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CENTER FOR NUCLEAR WASTE REGULATORY ANALYSES

TRIP REPORT
October 25, 1990

SUBJECT: 18th Water Reactor Safety Information Meeting
Hosted by the U.S. NRC
Organized by the Brookhaven National Laboratory

DATE/PLACE: October 22-24, 1990
Holiday Inn Crowne Plaza
Rockville, Maryland

PERSON PRESENT: Wesley C. Patrick
BACKGROUND AND PURPOSE OF MEETING:

The purpose of this trip was to attend the subject conference to (a) present an
invited paper on the subject "High-Level Nuclear Waste Research at the Center for
Nuclear Waste Regulatory Analyses: A Progress Report" and (b) to participate in
a special session of the conference on Waste Management Research.

SUMMARY :

The program for the conference is provided as Attachment 1 to this report. Two-
page summaries of most of the papers presented are provided in "Transactions of
the Eighteenth Water Reactor Safety Information Meeting", NUREG/CP-0113. A copy
of this document is available in the Center library; the table of contents is
provided as Attachment 2 to this report. Detailed proceedings, including each
paper presented, will be published at a later date. A copy will be made
available in the Center library.

Involvement in this three-day conference was limited to attendance at and
participation in the special session on Waste Management Research, which was held
the afternoon of October 23, 1990, As indicated in Attachment 1, the special
session was divided topically into high-level waste and low-level waste.

M. Silberberg, who chaired the session, set the stage for the presentations that
followed, elucidating the relationship between the licensing office and the
research office of the NRC. J. Youngblood expanded upon this in his remarks,
noting the requests for research provided via the Division of High-Level Waste
Management user need letter.

G. Birchard provided a thorough review of the current NRC High-Level Waste
Research Program Plan, which spans approximately five years. Areas of progress
to date, the pre-1987 focus on the saturated zone, contracts being closed out,
and transfer of work to the Center were noted.

Dr. Birchard's presentation was followed by a presentation by W. Patrick
summarizing the research work ongoing at the Center. For each of the first six



projects approved by the NRC, the regulatory basis, associated technical issues,
and general approach to the research was summarized. In addition, one or two
examples of recent 'findings’ were shown. Dr. J. Danko, University of Tennessee,
expressed interest and concern regarding microbiologically influenced corrosion.
G. Cragnolino has been in contact with him previously (at a conference last week)
and should expect a follow-up call. The complete paper has been submitted to the
organizing committee for publication, has been provided to the NRC for their use,
and is being circulated internally to the staff of the Center.

The final paper in the high-level waste session was provided by Dr. T. McCartin.
He summarized, in his words, the results of 15 years of performance assessment
research at Sandia National Laboratory. The focus of the presentation was the
SNL methodology (those interested should see B. Sagar for a copy of the schematic
of that methodology and, as appropriate, an explanation thereof). The wide use
of this methodology in many areas was highlighted. Note was made of the transfer
of the work to the Center.

The second half of the special session dealt with low-level waste management.
Following introductory remarks by R. Bangart, E. O'Donnell summarized the
recently completed Low-Level Radioactive Waste Management Research Program Plan
(see Attachment 3). Note that the full program plan has been published in NUREG
form and is available in the Center library.

Dr. P. Reed provided a thorough summary of work on LLW classification and
stability. A handout of his viewgraphs is provided as Attachment 4 to this
report.

The final paper was given by Dr. T. Nicholson, who reported on the results of
hydrogeology research that is being conducted in support of the LLW program. He
highlighted current technical issues regarding fluid flow in the vadose zone,
noting work ongoing at the University of Arizona and New Mexico State University.
He established a tie to the Center through our work on the Jornada Trench
experiment near Las Cruces, New Mexico, which is funded by the high-level waste
program as part of INTRAVAL.

IMPRESSIONS /CONCLUSTIONS:

The special session on Waste Management Research was quite well attended,
particularly considering that the principal topic of the conference has
historically dealt with nuclear power plant design, construction, and operations
issues. International participation was particularly good.

There are already numerous conferences related to high-level nuclear waste
management held annually. However, it may be appropriate to continue and
possibly expand (to one day) involvement in this conference because it is one of
a few such conferences which bring the reactor people (i.e. the waste generators)
into contact with researchers in the field of waste disposal.

PROBLEMS ENCOUNTERED: None.



PENDING ACTIONS:

G. Cragnolino should expect a call from Dr. Danko regarding MIC. It may be
appropriate for him to provide a brief seminar at the Center if his work is
germane to what we have planneqd in the Integrated Waste Package Experiments area.

CONCURRENCE

T 1) R Da;gz/géa

Allen R. Whiting
Director SE&I
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LOW-LEVEL RADIOACTIVE WASTE RESEARCH PROGRAM PLAN
Edward O‘Donnell, Janet Lambert
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ABSTRACT

The Office of Nuclear Regulatory Research, has developed a strategy
for conducting research on issues of concern to the U.S. Nuclear
Regulatory Commission (NRC) in its efforts to ensure safe disposal
of low-level radioactive waste (LLW). The resulting program plan
has been published in NUREG-1380. The plan provides an integrated
framework for the LLW research program to ensure that the program
and its products are responsive and timely for use in NRC’s LLW
regulatory program. The plan addresses technical and scientific
issues and uncertainties associated with the disposal of LLW,
presents program goals and ways for achieving them, establishes a
long-term strategy for conducting the confirmatory and investigative
research needed to meet these goals, and includes schedules and
milestones for completing the research. Areas identified for
investigation include waste form and other material concerns,
failure mechanisms and radionuclide releases, engineered barrier
performance, site characterization and monitoring, and performance
assessment. The plan includes projects that (l)-analyze and test
actual LLW and solidified LLW under laboratory and field conditions
to determine leach rates and radionuclide releases, (2)-examine the
radiological and chemical characteristics of decommissioning waste
from nuclear power stations,(3)-examine the short- and long-term
performance of concrete-enhanced LLW burial structures and
high-integrity containers, (4)-investigate the long term
effectiveness of disposal unit covers in controlling water
infiltration into disposal units, (5)- examine the information
needed at time of closure for predicting future facility
performance, (6)-attempt to develop a predictive model of the rate
of radionuclide release at the boundary of waste disposal units,
(7)-examine radionuclide transport behavior, pathways, uptake, and
transfer coefficients of radionuclide releases from LLW disposal
facilities, and (8)-attempt to predict water movement and
contaminant transport through low permeability saturated media and
unsaturated porous media.

