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PREFACE

A colloquium on Quality Assurance Practices for
Underground Radioactive Waste Repositories was held at the
National Research Council in August 1988. lt was jointly
sponsored by the Board on Radioactive Waste Management
and the Geotechnical Board. The colloquium, featuring
presentations from program managers at the Department of
Energy (DOE) and the Nuclear Regulatory Commission (NRC)
and from members of the technical community, was designed
to encourage discussions between various program areas and
disciplines. The intent was to provide a forum where ali
members of the program could gain an understanding of the
need for quality assurance, draw attention to those areas of
the program that have been successful, and note those areas
where problems have arisen.

This report is a summary of the discussions and
presentations at the colloquium, lt was prepared by an
editor working with a transcript of the meeting. In addition
to the summary, we offer the following thoughts.

We found the colloquium to be stimulating but to some
extent disturbing, despite the clear impression that everyone
who spoke gave evidence of unqualified, diligent dedication
to achieving a successful underground waste repository
program. As we drafted the summary it became increasingly
clear that several prominent themes emerged from the
presentations and discussions. Scme of the themes listed
below often appear to be working at cross purposes to each
other. We summarize these themes as follows:

1. The quality assurance practices that have evolved
during the process of constrt_cting and licensing nuclear
electric powerplants and military propulsion systems are
essential to their satisfactory operation; similar practices
should be applied to the repository program if it is to be
successfully licensed and operated.
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2. However, the science and technology required for
(a) site characterization that will provide much of the
technical basis for designing, constructing, acceptance testing
and operating a geological repository and (b) predicting and
monitoring its performance are less understood--and probably
less understandable--than the science and technology
underlying the production and operation of such complicated,
but more predictable, machine complexes as civilian nuclear
powerplants or nuclear-powered submarines, and surface
vessels.

3. An effective quality assurance organization can
ensure that the product of concern is designed and tested in
accordance with predetermined technical requirements; that
the tools utilized in design and testing are properly calibra-
ted; that the relevant properties of the earth materials
involved are adequately characterized, including estimations
of uncertainty in measured properties; that the technical data
upon which ali engineering decisions are founded are properly
documented and retained; and that the data to be used in a
licensing procedure are valid and accurate.

4. On the other hand, an ineffective quality assurance
organization--one that is not well coordinated with the
scientific effort--can lead to program failure by massively
interfering with the processes of design and construction, or
by providing multiple, relatively trivial, points for program
challenge in judicial forums.

5. lt was generally agreed that the technical substance
of quality assurance policies and procedures, as applied to
scientific and engineering operations, must be developed and
implemented by technically competent scientific and engineer-
ing personnel.

Since the colloquium, it has come to our attention that
problems have already arisen at the DOE program at Yucca
Mountain with regard to quality assurance activities. We
understand that these relate to concerns by some geotech-
nical and geological personnel that the quality assurance
program as it is being implemented is, in some ways,
counterproductive. We note that a problem exists and also
that, if concerns of this type become general in the geotech-
nical and geological community, it will adversely affect the
ability of the repository program to continue to attract the
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scientific and engineering talents so necessary to the success
of this unique program.

The organizations affected--principally DOE, but also
NRC to a significant extent--should give serious
and immediate attention to evaluating and resolving the
problems suggested by the conflicting themes.

Quality assurance should play a key role in achieving a
successful underground radioactive waste storage program.
Disoriented, disorganized, or mismatched quality assurance
could be the program's nemesis. Meticulous scrutiny and
considerable technical input must be given to quality
assurance if, indeed, its role is to be an asset.

Howard J. Pincus Frank L. Parker
Chairman of the Colloquium Chairman, Board
Steering Group; and Representative on Radioactive
of the Geotechnical Board Waste Management
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SUMMARY OF DISCUSSIONS

Colloquium On Quality Assurance Aspects
of Geotechnical Practices

For Underground Radioactive Waste Repositories

INTRODUCTION

In August 1988, the National Research Council, through the
Geotechnical Board and the Board on Radioactive Waste
Management, held a colloquium to discuss the practice of
q_:ality assurance that is being implemented in the high-level
radioactive waste storage program. The intent of the
colloquium was to bring together program managers of the
Department of Energy and Nuclear Regulatory Commission, to
discuss with the technical community both the advantages
and problems associated with applying current quality
assurance practices to underground science and engineering.

The colloquium program included talks from 14 in-
dividuals that provided a variety of perspectives on both
programmatic and technical issues. The talks initiated
extended discussions from the 71 participants representing 7

government agencies, 8 academic institutions, and 22 private
companies. The competencies of the participants were many
and varied including, among others, geochemistry, hydrology,
geotechnical engineering, computer programming, engineering
and structural geology, underground design and construction,
rock mechanics, laboratory testing, systems engineering,
nuclear engineering, law, and environmental science.

Based on a transcript of the meeting, this report
summarizes the talks and discussions which took piace. None

_ of the opinions expressed herein are intended to convey
policies ,3f, or recommendations by, the National Research
Council. The funding for the colloquium was provided by the
National Research Council.
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Throughout this document, are references to several
documents which are available through the Department of
Energy and/or the Nuclear Regulatory Commission. A brief
description of these documents is given below.

NQA-l--Quality Assurance Program Requirements for Nuclear
Facilities. This document sets forth requirements and
non-mandatory guidance for the establishment and execution
of quality assurance programs for the siting, design, con-
struction, operation, and decommissioning of nuclear facilities
(published in 1986 by the American Society of Mechanical
Engineers with two addenda, la and lb). The application of
this document to an underground repository has been
troublesome because the unique aspects of underground design
and construction are not addressed by this document.

NQA-3 (Draft)--Quality Assurance Program Requirements for
the Collection of Scientific and Technical Information for

Site Characterization of High-Level Nuclear Waste Reposi-
tories. This document is in draft form only. lt is being
prepared by the American Society of Mechanical Engineers.
This document has modified the requirements of NQA-I to
address the specific needs of an underground high-level
radioactive waste repository.

10 CFR 50-Appendix B--Quality Assurance Criteria for
Nuclear Power Plants and Fuel Reprocessing Plants. This
document lists 18 regulated criteria that form the basis for
the quality assurance program of the nuclear power industry.

