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ABSTRACT

An approach to developing and applying a quality assurance program for a nuclear fuel waste disposal facility is
described. The proposed program would be based on N286-series standards used for quality assurance programs in
nuclear power plants, and would cover all aspects of work across all stages of the project, from initial feasibility
studies to final closure of the vault.

A quality assurance manual describing the overall quality assurance program and its elements would be prepared at
the outset. This manual would be revised and augmented at each stage with descriptions of requirements that focus
on the key work activities of the stage, such as geological investigation and design activities in the siting stage, and
construction and excavation activities in the construction stage.

Planning requirements of the quality assurance program would be addressed in a comprehensive plan for the project.
Like the QA manual, this plan would be prepared at the outset of the project and updated at each stage. Work
control requirements of the quality assurance program would be addressed by specifying requirements for a wide
variety of technical and administrative processes in documented procedures. Particular attention would be given to
incorporating the observational approach in procedures for underground engineering, where the ability to adapt
designs and mining techniques to changing ground conditions would be essential.

Quality verification requirements would be addressed through design reviews, peer reviews, inspections and
surveillance, equipment calibration and laboratory analysis checks, and testing programs. Regular audits and
program reviews would help to assess the state of implementation, degree of conformance to standards, and
effectiveness of the quality assurance program. Audits would be particularly useful in assessing the quality systems
of contractors and suppliers, and in verifying the completion of work at the end of stages.

Since a nuclear fuel waste disposal project would span a period of about 90 years, a key function of the quality
assurance program would be to ensure the continuity of knowledge and the transfer of experience from one stage to
another. This would be achieved by maintaining a records management system throughout the life of the project, by
ensuring that work procedures were documented and kept current with new technologies and practices, and by
instituting training programs that made use of experience gained, both inside and outside of the project. By
providing traceability and preserving records throughout the life of the project, the quality assurance program would
ensure that future generations would know the disposal vault's history, characteristics and contents.
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METHODE POUR L1 APPLICATION DE L" ASSURANCE QUALITE

AU STOCKAGE PERMANENT DES DECHETS DE COMBUSTIBLE NUCLEAIRE

par

R.B. Cooper et R.Abel

RESUME

Le present document de"crit une m6thode pour l'6laboration et la mise en application d'un programme d'assurance
qualite d'une installation de stockage permanent des dechets de combustible nucleaire. Le programme propose serait
fond£ sur les normes de la serie N286 prevue pour les programmes d'assurance qualite des centrales nucleaires et il
engloberait tous les travaux a tous les stades d'avancement du projet, depuis les premieres etudes de faisabilit£
jusqu'a la fermeture du stockage.

Un manuel d'assurance qualite decrivant l'ensemble du programme d'assurance quality ainsi que les Elements du
programme serait produit des le debut. On apporterait des modifications et des ajouts a ce manuel a tous les stades
du projet avec des descriptions des exigences axees sur les principales activity a chacun des stades, par exemple les
etudes geologiques et les travaux de conception au stade de la selection d'un site, ou les travaux de construction ou
d'excavation pendant le stade de la construction.

Les exigences de planification du programme d'assurance qualite seraient comprises dans le plan d'ensemble du
projet. Comme le manuel d'AQ, ce plan serait produit des le debut du projet et serait mis a jour a chaque stade. Les
exigences de controle des travaux du programme d'assurance qualite seraient englobdes dans les exigences elaborees
pour une vaste gamme de processus techniques et administratifs qui seraient consignees dans des procedures. Une
attention particuliere serait accordee a 1'incorporation de la methode de l'observation dans la marche a suivre pour
les travaux souterrains, la possibility d'adapter les modeles et les techniques minieres selon les conditions du sol
etant essentielle.

Les exigences en matiere de verification de la qualite seraient englobees dans les examens de projet, les revisions par
les pairs, les inspections et les controles de surveillance, l'etelonnage des equipements et les analyses de laboratoire
ainsi que les programmes d'essai. Des audits periodiques et des examens de programme permettraient d'£valuer
l'etat de mise en oeuvre, le degre de conformity aux normes et l'efficacite du programme d'assurance qualite. Des
audits seraient particulierement utiles pour revaluation des systemes de qualite des entrepreneurs et des fournisseurs
et pour verifier l'achevement des travaux a la fin de chaque stade.

Comme un projet de stockage permanent des dechets de combustible nucleaire s'echelonnerait sur une peiiode
d'environ 90 ans, une fonction principale du programme d'assurance qualite serait d'assurer la continuity du savoir-
faire et le transfert de l'experience accumulee d'un stade a l'autre. Cette fonction serait assuree par le maintien d'un
systeme de gestion des documents pendant toute la duree du projet, par la mise en place de moyens permettant
d'assurer que les methodes de travail sont consignees et qu'elles sont modifiees en fonction des plus rdcentes
technologies et pratiques, et par la creation de programmes de formation incorporant les enseignements tires de
1'expeYience acquise, tant au sein du projet qu'a l'exterieur de celui-ci. En assurant la tracabilite et en conservant les
dossiers pendant toute la duree du projet, le programme d'assurance quality permettra aux generations futures de
connaitre les antecedents, les caracteristiques et le contenu de Installation de stockage.
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1. INTRODUCTION

AECL has proposed a concept for the disposal of nuclear fuel waste from Canada's power reactors (AECL
1994a). This report provides an outline of the quality assurance program envisaged for a facility to dispose
of nuclear fuel waste, such as the conceptual facility described by Simmons and Baumgartner (1994). The
nuclear fuel waste disposal facility would consist of a vault excavated at depth of 500 to 1000 m in granitic
rock of the Canadian Shield, and surface facilities to receive and repackage the used fuel from reactors.
The used fuel bundles would be sealed in long-lasting containers, which would be placed in vault rooms or
boreholes drilled from the rooms and backfilled with low permeability clay-based materials (Fig. 1).