INTRODUCTION

As the agency charged with the regulation of commercial low~-level radioactive
waste (LLW) disposal, the Nuclear Regulatory Commission’s (NRC's) task is to
establish and implement the framework for licensing all aspects of LLW



disposal facility siting, design, construction, operation, and closure
to ensure that LLW disposal will present no undue risk to the public health
and safety or the environment.

To meet its LLW disposal regulatory responsibilities, the NRC requires
technical data and methods for evaluating the demonstrations made by license
applicants that a proposed LLW disposal facility will isolate radioactive
materials over the period of time that these wastes remain dangerous to the
public. The data and methods that the NRC uses to review the submittals of
license applicants must be independent of the assessment techniques and data
bases developed by applicants in support of their submittals. The purpose of
NRC‘s LLW research program is to furnish the independent data and methods as
well as the technical understanding required by the LLW licensing office to
ensure safe and effective radioactive waste management and disposal.

NRC's Office of Nuclear Regulatory Research (RES) has published a research
plan for LLW (NUREG 1380) to ensure that the research program and its products
are responsive and timely for use in the LLW regulatory program. This paper
explains the regulatory and technical issues considered in developing NRC's
LLW Research Plan and outlines the strategy for addressing those issues.

REGULATORY FRAMEWORK FOR DISPOSAL OF LLW

To regulate the safe disposal of LLW NRC must have a practical understanding
of a complex set of scientific and technical variables, as well as the
capability to apply this understanding in anticipating the outcome of their
interactions. With this understanding and capability, the NRC staff should be
able to evaluate the expected performance of a proposed LLW disposal facility
against the performance objectives in 10 CFR Part 61, "Licensing Requirements
for Land Disposal of Radioactive Waste," to determine whether the facility
will be capable of isolating the hazardous components of LLW from the
environment.

Part 61 contains procedural requirements, general performance objectives, and
technical requirements applicable to any method of shallow land disposal of
LLW. The performance objectives in Part 61 Subpart C specify that shallow
land disposal facilities for LLW must be sited, designed, operated, closed,
and controlled after closure in a manner that protects the general population
from releases of radioactivity during and after operation, the workers on-site
from releases during operation, and the inadvertent intruder from releases
after closure. Section 61.41 provides the overall performance objective for
the safe disposal of LLW in terms of doses--limiting the dose to any member of
the public from any release to less than 25 millirems/yr for the whole body,
75 millirems/yr to the thyroid gland, and 25 millirems/yr to any other organ.
The performance objectives are the basis for the performance assessment for
any LLW disposal licensing decision and, thus are the driving force for the
research proposed in NUREG 1380.

The technical requirements in Part 61 Subpart D also serve as impetus for the
LLW research program. The technical requirements are established for each
stage in the life of a potential near-surface LLW disposal facility, including



the preoperational phase, operational phase, closure phase, observation and
maintenance phase, and finally for the period of institutional control. One
of the principal technical requirements driving the LLW research plan is
paragraph 61.50(a)(2) which requires that an acceptable disposal site must be
capable of being characterized, modeled, analyzed, and monitored. NRC must
have the capability to independently model and analyze the disposal facility
information presented by an applicant.

TECHNICAL ISSUES FOR LLW DISPOSAL

LLW disposal licensing decisions require a thorough understanding of the
nature and form of the LLW intended for disposal, the surface and subsurface
characteristics of the site where disposal is to occur, and how the various
design features of the planned disposal facility will work with the site to
enhance its isolation potential.

Clearly questions about the adequacy of a proposed LLW disposal facility begin
with uncertainties regarding the characteristics and form of the LLW itself.
The nature and form of LLW determine its potential source term and its
potential for release of radioactivity or other hazardous materials, the
overall long-term stability of the disposal site, the preferred engineered
enhancements, and the likely pathways for release to the environment.

A fundamental problem in providing for safe disposal of LLW is that the term
"low-level waste" refers to a wide range of radicactive wastes with an equally
wide range of physical and chemical characteristics. All industries;
hospitals; medical, educational, or research institutions; private or
government laboratories; or facilities forming part of the nuclear fuel cycle
(e.g., nuclear power plants, fuel fabrication plants) using radioactive
materials as a part of their normal operational activities generate so-called
low-level radioactive waste just as they generate other types of hazardous and
nonhazardous wastes.

LLW consists of radicactive materials and other materials that have been in
contact with the radioactive materials and thus are contaminated or suspected
of being contaminated. It is generated in many forms, concentrations, and
amounts. It ranges from trash that may be only slightly contaminated with
radioactivity to highly radioactive materials such as activated structural
components from nuclear power reactors. The form of the waste may be solid,
liquid, or gaseous and it may include a variety of chemicals. LLW ranges in
activity from thousands of curies per cubic meter to less than a few
microcuries per cubic meter.

The LLW disposal site environment contributes another set of complex variables
that, together with the characteristics of the LLW, must be understood in
order to assess the performance of a proposed disposal facility. The site
determines the physical and hydrologic environment into which the waste must
be placed and in which it must maintain its integrity during the hazardous
life of the LLW. Figure 1 is a schematic of a shallow land disposal facility.
The schematic indicates some of the natural and engineered characteristics of
the site that affect the stability and long-term performance of the individual
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waste disposal.

