-3
7.9E-8
6.4E-J
6.4E-3
6.4E-3
6.4E-3
6.4E-3
6.4E-J
4.5E-1
6.4E-J
7.9E-8
4.5E-1
6.4E-3
7.9E-8
6.4E-3

4.3E-J
7.9E-8
5.7E-8
6.JE-3
B.2E-8
8.2E-8
4.5E-1
4.5E-1
5.5E-3
7.9E-8
4.5E-3
3.6E-8
6.4E-3
4.JE-3
4.2E-3
1.9E-5
2.JE-8
9.0E-J
4.5E-1
5.6E-J
7.9E-8
4.5E-1
6.0E-3
7.05-8
6.6E-3

1.0

3.E-12

J.E-12

7.9E-8

7.9E-8

7.9E-8

1.0
0.98
0.27
1.0
80
100
3.6
0.1
0.01
0.97
0.7
0.6
0.6
0.6

1.9E-6
1.9E-6
J.E-12
3.E-12
J.E-12
J.E-12
5.9E-6
5.9E-6
5.9E-6
1.9E-6
1.6E-5
1.6E-5
1.6E-5
3.E-12
3.E-12
1.6Z-5
1.9E-6
1.9E-6
1.9E-6

9. 5E-7
1.9E-4
3.E-12
3.E-12
6.3E-6
J.E-10
J.6E-5
6.2E-7
6.JE-8
J.2E-4
2.BE-3
J.8E-3
J.8E-J
l.E-10
B.E-10
9.7E-6
2.2E-7
6.7E-9
3.8E-3

4.5E-1
4.5E-1
7.9E-8
7.9E-B
7.9E-8
7.9E-8
1.7E-J
1.7E-J
1.7E-J
6.4E-J
6.4E-J
6.4E-J
6.4E-J
7.9E-B
7.9F-B
6.4E-3
4.5E-1
4.SE-1
6.4E-3

4.5E-1
4.4E-1
2.1E-6
7.9E-8
6.4E-6
7.9E-6
6.0E-3
1. 9E-4
2.0E-5
6.3E-3
4.5E-3
J.8E-3
J.8E-3
7.9E-8
8.0E-8
6.4E-J
4.5E-1
4.5E-1
3.BE-3

9.6E-6

J.E-I:

0.9
1.0

1.0

7.9E-8

1.5E-1 4.5E-1
4.5E-1 4.4E-1
7.9E-8 2.1E-6
7.9E-8 7.9E-8
7.9E-8 1.0E-7
7.9E-8 7.9E-6
1.7E-J 6.0E-J
1.7E-J 1.9E-4
1.7E-J 2.OE-5
6.4E-3 5.9E-3
6.4E-J 1.7E-3
6.4E-J 1.0E-7
6.4E-3 1.0E-?
7.9E-8 7.9E-8
7.9E-8 7.9E-8
6.4E-J 6.4E-J
4.5E-1 4.5E-1
4.3E-1 4.5E-1
6.4E-3 2.6E-3

1

The Site coluEi designites which region the aodeled s i t e i s
located :n, as follows: SE- Southeast, SW- Southwest, KE- Northeast.
2
T*>f Input Paraaeters coluan consists of the standard input
parameter value followed by the t e s t input parameter value.
J
The Output Variation column consists of the test output divided
by the standard output. Output used i s fatal cancers to a local and
regional population over 1000 years.

*

10,000 YEARS
OMBINED IMPACT
STD
TEST

IF - iBersed fraction leaching option
TC - Total contact leaching option
(See PRESTO-EPA-roP User's Manual for additional definitions)
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REG10\U
STr
5.3E-1
2.7E*0
4.5E-1
5.3E-1
2.7E-0
2.7E-0
4.5E-1
4.5E-1
5.3E-1
2.7E-0
5.3E-1
2.7E.0
5.3E-1
5.JE-1
5.3E-1
5.3E-1
5.3E-1
5.JE-1
4.5E-1
5.JE-1
2.7E-0
4.5E-1
5.3E-1
2.7E»0
5.3E-1

5.2E-1
7.9E-6
5.7E-6
5.3E-1
2.7E-L
2.7E-0
4.6E-1
4.5E-1
5.3E-1
2.7E-0
5.3E-1
2.7E-0
5.3E-1
5.3E-1
5.3E-1
4.1E-1
5.5E-8
5.3E-1
4.5E-1
5.3E-1
2.7E*0
4.5E-1
5.3E-1
2.7E*0
5.3E-1

4.5E-1
4.5E-1
2.7E-0
2.7E*0
2.7E*0
2.7E*0
5.0E-1
5.0E-1
5.0E-1
5.3E-1
5.3E-1
5.JE-1
5.3E-1
2.7E*0
2.7E-0
5.JE-1
4.5E-1
4.5E-1
5.3E-1

4.6E-1
4.5E-1
5.3E-1
2.7E-0
2.7E.0
2.7E*0
4.4E-1
1.6E-1
1.8E-2
5.JE-1
4.7E-1
4.5E-1
4.5E-1
2.7E»0
2.7E»0
5.3E-1
4.SE-1
4.5E-1
4.5E-1

2.7E*0

TABLE 5
m

ANALYSIS RESULTS FBI PRESTO-EM-CPC

ACITIAL SO

TTO^ES

1

Type of Test

Site

No Trench Cap Failure
SE
No Trench Cap Failure
SH
Ho Treith Cap Failure
HE
Increase Trench Cap Failure
SE
Increase Trench Cap Failure
SM
Modify Leaching Option
SE
Modify Ania/Crop Hater Use
SE
Modify limn/Crop Hater Use
SH
Modify Ania/Cnip Hater Use
HE
Increase Trench Overburden
SE
Increase Haste Density
SE
Include 100 Year S i t e Maim.
SE
Increase KIC U f e t i n r
SE
Increase HIC Lifetime
SH
Increase KIC Lifetime
HE
Increase Trench/Aqulf. Dist.
SE
Decrease Trench/Hell Dist.
SE
Bscrease Trench/Well Di«t.
SH
Increase Trench/tell Distance SE
Increase Trencb/ttell Distance SE
Increase Trench/Heir Distance SH
Increase Trench/Hell Distance 91
Increase Grouoduater Velocity SE
Decrease Groundvater Velocity SE
Increase Grounilwiter Velocity SH
Decrease Grouodmter Velocity SH
Decrease Aquifer Thickness
SE
Increase Aquifer Thickness
SH
Increase Aquifer Disp. Angle
SE
Increase Aquifer Disp. Angle
SE
Increase Aquifer Disp. Angle
SH
Increase Aquifer Disp. Angle
HE
Increase Aquifer Disp. Angle
HE
Decrease Aquifer Porosity
SE
Decrease Sub-trench Porosity
SE
Decrease Sub-trench P e n .
SE
Increase Stress Flow Rate
HE
Decrease S t r e w Flow Rate
HE
Increase Soil Active Depth
SH
Increase Soil Active Depth
HE
Increase Prac. Haste in Coot. SE
Increase P n c . Baste i n Cont. SE
Increase ScUlaae Fraction
SE
increase Spillage Fraction
m
Increase Spillage Fraction
HE
Increase Aquifer Id Values
SE
Increase Aquifer X$ Value',
SH
Increase Aquifer r^ Vaiies
HE
Increase All C-14 &d Valws
SE
Increase All C-14 jQ Valuss
SH
Increase All C-14 gjj Values
HE

Input 2
Paraat'ters

Output1
Variation

0.2/0.0
0.2/0.0
0.2/0.0
0.2/0.4
0.2/0.4
IF/TC
0.25/1.0
1.0/0.5
0.1/1.0
:.0/4.0
1.2/1.8
0/100
20/500
20/300
20/J00
15/28
206/103
206/103
206/412
206/618
206/412
206/618
28/55
28/15
90/180
90/45
30/15
37/50
0.3/0.45
O.J/0.6
0.3/0.45
0.1/0.3
0.1/0.6
0.4/0.2
0.35/0.IB
2.2/1.1
4E»8/4E»9
4B*8/4E*7
0.1/0.3
0.1/0.3
0.6/0.25
U.6/0.75

0.63

W-M-l
1E-7/1E-5
various
various
various
0.1A.0
0.1/1.0
0.1/1.0

1.0

o.oo:
1.2
3.0
46
1.0
1.0
1.6
1.0
0.9
0.2
1.0
1.0
0.6
2.3
1.3
1.0
0.5
0.3
1.0
1.0
0.8
1.1

1.0
1.0
2.0
1.0
0.9
0.9
1.0
1.0
1.0
2.0

2.3
/0.9
10.0
0.1
1.0
0.9
0.5
1.3
& '

/0.9
0.9
1.0
1.0
0.9
1.0
0.9

34ANGE5 IN CXflTPUT
DOSE
m>i
41

.007
.126
41

.007
41
41

.007
.126
41
41
41
41

.007
.126
41
41

.007
41
41

.007
.007
41
41

.007
.007
41

.007
41
41

.007
.126
.126
41
41
41

.126
.126
.007
.126
41
41
41
.007
.126
41
.007
.126
41
.007
.126

26
.007

.ooo:

50
.02
1968
36
.007
.2
41
41
9
41
.007
.078

18
54
.007
19

10
.007
.007
32
45
.007
.007
83
.007
39
37
.007
.126
.126
80
06
40
.013
1.26
.007
.124
19

SS
41
.68
.126
35
.007
.126
39
.007
.116

1 The Site eoluan designates Mhich region the eodeled s i t e i s
located in, as follows: SE- SouthessiT
Southwest, HE- Hortiseast
2
The Input Parameters eoluan consists of the (standard ioput
partoeter value followed by the test input parassier ralue.
3
The Output Variation eoluan consists of the test output divided
by the standard output. Output used i s t i e Baxiaui dose to the
c r i t i c a l population group.
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MM YEAR
STE Iti;
34
1
125
34
1
34
34
1
125
34
34
34
34
1
125
34
34
1
34
34
1
1
34
34

1
1
34

1
34
34
1
125
125
34
34
34
125
125
1
125
34
34
34
1
125
34
1
125
34
1
125

43
1
1
30

1F3

:

2G
34
1
125

34 .
34
605
34
1

125 !
50 |
30
1
45
54

1 !
1

26 1
33
1
i
34
1
34

J4 !
1
125
125
34
18
35
125
125
1
125
34
34

34
1

125

36 I
i

125
54
1

12S|

regional hydrogeologic and cLimatic scenarios. This is due to the
limited amount of contaminated nuclides which the relatively small local
(as compared to the basin) population can take in. Thus, the majority
of health effects are incurred by the basin population. Therefore, in
our preliminary analyses, PRESTO-EPA-POP results are best analyzed by
first separating them by hydrogeologic and climatic regions.
In the southeast region, which is characterized by relatively
permeable soil and high rainfall, much of the activity leaches out of
the trench and into the aquifer during the initial 1,000 year period.
The majority of the total health effects are incurred by the basin
population through the groundvater pathway during the first 1,000 years.
In the Northeast region, which is characterized by high rainfall
and soil with relatively low permeablility, the trenches fill with
water, if the trench caps leak, and much of the activity will be leached
from the wastes and will escape from the trench through overflow (bathtub
effect) in a relatively short period of time.
Thp basin population
receives the majority of the total health effects through the surface
water pathway during the first 1,000 years.
In the Southwest region, which is characterized by relatively
permeable soil but low rainfall, most activity does not reach either the
local or basin populations until relatively late in the modelling
period. The local population incurs a few health effects in the first
several years due to wind blown (atmosperic) transport of nuclides
spilled onto surface soils during site operations. These health
effects, while quite small, are the oi.ly health effects during the first
1,000 years. This is due to the long travel time required for
contamination to reach the aquifer and then travel to the local and
basin populations by groundwater. The overall risk is dominated by
health effects f~om activity reaching the basin population through the
groundwater pathway between 1,001 and 10,000 years.
Based on the above general results, we have been able to identify
some sensitive parameters which can cause major changes in
PRESTO-EPA-POP results. First of all, there are a number of input
parameters which affect the risk to the local population during the
1,000 years. However, since the impacts to the local population are
only a small portion of the total health effects, these changes usually
will not significantly affect overall results. Since badin health
effects are incurred only from the surface water and groundwater
pathways, only input parameters which ultimately affect these pathways
will cause significant changes in the total health effects.
In the Southeast region, the health effects will be most affected
by parameters which: change the release and transp rt of nuclides from
the trench to the groundwater system (e.g., integrity of trench cap, use
of high integrity containers); alter the rate of nuclides released to
groundwater (e.g., modifying the leaching option); or change the
population's use of groundwater (e.g., water usage factor.)
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In the Northeast region, the health effects will be most affected
by parameters which: increase or decrease the rate of transport of
nuclides from the trench into the surface water system (e.g., integrity
of trench cap, use of high integrity containers); alter the
concentration of nuclides in the stream (e.g., stream flow rate,
distance to the stream); or change the locil or basin population's use
of surface water (e.g., water useage factor.)
In the Southwest region, the short term health effects will be most
affected by parameters which change the amount of surface spillage or
downwind nuclide concentrations (e.g., surface spillage factor, distance
i_o downwind population). The long term health effects will be most
afffected by parameters which alter groundwater concentrations, the same
as for the Southeastern site. At the Southwest site, however, the
halflife of the nuclide becomes more important because of the longer
time spans. Therefore, parameters which modify the time required for
nuclides to reach the local and basin populations (e.g., trench cap
failure, trench to aquifer distance, aquifer flow rate, distance to
local/basin population distance) could i_ause significant changes in
total health effects.
The unit response mode of running PRESTO-EPA-POP can be very useful
for identifying "important" or "sensitive" nuclides- It must be used
with care, however. Take the example of the impact from .. r "standard"
run for the Southeastern region; In the unit response mode, 99% of the
impact is incurred in the basin between 1,001 and 10,000 years. This is
due to Np-237, the majority of which reaches the basin between years
1,001 to 10,000 and has a high radiotoxicity. If however, we evaluate
the potential impact of our "standard" Southeastern site filled with
250,000 cubic meters of our reference source term, 99% of the impact is
incurred in the basin before the year 1,000 and only 1% afterwards.
This major shift in time of impact is because very little Np-237 is
projected to be in commercial LLW in the next 20 years and other
nuclides (H-3, C-14, 1-129) become more important.

PRESTO-EPA-CPG:
Again, the results of the PRESTO-EPA-CPG tests can best be
interpreted by evaluating them on a region by region basis. In the
Southeast region, the maximum dose occurs quicklv (in less than 50
years) from the groundwater pathway. The important nuclides are those
with high mobility (low Kj values), such as H-3 and C-14. They can
reach the critical population group very quickly when combined with high
groundwater velocities.
In the Northeast region, the maximum dose occurs soon after failure
of the trench cap (in year 100 for our "standard" run) via trench
overflow directly to the surface water pathway. The important nuclides
are those which are relatively mobile and have longer half-lives. An
example is T -129, which reaches the critical population grcup soon after
the trench cap fails. It leaves the trench via overflow and is
transported directly to the loccl stream by surface water, thus
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bypassing the greater retardation its higher Hj might afford if it had
moved through the ground. Nuclides with shorter half-Lives, such as
H-3, will not contribute high doses due to their decay during the period
the trench cover remains intact.
In the Southwest region, the maximum dose occurs in the first year
after closure due to atmospheric transport of less mobile, high dose
nuclides, such as Co-60, Cs-137 and Ba-137m, spilled onto the surface
soil during site operations. This dose is relatively small, however,
since only a fraction of the total activity brougnt into the site is
assumed to have been spilled during operations and even less reaches the
downwind population after dilution and dispersion by atmospheric
transport. A much greater dose w o u k occur through the groundwater
pachway, although not until, after the year 1,000. The later doses
would b. significantly larger and would be dominated by mobile nuciides
with relatively long half lives, such as C-14 and 1-129.
Oar preliminary tests have enabled us to identify some sensitive
parameters which can cause major changes to PRE3TO-EPA-CPG results.
With few exceptions, the parameters found to be sensitive in the
PRESTO-EPA-POP code were also sensitive parameters in the PRESTO-EFA-CPG
code.
In the Southeast region, the dose to the critical population group
will be most affected by parameters which can change: the release or
mobility of nuclides such as H-3 and C~14 (e.g., K^ values, total
activity in source term, trench cap integrity, high integrity
containers); groundwater transport (e.g., aquifer K j , aquifer flow
rate); or groundwater usage (e.g., water useage fraction).
In the Northeast region, the dose to the critical population group
will be most affected by parameters which affect: the release and
transit time of mobile and relatively long-lived nuclides such as I-12J
(e.g., Kj values, trench cap failure, high integrity containers);
surface water transport and concentration (e.g., distance to local
stream, stream flow rate); or surface water useage ((e.g., rtream water
useage factor).
In the Southwest region, the dose to the critical population group
will be most affected by parameter- which affect the amount of surface
spillage (e.g., spillage fraction) and do^.iwind concentration (e.g.,
wind speed, distance to downwind population). T<arameters which affect
groundwater transport can also affect the dose. If the groundwater
transport of mobile nuclides, such as H-3, C-14 or Tc-99, can be
increased sufficiently such that they reach the well in less than 1,000
years (e.g., increase the trench cap failure, decrease trench to aquifer
distance, increase aquifer flow rate), then they will cause a much
higher maximum dose to occur, although at a later year than through the
atmospheric pathway.
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Summary and Conclusions
The sensitivity analyses described herein are only preliminary;
many more tests remain to be conducted. So far, two separate codes and
a wide variety of waste compostions and forms, hydrogeologic and
climatic conditions at the disposal site, and various engineering
barriers were tested. Thus, it is difficult to succinctly and
completely describe all that was learned from the tests. Seme of the
highlights of what we have learned follow.
o

In the tests conducted thus far, we have not found any errors
or logic problems in the PRESTO-EPA-POP and PRESTO-EPA-CPG
codes.

o

No input parameters were found to be always sensitive. We may
have identified several input parameters which may have
relatively low sensitivity but these findings are still
preliminary. By and large, almost all of the parameters tested
were sensitive and important under some settings or
circumstances.

o

Since health effects for basin populations are calculated from
the surface water and groundwater pathways, only input
parameters which ultimately affect those pathways will cause
significant changes in the total health effects.

o

In general, the PRESTO-EPA-CPG code will show greater
sensitivity than PRESTO-EPA-POP to equivalent changes in
input. This is because the PRESTO-EPA-CPG results are simply
the dose to the critical population in the maximum year,
whereas PRESTO-EPA-POP results are health effects to a general
population based on intakes and exposures which are averaged
over the entire period of interest.

o

Although we carried the PRESTO-EPA-POP analyses out to 10,000
years, the majority of the impact to both the local and the
basin populations in humid regions occurred before year 1,000;
therefore, an analysis of changes to the disposal "system"
which can reduce impacts in the first several hundred years may
be useful in deciding between several management or disposal
alternatives.

o

The unit response mode of running PRESTO-EPA-POP can be very
useful for identifying "important" or "sensitive" nuclides but
must be used with care.

o

The "sensitivity' of parameters must be viewed with perspective
as to (1) the circumstances of the test and (2) what the
magnitude of the change means.
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DEVELOPMENT AND APPLICATIONS OF TWO FINITE ELEMENT
GROUNDWATER FLOW AND CONTAMINANT TRANSPORT MODELS:
FF • AND FEMA
G. T. Yen, K. V. Wong, P. M. Craig, and E. C. Davis
Environmental Sciences Division
Oak Ridge National Laboratory
Oak Ridge, Tennessee 37831
ABSTRACT
This paper presents the construction, verification, and
application of two groundwater flow and contaminant
tran:port models: A Finite Element Model of Water Flow
through Aquifers (FtWA) and A Finite Element Model of
Material Transport through Aquifers (FEMA). The
construction is based on the finite element approximation
of partial differential equations of groundwater flew
(FEWA) and of solute movement (FEMA). The particular
features of FEWA and FEMA are cheir versatility and
flexibility for dealing with nearly all vertically
integrated two-dimensional problems. The models were
verified against both analytical solutions and widely used
U.S. Geological Survey finite difference approximations.
They were then applied for calibration and validation,
using data obtained in experiments at the Engineering Test
Facility at Oak Ridge National Laboratory. Results
indicated that the models are valid for this specific
site. To demonstrate the versatility and flexibility of
the models, they were applied to two hypothetical, but
realistic, complex problems and three field sites across
the United States. In these applications the models
yielded good agreement with the field data for all three
sites. Finally, the predictive capabilities of the models
were demonstrated using data obtained at the Hialeah
Preston site in Florida. This case illustrates the
capability of FEWA and FEMA as predictive tools and their
usefulness in the management of groundwater flow and
contaminant transport.
INTRODUCTION
Acquiring predictive capability is the ultimate applied goal in the
development of any numerical computer model. To achieve this goal, the
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model should represent as many relevant processes as possible. In other
words, the model should be properly formulated to realistically represent
the system being simulated. The model should be versatile and flexible
as will. Appropriate numerical schemes should be devised not only to
ensure stable and convergent solutions but also to minimize computer
execution time and memory requirement. The model should be able to
account for temporal and spatial variability of the natural setting as
well as artificial disturbances. It should be applicable to
heterogeneous and anisotropic aquifers having complex boundaries.
Numerous digital computer models that utilize finite difference and
finite element methods have been reported in the literature as being
useful in simulating groundwater flow and contaminant transport in
aquifers (1). However few existing models could meet the objectives and
requirements outlined above. This paper presents the construction,
verification, and validation of two finite element groundwater flow and
contaminant transport models, A Finite Element Model of Water Flow
through Aquifers and A Finite Element Model of Material Transport through
Aquifers (2,3). The models were designed to address the complex
geometry, porous medium properties, and boundary conditions inherent in
natural aquifer systems.
The major processes included in FEWA are (1) flow, (2) gravity,
(3) infiltration and evapotranspiration, and (4) leakage; those included
in FEMA are (1) carrier fluid advection, (2) hydrodynamic dispersion and
molecular diffusion, (3) radioaitive decay, (4) sorption
(5) consolidation, (6) sources and sinks, and (7) biological degradation.
These processes are combined to form two partial differential equations,
one for the groundwater flow and the other for the contaminant
transport. Finite element methods are then applied to the solution of
these two transient partial differential equations under appropriate
initial and boundary conditions. The most important features of FEWA and
FEMA are their versatility and flexibility for dealing with nearly all
vertically integrated flow and transport problems. Three optional
sorption models are available in 1-EMA: a linear isotherm and Freundlich
and Langmuir nonlinear isotherms. Point as well as distributed
source/sink terms are included to represent artificial injections or
withdrawals and natural infiltration or evapotranspiration. Prescribed
hydraulic head and contaminant concentration on the Dirichlet boundary,
specified gradient on Neumann boundary, and known fluxes on the Cauchy
boundary can be time dependent or invariant. The source/sink term over
each element or node, head or concentration at each Dirichlet boundary
node, gradient at each Neumann boundary segment, and flux at each Cauchy
boundary segment can vary independently of each other. The aquifer may
consist of as many formations as desired. Either completely confined or
completely unconfined, or partially confined and partially unconfined
aquifers can be dealt with effectively. The FEWA and FEMA models also
include simulations of transient leakage to or from the aquifer of
interest through confining beds. Discretization of a compound region
with irregular curved boundaries is made easy by including both
quadrilateral and triangular elements in the formulation. Large field
problems can be solved without an excessive requirement of central
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processing unit memory or CPU time by including pointwise iterative
solution strategies as optional alternatives to the direct elimination
solution method for the matrix equations.
To ensure the consistency of the computer code and the accuracy of
numerical algorithms, FEWA and FEMA models were verified against
analytical solutions for three simple examples and the widely used U.S.
Geological Survey finite difference approximations. To demonstrate the
versatility and flexibility of FEWA and FEMA, two hypothetical, but
realistic and complex, problems were simulated. They were then applied
for calibration and validation, using data obtained in experiments
conducted at the Engineering Test Facility at Oak Ridge National
Laboratory. To demonstrate practical applicability of the models, they
were applied to three sites across the United States. Finally, the
predictive capabilities of the models were demonstrated using data
obtained at the Hialeah Preston site in Florida designated by the
U.S. Environmental Protection Agency as a number one priority site for
cleanup. This case illustrates the power and flexibility of both FEWA
and FEMA as predictive tools and their usefulness in the management of
groundwater flow and contaminant transport.
MODEL DEVELOPMENT
Mathematical Statement
Based on (1) the continuity of fluid, (2) the continuity of solid,
(3) the motion of fluid (Darcy's Law), (4) the consolidation of media,
and (5) the compressibility of water, a three-dimensional transient
partial differential equation governing the distribution of pressure head
can be obtained (2,4). Then, by assuming that the groundwater flow in
aquifers is mainly horizontal (4), one can vertically integrate the
three-dimensional equation to yield the following standard groundwater
flow equation in aquifers:
S

s IT

=

V . T . V h + W(x.y.t)