Since a site for a disposal
facility has not yet been
selected and the specific
organizations that will
participate in implementing
nuclear fuel waste disposal and
their respective responsibilities
have not yet been established,
this report can only describe an
outline of a quality assurance
program that might be
developed for the disposal
project. The quality assurance
program described here is
modeled on current practice in
the nuclear industry. The
quality assurance program
developed by the implementing
organization may differ from
that described in this report, in
accordance with evolving
regulatory requirements and
standards.

Figure 1. Layout of a conceptual nuclear fuel waste disposal vault (after
Simmons and Baumgartner 1994).

The quality assurance program described in this report is also based on the project staging sequence
described in the Environmental Impact Statement for the Nuclear Waste Management Program (NFWMP)
(AECL 1994a), consisting of five distinct stages of siting, construction, operation, decommissioning and
closure, with possible extended monitoring stages before and after decommissioning (Fig. 2). The actual
staging developed by the implementing organization may differ, particularly in the early stages of siting,
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Figure 2. Stages of a nuclear fuel waste disposal project (after AECL 1994b).
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where it is envisaged that early steps in the process will be dominated by social factors. For the purposes of
this report, the siting stage would begin when a number of candidate sites (adjacent to willing communities)
had been identified and would need to be characterized and evaluated.

Prior to beginning work at any site, an overall quality program would be developed that would apply
uniformly to all candidate sites. In addition, an overall project plan would be prepared, which would be
augmented, as needed, with site-specific work plans for candidate sites. It is anticipated that regulatory
acceptance of the quality assurance program and the project plan would be required before work began.

When a site had been selected for the disposal facility, a comprehensive work plan would be developed and
the quality assurance program would be revised and expanded to include specific requirements for the next
stage of work. The process of revising the work plan and the quality assurance program, and gaining
regulatory acceptance, would be repeated at each stage of the project.

Some adaptation of existing standards and practices, which have been developed primarily for nuclear
power plants, would be needed to accommodate the uncertain rock conditions that would be encountered in
engineering the vault for the disposal facility. Hence, the observational method of Peck (1969), which is
widely used to optimize underground designs and mining methods, has been incorporated in the quality
assurance program described here.

2. QUALITY ASSURANCE PROGRAM STANDARDS

In the Canadian nuclear industry the requirements for an effective quality assurance program are
documented in the Canadian Standards Association N286-series of nuclear standards (CSA 1992). These
standards cover the life cycle of a nuclear power plant through procurement (N286.1, CSA 1986a), design
(N286.2, CSA 1986b), construction (N286.3, CSA 1986c), commissioning (N286.4, CSA 1986d),
operations (N286.5, CSA 1995), and decommissioning (N286.61) phases. An additional standard for
quality assurance of analytical, scientific and design computer software used in nuclear power plants has
recently been published (N286.7, CSA 1994). This series of standards could provide the basis for the
quality assurance program for a nuclear fuel waste disposal facility, provided that appropriate emphasis
was given to siting work and the observational approach used in underground engineering.

The quality assurance program proposed here would be implemented in a planned and systematic manner
consistent with the needs of the project, as described in section C (1) of the Atomic Energy Control Board's
Consultative Document C-22 (AECB 1991). C-22 outlines basic regulatory requirements for quality
assurance programs for nuclear facilities, broken down into eight phases. The phases are similar to those of
N286, but differ in the addition of distinct phases for site evaluation and manufacturing.

The five stages of development of the nuclear fuel waste disposal facility described here would coincide
essentially, but not exactly, with the phases of N286 or C-22, which have both temporal and functional
aspects. Procurement, design, construction and commissioning functions would be seen in several stages of
a nuclear fuel waste disposal project. For example, the procurement and design functions described in
N286.1 and N286.2 would play a prominent role in the siting and construction stages, but would also be
seen in later stages. The construction stage for a disposal facility would include the construction functions
described in N286.3, plus the commissioning functions described N286.4.

3. PROGRAM ELEMENTS

The proposed quality assurance program would be based on the general elements described in CAN/CSA
N286.0, which has been written for the owner of a nuclear power plant. The elements of N286.0 define the
basic requirements for a quality assurance program as a set of policies. These elements include

• program definition,

• policy,

1 Under development.
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• organization and responsibilities,

• personnel capability,

• accountability,

• communication,

• use of experience,

• work planning and control,

• control of items, processes and practices,

• verification,

• nonconformance,

• corrective action,

• change control,

• document control,

• records, and

• program assessment.

With some adaptation, the elements of N286 could form the basis for a nuclear waste disposal facility
quality assurance program. The elements of the program would remain essentially unchanged throughout
the term of project, but their interpretation and implementation would change to accommodate the changing
focus and nature of the work. The following sections describe how the basic requirements of each N286
element could be addressed in such a program.

3.1 PROGRAM DEFINITION AND POLICY

The project quality assurance program would be documented in a dedicated quality assurance manual,
which would include an executive policy statement and a description of the program scope, the elements of
the program, the overall structure of the project, the lines of communication with various participating
organizations and contractors, and the roles and responsibilities of the key managers making up the project
team. The manual would also provide a brief description of the management systems and work processes,
and would refer to documented procedures that would guide the execution of work. The quality assurance
manual would be revised prior to beginning each stage, or as necessary, to reflect changes in organization,
work processes, standards and regulatory requirements.