The uncertainties begin with the radionuclide and chemical content of the waste and its long-term
performance. Engineered barriers may be used to provide structural stability to the disposal
facility, to contain waste, and to keep water from entering disposal units. Performance assessment
entails evaluating everything from waste package degradation to water entry, performance of
engineered barriers, role of the geologic environment in containing waste radionuclide migration,
and biologic uotake into the food chain to humans.
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components as well as the overall LLW disposal facility. The major pathways
for potential long-term radiological exposure to the public are also shown on
the schematic and include potential leaching and transport of the waste by and
into the ground water, deliberate or inadvertent human intrusion into the
disposed waste, intrusion and dispersion by plants and animals, long-term
erosion of the site by wind or water, and resulting radionuclide transport by
surface water or the air.

RESEARCH PROGRAM STRATEGY

Most of the LLW research needs flow from the state of technical or scientific
uncertainty in a specific area of disposal technology and reflect a
recognition of the magnitude of the regulatory or licensing problems caused by
the uncertainty. Consideration of the uncertainties and any corresponding
threat to the public health and safety provides a basis for identifying
research needs, for determining the level of research effort needed, and for
determining when a specific piece of research has provided the required
information or has reduced the level of uncertainty sufficiently for
regulatory purposes.

Given the above, NRC has identified five major areas where research is
considered important to provide information for LLW disposal licensing
decisions. The areas are: (l)-Waste Form and other Material Concerns,
(2)-Failure Mechanisms and Radionuclide Releases, (3)-Engineered Barrier
Performance, (4)-Site Characterization and Monitoring, and (5)-Performance
Assessment. Following is a discussion of the major issues in each of these
areas and a discussion of the research which is planned to resolve the issues.

WASTE FORM AND OTHER MATERIAL CONCERNS

Waste Characterization

In order for NRC to predict the behavior of LLW in the disposal environment,
it is necessary for NRC to know as much as possible about the waste. However,
unresolved technical and scientific issues exist regarding (l)-the range of
physical and chemical characteristics of commercial LLW, particularly the
radiological and chemical characteristics of evaporator concentrates,
decontamination waste, and decommissioning waste; (2)-the characteristics of
the biological component of hospital/laboratory LLW; and (3)-the distribution
and concentration of long-lived alpha and beta emitters in LLW from nuclear
facilities.

To provide the necessary information, NRC plans to characterize low-level
waste streams and solidified LLW for radionuclides and chemical content
through the analysis of samples collected from actual operating nuclear power
plants and other LLW generators. Various waste forms will be tested to
determine if they comply with the guidahce provided by the NRC branch
technical position on radiocactive waste classification and waste form and a
proposed draft NRC regulatory guide on LLW form gtability and manifest
reporting.
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Testing Methods to Ensure Regulatory Compliance

safe disposal of LLW requires that the LLW disposed of at NRC-licensed
disposal facilities meets the requirements for waste form and characteristics
established in 10 CFR Part 61. If the NRC is to be able to ensure compliance
with Part 61, confirmatory information is needed for the following:
(1)-reliability of existing methods for inspection of LLW at disposal
facilities to verify compliance with Section 61.56 and disposal site
requirements, (2)-identification of process control parameters critical to
dewatering and solidification of LLW, (3)-reliability of methods for ensuring
compliance with dewatering and solidification of LLW, (4)-reliability of
methods for determination of compliance with mixed waste requirements,
(5)-reliability of procedures for measurement of nonradiological hazardous
material in LLW packages prior to disposal, (6)-alternative techniques for LLW
treatment where conventional techniques are unacceptable, and (7)-reliability
of existing screening tests on waste form.

The strategy for evaluating test methods will be to assess existing methods
through literature reviews backed by confirmatory laboratory work to establish
the validity of existing test methods.

Decommissioning of Nuclear Facilities

Decommissioning of nuclear power plants will begin in the near future and will
produce large amounts of LLW for disposal at commercial disposal facilities.
The current level of knowledge regarding desommissioning waste is not
extensive. Areas of uncertainty regarding decommissioning wastes include
{1)-the accuracy of the information for generation of decommissioning wastes
because of the paucity of information available, (2)-the technology of
decommissioning of nuclear facilities, particularly the safety and costs of
decommissioning, and (3)-the distribution and concentration of radiocactivity
from decommissioning with the greatest concern being activation products at
nuclear power plants. :

In order to provide the desired information, NRC plans to sample and analyze
products from the decommissioning of actual power plants. Attention will be
given to (1l)-characterizing the distribution, curie quantity, and isotopes
remaining prior to dismantlement/decontamination as well as the type and
quantities of radioactive decommissioning waste, (2)-determining estimates of
unit cost for various decommissioning activities, and (3)-assessing all
information acquired from actual decommissioning operations to present an
overview of the technology, safety, and costs for decommissioning all nuclear
facilities with special emphasis on power reactors.

FAILURE MECHANISMS AND RADIONUCLIDE RELEASES

Waste Form Performance

LLW intended for .disposal may take a variety of forms and each may interact
differently with the disposal environment. Thus the characteristics of the
waste form will contribute significantly to the overall performance of a
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disposal facility. 1In evaluating the performance of various waste forms,
uncertainty lies in (1)-the long-term performance of commercial LLW waste
forms under disposal conditions; (2)-the effect of chelating agents and
nonradiological constituents on the release and transport of radionuclides
from LLW, especially decontamination wastes; and (3)-the leachability of
activated metals from nuclear power stations and decommissioned nuclear
facilities.

NRC plans to reduce uncertainties in these areas by conducting small-scale
laboratory tests on actual solidified LLW waste forms from nuclear facilities
followed by large-scale field tests in lysimeters. The proposed program
focusesg on four lines of investigation: (1)=-stability/leachability of
solidified waste forms; (2)-the effect of chelating agents and other waste
constituents on decontamination LLW releases; (3)-the effect of chemicals,
radiation, and biodegradation on solidified LLW; and (4)-the leachability of

activated metals.
Radionuclide Releases

Tests to determine the potential release of radionuclides and other hazardous
materials from different LLW forms have typically been conducted in
laboratories. As a result, there is a need to (1)-understand the relationship
of laboratory leaching studies to actual field conditions that control
radionuclide releases, and (2)-validate the models for releases of
radionuclides to the environment from LLW disposal facilities, particularly
those dealing with high-volume heterogeneous trash and high-activity activated
metals. Additional information is necessary to determine the regulatory
applicability and usefulness of these tests and models.