OPENING REMARKS

The colloquium was opened with talks from officials of
the Nuclear Regulatory Commission and the Office of
Civilian Radioactive Waste Mane,_ement of the Department of
Energy to set the stage, by presenting managerial perspec-
tives, for the technical presentations that followed.

A high level of importance is accorded to the subject of
quality assurance by the Nuclear Regulatory Commission staff
and commissioners. Drawing on experience from the nuclear
reactor industry, the need for aggressive implementation as
well as careful plannin_ of a quality assurance program was



discussed. The problems encountered in the licensing process
when good quality assurance practice was not followed were
demonstrated by the examples of the Zimmer nuclear power
plant in Ohio and Midland nuclear power plant in Michigan.
To impress upon the group the level of importance accorded
quality assurance withi_ the NRC, a personal experience
regarding the loss of the U.S. Navy submarine, Thresher,
was related. The cause of the Thresher sinking could, in
part, be attributed to lack of a strong quality assurance
program. Detailed elements of a quality assurance program
such as test plans, study plans, independent reviews, and
calibration were reviewed, and an urging to the technical
professionals to get involved in the quality assurance process
was reiterated.

"I'he contentious nature of the entire repository program
was noted. The licensing process was likened to an adjudi-
catory hearing. The data retrieved during site characteriza-
tion were seen as a critical element of the licensing process,
and quality assurance as the key to establishing the pedigree
or traceability of the data.

Reorganization at the Department of Energy has given
new emphasis to the role that quality assurance will play in
the repository program. The role of the technical profes-
sional has also been give_ more emphasis. Whereas admini-
strative procedures will be prepared by the Office of Quality
Assurance at the DOE, implementation procedures are
prepared by the professional staff. This is to assure that
quality assurance is inherent in each activity undertaken by
the professional staff, and that the quality assurance
component remains compatible with good science and
engineering. Quality assurance is intended to complement
good science and *,ngineering. lt allows a technically
competent person to review the activity and to understand
from its inception to its completion the assumptions, the
interpretations, and the conclusions of that activity.
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TECHNICAL PRESENTATIONS

Laboratory Testing
Paul Senseny, Senior Staff Scientist, RE/SPEC, Inc.

Quality assurance from the laboratory perspective con-
sists of an integrated system of procedures. The procedures
interface in such a way that the progress of the work is
tracked and documented so that at the end of the work, one
can ascertain from the documentation what was accomplished,
how it was accomplished, and how successfully it was
accomplished.

There are four primary elements to the laboratory
quality assurance system:

Activity PI%_. These plans set out the objectives of
the testing sequence, describe the events that must take
place, and list corresponding acceptance or rejection
criteria for each event. The activity plans specify
where the samples should come from within the site.
Detailed procedures--existing, revised or newly written--
must also be specified.

Accurate Measurement. These documents describe the
appropriate equipment needed to accomplish the
particular test, describe the appropriate calibration of
the equipment, and quantify the uncertainties in the use
of the equipment. The focus in the laboratory is
typically on four items; the accuracy of the transducer
(it is important to check the accuracy at the beginning
of the test, certainly at the completion of the test, and
often at several check points during the test), the
performance of the testing system (e.g., proper align-
ment), the techniques for operating the testing equip-
ment, and a candid assessment of where errors are
likeliest to encroach on the work.

Traceal?ility. Th_se documents allow the user to trace
the sample, and ali its parts, through ali the various
tests that were performed on the parts, and to the
location where it was retrieved from the site.



Storage. The data must be readily accessible and, at
the same time, safely archived. Prior to archiving, the
data should be reviewed and analyzed to determine if
the results have any obvious inconsistencies that might
indicate an error in the testing sequence. A code
number reflecting the "quality" of the data is assigned.
The code indicates what, if any, errors have been noted
in the data.

Several positive aspects of applying quality assurance
practices in the laboratory can be noted. The documentation
which results engenders a high level of confidence in the
data. The controlled nature of the process gives a better
understanding of where the errors (if any) arise. This makes
it possible to focus on areas for improvement, ultimately
enhancing repeatability (intralaboratory precision). The docu-
mentation also formalizes the "institutional memory" as far as
setting up the equipment and understanding details of the
procedures for running the equipment.

The negative aspects of quality assurance can be
discussed as weil. The process is costly, particularly in
terms of personnel--at least two people of equal competence
level are required to complete and check the work. The
sensitivity to this additional cost is not yet an element of
the high-level radioactive waste storage program.

The quality assurance process is time-consuming. The
progress of the work is slowed considerably, particularly if a
change in previously established procedures is necessary.
The current system does not accommodate changes effec-
tively.

Some specific needs can be identified in the laboratory
quality assurance program: (1) An interlaboratory testing
program is needed to develop an understanding of the
reproducibility (interlaboratory precision) that results from
running specified tests at different laboratories. (2) The
laboratory testing program must reflect the precision of the
design. There is little need to spend time and money run-
ning tests where the accuracy of the test will not meet the
needs of the design. Similarly, if the design is based on
assumed properties values with ten percent leeway, then
there is no point in fine-tuning the test to one percent.
(3) Recognized testing procedures that have been published
by the American Society for Testing and Materials and the



International Society for Rock Mechanics should be reviewed.
Some of the recommended procedures are incomplete and
some are restrictive, given the needs of the testing program
for the high-level radioactive waste repository.

In-Situ Testing
Roger Zimmerman, Technical Staff, Sandia

National Laboratories

Quality assurance practices can play an important role
in increasing the confidence levels of seme in-situ testing,
but there are p_actical limitations to its application in many
situations. The theory of quality assurance has a sound
logical basis, but its broad application in the field, where
conditions are rarely logical, must be questioned.

Practical aspects of running an in-situ testing program
include constraints of budget and schedule; access (e.g.,
unanticipated geologic conditions may limit the ability of the
equipment to drill holes on the proper alignment); facility
limitation (ventilation, utilities); personnel competence;
personnel morale; and program constraints (e.g., stop work
orders). The most common constraints stem from the natural
processes of the host rock; depositional, climatic, and
tectonic factors which are many times unpredictable. No
parallels can be drawn between this unique feature of
underground construction and the experience of the reactor
industry where quality assurance practices evolved. In the
construction practices of the reactor industry, the quality
assurance program is oriented to complex machines with
working lives on the order of decades and materials w_th
prior testing histories and an established reference base.
The repository, in contrast, must perform over millennia and
there are few machine characteristics that can be ascribed to
the facility since it will be created out of naturally occurring
materials with no prior testing history. The quality assurance
program must, therefore, be customized to accommodate the
unique problems of working underground.