3.1.1 Project Organization

The definition of project structure, including interfaces between external organizations such as regulators,
review boards, agencies, contractors and communities, would be an important aspect of program definition.
The organization that would build and own a nuclear fuel waste disposal facility would typically have an
executive authority that would be ultimately responsible for all work carried out in the project. This
executive would set the policy and authorize the implementation of the quality assurance program. A
review board could monitor the progress of the project and provide expert advice to the executive.

A project director would typically be appointed as the senior manager for the project. The director would
have the authority and responsibility for all operational aspects of the project, including implementing and
maintaining the quality assurance program. The director would delegate authorities to subordinate
managers, but would retain responsibility for all operations.

The implementing organization would typically have line groups carrying out specific functions. These
might include:
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QUALITY ASSURANCE: assisting the project line organization in developing and implementing the QA
program, coordinating audits and program reviews, and verifying compliance with program
requirements;

PROJECT MANAGEMENT SERVICES: providing planning and scheduling services to the project;

COMMUNITY AFFAIRS: communicating with local governments, aboriginal groups, interest groups,
media, participating on panels, providing information on project status, and monitoring community
impacts;

INFORMATION SYSTEMS: coordinating telecommunications, computer networks, technical and
administrative records systems, archives, and document preparation and control;

HUMAN RESOURCES: hiring staff, negotiating collective agreements, coordinating training programs,
and maintaining records of staff qualifications;

SAFETY AND ASSESSMENT: providing services in radiation protection, occupational health and safety,
environmental safety, performance assessment of the vault and engineered systems, licensing, and
nuclear safeguards;

FINANCE AND ADMINISTRATION: providing services in financial accounting, payroll, and security;

PROCUREMENT: purchasing or leasing goods and services, administering contracts, and disposing of
surplus equipment;

ENGINEERING: providing civil, mechanical, geotechnical and mining design services, site
characterization services, costing, and other related engineering services;

CONSTRUCTION: building or excavating surface and underground facilities and services;

OPERATIONS: commissioning and operating surface and underground facilities and transportation
systems, and maintaining facilities.

The project structure would change to a greater or lesser extent from stage to another, with appropriate
work groups being established to complete specific tasks. For example, a Siting group would likely be
formed during the siting stage, and a Commissioning group would likely be formed during the construction
stage.

3.1.2 Management Responsibilities for Quality

Specific responsibilities for defining and implementing the quality assurance program would be assigned to
the executive and managers of the disposal project (Table 1).

Table 1. Key management responsibilities for quality assurance program definition and implementation.

Position

Executive

Project Director

Manager, Quality
Assurance

Responsibilities and Authorities

• As the owner, have ultimate authority and responsibility for the disposal facility.
• Define policy.
• All operational aspects of the quality assurance program.
• The quality of all products and services.
• Implementing the quality assurance program.
• Defining the QA program structure and functional responsibilities.

• Verifying program implementation.
• Providing guidance and advice on program development and implementation.
• Coordinating internal and external quality audits.
• Coordinating program reviews.
• Resolving high-level quality issues.
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3.1.3 Quality Policy

The implementing organization would commit to implementing a quality policy that would form the basis
for the quality assurance program. A policy statement, such as the example given below, would typically
be signed by the chief executive officer of the implementing organization and would be incorporated into
the program quality assurance manual.

"The implementing organization is committed to developing, constructing, operating,
and closing the nuclear fuel waste disposal facility in a safe, environmentally
responsible, and economical manner. The framework under which this commitment is
realized is described in this quality assurance manual.

It is the implementing organization's policy that all personnel are qualified and trained,
and understand and meet the requirements of their customers and regulators, and always
search for better ways to carry out their work so that the quality of products and services,
and the efficiency of operations is continually improving.

It is the implementing organization's policy that its management shall lead in the
definition and implementation of appropriate management systems and work processes
designed to achieve the required quality of products and services.

It is the implementing organization's policy to define, implement and maintain
appropriate management systems and work processes throughout the life of the project. "

3.1.4 Documentation of the Quality Assurance Program

Documents produced to define the quality assurance program would be organized into three broad
categories. These would include:

QUALITY ASSURANCE MANUAL: overall program structure and requirements, including descriptions of
policy-level requirements for each element of the program, a description of project organization
and management responsibilities and authorities, and a description of the documentation scheme
for the program, and references to applicable procedures.

WORK PLANS: plans describing the organization, responsibilities, program elements, work processes,
and quality assurance requirements as they would be applied to specific stages or work packages
under the project. Plans would reference design documents and procedures to be used, as
appropriate.

WORKING PROCEDURES: a set of procedures defining the prescribed methods and practices to be
followed in carrying out work of the project. Working procedures, including work instructions and
checklists, would provide a level of detail sufficient for a qualified, but inexperienced, person to
successfully carry out all steps in the procedure. Procedures would describe how to perform a
broad range of technical and administrative work processes, including tasks such as logging core,
repackaging used fuel, managing records, testing software, performing maintenance tasks on
machinery, and performing equipment inspections.

3.2 PERSONNEL CAPABILITY

N286-series standards generally require that personnel working under the quality assurance program,
including contractors and suppliers, be knowledgeable and demonstrably qualified for the work they
perform. In a nuclear fuel waste disposal project, Human Resources staff would assist managers in
reviewing qualifications of applicants for positions, and in ensuring the validity and currency of educational
and professional certificates. Human Resources staff would also maintain records of occupational training
received by employees, and managers would periodically assess the performance of their subordinates,
recommending additional training where needed. Job descriptions defining qualification requirements
would be maintained for all positions, which would be periodically reviewed and revised to keep pace with
the evolving requirements of the project. In conjunction with management, Human Resources would also
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negotiate agreements with collective bargaining units, and would ensure that administrative processes in the
implementing organization complied with applicable labour codes and practices.