(1)

where S s is the generalized storage coefficient, t is the time, h is
the hydraulic head, T is the transmissivity tensor, and W is the
source/sink function. The storage coefficient, S s , includes the
effects of the compressibility of water, the consolidation of the media,
and the specific yield of the aquifer. The transmissivity tensor is the
product of aquifer thickness and hydraulic conductivity tensor; thus, for
a confined aquifer, it is independent of the hydraulic head and the
problem is linear. However, for an unconfined aquifer, it depends on the
hydraulic head, and the problem becomes nonlinear. The source/sink
function, W, includes three types of source/sink terms in FEWA (2):
(1) distributed source/sink, to represent the infiltration and
evapotranspiration; (2) point source/sink, to represent artificial
injections or withdrawals; and (3) leakage through confining beds, in the
case of confined aquifers.
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Similarly, based on (") the continuity of mass, (2) the flux laws of
hydrologic transport, (3) ;he consolidation of the media,
(4) chemisorption, (5) radioactive decay, and (6) hypotheses of
biochemical decomposition, one can derive the governing equation for the
distribution of contaminant in three-dimensional aquifers. Using the
principle of vertical integration, one can obtain the following standard
transient partial differeritial equation of solute transport in horizontal
plane (3):
n e R d b |C + y • {\lt) = v •. (nebD . V C) - (X + a'|£) b(n,£ + ptf>)
- n e K w bC - p e K s bS + M(x,y,t)
(2)
where n e is the effective porosity, Rjj is the retardation factor,
b is the aquifer thickness,=C is the vertically averaged concentration,
\f is the Darcy's velocity, D is the dispersion tensor, \ is the decay
constant, a' is the modified compressibility of the media, S is the
sorbed concentration, K w and K s are degradation constants through
dissolved and sorbed phases respectively, and M(x,y,t) is the mass
source/sink function. The sorbed concentration, S, is related to the
dissolved concentration, C, by one of the three sorption models in FEMA
(3). Analogous to W ir the flow equation, H in the mass transport
equation also includes three types of sources and sinks. In cases of
mass sources, M(x,y,t) is not a function of C; but, in the case of mass
sinks, M is a linear function of the dissolved concentration, C.
Numerical Approximation
Solving Eqs. (1) and (2), with the associated initial and boundary
conditions (2,3). is the most important task in modeling groundwater flow
and contaminant transport in aquifers. (Without the solution, the models
are incomplete and or little use. Modeling is, after all, nothing more
than the computation of assumed processes.) Thus, devising appropriate
computational algorithms is of paramount importance in the development of
FEWA and FEMA. Basically, two approaches are available to solve Eqs. (1)
and (2): analytical techniques and numerical approximations.
To obtain an analytical solution, one generally must assume constant
system parameters, constant flow field, and highly simplified geometry
for the region of interest. Exact explicit expressions for the
spatial-temporal distribution of hydraulic head, flow, and concentration
are then generated using integral and differential calculus. The
advantages of analytical solutions are numerous: for example, stability
and convergence are not a problem, accuracy is guaranteed, convenience is
a certainty, efficiency is assured, and the progremming can be done with
minimum effort. However, the necessity of having to make various
simplifying assumptions severely restricts the applicability of these
solutions to natural problems. In spite of these restrictions, it
appears that some of the available one-, two-, and three-dimensional
analytical solutions (5,6,7,8) could be applied to well-defined and
simple geohydrological systems or could be used for approximate
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calculations. Furthermore, these well-constructed analytical solutions
could be used to verify numerical methods.
While analytical solutions may be suited to some situations, most
field problems have such complex physical, chemical, and biological
characteristics that the flexibility of numerical approaches is
mandated. Numerical techniques approximate the governing partial
differential equations, Eqs. (1) and (2), by a set of algebraic
equations, which subsequently are solved using linear algebra. The most
commonly used numerical techniques are the finite difference method (FOM)
and the finite element method (FEM). There exist a variety of other
numerical methods, such as the method of characteristics (MOC) (9) and
the integrated finite difference method (IFDM) (10). These methods can
solve only a limited class of problems, however. For example, the IFDM
is stymied when the media are anisotropic, a common occurrence in
practically all field problems. Only the FDM and FEM are generic methods
that can be applied to almost all classes of problems. The fundamental
distinction between FEM and FDM is that the former is based directly upon
approximating the function, whereas the latter is based on approximating
derivatives. Thus, the FEM provides spatially continuous solutions
whereas the FDM yields solutions only at discrete points. In addition,
FEM has several advantages over FDM: (1) a better description of
irregular boundaries, without the need for special formulas; (2) ease of
employing an irregular grid to provide different levels of spatial
discretization in different regions of the aquifer; (3) ease of handling
aquifer heterogeneity and anisotropy; (4) a requirement ef fewer node
points, sometimes, to represent the aquifer to the same level of
accuracy, resulting in savings of computational time and computer
storage; and (5) the naturally resulting flux types of boundary
conditions from the integral formulation. Hence, the FEM was employed to
the solution of Eqs. (1) and (2) in developing FEWA and FEMA (2,3).
Model Verification and Demonstration
To verify the code consistency and to ensure the numerical accuracy,
three simple examples were used in FEWA (2) to compare numerical
simulations with analytical solutions. These three verification examples
are (1) transient simulation in a confined aquifer without source, sink,
or leakage; (2) steady-state simulation in an unconfined aquifer with
source/sinks but without leakage; and (3) steady-state computation in an
unconfined aquifer with both source/sink and leakage. Results indicated
that almost perfect agreements between FEWA computations and analytical
solutions were obtained for all three examples. The maximum error
produced by FEWA is less than two-tenths of a percent. After the
computer code was thoroughly checked and verified, two hypothetical but
realistic, complex problems were used to demonstrate the flexibility and
versatility of FEWA. These two examples were devised to show how FEWA
can be applied to heterogeneous and anisotropic media under transient
Dirichlet and flux boundary conditions with time-dependent source/sink
for both confined and unconfined aquifers. Model predictions for these
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two examples were consistent with and comparable to the qualitative
analysis of the hydroiogic setting.
Five examples were presented in FEMA (3) for its verification and
demonstration. Two of these five examples were used to verify the
accuracy of numerical schemes and to check the consistency of the FEMA
program. Verification results indicated that the numerical algorithms
were accurate as long as the mesh Peclet number was less than ten. Many
other computer codes require that the mesh Peclet number be less than two
(11) to achieve acceptable accuracy. The requirement of a smaller mesh
Peclet number necessitates the adaptation of a smaller grid size,
resulting in excessive computational time and memory requirements. The
third example was used to show that, for large field problems, the
alternative successive iteration methods of solving the matrix equations
in FEMA would greatly save both the computational time and storage. The
example showed that even with a moderate size (61 x 51 nodes) problem,
the option in FEMA can save more than nine times as much CPU storage and
more than 30 to 50 times as much CPU time as customary (12). Finally,
two demonstration examples were devised to show how FEMA can be applied
to complex heterogeneous and anisotropic media in both confined and
unconfined aquiers (3). They also serve as a final verification of the
consistency of the computer code for various options built into the
program.
ENGINEERING TEST FACILITY SITE-SPECIFIC APPLICATIONS
In the continuing effort to develop and evaluate better computer
models for groundwater flow, an evaluation of the recently developed FEWA
model was conducted. FEWA was developed by Yeh 8c Huff (2) as part of the
model development subtask of the Shallow Land Burial, Humid Climates
task. FEWA is a two-dimensional finite element model of vertically
integrated horizontal, saturated groundwater flow. The model allows for
a variety of sources and sinks; confined, unconfined, or partially
confined/unconfined aquifers; and a host of other input options.
The model was validated using data collected at the ETF located in
SWSA 6 on the Oak Ridge Reservation. Approximately three years of
rainfall data and well-level data were collected at the site during a
site characterization study. The site is located on a small hillock and
the aquifer of interest is the unconfined aquifer directly below the
experimental disposal trenches (13). The site was modeled using four
different scenarios: (1) one-dimensional steady-state flow, (2) onedimensional transient flow, (?) two-dimensional steady-state flow, and
(4) two-dimensional transient flow (the two-dimensional steady-state flow
was used only as input to the two-dimensional transient model runs). For
the transient case, a single rainfall event, which occurred in February
1984, was modeled in an attempt to match the computed vs measured
well-level responses. The one-dimensional cases, which were completed
first, were used to determine the initial estimates of the hydraulic
conductivities, aquifer depth, and specific yield.
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The aquifer recharge was estimated using field observations during
rainfall events, time lag information for well-level response, and a
computed infiltration. The Greene & Ampt procedure was used to compute
the infiltration, which • is assumed to be equal to the aquifer recharge
(zero evapotranspiration). The X and Y hydraulic conductivities were
estimated by assuming that the anisotropy ratio was 2:1 (along
strikercross strike). The effective porosity and specific yield were
quite low compared with the total porosity (effective porosity 0.03;
total porosity 0.48). These small values are typical of the weathered
shale that makes up the upper portion of the unconfined aquifer. The
size of the area modeled was about 1 ha. The whole region is discretized
with 158 elements and 169 nodes. Nodes were located at each of the
piezometric head monitoring wells to aid comparisons. The boundary
conditions north of the two flumes were zero flux boundaries, except at
use nodes around well 375 at the top of the hill (assumed to be the
groundwater divide). These nodes used the measured water levels from the
well. The nodes south of the two flumes used Dirichlet boundary
conditions.
Two-dimensional simulations of transient flow were performed for the
data and conditions mentioned above. The response of the groundwater
table at wells is compared with the response of the co-located nodes.
The available data were insufficient to obtain an approximate steadystate initial condition. Thus, an exact spatial match of the measured vs
computed water table was not expected. The objective was, instead, to
simulate the rise in the water table as a function of space and time.
Given the limited quantity of the input data, the simulated results were
considered surprisingly good. The agreement between model-response and
field measurements varied spatially.
This effort is just the first step in calibrating and validating the
FEWA model for the ETF. A report is currently being prepared that
contains more complete documentation of efforts to obtain a calibrated/
validated FEWA model of the ETF. A sensitivity study will also be
included in the report for a fuller evaluation of FEWA.
The FEWA/FEMA coupled modeling system for groundwater flow and mass
transport is currently being applied to the ETF. Previously FEWA had
been applied to the ETF and now, using the FEWA results, FEMA is being
used to simulate radionuclide transport. Tracer tests are being
conducted at the ETF to obtain necessary dispersion characteristics.
Unfortunately, the tracer has not broken through at any of the monitoring
wells. As a result, there are insufficient data at the ETF to perform
model calibration and validation for the mass transport model FEMA.
Therefore, a sensitivity analysis of FEMA is being conducted, using as
many of the ETF's characteristics as possible. The results from the
analysis will enable future users of FEMA to understand better the
sensitivity of model response to various input parameters.
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GENERIC SITE APPLICATIONS
The application of a model consists of the following steps:
(1) selecting the physical sites to be modeled, (2) acquiring the data
required by the model, (3) preparing the input data and executing the
model, and (4) evaluating the model output. Step 1 is linked closely to
step 2, since it is not uncommon for sites to be unsuitable because of a
lack of data.
FEWA was first compared with the USGS two-dimensional finite
difference model developed by Trescott et al. (14). Although both the
USGS model and FEWA included evapotranspiration, each treats this process
differently. While the USGS model considers evapotranspiration to be a
linear function of water depth from the surface, FEWA treats
evapotranspiration as being prescribed sinks. Therefore, the USGS model
would require two sets of data to simulate this process: one, the
measured evapotranspiration rate, and the other, the depth below land
surface at which evapotranspiration ceases. On the other hand, FEWA
needs only one data set to simulate this process, the measured
evapotranspiration rate. All geological and hydrological input data
required by FEWA are given in the USGS report, except for the
evapotranspiration potential. A default value of zero evapotranspiration
was used in FEWA. The results as simulated by the USGS model and FCWA
are comparable, with FEWA yielding consistently larger values of
piezometric head. This is expected because the latter neglects the
evapotranspiration. However, the maximum discrepancy between the two
model results is less than 2% (piezometric head 173.6 ft vs 68.7 ft).
This implies that the evapotranspiration is negligible in comparison with
the sink from two pumping wells for this hypothetical problem.
The second example to which FEWA was applied was the Love Canal Site
in New York. This site was chosen partly for its notoriety but also
because practically all geological and hydrological data are available
for the site, which facilitated FEWA simulation (IF,16). This site has
been studied previously, using the USGS model (16). Results indicated
that FEWA produced a good match (17) with both the field data and
Geotrans simulation. To demonstrate further the capability of FEWA, we
chose the Conesville site in Ohio, which has been investigated using a
digital model, VTT, other than the USGS model (18). The geological and
hydrological setting for this site has been very well described (18).
The input data for FEWA simulation can be readily obtained from Bond's
study. The agreement between FEWA simulation and field data is, in
general, excellent (19). The match between the results of FEWA and those
of the VTT model is almost perfect. Both computer models predicted
slightly lower piezometric heads than the field-measured values. The
maximum difference between FEWA simulation and field data is about 0.5 %
of the field data (17,19)
To test the predictive capability of FEWA, we chose a site for which
field data are available for two dates; information is also available for
the period in between those dates regarding rainfall, surface runoff and
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evaporation, pumping rates, and other relevant factors. The site
selected was the Hialeah-Preston wells, part of the Biscayne aquifer in
south Florida. Geological and hydrological information required for the
study was obtained from reports by Miller, Hull and Beaven
(20,21,22,23). From these studies, piezometric surfaces data are
available for May 3, 1977, and October 4, 1977. The first set of data
(May 3, 1977) was used to calibrate model parameters. This was done by
matching the calculated piezometric surface at various values of the
parameter with the measured piezometrir surface. After the calibration,
the same set of of parameters was used to predict the piezometric head on
October 4, 1977, using measured infiltration, pumping rates, and
evaporation. The p-e.Mc: ; :i f;u 'j:" or, ••.•
1077, ~:r. >• ^ u agreement
with the field data (17).
The application of FEMA to generic sites is being investigated. It
will be first compared with the USGS two-dimensional solute transport and
dispersion model developed by Konikow and Bredehoeft (9). This will
serve as a comparison between f inite element models and hybrid finite
difference-method of characteristic models. FEMA would then be applied
to the Idaho Chemical Processing Plant (ICPP) at Idaho National
Engineering Laboratory (INEL). This site was chosen because the field
data are very complete and several studies have been made (24,25). FEMA
will also bo calibrated and validated with the 58th Street landfill site
in Miami, Florida. The landfill is sited over the Biscayne aquifer,
which has been rated by the U.S.EPA as being the number one priority site
for superfunci cleanup. Concentration data for the site have been
obtained for many years, and geohydrological data are well documented.
Thus this site is very well suited for model validation, to establish the
predictive capability of FEMA.
CONCLUSION
Two finite element models of groundwater flow and contaminant
transport, FEWA and FEMA, have been implemented that can deal with
transient boundary conditions, temporal-spatially dependent source/sink
terms, and variable initial conditions. Heterogeneity and anisotropy of
the media can be handled easily using the finite element approach. The
models have been verified in comparison with analytical solutions and
with the results of the well-known USGS finite difference model. They
were applied to three field sites across the country, as well as to the
ETF site at Oak Ridge National Laboratory. In addition, two hypothetical
sites that were, by design, more complicated than the three field sites
were also simulated. These applications show that FEWA and FEMA can deal
with nearly all vertically integrated two-dimensional groundwater flow
and contaminant transport problems.
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AN OVERVIEW OF THE GEOCHEMICAL CODE MINTEQ:
APPLICATIONS TO PERFORMANCE ASSESSMENT FOR LOW-LEVEL WASTES
M. J. Graham and S. R. Peterson
Pacific Northwest Laboratory

ABSTRACT
Th'i MINTEQ geochemical computer code, developed at
Pacific Northwest Laboratory (PNL), integrates many
of the capabilities of its two immediate predecessors,
WATEQ3 and MINEQL. MINTEQ can be used to perform the
calculations necessary to simulate (model) the contact
of low-level waste solutions with heterogeneous sediments or the interaction of ground water with solidified
low-level wastes. The code is capable of performing
calculations of ion speciation/solubility, adsorption,
oxidation-reduction, gas phase equilibria, and precipitation/dissolution of solid phases.
Under the Special Waste Form Lysimeters-Arid program,
the composition of effluents (leachates) from column
and batch experiments, using laboratory-scale waste
forms, will be used to develop a geochemical model of
the interaction of ground water with commercial solidified low-level wastes. The wastes being evaluated
include power reactor waste streams that have been
solidified in cement, vinyl ester-styrene, and bitumen.
The thermodynamic database for the code is being upgraded before the geochemical modeling is performed.
Thermodynamic data for cobalt, antimony, cerium, and
cesium solid phases and aqueous species are being
added to the database. The need to add these data
was identified from the characterization of the waste
streams. The geochemical model developed from the
laboratory data will then be applied to predict the
release from a field-lysimeter facility that contains
full-scale waste samples. The contaminant concentrations migrating from the wastes predicted using MINTEQ
will be compared to the long-term lysimeter data.
This comparison wi-11 constitute a partial field
validation of the geochemical model.
This work was supported by the U. S. Department of
Energy under Contract DE-ACO6-76RLO 1830.
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INTRODUCTION

Background and Purpose

For the purposes of tins paper, a geochemical code is the formulation in
computer language of a mathematical model used to predict chemical behavior
in geologic settings. One such code, MINTEQ, is being used on the Special
Waste Form Lysimeters-Arid program to predict the chemical characteristics
of solidified commercial low-level wastes and the chemical composition of
leachate from thess wastes in an arid environment. The purpose of this paper
is to give an overview of the MINTEQ geochemical code in the context of
applications to performance assessments of shallow-land burial of low-level
wastes. Background on the Special Waste Form Lysimeters-Arid program and
the rationale for selecting MINTEQ are given, as well as the geochemical
modeling process, including examples of the application of MINTEQ to other
problems.