Two examples of in-situ testing provide evidence of
the need to customize a quality assurance program for
underground conditions. The first test involved mining
using drill-and-blast methods. The goal of the test was to
establish an effective blast pattern for welded tuff that



would minimize overbreak and blast damage to the host rock,
yet _chieve good fragmentation of the rock. This experiment
is a very good example of an in-situ test where prewritten,
preapproved study plans seem inappropriate, because the
actual procedures conducted in the field varied with each
blasting round to accommodate the geologic conditions
encountered. The mining engineer conducting the test
shifted the positions of drill holes to accommodate instrument
locations. The explosive contents were adjusted to accommo-
date previously fractured rock. Adjustments were needed
when some holes collapsed as they encountered rubble zones
in the rock.

The most significant rock feature that was encountered
during the course of the experiment was a fault with
approximately 8 to 12 ft of displacement, which cut through
the drift. When the experiment was designed, there were no
indications that the drift would encounter this fault. The
floor of the drift was locat,:d at an elevation different from
that anticipated. The instrument lo_,_tions were not optimum
to account for this feature, and the results of the experiment
were skewed. For this experiment, quality assurance was
provided by the reactions of experienced supervisors of the
experiment--detailed record keeping, and detai!cd documen-
tation of procedures. Prespecified procedures would have
been ineffective.

The second example involves borehole injection tests
that were designed to help estimate rock mass relaxation
around a mined opening. No experience base existed to
predict the behavior of the rock, i.e., acceptance criteria.
The written procedures were modified in a variety of ways to
accommodate both changes in geologic conditions and
unanticipated instrument limitations. When pressures in the
holes for given flow rates were too low, adjustments were
made and the two-minute measurement increment was
extended to three minutes. The overall system measurements
proved to be insensitive to the lowest flow rates; and the
equipment had minor problems (e.g., packer leaks, plumbing
leaks, clogging, of perforations, and packer placement); ali
problems that could be accounted for in the testing evalua-
tion. This example points to the difficulties of establishing a
priori accept_.'..,,c criteria for in-situ tests. The difficulties
of working underground with naturally occurring materials
and harsh environmental conditions require testing procedures



that allow for in-flight corrections. Most importantly, the
tests required competent and experienced personnel supervis-
ing the work.

Four of the items detailed in NQA-I are particularly
difficult to apply to working underground with in-situ
testing. These are:

3. Design ContrQl. The design shall be defined,
controlled, and verified. Applicable design inputs shall be
appropriately specified on a timely basis and correctly
translated into design documents. Design interfaces shall be
identified and controlled. Design adequacy shall be verified
by persons other than those who designed the item. Design
changes, including field changes, shall be governed by control
measures commensurate with those applied to the original
design.

As the above examples indicate, in-situ testing requires
field changes, at times on a continual basis. Accommodating
the requirements of Item 3, Design Control, is limited by the
realities of working in a geologic environment.

5. Instructions, Procedures, and Drawings. Activities
affecting quality shall be prescribed by and performed in
accordance with documented instructions, procedures, or
drawings of a type appropriate to the circumstances. These
documents shall include or reference appropriate quantitative
or qualitative acceptance criteria for determining that
prescribed activities have been satisfactorily accomplished.

Acceptance criteria for testing in geologic media are
extremely difficult to define because the material character-
istics vary considerably. Acceptance criteria are generally
determined from previous tests run on similar materials.
However, similar is a relative term for geologic materials,
and the acceptance criteria must account for the differences
in actual conditions encountered versus those assumed at the
time the testing procedures were written.

9. Co.ntrol of Processes. Processes affecting quality of
items or services shall be controlled. Special processes that
control or verify quality, such as those used in welding, heat
treating, and nondestructive examination, shall be performed
by qualified personnel using qualified procedures in accord-
ance with specified requirements.
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The control of processes requirement has resulted in a
multi-level approval sym,tem that results in excessive inter-
ference with the progress of in-situ testing. This is disrup-
tive, but more importantly, such an approval system does not
recognize the time-dependent nature of many geologic
materials and the detrimental effect on the results of a test

, that a delay implies.

11. Test Contrgl. Tests required to verify conformity
of an item to specified requirements and to demonstrate that
items will perform satisfactorily in service shall be planned
and executed. Characteristics to be tested and test methods

to be employed shall be specified. Test results shall be
documented and their .onformity and acceptance criteria shall
be evaluated. Tests required to collect data, such as for
siting or design input, shall be planned, executed, docu-
mented, and evaluated.

Underground testing requires flexibility which is
counter to the proscription of Item 11. Explicit procedures
for accommodating the ne_;ess_ry flexibility must be devel-
oped.

In summary, the problems of experimental work under-
grouna, with naturally occurring materials, place some
realistic limits on transferring quality assurance practices for
design and construction of nuclear facilities into underground
repository design and construction, lt is likely that control
processes and experiment specifications may be overpre-
scribed, and that excessive energy and resources will be
expended with little chance of improving the quality of the
data obtained from the experimentation.

DISCUSSION AND COMMENTARY

1. How do the quality assurance procedures identify the
appropriate tests--both in number and in type? How does
the quality assurance organization ensure that the subject
matter of these tests is adequate so that ali the data are
being collected?

Response: The answers to these questions are difficult
because professional judgment is required in earth
sciences testing, lt is very important to have tech-
nically competent people as the administrators of the

=
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quality assurance program because rock and soil
phenomenology are not as well understood as we might
like, and the models used are more abstract than those
used in most other fields of engineering. How well the
model is developed and how well it is supported is very
subjective, and will likely have to be judged by some
sort of peer review process.

2. Recognizing that quality assurance is nothing more than
added confidence that is obtained when there is a record

that the procedures were done in an adequate manner, what
should have been done differently with respect to drill-and-
blast in-situ testing to upgrade the quality from level three
to level one?

Response: This type of test, experimenting with a
variety of blasting patterns, was done to explore the
possibilities, and on a regular basis new things were
added to the test plans in the field. What was done
and how it was done were recorded. This practice
could not be improved on very much.