3.3 ACCOUNTABILITY. COMMUNICATION AND USE OF EXPERIENCE

Management would ensure that effective lines of communication were established across the project
organization and between the project and external groups. They would also establish communications
practices that ensured that accurate and timely information was provided to those needing it. Managers
would have the responsibility for communicating work requirements clearly to their staff, and for holding
individuals accountable for their work. Managers would also define formal lines of communication
between their organizations and others, both internal and external to the project.

In a nuclear fuel waste disposal project, particular attention would be given to establishing effective and
timely communications with regulators and with community interest groups. The Safety and Assessment
group would typically have the function of communicating with regulators, while communication and
interaction with communities and the general public would be coordinated by the Community Affairs group.

Experience gained and lessons learned during the course of the nuclear fuel waste disposal project (and in
similar projects in other countries) would be communicated to those who could benefit by it, using training
programs and feedback processes. Managers and staff would be encouraged to share their expertise and
experience in internal workshops, and by publishing non-proprietary material at conferences and in
technical journals.

3.4 WORK PLANNING AND CONTROL

Work planning and control is a broad quality assurance program element requiring that work be
systematically planned, executed, and verified. In a nuclear fuel waste disposal project, an overall project
plan describing organization, schedule, budget, work activities, and deliverables would be developed at the
beginning of the siting stage. This plan would be revised and amended with detailed work plans for specific
work packages as the project progressed.

When a site for a disposal facility had eventually been selected, a comprehensive work plan would be
prepared that would cover all stages of development of the disposal facility. This plan would include or
reference design documents and specifications, and would refer to procedures that would be followed to
implement the plan.

During any specific stage of the project, the responsible group would arrange the work activities into
discrete work assignments. The scope of each assignment and the individuals responsible would be
identified. The scope of the work assignment would be defined so that the work could be performed
correctly. Revisions to work assignments would be documented to show any changes in scope, budget, or
schedule of the assignments and to indicate the reassignment of all or defined portions of the work to others.

3.5 CONTROL OF ITEMS. PROCESSES AND PRACTICES

This element would require that only materials, parts, equipment, samples, supplies and procedures meeting
specifications and standards be used in a nuclear fuel waste disposal project. The element would typically
be broken down into sub-elements covering specific performance functions, such as procurement control,
design control, operational control, control of measuring equipment, control of samples and specimens, and
control of software. The emphasis and scope of these sub-elements would change from stage to stage of the
project, keeping pace with the changing nature and focus of the work.

3.5.1 Procurement Control

Key suppliers of materials, equipment, and services would meet applicable requirements of the
implementing organization's quality assurance program, technical specifications, and contractual terms and
conditions. Periodic surveillance and audits of the suppliers' premises would be used to confirm the
continuing acceptability of the suppliers' quality assurance programs.
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3.5.2 Design Control

The process of defining functional requirements and developing designs for surface and underground
facilities would typically be described in design procedures. For surface facilities, the process would follow
the traditional design cycle of defining design requirements, collecting data, conducting conceptual studies
and doing the necessary calculations and analysis, verifying the design through reviews, component testing,
independent analysis, and producing drawings, specifications and other design output.

The underground design process would accommodate the observational approach of Peck (1969), which
emphasizes the continuous collection and analysis of data on rock conditions, to allow optimization of
opening geometries and orientations, rock support methods, drainage and mining techniques. Read and
Martin (1996) have described methods for measuring and analyzing in-situ geomechanical properties of
granitic rock in relation to the performance of underground openings at AECL's Underground Research
Laboratory. Similar methods would likely be used as part of the observational approach to optimize the
design and excavation of a disposal vault.

3.5.3 Operational Control

Operational control would include functional requirements for commissioning, operating and maintaining
surface and underground facilities of a nuclear fuel waste disposal facility, including mining and backfilling
operations in the vault. These requirements would be described in procedures, work instructions and
checklists.

Markers would be permanently attached to plant equipment and installed components for purposes of
identification and cross-referencing to engineering documents and drawings. Suitable administrative
systems, such as tagging, would be implemented to indicate inspection, test and maintenance status of
equipment.

Particular attention would be given to controlling processes involved in the transportation, repackaging and
emplacement of used fuel. Procedures would specify the entire sequence of operations, including quality
control procedures and safeguards procedures. Underground operations would include a repeated cycle of
observation, excavation, emplacement and backfilling, following the observational approach. Procedures
would specify these processes, allowing leeway for changing ground conditions and the need to adjust
processes in response to these changes.

Container manufacturing processes and the formulation, production and emplacement of concrete and
buffer and backfill materials would be controlled by procedures calling up appropriate codes and standards,
such as Canadian Standards Association Z299-series (CSA 1985), or International Organization for
Standardization 9000-series (ISO 1994a-c). These processes would have inspection and test points as part
of quality control. Longer term performance testing of containers and materials, which would be done in a
component test area in the vault (see Simmons and Baumgartner 1994), could be considered an extension of
the quality control process.

Supporting functions such as radiological protection, occupational safety, environmental safety, security,
emergency response, maintenance and house-keeping would be controlled with appropriate procedures,
calling up codes and standards that apply. Environmental and safety assessment would be included as
functions supporting the operation and licensing of the nuclear fuel waste disposal facility, using data and
models qualified under the quality assurance program (see sections 3.5.6 and 3.9).