Special Waste Form Lysimeters - Arid Program

The Special Waste Form Lysimeters-Arid program was initiated in FY 1983
und^r the Low-Level Waste Management Program for the long-term field evaluation of commercial solidified low-level wastes intended for shallow-land burial [1, 2]. A similar task is ongoing at the Savannah River Laboratory for a
humid climate. The primary objective of this program is to conduct waste-form
leaching tests in a field facility in order to determine typical source terms
generated by these wastes. The solidification agents being tested are cement,
vinyl ester-styrene, and bitumen. The chemical reactions and physical processes that control the concentrations of raJionuclides in the soil solution
surrounding the waste in an arid climate are being identified.
In addition to the field monitoring, a series of laboratory testing and
geochemical modeling exercises are under way. Standard ltvching tests are
nearing completion at Brookhaven National LaDoratory. Column experiments are
under way at Pacific Northwest Laboratory (PNL) to determine if the release
of radionuclides from the waste is controlled primari1*/ by diffusion through
the waste form or by factors related to the adsorption of leachate onto the
surrounding soil. The ion speciation-solubility and mass transfer geochemical
code MINTEQ will be used to perform the calculations necessary to simulate
(model) the contact of the low-level waste solutions with heterogeneous sediments and the interaction of ground water with solidified low-level wastes.
MINTEQ will be used to model the waste stream, the waste form, and column
effluent, from the field and laboratory experiments. Specifically, the goals
of the laboratory and modeling work are to identify the mechanisms that are
controlling the rate of release of radionuclides from the waste forms.
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DEVELOPMENT OF MINTEQ CODE
The MINTEQ oecchemical computer code was constructed by Felmy, Girvin
and Jenne [3] of PNL by combining the best features of its two immediate
predecessors, WATEQ3 [4] and MINEQL [5]. MINTEQ is capable of performing
calculations of ion speciation/solubility, adsorption, oxidation-reduction,
gas phase equilibria, and precipitation/dissolution of solid phases. Moreover, MINTEQ has the capability to accept a finite mass for any solid considered for dissolution. Therefore, MINTEQ will dissolve the specified
solid phase only until its initial mass is exhausted. MINTEQ is the only
member of the REDEQL family of computer codes known to have this capability.
Other members of this family of computer codes include REDEQL [6], REDEQL2
[7], GEOCHEM [8], MINEQL [5], and REDEQL.UMD. This valuable feature enables
MINTEQ to model flow-through systems. In these systems, the masses of
solid phases that precipitate at earlier pore volumes can be dissolved at
later prre volumes according to thermodynamic constraints imposed by the
solution composition and solid phases present. It is imperative to have
this feature incorporated into the computer code to perform the predictive
geochemical modeling necessary to evaluate shallow-land burial sites. For
a discussion of other geoch?mical computer codes the reader is referred to
Jenne [9].

SELECTION OF THE MINTEQ CODE
Kincaid et al. [10,11], after an exhaustive study of the existing geochemical computer codes, recommended MINTEQ and EQ3/EQ6 as the best available
codes for modeling solute migration. From about 25 geochemical codes, they
selected six codes for further evaluation on the basis of documented capabilities [10]. Five of the remaining six were evaluated on the codes'
abilities tc simulate solid-waste scenarios associated with deposits of fly
ashes, bottom ashes, and flue gas desulfurization sludges [11]. Although
the evaluation of these codes was not conducted for low-level waste problems,
the key aspects of the codes considered in their analysis a-~e applicable
to modeling low-level wastes. For the Special Waste Form Lysimeters-Arid
program, the MINTEQ computer code was chosen over EQ3/EQ6 because it is
more "user ^riendly," and MINTEQ has the ability to model adsorption
reactions. The current version of EQ3/EQ6 [12] does not have the ability
to model adsorption reactions. Adsorption reactions are important in many
natural systems and are important in predicting the concentrations of contaminants in plumes migrating from shallow-land burial sites.
The completeness and credibility of the code's thermodynamic database
were important factors in the geochemical code selection. The thermodynamic
database in MINTEQ was taken from the database of WATEQ3 and is well documented. The WATEQ3 database was developed end documented over a period of
years by members of the U. S. Geological Survey [13, 14, 4 ] . The MINTEQ
database [3] has been recently expanded using published critical reviews
and studies of the aqueous species and solids of Cr, Cu(II), Pu, Tc, and U
[15, 16, 17, 18]. In addition, preliminary compilations have been completed by S. R. Peterson and others at PNL for the aqueous species and
solids of Co, Mo, Ra, Se, Th, and V, and for reduced sulfur species. The
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thermodynamic data selected in the compilations are primarily based on
accepted tabulations found in sources such as the U.S. National Bureau of
Standards [19], the committee on Data from Science and Technology of the
International Council of Scientific Unions [20], and the U.S. Geological
Survey [21]. It is important to have a thermodynamic database that is as
complete as possible. All components in the MINTEQ thermodynamic database
are potentially important to low-level waste even though a particular component (element or species) may not be a constituent of the initial waste.
The waste may react with surrounding sediments, indigenous migrating solutions, or solidification agents that do contain the specified component.
The non-low-level waste component could then be important in the adsorption/
desorption and precipitation/dissolution reactions that affect the concentrations of components found in the unreacted low-level waste.
Other important capabilities were considered before selecting the MINTEQ
computer code for potential application to evaluating the geochemistry of
low-level waste in shallow-land burial sites. For example, unlike certain
codes (e.g., PHREEQE [22]) MINTEQ has the ability to automatically select
and equilibrate a solution Vkith the most thermodynamically stable solids
(i.e., of those solids listed in the database) in response to changes in
solution composition. PHREEQE will not automatically consider all solids
in the data-base that could enter into the equilibrium calculations. The
MINTEQ computer program can also compute the pH and pe (negative log of
electron activity, as the solution composition changes in response to aqueous
speciation and pro: ".itation and dissolution of solid phases. The pH is
recomputed from a modified form of the electroneutrality condition commonly
termed the proton condition [6]. The pe is calculated by initializing the
mass totals for eech oxidation state of an element and including a redox
reaction between the components of each oxidation state. The pH and pe
can also be fixed at the analytically measured values. Further details of
the computational methods are provided in references [3] and [5].

APPLICATIONS TO SPECIAL WASTE FORM LYSIMETERS-ARID PROGRAM
For the modeling associated with the Special Waste Form Lysimeters-Arid
program, the MINTEQ computer code can be considered to have four parts:
1) a speciation submodel, 2) a solubility submodel, 3) a mass transfer submodel and 4) an adsorption submodel. The calculations completed by each submodel &re dependent on the thermodynamic date stored in the MINTEQ database.
Based on a need identified from thorough characterization of the wastes being
evaluated in the program, thermodynamic data for antimony, cerium, cesium,
and cobalt are being added to the database. Because of their interrelationship, the ion speciation and solubility submodels will be discussed together.
Speciation and Solubility
In the speciation submodel, MINTEQ computes the activities of complexed
and uncomplexed cationic and anionic species, neutral ion pairs, and the
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activities of cationic and anionic redox species. These activities are then
fed to the solubility submodel, which performs solubility calculations in
which ion activity products (AP) for solids and minerals are calculated.
The activity products are compared to the solubility products (K) of minerals
and solids stored in the thermodynamic database of MINTEQ to develop a
saturation or disequilibrium index [log (AP/K)]. This saturation index
indicates the degree of undersaturation or oversaturation of a solution
relative to solids and minerals of interest. If a solution is oversaturated
with respect to a particular solid phase, the value of the saturation index
is log (AP/K)>0. Oversaturation conditions are usually explained by precipitation kinetics and/or mineralocical factors that prevent the solid from
precipitating at a rate sufficient to control the concentrations of its
dissolved components. If the saturation index reflects undersaturation
[log (AP/K)<0], it is concluded that either 1) a less soluble (more thermodynamically stable) solid is controlling the dissolved constituents' concentrations, 2) another mechanism, such as adsorption, is controlling the
concentrations of the component species below their solubility products,
or 3) the constituents' concentrations in the source are low (i.e., undersaturated with respect to considered solid phase controls). A consideration
of the saturation indices of the resultant solutions from the interactions
of low-level waste with aqueous solutions will provide useful information
as to solids, minerals, and mechanisms that are controlling or affecting
the concentrations of specified constituents of the system. It will then
be possible, using this information, to make predictions about future environmental concentrations of the constituents.
Mass Tranfer Calculations
The results from the solubility submodel of MINTEQ are used by the mass
transfer submodel to calculate the mass of solid that precipitates or dissolves. MINTEQ keeps track of the mass of solid that precipitates from solution or dissolves from the sediment. Solids that represent the solution are
solids considered likely to precipitate from solution because of changes that
occur in specific solution parameters (e.g., pH and pe) upon contact of the
solution with the assemblage of solid phases (chemical mod^l) used to represent the waste forms. If the solubility submodel indicates that a given
solution is oversaturated with respect to a solid phase considered in the
conceptual model of the system, the mass transfer submodel will precipitate
that solid until the solution is at equilibrium [i.e., log (log AP/K) = 0]
with the solid. If the solubility submodel computes a solution to be undersaturated with regard to a particular solid in the chemical model of the
system, the MINTEQ mass transfer submodel will dissolve that solid unLil
solution equilibrium is achieved with respect to the solid, or until the
finite mass of the solid is completely dissolved.
Absorption Calculations
Adsorption of a solute molecule on the surface of a solid can involve
removing the solute molecule from the solution, removing solvent from the
solid surface, and attaching the solute to the surface of the solid [23].
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The MINTEQ computer code can model adsorption onto solid surfaces via several mechanisms: 1) a distribution coefficient KJ, 2) a Langmuir isotherm,
3) a Freundlich isotherm, 4) an ion exchange model, 5) a constant capacitance
surface complexation model, and 6) a surface complexation triplelayer model

(TLM).
The KJ is defined as the ratio of the mass of adsorbed species to the
concentration of the species remaining in solution. Adsorption models conveniently describe the adsorption of solutes by solids at constant temper-'
ature in quantitative terms [24], thus the term "isotherm." The Langmuir
isotherm has the advantage over the linear isotherm or KJ in considering a
mass balance on surface adsorption sites [3]. The Freundlich isotherm was
derived empirically from adsorption deta for dilute solutions. The Freundlich isotherm implies that the energy of adsorption decreases logarithmically
as the fraction of surface covered increases [24]. In the MINTEQ code, the
activities of the aqueous species which dominate the adsorption reaction with
the surface sites are used instead of the total concentrations of the adsorbate. The use of the activities instead of concentrations allows consideration of the "effective" concentration of each adsorbate. Consequently,
the K J S and Langmuir and Freundlich isotherms are referred to ?s "o_'_^«!cy"
KJS and "activity" Langmuir and Freundlich isotherms.
Ion exchange reactions involve the exchange of ions with like charge
on the solid surface. The two surface complexation models include treatment
of electrostatic effects due to surface charge and the effect of solution
chemistry on the solid. A general description of each algorithm can be
found in Felmy, Girvin and Jenne [3]. Additional details on the mathematical
formulation and nuances of the algorithms can be obtained from references
cited in reference [3].

GEOCHEMICAL MODELING PROCESS
A chemical model of the interaction of low-level wastes with sediments
and solutions indigenous to the shallow-land burial site can be developed
through many different methods and thought processes. Piummer [251 has
conveniently classified modeling approachs into "inverse" and "forward"
methods. The inverse method, as described by Plummer, is similar to the
inverse problem in hydrology [26]. The goal of both the inverse and forward
methods is to identify the dominant mechanisms that account for concentration
distributions of aqueous and solid ohases along a flow path. These mechanisms involve such things as precipitation/dissolution of solids,
adsorption/desorption, ion exchange, and advection-dispersion. Once the
dominant mechanisms are identified and incorporated into a chemical model
of the system, the chemical model can be used in the forward mode to predict
aqueous concentration and mass transfers in yet unstudied systems.
The term "evolution-path' will be used to designate the flow path along
which mass transfer mechanisms (e.g., precipitation/dissolution, absorption/
desorption) operate. The i.iverse method of modeling is more quantitative
than the forward method. However, it can be employed only when appropriate
hydrogeochemical data along the evolution-path are available. With the inverse method one works from observed data at two points separated in space
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along a single flow path. The objective is to find a reaction model that
produces mass transfers along the flow path that are consistent with the data
at the two observed points. The inverse method is not constrained by thermodynamics; however, the results should be checked by the forward problem using
thermodynamic constraints on the plausib1-- pnases selected for the conceptual
chemical model of the system. Minimally, ion speciation/solubi lity calculations should be performed on the initial and final points in the system to
check thermodynamic fp ^ M lity. In other words, the inverse method predicts
the mass transfer- consistent with the geochemistry of the initial and
final observation points. These mass transfers are unconstrained by thermodynani:^ considerations. A simple mass balance computer code, such as BALANCE
[27], is sufficient to develop a model using the inverse method. The column
experiments under way at PNL will provide the data necessary to perform
the inverse modeling. The two points to be modeled are the chemistry of
the batch leachate entering the soil column and the chemistry of the leachate
after it passes through the column.
The forward method uses a developed conceptual chemical model of the
system to try and predict the aqueous compositions and mass transfers resulting from the sediment/solution interaction. This is the only practical
approach in the absence of analytical data sufficient to perform inverse
modeling. This conceptual chemical model of the system may or may not be
constrained thermodynamically. If unconstrained thermodynamically, the
forward method differs from the inverse method in that the forward method
is used in a predictive mode. One may develop a chemical model using the
inverse method and subsequently use the chemical model in a forward mode
to predict water quality data and mass transfers in the future or at another
site. If one tries to use thermodynamic constraints to make predictions
regarding a site the forward method is implied. This is both an advantage
and liability of the forward method. We gain a better thermodynamic understanding of the system but it is difficult to consider the rate dependent
or kinetic effects. The inverse method leads to field derived kinetic
data. The kinetic data are field derived in the sense that any reactions
are lumped into the postulated mass transfer reactions that produce the
measured aqueous phase compositions at the final point in the evolution
path. In this paper the term "inverse method" is used narrowly to mean a
method that considers only mass transfers between two points such that the
analytical data at the final point are replicated exactly. All else is
considered to be part of the forward method.
Using either the forward or the inverse method, one tries to develop
a conceptual chemical model of the system, hereafter referred to as a chemical model. Depending on the method selected, the chemical model is used
to predict as closely as possible, or replicate exactly, the observed or
future analytical data at a point. Using the forward method one could
potentially develop a generic chemical model of the interactions of low-level
wastes with geologic sediments that could be used in a predictive mode at
other sites; this would preclude the necessity of developing an "individual
chemical model for each site. The forward method is the only available
alternative at sites where sufficient and appropriate data are unavailable.
Use of the forward method would enable a regulatory agency to evaluate a
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potential site for suitability as a low-level burial site. The inverse
method could only be used at existing sites to develop a reaction model to
account for what was observed at the site. This reaction model could then
be used in a forward mode to predict future conditions at the site.
For the Special Waste Form Lysimeters-And program, the geochemical
model will be developed using the laboratory data employing the inverse
method. Once developed, the model will be used in the forward mode to
predict the release from the field-lysimeter facility containing full-scale
waste samples. The contaminant concentrations migrating from the wastes
will be predicted and compared to the long-term lysimeter data. This will
constitute a partial field validation of the geochemical model.
Application of the Model
Peterson et al. [28] were among the first to use an hypothesized solid
phase assemblage to predict the resultant aqueous compositions of a solution
contacting heterogeneous sediments in a flow-through system. The solids and
minerals in this solid phase assemblage were allowed to precipitate and dissolve as the solution composition changed. The solid phase assemblage, in
conjunction with the MINTEQ geochemical computer code, was used to simulate
the contact of acid uranium mill tailings solutions from Wyoming with indigenous geologic sediments containing calcium carbonate. The compositions
of the aqueous phase and the change in mass of each solid phase in the assemblage were calculated as successive pore volumes of solution interacted with
the solid phase assemblage. This generic approach has been successful in
predicting contaminant concentrations in plumes migrating from uranium mill
tailings waste impoundments, and it is currently being used to evaluate
migration from coal combustion by-products. The MINTEQ computer code will
be a useful tool for better understanding the interaction of low-level
wastes with the surrounding environments, and in developing a chemical
model of these interactions. This chemical model, partially validated
under the Special Waste Form Lysimeters-Arid program, will be valuable in
helping evaluate the migration of radionuclides from solidified low-level
waste at shallow-land burial sites.
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AUTOMATING SENSITIVITY ANALYSIS OF COMPUTER MODELS
USING COMPUTER CALCULUS
E. M. Oblow and F. G. Pin
Oak Ridge National Laboratory
Oak Ridge, TN 37831

ABSTRACT
An automated procedure for performing s e n s i t i v i t y analyses
has been developed. The procedure uses a new FORTRAN comp i l e r with computer calculus c a p a b i l i t i e s to generate the
d e r i v a t i v e s needed to set up s e n s i t i v i t y equations. The
new compiler is c a l l e d GRESS - Gradient Enhanced Software
System. Application of the automated procedure with
" d i r e c t " and " a d j o i n t " s e n s i t i v i t y theory for the analysis
of n o n - l i n e a r , i t e r a t i v e systems of equations is discussed.
Calculational e f f i c i e n c y consideration and techniques f o r
a d j o i n t s e n s i t i v i t y analysis are emphasized. The new
approach is found to preserve the t r a d i t i o n a l advantages
of a d j o i n t theory while removing the tedious human e f f o r t
previously needed to apply t h i s t h e o r e t i c a l methodology.
Conclusions are drawn about the a p p l i c a b i l i t y of the automated procedure in numerical analysis and large-scale
modelling s e n s i t i v i t y studies.
I.

INTRODUCTION

S e n s i t i v i t y theory has been used in many f i e l d s over the past two
decades to assess the importance of variations in modeling data and parameters on calculated model r e s u l t s .

This theory and i t s applications are

summarized in Refs. 1-6 and the numerous references cited t h e r e i n .

The

importance of t h i s theory l i e s in i t s methodological d i v e r s i t y and wide
ranging a p p l i c a b i l i t y in determining how s e n s i t i v e analytic and calculated results are to model d a t a .
For the purposes of t h i s paper, several approaches to the s e n s i t i v i t y
problem w i l l be discussed but emphasis w i l l be placed on the implementation
of one p a r t i c u l a r approach - the adjoint s e n s i t i v i t y methodology.

In

problems where the number of model results of i n t e r e s t is l i m i t e d but the
data f i e l d needed to define the model is l a r g e , adjoint s e n s i t i v i t y theory
i s usually the method of c h o i c e . 7 " 1 0

The a d j o i n t approach produces a l l

model s e n s i t i v i t i e s for one model result using only a single additional
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( i . e . , adjoint) model calculation, no matter how large the model data f i e l d
or how complex the model (including non-linear problems).

The development

of an adjoint model, however, requires considerable knowledge about the
model equations and a long-term, high-level development e f f o r t .

Due to the

substantial man-power costs involved in such an e f f o r t , adjoint s e n s i t i v i t y
theory has not enjoyed the widespread applicability that other techniques
have had in large-scale modeling programs.

In the past, adjoint methods

have been applied more appropriately to small-scale analytical studies (see
for instance Refs. 8, 11-14) or large-scale modeling programs with longerterm, higher-risk research goals (see for instance Refs. 15-17).
To v y to remedy this s i t u a t i o n , this paper w i l l explore the possibil i t y of automating the procedures needed to implement adjoint theory.

Par-

t i c u l a r emphasis w i l l be placad on the use of computer calculus to assist
in the tedious process of constructing adjoint models from basic model equations as they exist in a computer code.

The general problem addressed in

this paper w i l l be that of performing a sensitivity analysis on a largescale computer model written in the FORTRAN programming language.

The

equations describing such a model and the sensitivity theories appropriate
to i t s analysis w i l l be specified in Section I I .

The use of computer c a l -

culus to assist in the development of a sensitivity analysis capability
w i l l be described in Section I I I and a full-scale calculus language, GRESS,
used to automate this procedure w i l l be outlined in Section IV.
t i c application of this procedure w i l l be presented in Section V.

An analyThe

future applicability of this method, as well as i t s advantages and disadvantages w i l l be discussed in Section VI.
II.

THE GENERAL SENSITIVITY PROBLEM

A brief description of general sensitivity theory is given here as an
aid to understanding the problem of applying this theory to computer models,
The example to be discussed w i l l be that of a general set of non-linear
equations given as
y =
where y represents the dependent variable being solved for, c represents
the user specified model data or parameter set, and F defines the model
equations.

The particular form chosen in Eq. (1) is one that can be used
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generally to represent equations coded in the FORTRAN programming language.

The left-hand side of the equation represents the stored value of

the variable calculated from the functional formula on the right-hand
side.

This form w i l l be needed later for discussions about computer c a l -

culus and adjoint s e n s i t i v i t y code development.
Since the number of components of the vector y calculated in any
typical large-scale modelling problem is large, i t is useful to define a
generic result for such a calculation that is of particular interest to the
model user.

Typically several results w i l l be needed for analysis but in

a l l cases they form a much smaller set than the actual set of y component
values.

A typical result w i l l be defined as:
R = h(y)

(2)

where R is a single number which is a function of the solution to Eq. (1)
(i.e., y ) . For notational ease, the generic parameter a. will be used to
denote any individual parameter, be it a component of the vector c or any
other parameter vector defined later in the paper.

The total number of

parameters in the problem will be assumed to be M so that the index on
a. will run from 1 to M.
The basic problem in any sensitivity study is to find the rate of
change in the result R arising from changes in any model parameters. For
the generic parameter a., then, the quantity of interest is the numerical
value of dR/da. given analytically by,

(

dc^

sy do i

Since the functional dependence of R on y through h(y) is defined
analytically by the model user, only dy/da. needs to be generated
in order to evaluate Eq. (3).

The procedure needed to get dy/dct. is to

d i f f e r e n t i a t e Eq. (1) as follows,

dy _ _3F_ ^
da^
3y da.
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3F dc
3c da.

Rearranging Eq. (4) yields the following set of coupled equations to
solve for dy/da-j,

n _ l £ ) dy_
3y

=

l £ d£

(5)

3c da.,-

da-j

or in more compact form,
Ay- = s i

i=l,...,M

(6)

where I is the identity matrix and A, y{ and § i are given by,
(7)

A = I - —
3y

S

"i
1

E

3F dc
^ ^
3c da-j

(9)

If Eq. (6) were solved directly for y^ the result could be used in
Eq. (3) to evaluate dR/da..

This method of sensitivity analysis is

called the "direct" approach and is a classical methodology which has
received a great deal of attention in the literature^'^.

Its main drawback

arises in large-scale applications where the size of the vector c (and
therefore the number of a.'s whose sensitivities need to be evaluated)
becomes prohibitively large.

Since Eq. (6) must be solved each time a new

a. is defined, the computational expense puts this method out of reach as
a practical sensitivity tool.

Its practical value is therefore restricted

to smaller-scale analytical problems or other cases where A can easily be
inverted.
Since the ultimate objective of a large study, however, is still the
evaluation of dR/da., the intermediary step of solving for dy/da. and its
inherent computational inefficiency can be avoided.
the "adjoint" approach is far more applicable.

