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Introduction

Some nuclear waste is destined for disposal in deep geological
formations. The disposal system for wastes from commercial nuclear
activities, and perhaps also for high-level wastes from defense-related
activities, is to be designed and operated by the Department of Energy
(DOE) and licensed by the Nuclear Regulatory Commission (NRC). The
Nuclear Waste Policy Act [1] outlines some of the procedures and schedules
that are to be followed by DOE in carrying out its assignment in the
disposal of high-level nuclear waste (HLW). The regulations of the NRC
that deal with HLW [2] are only partly in place, and amendments (e.g.,
related to the unsaturated zone) are yet to be approved and issued. The
Environmental Protection Agency (EPA) has issued only draft versions of
the regulations pertaining to HLW disposal [3], but key features of these
drafts are at present in adequate agreement with NRC documents. On the
basis of the trends that have become evident in the last few years, the
DOE will be required to substantiate performance predictions for all
pertinent aspects of <J repository, especially the performance of the
engineered waste package. The basis for demonstrating that the waste
package performance in the repository will be in concert with the require-
ments is data on the waste package materials. These key materials data
must clearly be highly reliable, and DOE will be required to assure this
reliability. This paper addresses the organization and functions that
have been assembled to aid in establishing the quality of materials data
that are important in the licensing of a waste repository.

Materials Data and the Licensing Process

The licensing process to be used by the NRC for the first HLW geologic
repository has not been specified, but the regulations [2] allow insight
Into some of the expected methodology. Two important, materials-related
regulations concern the release of radioactive elements from the engineered
waste package. During the first 300-1000 years following closure of the
repository, the NRC regulations require that containment of HLW within the
waste package will be substantially complete [4]. Also, the release of
radionuclides from the engineered barrier system following the containment
period is limited in the NRC regulations to less than 1 part in 100,000
per year of the majority of the inventory calculated to be present after
1000 years of radioactive decay [5].

These regulations are commonly translated into performance require-
ments for the metallic waste containment (e.g., canister) and the waste
form (e.g., glass, spent fuel). These requirements are based on estimates
of the repository environment in which waste-related materials are expected
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to perform, e.g., temperature, radiation fields, lithostatic and hydraulic
pressures, fluids of various compositions, etc. Many of the environmental
factors in the repository vary with time and the several repository
projects [Basalt Waste Isolation Project (BWIP), Nevada Nuclear Waste
Storage Investigations (NNWSI), Office of Nuclear Waste Isolation (ONWI),
and Office of Crystalline Repository Development (OCRD)] have described
the expected environments of the engineered waste package [6,7,8]. It is
possible, therefore, to formulate in at least an approximate way the
conditions for materials testing that are to be related to performance in
the repository.

Owing to the extended time over which performance of the materials
needs to be assured, accelerated testing and models of the behavior of
waste materials will need to be employed. The latter require, as input,
materials data, the quality of which must be defined in order to allow
the reliability of the model calculations to be estimated. In addition,
materials data that are demonstrably relevant to the repository and also
the algorithms or bases of the model need to be available. For such
data, particularly close attention must be given to defining the precision
and accuracy in qualitative terms. It is important to note that this
requirement does not call for very high precision (i.e., low errors) or
accuracy, but rather calls for a quantitative knowledge of these statis-
tical factors. This distinction is often a source of considerable
anxiety and confusion. The NRC regulations make explicit reference to
the fact that "... it is not expected that complete assurance that they
[performance objectives and criteria statec in unqualified terms] will be
met can be presented. A reasonable assurance ... that the objectives and
criteria will be met is the general standard that is required ..." [9],

It is reasonable to expect, therefore, that an application for
licensing a geologic repository will contain materials data that arc
part of models or other methods used to predict performance. It is
expected that close scrutiny of the licensing data package will include
the materials data as well as the appropriateness of the models. Some of
the materials data will strongly influence the numerical product of the
model calculations; thus, the quality of these data becomes a key to the
quality of the assurances, sought by the NRC, that the health and safety
of the public are adequately protected by the proposed disposal process.

The licensing process is carried out by the NRC in the public domain;
thus, the general procedures of the NRC, as well as the Waste Policy Act
[1], provide ample opportunity for public participation. It is obviously
prudent, therefore, to ensure that those key aspects of the. technology
base on which the DOE claims of meeting NRC regulations rest are sound
enough to withstand responsible scientific criticism. The scientific
community will undoubtedly participate in the examination of the tech-
nology that supports the DOE position. It is clear, therefore, that the
waste management activities of DOE are unusual in that very broad public
discussion, coupled with equally broad scientific scrutiny, will impinge
on the results of those groups charged with developing the data base for
licensing. The advantages of early and careful review of these data are
evident.