NRC plans to characterize the physical and chemical processes that control
releases of radionuclides, chelating agents, and other hazardous materials
from LLW and then to develop mechanistic models that describe these processes.
Emphasis will be given to (1l)-relating the results of laboratory leaching
studies to actual field conditions that control releases, and (2)-validating
models for radionuclide releases from high-volume heterogeneous trash and
high-activity activated metals.

ENGINEERED BARRIER PERFORMANCE
Long-Term Performance of High-Integrity Containers

Various styles and kinds of high-integrity containers (HIC) may be used for
LLW disposal. There are outstanding questions regarding the performance of
these containers and their the long-term capability of maintaining structural
integrity and containing radionuclides. In particular, the effects of
radiation on high-integrity containers, and the effect of biodegradation and
microbial activity on high-integrity containers are not well understood.

NRC's strategy for resolving these questions is to conduct accelerated testing
on a variety of materials, initially at a small scale. Promising HIC
materials will then be tested at a large scale, with accelerated testing and
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long duration testing of replicate samples. Additional tests would be
conducted on replicate samples to determine the ability of the materials to
withstand structural loading and chemical/radiolytic attack.

Long-Term Concrete Performance

Since a number of States are considering LLW disposal facility designs which
incorporate concrete structures, it is important to understand how the
concrete will perform under disposal conditions. Unresolved issues concerning
the performance of concrete include (1)-predicting service life for concrete
structures, (2)-the performance of barrier materials used in concrete, (3)-the
effect of gamma irradiation on concrete, (4)-mathematical modeling of
radionuclide transport through concrete, and (5)-the degree of chemical
retardation provided by concrete, particularly with new concrete formulations.

Much like the research strategy for evaluating the anticipated performance of
HICs, NRC plans to conduct accelerated tests on a variety of concrete
formulations, initially on a small scale, then moving to tests on a larger
gscale for the most promising formulations NRC plans to emphasize determining
(1)-the service life of materials, (2)-the performance of barrier materials
added to concrete, (3)-the degree of chemical retardation provided by
concrete, and (4)-mathematical models for predicting radionuclide movement
through concrete.

Long-Term Cover Performance

In licensing a LLW disposal facility, the NRC must be able to assess how the
cover will contribute to the overall performance of the facility. Outstanding
issues regarding the evaluation of cover performance include (l)-control of
water entry through covers, particularly when there is subsidence, (2)-the
distance over which a capillary barrier is effective; (3)-the reliability of
existing methods used for determining compliance of LLW disposal facility
earthen liners and covers with regqulatory requirements; (4)-the erosion
protection design criteria for long-term stabilization of LLW disposal
facilities; (5)-the reliability of existing infiltration evaluation methods
for determining compliance with design specifications; (6)-the load
deformation responses of components that contribute to the successful
performance of an LLW disposal facility; and (7 )the long-term performance of
engineered barriers against inadvertent intrusion.

NRC's strategy for resolving these uncertainties regarding the performance of
the covers at LLW disposal facilities has been and continues to be focused on
humid region problems where there is potential for infiltration of significant
amounts of water through covers. Testing is being done under carefully
controlled conditions in the field in large-scale lysimeters following initial
small-scale laboratory tests and modeling of cover performance. Emphasis is
being given to managing infiltration with or without subsidence acting on the
cover. Other areas of future investigation include (l)=-evaluating the
reliability of existing methods for determining compliance of LLW earthen
covers and liners with regulatory requirements, (2)-determining erosion
protection design criteria for long-term stabilization of covers,



(3)-determining load deformation responses of components that contribute to
cover performance, and (4)-determining the long-term performance of intruder
barriers.

SITE CHARACTERIZATION AND MONITORING

Site Characterization

As previously stated, the NRC must be able to evaluate assertions made by a
LLW disposal facility lisence applicant that the intended site will be
acceptable under Part-61. In addition, the NRC must be able to ensure that
the hydrologic and geochemical properties of the gite controlling contaminant
transport are measured and understood prior to issuance of a license. This
means that both the surface water hydrology of the site and the ground-water
hydrology of the site (including both the saturated and unsaturated zones) and
the ground-water chemistry must be adequately characterized. With respect to
determining surface-water hydrology for a site, unresolved issues remain
including (l)-estimation of long-return flooding (e.g., 500-year flood) beyond
the period of record, (2)-estimation of drainage changes due to natural
processes or human activities over the long term (100-300 years), and
(3)-determination of erosion and land-form modifications over the long term.

With respect to evaluating the saturated zone hydrology, additional
information is needed in the areas of (1l)-determining the steady-state and
transient water tables for the site, (2)-determining the impact of the
engineered facility on existing ground-water flow paths, and (3)-determining
the long-term impact of regional/local ground-water use on an LLW disposal
facility.

In the case of characterizing the unsaturated zone hydrology, issues that
remain outstanding include (1l)-determining hydraulic and pneumatic properties
of heterogeneous unsaturated sediments, (2)-determining ambient moisture
content and hydraulic potential of heterogeneous unsaturated sediments, and
(3)-delineating liquid and vapor pathways in unsaturated sediments because of
nonuniform moisture content and pressure heads.

With regard to ground-water chemistry, additional information regarding the
complex interaction of leachate with the natural ground water is needed.

Monitoring

An applicant for an LLW disposal license must collect information about the
proposed site to determine if the site is suitable. The monitoring
information or data collected at the site must provide an accurate description
of the site. 1In general, more information on physical processes and
monitoring techniques is available for the saturated zone than the unsaturated
zone. The principal uncertainty is in the validity of measurement techniques
for the unsaturated zone.

More specifically, additional information is needed in the areas of
(1)-determining the effect of spatial variability on monitoring strategies;
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Figure 7 Research strategy for the Site Characterization and Monitoring program element.




