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1.

Introduction
Following publication of the Site-94 report [SKI, 1996], SKI wishes to review how
Quality Assurance (QA) issues could be treated in future work both in undertaking their
own Performance Assessment (PA) calculations and in scrutinising documents supplied
by SKB. The aim of this report is to identify the key QA issues and to outline the
nature and content of a QA Plan which would be suitable for SKI, bearing in mind the
requirements and recommendations of relevant standards. Emphasis is on issues which
are specific to Performance Assessments for deep repositories for radioactive wastes,
but consideration is also given to issues which need to be addressed in all large
projects.
Given the long time over which the performance of a deep repository system must be
evaluated, the demonstration that a repository is likely to perform satisfactorily relies on
the use of computer-generated model predictions of system performance. This raises
particular QA issues which are generally not encountered in other technical areas (for
instance, power station operations). The traceability of the arguments used is a key QA
issue, as are conceptual model uncertainty, and code verification and validation; these
were all included in the consideration of overall uncertainties in the Site-94 project.
Additionally, issues which are particularly relevant to SKI include:
•
•

How QA in a PA fits in with the general QA procedures of the organisation
undertaking the the work.
The relationship between QA as applied by the regulator and the implementor of
a repository development programme.

Section 2 introduces the discussion of these issues by reviewing the standards and
guidance which are available from national and international organisations. This is
followed in Section 3 by a review of specific issues which arise from the Site-94
exercise. An outline procedure for managing QA issues in SKI is put forward as a
basis for discussion in Section 4. It is hoped that this procedure can provide the basis
for the establishment of QA Plans for activities such as in-house PA work and
reviewing documents from SKB. Overall conclusions and recommendations are given
in Section 5. The Appendices include a discussion of relevant aspects of work
undertaken in other PA programmes.

SKI-6041A-1 Version 1.0

2.

Standards and Guidance
The objective of this Section is to provide a review of relevant standards and guidance
on the role of Quality Assurance (QA) in the planning, conduct and reporting of PAs for
a deep repository.

2.1

Relevant Standards
Several organisations issue standards which address quality assurance in general and
software quality assurance in particular. These include:
•

the International Standards Organisation (ISO) 9001 Series (Second
edition) Quality systems - Model for quality assurance in design,
development, production, installation and servicing (ISO, 1994).

•

the International Standards Organisation (ISO) Series 9000 Quality
Management and Quality Assurance Standards, and specifically, ISO9000-3, Guidelines for the Application of ISO 9001 to the
Development, Supply and Maintenance of Software (ISO, 1991);

•

the American National Standards Institute (ANSI) Nuclear Quality
Assurance Series: NQA-1/2 Quality Assurance Program Requirements
for Nuclear Facilities and Facility Applications (ANSI, 1994) and
specifically NQA-3 Quality Assurance Program Requirements for the
Collection of Scientific and Technical Information for Site
Characterisation of High-Level Nuclear Waste Repositories (ANSI,
1989). The 1997 version of NQA-1/2 was not available for review at
the time of writing.

With the exception of NQA-3, the above standards are not explicitly directed at the
unique features associated with the performance assessment of deep repositories. The
ISO standards are directed primarily at manufacturing and service industries involved in
two-party contractual situations.
These standards generally address only software quality assurance as it relates to
computer code development and maintenance; i.e., they give guidance on the
specification, design, implementation, maintenance and use of computer codes. They
are designed to apply to computer codes used in assessments that are focussed on
relatively short-lived engineered control or protection systems that have a direct effect
on the operation of equipment or a facility (i.e., the design, construction and operating
periods). Deep repository performance assessments are focussed on the prediction of
very long-lived passive engineered and natural systems performance, and are used
primarily in design decisions (Hill et al., 1989).
With the exception of NQA-3, these standards generally only address computer code
verification and assessment traceability requirements. NQA-3 also requires model
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validation and numerical model verification, but does not provide guidance on how to
achieve these requirements.
2.2