3. Such an answer is likely to be heard from many of the
professionals involved in this program. Too often, the
progress is stalled by decisions regarding the appropriate
quality level or the overall controls that are applied, rather
than looking at the specific measures that should be applied
based on the work to be done at hand. If in spite of what
the procedures are from a quality-assurance perspective, if in
spite of what has been imposed in terms of the level of rig-
orous quality assurance requirements, if the appropriate steps
were taken to collect the data, then the data should be
accepted as valid.

4. Some words need to be said about the apparent pre-
occupation for collecti_g "accurate" data, which can be
demonstrated with the following vignette. Some years ago,
an opportunity was presented to study the effects of
anisotropy on the strength and deformational behavior of
rock. At that time, the practice was to evaluate these
effects by testing cores made at 90 and 0 to he planar
anisotropy. The variation was on the order of 20 to 30
percent typically. New tests were conducted that varied the
orientation of the cores at 15-degree angles (seven varia-
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tions). When the results were plotted, the variation showed
a parabolic distribution. The weakest angles were neither 0
nor 90 degrees, but 30 and 40, and the variation in strength
was as much as one order of magnitude. When the tests
were performed, they were performed with good precision
because the results could be reproduced quite weil, but there
was no estimate of accuracy because the tests were not
restricted to the conventional core orientations of 0 and
90 degrees.

In recent years, tests have been performed (for the
high-level radioactive waste storage program) on salt cores to
gain an understanding of how the properties change with
time, storage, and handling. Very signif'cant changes were,
in fact, discerned by these tests. Given the special care and
cost that is needed to reproduce tests such as these, it is
very important to decide up front what accuracy is required.
Do we need accuracy? Or do we need only precision to
understand if it is a meaningful parameter and to evaluate its
sensitivity? lt must be clearly understood what is the
intent of the measurements before a meaningful experimental
program is designed, whether it be in the laboratory or the
field.

5. The function of the testing in the laboratory and the
field should nece3sarily be a consequence of the levels of
accuracy and precision that are required by the designer.
The designer must take fair recognition of the natural
variability of those parameters in the ground mass which we
are trying to characterize, lt is inappropriate to spend
undue time and effort on tweaking the exactit:,de out of the
actual test, when a gross perspective is ali that is needed
during the design process. A data matrix that itemizes the
various tests, cross references the tests to the design
function, and notes the levels of accuracy and precision
needed to satisfy the design function is required.
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TECHNICAL PRESENTATIONS

Instrumentation
Gordon Green, Consultant

Quality assurance with respect to geotechnical instru-
mentation consists of the planned and systematic actions
that are needed to gain confidence in the instruments or,
more precisely, the data obtained from the instruments that
are needed to satisfy specific performance assessment
requirements. The difficulty lies in being able to translate
these requi_ements into the details of instrumentation design.
The most difficult question which must be addressed in
selecting instrumentation is the precision needed for each of
the instruments, but issues of calibration, access, frequency
of readings, and longevity play important roles as weil.

The proposed testing and performance assessment
requirements of the repository are sophisticated relative to
the typical experience in civil and mining engineering works.
This implies that much of the instrumentation will be
customized for the repository work. Quality assurance
procedures will have to reflect the unique nature of some of
the instruments. Some research and development will be
needed with regard to instrumentation to meet the needs of
the repository program, and the quality assurance program
must be able to accommodate the changes and adaptations
that will be needed during the research phase of the
instrumentation program.

The quality assurance program for instrumentation must
consider carefully the limitations of the current manufactur-
ing industry for geotechnical instrumentation. The industry
is relatively small ($10 million annual gross sales) and is
price competitive in its primary markets of civil and mining
construction. A quality assurance program that is expensive
and disruptive to the main-product production lines will not
be viewed favorably by such small industries. Nevertheless,
these manufacturers have considerable expertise that cannot
be disregarded by the repository program.

Design engineering must somehow weigh the relative
importance of instrumented data and expert judgment. In
the words of Ralph Peck, "the trained eye of an experienced
engineer is an important instrument." An experienced
engineer can visit the site, observe the conditions and often
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draw some very valuable conclusions that the instrumentation
will m'. _.

Incorporation of Expert Opinion
in the Quality Assurance Process of

Performance Assessment
David Pentz, Principal, Golder Associates

Some of the discussions at this colloquium have drawn
comparisons between licensing a power reactor and licensing
a geologic repository. Our knowledge of fabricated com-
ponents and the processes that evolve around them are far
more predictable than the naturally occurring processes with
which geotechnical engineering must contend. There is a
great error being made in believing that there is similarity
between the licensing of reactors and the licensing of a
repository. One of the dissimilarities lies in our ability to
predict performance of geologic materials.

The fundamental steps in performance prediction
consist of: (a) choosing a conceptual model, (b) choosing
appropriate parameter models, (c) obtaining data representa-
tive of the parameters, and (d) making the prediction
regarding behavior through a combination of the prior three
items. The quality assurance program that has been dis-
cussed thus far is focussed on Step c, data collection, when
much of the variation and difference of opinion is likely to
be found in Step a, conceptual model, ano to a certain extent
step b, parameter models.

An example of the significance of the conceptual model
can be seen in the parameter "permeability," a parameter
commonly utilized in geotechnical engineering projects.
Permeability is a property of a soil or rock mass, and in this
sense it is "data," a reproducible number. In fact, the tests
used to determine this property (e.g., a packer test) rely on
conceptual models of the geology in the vicinity of the test
that grossly influence the interpretation of the test. Thus,
the permeability test could be repeated several times
resulting in a narrow frequency distribution of the data.
However, when expert opinion regarding the conceptual
model is factored into the data, the frequency distribution
broadens considerably to represent the true uncertainty of
the parameter.
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Expert opinion Is likely to play an important role in
the licensing hearing, and the quality assurance program
should include expert opinion explicitly. The site charac-
terization program would be designed to collect data to
support a range of alternative models. As the investigation
proceeds, the data will likely t_liminate some conceptual
models as being improbable and add credence to others.
Thus the process becomes a progressive removal of uncertain-
ty, both in the parametric evaluation and the conceptual
model evaluation.