(2)-determining the overall monitoring strategy for each of the pathways;
(3)-determining the effect of engineered barriers on monitoring strategies;
(4)-accounting for the extreme variability of the natural ground-water flow
system in the unsaturated zone; (5)-accounting for the complex interaction
among contaminant chemistry, the concrete in the engineered system, and the
natural ground-water flow system; (6)-determining information needed to
predict performance at time of closure; (7)-determining post-closure ecologic
‘changes acting on LLW disposal facilities; and (8)~determining long-term

climatic changes.

The strategy for meeting needs for site characterizion and monitoring is to
focus on (1l)-determining what information is needed for predicting contaminant
transport to insure that that information will be gathered during site
characterization and as part of monitoring during operation, and
(2)~establishing methods for providing early warning of contaminant movement
from beyond the boundary of disposal units. The greatest uncertainty is in
characterizing and monitoring low-permeability saturated media and unsaturated
porous media. Consequently greatest emphasis will be given to these areas.

PERFORMANCE ASSESSMENT
Performance Assessment Pathway Model Evaluation

To help assess the performance of a proposed facility and to evaluate the
applicants’ assertions regarding the requirements in 10-CFR-Part-61, the NRC
intends to use models predicting the interactions of the waste and the site.
The principal issue that requires investigation is the validity of the models
used. More specifically, it is necessary to (l)-determine an overall
methodology for assessing the contribution of various pathways (air, water,
etc.) for different scenarios; (2)-be able to account for engineered barriers
in the evaluation of different scenarios; (3)-determine the effect of
field-scale heterogeneity on the prediction of site behavior; (4)-gather
relevant, accurate data on surface water drainage and flood assessment into
available models and calibrate for the site; and (5)-gather relevant, accurate
data into available ground-water models on saturated and unsaturated flow and
transport and calibrate for the site.

Resolution of performance assessment issues will require technical information
and predictive models resulting from research on waste form and waste package
performance, failure mechanisms, radionuclide releases, engineered barrier
performance, and site characterization. With regard to scenario evaluation,
the strategy will be to develop a methodology for assessing (l)-the
contributions of various scenarios, (2)-the effect of field-scale
heterogeneity on the prediction of site behavior, and (3)-the ability to
account for engineered barriers in the evaluation of different scenarios.

Radionuclide Source Term

A major part of performance assessment is determining the radionuclide source
term. Calculating the source term requires that the releases of radionuclides
and chemicals leached during waste form and waste package degradation be
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modeled.

With regard to source term model development, issues that must be resolved
include (l)-accounting for the range of radiological and chemical
characteristics of LLW, (2)-developing a systematic disposal unit model from
inventories of disposal sites, (3)-determining the important parameters and
processes influencing radionuclide release and transport, and (4)-benchmarking
a source term model against lysimeter tests and in-situ data.

With regard to the assessment of waste form degradation, the most outstanding
issue is determining the corrosion mechanisms and rates, particularly for
high-integrity containers.

For the assessments of waste form leaching, areas where the NRC needs
additional information include (1)-determining mechanisms and rates of
leaching, (2)-determining release from partially failed containers, and
(3)-coupling diffusion models with dissolution models.

To resolve uncertainties regarding the source term, NRC plans to use modeling
combined with laboratory test data on waste form and package performance to
quantify the release of radionuclides and other contaminants, including
chelating agents, to the boundary of the disposal unit.

Transport of Radionuclides and Chemicals at LLW Disposal Sites

The last test of the potential performance of an LLW facility will be how far
and how fast radionuclides will move through the site and into the environment
after a source term becomes available.

In deciding whether or not to license LLW disposal facilities, the NRC will
have to be able to understand and quantify radionuclide transport under
unsaturated and saturated flow conditions. Uncertainties that must be
resolved in this area include (l)-the relative importance of mechanisms (e.g.,
surface complexation, ion exchange model, precipitation/ dissolution, physical
and chemical sorption, matrix diffusion) controlling retardation; (2)-the
relationship of laboratory measurements of retardation to field measurements;
(3)-the role played by soil composition in controlling radionuclide movement;
(4)-the role played by nonradiological waste package components in enhancing
radionuclide transport; (5)-the role played by biotic processes in enhancing
radionuclide movement considering the complexity of organic ligands produced
in the rhizosphere of vegetation and the role played by microbes in metal
corrosion and in changing the chemistry of ground-water systems; (6)-the role
of organic complexants and microparticulates in radionuclide migration;
(7)-the transport behavior of C-14 and H-3, particularly in applying
Regulatory Guide 1.109 methodology for determining environmental parameters,
especially C-14 transfer coefficients for transport through soil and
transpiration to the atmosphere; and (8)-validation of radionuclide
retardation/transport models to understand the transport of chemicals and
radiocnuclides at LLW disposal sites.

NRC's research strategy is to quantify mechanisms controlling movement and to



ascertain the role played by soil composition, biotic processes, organic
complexes, and microparticulates. Radionuclide retardation/transport models
will be validated against laboratory, large-scale lysimeter data, and field
data on radionuclide releases from actual disposal facilities, including DOE
facilities and foreign sites. NRC will trace the movement of releases from
the boundary of disposal units into the accessible environment, with a goal of
developing a complex hydrochemical transport code.

CONCLUSION

The research program described in this paper and set out in NRC‘s NUREG-1380,
"lLow-Level Radioactive Waste Research Program Plan," presents the baseline LLW
research program for FY-1990 and beyond. It is intended that this baseline
plan will be a living document for a stable program with a framework that is
sufficiently flexible to permit revisions arising from program changes that
may be needed during the course of the research program. The program plan
will be revisited annually in the spring in conjunction with the annual
updating of the NRC’s Five Year Plan.

During FY-1990, in preparation for the first update of this plan, we expect to
emphasize interactions with (1)-the Department of Energy‘’s LLW program and
(2)-the appropriate State organizations in order to refine and clarify both
the critical LLW disposal issues and the approach NRC is taking to resolving
these issues.