3.5.4 Control of Measuring Equipment

A wide variety of test and measurement equipment would be used in a nuclear fuel waste disposal project
over its life. The basic requirement would be that equipment and instruments be periodically checked with
standards and recalibrated when necessary, following guidelines described by the Canadian Standards
Association (CSA 1988) and the International Organization for Standardization (ISO 1992, 1995). A
standards lab could be established at the facility to keep nationally or internationally traceable standards for
mass, length, pressure, temperature, voltage, resistance, frequency and time, against which secondary
working standards would be calibrated.
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In specialized surveys, such as the geophysical, geotechnical, and hydrogeological surveys that would be
used to characterize and monitor the disposal site, equipment would be calibrated as a complete system.
The emphasis during calibration of such equipment would be on periodic checks using internal standards
and references that were subject to the same measurement sequence and environmental conditions as the
unknown. Some field instruments would be checked against base stations, "standard boreholes," and known
anomalies.

Instrumentation for chemical analyses would be systematically calibrated and checked with samples of
known concentration, spiked samples, and blanks to confirm the accuracy of each batch of measurements.
Routine laboratory measurements of mass and volume would be ensured by periodically checking the
calibration of balances and dispensers against traceable standards. Instruments for measuring ionizing
radiation fields and dose would be calibrated against nationally or internationally traceable sources and
phantoms, such as are supplied by National Research Council or US National Institute for Standards and
Testing. Dosimetry measurements would conform to guidelines set by the Atomic Energy Control Board
(AECB 1994).

Many of the monitoring measurements made at the nuclear fuel waste disposal facility would involve
automated data acquisition systems, collecting and processing signals from large and often inaccessible
sensor arrays. To calibrate these systems, which typically would have several layers of signal conversion,
checks would be made periodically by substituting appropriate voltage or current standards for sensors.
The performance of inaccessible sensors, such as thermocouples installed in boreholes, would be assessed
by looking for erratic output using statistical techniques of signal variation with time, visually inspecting
signal trends, and correlating sensor power consumption with signal drift.

3.5.5 Control of Samples and Specimens

The basic requirement for control of samples and specimens would be that they be collected, handled, and
stored in a manner that would be consistent with their end use, and that they would be appropriately and
uniquely identified. For example, procedures would be established for boxing rock cores, for storing them
in an environment that prevented deterioration or loss, and for extracting samples from the core for analysis
or testing. Similar procedures would be established for other types of natural samples and specimens, such
as water, soil and biological samples for environmental monitoring. Samples of engineered materials, such
as concrete, grout, and backfill soils would be subject to similar controls to provide verifiable evidence of
compliance with design specifications and standards.

3.5.6 Control of Computer Programs

A wide variety of computer software would be used during the life of a nuclear fuel waste disposal vault.
Some of the software would be developed specifically to support "real time" processes, such as the
programs that may be used to control automated functions in the used fuel repackaging plant (Simmons and
Baumgartner 1994). Other purpose-built software might include data acquisition programs used for
scientific or security monitoring, and codes used to assess the performance and safety of the disposal vault.
Commercial software, including "shrink-wrapped" programs used on personal computers, would likely be
used in a wide variety of applications, both technical and administrative. This software would typically
include programs for computer-aided design and manufacturing, document processing, database
management, network administration, and project management.

A scheme for classifying computer programs according to the degree to which they may affect safety and
costs in a nuclear fuel waste disposal project should be used, in accordance with applicable guidelines or
standards. The "safety-relatedness" of the programs should be judged in the context in which the programs
would be used, and not solely on the intrinsic function of the software itself. For example, a common
spreadsheet program running on a personal computer might have no safety implications when used for
project cost-control, but the same program would have significant safety implications if it were used to
calculate worker doses in designing fuel waste handling facilities.

A typical classification scheme might have critical and non-critical categories, with sub-categories in each
for newly developed and previous developed code, following Canadian Standards Association Q396-series



standards (CSA 1989a-d). Quality assurance requirements would be graded to provide an appropriate level
of assurance for each category. Critical software might include real-time control programs used in the used
fuel repackaging plant or codes used to model the performance of the vault and its sub-systems. Non-
critical software could include commercial programs used for routine operations and administration.

Typically, the design and development of critical codes would include formal specification of function and
input and output, change control, configuration control, design verification, testing, validation, and
documentation of methods. Configuration control would include the input data sets as well as the code to
preserve the full context of the analysis and allow later re-runs. Critical real-time codes should be
thoroughly tested to assess all possible configurations and failure modes. Codes used to model and assess
the performance of natural and engineered systems should be calibrated against observation and checked
against output from other similar, independently developed codes.

Utility software, such as would be used in routine operations and administrative functions and having no
significant effect on safety, would require the lowest level of quality assurance. Utility software might be
checked against manual calculations, or against output from other similar programs.

3.6 VERIFICATION

Verification would entail the confirmation by independent review, inspection or testing that work was
performed according to specifications. Verification activities would be conducted by personnel
independent from those who did the work. Typical verification activities would include design verification,
peer review, inspections during construction of facilities, visual inspection and testing of in-coming
materials, such as metal for containers, cement, bentonite, and backfilling materials, inspection and testing
of welds, mining inspections, geological inspection and geotechnical testing to verify rock quality, and
laboratory checks to verify chemical, radiological and metallurgical analyses.

A special category would be software code verification, which would involve inspection and testing of code
to confirm that it faithfully implemented the design specifications, and produced correct output at all levels
of integration-from single lines, through modules, to fully integrated models.