ISO-9001
The ISO-9001 Standard is a generic QA standard that is independent of any specific
industry or economic sector. The principles contained in the standard can be applied to
any activity including performance assessments carried out by regulators or proponents
for proposed geological disposal of radioactive wastes. If one sees the PA as a
product, and the organisation and completion of the PA components being undertaken
by the management and personnel, then the application of the traditional QA concepts to
a PA should be more clearly understandable.
The first task of any PA team should be specification of the assessment context.
Without this definition it is not clear exactly what the product is and what level of QA is
required. Different QA requirements may be necessary according to the approach to be
applied to the PA. For example, the rigour of the application of QA standards may vary
according to whether the PA is actually being conducted for an application for a site
licence, or to investigate the suitability of different sites, or for the development of
regulatory criteria, or more simply just to test particular aspects or parts of the PA
process. It is not necessary to devise procedures to address particular aspects of the
standard if they are not applicable.
The assessment context provides answers to the fundamental questions of what is being
assessed and why. In quantitative terms this translates to what has to be calculated and
why. The key parts of an assessment context are: description of the purpose of the PA;
statements about the assessment endpoints and timeframes; and brief descriptions of the
repository system, site context, source terms, near-field, geosphere and biosphere
systems. Only when these key components of the assessment context have been
described adequately can a judgement be made as to whether the final results of the PA
are satisfactory or are deficient in some way and therefore what corrective actions could
be taken to rectify the situation. The key guiding principle should be a transparent and
traceable processes from the start to the completion of the PA.
The following discussion provides a summary of how the principles contained in the
ISO-9001, 1994 standard can be translated for the purpose of a PA. Cross references to
the relevant sections in the ISO standard are provided in parentheses where appropriate.
If the assessment context is viewed as the contract, then it is obvious that the
requirements as set out in the assessment context should be reviewed by key personnel
to decide how the requirements should be met (Section 4.3). Both the assessment
context and the QA system being applied should be reviewed periodically to ensure that
the requirements and procedures remain appropriate and adequate. For example, if the
assessment context changes, then certain aspects of the PA may require alteration and
the QA principles may need revision. Such reviews and the findings should be
documented.
There should be a clear organisational structure for the PA. Key responsibilities
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(including those for QA) should be defined (Section 4.1). The interrelationships
between the main PA components and those responsible, and the management and
technical structure of the PA should be made clear. All staff working on the PA should
understand the organisational structure and be provided with a description of
responsibilities according to their role. Key personnel should be named so that team
members know who to consult in case of problems. A PA time schedule, with key
deliverables and delivery dates, important input and output points and other key
information should be documented. The time schedule should be reviewed periodically
to ensure that there are no hold ups or slippages that could materially affect the quality
of the PA or the PA requirements.
With respect to the quality system requirements (Section 4), there should be a statement
about which QA standards are to be applied. The QA for SKI PA work should be
consistent with the normal SKI QA system and procedures. If there are any aspects
which are not consistent, this should be documented and the reasons for differences
explained. A clear statement of which QA system takes precedence should be provided.
If specific procedures are considered to be required but which are not provided in the
general SKI QA system, then PA or project/task specific procedures should be
developed and approved by the appropriate person. If considered appropriate, key
components of the PA may require their own QA plans so that requirements for
personnel or training (Section 4.18), equipment or resources, and control procedures
can be documented.
The design, development and execution of the various PA tasks should be controlled
(Section 4.4). The main functional aspects of a PA could be considered to be:
•
•
•
•

data input (for each of the system components);
models to describe and assess the various parts of the PA system (e.g.,
conceptual and mathematical models for each of the components);
the codes to run the mathematical models using the data inputs; and
the data output or endpoints (eg, from code runs, sensitivity analyses,
probability assessments, hand calculations).