For such problems

In this methodology, use

is made of the fact that Eq. (6) is linear in yT, and an appropriate
adjoint equation can therefore be developed specifically to evaluate
Eq. (3).
Defining the matrix adjoint of A as A* and using the usual definit on
of this adjoint gives the identity,
u t r Av = v xr A u
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where u and v are arbitrary vectors and A* is defined a t ,
A* = A t r

(11)

Here the " t r " superscript represents the transpose of the vector or matrix.
I f specific vectors for the problem at hand are chosen for u and v,
the problem-specific adjoint equation can be set up as follows,
A*y* = s*

(12)

A* = A t r = (I - ^ - ) t r

(13)

where

Choosing s* appropriately as,
s* = ( d h / d y ) t r
Eq.

(14)

(3) can now be evaluated as follows,
dR

da.

=

y * t r IE.
J

dc

i=1

(

v

3c dan.

}

'

where y* is now the solution t o ,

(i 4)r

(%

8y

dy

The simplicity of the adjoint approach lies in the fact that Eq. (16)
needs to be solved only once to get any and all sensitivities in the problem. This is a result of Eq. (16) being independent of the definition of
a.. The particular choice of a. is only reflected in the evaluation of
Eq. (15) which involves only simple vector products. In essence, the
adjoint approach reduces the computational effort needed to evaluate
dR/da. from solving many coupled linear equations to the evaluation of
several vector products. For large scale systems with many thousands or
even millions of parameters, this represents orders of magnitude in computational efficiency. Problems in sensitivity analysis that were practically unapproachable with the "direct" approach, can now be done in
routine fashion.
It should be noted here that both the direct and adjoint equations
[i.e., (6) and (16)] are in any case far easier to solve than the original model equations [i.e., Eq. (1)]. Both Eqs. (6) and (16) are linear
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while Eq. (1) is non-linear. The direct and adjoint approaches, however,
reqirre the results of the original model equations to be available in
order to set up Eqs. (6) and (16), since the A matrix and the vectors s,
and s* depend on y.
In order to perform any sensitivity analysis, then, the model user must
first generate the matrices 3F/3y and 3F/3c from the original non-linear
computer model. For large-scale problems this generally requires a great
deal of painstaking human effort. The model equations must be derived
from the computer coding, they must then be differentiated with respect to
all parameters of interest, and a direct or adjoint set of equations must
then be set up for computational solution. Successful automation of this
procedure could greatly reduce the human effort involved, potentially by
orders of magnitude. The incentive for automation of sensitivity model
development [i.e., generation of Eqs. (6) and (16)] is therefore great
indeed.
III. COMPUTER CALCULUS AND THE GRESS LANGUAGE
The basic problem in automating sensitivity analysis of computer codes
is the generation of the derivative matrices and source terms for Eqs. (6)
and (16). For simple models, the equations which need to be differentiated
can readily be identified and isolated in function or arithmetic subroutines. In this form a variety of computer calculus languages 18-21 are ava-ji_
able for efficiently evaluating the derivatives needed for sensitivity
studies. In the case of very large modeling problems, this procedure in
practice (and sometimes even in principle) can not be readily used. The
model equations may be very complex and tied closely to and embedded in
complex model logic and data-handling routines. In addition, for nonlinear problems, the numerical solution procedure often precludes an easy
separation of the modeling equations from other parts of the model coding
structure. Under these circumstances a different computer calculus language and approach is required to attack large-scale problems.
In order to address large models, then, a computer language is needed
which treats the entire rrodel source code as a data stream. This language
must act as a compiler, with an ability to search for mathematical modeling
equations and generate the derivatives necessary for sensitivity analysis.
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Such a language exists in a rudimentary form as part of a software package calTed PROSE,22 which was developed in part to accelerate i t e r a t i v e
numerical procedures using derivatives and Newton's method.

The conceot

of searching for equations and generating appropriate derivatives lies at
the core of the PROSE system and was the result of an idea o r i g i n a l l y
developed for NASA applications. 2 3

To apply the PROSE concept to the

sensitivity analysis problem, however, a new language had to be developed.
The resulting FORTRAN language compiler developed for this purpose is
called GRESS - Gradient-Enhanced Software System.24

A more detailed

description of this language can be found in Ref. 24.
The basic underlying principle of GRESS is to read the model source
program and search for model equations.

These are identified uniquely by

the appearance in the FORTRAN source program of the "=" symbol.

Since

a l l FORTRAN "equations" so i d e n t i f i e d occur in the form of Eq. (1)

(i.e.,

with a single dependent variable on the left-hand-side of such an expression), GRESS can search for and analyze each equation in terms of i t s
functional dependence on y and c [see Eq. ( 1 ) ] .

The basic computer c a l -

culus operations of GRESS are then used in the computation of 3F/3c
and 3F/3y for each expression encountered ( i . e . , each component of F).
The resulting values of these derivatives are stored in vector form for
each component of y.

The differentiation is carried out analytically

using calculus software for all permissible FORTRAN functions and operators and the results are computed and stored numerically using the local
values of the independent and dependent variables.
A simple example of this procedure is i l l u s t r a t e d in Figs. 1 and 2.
The analysis goal of this example is to calculate dR/da., where x and y
are the main dependent variables of interest and a. is the independent
variable ( i . e . , parameter) in the problem.

In the GRESS procedure, the

three given equations are processed to produce derivatives with respect
to the single parameter of i n t e r e s t .

An additional analytical equation

i s needed to produce the derivative for each dependent variable
there are three such new equations, one for x, y, and R).

(i.e.,

Thesa equations

are produced by the GRESS software analytically with numerical values
being computed and stored at execution time.
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ANALYTICAL EQUATIONS

SOURCE PROGRAM

READ(5)

= value set externally

AI

X = 2.0 * AI

x

Y = X*EXP(2.0*X)

y

xe

R = X*Y**2.0

R

xy2

2x

Fig. 1. Model source program and associated equations.

GRADIENT ENHANCED SOURCE PROGRAM

ANALYTICAL EQUATIONS

a. = value set externally

READ(5) AI

./da.

DADAI = 1.0

= 1

X = 2.0*AI
DXDAI = 2.0*DADAI

dx/da. = 2(dct./da.)
2x

Y = X*EXP(2.0*X)

y = xe

DYDAI = (2.0*X+1.0)*

2xx
,. = (2x+l)e^
(dx/da i )

EXP(2.0*X)*DXDAI
R = xy2

R = X*Y**2.0

dR/da. = 2xy(dy/da i )+

DRDAI = 2.0*X*Y*DYDAI+
DXDAI*Y**2.0

Fig.

2.

Gradient enhanced model and associated equations.
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The use of t h i s chain-rule propagation technique is i l l u s t r a t e d in
a l l the equations in the example, since intermediate derivative values
( i . e . , dx/da-j and dy/da^) are required to evaluate the derivative of R
with respect to a . .

In the GRESS language, chain-rule propagation is the

key to the success of the method, since current values of a l l the dependentvariable derivative vectors are in general needed to propagate a l l

deriva-

t i v e values e x p l i c i t l y through the complete system of model equations.
GRESS has an elaborate and yet e f f i c i e n t scheme for accomplishing t h i s propagation of derivatives through loops, user defined functions and subprograms,
IV.

GRESS LANGUAGE

The major advantage of the GRESS language over other calculus-based
software sytems is i t s a b i l i t y to process the model source program as data
f o r analysis.

No separate e f f o r t

is needed to specify the model other than

t o supply GRESS with the model source program.

The key procedures which

allow GRESS to produce a gradient-enhanced model are i t s a b i l i t i e s to
search for the model equations and to propagate derivative values by the
chain-rule of d i f f e r e n t i a l

calculus.

The search for equations is accom-

p l i s h e d , as was stated before, by i d e n t i f y i n g a l l FORTRAN store operations
designated by the "=" symbol.

In t h i s regard GRESS only recognizes

real-

variable store operations as valid equations ( i . e . , the left-hand side
variable in a FORTRAN equation must be r e a l ) , since continuous derivatives
are to be calculated.

The sum t o t a l of these "equations" embedded in the

model language c o n s t i t u t e the mathematical model.

GRESS processes only

these equations and enhances t h i s part of the code with analytic

derivative

expressions and numerical derivative values.
A brief description of the GRESS procedures is as follows.

To s t a r t ,

GRESS passes over the source program i d e n t i f y i n g a l l the model equations
and t h e i r associated dependent real variables.

Using a user-defined

list

of parameter names, a work space is set aside for computing derivative
vectors for a l l the dependent variables in terms of these parameters.
After storage and v a r i a b l e - i d e n t i f i c a t i o n procedures are completed, a
second pass over the program replaces a l l the original equations by new
ones which include derivative-vector-generation c a p a b i l i t i e s .
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This

operation is accomplished most e f f i c i e n t l y by generating the new equations
in a set of pseudo-machine-language interpretive instructions which are
written out onto a scratch f i l e .

The old equations are replaced by a call

to an interpretive software subroutine for run-time evaluation of d e r i v a t i ves.

This approach was chosen to dynamically allocate derivative storage

at run-time and reduce the size of the enhanced version of the model source
program.

In this procedure a l l calls to functions and subprograms which

are user-defined are treated as part of the mathematical description of the
model i f the called routines contain appropriately defined equations.
These program branches are also replaced by calls to interpretive subroutines.
The final GRESS version of the code consists of a source program with
calls to interpretive software, a set of software subroutines which support
these interpretive operations and a set of pseudo-machine-language instructions representing all the dependent-variable calculations and t h e i r respect i v e derivatives.

This complete package of source programs and instructions

can then be compiled and run as a normal FORTRAN program to produce both
conventional model results and gradient information.

The gradient i n f o r -

mation can be used internally in the model ( i . e . , for accelerating i t e r a t i v e numerical methods) or i t can be output for use in sensitivity
analysis.

In the latter mode, GRESS is able to produce the derivative matri-

ces 8F/8c and 3F/3y for use in setting up sensitivity problems.

[See Equa-

tions (5), (15) and (16)].
V.

AUTOMATED SENSITIVITY ANALYSIS

The simplest example which i l l u s t r a t e s the computational advantage of
an automated sensitivity analysis capability is a computer-coded version
of Eq. (1).

This non-linear equation can be solved iteratively using the

following general procedure,
y ( 0 ) = a"

N iterations

r

y{on+1)

- F{y("),c)

^

_(n+1)

=

^-(n+U^n)^

R = H(y ( N ) )
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(17a)
(17b)
(17c)

(I7d)

Here y^ 0 ' represents the i n i t i a l

guess needed to start the iteration pro-

cedure for y and is user-specified to be the vector a; Eq. (17b) is the
non-linear equation being solved; Eq. (17c) represents the general accel e r a t i o n technique used to achieve convergence; R is the final result of
interest and y v ' is the final converged solution.

Note here that the

number of parameters in the problem is assumed to be M, and N is the
number of iterations needed to achieve convergence of the solution.

In

analyzing this example, three approaches w i l l be taken, each repesenting
one of the alternative sensitivity methodologies.
Perturbation Approach
Eq. (17) can be analyzed for s e n s i t i v i t i e s in the most straightforward manner by using what w i l l be denoted as the "perturbation
approach."

In t h i s procedure the derivatives

(i.e.,

sensitivities)

of i n t e r e s t , dR/da. i = l , . . i M , can be approximated by making small perturbations in the individual problem parameters ( i . e . , each a.) and recalcul a t i n g R for each case.

The s e n s i t i v i t i e s thus calculated are approxi-

mated by,
dR

_ AR

R

j^

R

"VV^

. ,

J>

/1O.

M

()

where the following runs were made to achieve these results:
R :
R. :
J

base case with a. = a . ,

i=l,...,M

a. perturbation with a.*a. and a.=a., i # j ,
J
J J
i i
j=l,...M

(19a)
i=l,...,M

(19b)

I f we now define a single computational unit as the time required to
process a single i t e r a t i o n in solving Eq. (17), then i t is clear that the
computational expense for this approach is of order (M+1)N.

That i s , there

are M runs (one for each parameter) and one base case calculation, each
requiring the solution of Eq. (17) in N iterations.

For large M this pro-

cedure becomes prohibitively expensive due to the repetitive use of the
i t e r a t i v e techniques needed to solve Eq. (17).
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Direct Sensitivity Approach
The classical sensitivity analysis technique for analyzing Eq. (17)
is the "direct approach" derived in Section I I .

In this approach, deriva-

t i v e equations are solved for the sensitivities of interest and derivatives
are calculated along with the regular calculations using an automated
derivative-enhancement compiler ( i . e . , GRESS).
The computational expense of this approach is easily seen to be of
order (M+1)N, since in each i t e r a t i o n both the values of y*
y'

n+

'

( i = l , . . . , M ) must be calculated.

' and the

This is the same efficiency as

the perturbation approach but with the added complication of having not
only to achieve convergence for y but also for each y'.. Since y{ is
accelerated using the same functional scheme used for y additional problems can arise from using the same scaling parameters for both the y and
y'. calculations or from the fact that the starting values y^ ' w i l l always
have components equal to zero or unity depending on the definition of

V
To avoid this latter problem y'. can be solved for outside the o r i g i nal code by doing only a single i t e r a t i v e pass on the system with the
GRESS language after convergence has been achieved.

In this case, the

necessary derivatives for the direct method can be generated at convergence
with one iteration using y^ ' = yW

and y-

= da/dotj as starting values.

The direct s e n s i t i v i t y problem can then be solved in a new code external
to the original model with a linear equation-solving package.

In this

simple example the direct equations to be solved are analagous to the
direct sensitivity equations derived in general for a non-linear system in
Section I I [ i . e . , Eqs. (3) and ( 5 ) ] .
For the sake of computational analysis, Eq. (5) w i l l also be assumed
to be solved by an iterative technique requiring N' iterations.

The com-

putational cost of this alternate direct approach is then found to be of
order (N+M+l+MN').

The terms here represent, in order, the cost units of

the N iterations to achieve convergence of Eq. (17), the M+l computations
to get the derivatives in the N+l5*- iteration and the MN' computations to
achieve convergence of the linear system for y\
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This approach, therefore,

has a somewhat lower computational cost than either the conventional direct
approach or the perturbation method.
Despite the fact that only a single i t e r a t i o n is required to set up
the alternate direct-approach equations, an inordinate amount of computational expense is s t i l l

involved in solving Eq. (5) when M is large.

The advantage of using the alternate direct-approach, however, is that the
solution of Eq. (5) can be controlled independently of Eq. (17).

In many

cases N'<<N and significant computational advantages can be derived from
separating the original and derivative equations.

Nevertheless, f o r large

M, both direct approaches and the perturbation technique have similar computational orders and remain outside the bounds of p r a c t i c a l i t y for largemodel analysis.
Adjoint Approach
In automating the adjoint approach to sensitivity analysis, the GRESS
language is used to enhance the original model equations to calculate
3F/3y, 3F/3c, and 3h/3y.

Since an adjoint procedure for t h i s problem

requires the results of the final step to start the adjoint-equation
solution,7»H no automation procedure can readily be devised to directly
set up and solve the adjoint equations simultaneously with the original
i t e r a t i o n loop.

The single iteration procedure designed for the alternate

direct approach is therefore used exclusively with the adjoint approach.
In this scheme, a single pass on the gradient-enhanced model equations
is needed to produce 3F/3y, 3F/3c, and 3h/3y.

Using the derivation pre-

sented in Section I I [see Eq. (16)], an appropriate adjoint equation for
the general i t e r a t i v e problem can then be written as:
,.
(I

3F «tr-* _ , 3h
}

y

(

xtr

,„_.

}

(20)

This is a single adjoint equation for y , independent of the definition
of a . , which can be solved outside the original model code.

The desired

s e n s i t i v i t y results for FC can be computed with l i t t l e additional expense
using the solution to Eq. (20) as follows [ i . e . , see Eq. ( 1 5 ) ] .
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»;

To analyze the computational efficiency of this approach, we assume
that an iterative scheme is used to solve the adjoint problem given in
Eq. (20) and that the scheme requires N' iterations to achieve convergence.

The total computational cost of the adjoint scheme is then of

order (N+M+l+N').

The difference between this result and the one for the

direct approach is the elimination of the need for MN' computations outside the model code.

Only a single adjoint equation needs to be solved

to evaluate a l l the R''s, irrespective of the number of parameters in the
i
problem. When M becomes very large, even the computational cost of the
N+N' iterations become negligible and the only significant cost in t h i s
approach is involved in generating the derivatives in the single pass on
the gradient-enhanced equations.
The traditional efficiency of the adjoint method is thus maintained
in i t s automated form.

The only real computational expense in this

approach is the cost of computing the derivatives required to set up the
adjoint equations.

The gradient-enhanced version of the code generates

these required derivatives at a computational cost of order M.

This cost

replaces the human effort which is normally required to set up these
equations.

There can hardly be a problem in which this computational

cost will not be preferable to the many man-months of human effort
otherwise required to derive the adjoint equations for a major model.
VI.

CONCLUSIONS

The major conclusion of this paper is that the automation of sensit i v i t y analysis is both feasible and practical.

Automation can be most

e f f i c i e n t l y accomplished using the adjoint sensitivity approach since
optimum use can be made of the computational advantages of this methodology.

The GRESS compiler for automating the differentiation process is a

significant step in making these advances possible.

I t appears to be the

f i r s t full-scale use of a compiler which can process FORTRAN source codes
to determine model equations and derivatives for sensitivity analysis.
Since GRESS can perform search and differentiation operations on an
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existing computer model, no additional arrangement, grouping or definition is needed for the model equations.
Automated sensitivity capabilities are also a major step toward
making adjoint sensitivity theory a competitive analysis technique for
large-scale applications. Tlie previous drawback, of this methodology
(i.e., the costly development effort needed to derive the adjoint equations for a model) no longer exists with the successful development of
GRESS. All the computational advantages of the adjoint approach can
therefore be used to efficiently perform exhaustive sensitivity studies
which otherwise might not be undertaken. Such studies find direct applications in areas directly related to current low level waste management
activities such as model evaluation (e.g. determining the most important
(sensitive) model parameters thus avoiding "over modeling"), site characterization (e.g. determining the characterization data to concentrate on,
thus avoiding "over collection" of data), predictive simulation (e.g.
providing the uncertainty of predictions given the data uncertainty) and
performance assessment (e.g. providing quantitative support for better
interpretation of the results and for evaluating the reliability of predictions).
A final advantage of the GRESS language is its capability of providing derivatives for use both internal and external to large-scale
model codes. Existence, uniqueness, convergence and numerical studies
which depend on derivative information can now be undertaken on production versions of such large models.- In the past these studies could be
performed only analytically or on small tractable computer models. Largescale sensitivity analysis should put engineering design work on a much
firmer foundation.
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ABSTRACT

The Savannah River Laboratory DOSTOMAN code has been
used since 1978 for environmental pathway analysis of
potential migration of radionucl ides and hazardous chemicals. The DOSTOMAN work will be reviewed including a
summary of historical use of compartmental models, the
mathematical basis for the DOSTOMAN code, examples of exact
analytical solutions for simple matrices, methods for
numerical solution of complex matrices, and mathematical
validation/calibration of the SRL code. The review
includes the methodology for application to nuclear and
hazardous chemical waste disposal, examples of use of the
model in contaminant transport and pathway analysis, a
user's guide for computer implementation, peer review of
the code, and use of DOSTOMAN at other Department of Energy
sites.
INTRODUCTION
Assessing the impact on man of radioactive and hazardous chemical waste
disposal is an important problem in environmental science and engineering.
An essential part of impact assessment is prediction of the long term transport of material in the environment. However, environmental transport is
difficult to predict with precis-on, especially for time periods extending
far into the future. This is because of the complex nature of the environment and environmental transport. Environmental systems are highly

814

heterogeneous and subject to change and environmental transport i s governed
by a variety of physical, chemical, and biological processes that are d i f f i cult to quantify. In spite of these d i f f i c u l t i e s and uncertainties, transport estimates must be made i n order to assess the hazard associated with
existing disposal sites or to evaluate the s u i t a b i l i t y of new ones. For
example, federal regulations 1 " 2 governing the licensing of radioactive waste
disposal sites require estimates of long term transport. For low-level
waste, predictions are required to 500 years; for high-level waste they are
required to 10,000 years. I t i s reasonable to expect analogous requirements
to be established eventually for hazardous chemical waste sites.
One method of predicting transport through complex environmental
systems i s by compartmental modeling. Developed and used extensively in
biological tracer applications, 3 * 6 the compartmental method has only
recently been applied to environmental transport problems. 7 " 9
Although not very elegant, compartmental modeling is an extremely
practical method fcr making transport predictions. I t is a semiempirical
technique i n which complex environmental transport pathways are approximated
as a series of discrete, interconnected, homogeneous compartments. An
environmental compartment is conceptually analogous to the continuous-flow,
stirred-tank reactor (CFSTR) used in chemical engineering reactor modeling.
Material accumulation in a CFSTR is dependent on influent flow concentration
and various gains and losses within the reactor vessel. An environmental
compartment i s essentially a CFSTR in which material inputs, material
outputs, and reactions are approximated as f i r s t - o r d e r processes and thus
are quantified by first-order rate constants. The rate constants are given
the name transfer coefficients and are based either on f i e l d data,
laboratory data, or theory.
The time rate of change of material inventory in a given compartment i s
given by a f i r s t - o r d e r d i f f e r e n t i a l equation. A complete compartmental
model consists of a series of simultaneous, l i n e a r , first-order d i f f e r e n t i a l
equations. Solution of the set of equations yields compartment inventories
as a function of time. Generally, closed-form analytical solutions are
possible only for simple systems. For example, systems consisting of compartments i n series with unidirectional transport are described by a set of
equations identical to those for a radioactive decay chain. Solution of the
set of equations yields the Bdteman equations. 10 Sysvems with only a few
compartments and bidirectional transfer, such as those encountered i n many
biological applications, can be solved analytically using Laplace transforms. 11 A four compartment system which includes the transport of radioactive daughters of a transuranic nuclide was solved by the eigenvalue
technique. ^ For systems containing more than three compartments with either
multiple inputs to any given compartment or bidirectional transport, the
analytical techniques mentioned above are generally not practical and
numerical methods are usually required. 1 2 One such large system is a 70
compartment model used to estimate long term dose to man due to shallow land
burial of radioactive wastes at the Savannah River Plant. 7
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THE COMPARTMENTAL MODEL:

HISTORICAL REVIEW

Compartmental modeling began in the f i e l d of mathematical biology. In
the 1930's, isotopic tracers were used to identify metabolic pathways in
mammalian systems. As the use of tracers proliferated i n the 1940's, experiments were designed to be more quantitative in analyzing biological
processes. This led to the use of simple compartmental models in analyzing
experimental data. Terminology was also established during this time period
*nd the term "compartment" was f i r s t used by Sheopard.11* A compartment was
defined as having "homogeneous contents that are separated by real boundaries or," for radiotracer purposes, "can be generalized so that a substance
such as a chemical element can be considered to be in a different state of
chemical combination." In the radiotracer l i t e r a t u r e there is some confusion i n the distinction between compartments and metabolic pools. They
are treated as the same i n some references; 1 *" 6 however, pools can be d i s t i n guished as a mixture of compounds that are lumped together due to their
kinetic equivalence i n the synthesis of biological macromolecules. An
example i s the lumping together of ami no acids for protein synthesis. This
d i s t i n c t i o n , however, only represents a more precise biological terminology
and does not have any consequence on the theoretical derivation of compartmental modeling.
The use of compartmental models has extended beyond the realm of the
biological radiotracer applications. Of specific interest here are applications involving metabolic and environmental transport of radionuclides. The
International Commission on Radiological Protection (ICRP) uses compartmental models to quantify the transport of radionuclides to various body organs
due to inhalation (lung model) or ingestion (gastrointestinal model). 15 The
ICRP combines transport predictions with radiation dose calculations to
establish limits for intakes of radionuclides by nuclear workers. Environmental transport applications include migration and d i s t r i b u t i o n of radionuclides in lakes; 1 6 the movement of radionuclides in agricultural
systems; 18 the transport of radioactive iodine, strontium, and cesium in the
forage-cow-milk pathway;17 and the global cycling of long-lived radionuclides such as 3 H, 14 C, 8 5 Kr, and 1 3 1 I . i 6 The 70 compartment model used at
the Savannah River Plant is based on the forage-cow-mi Ik model developed at
Oak Ridge National Laboratory 1 ''. It is unique, however, due to i t s incorporation of both environmental and metabolic compartments i n a single model
and i t s resulting large size. The model i s used to estimate radiation dose
to man due to low-level burial operations at the s i t e .
THEORETICAL BASIS

Environmental compartmental models i n use today are based largely on
i n t u i t i o n and empiricism. However, a theoretical foundation for the method
can be established from the general mass transport equation 19 for an incompresible f l u i d . The f u l l derivation i s presented in a Clemson University
Department of Environmental Systems Engineering Thesis. 19
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The equalion governing radionuclide movement accounts for the four
factors determining the radionuclide inventory in a compartment: 1)
transfer in from other compartments, 2) vansfer out to other compartments,
3) source or sink terms, and 4) radioactive decay. These factors are all
included in the following generalized linear differential equation:
HO
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where Q n represents the quantity of nuclide in compartment n (curies),
Q m represents the quantity of nuclide in compartment m (curies),
Xp
is the transfer coefficient for the transport of radionuclide
frflrh compartment m to compartment n (year* 1 ), x m n is the transfer
coefficient for the transport of a radionuclide from compartment n to
compartment m (year - 1 ) . x R is the decay constant for the radioniiclide
(year" 1 ), S p is a source or sink term in compartment n (curies/year), and
N is the maximum number of compartments under consideration. Equation (1)
constitutes a finite difference relationship describing the change in
radionuclide inventory in compartment n over time.
Thus, the first term to the right of the equal sign in the equation is
the sum of all input rates to compartment n, the second term is the sum of
all loss rates from compartment n, the third term is the loss from compartment n due to radioactive decay, and the fourth term is the gain or loss in
compartment n due to sources or sinks, respectively.
Example of an Exact Analytical Solution
Simple compartmental models consisting of less than four compartments
or involving unidirectional transport between compartments can generally be
solved by standard analytical techniques such as substitution or Laplace
transforms. Hov/ever these straightforward approaches are either not
applicable or impractical for large, complex systems; and numerical methods,
such as finite difference, or alternate analytical methods, such as the
matrix analytical technique 19 , are necessary. A closed-form analytical
solutions for one simple system is presented in Figure 1. These solutions
are used to verify the mathematical accuracy of the finite difference and
matrix analytical solutions. This system is analogous to the successive
decay of the members of a radioactive series. The solution to the set of
differential equations which describe successive decay is the general
Bateman equation 10 . The solution is obtained in a straightforward manner by
successive substitution. This involves solving the first differential
equation, substituting the result into the second equation, solving the
second equation and countinuing the process.
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Mathematical Validation
To lend credence to these calculations, computer codes used to simulate
environmental transport should be mathematically validated against suitable,
site-specific radionuclide data bases. By derivation of an exact analytical
solution of a set of linear differential equations which simulate radionuclide transport from buried waste, through the unsaturated zone, to the
groundwater table, we have been able to demonstrate that the set of equations simulating transport are mathematically v a l i d , with the error
introduced by numerical solution techniques at <0.2%.
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FIGURE 1 .

Exact Analytical Solution to a 5-Compartment Unidirectional
Model
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For a simplified description of mass transport of radionuclides into
the environment, an exact analytical solution can be derived, as shown in
Figure 1. Even i n this form, the exact solution i s rather complex. The
exact solution is analogous to the Rateman equations for successive radioactive decay of a nuclide. 1 0 The exact solution can now be compared with
the numerical solution techniques - used for solution of the more complex
problem - based upon Gauss-Jordan e l i m i n a t i o n / f i n i t e element/matrix inversion methods. Results are i l l u s t r a t e d in Figure 2. Several environmental
compartments are shown since the mass transfer coefficients (x n 's) w i l l
vary considerably as a function of environmental compartment and radionuclide environmental properties. The results well i l l u s t r a t e that the
numerical approximation methods employed introduce minor error (<0.2%) into
the environmental impact analysis. The numerical approximation methods are
mathematically v a l i d .
METHODOLOGY FOR NUCLEAR AND HAZARDOUS CHEMICAL WASTE DISPOSAL

This mathematical model has been developed to provide estimates of
long-term dose to man from buried waste. The model consists of compartments
which represent different portions of the environment, including vegetation,
herbivores, atmosphere, ground water, surface water, and man. Movement of
radionuclides between compartments is controlled by transfer c o e f f i c i e n t s ,
which specify the fraction of radionuclide entering or leaving a compartment
during a specified time period. Time controls account for the time lag i n
movement induced by such factors as the delayed presence of man. Sources
and sinks independent of the natural radionuclide movement are provided.
Flow Diagram
The computer program20 consists of a main program (module DOSTOMAN) and
seven subroutines (Figure 3 ) .
Module DOSTOMAN performs the main control function by coordinating the
input and output of data and the calculations of compartment radionuclide
inventories. The entire module i s run for each time step specified and
subroutines are called in clockwise beginning with subroutine INPUT.
Module DOSTOMAN is divided into two basic sections:
1) calculation of radionuclide inventories in compartments assuming transfer
coefficients are continuous exponential or Gaussian functions with time or
discontinuous step functions and
2) calculation of inventories assuming that some component of a transfer
coefficient changes either additively or geometrically during the period
being simulated.
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Subroutine INPUT reads in the initial data from seven records,
including: radioactive decay constant, number of compartments, number with
sources or sinks, time step, values and locations of sources or sinks,
initial compartment radionuclide inventory, transfer coefficient components,
time functions to control the application of the transfer coefficients, and
factors to perturb components of transfer coefficients, if applicable.
Other input records give plotting and editing specifications. The only
calculations perfonned in this subroutine involve the transfer coefficients,
which are of the form A»V . The individual components A, V, and X are
read at this time and the transfer coefficients are calculated. If
requested, all input data is printed by subroutine PRINTIN.
In the main program, all transfer coefficients, sources, and sinks are
corrected for time dependence, if any, and the coefficient matrix is set up.
Subroutine LAM is then called to calculate the terms on the main diagonal in
the A matrix. This involves summing the x's from m = 1 to m = N and
subtracting I/At and XR. After this calculation, coefficients of the A
matrix are ready for the solution of the simultaneous equation.
Subroutine RHS is then called to set up the right-hand side of the
simultaneous equations (equation 1 ) . This involves making each term
(B n ) in the B matrix equal to -Qp/At where n = 1...N. If
compartment n contains a source or sink, the time dependence of the source
or sink is accounted for and the B n values are adjusted accordingly.
Upon returning to the main program, the matrices A, X, and B are ready
for solution by matrix inversion. The solution is accomplished by calling
subroutine MINVS, which calculates the determinant and the inverse of the A
matrix (the x values) for the matrix problem AX = B and finds the solution
vector X. Upon return from MINVS, matrix A contains the inverse matrix;
therefore, the original matrix A is destroyed. Matrix B then contains the
solution vector X (in this case, the Q n ) . The solution is accomplished
by the standard Gauss-Jordan elimination method. Details of this method can
be found in matrix algebra texts. The Q n values are then printed and
any requested plots are made.
At this point in the program, time
or a calculated time step and the model
for a new time. This is done until the
achieved or the number of time steps is

is incremented by either a specified
is rerun to calculate Q n values
specified simulation time is
consumed.

An initial inventory is provided to the system by the Q n values.
If no sources or sinks are added to or removed from the system during the
run, this initial amount of radionuclide must be maintained throughout the
run, adjusted, of course, for radioactive decay. Subroutine MASBAL calculates the state of mass balance by summing all of the Q n values at a
particular time and comparing the total to the sum of initial Q n
values. Ideally, the deviation from mass balance should be zero; again,
round-off and truncation errors may contribute to a small deviation.
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Two means of evaluating the numerical s t a b i l i t y of the code are
included in the program. Subroutine RESID determines the difference
(residual) between the calculated values for the right- and left-hand sides
of the set of simultaneous equations solved by matrix inversion in subroutine MINVS. The subroutine RHS uses the values calculated at a particular
time; therefore, the difference between the two sides of each equation is a
measure of how accurate the solution i s . Ideally, the residual should be
zero; some small residual can be accounted for by round-off and truncation
errors in the calculations and is usually insignificant.
The time required to run a simulation with.the model w i l l depend greatly on the characteristics of the computer f a c i l i t i e s available to the user.
On the IBM 360/195 at the Savannah River Laboratory, a simulation involving
200 time steps, 200 transfer coefficients, and 69 separate compartments
requires about six minutes of central processing unit time. About 500 K
bytes of core are required for such a simulation. Only one radionuclide can
be considered in each run: the radioactive decay constant and many of the
compartment inventories and transfer coefficients w i l l be specific to that
radionuclide.
EXAMPLES OF USE OF THE MODEL I N TRANSPORT AND PATHWAY ANALYSES

The DOSTOMAN code developed by SRL solves a mass balance equation based
on a set of simultaneous linear d i f f e r e n t i a l equations that simulate radionuclide transport. The code extends the calculations to a number of pathways by scenario analysis. Realistic scenarios such as hydro!ogic transport
and hypothetical scenarios such as future land occupation are used to e s t i mate environmental impacts, usually stated as dose commitments.' These i n
turn are used to evaluate site performance, radionuclide disposal l i m i t s ,
improved concepts for land disposal of waste, and decommissioning alternat i v e s . The code relies on site-specific input data such as radionuclide
inventory, chemical form, release rate, K^'s, and geohydrologic parameters.
During the past year, modeling studies with the DOSTOMAN code included
i d e n t i f i c a t i o n of factors for reduction of dose commitments, evaluations of
disposal limits for transuranic (TRU) waste, and analysis of the projected
behavior of the mobile radionuclides ( t r i t i u m , Tc-99, and 1-129).
Factors for Reduction of Exposure
Model analyses for a variety of radionuclides have shown that the two
most significant pathways for potential exposure from radioactive waste
burial grounds are:
•

hydrologic transport of radionuclides such as t r i t i u m , Tc-99, and 1-129
that have low soil adherence
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•

biotic transport via plant uptake of radionucl ides such as Sr-90, Cs-137,
Pu-238, and Pu-239 that have high soil adherence

Several factors that will minimize these routes have been identified by
sensitivity analyses with the model. These factors are: radionuclide
inventory control; moisture infiltration barriers, such as low permeability
matrices or site caps; site vegetation control or overburden; and deeper
burial, which requires a deeper water table. The model can place a decremental environmental impact effect on each factor. These factors have been
incorporated into new concepts for improved shallow land burial operations
and for greater confinement disposal.
TRU Waste Disposal Limits
The effect of a 100 nCi/g demarcation value for land disposal of TRU
radionuclides was evaluated using site-specific transport modeling and
pathway analysis. Since 1968, the demarcation value has been 10 nCi/g.
However, prior to 1968 all TRU waste at SRP (including that >100 nCi/g) was
routinely buried. The consequences of this practice have been carefully
monitored, and the monitoring data supply input to the transport model for
evaluating potential TRU disposal limits. The incremental environmental
impact of the higher demarcation value (100 nCi/g) depends on the scenario
chosen, but in all cases studied was insignificant.
Transportable Radi onucli des
Tritium behavior in the closed 31-hectare burial ground at SRP has been
modeled. The calculations predict that tritium in groundwater will increase
about 10% in coming years and then decrease mostly by radioactive decay.
The rate of outcrop to surface streams is calculated to be less than 500
Ci/yr, which has a negligible effect at the site boundary. Scenario calculations based on 100-year institutional control followed by land occupation
of the site predict that the hydrologic pathway will continue to dominate.
However, because of decay of the buried tritium and long migration paths,
the environmental effect will be minimal,
Tc-99, primarily present as the pertechnetate anion, has been shown to
have low soil adherence. Model projections on movement of Tc-99 to the
water table are in good agreement with experimental observations. Concentrations of Tc-99 in the groundwater at the SRP burial ground are predicted
to remain small and well below standards for surface streams. Scenario
calculations predict that the water pathway will contribute 70% and vegetative uptake 30% to the environmental effect. The vegetative pathway is
significant because plant uptake factors for Tc-99 are reported to be large.
1-129 migration was modeled using field dat^, the estimated inventory of
1-129 as silver iodide, and near-zero soil adherence. Under these conditions, the flux of 1-129 to the water table is calculated to be about
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10" 5 %/yr, with groundwater concentration of about 10" 2 pCi/L, well 'below
environmental standards for 1-129. The calculation was also performed as a
function of soil permeability to demonstrate the effect of a'clay cap that
reduces rainwater infiltration. In this case, the flux is about 10-»%/yr,
and the groundwater concentration is about 10~ 5 pCi/L. Finite soil
adherence of 1-129, as found in laboratory tests, would be expected to
decrease calculated 1-129 fluxes and concentrations by at least an order of
magnitude.
Biotic Transport Calculations
Vegetative uptake of Sr-90 is the primary pathway leading to exposure
because the calculation assumes that roots will penetrate the buried waste.
The code predicts that vegetative uptake of Sr-90 can be controlled by
increasing the distance from the surface to the waste. This could be accomplished by adding 3-5 m of overburden above the waste, which is a decommissioning alternative, or by deeper burial, which is an option for new
disposals.
Exposures from Tc-99 are predicted to be minor, in part because of the
small inventory of Tc-99 in the buried waste. Technetium, in the form of
pertechnetate anion, is a case where the mobile species has little or no
soil adherence. The calculated value of Tc-99 concentration in groundwater
is in good agreement with field measurements at the burial ground.
Cs-137 transport and exposures are calculated to be less significant
than those of Sr-90 because vegetative uptake is less for cesium.
A sensitivity analysis of the model projections was completed, using
the Sr-90 data base. Key input parameters, the dosimetiy data base, the
scenarios, and various burial ground management options all were varied to
determine the most sensitive features of the calculation. This exercise
demonstrated the importance of vegetative uptake of Sr-90 and showed that
this pathway could be eliminated by increased depth from surface to waste.
USER'S GUIDE FOR THE COMPARTMENTAL PATHWAYS MODEL
A User's Guide 21 which documents the development and computer implementation of the Savannah River Laboratory compartmental pathways computer code
used to simulate radionuclide transport was published in 1981. The User's
Guide provides all the necessary information for the propective user to
input the required data, execute the computer program, and display results.
PEER REVIEW AND IMPLEMENTATION OF THE MODEL AT DEPARTMENT OF
ENERGY SITES
In 1982, personnel from EG&G Idaho and the National Low Level Waste
Management Program conducted a peer review of available codes for pathway
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analysis and environmental impact for evaluation of radionuclide land
disposal operations. Pathway analysis codes from DOE site" were
specifically studied. Included were codes from:
•
•
•
•
•
•

SRL (DOSTOMAN)
Battelle PNL (ARRRG, FCOD, KRONIC, SUBDOSA, DACRIN, PABLM, MAXI)
Los Alamos National Lab (BIOTRAN, CREAMS)
Idaho National Engineering Lab (BURYIT)
Nuclear Regulatory Commission (GRWATER, INTRUDE)
Environmental Protection Agency (PRESTO, AMRAW).

The DOSTOMAN Code was evaluated to be flexible, straight forward,
easily understood, and sufficiently well documented to be used at other
sites. In addition, its dynamic or time-dependent nature was considered
advantageous as opposed to many assessment models which presume equilibrium
or no net flow of contaminants.
In 1983, the DOSTOMAN computer code and available details on
methodology, user's guide, matrix inversion, and transfer coefficient
calculations were transmitted to EG&G/Idaho. Similar information has also
been transmitted to the Argonne National Laboratory and the Environmental
Protection Agency.
In 1984, the SRL code was applied to the development of Threshold
Guidance Limits for the potential management of waste below regulatory
concern (so called "de minimis" waste) by EG&G personnel (D0E/LLW-40T/Draft,
"Development of Threshold Guidance", January 1985).
TECHNICAL MANUAL ON THE SRL DOSTOMAN CODE
In October 1985, the Savannah River Laboratory will publish a TECHNICAL
MANUAL on the SRL Code for widespread distribution to DOE sites. The Code
is currently being used for transport analysis and human health risk
assessment for hazardous chemical and mixed waste sites. 22
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ABSTRACT
This paper describes a project which i s s t r u c t u r e d t o
t e s t the concept of modeling a shallow land l o w - l e v e l
waste burial s i t e . The p r o j e c t involves a comparison o f
the actual observed radionuclide m i g r a t i o n i n groundwaters
at a 30-year old well-monitored f i e l d s i t e with the r e s u l t s
of p r e d i c t i v e t r a n s p o r t modeling. The comparison i s being
conducted as a cooperative program w i t h the Atomic Energy
of Canada L t d . (AECL) at the l o w - l e v e l waste management
area at the Chalk River Nuclear L a b o r a t o r i e s , O n t a r i o ,
Canada. A j o i n t PNL-AECL f i e l d i n v e s t i g a t i o n was conducted i n 1983 and 1984 to compliment the e x i s t i n g e x t e n sive data base on actual radionuclide m i g r a t i o n . Predict i v e t r a n s p o r t modeling i s c u r r e n t l y being conducted f o r
t h i s s i t e ; f i r s t , as i f i t were a new l o c a t i o n being considered f o r a l o w - l e v e l waste s h a l l o w - ! and burial s i t e
and only minimal information about the s i t e were a v a i l a b l e , and second, u t i l i z i n g the extensive data base a v a i l able f o r the s i t e . The modeling r e s u l t s w i l l then be
compared with the empirical observations to provide i n s i g h t i n t o tha l e v e l of e f f o r t needed t o reasonably pred i c t the spacial and temporal movement of r a d i o n u c l i d e s
i n the groundwater environment.
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INTRODUCTION
Section 61.5, Subpart D of 10 CFR 61, "Licensing Requirements for
Land Disposal of Radioactive Waste," states that any future low-level
waste shallow land burial f a c i l i t y , "shall be capable of being characterized, modeled, analyzed and monitored." Implicit in t h i s requirement
is the a b i l i t y to u t i l i z e solute transport modeling to predict the movement of radionucl ides in groundwater from a disposal f a c i l i t y . However,
recent studies^ .2,3,4,5) a t LLW shallow land burial f a c i l i t i e s and
other s l i g h t l y contaminated sites have shown discrepancies between predicted versus actual radionuclide migration rates in the ambient groundwater. Because of these discrepancies, there is a general understanding
within the s c i e n t i f i c community that site performance modeling may need
further refinement to more accurately predict radionuclide movement
from a potential disposal s i t e . Therefore, predictive transport models
need to be evaluated under actual f i e l d conditions to assess their accuracy and identify the weak links in the modeling process.
One of the ways to test the concept of site "modelability" is to
compare predicted radionuclide movement using hydrogeochemical modelinq
with actual observed radionuclide migration at f i e l d sites where radionucl ides have been in the ground f o r many years. Such comparisons w i l l
y i e l d insights as to the r e l i a b i l i t y of models which an applicant might
reasonably use to predict LLW disposal site performance at proposed
facilities.
At the Chalk River Nuclear Laboratories (CRNL), Ontario, Canada, a
number of low-level waste shallow land burial f a c i l i t i e s have been i n
existence for about 25-30 years. These sites could prove to be useful
for testing the concept of site "modelability." Following discussions
with CRNL personnel, a cooperative research program was established and
two disposal sites having s l i g h t l y contaminated groundwater plumes were
selected for potential study. This paper describes the work in progress
for the Nitrate Disposal Pit s i t e , a low-level disposal f a c i l i t y which
received l i q u i d wastes containing approximately 1100 curies of mixed
fission products during 1953-54.
PROJECT PLAN AND OBJECTIVES
No attempt is or w i l l be made to assess the overall s u i t a b i l i t y o f
the study s i t e as a Low-Level Waste Shallow Land Burial s i t e . The obj e c t i v e is to address the question related to the regulatory require- .
ment that a s i t e be "model able."
The plan is to approach t h i s s i t e as though i t were a prospective
burial site to be licensed under the requirements of 10 CFR 61. A " p r e operational" s i t e performance assessment involving hydrogeochemical
modeling is being conducted at the N i t r a t e Disposal P i t to predict the
temporal movement of radionucl ides i n the groundwater. The predicted
movement would then be compared with the actual radionuclide migration
which has occurred over the past 30 years to assess the s u i t a b i l i t y of
the modeling. The "modelability" concept (defined below) for t h i s s i t e
w i l l then be evaluated.
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Under the assumption that very l i t t l e v/dS previously known about
this s i t e , a site characterization plan has been prepared which describes
the geologic, hydrologic, geochemical measurements and information needed
to construct a conceptual model in order to perform predictive modeling
of the radionuclide transport in the s i t e groundwaters. In the preparation of t h i s site characterization plan i t was assumed that there were
few, i f any, existing wells at the site,, Only basic data concerning
background geological, hydrological and geochemical parameters are being
used as input to the preliminary conceptual and/or numerical models of
the subject s i t e . The procedure for determining the number and location
of data points is one of professional s c i e n t i f i c judgement, as opposed
to a r i g i d s t a t i s t i c a l approach. This f l e x i b l e process u t i l i z e s an
i t e r a t i v e methodology in the collection and analysis of characterization
data, such that the conceptual model is continually refined and revised
as required. This approach is consistent with state-of-the-art efforts
to characterize geohydrologic environments. These models would, in
t u r n , be used to guide further development of the characterization plan.
The characterization plan is designed to provide the information necessery to build both a defensible conceptual model as wel'i as defensible
flow and transport models of the subject s i t e .
Available hydrological and geochemical data at these s i t e s , previously generated by CRNL investigators, are being utilized to f i l l the
data requirements of the plan and to predict the movement of selected
radionuclides from the s i t e . Finally, the predicted radionuclide migration w i l l be compared with actual migration determined from f i e l d sampling and analyses of the s l i g h t l y contaminated groundwater plumes by
CRNL and PNL personnel .
In this project, two levels of numerical modeling are being conducted. At the f i r s t level of modeling only a portion of the existing data
set, conforming to the well placement selection contained in the site
characterization pi n, is being used to develop a r e l a t i v e l y simple
groundwater flow ana transport model, such as would be done in an actual
s i t i n g assessment and guidance project. The level of investigation is
kept to a minimum, as though licensing were being undertaken in an effective yet minimum cost manner. The numerical model w i l l be assessed to
assure that no inconsistency exists, e.g. the mathematical simulation
codes used are commensurate with the assumptions made in the conceptual
model and the available data. The transport model w i l l be exercised
using a radiologic source term equivalent to actual wastes disposed at
the subject site during the early 1950's, and the movement of selected
nuclides through the system w i l l be modeled. Simulation w i l l then be
carried forward and compared with the present day distribution of contaminants as determined by f i e l d sampling. This comparison is done in
order to help assess the usefulness of this level of site assessment
modeling i n : (1) helping to understand the site through s e n s i t i v i t y
studies and (2) providing a means to bound the possible consequence
estimates.
The second
e f f o r t , carried
zation data set
tual model w i l l