The quality assurance program should focus less on
obtaining precise answers to a few questions (because it is
very likely that we may be asking the wrong questions) and
more on answering a series of questions that will encompass
the uncertainty arising out of the various conceptual models
that represent the repository. The quality assurance process
should also develop procedures for encoding the opinions of
experts, and utilize this process to bring about a consensus
of expert opinion, then document carefully the resolution
process. This involves asking a series of questions of the
experts on a certain issue, then using the principles of
fault-free analysis techniques to determine a probability
associated with that issue. For example, given a series of
possible fracture mechanisms, what is the probability of each
of these mechanisms occurring at the site and then what is
the probability of detecting the fractures with a particular
site investigation program.

NQA-3
Clarence Williams, Vice President for Quality

Battelle Project Management Division

It is intended that NQA-3 will represent the national
consensus on quality assurance program requirements for the
collection of scientific and technical information for site
characterization of high level radioactive waste repositories.
NQA-3 is intended to link NQA-I, previot, sly endorsed by the
Department of Energy, with 10 CFR 50, Appendix B, the
regulation document. The standing docuro:_nt, NQA-1, was
written for surface nuclear facilities and tends to focus on
fabricated components. NQA-3 concentrates on data collec-
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tion and the management system that goes with a good data
collection system.

NQA-1 goes into great detail about testing for accep-
tance. Such a document is predicat_,d on the assumption that
acceptance limits for testing can be identified. This is not
likely to be the case for a geologic repository. Nevertheless,
some items in N(_A-I can be applied directly to the quality
assurance program for the repository; thus NQA-3 was
designed to complement NQA-I. Where possible, the require-

ments of NQA-I were merely endorsed by NQA-3.
The key changes found in l'4QA-3 are as follows:

1. Organization. The introduction has been expanded to
reference explicitly activities such as data and sample
management, readiness reviews, peer reviews, data collection
and analysis, coring, sampling, in-situ testing, and scientific

investigations.

2. Quality Assurance Program. The requirement for pro-
grammatic planning among ali affected organizations is
discussed. Assignment of quality levels to various parts of
the program is included. Additional requirements on person-
nel selection, indoctrination, training and qualification were
added. Requirements for planning, performing, documenting
and reporting surveillance were enhanced. Special emphasis
on real-time monitoring of the technical work was included.m

Regularly conducted management assessments of the
quality assurance program to assess the effectiveness of its
implementation are discussed in NQA-3, as well as effective
communication standards to be sure that all the appropriate
parties are kept informed of the progress and problems of
the work.

3. Design Control. NQA-3 emphasizes that scientific
investigations will play a role in the repository work.
Scientific investigations are required to be defined, con-
trolled and verified by this section. This includes the
control of interfaces between the various investigations.
Technical review of the procedures which are proposed is
required, and careful documentation of development activities

is discussed. It is suggested that peer reviews be conducted
periodically.
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A discussion of control over processing the data has
been added. This includes such items as data collection,
analysis, traceability, recording, storage, retrievability and
reporting of errors. Some generic requirements for computer
software control are included in this section.

8. Identification and Control of Items. Sample management
is an important part of the repository investigation. Some
discussion on these issues will be found added to this
section.

11. Tesl; lTonl_rol. In the repository work, most testing will
be to collect data rather than to test for the acceptance of
parts as NQA-I describes. This section has been rewritten
accordingly.

13. Handling, Storage. Shivoing, and Transport. These
controls primarily refer to the handling of samples.

16. Corrective Action. The section on corrective action

includes additional requirements for trend analysis. Reporting
and resolution of problems with quality are also specified in
this section. Recurring quality problems shall be elevated
through successive levels of management.

17. Quality Assurance Rec0rd_. The section on records has
been broadened to include samples or other materials that
contain or support data. Ali documents that are referenced
by final reports shall be readily accessible and retrievable.
The documents are classified into three categories--post-
closure, lifetime, nonpermanent--according to the require-
ments of the regulation documents.

18. Audits. Attempts to rewrite this section have been
made to emphasize that compliance in achieving a technical
product is the primary goal of the audit. Audits will be
required to address the technical aspect of the work as well
as the programmatic aspects. This implies that the auditors
must have appropriate technical expertise. Some words on
assuring that an adequate follow-up to the audit takes place
are included.
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Audit findings will be identified according to their
importance; whether they are important to safety or waste
isolation, or whether they are important to repository
performance.

DISCUSSION AND COMMENTARY

1. With respect to the new document, NQA-3, is there
any discussion regarding the type and amount of technical
review that should be undertaken? At what level of the

design is this review important? To explain by way of an
example, NQA-I specifies the "design adequacy shall be
verified by persons other than those who designed the item."
This requirement is very important in the final design stages,
but seems inappropriate at the conceptual design stage. One
conceptual design report, took three months to write and 21
months to respond to some 10,000 formal questions that were
received prior to the review process. Perhaps the indepen-
dent design review requirement was applied too early in the
process, and it would be useful if NQA-3 addressed this issue.

2. At a quality assurance conference in Las Vegas, a little
over a year ago, the Nuclear Regulatory Commission took the
position that the safe thing to do was to put the highest
level of quality on everything right now because five years
from now we will not have to retrofit a low-level data set to

a high-level data set. NRC should be challenged, because it
raises this project to a level of absurdity. The example of
the review at the conceptual design stage, described pre-
viously, is perhaps a case in point.

In peer reviews of conceptual design reports, the
treatment of comments on early drafts were as detailed or
more detailed than those on safety-related calculations for
operating nuclear power plants. There were three sign-of fs
required on each individual comment made by each individual
reviewer--even style comments_ "section A should go in front
of section B," for example.

A lesson should be learned from the nuclear industry--
do not overcommit. For example, do not require that
packers be placed within a tolerance of one-quarter inch if
technically it does not matter within six inches. A lot of
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good data (corresponding to time and money wasted) will be
thrown out if we try to meet inappropriate commitments.

This overcommitment is killing the program and the
NRC position is dead wrong. Suggesting that everything
should be collected at the highest level of quality assurance
is inappropriately conservative, and does not represent good
underground professional judgment. Such conservatism is
causing incredible paralysis in the prog_'am.

Response: Agreed. Two of the most important addi-
tions that could be added to NQA-3 are the graded
approach and the selective application of the quality
requirements. This needs to be done in a very intel-
ligent and meaningful manner.