In addition, NRC plans to use the research conducted by other agencies like
USGS and EPA and other countries as a resource to complement, augment, and
enhance the research described in NUREG-1380.
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« REGULATORY NEEDS

e RESEARCH STRATEGY
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RADIOACTIVE WASTE DISPOSAL REQUIREMENTS
WASTE CLASSIFICATION AND WASTE FORM STABILITY

MINIMUM
REQUIREMENTS

CLASS A

CLASS B CLASS C

STRUCTURAL STABILITY (SEC, 61.56(b)}{1))

WASTE MUST HAVE STRUCTURAL STABILITY. A
STRUCTURALLY STABLE WASTE FORM WILL GENERALLY
MAINTAIN ITS PHYSICAL DEMENSIONS AND !TS FORM,
UNDER THE EXPECTED DISPOSAL CONDITIONS SUCH A8
WEIGHT OF OBERBURDEN AND COMPACTION EQUIPMENT,
THE PRESENCE OF MOISTURE, AND MICROBIAL
ACTIVITY, AND INTERNAL FACTORS SUCH AS

RADIATION EFFECTS AND CHEMICAL CHANGES.
STRUCTURAL STABILITY CAN BE PROVIDED 8Y THE
WASTE FORM ITSELF, PROCESSING THE WASTE TO A

STABLE FORM, OR PLACING THE WASTE IN A
DISPOSAL CONTAINER OR A STRUCTURE THAT
PROVIDES STABILITY AFTER DISPOSAL.

1

1 1

SOLIDIFICATION

HIGH INTEGRITY| |ACTIVATED
CONTAINERS METALS

wm

o NOa»sN =

TECHNICAL POSITION ON WASTE FORM

COMPRESSBION STRENQTH

. RADIATION STABILITY
. LEACHABILITY

. IMMERSION

. BIODEGRADATION

THERMAL CYCLING

. FREE LIQUID
. FULL-8CALE TESTS

80 psl

1.0E+8 RADS; 80 psi
L.l.e8

80 psl AFTER 90 DAYS
NO GROWTH ‘
60 psi FR -40 TO 80 C
0.6 %

HOMOGENOUS AND CORRELATES
TO LAB SIZE TEST RESULTS

LLWSTAB.CHT 10-90
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REGULATORY OBJECTIVES

e CLASSIFY LOW-LEVEL RADIOACTIVE WASTE

* CHARACTERIZE LOW-LEVEL RADIOACTIVE WASTE
FOR RADIONUCLIDE AND CHEMICAL CONTENT

o STABILIZE SOLIDIFIED LOW-LEVEL RADWASTE

e PROTECT PUBLIC HEALTH AND SAFETY FROM
RADIONUCLIDE RELEASES DUE TO INTRUSION &
WATER INFILTRATION AT LLW DISPOSAL SITES

18WRS8M2.CHT 10-90



REGULATORY NEEDS

e TO UNDERSTAND RADIONUCLIDE AND CHEMICAL
COMPOSITION AND DISTRIBUTION IN LLW

e ASSESS UNSUCCESSFUL CEMENT SOLIDIFICATIONS

e UNDERSTAND MECHANISMS AFFECTING
STABILIZATION OF CEMENT WASTE FORMS

o SOLIDIFIED WASTE FORM STABILITY TESTS:
1. ASSESS EFFECTIVENESS ON REAL SOLIDIFIED LLW
2. DEVELOP TO ASSESS LONG-TERM PERFORMANCE
3. DEVELOP FOR INSPECTION OF LLW AT BURIAL SITE
4. IDENTIFY PCP PARAMETERS FOR SOLIDIFICATIONS

* LN-TERM PERFORMANCE FROM ST-TERM TESTS;
LG-SCALE PERFORMANCE FROM SM-SCALE TESTS

{8WRSMI.CHT 10-00



REGULATORY NEEDS (CONT.)

TO DETERMINE RADIONUCLIDE RELEASES FROM
SOLIDIFIED WASTE FORMS AND ACTIVATED METALS

ASSESS EFFECTS OF CHELATES ON RADIONUCLIDE
RELEASE AND TRANSPORT FR DECONTAMINATION LLW

ASSESS RADIATION DECOMPOSITION EFFECTS OF LLW
DETERMINE BIODEGRADATION EFFECTS ON LLW

EVALUATE LABORATORY LEACHING AND WASTE FORM
STABILITY STUDIES WITH PERFORMANCE TO FIELD
STUDIES IN NATURAL ENVIRONMENTS

DEVELOP UNDERSTANDING OF ENVIRONMENTAL
PATHWAYS FOR RADIONUCLIDES (e.g. C-14, 1-129)

18WR8M4.CHT t0-00



RESEARCH STRATEGY

e USE ACTUAL LLW FROM NUCLEAR STATIONS

o COLLECT SOLIDIFIED DECONTAMINATION, BORIC
ACID, ETC. SOLIDIFIED LLW & ACTIVATED METALS

e CHARACTERIZE LLW FOR RADIONUCLIDE AND
CHEMICAL (e.g. ORGANICS) CONTENT

o APPLY NRC TECHNICAL POSITION TESTS ON
WASTE FORMS TO DETERMINE STABILITY

 LEACH SOLIDIFIED LLW AND ACTIVATED‘ METALS

* EVALUATE UNSUCCESSFUL SOLIDIFICATIONS;
BULGED MILLSTONE LINER; CRACKED TMI LINER

* CLIFTON-POMERSHEIM MODEL:LONG-TERM STABILITY

18WRSMSE.CHT 10-00



RESEARCH STRATEGY (CONT.)