3.7 NONCONFORMANCE AND CORRECTIVE ACTION

A system would be established to identify and control nonconformance. Mechanisms would be put in place
to assess the impact of nonconformances on quality and to decide the disposition of the nonconforming
document, material or component. Nonconforming items could be used as is, corrected, repaired, or
rejected. The system for control of nonconformances would provide for appropriate isolation of
nonconforming documents, materials and components until the disposition decision was made. The system
to control nonconformances would include features that addressed the specific needs for the control of
critical and non-critical computer programs.

Typically, nonconformances would be identified by inspectors, surveillance team members, and auditors.
Suppliers could also identify nonconformances in procurement documents and associated technical
specifications, or during the manufacturing and installation of equipment and components. Reviewers of
design documents and engineering analyses would be expected to identify any discrepancies in such
documents. The nonconformance reporting system should allow anyone to identify potential deficiencies.

All personnel would have the freedom to identify items or work practices that did not conform to
specifications or standards, and under some conditions would have the authority to stop work until these
conditions were corrected. More typically, however, nonconformances would be identified by inspectors
and auditors as a result of verification activities and audits. Processes would be established to identify root
causes and resolve nonconformances, usually by correcting work practices, reworking deficient items, or
revising procedures that had fallen out of date. A reporting system would be used to track the disposition of
nonconformances, and these records would be reviewed during program reviews and follow-up audits.
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3.8 CHANGE CONTROL AND DOCUMENT CONTROL

As a general requirement, all changes to designs and working procedures would be controlled so that
appropriate sign-offs were obtained. Changes would be communicated in a systematic manner to those who
would need to know. To a large extent, change control would be effected by controlling the preparation,
approval and issuance of documents, including work plans, design documents, manuals, and procedures.
Documents would be issued to named distributions, and would be formally recalled and replaced when new
versions were issued. Change control could be implemented in traditional paper-based documents, or in
electronic formats, provided that mechanisms for preventing unauthorized changes and the removal of
obsolete material existed.

3.9 RECORDS AND DATA

Under a quality assurance program, records furnish evidence of compliance with requirements and would
trace the history of work. In a nuclear fuel waste disposal facility project, a wide variety of administrative,
operational and technical records would be kept, typically in many formats and at numerous locations.
These would include correspondence and memoranda, operations logs, procurement records, personnel
records, shipping manifests, route sheets, inspection and test reports, instrument calibration records,
notebooks, nonconformance and corrective action reports, and audit reports.

A comprehensive records management system should be instituted in the early stages of the project to
capture and coordinate the dissemination of essential information, including technical records and data,
such as those assembled or produced during feasibility studies, site characterization, environmental and
performance monitoring. The records management system would include indexing and central archiving
services, and would be developed, operated, and maintained by the Information Systems group, who would
also provide telecommunications and computer network services.

3.10 PROGRAM REVIEW AND ASSESSMENT

An important element of the quality assurance program would be a system of regular assessments of the
program for adequacy, effectiveness, and compliance against criteria specified in applicable standards. This
would be achieved through systems audits, reviews of the program, and through surveillance and inspection
programs. All such assessment activities would be planned and performed by staff who were qualified and
appropriately independent of the work being assessed. Audits would be scheduled at regular intervals, and
could be called, as needed, to assist in assessing specific conditions.

3.10.1 Program Review

Program reviews would typically be conducted each year to assess the adequacy and effectiveness of the
quality assurance program. The QA manager would organize and lead program reviews, typically involving
the project director, managers, customers and stakeholders. Reviews would normally include an assessment
of progress in implementing corrective actions identified in audits or surveillances.

3.10.2 Audits

Quality audits would be planned and conducted periodically to assess compliance with the quality assurance
program. Typically, audits would be conducted by a team of specialists led by a qualified auditor, and
would target specific aspects of the program. Audits would be planned and conducted according to widely
recognized standards, such as those of the International Organization for Standardization (ISO 1990,
1991a,b). Audits would be particularly useful in verifying that essential management systems, equipment,
personnel, approvals, permits, etc. were in place at the beginning of each stage, and could also be used to
verify the completion of work packages at the end of each stage. Contractors and suppliers of equipment
and materials would be subject to quality audits to assess their quality programs and to ensure compliance
with requirements.



- 1 1 -

4. QA PROGRAM EVOLUTION

A nuclear fuel waste disposal project, such as described by Simmons and Baumgartner (1994), would span
a period of up to 90 years (see Fig. 2), not including intervals for possible extended monitoring. An
important attribute of the quality assurance program for such an extended project would be its ability to
evolve and keep step with the changing nature of work, technology and regulations. Figure 3 illustrates how
some key QA-related activities under each program element might evolve during the disposal facility's life.

4.1 OA ACTIVITIES COMMON TO ALL STAGES

Certain core quality assurance activities would be performed across all stages of the disposal project. These
would include definition of the quality assurance program and management processes to ensure that project
staff were qualified, held accountable for the work they perform, and had access to accurate and timely
information. Quality verification processes, such as peer review of technical work, formal design reviews,
inspection and calibration checking of test equipment, would also span the duration of the project.
Assessment activities such as auditing and program review, and processes for identifying and correcting
nonconformance, would be applicable throughout the project. Assessment would be particularly useful
during the transition between stages for verifying that all required work had been completed and met all
requirements before entering a new stage.

The quality assurance program would help to ensure the transfer of experience and information through all
stages of the nuclear fuel waste disposal project. Training programs that incorporated lessons learned from
experience, both inside and outside the project, would be provided to ensure that staff maintained their
qualifications and proficiency. The quality assurance program would also ensure that methodology and
information would be captured and passed on from one generation to the next by systematically
documenting procedures and preserving records. A comprehesive records and data management system
would be an important asset to facilitate the exchange and ensure the preservation of information.