TECHNICAL PRESENTATIONS

Software Quality Assurance--
Experience Outside the Repository Program

Michael Kirchner, Software Quality Assurance, IBM

Quality assurance is not unique to the repository.
Quality assurance programs are undertaken in other industries
as weil. Software development for the Department of
Defense is one such program. Several military standards
have been produced which detail the needs and requirements
for software quality assurance. These standards are updated
and changed every 3 to 5 years and the quality assurance
program must accommodate these changes.

The quality assurance officer plays several roles
through the development of the project. As an information
gatherer, the quality assurance officer collects data on the
progress of the work. As a policeman, the quality assurance
officer conducts audits and checks to see that the military
standards are being met. As a helper, the quality assurance
officer consults, advises, bridges departments, plans, and
facilitates the progress of the work where possible.

The activities that the quality assurance officer takes
part in are equally varied. Quality assurance officers
participate in the software development process, configuration
management process, design reviews, specification reviews,
and as facilitators of client audits. They witness tests,
maintain the master tape library, and work with archiving
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the appropriate documentation needed to meet the quality
assurance standards.

Audits are also carried out by the client and corrective
actions are discussed under formal notification procedures
with three levels of action. Notification at the highest level
has the same effect as a stop work order.

The structure of a quality assurance program for code
development includes planning, overview, preparation,
inspection meeting, rework, and follow-up, lt is a formal
process, particularly the inspection stage where defects are
discovered. These meetings include the code author, a
reader, the quality assurance auditor, and a moderator--a
skilled technical person not directly associated with the
module under review.

Code Verification, Validation and Bench-Marking
Experience Within the Repository Program

Arlo Fossum, Senior Staff Scientist, RE/SPEC, Inc.

Quality assurance for code verification associated with
the repository program has primarily evolved since 1982
under the Nuclear Waste Policy Act. The requirements of
the program address configuration management, software
design control, software testing, verification, validation,
documentation, and final transfer between machines.
Verification is a procedure where one demonstrates that the
computer program does indeed do what it was intended to do.
For example, the program results might be compared with the
results of an analytical solution. Sometimes the comparison
is made with another verified computer program called bench-
marking. Validation consists of comparing the results of a
computer program with actual laboratory testing data or
perhaps field investigations.

The quality assurance program needs a combination of
"white collar" quality assurance and "blue collar" quality
assurance. White collar quality assurance consists of the
theoretical quality assurance procedures laid out by the
various standards and regulatory documents, and the rigorous
documenting process that pervades the procedures. Blue
collar quality assurance is exemplified by the following
experience consisting of a comparison project to assess the
capability of the industry to solve a complex problem, viz., a
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well-defined thermo-structural problem. Nine participants,
each with a different computer program, were asked to solve
the same problem. There was no significant judgment on the
part of the analyst. The analyst was bound to a given
stratigraphy, loading conditions, and boundary conditions.
Figure 1 shows a comparison of the vertical closure calcu-
lated by several of the analysts. The magnitudes of pre-
dicted closures are separated by a factor of two. Much of
the spread could be accounted for in small errors made by
the analysts. Working with each other to remove these
errors is an example of blue collar qua!_.y assurance. The
results of a revised solution from the analysts are shown in
Figure 2.

This blue collar quality assurance, or independent
evaluation by an equally qualified analyst, is a necessary
part of software quality assurance and should be included
explicitly in the quality assurance process. Cross checks
are needed in such mundane activities as transmitting the
data from machine to machine. Both the sender and the
receiver are prone to errors, and a program which echoes
back to the sender the data transmitted is needed.

Verification and validation of software that is designed
to predict the behavior of underground materials has special
quality assurance problems that arise out of the complexity
of these materials. In another example, a problem was
formulated which involved deformation over long time
periods. The various analysts obtained results that compared
well in the earliest time steps, but the solutions diverged
with time. The formulation of the plasticity constitutive law
had a significant effect on the results of the program, as did
the tolerances on equilibrium, and the size of the time step.
The lesson learned was that codes evolve and should be
rr.verified prior to any significant calculations; transmission
errors must be eliminated; and a significant effort must be
given to resolving the differences between codes--the blue
collar quality assurance.
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DISCUSSION AND COMMENTARY

1. NUREG 0856 has been superseded by software quality
assurance requirements that essentially have the thesis that
quality assurance cannot be built into software after the
software is written. What is fundamentally important is the
process through which the software is developed. The
current attitude in the software industry is that quality
assurance has to be built in from the start--good require-
ments, good design, comprehensive testing, and active
interaction with the customer throughout.

Relative to the nuclear waste disposal program, this is
somewhat of a time bomb, because virtually ali the software
within the industry has been written and developed, verified,
and validated prior to the imposition of this recent philoso-
phy.

Response: From the Nuclear Regulatory Commission
perspective, Quality Assurance for software is a
difficult problem. There have not b_en any good
standards on the power reactor side and that has hurt
us on the waste disposal side because in large part we
have been adopting the quality assurance practices on
the power reactor side.

2. Validation is usually accomplished by comparing the data
generated by the computer code with a controlled experiment
or accepted data. But field experiments have the same
problems as those discussed with respect to software (i.e.,
there are often errors in the work that we don't catch). Is
validation, in a formal sense, possible at all?

Response: This is an appropriate question as results
obtained on the WIPP site will attest, where the closure
in the field was moving three times faster than
predicted, lt is certainly not clear where to credit the
discrepancy: field performance, code performance, input
parameters from laboratory testing, or conceptual
problem. A more realistic approach is to add uncertain-
ty analysis to the process.

3. Validation in the entire arena of compliance with
release limits has some unique problems that must be
thought out strategically. For example, a simple model of a
nuclide transport to the environment, when combined with
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the variability associated with the factors that are involved
with performance assessment, will show several orders of
magnitude of safety margin in compliance with the release
limits. The natural variability for the result of such a
problem can be plus or minus 197. This variability is a
function of the probability density functions of the input
parameters such as permeability, fracture distribution,
strength, etc.

Compliance will involve predictions of performance
based on several scenarios which will require estimates of
such things as the future frequency of seismic activity, its
probability of occurrence, the timing of that occurrence and
the consequence of that occurrence; each with its own
variability that will be superimposed on the nuclide transport
model. Some strategic planning is needed here.