STUDY CHEMISTRY OF LLW SOLIDIFICATION

STUDY CHELATING AGENTS EFFECTS ON
RADIONUCLIDE RELEASE AND TRANSPORT

USE FIELD LYSIMETERS: SOLIDIFIED WF; ACT METAL
STUDY BIODEGRADATION OF SOLIDIFIED LLW
STUDY C-14 PATHWAY/UPTAKE IN PLANTS
DETERMINE LONG-LIVED RADIONUCLIbES

DEVELOP SCREENING, QUALIFYING, INSPECTION AND
PROCESS CONTROL TESTS FOR WASTE STABILITY

18WR8MO.CHT 10-90



RESEARCH STRATEGY (CONT.)

e SURVEY WASTE STREAMS AND ACTIVATED METALS:

1. DETERMINE RADIONUCLIDES NOT LISTED IN
10 CFR PART 61.56 (e.g. CI-36, M0-93, Ag108m)

2. EVALUATE EXISTING MEASUREMENT TECHNIQUES
AND DETERMINE LONG-LIVED RADIONUCLIDES
(e.g. Tc-99, Ni-63, C-14, Nb-94)

3. DETERMINE SCALING FACTORS FOR USE WHEN
RADIONUCLIDES ARE AT OR BELOW LLD

4. LEACH ACTIVATED METALS FOR RADIONUCLIDES

5. PERFORM FIELD LYSIMETER STUDIES USING
ACTIVATED METALS

18WRSBM7.CHT 10-90




REGULATORY APPLICATIONS

e SUPPORTS DEVELOPMENT OF REGULATORY
CRITERIA FOR CLASSIFICATION AND
STABILITY OF LOW-LEVEL RADWASTE

e PROVIDES ASSURANCE OF TEST METHODS
FOR DETERMINING STABILITY AND
CLASSIFICATION OF LOW-LEVEL RADWASTE

o PR’OVIDES DATA FOR DETERMINING RELEASES
OF RADIONUCLIDES AND CHEMICALS (CHELATES)
FROM LOW-LEVEL RADWASTE AND BURIAL SITES

e SUPPORT REVIEWS OF LICENSEE PROCESS
CONTROL PROGRAMS AND TOPICAL REPORTS

18WRSMB8.CHT 10-080



RESEARCH PROGRAMS
CLASSIFICATION AND WASTE FORM STABILITY

IDAHO NATIONAL ENGINEERING LABORATORY
CHARACTERISTICS OF LOW-LEVEL RADWASTE

1. SOLIDIFIED LLW FROM NUCLEAR STATIONS
2. DECONTAMINATION RADWASTE (CHELATES)
3. EVALUATING WASTE FORM STABILITY TESTS
4. ASSESSING UNSUCCESSFUL SOLIDIFICATIONS

FIELD LYSIMETER STUDIES IN SOILS

TWO LOCATIONS IN U.S. (ANL AND ORNL)
RADWASTE ION-EXCHANGE RESINS
CEMENT AND VINYL-ESTER STYRENE
RADIONUCLIDE RELEASE AND TRANSPORT
RADIATION DEGRADATION EFFECTS

ORON =

1BWRS8MS8.CHT 10-90



RESEARCH PROGRAMS STATUS

I. CHARACTERISTICS OF LOW-LEVEL RADWASTE

1.

N

oNOoOA~

COLLECTED SOLIDIFIED DECONTAMINATION RADWASTE
FROM PEACH BOTTOM NUCLEAR STATION.
COMPLETED LEACHING OF CEMENT WASTE FORMS.
COLLECTED FROM BRUNSWICK AND FITZPATRICK NS.
DETERMINED RADIONUCLIDES, CHELATES, AND STABLE
METAL INDEXES AND RELEASE RATES IN LEACHATES.
EVALUATING CEMENT COMPRESSION STRENGTH DATA.
CONTINUED EVALUATING UNSUCCESSFUL CEM. SOLID.
PREPARED PROGRAM PLAN: BULGED MILLSTONE LINER
PREPARED PROGRAM PLAN: CHEMICAL ANALYSIS LLW.
PREPARED DRAFT REPORT: NH3 FR. PEACH BOTTOM.
PREPARING DRAFT REPORT ON LEACHING AND
COMPRESSION STRENGTH OF CEMENT WASTE FORMS
COLLECTED FROM OPERATING NUCLEAR STATIONS.

1BWRSM10.CHT 10-90




RESEARCH PROGRAMS STATUS
(CONTINUED)

Il. FIELD LYSIMETER STUDIES

1. CONTINUED MONITORING: FIELD LYSIMETERS AT
ANL AND INEL FOR RADIONUCLIDE RELEASES.

2. DETERMINING RADIONUCLIDE TRANSPORT IN SOILS
UNDER NATURAL ENVIRONMENTAL CONDITIONS.

3. CONTINUED COMPRESSION TESTING OF CEMENT &
VES WASTE FORMS AS A FUNCTION OF TIME.

4. COMPLETED AND PREPARED NUREG/CR REPORT ON
RADIATION DEGRADATION OF ION-EXCHANGE RESINS.

5. PREPARING PROGRAM PLAN FOR LYSIMETER STUDY
WITH DECONTAMINATION & ACTIVATED METALS LLW.

1BWRSBM11.CHT 10-%0



RESEARCH RESULTS
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i Waste-form specimen with epoxy end-caps prior to testing for
compressive strength. .

. Compressive strength testing system.



. COMPRESSIVE STRENGTHS OF WASTE-FORM SPECIMENS

Cross-
Sectional Maximum Compressive
Area Load Strength
Waste Form (cmz) (inz) (kg) (1b) (kPa) {psig)
Brunswick-1 : 3
cation 26.19 4.06 721 1590 2.70 x 10 392
mixed-bed 25.41 3.94 803 1990 3.48 x 103 505
FitzPatrick 4
baked 17.54 2.72 2291 5050 1.28 x 104 1857
unbaked 17.42 2.70 2331 5140 1.31 x 10 1906
Pilgrim 3
unleached 17.22 2.67 1120 2470 6.37 x 104 924
leached 17.54 2.72 2522 5560 1.41 x 10 2044

Indian Point-3
unleached 17.35
leached 18.00

.69 1075 2370 6.09 x wg 883
.79 295 650  1.61 x 10 233

N




. FitzPatrick waste-form specimen after leaching
for 99 days.