level of modeling is a more detailed state-of-the-art
out using the entire, extensive and available characterialong with the expertise of AECL personnel. The concepbe adjusted as necessary to take advantage of the 30+
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years of experience at the subject s i t e , and appropriate alterations in
the modeling technique made.
Finally, a comparison of the results of both modeling efforts w i l l
be made, and those results compared with the f i e l d observations of actual
migration. This comparison w i l l provide insight into the level of e f f o r t
necessary to meet the regulatory requirement that a site be "modeldur."
Additionally, t h i s comparison w i l l serve to differentiate the advantages,
i f any, of a more detailed characterization and assessment a c t i v i t y i n
the early s i t i n g assessment phases.
THE STUDY SITE
Regional Geology
The Chalk River site operated by AECL is located in the Province
of Ontario about 300 miles north of Toronto (Figure 1). The general
geology is t y p i f i e d by shallow sandy sediments which overlie a low
permeability t i l l , or crystalline bedrock. Sediment thicknesses are on
the order of a few tens of feet. Although there are visible fractures
in the crystalline bedrock which could theoretically support fracture
flow, the contrast in hydraulic conductivity between the bedrock and
overlying sediments is so great t h a t , for the purposes of this project,
the bedrock is treated as though i t were impermeable. However, the
bedrock does play a major indirect role in the transport of groundwater
by providing a subsurface topography which ultimately determines the
occurrence and thickness of the more recent sediments through which the
horizontal groundwater flow occurs. Because of this control, d e f i n i t i o n
of the bedrock surface is essential to the modeling e f f o r t .
Regional Hydrology
The hydrology of the region is dominated by numerous small drainage
basins which ultimately discharge via small streams to the Ottawa River.
These smaller drainage basins often contain moderate to small sized
surface water bodies which serve to maintain a recharge source for the
associated groundwater systems. The local bedrock has been scoured by
glacial action, resulting in an undulating, yet gently sloping surface
which serves to direct and control the movement of groundwater.
Regional Conceptual Model
The regional conceptual model is one which includes numerous small
to moderate size drainage basins which ultimately discharge to the regional surface water network. Groundwater flow in these small basins
is recharged primarily through precipitation (77 cm/yr), but is maintained through seepage from the numerous lakes. Flow in the groundwater
system is through fine sandy sediments and to a lesser extent through a
t i l l that overlies the bedrock surface. The bedrock surface plays a
major role in controlling the direction of groundwater flow; springs
and swampy areas are prevalent where bedrock crops out or approaches
the land surface.
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FIGURE 1• Location of Chalk River Nuclear Laboratories and the
N i t r a t e Disposal P i t

Local Hydrogeoiogy
The hydrogeology of the Nitrate Pit Disposal site conforms with
the regional conceptual model. The disposal p i t s i t e is located near
the boundary of a catchment area that drains, via Maski nonge Lake,
into the Ottawa River about 8 km. downstream. The p i t was excavated i n
a sand dune ridge on a terrace approximately 50 meters above Maski nonge
Lake and approximately 1 km. east of the lake. The s i t e is underlain
by fine to medium grained sands, interbedded with some s i l t y to clayey
lenses. These materials overlie crystalline bedrock with an irregular
topography; l o c a l l y , bouldery s i l t y sand t i l l is encountered between
the sands and the bedrock. A moderate sized, shallow lake, Lake 233,
i s immediately east of the proposed site (see Figure 2). To the west,
Dewdrop Lake, a small surface water body i s found at an elevation about
8 meters lower than Lake 233. Immediately south of Dewdrop Lake several
springs issue from the sediments into a swampy area. The swampy area
is drained by a stream which flows west out of the drainage basin through
a gap bounded by bedrock outcrops into Lower Bass Lake. The swampy
area is typical of a groundwater discharge zone i n this environment.
Description of Radioactive Haste Source Term
During 1953-1954, disposals of radioactive l i q u i d were made i n t o
the soil at the Nitrate Disposal P i t site in the outer area of the Chalk
River Project. These disposals came from a small ammonium nitrate decomposition plant, i n which solutions of aged waste f i s s i o n products were
treated to remove large quantities of dissolved ammonium nitrate and
then concentrated by evaporation. A small p i t had been excavated nearby,
and partially f i l l e d with limestone, to receive the condensate from the
decomposer u n i t . After one year's operation the process was halted and
by this time the pit had absorbed much more l i q u i d than had been a n t i c i pated owing to spillage and malfunction of the equipment.
During 1954, a number of radioactive s p i l l s from the decomposer
unit were cleaned by hosing the contaminated area and allowing the washings to drain i n t o the disposal p i t . Under these conditions precise
measurements of the disposals were not possible although the relative
proportions of Sr-90 and Cs-137 were known for the larger s p i l l s .
The total a c t i v i t y from a l l the waste solutions was estimated to
be between 1000 and 1500 Ci of mixed fission products, of which 7001000 Ci were Sr-90 and 200-3 00 Ci were Cs-137. The solutions contained
acids and detergents .
I n i t i a l Local Conceptual Model
The potential area of concern from a groundwater transport standpoint is small, extending about 600 meters in a west-southwesterly direction (Figure 2). Existing surface water bodies are controlled by the
relatively shallow bedrock surface, t h e i r existence being an indication
of the limited hydraulic conductivity of the underlying rocks. These
lakes serve as sources and sinks for the local groundwater systems,
providing r e l a t i v e l y stable constant head boundaries for the flow system.
The majority of groundwater flow i s through the uppermost, sediments
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overlying the t i l l and bedrock. Some flow occurs within the t i l l u n i t ,
but the s i l t y nature of the t i l l l i m i t s the total amount and r a t e .
During the summer, evapotranspi r a t i on demands exceed r a i n f a l l , and most
i f not all p r e c i p i t a t i o n is unavailable for groundwater recharge. The
major groundwater recharge event occurs during spring melt; in some
years, minor groundwater recharge occurs i n l a t e f a l l before freezeup.
The close proximity of the N i t r a t e Disposal P i t s i t e to Lake 233
at f i r s t suggests that groundwater flow should be toward the l a k e , and
thus readily accessible to the surface environment. However, the d i f ference i n lake level between Dew Drop Lake and Lake 233 (8 meters lower)
and the presence of swampy areas south of Dew Drop Lake suggest that
groundwater flow at the p i t s i t e is actually towards the southwest away
from Lake 233 (Figure 3 ) . The lake may serve as a r e l a t i v e l y constant
head recharge boundary for the local groundwater system. A subsequent
monitoring of the groundwater for radi onucl ides at t h i s location has
confirmed that the flow is indeed away from Lake 233.
FIELD SAMPLING AND ANALYSIS
Sam pi ing Program
The Environmental Research Branch of CRNL has been monitoring the
movement of radi onucl ides in the groundwater near the N i t r a t e Disposal
P i t for many years. A large number of monitoring wells have been i n s t a l l e d at this s i t e for t h i s purpose. An i n i t i a l report described the
early movement of ! 0 6 R U J 90sr an d 137cs at t h i s s i t e . I 6 )
Recently,
CRNL installed additional moni t o r i ng we! Is to compliment the existing
s e t , and performed extensive sampling to characterise the s l i g h t l y r a d i o active groundwater plume. The groundwaters were analyzed for gross
b e t a a c t i v i t y and sane samples for 9 0 Sr. In October, 1984 a j o i n t PNLCRNL large volume groundwater sampling program was conducted at t h i s
s i t e to perform measurements of the 10 CFR 61 radi onucl ides. Seven
monitoring wells (see Figure 3) were sampled by processing 174 to 227
l i t e r s of groundwater through B a t t e l l e Large Volume Water Samplers
(BLVWS). These samplers have been described i n detail el sewhere.(7)
Groundwater was sampled by connecting to in-place piezometers and pumping the water to the surface with a sel f-priming, bellows-type metering
pump (Gorman-Rupp) having wetted parts made of po1 j propylene. After
pumping the piezometers for about 30 minutes to clear each sampling
p o i n t , the water was then pumped through an a c r y l i c i n - l i n e f i l t e r
assembly loaded with a 30 cm diameter, 0.4 urn Nuclepore polycarbonate
f i l t e r for removal of particulate radi onucl i des. The f i l t e r e d water
then passed through a large volume water sampler designed at B a t t e l l e
Pacific Northwest Laboratories to remove ionic and uncharged soluble
species of the radi onucl ides from tfie groundwater. This sampler consists of three duplicate adsorption beds through which the water flows
i n the following order: 1) dual 20 cm diameter x, 2.5 cm thick cation
resin beds (Dowex 50 x 8, H+ form, 200-4 00 mesh);''2) dual 20 cm diameter
x 2.5 cm thick anion resin beds (Dowex 1 x 8, Cl" form* 200-400 mesh);
and 3) dual 20 cm diameter by 0.6 cm t h i c k beds of activated aluminum
oxide. The cation and ar.ion resins quantitatively remove soluble radionuclides in cationic and anionic forms, respectively.
The activated
aluminum oxide removes radi onucl ides existing i n s o l u b l e , non-ionic
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forms. Each bed i s constrained by a sharkskin plus glass fiber f i l t e r .
The effluent from each sampler was collected in a 250 l i t r e plasticlined barrel and then pumped through an integrating water flow meter to
measure the total volume processed through the sampler. After the sample
had been pumped through, 10 l i t r e s of fresh, f i l t e r e d water was pumped
through the sampler to rinse out the i n t e r s t i t i a l groundwater from the
resin and aluminum oxide beds.
Following the sampling, the sampler was disassembled and the resin
and aluminum oxide beds and the p r e f i l t e r s were individually packaged
and returned to the laboratory for nondestructive gamma-ray spectrometry,
followed by detailed radiochemi cal analyses for low-energy photon, beta,
and alpha emitting radi onucl ides of interest on selected samples.
Gamma-ray Spectrometry and Radiochemi cal Analyses
The f i l t e r s , resins and aluminum oxide were packaged i n standard
counting geometries and counted on large Ge(Li) gamma-ray spectrometers.
Depending upon the a c t i v i t y of the samples, the counting intervals ranged
from 30 to 1000 minutes. The gamma-ray spectra were analyzed using a
computer program that searches for and sums peak areas, subtracts background areas, applies decay corrections and volume f a c t o r s , and calculates an error term based upon background and peak counting rates.
Following the gamma-ray spectrometry, al iquots of the f i l t e r s ,
resins and aluminum oxide were leached with appropriate acid mixtures
to remove the radi onucl ides requiring radi ochemi cal separations. The
acid solutions were then subjected to radiochemi cal procedures for the
radi onucl ides of interest. Stronti um-90 was analyzed in a l l seven
samples, and a comprehensive 10 CFR 61 radionuclide analysis was performed on samples from the wells closest to the Nitrate P i t .
Chemical Analysis of Water Samp! es
In addition to the radionuclide measurements, groundwater samples
were analyzed in the f i e l d at the time of sampling for those parameters
and constituents requiring immediate measurement. These included temperature, pH, Eh, dissolved oxygen, a l k a l i n i t y and Fe+2/Fe+3. Also
separate water samples were collected from each s i t e for trace elements,
anions, s u l f i d e , and dissolved organic constituents.
Temperature was measured on a flowing water sample with a mercury
thermometer. The pH was measured immediately after sampling, using a
Ross (Orion Research) combination pH electrode connected to an Orion
Model 4O7A/F Specific Ion Meter. Calibration solutions buffered at pH
7.0 and 4.0 were used to calibrate the pH meter immediately before measuring the pH of the water samples.
The Eh of the water was measured by inserting a standard calomel
electrode and a platinum inlay electrode (Corning) into a l u c i t e cell
through which the water was allowed to flow at several hundred mL-min-1.
The electrodes were connected to an Orion Model 407 A/F Specific Ion
Meter. Immediately after making the Eh measurement, the electrodes
were immersed in Zobell's solution (Garrels and C h r i s t , 1965) as a check
against the pi ati num-cal omel electrode pair.
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Dissolved oxygen and a l k a l i n i t y were measured using a Hach D i g i t a l
T i t r a t o r K i t . Dissolved oxygen was measured by the Winkler method with
azide m o d i f i c a t i o n and a 200 mL sample s i z e . T i t r a t i o n s were performed
with t h e Hach d i g i t a l t i t r a t o r (Hach Company) and a prestandardi zed
s o l u t i o n of phenylarsine o x i d e . A l k a l i n i t y was t i t r a t e d t o pH 4.8 using
the d i g i t a l t i t r a t o r and prestandardi zed 0.1600 ^ H2SO4.
At each s i t e , a 0.4 ym Nuclepore f i l t e r e d water sample (2000 mL)
f o r t r a c e element analysis was c o l l e c t e d i n a c a r e f u l l y acid cleaned
polyethylene b o t t l e , and 20 mL of U l t r e x hydrochloric acid ( J . T . Baker
Chemical Co.) was added as a preservative. This sample was also used
to measure the f e r r o u s / f e r r i c i r o n concentrations i n the water w i t h i n a
few days a f t e r sampling.
Also at each s i t e , a 250 mL Nuclepore f i l t e r e d water sample was
c o l l e c t e d and stored i n a precleaned polyethylene b o t t l e f o r anion analys i s by i o n chromatography, a 2000 mL s i l v e r f i l t e r e d water sample was
c o l l e c t e d and stored i n a precleaned t e f l o n b o t t l e f o r analysis of d i s solved organic constituents and a 250 mL Nuclepore f i l t e r e d water sample
was c o l l e c t e d i n a brown glass b o t t l e and preserved with an a l k a l i n e
a n t i o x i d a n t f o r analysis of s u l f i d e . A f r e s h stock of a l k a l i n e a n t i o x i dant preservative was prepared by adding 7.2 g ascorbic a c i d and 18.6 g
of disodium dihydrogen EDTA to 1 00 mL of 12% NaOH. Twenty-five mL of
t h i s s o l u t i o n were added to 250 mL of each water sample.
PREDICTIVE RADIONUCLIDE TRANSPORT MODELING
As stated e a r l i e r , t h e o b j e c t i v e of t h e radionuclide t r a n s p o r t
modeling i s to independently predict the m i g r a t i o n of radi onucl ides i n
groundwater from the N i t r a t e P i t Disposal S i t e as a f u n c t i o n of time
and space, then compare the predicted movement with the r e s u l t s of the
f i e l d i n v e s t i g a t i o n s . This comparison w i l l provide valuable i n s i g h t s
i n t o the l e v e l of e f f o r t needed to reasonably predict the temporal movement of r a d i o n u c l i des i n the groundwater environment.
The p r e d i c t i v e hydrologic and t r a n s p o r t modeling performed at t h i s
s i t e i s to be accomplished as i f i t were a new s i t e being considered as
a p o t e n t i a l low-level waste shallow land b u r i a l f a c i l i t y . The characterization procedures normally employed i n conducting s i t e performance assessments w i l l be s i m u l a t e d , f i r s t by f o r m u l a t i n g a s i t e c h a r a c t e r i z a t i o n
plan and using a very l i m i t e d amount of i n f o r m a t i o n and data a v a i l a b l e
from the CRNL data base t h a t best match the l i m i t e d sampling points and
analyses i d e n t i f i e d i n t h e s i t e c h a r a c t e r i z a t i o n plan. This l i m i t e d
data would simulate t h a t which a potential applicant might generate t o
perform t h e i n i t i a l s i t e performance assessment, and would be used i n
the f i r s t order modeling. After the i n i t i a l hydrologic and t r a n s p o r t
modeling has provided the f i r s t estimates of the temporal and geographical movement of radi onucl ides from the s i t e , the modeling w i l l be repeated using a l l of the extensive h y d r o l o g i c , geologic and geochemical
data base a v a i l a b l e f o r t h i s s i t e . This exercise w i l l help define the
l e v e l of e f f o r t needed t o adequately p r e d i c t radionuclide movement i n
groundwater from the waste disposal s i t e .
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Structure and Sequence of the Site Characterization Process
This section describes the methods and sequence used in the site
characterization process.
A regional assessment of general geologic and hydrologic features
would f i r s t provide i n i t i a l selection of a number of potential s i t e s .
Data collected during the earlier phases of the s i t e selection process
include:
1.

Regional and local geology, including stratigraphy and structure „

2.

Regional and local hydrology, both groundwater and surface
water.

3.

General meteorology, gathered from the closest weather stations.

Preliminary f i e l d observations would then be conducted at these i n i t i a l l y
selected sites to assure that the regional information on surface geology 3
hydrology, meteorology and geochemistry was, in f a c t , as presented in
the regional assessment. The more optimal of those sites would then be
subjected to more rigorous appraisal , further defining the appropriate
data bases. This more rigorous appraisal would provide the starting
point for the site specific characterization outlined here. The present
study assumes that screening of several potential sites has shown that
the Nitrate Disposal P i t Site is worthy of further investigation.
Our approach to s i t e characterization is shown in the flow chart
i n Figure 4. The overall plan begins with the formation of the regional
and local conceptual models using available data, such as topographic
maps and logs from any wells previously d r i l l e d in the area. Based
upon the i n i t i a l conceptual model and professional judgement, the number
and location of the i n i t i a l f i e l d boreholes are determined and the locat i ons pri ori t i zed .
The characterization program w i l l then proceed through the dr"! l i n g
and evaluation process until s u f f i c i e n t data is available for i n i t i a l
numerical modeling. At this point the i n i t i a l numerical model is developed, and utilized to guide development and refinement of both the conceptual and numerical models. This process continues until the models,
which include the stratigraphy, hydrology, geochemistry, and site structure have been confirmed. This end point is reached when additional
data w i l l have minimal impact on the models. Application of rigid s t a t i s t i c a l analysis at this point in a characterization effort is considered
premature .
The characterization program then proceeds into the flow and transport analysis using the finalized models. The flow and t r ^ s p o r t analysis and i t s refinement continues until the numerical model eflects the
flow and transport expected at the site under the observed f i e l d parameters and conditions. I t should be noted that the degree of acceptable
uncertainty associated with the modeling process is site specific. For
simple hydrogeol ogi cal systems, acceptable uncertainty i s expected to
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a more complex system, e . g . a sand dominated
limestone. F i n a l l y , performance assessment i s
radionuclide migration and estimate associated
s e n s i t i v i t y studies.
Exploration Boreholes

The exploration boreholes are the basic tools through which the
data requirements described above w i l l be f u l f i l l e d . The geological,
hydrological and geochemical parameters at the site w i l 1 be defined
from analyses of core materials obtained during "the d r i l l i n g process,
and also by water sampling and measurements after the boreholes have
been d r i l l e d . The mul t i pi ici ty of needs for each borehole (geologic,
hydrologic, and geochemical) requires that the locations of the holes
be carefully considered. Financial considerations further require that
the preliminary number of boreholes be minimized. Hydro geological considerations dictate both an adequate number of wells and a carefully
selected geographic placement pattern, based on an i t e r a t i v e d r i l l i n g
and evaluation program. Our i n i t i a l decision, after consideration of
the above factors, is to d r i l l , sample, and test up to fifteen (15)
selected locations on the Nitrate Disposal Pit Site (Figure 5). The
Nitrate Pit site is areally small , being bounded on the west by a lake
and to the east by an apparent groundwater discharge area. Therefore,
the projected 15 boreholes should, with their aerial coverage: adequately
describe the system, i f i t is as simple as i n i t i a l l y conceptualized.
The well placement pattern, as shown i n Figure 5, and plan is based
upon the site conceptual model formed from the i n i t i a l assessment. This
site conceptual model is tentative and assumes a r e l a t i v e l y simple system
at the Nitrate Disposal Pit s i t e ; should this assumption be disproven
during the i n i t i a l well placements, the pattern and numbers of wells
would be revised.
The highest p r i o r i t y boreholes w i l l be d r i l l e d i n i t i a l l y , with
data acquisition and interpretation concurrent with the d r i l l i n g process.
The data w i l l be evaluated as the wells are d r i l l e d , resulting i n s i t e
conceptual model refinement. Borehole numbers and locations would be
redefined as required and any additional boreholes p r i o r i t i z e d . Then,
the next several boreholes in p r i o r i t y w i l l be d r i l l e d . The f i e l d program w i l l proceed around either loop, as shown in Figure 4, until the
i n i t i a l l y selected f i f t e e n wells are d r i l l e d , or the site has been def i n e d . At that point, the models are reevaluated. I f professional
judgement indicates that this site is now defined, the program moves
forward to the final numerical modeling phase. I f , on the other hand,
the i n i t i a l l y projected fifteen wells indicate a much more complex set
of parameters exist at the s i t e than were envisioned, additional boreholes would be required and well emplacement a c t i v i t i e s would continue
until the site conditions are defined or the s i t e shown to be so complex
as to be unacceptable for waste disposal.
Well Placement Pattern
I t must be stressed that no new data w i l l be developed during t h i s
study, a l l data to be utilized w i l l be preexisting and provided by AECL.
Specific data desired from these borings include the following:
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1.