TECHNICAL PRESENTATIONS

Experience in the WIPP Program
Wendell Weart, Manager, Waste Isolation Pilot Project

The Waste Isolation Pilot Project has operated under
some significantly different constraints than the high- level
radioactive waste repository because it is not subject to
licensing by the Nuclear Regulatory Commission. Neverthe-
less, a quality assurance program is in place that has yielded
excellent data.

The facility is located 25 miles east of Carlsbad, New
Mexico, on a 16 square mile site. Construction at the
facility is nearing completion, and it will be possible to
emplace waste by October 1988. Institutional and political
considerations will delay actual opening until 1989. An
intensive investigation will continue at the site for the next
five years to demonstrate that the facility meets the
standards set by the Environmental Protection Agency.
Several programs are ongoing including a laboratory program,
a performance assessment program, a modeling effort and
some geotechnical studies primarily devoted to site character-
ization.

Much valuable information was gained from data that
were retrieved from other industries--which was not obtained
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through the formal quality assurance procedures. These data
were useful to the program in the planning stages, despite
their "no QA" status. Quality assurance may not necessarily
produce better quality data but it does improve the credi-
bility of the data. Credibility can be achieved in a variety
of ways; recognized experts can conduct the tests and
analyses, parallel studies can be conducted to cross-check
the work, and peer review can be utilized. Ali of these
methods require, as a basis, a careful documentation of how
the work was carried out.

The documentation at WIPP is summarized in a series of
notebooks, one series for each test set-up. One notebook
holds the test plan (and ali the revisions that were made as
the work progressed). The test plan describes in great detail
how the particular test is going to be initiated, carried out,
and instrumented. Other notebooks hold the as-built data,
photographs, a log book (managed by the principal investi-
gator) recording ali the events that occurred during the
experiment, the gauge control books both by room and
manufacturer, the data records manual, and information on
the automatic data acquisition system. The system of
notebooks allows a researcher to trace the progress of the
test from its inception to its completion.

The data are classified and stored according to several
levels. Level Zero consists of the raw data from the tests.

Level One consists of compressed data; an abundance of
instrument readings might be reduced to a more workable
nu,_ber at this level. Level Two consists of data that have
been corrected for routine glitches such as power outages,
minor instrument breakdowns, etc. Level Three is "certified
data," data that have been corrected with some expert
judgment involved to remove data that do not represent
realistic situations. The process of moving the data from
Level Zero to Level Three is documented so that a research-
er would be able to trace the decisions made along the way.

Predictive modeling has been used extensively at WIPP.
lt is required to implement the experiments in a reasonable
fashion, lt is also required to extend information that is
gathered over a period of a few years to predictions over
several centuries. Validation of these models has required
extensive effort. Factors of three between the predictive
models of salt creep and the field performance have been
recorded, which is not satisfactory for predicting long-term
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behavior. Improvements to the model now result in pre-
dictions within 10 to 20 percent of the field observations.

USGS Earth Sciences Quality Assurance Team
Ray Watts, Deputy Assistant Director for Research

U_. Geological Survey

The U.S. Geological Survey has participated in quality
assurance activities for a number of years. Perhaps epito-
mized by the discussions of this colloquium, there was a
widespread perception at the Geological Survey that quality
assurance requirements do not fit earth sciences terribly weil.
The Director chartered a team to study this subject and to
design a quality assurance program that would address
appropriately the unique needs of earth sciences.

There was no intent to supplant existing quality
assurance programs under way at the Nevada site. Rather,
the report is intended for use by the typical earth sciences
research project at the Geological Survey. The expectation
is that many of the recommendations coming out of the
report will be gradually adopted by the Nevada project.

One of the specific concerns of the Geological Survey
has to do with the ability to recruit talented individuals to
work on programs with burdensome quality assurance
procedures. Many scientists perceive quality assurance to be
an exercise in form more than an exercise of substance.

Another, more important, concern is that the emphasis on
form will override the creative thinking process that is
necessary to make this repository program a success.

The philosophy of quality assurance must be appro-
priate for the earth sciences environment. In the case of
the repository work, the philosophy of quality assurance
stems from the heritage of the reactor industry. The reactor
industry philosophy involves building things from a finite
number of parts. This philosophy is based on the concept
that if each of the parts is built with quality, then when the
parts are put together, the product will have the same level
of quality. This philosophical paradigm is not appropriate for
an earth sciences project since delineating the parts in an
earth sciences project is difficult and subjective, because a
complex scientific investigation does not really have a finite
number of parts.
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The challenge to the quality assurance program of an
earth sciences project is to design a process that will
encourage science excellence, that will build confidence in
the results, and simultaneously build an adequate record of
those results, lt is a two--pronged process, which also
requires a two--pronged effort from both the technical
community and the quality assurance professionals that
monitor and audit the work.

The quality assurance program recommended by the
Geological Survey tries to meet this challenge by incor-
porating the best elements of scientific tradition. This
tradition includes independent corroboration of observations,
independent testing of hypotheses, and the involvement of a
large community in a peer review process. The recommenda-
tions of the Geological Survey reflect this tradition with
requirements that formalize the involvement of the larger
community in an independent corroboration system. The
system is intended to deal effectively with discovery as
investigations proceed.

The quality assurance program suggested by the
Geological Survey includes three groups of technical people
in its management concept. One group carries out the
investigation, one group monitors the process (the traditional
quality assurance), and a third group serves as a review
group. The review group follows the progress of the
investigation team, challenges the team with new ideas and
recommendations, but they are not involved with generating
the necessary records that chart the progress of the work.I

The quality assurance group monitors the process and assures
that the proper records have been maintained. A healthy
dialogue will be ongoing between the three groups.

DISCUSSION AND COMMENTARY

1. How well did the quality assurance program in piace at
the WIPP site work when the activity was strictly for
research?

Response: The program at WIPP has always insisted
that the researcher develop a test plan, follow the test
plan, and document the progress of the work. The
biggest problem at the WIPP site was to change the
attitude of the researchers, convincing them that 90
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percent of a good quality assurance program is just
good research.

2. With regard to the USGS proposed program in quality
assurance, there is a difficult conflict which must be
overcome. Historically the independent researcher has been
allowed to make the "final decision" regarding his or her
research. In the repository program, the Nuclear Regulatory
Commission is looking for an institutional response. The
conflict arises in trying to provide the institutional response,
as suggested by the proposed quality assurance program,
without losing the interest and creativity of the independent
researcher.