The records management system would be designed to evolve through all stages of a nuclear fuel waste
disposal project, ensuring that records and data were not lost, altered or destroyed through physical
deterioration, fire, theft, misfiling, or changes in data format. Retention periods and access rights should be
established for all records, which would be indexed in a database containing bibliographic information,
cross-references and storage locations of the physical media. Particular attention would be given to
safeguarding records and data dealing with site characterization, environmental and socio-economic
benchmarks, performance monitoring, as-built designs and waste inventories, which may be required for
regulatory purposes and performance assessment throughout the life of the facility, and possibly after
closure.

4.2 SITING

The overall requirements of the quality assurance program would be defined early in the siting stage, prior
to beginning significant siting work, so that the quality of management processes, technical procedures, and
information gathering for this stage could be ensured under the program. The quality assurance program
would apply uniformly to feasibility studies and characterization activities for all candidate sites. An
overall project plan would also be produced early in the siting stage (or possibly in advance of it). Work
plans would be developed for specific work packages, as adjuncts to the overall plan.

In the process of assessing candidate sites for a nuclear fuel waste disposal facility, information and data
from the wide variety of sources would be assembled. The quality assurance program would emphasize
expert peer review and "ground truthing" to verify these data and the interpretations drawn from them.
Feasibility studies conducted at this stage may include design calculations, cost estimates, and risk
assessments, which would be subject to independent checks and reviews.

When physical investigations eventually began at one or more sites, they would be conducted according to
documented procedures. These procedures would draw from accepted practice, applicable codes and
standards, and methods developed in the NFWMP and other similar projects. Some development of
procedures would be expected to exploit new technologies and to optimize methods for particular site
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conditions. Technical procedures would typically include methods for drilling boreholes, logging core,
conducting downhole tests, testing rock strength, measuring in-situ rock stress and displacement, sampling
and chemically analyzing groundwater, surface water, soil, plants and biota. Methods and results of site
investigation work would be subjected to peer review.

In the siting stage, a laboratory quality control system would be established to monitor and verify chemical
and physical analyses. Quality verification tests and performance criteria would be established for
analytical methods, which, if not met, would trigger corrective actions, such as equipment recalibration and
re-analysis of samples. Laboratory quality control would be particularly important in analyzing
groundwater and environmental samples used to establish benchmarks in the siting stage. The results of
quality verification tests would be maintained with analytical results to provide information on the accuracy
of the analyses.

Community investigations and interactions would also be key activities during the siting stage.
Management processes and interfaces would be defined that ensured that accurate and timely information
was made available to the public, intervenors, review panels, and the media. Procedures for gathering,
verifying and analyzing socio-economic data would be defined, with particular emphasis on qualifying data
that would form a benchmark for later impact assessments.

Computer codes could be developed or used during the siting stage to model the performance of natural or
engineered systems. Input data sets for these codes would be controlled and maintained, along with copies
of the code itself, so that runs could be repeated and independently assessed.

Later in the siting stage, designs of surface and underground facilities would be prepared, and safety
assessments would be conducted, using data obtained during site characterization. Designs and
specifications for used fuel containers, buffer materials and sealing materials would also be developed
during this stage. Design documents and safety assessment reports would be submitted for regulatory
approval near the end of the siting stage, along with a detailed plan and quality assurance manual covering
the construction stage.

4.3 CONSTRUCTION

The designs for the nuclear fuel waste disposal project would be implemented during the construction stage,
making as-built changes as necessary, subject to appropriate change control. Construction of surface and
underground facilities would be verified against design specifications by inspection and surveillance, and
nonconforming conditions would be systematically dispositioned. As-built drawings would be produced to
record changes to original designs, and these would be kept as essential records in the records management
system.
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Figure 3. Typical quality assurance activities in a nuclear fuel waste disposal project.
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During this stage, construction materials would be procured and used according to specifications in design
plans and drawings, bills of materials, parts lists, and work instructions. A labeling system would identify
installed components so that they could be traced and verified against design drawings and specifications.

Commissioning of the nuclear fuel waste packaging plant, container fabrication plant, rock crushing plant,
concrete batching plant, and other surface facilities would be carried out as a sub-stage of the construction
stage. Underground facilities, such as service and up-cast shaft complexes, central access tunnels and
perimeter tunnels, underground services, and some disposal panels, would also be commissioned. Quality
assurance effort would focus on the verification of the satisfactory performance of all installed systems and
components. This would include software used to control equipment and processes, such as the real-time
control codes that may be used in the used fuel packaging plant and other facilities.

Detailed procedures for operating surface and underground facilities would be developed during the
construction stage. A wide variety of technical and administrative procedures would be developed,
including safeguards and emergency response procedures. Special attention would be given to developing
procedures to control nuclear safety-related processes, such as the packaging, transportation and
emplacement of used fuel, and radiological monitoring. Procedures for exploring, testing, excavating and
supporting rock would be developed, using the experience and knowledge of rock conditions gained in the
construction of shafts and service tunnels. These procedures would reflect the observational approach,
providing personnel the flexibility to adapt to a variety of ground conditions.

Procedures for fabricating used fuel containers would be developed during the construction stage and
prototype containers would be built to demonstrate and test the technology. Quality control procedures
would also be developed to test container materials and control the fabrication process.

Prior to entering the operation stage, an operating plan would be produced for the nuclear fuel waste
disposal facility. This plan would be submitted for regulatory approval, along with a description of the
quality assurance program for the operation stage, operating procedures, safety assessment reports, and
other materials that may be required to gain approval to begin operating the facility.