The specific s t r a t i graphi c units present; including the f i n e
changes in lithology and fabric which could affect the transport of contaminants.

2.

The three-dimensional distribution of the units recognized
under 1 above.

3.

The saturated thickness of units penetrated; this information
is essential to development of a r e a l i s t i c conceptual model
and a representative mathematical model.

4.

The configuration and i n t e g r i t y of the bedrock surface; this
surface is presently thought to control the majority of groundwater flow at the subject s i t e .

The sequentially phased borehole d r i l l i n g program, as described
above, would start with the highest p r i o r i t y locations shown i n Figure
5 as foilows .
Wells 1,2,3,4

These wells are located i n the closest proximity
to the disposal s i t e . From the topographic
analysis, the groundwater flow at the disposal
site would appear to be away from Lake 233 and
towards the southwest. However, flow towards
Lake 233 cannot be discounted and the i n i t i a l
borehole placements w i l l provide the measurements to elucidate the flow pattern i n the
immediate v i c i n i t y . These wells w i l l provide
geologic, hydrologic and geochemical data on
the environment closest to the disposal area.
I f groundwater gradients are found to be toward
Lake 233, the project w i l l be abandoned.

Wells 5,6,7,8,9

These wells w i l l serve to further define the
bedrock surface and the distribution of the
underlying sediments. Extensive sampling of
these sediments w i l l provide detail on the
geochemistry of the u n i t s . Hydrologic tests
w i l l be run on all of the wells to provide the
needed parameters and assess their v a r i a b i l i t y
i n the lateral d i r e c t i o n . Careful attention
w i l l be paid to the geohydrological positioning
of these wells .

Wells 10,11,12

These wells comprise a second set of r e l a t i v e l y
close-in wells to further define the v a r i a b i l i t y
of geological, hydrol ogical and geochemi cal
parameters. These wells provide additional
data points for that portion of the aquifer
system l y i n g about midway along the conceptualized flowpath between the suspected recharge
zone (Lake 233) and the discharge zone southwes t of Dew.-rop Lake .
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Wells 13,14,15

These wells are located along each of three
possible flow paths extending toward the apparent discharge zones. They provide data points
for collection of geologic and hydrologic data
close to the probable discharge zone. Any
changes i n the local hydrostrati graphy w i l l be
c r i t i c a l in these approximate locations. The
greater distance from the disposal area permits
t h e i r being placed at a greater separation
distance from each other. A f u l l complement
of hydrologic tests is to be carried out in
these wells.
Hydro! ogical Data Acquisition

From the borehole measurements and other observations, the following
hydro! ogical parameters are needed for the modeling e f f o r t :
Aquifer thickness
Hydr aul ic head
Water level

fluctuations

Hydraulic conductivity
Storati vi ty
Effective porosity
Dispersion coefficients
Ve-tical d i s t r i b u t i o n of hydraulic lead
Geological and Geochemical Data Acquisition
From the exploratory borehole measurements, the following geological
and geochenical data requirements would be developed:
Definition of the bedrock surface
Structure and tectonics
Hydrostratigraphy
Mineral ogical and chemical characterization of rock/sediment
Distribution coefficients
Chemical analysis of the gr o undw at er/waste leachate
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PRELIMINARY FLOW AND TRANSPORT ANALYSIS
BASED ON SITE CHARACTERIZATION
This p o r t i o n of the project w i l l be c a r r i e d out i n subsequent t a s k s ,
but i s b r i e f l y mentioned here t o i n d i c a t e how the acquired data are
used i n t r a n s p o r t modeling.
Geologic and hydrologic i n f o r m a t i o n from 16 evenly di s t r i buted
t e s t holes, are being used to construct a p r e l i m i n a r y groundwater f! ow
and transport model of the s u r f i c i a l sand aquifer near the N i t r a t e P i t
s i t e . Geologic data suggest t h a t there may be s i g n i f i c a n t v a r i a t i o n s
i n permeability i n the sand due t o facies changes. However, p r e l i m i n a r y
model analysis considers the sand to be a v e r t i c a l l y homogeneous and
h o r i z o n t a l l y heterogeneous a q u i f e r . The l i m i t e d data being used i n the
f i r s t modeling phase i s not s u f f i c i e n t f o r development of the r e f i n e d
aquifer geometry needed f o r a d e t a i l e d three dimensional analysis of
t he pro bl em .
Numerical Model ing Code
The numeric code selected f o r t h i s study i s t h e Coupled F l u i d ,
Energy and Solute transport (CFEST) code.^ 8 )
The CFEST code has been
developed f o r the Underground Energy Storage (UES) Program managed f o r
the Department of Energy (DOE) by P a c i f i c Northwest Laboratory (PNL) .
CFEST is a f i n i t e element analysis tool f o r nonisothermal events
i n a confined a q u i f e r system. Only s i n g l e phase, Darcian flows are
considered i n t h i s multidimensional analysis package. In a Cartesian
coordinate system the code can simulate flows i n a horizontal p l a n e , a
v e r t i c a l plane or i n a f u l l y three-dimensional r e g i o n . An option also
e x i s t s for the axi symmetric a n a l y s i s of a v e r t i c a l c r o s s - s e c t i o n . Both
steady-state and t r a n s i e n t simulations are p o s s i b l e .
Additional Jata Needs
In the course of b u i l d i n g and t e s t i n g both the conceptual and numerical models f o r the s i t e , i t i s probable that a d d i t i o n a l data w i l l be
r e q u i r e d . These a d d i t i o n a l data needs are i d e n t i f i e d through the r e f i n e ment of the conceptual model and are forwarded t o the f i e l d s i t e characterization task to be provided. Thus, the i n i t i a l c h a r a c t e r i z a t i o n a c t i v i t i e s
are dynamic i n t h a t they are subject to continual change.
PRESENT STATUS OF THE PROJECT
The 1984 f i e l d sampling and radio chemical analyses have been completed and w i l l be supplemented w i t h CRNL data t o map the actual s l i g h t l y
radioactive groundwater plume extending from the N i t r a t e Pit. Disposal
s i t e . The modeling e f f o r t i s p r e s e n t l y underway. I n i t i a l steady-state
c a l i b r a t i o n runs o f flow model are being made. P r e l i m i n a r y t r a n s p o r t
modeling w i l l be conducted i n September, 1985.
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INTRUDER DOSE PATHWAY ANALYSIS CODE FOR ONSITE LAND DISPOSAL
William E. Kennedy, J r . , Rebecca A. Peloquin and Bruce A. Napier
Pacific Northwest Laboratory
'
ABSTRACT
The o b j e c t i v e of the current project is t o modify an e x i s t i n g pathway-to-man computer program, tha MAXI1 computer
program, f o r use by the U.S. Nuclear Regulatory Commission
(NRC) in reviewing proposed onsite b u r i a l s of radioactive
materials by i t s licensees. The policy of the NRC is t o
review proposed onsite b u r i a l of radioactive waste on a
cdse-by-case basis. As p a r t of our e a r l i e r work on t h i s
project, s p e c i f i c human i n t r u s i o n scenarios were developed
that consider various p o t e n t i a l combinations of d i r e c t
exposure t o penetrating r a d i a t i o n , i n h a l a t i o n of airborne
radionucl ides, ingestion of a g r i c u l t u r a l products raised i n
contaminated s o i l , and ingestion of radionuclides in drinking
water.
As a continuation of our e a r l i e r e f f o r t s , enhancements t o
the 0NSITE/MAXI1 computer software package are being made
that w i l l account for additional optional s h i e l d i n g factors
that could influence external exposure t o penetrating
radiation, provide options f o r a l t e r n a t i v e land-use
conditions, and permit the user t o select from a complete
d i e t , meat d i e t , or vegetable diet. Additional modifications
underway include 1) conversion t o the ICRP 26/30 dosimetric
system f o r assessing human exposures t o radioactive
materials and 2) inclusion cf an optional 50-year e f f e c t i v e
committed dose equivalent c a l c u l a t i o n . The r e s u l t i n g computer
software package w i l l provide the necessary f l e x i b i l i t y t o
conduct analyses of human-intrusion scenarios t h a t are
applicable t o the t e r r e s t r i a l disposal of radioactive materials
for a wide v a r i e t v of conditions.

INTRODUCTION
Because of uncertainties associated with assessing the potential r i s k s from
onsite burial of commercial r a d i o a c t i v e waste, the U.S. Nuclear Regulatory
Commission (NRC) has amended i t s regulations t o provide greater assurance
t h a t buried r a d i o a c t i v e material w i l l not present a hazard t o p u b l i c health

(*) Work supported by the U.S. Nuclear Regulatory Commission, Office of
Nuclear Material Safety and Safeguards, through B a t t e l l e Memorial
I n s t i t u t e under Contract DE-AC06-76RL0 1830, NRC FL, No. B2478.
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and safety. The current policy of the NRC is to review requests by
operators to bury radioactive waste on their property on a case-by-case
basis. Technical assessments of onsite disposal requests may» at times,
require the use of environmental pathway models to project potential
radiation exposure to humans. The objective of this study was to modify an
existing environmental pathways-to-humans model and accompanying computer
program (MAXI11'2) for use by NRC staff for assessing potential
radiological Impacts resulting from the onsite burial of low-level
radioactive wastes. As part of this effort, specific human-intrusion
scenarios were developed to consider various routes of potential exposure,
which include direct external exposure, Inhalation, and ingestion of
contaminated foodstuffs and drinking water. A computer software package,
entitled 0NSITE/MAXI1, was developed to project potential exposures based
on these scenarios. The package contains four computer programs (ONSITE,
MAXI1, MAXI2, and MAXI3) and an accompanying data h=\se.
RADIATION EXPOSURE SCENARIOS
The Environmental Impact Statement (EIS) prepared 1n support of 10 CFR Part
61,
considered potential exposure pathways to humans from burled
radioactive wastes. Scenarios were Identified to account for the potential
Intrusion of humans after the loss of institutional control.
An approach similar to the one used in the EIS for 10 CFR 61 was applied
for assessing the potential risks associated with onsite disposal. That
Is, radiation-exposura scenarios were established for the maximally exposed
Individual (an intruder), and a means for estimating the resulting radiation dose was developed. Five scenarios were identified as potentially
resulting in radiation exposure to intruders at onsite disposal sites:
1. External Exposure Scenario. The intruder is assumed to construct a
house in an area previously used for onsite disposal. External
exposures from surface-soil contamination, wastes buried at depth of
0.5 m or 1.0 m, or entry Into a room (or vault) that is used for waste
storage or dispose." are considered.
2. External Exposure Plus Inhalation Scenario. The intruder is assumed to
work in an area with limited surface-soil contamination. Inhalation of
resuspended contaminated soil 1s also considered.
3. Agricultural Scenario. The intruder is assumed to farm the site that
produces all or part of his annual diet. External exposure and
inhalation of resuspended radionucl ides in soil ar-s also considered.
4.

Irrigation/Drinking-Water Scenario. The intruder Is assumed to use
water contaminated with radionucl ides from an onsite disposal site for
irrigation and/or drinking. External exposure and Inhalation of
resuspended radionuclides deposited on the soil surface by irrigation
water are also considered.

5.

User-Defined Scenario, The user may construct his own scenario by
selecting exposure pathways and defining conditions from options
described in the ONSITE/MAXI1 computer software package.
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DESCRIPTIONS OF COMPUTER PROGRAMS
The ONSITE/MAXI1 computer software package contains four computer codes as
shown 1n Figure 1. ONSITE 1s an Interactive user interface that allows the
end user to simply and efficiently create and use the radiation-exposure
scenarios. MAXI1 is then used with the scenario information to calculate
the maximum annual dose to an exposed individual from selected pathways.

LEGEND
program

user

Figure 1. 0NSITE/MAXI1 Software Process Flow Chart
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optional
user
interface

20-27
files for
code
operation

MAXI2 generates Intermediate dose-conversion factors for terrestrial food
pathways that are stored 1n the data files. MAXI3 calculates the data
files containing Intermediate dose-conversion factors for aquatic pathways.
The computer programs were developed In a modular fashion and written to
meet ANSI-FORTRAN-77 standards. Complete listings of the computer
programs and a technical description of the environmental pathway models*
including six sar.ple problems provided for benchmarking purposes, are found
in References 1 and 2. As part of the computer program developmenti hand
calculations were performed for the six sample problems to verify that the
code produced the expected results. The following sections contain brief
descriptions of each of the computer codes.
The ONSITH Computer Program
ONSITE is an Interactive computer program that allows the user to access or
create radiation-exposure scenarios used to estimate the dose to humans
resulting from onsite disposal of radioactive wastes. The software
solicits scenario information from the user, controls parameter
modification, selects the appropriate data libraries for running MAXI1, and
constructs the input file for MAXI1. ONSITE was designed to make the
creation and execution of a specific scenario as easy for the user as
possible. If the default environmental conditions are used, ONSITE is the
only computer program that the user needs to Interact with because this
interaction automatically produces results from MAXI1. The ONSITE program
gives the user the option of changing any parameters of selected pathways
used 1n the radiation-exposure scenarios. Each parameter is described in
terms meaningful to the end user. The dimensional units and the upper and
lower bounds of each parameter are displayed. Each parameter value entered
by the user is tested against upper and lower limits, when applicable. If
the value selected by the user is not accepted, the user is asked to reenter the value. Default (or assumed maximum) values and conditions are
activated by a null entry (e.g., simply pressing the <return> key on the
terminal).
The MAXI1 Computer Program
The computer program MAXI1 is used to calculate the maximum annual dose to
an exposed individual from a large number of exposure pathways. This
program uses dose-conversion factors created by additional pathway analysis
computer programs as described in Reference 1. The dose conversion factors
are similar in form to those described by the NRC 1n Appendix I to 10 CFR
Part 50 . The exposure pathways that can be modeled Include 1) direct
external exposure to penetrating radiation from contaminated soil or
building surfaces, 2) inhalation of resuspended material, and 3) ingestion
of contaminated foodstuffs including aquatic foods and drinking water. The
end-user defines the input conditions for MAXI1 by direct interaction with
the ONSITE computer program as described in the previous section.
The MAXI1 program calculates doses to humans based on dose-conversion
factors developed for a given set of environmental conditions. These
conditions define the list of radionucl ides that are likely to be present
1n the waste, general agricultural and aquatic practices of the
geographical area, and the general lifestyle of the maximal ly exposed
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waste-site Intruder. A reference environment was defined, and the MAXI2
and MAXI3 computer programs were used to calculate dose-conversion
factors.
The MAXI2 Computer Program
MAXI2 1s used to generate dose conversion factors to account for deposition
of radionucl ides on farm or garden soil and crops. MAXI2 needs to be run
only when alternative environmental conditions to those described 1n
Reference 1 are required. Leaf mechanism and soil mechanism dose rate
factors are written to separate computer files to account for leaf
deposition and soil uptake. MAXI2 is a specialized version of the FOOD 7
computer program. Further Information about the theoretical and
operational details for FOOD can be found in Reference 7. Additional
information about how the FOOD program was modified to prepare the input
files for the MAXI1 computer program are found in Reference 1.
The MAXI3 Computer Program
MAXI3 is used to generate drinking-water and aquatic-food pathway doseconversion factors for the MAXI1 computer program. Like the MAXI2
program. MAXI3 only needs to be run when alternative environmental
conditions to those described in Reference 1 are required. MAXI3 is a
specialized version of the ARRRG computer program. Further details about
the theoretical and operational details for ARRRG can be found in Reference
7. Differences between ths ARRRG program and the MAXI3 program are
discussed in Reference 1.
RADIATION DOSE CALCULATIONS
The general expression for calculating the annual dose to an organ of
reference (within the maximally exposed individual) during any year after
the start of continuous exposure 1s expressed as '
*

*t = R t
where
A^ = the annual dose during the year t from al 1 exposure pathways to
the organ of reference, mrem
*
R t = the radiation dose equivalent in year t to the organ of reference
from all internal and external exposure pathways from Intake and
exposure 1n the year t, mrem.
The summation term in Equation 1 represents the dose equivalent delivered
to the organ of reference in year t from, radionuclides deposited in the
organ of reference in year t, during all previous years since the start of
continuous exposure. This term 1s valid only for positive integer values
of t. For t equal to 1, the summation term 1s zero.
The annual dose, A^, to the organ of reference 1s calculated for each
value of t from 1 to 50, and the maximum annual dose in determined by
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Inspection. Experience with this method to date Indicates 50 years to be a
suitable maximum value of t; however* higher maximum values are not
precluded. The radiation dose equivalent terms required by Equation 1 are
determined for the pertinent radiation-exposure pathways. Details about
the methods of calculating the radionuclide concentrations 1n various
environmental media are given In Reference 1.
No special algorithms or numerical techniques are employed by the ONSITE/
MAXI1 computer programs apart from those required to solve Equation 1.
However, special formulations for some of the parameters in Equation 1 are
available 1n the exposure scenario analysis. Other formulations are
directly Included in the calculation of the dose conversion factors used by
MAXI1.
Estimates of the maximum annual radiation doses based on selected exposure
scenarios can be made by furnishing available site-specific information to
the 0NSITE/MAXI1 software package. The user Interacts with the ONSITE
computer program to select one of the five exposure scenaric.; identified
above. The program prompts the user to Identify the source and location of
the contamination and to quantify the Inventory. The user may modify
assumptions concerning the maximally exposed intruder's lifestyle 1n
response to questions asked by the program. The ONSITE program checks the
user's Input for validity, selects appropriate data libraries to be used
for the dose calculations, and constructs the Input file for the MAXI1
computer program.
SUMMARY AND FUTURE EFFORTS
The 0NSITE/MAXI1 computer software package was developed for use by NRC 1n
reviewing license applications for onsite disposal of radioactive waste.
The 0NSITE/MAXI1 package (June 1984 version) permits dose pathway analysis
for scenarios of an intruder into the disposed waste. The integrated
software package consists of the ONSITE and MAXI1 computer programs, a data
base of dose factors and radioactive decay Information, two auxiliary
computer programs (MAXI2 and MAXI3) that allow modification of the data
base, and system procedures that both control program execution and reduce
user interaction with the computer operating system, The Interactive
program ONSITE is used to generate input for MAXI1, which is then used to
calculate the maximum annual dose to an exposed Individual. Five
representative human-Intrusion scenarios are Included as options within the
ONSITE program. The ONSITE program assists the user in defining scenarios
by Including default values for the various parameters, logically
presenting applicable parameters for user modification in "English-phrased"
statements, and testing user input against allowable parameter ranges.
As a continuation to the 1984 efforts, supplements were produced to the
ONSITE/MAXI1 software. A supplemental document (Reference 2) was produced
that describes improvements to the software package. These Improvements
Include the capability to account for shielding conditions that represent
noncompacted trash wastes and the option to Indicate alternative 1 =ind-use
conditions within the assumed environmental setting. In addition, a series
of discussions was Included in Reference 2 to Increase the user's understanding of the scenarios and dose calculation methods. These discussions
respond to frequently asked questions about the mathematical models and use
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of the software.
As a further continuation of our earlier efforts* additional enhancements
to the software package are being proposed. These enhancements Include 1)
conversion to the ICRP 26/30 dosimetric system for assessing human
exposures to radioactive materials and 2) inclusion of an optional 50-year
effective committed dose equivalent calculation. The resulting modified
computer software package will provide the necessary flexibility to conduct
analyses of human-intrusion scenarios that are applicable to the
terrestrial disposal of radioactive materials for a wide variety of
conditions.
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ABSTRACT
The Texas Low-Level Radioactive Waste Disposal
Authority was formed in 1981 to address the Texas
low-level radioactive waste problem consistent with the
direction of P.L. 96-573. The Authority has completed
technical tasks,, including source term evaluations,
preliminary conceptual designs, economic assessments,
and long-range planning, and has work in progress on
facility design, site selection, operating procedures,
and licensing. Site selection has been the major
technical activity and will be completed in 1987 after
on-site evaluations of potential sites. The Authority
expects to have its site licensed and operating in
1992.
Texas has been the leader in site selection.
Political concerns and the uncertainty of the national
agenda led Texas policy makers to slow down the state's
progress. The lessons learned through the Texas
situation should be instructive *o other states and
compacts and may well be a prediction of events for
these other groups. This paper discusses the background and status of Texas' development activities,
future plans, and lessons learned.
Background and Current Status
The Texas Low-Level Radioactive Waste Disposal Authority was created
in 1981 to provide disposal capability for low-level radioactive waste
generated within the state. Enabling legislation was consistent with the
direct'of of P.L. 96-573. The Authority was mandated to perform certain
technical studies as well as determine these areas of the state that are
relatively more suitable for low-level radioactive waste disposal.
Numerous technical studies have been completed, including source
term evaluations, waste management practices, a conceptual design, transportation costs and economics, public perceptions, monitoring needs, and
sociodemographic and intergovernmental concerns. On-going studies include
alternative technologies and operating procedures, as well as site
selection. Currently, the Authority is focusing on site selection
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on state-owned lands. Long-range plans have been developed to address
site characterization, facility design, operating procedures, licensing,
construction, and operation.
Federal and state laws and regulations provide specific requirements
for site selection. These requirements are based on ensuring that a
facility meets environmental and health protection standards. The Authority developed its site selection criteria from these requirements and, in
several cases, exceeded requirements by including certain preferential
criteria. To ensure that all criteria were met, the Authority established
a policy that the siting activity would be conducted solely on a technical
basis.
in February 1983, after reviewing proposals from 22 engineering
firms from across the country, the Authority selected Dames & Moore to
conduct a siting study for the location of a low-level radioactive waste
disposal facility in Texas. Dames & Moore was charged with the responsibility of conducting a comprehensive evaluation of all possible sites in
the state using 14 general criteria, including:
(1)
(2)
(3)
(4)
(5)
(6)
(7)
(8)
(9)
(10)
(11)
(12)
(13)
(14)

disposal volume capacity for 20 years;
geologic considerations;
topographical characteristics;
meteorological conditions;
surface and subsurface hydrology;
flora and fauna;
current Tand use;
transportation and access;
population density;
proximity tc generated waste;
federal and state regulations;
socioeconomic effects;
alternative activities; and
long-term impacts such as decommissioning and reclamation.