Functions and Organization of the Materials Review Board

The potential need for a credible, independent review of materials
data Important to the licensing process was recognized by the DOE several
years ago. A Materials Characterization Organization was established
that now consists of the Materials Characterization Center (ICC) and the
Materials Review Board (MRB). The former, operated for DOE by Pacific
Northwest Laboratories, is charged with the development and codification
of standard test methods by which the key materials data can be obtained.
Further, the MCC acts as a clearinghouse for the key materials data,
regardless of their source. Both test methods and test data are submitted
by the MCC to the MRB for approval actions as described below. Approved
submissions are then incorporated into the Nuclear Waste Materials
Handbook [10].

The function of the MRC is to provide independent assurance that
essential waste package materials test methods and related data are
objectively developed and are technically valid. The data and test
methods are subjected by the MRB to a scientific review process before
they may be incorporated into the Nuclear Waste Materials Handbook. It
should be clear that the MRB functions in an adversary Capacity, similar
to a referee from a journal, when it exercises its review role. No
reviewing group per se, is blessed with an unequivocal label of compe-
tence and objectivity. The DOE, together with the Chairman of the MRB,
has sought, however, to assemble a prestigious group of recognized
experts drawn from a broad spectrum of disciplines, and to provide essen-
tial freedom of action to the Board so that the usual tests of technical
credibility and independence can easily be met. The final judgment
concerning the efficacy of the MRB will obviously be made by the users of
the Handbook and the technical community at large. Preliminary and
informal indications are that the functions of the MRB as currently
carried out are in acrord with the expectations of the appropriate
licensing office of the NRC.

The members of the MRB are drawn from a variety of scientific and
organizational groups. There are five members from universities, nine
from DOE laboratories, three from industry, one from ths NRC, one fro®
the National Bureau of Standards, one from the MCC, and the Chairman.
Four members have a metallurgy background, three are experts in glass or
ceramics, seven in chemistry of waste management, three in geochemistry,
three in corrosion, and one in solid state physics.

The MRB is divided about equally into two standing panels, a Test
Procedures Panel and a Data Release Panel. In addition, the MRB has an
Office of the Chairman (OTC) that includes the Chairman and the Executive
Secretary. The general scheme by which submissions to the MRB are pro-
cessed is codified in the Bylaws of the MRB and can be briefly described
as follows. All submissions to the MRB come from the MCC, which is res-
ponsible for contents of the test method or data package. The OTC prepares
the first of three separate reviews of the submission. The MRB has
codified standards that apply to the review of test methods and data. The
OTC review seeks to rectify significant technical omissions and deviations



from the standards that have been established. Following repair of defi-
ciencies, the revised submission is forwarded to the appropriate MRB
Panel. Members of the Panel receive the submission and any reference
material that appears pertinent to the issues at hand. The Panel may be
called Into a meeting or may be asked to vote by mail on the approval of
the submission. Panel members use the codified standards and any others
that they believe to be pertinent as a basis for their review. Voting for
approval requires an affirmative vote of three-fourths of the Panel
membership, and dissenting members are required to file a technical paper
stating, in detail, the nature of their objections.

If the submission is not approved, the complete record of action,
Including the technical objections of dissenters, is forwarded to the
MCC to aid in revision of the submission. Resubmission follows the same
steps as described above. If the submission is approved, the test method
or data package is submitted to the full MRB, i.e., the combined Test
Procedures Panel and Data Release Panel. The process of review is
repeated, except that the final vote of the full Board requires two-thirds
of the MRB for approval. If the submission is approved, it may be
published in the Handbook. The complete record of action by the MRB is
filed for review or inspection as needed.

Criteria for Review and Approval of Test Methods or Data

Many organizations rely on the basic training of scientists to
guide them in the process of reviewing data or experimental methods. The
MRB is active in the field of nuclear waste management, which is exten-
sively iruiltidisciplinary, perhaps more so than any other. It has been
useful to have, as a source of broadly applicable guidance, codified
standards that apply to the submissions of the MCC [Standards of Com-
pleteness], the test methods, and the data packages. The MCC 1s required
to provide, in submissions of test methods, indications of the underlying
science of the method, of the relevance to repository conditions and waste
acceptance criteria, of the precision and accuracy of the method, of the
specific procedural steps that must be followed, of the general analytical
requirements, etc. Of particular importance is the requirement to define
the uses end limitations of the data to be obtained by application of the
test method. These requirements are very important to the establishment
of the utility of the test data and serve to provide guidance (and warnings)
concerning the range of applicability of the data obtained.