4.4 OPERATION

During the operation stage nuclear fuel waste shipments would be received at the disposal facility,
repackaged, transported underground, emplaced, and finally backfilled. Quality assurance activities during
this stage would focus on controlling and verifying these processes.

Work would be controlled by a wide variety of operational procedures covering both surface and
underground operations. Since the operation stage would last about 40 years (Simmons and Baumgartner
1994), significant changes in work practice would be needed to keep pace with the advances in technology
that would be expected during this period. Quality audits and surveillance would compare actual versus
documented work practices, prompting corrective action where procedures had fallen out of date.

During the latter part of the operation stage, a detailed decommissioning plan would be produced. The plan
would describe the sequence of activities that would dismantle and remove surface facilities, and return
most of the site to its original state. The decommissioning plan would be supported by design
specifications, safety assessments, and a quality assurance program description covering that stage.
Decommissioning work would begin after approval had been given by regulators.

If a period of extended monitoring was required between the operation and decommissioning stages, a
monitoring plan covering this interval would be produced during the operation stage.

4.5 DECOMMISSIONING

Decommissioning would encompass activities such as decontamination of structures and equipment,
removal of surface facilities and the return of the site to a state suitable for public use. Decommissioning of
underground facilities would entail removal of equipment and services not required for additional extended
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monitoring or closure, and sealing of tunnels and shafts with concrete bulkheads and plugs. Quality
assurance activities would focus on controlling and verifying decommissioning work activities, particularly
the decontamination and disposal of equipment, materials and low-level waste from the used fuel packaging
plant.

Since decommissioning would rely heavily on radiological measurements and controls, quality assurance
activities would emphasize calibration checks of survey instruments and control of equipment and scrap
materials. Control would include labeling and segregation of materials and construction of an auditable trail
of records showing the disposition of all contaminated equipment, material and waste.

The records management system would likely be relocated from the nuclear fuel waste disposal facility to
some other safe facility during decommissioning. Review and disposal of records should be expected at this
stage, and care should be taken to ensure that essential records were not inadvertently lost or destroyed.
The records management system would continue to operate as a "living" system at its new location,
accepting records generated during the latter stages of decommissioning, the extended monitoring stage (if
required), and the closure stage.

If extended monitoring was required following decommissioning, an extended monitoring plan would be
prepared during the decommissioning stage. The plan would describe monitoring activities, the
interpretation of data, reporting methods, and actions to be taken in the event that monitored parameters fell
outside prescribed limits.

4.6 EXTENDED MONITORING

If extended monitoring stages were required, work activities at the nuclear fuel waste disposal facility would
be limited to monitoring of instruments in boreholes and surface surveys. Periodic surveys would be
undertaken to collect and analyze environmental samples and to verify compliance with nuclear safeguards
requirements. As well, follow-up surveys of communities may be carried out to assess any long-term
impacts of the facility.

Quality assurance activities during this stage would focus on processes for collecting, analyzing and
disseminating monitoring results. These would include performance checks of instruments and laboratory
quality control. Particular emphasis would be given to the maintenance of records, drilling core and other
specimens during this stage, which may last many years.

4.7 CLOSURE

In the closure stage, monitoring boreholes that would potentially compromise the long-term safety of the
vault would be de-instrumented and closed with approved seals. Some monitoring in shallow boreholes, or
in deep boreholes that did not penetrate a specified vault exclusion zone, or otherwise affect the long-term
safety of the vault, might continue to provide additional data for assessing disposal system performance.
Quality assurance activities would focus on controlling and verifying these closure activities. The final
disposition of records and specimens from the project would be decided. Some of these should be kept
indefinitely to inform future generations of the vault's history, layout and contents.

5. CONCLUSIONS

A quality assurance program for a nuclear fuel waste disposal facility would span all stages of development
of the facility, and would be integrated with management, technical and regulatory processes. The program
would be based on the N286-series of standards, with adaptations to accommodate the observational
method used in underground engineering. The quality assurance program would define the project
organization and its external interfaces with suppliers, contractors, regulators and the public, the
responsibilities of managers, and the qualifications of workers. The program would also provide a formal
framework for planning and executing work, and for verifying that services and products met specifications,
standards and codes. The quality assurance program would also play a role in verifying and preserving
information produced and used in the project, including data sets assembled for computer models and safety
assessments.
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An umbrella quality assurance program would be inaugurated at the outset of the project, prior to the
initiation of characterization work at any candidate sites. When a site for the disposal facility had
eventually been selected, the quality assurance program would be revised and a comprehensive plan for the
disposal facility project would be prepared. Up-dated versions of the project plan and quality assurance
manual, together with supporting design documents and safety assessment reports, would be submitted to
regulators to gain approval to undertake work at each stage.

A wide variety of procedures would be developed and used to control work processes of the disposal
project. Particular attention would be directed toward controlling and verifying procedures having nuclear
safety implications. Procedures for vault excavation would incorporate the observational approach, giving
operators flexibility in dealing with changing ground conditions. The design, construction and operation of
above-ground facilities would also be controlled by appropriate procedures, which would be verified by
inspections and audits.

The disposal facility project would require many years to complete. Throughout the course of the project
the quality assurance program would ensure that work methods and experience were documented and
passed on from one stage to the next, and from one working generation to another. On-line documentation
systems would facilitate document maintenance, encouraging the adoption of the new technologies that
would emerge over the facility's life, while retaining essential traceability. Records and data would be
preserved in an integrated, through-going system that would provide an auditable trail from the beginning of
the project to its close.
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