Each of these functions should be designed, planned and executed to be appropriate for
the task and its importance but should be carried out in such a way as to give confidence
that all aspects have been controlled, documented and justified in a fully traceable
manner.
The level at which input data have to be checked for accuracy and whether there is a
need for a data elicitation protocol will have to be decided, and appropriate procedures
documented accordingly.
It will be important that all aspects of the development of the conceptual models and
resultant mathematical models should be justified and recorded. Any changes in
requirements should similarly be explained and documented.
The computer codes used to run models will need to be designed, tested and validated
as far as practicable. There are several software standards which can be used to guide
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the development of codes and this topic is dealt with more fully in later sections.
It will be essential to review the data output from code runs or separate calculations.
The level of checking required should be specified in the QA plan. The output should
be reviewed against the assessment context requirements and of course, where
necessary against the stated PA criteria such as regulatory standards if appropriate.
Much of the output from the PA tasks will be documents, reports or technical notes. As
with software products, version control measures should be agreed and implemented to
ensure that staff use current information not superseded documents or data. The
requirement for review of the output documents either by other members of the PA team
or external experts should be advised. How review comments should be addressed
should also be noted. It should also be agreed what records need to be kept concerning
correspondence (electronic, paper or telecommunications) between PA team members
or outside organisations/individuals and concerning meetings (technical or managerial)
in relation to the PA components or the whole PA. Guidance should be provided to all
team members.
For a PA, purchasing (Section 4.6) would take the form of requirements for. the
selection of sub-contractors and checking the quality of input information or data
acquired from outside the PA team (Section 4.7). It may be necessary to review and
check the work of sub-contractor staff and they should be made aware of any QA
requirements for the PA. How far data/information supplied from the literature, other
experimental or PA programmes, or collated from/by other organisations will need to be
checked and verified may depend on the use to which the data/information is to be put
and to what extent it is key to the PA output. This should be decided in advance or
during PA review points in the overall PA schedule, but certainly prior to use of the
data or information if checking will be required.
As noted above, the QA plan for a PA should identify key stages in the PA especially
any components or tasks that are on a crucial path for subsequent or final tasks. Where
necessary and appropriate, the required methods for undertaking and achieving the PA
should be specified (Section 4.9). This will ensure that progress and the required
quality of work can be monitored (Section 4.10). Ultimately the final PA endpoints
will need to be examined, analysed and interpreted with respect to the assessment
context and, if appropriate, the regulatory standards for safety of the repository.
During monitoring of the PA task outputs and of the final output, any problems should
be noted and decisions made by the appropriate staff on potential implications for the
rest of the PA. Where necessary, improvements in methodology, data or information
should be instituted (Section 4.13 and 4.14).
Overall, the quality of the PA will be directly affected by the quality of the work put in
to it. Any task or activity within the PA should be undertaken in a way which allows
the decisions, actions, assumptions and output to be clearly followed and the results to
be assessed in the context of the PA requirements. Any QA system or procedures
should be instituted to ensure that this is achieved in the most efficient manner. The
application of the ISO 9001 principles outlined above will be demonstrated in the
development of an outline QA plans in Section 6 of this report.
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2.3

ISO-9000-3
This standard applies specifically to software QA, and can be divided into three basic
parts:
•
•
•

the overall quality system framework;
quality system life-cycle activities; and
configuration management.

The quality system framework requires that management take responsibility for quality
through product review and verification of resources and personnel. It also requires
that the software supplier maintain a general quality system that is documented in a
quality plan and implementing procedures. Implementation of the quality plan
throughout the software development process is to be verified through documented
internal quality audits, and non-conformances are addressed through documented
corrective actions.
Software development quality assurance is addressed in the second part, life-cycle
activities. The ISO standard states that software development projects should be
organised according to a life-cycle model with quality related activities defined and
documented as appropriate for each phase of the model. Key components of the lifecycle model include: documented contract and software product specifications review;
preparation of a software development plan which identifies the phases of the project,
and technical and management requirements for each phase; preparation of a project
quality plan which identifies the types of testing, verification, validation and change
control required at each phase, and the responsibilities for implementation and
verification of these activities; actual design and development of the software product
including documented code review, testing, validation and acceptance; software product
replication, delivery and installation; and development and implementation of a software
product maintenance plan and procedures.
The ISO standard defines software verification as the process of evaluating the products
of a given phase to ensure correctness and consistency with respect to the input
requirements and standards provided as input to that phase. The issue of computer code
verification is addressed as part of quality assurance of the life-cycle activities. It
should be noted, however, that it has proved difficult to implement a full software lifecycle model for the development of a deep repository PA software because generally the
code is not considered an end-product of the project, but is merely an aid to carrying out
the project objectives (Hill et al., 1989).
The third part of the ISO standard essentially addresses the issue of code traceability
through the mechanism of configuration management. Configuration management
procedures are used to identify, control and track the versions of the software as it is
developed and updated. The configuration management plan should include the
following:
•

procedures to ensure that functional and technical specifications,
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development tools, interfaces to other software and hardware, and
documents and computer files related to the software item can be
identified for each version of the software;
•

procedures to identify, document, review and authorise changes to the
software;

•

document control procedures for all plans, specifications, testing, and
maintenance documents associated with the software; and

•

quality records procedures to identify, collect, index, file, store,
maintain and dispose of quality records (records deemed necessary to
demonstrate achievement of required quality and effective operation of
the quality system).