In submissions of materials data, the data package must contain the
expected details of the procedure, the original data, and the appropriate
calculated results, in addition, the MRB reviews comparisons between the
new data and results reported in the literature on the same or similar
systems. Differences between expected results and actual results require
explanations. Of major importance in data packages are detailed evalua-
tions of the statistics of the data, and comparisons between results on
approved reference materials (and other standards) and those expected for
such materials. The latter comparisons have been provided in the MCC/MRB
system to give assurance that the data were obtained by reliable experi-
menters under appropriately controlled conditions.



In summary, the standards used by the members of the HRB follow the
normal, expected methods of scientific activity, represent disciplined
and controlled approaches to generation of data, and result in compre-
hensive analyses of the quality of the data. These tests of acceptability,
sometimes, but incorrectly, combined under the heading of "quality
assurance,H serve to lend credibility to the data and the underlying test
methods, and thereby allow the DOE to apply these results with confidence
that they can withstand scientific scrutiny..

The MRB has considered a variety of submissions from the MCC. Of
the nineteen test methods submitted to the MRB, six have been approved by
the full Board for publication in the Handbook following required revi-
sions. Eleven test methods were reviewed only by the OTC and have been
returned for revisions. Some of these eleven are no longer of immediate
interest and may be set aside rather than continue through the approval
process. Two test methods have been reviewed by both the OTC and the
Test Procedures Panel and await further action by the MCC. The MCC has
also submitted two data packages, one of which has been approved by the
Board. The other has been reviewed by the OTC and the Data Release Panel
and awaits further action by the MCC.

Comparison of the MRB Process with Those of
Voluntary-Consensus System TT.e., ANSI, ASTM, itc.)

The methods of operation of the MCC/MRB system can be compared with
those of the voluntary consensus system (culminating in ANSI approval) on
four principal bases: levels of approval, the method of handling dis-
senting votes, demonstration of consensus, and the formal approval of
test data.

In the voluntary consensus system, final approval is given by the
ANSI Board of Standards Review, which considers principally the demon-
stration of consensus. Technical content is judged at subsidiary levels
within an ANSI-approved National Standards Committee or a Committee
operating under an ANSI-accredited organization, such as the American
Society of Testing and Materials (ASTM), American Nuclear Society (ANS),
American Society of Mechanical Engineers (ASME), etc. Considerable effort
^ts devoted to the resolution of dissenting votes. The full voting
record at each level including dissensions and their resolutions moves
from one level to the next. Passage requirements at a level vary frcm a
simple majority to 90% of the sum of positive and negative votes.

In general, test data obtained from approved test methods and proce-
dures are not considered in the voluntary consensus system. However, data
of specific types are critiqued and approved by specialized peer review
groups, then published and updated. Examples are the Nuclear Systems
Materials Handbook and the Materials Handbook for Fusion Energy Systems.

In the case of the MRB, there is only one approval organization, but
three levels of approval within it: the OTC, the concerned Panel, and
the full Board. Like the voluntary consensus system, explanations are



required for dissenting votes. Complete documentation (Including dissen-
sions and explanations) of all ballots Is submitted to the next approval
level. Thus, members are informed in detail of past actions and may be
persuaded by the arguments of dissenters.

In the MCC/MRB system, the burden of demonstration of consensus is on
the MCC which uses several methods: conducting workshops with a broad
spectrum of attendees from interested organizations, conducting round-robin
tests using candidate test methods, and conducting informal surveys of
scientists in the field. The evidence is included in MCC submissions to
the MRB.

Unlike the voluntary consensus system, the MRB also approves test
data. As a basis for judging test data, experimenters may be required to
perform tests using specified reference materials, usually prepared and
available from the MCC. An experimenter's data is considered suspect it
data using reference materials deviates excessively from accepted values.

The method of operation of the MCC/MRB system usually results in
'approval times that are considerably less than those of the voluntary
consensus system.

Conclusions

The DOE has established a centralized organization for the assembly
and critical review of materials data that are important to the process
of licensing a nuclear waste repository. The MRB serves as an independent
reviewing body, somewhat similar to standards organizations, that examines
test methods and materials data. To a large extent, the criteria used in
these reviews are codified, and the review process is highly visible and
extensively documented. Approval of test methods or materials data for
publication in the Nuclear Waste Materials Handbook requires successful
completion of three separate reviews that are sufficiently rigorous, yet
In accord with the provisions of the KRC licensing approach, so that the
resulting documents can be used by DOE with assurance that scientific
scrutiny by others will affirm the conclusions of the MRB. The credi-
bility of the review process is reflected in the credibility of the
conclusions drawn from the data, thereby allowing the licensing of the
repository to proceed expeditiously.
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