William F. Guyton Associates, Incorporated, a hydrology consulting
firm, and Hittman Nucleer Corporation, a radioactive waste transportation
company, were selected by Dames & Moore as subcontractors to provide
additional hydrological and transportation expertise.
With direction from the Authority staff, Dames & Moore expanded the
14 general criteria to 24 criteria addressing both exclusionary and inclusionary factors. All 254 counties of the state were subjected to the
study. Unsuitable counties were eliminated by applying a progressive,
three-phased screening approach. Ultimately, 55 sites in six regions of
the state were selected for detailed comparison and rating, with 26 being
recommended for further consideration. Six sites were identified as
potentially available, and preliminary on-site evaluations were conducted.
These sites were located in McMullen, Dimmit, Hudspeth (two sites),
LaSalle, and Garza counties.
After preliminary drilling, the Garza County site was deemed
unsuitable because of a shallow strata of fine sand which represented a
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potential for shallow groundwater. The LaSalle County site was removed
from consideration because it was unavailable for purchase by the
Authority. The two Hudspeth County sites, located on University of Texas
System land, were removed because the University was unwilling to allow
consideration of engineered barriers or disposal methods other than
shallow-land burial for these two sites. Therefore, with the exception of
the Garza County site, five of the six sites were considered to be suitable, but because of unavailability, only the sites in Diinmit and McMullen
counties remained under practical consideration.
Through a policy statement, the Dimmit and McMullen County sites
were identified as potential sites at the August 10, 1984 meeting of the
Authority's Board of Directors. At its November 19, 1984 meeting, the
Board formally named these two sites for further consideration and
directed the staff to conduct evaluations and prepare reports that would
enable the Board to select one as the prime site.
Public concerns became a factor before the technical evaluations
could be completed. In addition to uncertainty at the federal level
regarding the 1986 cut-off date in P.L. 96-573, this led the Governor and
key legislators to request a delay in the Authority's siting activities.
Based on consultation with the Governor and the Texas Legislature, the
Board decided to table consideration of a prime site and conduct a detailed inventory and evaluation of all state-owned lands in areas of the
state previously identified as suitable by Dames & Moore. The Board
directed the staff to select an engineering firm to conduct the work,
subject to the Board's approval.
By letter request, the Authority called for proposals from five
engineering firms. After a thorough review of the five proposals, Dames &
Moore was selected to continue this work. At a special meeting of the
Board of Directors on March 22, 1985, the state lands evaluation contract
was awarded to Dames & Moore. Work began on the evaluation on April 8,
1985, with completion required by August 31, 1985.
In addition to action by the Authority's Board to redirect siting
activities, legislation reflecting both public and political concerns was
passed in the 69th Texas Legislature to change siting criteria. The
legislation, House Bill 449, became effective June 14, 1985.
H.B. 449 directs the Authority, in its search for low-lovel radioactive waste disposal sites, to give preference to lands owned by the
state and administered by the University of Texas System or the General
Land Office (GLO). The bill authorizes the Authority to enter into an
agreement with University or GLO officials to purchase an appropriate
tract in fee simple, but gives those officials veto power over any site
they consider inappropriate. If an acceptable site is located on University lands, the University's Board of Regents must certify in its
records that the site will not interfere with potential siting on University lands of the Super-Conducting Super-Colliding Particle Accelerator
Project sponsored by the U.S. Department of Energy.
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The legislation stipulates that no siting or performance standards
for the selected disposal site can be relaxed simply because a site is
located on state-owned lands. In addition, no site can be selected that
is within ?.O miles up-drainage from a reservoir project that has been
constructed by the U.S. Bureau of Reclamation or the U.S. Corps of Engineers, or that has been approved for construction as part of the Texas
Water Plan. If the Authority determines that a suitable site cannot be
located on state-owned lands, it must prepare a report to the Governor and
the Texas Legislature citing the reasons that the lands are unsuitable.
The Authority must, as part of its redirected siting program,
examine alternative waste management techniques, including waste processing, reduction, and recycling. The design of disposal facilities must
incorporatp safeguards against hazards resulting from local meteorological
conditions such ?r storms, hurricanes, tornadoes, earthquakes, and
floodim . No low-level radioactive waste may be disposed of in a landfill
below the natural level of the site unless (a) state or federal programs
preclude or recommend against aboveground disposal, or (b) if the Authority determines by rule that below ground disposal provides better environmental protection than abcveground disposal.
A final section of the amendment to the law states that the Texai
Department of Health may not issue a license for a disposal site to the
Authority prior to July 6, 1987. This provision enables the 70th Legislature, meeting in 1987, to examine the Authority's progress and status of
the subject at the federal level orior to license issuance.
As a result of action by the Authority's Board of Directors and H.B.
449, all previously identified sites have been eliminated except the
LaSalle County site, which is not available for purchase. Of the 56 top
ranked sites, only 14 remain as potential sites, and none are available.
Unless private landowners volunteer to sell their property, the only
properties available to the Authority are those owned and administered by
the GLO and the UT System.
Working with GLO and University representatives, the Authority staff
identified 2,900,377 acres of state-owned land in' 172 of Texas' 25^
counties (Figure 1). The site selection contractor combined this data
with previously developed exclusionary maps to document those lands of
suitable size (320 acres or larger) that are located in potentially
suitable siting areas.
Progressive application of technical siting criteria narrowed + he
study to 18 sites located in certain areas of six West Texas counties
(Brewster, Culberson, Hudspeth, Loving, Ward, and Presidio). Aerial and
ground reconnaissance by staff of the Authority and the contractor defined
seven sites in four counties for on-site work. Pfter core drilling, four
sites, two each in Culberson and Hudspeth counties, remain for detailed
study.
Future Plans
The Authority's current critical path network, depicted in Figure 2,
reflects the legislative mandate to give preference to state-o. ned land
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and consider alternative disposal methods. In fiscal year 1986, beginning
in September 1985, more detailed investigation of selected sites on stateowned lands will be conducted. At the August 20, 1985 meeting of the
Authority's Board of Directors, three disposal technologies were designated for further study, including aboverround, below ground, and earth
mounded concepts. Conceptual designs for these disposal technologies will
be conducted concurrently with site investigations.
In fiscal year 1987, work will begin on standard operating procedures and detailed designs for the three technologies. Site selection
activities will proceed through (1) socioeconomic and additional technical
studies, (2) selection of two or more potential sites, and (3) site
designation. A request for proposals for site characterization work will
be issued following completion of socioeconomic studies.
Fiscal year 1988 will be devoted to tailoring generic standard operating procedures to site-specific procedures and to selecting a final
disposal technology design complementary with characteristics of the
designated prime site. Site characterization will also begin in, fiscal
year 1988.
By the beginning of fiscal year 1989, the standard operating procedures and final site design will
be completed, enabling a phased license
application process to begin. T n facilitate requlatory agency review, the
license will be submitted in segments as data become available. The
license application will be updated periodically as data are obtained from
on-site characterization work until the license is complete.
Fiscal years 1990 and 1991 will be dedicated to license review and
hearings, and license issuance. Construction could begin late in fiscal
year 1991, accommodating the projected operation date of 1992.
The current critical path network represents a significant departure
from the Authority's previous schedule. Many factors, technical and
political, have contr!_ ted to changes in the time table.
Lessons Learned
Much has been learned in the past 36 months. The Authority has held
many town meetings in various areas of the state, and all have been
similar. The basic concerns of people throughout the state are consistent. The same questions and concerns have been raised at all of the
meetings. The prevailing view of the people is clear: "We need a site,
but not here!" The NIMBY ("not in my backyarj") syndrome has followed the
Authority wherever it has gone.
Public Response
Seven stages of opposition have been identified:
o
The first stage is the appearance of individual contacts and
letter when the general public first learns that their area
is under consideration,
o
The second stage is formal petitions and resolutions opposing
the activity.
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o

o
o

o
o

The third stage is the formation of special interest groups,
e.g., South Texans Against Nuclear Dumping. Also, outside
groups who are sympathetic to the local cause may join in the
opposition.
The fourth stage is an attempt to halt siting progress by
legal action — injunctions, restraining orders, lawsuits, etc.
The fifth stage is political intimidation or formal political
action. For example, political threats may be made against
the future of the operating entity, or more formal political
actions may be taken, such as executive orders or legislative
actions.
The sixth stage is formal intervention in the licensing
process.
The final stage is public disobedience.

To date, the Authority has experienced the first five stages. The
public has been extremely effective in opposing the Authority's efforts by
following these steps.
Public Behavior
There i" generally someone in the community who has the time,
resources, and ability to mobilize opposition to the project. It has been
the Authority's experience that most local organizers are intelligent,
determined opponents with an ability to attract media and political
attention. Unfortunately, they generally do not have a technical background, which leads to a tendency + J exaggerate hazards and oversimplify
alternatives to the project.
Local organizers usually are instrumental in founding local opposition groups. These groups are usually noisy and attract more attention
than they deserve in terms of public support; however, they should not be
underestimated.
Elected officials tend to stay out of the fray until the last moment
because they perceive the issue of low-level radioactive waste disposal as
a no-win situation. However, once pressure is brought to bear, they must
publicly oppose the siting effort regardless of their personal feelings.
Politicians can influence the process through letters of opposition,
legislative action, and political intimidation.
Legal tactics involve threats to impede the process or to sue for
damages. The Authority has experienced a number of threats from lawyers,
but to date, there has been no lightning, despite much thunder.
The news media ranges from supportive to confrontational, depending
on the circulation proximity to the site. Unfo '.unately, the media tends
to exacerbate public opposition by providing a "•""um for local organizers
and politicians. Most members of the p>"ess st.,ve to provide what they
feel is objective reporting. In fairness, it is difficult for the press
to differentiate between rhetoric and facts because they usually do not
have a technical background and do not have access to technical expertise.
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Authority Follow-up
The Authority has attempted to respond to the public's fears and
concerns by providing technical reports, educational brochures, newsletters, public speakers, slide presentations, tours to operating facilities, and personal responses to all letters, resolutions, and petitions
that have been received. Authority staff has traveled to all areas of the
state to meet with people, regardless of the number, to answer questions.
The staff has appeared on television and radio and has met with elected
officials '••n a daily basis.
Despite technical efforts, the siting of a low-level radioactive
Waste disposal facility is heavily influenced by the public and by politics. The public's rationale and actions often are not based on the
technical merits of an issue and, many times, override the technical side
of an issue.
Regardless, early and frequent contact with the general public
statewide and with the local public is important so that communication
channels can be established and misinformation combatted. It is also
important that leaders be advised first so that they are not embarrassed
and become immediate adversaries. Once a leader has committed to a
position, it is very difficult to retreat with grace. Community leaders
should not be put in this position.
Technology vs. Politics
Everyone agrees that a site must be selected using the best scientific data and the most logical selection process. However, when a
politician is forced to defend the site selection process to a group of
constituents who are adamantly and irreversibly opposed to the site, the
art of political compromise inevitably affects the process. Cold, hard
scientific fact will be tainted by public sentiment. This can result in
politics becoming th. controlling factor. Once this has happened, the
most suitable political site,
rather than the best technical site, will be
selected, and the technica1 adequacy of a site may be compromised.
Penalties
There are serious concerns that access to the existing disposal
facilities may be eliminated or curtailed, prompting a national crisis.
It may take such a crisis to forge the political consensus necessary to
take and support action to site, design, license, construct, and operate
low-level radioactive waste disposal facilities. At a minimum, penalties
prescribed in Congressman Morris Udall's bill, h.B. 1083, are necessary,
but these may not be harsh enough.
"Experts"
All too often, individuals and special interest groups have represented themselves to the public as experts when they had neither the
required academic background nor experience in the field. Simplistic and
technically inaccurate information has been disseminated by groups
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opposing particular sites and technologies. Invariably, the Authority
encountered local, regional, and even national adversaries who presented
dramatic and effective opposition to the Authority's activities. Because
of dramatic presentations or a simplistic approach, the public tends to
accept these approaches rather than information from qualified professionals.
Consensus Building and Incentives
Because of misinformation, demagogu^ry, technical problems, and
procedural mistakes, the general public is suspicious of the current
nuclear waste management approach. Consensus building and incentives are
necessary in order to gain public support for sites and technologies.
Consensus building involves strong public participation.
The
general public must be informed. Misinformation and demagoguery must be
challenged with technical facts. Technical problems and procedural
mistakes must be dealt with promptly and openly. Credibility and accountability are required from all interests before support for projects can be
anticipated. This will require responsible actions by all groups, including adversaries.
The local public may accept a facility if they perceive some advantage from the facility. This could be in the form of jobs, industrial
expansion, improvement of a community public safety problem, improvements
in community facilities, and/or direct grants. The public must perceive a
greater positive impact than a negative one in order to support a site.
Consensus building and incentives, combined with milestones and
penalties, can provide the necessary public and political support to move
forward.
Conclusions and Summary
Texas came close to designating a prime site, but did not because of
political concerns. These concerns outweigh a purely technical site
selection process and, if left unchecked, can drive the program. This
will repeat itself in other regions and states because of the NIMBY
syndrome. A strong public relations effort, an incentives program, and a
qualified technical approach are necessary for future low-level radioactive waste disposal facility development.
Texas is working toward formal site designation in 1987, after site
selection and preliminary characterization work. Facility design, operating procedures, and licensing will be conducted between 1985 and 1991.
Construction leading to operation should be on a 1991-1992 time frame.
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THE TEXAS SITUATION
(Whereupon R. V. Avant gives his presentation, which was not reported.)
DISCUSSION FOLLOWING PRESENTATION:
MR. ALBERT (Alabama): I
consensus within the county
materials, the county support
county beating them over the
that?

notice you spoke about their building
and I notice the case of hazardous
is real good. It's the rest of the
head. How are you going to deal with

MR. AVANT: It depends on the area and the situation. In some
cases, like in a Colorado site, people wanted it and there was another
area that didn't want it.
There is a different situation in Texas. Tho people in the
local communities don't want it and the people 600 miles away can
probably care less and relieved are it's probably going to be there.
I think it depends on local areas and input from public
officials. See if you can find out what the real concerns are.
If there are some concerns you can address, possibly they can be
addressed through the facility design or environmental monitoring
and control situations.
I don't think we'll ever get more than 50 percent at best.
BILL DORNSIFE (Pennsylvania): Once again, I agree
everything you say, you have succeeded in impressing me greatly.

with

My question is; if you were able to go back to the beginning
and were designing a process, would you be thinking about how well
a process such as California has attempted to do? To select a site
operator up front, they can be more involved in the actual site
selection process versus a state selected process. Do you think
that might work in some other ways better than the states only siting
approach?
MR AVANT: Like our political colleagues, Bill, I feel strongly
both ways. I think if looking back at hindsight 20/20, there's
certainly something to be said by saying, here is the state that
we think possibly could have the best opportunity to house a site.
Now, we want somebody to come out and work with the communities
and find a site. This will work for a compact or an area that has
a half million cubic feet or maybe even down to a couple hundred
thousand cubic feet.
I think we can look at 130,000 cubic feet as the minimum where
for a privately developed entity. To come in and put up significant
development money, considering the term waste stream would be
difficult for a private developor under the California scenario.
I think possibly in California that will work. But in Texas,
I don't think it would work because of sheer volume of waste we
are looking at, the legal concerns that are present, and the concerns
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that we might have as
Although, we think we
r
hallenge. There's a
there's any one fornr'la

far as challenges that go it alone position.
are on firm ground, I think there will be
lot of if's there, Bill and I'm not sure if
that applies across the board.

It's sure nice to have Chem-Nuclear or U.S. Ecology, taking
the heat. You can say, we are having them bring us a site, we'll
consider it, but may reject it. From the point of view of shifting
blame, that's not a bad approach but I think it depends on where
you're at, Bil1.
Jeff Smiley (DOE): This isn't a question. I wanted to say
for the group here that my role as DOE coordinator from the local
waste, I don't know if everybody here can appreciate the time and
effort that Bob, Rick, and members of their staff like Tom Blackburn
who is in much demand because of the status Texas has in terms of
progress that is being made, to come around and talk to several
different conferences and forums of this nature. Bob especially,
has been willing tc give explicit discussion of what's going on
in Texas and discuss the progress and the political situation in
an open and critical way. And more than that, he's been willing
to publish it and make findings both positive and negative available
for all of us to read.
Those people in Texas can read what he says about them. It
doesn't come without some risk to be able to do that. I know it
comes to some risk to you and your agency to come to these forums.
And what I'm leading up to is, I hope the other state people here
today would be willing as you to progress in your own programs,
to be as open, explicit, and critical as Texas has been. And I
think if that can occur, lessons will be learned for all of us who
are in some phase of development in low-level disposal facilities
and it can help everybody.
We can ensure a more effective nation-wide system more rapidly.
I want to thank you on behalf of the Department of Energy for making
you and yours available and being so open in the progress that's
occurred in Texas for the last couple of years.
MR. AVANT: Thank you, Jeff.
MR. HELMINSKY: Ed Helminsky and I'd have to second first of
all, what he said. You ha^e been very helpful co us as far as sharing
the information. One thing you did a year ago was fully go through
a conceptual design for your facility. In the beginning of your
talk, you mentioned the words, "has changed" and I think this meeting
is the first evif^nce that technologists have realized that the
world has changed and we are going to do something different. Are
you doing something different in Texas regarding your modified
enhanced design or conceptual design, is it going to be changed
to incorporate more engineered barriers?
MR. AVANT: Ed, I'm rjlc'd you brought that up and I'm sorry
I did not. Well, I should have probably put an additional slide
in there.
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It's premature for me to get into too much detail. One thing
that happened is that the house bill 449 was passed by the
legislature. It addressed site selection and said we could not
locate within 20 miles of a reservoir so that's a political decision
and not technical.
Certainly one thing they also said is that we shall give
performance to above ground disposal techniques. If we decide that
that's not in the best health and Sdfety interest for the people
of Texas, we have to document that \/ery significantly an:! very
strongly go through it with a number of calculations to prove that.
I mentioned that on Tuesday and I feel like we certainly can
do that. I know the staff f^els like above ground approaches have
a lot of liabilities. We ->re going to go through that evaluation
in good faith and look at the number: and not second guess it.
I think if I had to call it now, I'd say some sort of a hybred
maybe like on a concrete bunker or something like that might be
the technology that evolves. That process is going to be taking
place over the next two years prior to getting the conceptual work
done and move away from the conventional shallow land burial.
Our board in August said we shall not and will not approve
the conventional shallow land approach. Now, there's a large broad
ground between the conventional shallow land technology and above
ground structures.
We'll be somewhere in that large broad ground and I don't know
where that will be. I think maybe next year at this meeting Ruben
car. probably give you a better feel of where the technology viou^d
be evolving in Texas.
Certainly, we are working very closely on the Disposal
Technologies Coordinating Committee. We fell it's very important
to use and learn what those technologies are and work closely with
V'arn Rogers and his group and EPRI, NRC, and DOE on that.
I think over the next year, we'll have a better picture of
where this whole thing is going. A long answer to a short question.
VOICE: In your opinion, would you think that in the public
participation process you would have to go through it twice and
the first time, you're going to run into what you ran into, no matter
what you do and how well you plan it?
MR. AVANT: I don't know. I think hindsight is also 20/20
and we'd probably reap benefits if we'd spend 18 months traveling
and doing dog and pony shows all over Texas to make people more
aware.
I don't think that would affect the opposition to it but
certainly would educate the people a little bit more. I think that's
probably something that is going to have to L-e done. We will have
meetings with ladies at garden clubs all over the state and spend
more time on the road.
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