Response: The Geological Survey must address the
unique aspect of its institution--the realities of
working with scientists. Scientists tend to be deter-
minedly independent. What the Geological Survey is
trying to do is harness the energy of these scientists,
providing them with a stimulating environment and a
minimum of restrictions. We want to bring good minds
to bear on the problem at hand.

3. Other activities that parallel the proposals of the
Geological Survey can be found in the reactor industry.
The compliance-based approach to quality assurance is giving
way to a performance-based approach, lt is becoming less
important to check that the test plan procedures are followed
point by point and more important to provide assurances that
the right things were done. This approach requires a higher
level of technical competence in the quality assurance side of
the organization, and this trend can be observed in the
reactor industry. People have been rotated into quality
assurance from the engineering and the plant operations
division to accomplish this change. For both the reactor
industry and the repository program it seems appropriate
that the quality assurance group be accepted as part of a
team.

4. The Geological Survey quality assurance proposal has
addressed the needs of the scientist quite weil, but there will
be another community actively involved with the repository
program that has been neglected by the proposal. The
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application process is an adjudicatory process, and there must
be a bridge to the legal community as weil.

GENERAL DISCUSSION

1. The repository licensing process can be considered to
consist of four steps. The first step is data acquisition and
we have heard a lot about this in our discussions. The

second step is data interpretation, and we have heard some
on this subject. The third step is data utilization and we
have talked about modeling, codes, etc. The fourth step is
compliance assessment and this is going to occur at several
levels; with the DOE, et the NRC, and in the courts,
perhaps.

At this compliance assessment step, the evidence will
rely to a large degree on expert judgments which have a
very good probability of being challenged. The proposal of
the Geologi_.al Survey seems to address this problem with a
review group.

2. In the course of the discussions, two generic classes of
problems have been discussed. The first type of problem has
an established approach, the second type of problem has no
established approach and often has no established conceptual
model. In the first type of problem, we understand the basic
concepts, the basic physics, and the data required to solve
the problem. In the second type, we do not know what it is
we are after. For example, in problems involving flow
through fractures, we do not understand what it is that
governs the flow. In the first type of problem, there are
accepted standards and procedures, but in the second type, if
we do not even understand the conceptual model, we can not
possibly have standards.

When the quality assurance requirements are super-
imposed on both of these problems, in the first case we get
an increase in quality. In the second case, we might get an
increase in quality, but the fear is that we are more likely
to get a decrease in quality because quality assurance has
interfered with creativity. In the first case, where we know
that we understand reality, we want to narrow the confi-
dence limits, which is the appropriate reason for introducing
quality assurance. In the second case, where reality is still
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a mystery, we want to broaden our experience. Case one can
be called "science," case two might more appropriately be
called "cooking," where we are looking for creative new
approaches to solving the problem.

Perhaps a parallel approach is needed to solve both of
these problems effectively; closely controlled quality
3ssurance for the first type of problem, and a structured,
peer-reviewed, but independent research program for the
second type of problem. What is needed for the cooking
problem is a kitchen in which to experiment.

lt is unlikely that some of these models will ever be
vz'lidated, but with some experimentation, it is possible that
wl: may be able to calibrate some models.

Response: From the perspective of the Department of
Energy, we need the cr,'.ativity of the scientists to solve
certain problems so tha,_ we can eventually license the
repository. But in order for that creativity to be used
in a timely fashion, quality assurance documentation will
be needed so that we can understand what was done.

3. Earth science problems might also be categorized in
another way as depicted by Figure 3.
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FIGURE 3 Diagram of the relationship between the ability
to understand the problem and the amount of data needed or
available.
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The problems that we are trying to understand can be
classified and placed into one of the above quadrants. In
quadrant I, we have the type of problem where there are a
lot of data, but very little understanding, a population
census, for example. This type of problem utilizes statistics
well in its resolution. In quadrant II, we have the problems
with a large amount of data and also a considerable amount
of understanding; for example, many manmade materials have
been tested often and we understand their behavior weil.
The geotechnical community is most often in quadrant IV,
where there are very little data and very little understand-
ing.

Merely gaining more data will not necessarily move us
to a higher level of understanding and a higher level of
certainty. In the geotechnical fields, it is often the case
that in the beginning, as we gain more data, we approach a
higher level of certainty. But a point is often reached that
as we gain still more data we realize that the problem is
more complex than we originally envisioned, and in fact we
are now more uncertain as to how the geologic system
operates. With this in mind, one of the conclusions that we
have heard is that there are some geotechnical problems that
need a different methodology, a methodology where the
models are needed to gain insight and understanding into the
process, rather than to get specific data values to solve a
known problem.

The geologic repository option was never proposed as
the perfect solution to the radioactive waste problem; it was
only considered the best solution at the time that it was
selected by the Congress. And this is apparently an interna-
tional consensus since geologic repositories are being studied,
designed and constructed in many countries. We will never
be. able to eliminate ali uncertainties in this project, and it
has been suggested that absolute standards may not be
appropriate. Rather, we should use relative standards, how
much better is one alternative as compared to another
alternative.

4. In the presentations made at the opening of this collo-
quium the Nuclear Regulatory Commission has said that the
Department of Energy must present a valid defensible case,
which implies that it is a legal challenge that must be met in
the licensing process. A good lawyer will not find it hard to
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discredit the case, even a case where quality assurance
problems have been eliminated, because there are gaping
holes in the defense. For example, how do we properly
extend our engineering experience which is typically on a
time scale of 50 to 100 years, to the life of the repository
which is on the order of 104 or 105 years. Similarly, how do
we utilize our geologic experience with time scales of
millions of years, reducing it to the time frame of the
repository. How do we incorporate the international
experience, where the programs do not collect data under the
quality assurance guidelines developed in the United States,
but whose arguments can be supported by superior science
and technology.

These gaping holes can only be addressed with a vigor-
ous research and development program and such a program is
unlikely to be vigorous, to have vitality and creativity, under
the existing quality assurance program.

The legal challenge introduces other considerations as
weil. The principal parties in the judicial arena are not
likely to be technically trained. They quantitatively under-
stand when an identified checkpoint is missed (the quality
assurance argument), but are apt to be uncomfortable with
subsequent arguments that the individual check had relatively
little impact on the quality of the work.
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