L vt BT RS SRR TR

) FitzPatrick waste-form specimen after leaching in synthetic
seawater for 99 days.
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) Brunswick-1 cation resin waste-form specimen after leaching in
deionized water.
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LEACHING RESULTS
MILLSTONE-1 NUCLEAR POWER STATION

COMPONENTS L RELEASE FRACTION
| RATE RELEASE
(uCi/cm’/s) RATE
(CFR/cm’/8)
RADIONUCLIDES
5«<Mn 14.7 3.09E-10 1.93E-12
*Fe 14.9 4.43E-09 3.30E-12
Co 13.2 3.10E-09 5.85E-12
©Ni 11.1 4.73E-09 8.07E-11
¥sr 8.0 1.04E-10 2.62E-09
1258b 11.8 5.09E-10 4.72E-11
¥cs 6.1 3.09E-09 2.14E-08
24ipy 14.3 1.52E-10 6.64E-12
CHELATING AGENTS
EDTA 8. 6.98E-04'1.68E-09

2.44E-04 4.90E-10
.19E-05 1.45E-10

OXALIC ACID 9.
CITRIC ACID 10.

o> bW
o

STABLE METALS

CHROMIUM 10.0 2.50E-06*1.02E-10
IRON 14.0 2.54E-06 6.50E-12
COBALT 7.5 1.27E-05'1.18E-08
NICKEL 10.7 2.37E-05 1.73E-10

JRELEASE RATES FOR CHELATING AGENTS AND STABLR METALS ARR ug/cm'/s



LEACH TEST RESULTS FOR BAKED JAMES A. F1TzPATRICK
MIXED-BED RESIN WASTE-FORM SPECIMEN LEACHED IN
DEIONIZED WATER

Release Rate Effective
Diffusivity Leach
Nuclide CFR (BCi/emlss) (em 2] (em’/s) Index
4y 1.1(-3) 4 +2 (-9) 2«1 (-11) 2 +1 (-12) 12.8 +0.5
55¢e _..a _..a .2 | __.a
8o 1.5(-2) 1.9 + 0.7(- 8) 1.1 + 0.4(-10) 7 2 (-11) 10.4 +0.2
50¢o 2.2(-2) 1.0 + 0.4(- 7) 1.5 + 0.5(-10) 1.3 + 0.3(-10) 10.1 +0.2
63’” _..a __.a _..a .2 A
8zn 4.0(-3) 1.5 + 0.6(- 9) & 22 (-11) 6§ +2 (-12) 11.5 +0.2
905‘, ...a __.2 _..a __.a _..a
125, <7.8(-3) <1.8 (-10)  <1.2 (-10) < 3.6 (-11) > 10.9
134c4 7.2(-1) 1.4 «0.6(- 8) 1.0 + 0.5(- 8) § +1 (-7) 6.3 +0.1
137¢ 6.3(-1) 3 +1 (-8) 9 +4 (-9) 5 .s1 (-7) 6.4 +0.1
Acid or
Metal (Lbg/cm?/s)
Picolinic
acid 8.7(-1) 2 +1 (-2) 8 +4 (-9) s +2 (-7) 6.5 +0.2
Chromium < 6.72(-3)® <1.8 (-6) <56 (-11) <25 (-11) > 11.2
Iron <2.8(-3) <97 (-6) <2.8 (-11) <43 (-12) > 12.1
Cobalt <2.5(-2)® <78 (-6) <21 (-10) <36 (-10) > 10.0
Nickel s.8(-2®> 8 +5 (-6) 5 +3 (-10) 2.0 + 0.8(- 9) 9.3 +0.5

a. Concentrations in leachate samples were not determined.

b. Not all leachate samples were analyzed for this metal.

measured release rates.

CFR value was estimated by interpolating




Lysimeters
Two sites- cold humid and warm humid
Five lysimeters per site
One-liter waste forms
Five moisture cups per lysimeter
Three moisture/tempgrature brobes per lysimeter
Bottom leachate colléctor in each lysimeter

Dedicated weather station/data acquisition system

€8 5199



Waste Forms

e Solidification agents
- Dow Vinyl Ester-Styrene (VES)
- Portland Type 1-1l cement

¢ Sjze and shape
- 5-cm (2-in.) diameter x 7.5-cm (3-in.) high

¢ Formulations by weight percent

- Dow - 60 resin, 40 VES
- Cement - 24 resin, 63 cement, 13 water

C6 5225



Average compressive strength (psi)
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Change in total exchange capacity - %
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sample from PF-8#1, showing a close up of one unusally damaged bead, at
100 magnification.

i
|
i
;
i

SEM photomicrograph of an EPICOR-I1 strong acid cation resin
sample PF-8#3, showing only one resic bead which appears to have softened
and dimpled, at 100 magnification.



FIELD LYSIMETER VESSEL COMPONENT LOCATION:
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ANL-E Cumulative Sr-90 Collected in Moisture Cup Number 3
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ORNL Cumulative Sr-90 Collected in Moisture Cup Number 3
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ANL-E Cumulative Sr-90 Collected in Lysimeter Leachate Collectors
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ORNL Cumulative Sr-90 Collected in Lysimeter Leachate Collectors
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pCl Sr-90
(Thousands)

ANL-E Cumulative Cs-137 Collected in Moisture Cup 3
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Conclusions

successful operation through nearly 5 vyears

Strontium-90 is most prevalent
radionuclide detected

Movement of strontium-90 appears to be
controlled by soil type

VES and cement are exhibiting similar
release rates for strontium-90




FY91 NEW STARTS

CHARACTERIZE LOW-LEVEL RADWASTE
FOR RADIONUCLIDE AND CHEMICAL CONTENT

PERFORMTECHNICAL POSITION TESTS FOR
WASTE FORM STABILITY ON SOLIDIFIED LLW

ACTIVATED METALS STUDIES
BIODEGRADATION TESTING OF SOLIDIFIED LLW

EVALUATE CHELATING EFFECTS ON STABILITY,
RADIONUCLIDE RELEASES AND TRANSPORT

LYSIMETER STUDIES: DECON LLW; ACTIV. METAL
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