Further guidance and details on implementing software quality assurance requirements
defined in these three standards may be found in Bryant and Wilburn, (1988) and IAEA
(1988a). The ISO 14000 (the Environmental Standards) series of standards do not
provide any relevant requirements or guidance beyond those covered by the ISO 9000
series standards (von Zharen, 1996).

2.4

ANSI NQA-3
This is the only standard identified which is specific to repository PAs. The standard
was developed by the American Society of Mechanical Engineers in response to the
difficulties the US government agencies had in implementing the NQA-1/2 standard for
the type of work involved with the US HLW management program. It consists of a set
of basic standards, supplements and some non-mandatory guidance. The standard,
when used in conjunction with NQA-1/2, is intended to meet and clarify the criteria of
US Code of Federal Regulations 10 CFR 50 Appendix B (quality assurance
requirements for nuclear power plants and fuel reprocessing plants) and 10 CFR 60,
Subpart G (repository quality assurance requirements). It also supports compliance
with proposed requirements in EPA's 40 CFR 194 (criteria for certification of the
Waste Isolation Pilot Plant [WIPP] compliance with HLW and TRU disposal
standards). The proposed EPA standards are discussed further in Section 2.5. NQA-3
endorses a graded approach to quality assurance; i.e., depending upon the nature of the
work to be performed and the relative importance of the items being produced or service
being provided, all or only part of this standard may be applied to a specific piece of
work.
The standard specifically addresses quality assurance requirements for various activities
related to scientific and technical information collection including: peer reviews; data
and sample management; data collection and analysis for site characterisation and
performance assessment; in-situ testing; computer code documentation, transfer and
verification/validation; preparation and review of technical calculations; and scientific
investigations. There are 18 basic requirements paralleling the 18 basic requirements of
NQA-1/2, three supplementary sets of requirements addressing definitions, design data
control and test programme control and two sets of non-mandatory guidance appendices
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addressing QA grading/classification and QA records.
The NQA-3 standard requires the development, implementation and verification of a
quality assurance plan, and the identification of responsible parties (basic requirements
1 & 2). These are similar to those in the ISO standards. The control of scientific
investigations, including computer software control, is covered in basic requirement 3.
The standard requires that computer software used in site characterisation and design
analysis is to be verified, validated, documented, and controlled. The standard defines
software verification as the process which demonstrates that the software correctly
performs its stated capabilities. Software validation is defined as the process which
demonstrates that the mathematical model embodied in the software is an acceptable
representation of the process system for which it is intended. It also requires that each
organisation performing computer analyses in support of site characterisation or design
prepare documents describing their software development, testing, maintenance and
configuration management systems. These requirements are similar to those in ISO
9000-3. However, the standard provides somewhat more explicit requirements with
respect to documentation. The following must be included in the software
documentation:
•
•
•
•
•
•
•
•

complete software development history,
users manuals/instructions enabling users to run the program and detect
and correct errors,
explanations of mathematical models and derivation of the numerical
models used in software design,
detailed description of physical and mathematical assumptions upon
which the software is based,
an explanation of the capabilities and limitations inherent in the
software,
identification of limiting boundary conditions,
provision of suitable benchmark and sample problems, and
documentation of formal reviews, verification and validation testing.

Although NQA-3 requires that software used in performance assessments be validated,
it provides no guidance on how such a validation should be accomplished. It only
requires that the process used for validation be documented, and it implies that peer
review may be used to determine the degree of validation possible for a particular
computer code if it cannot be validated by testing. The standard states:
"a peer review shall be performed when adequacy of information or the
suitability of procedures and methods essential to showing that the repository
systems meets its performance requirements with respect to safety and waste
isolation cannot otherwise be established through testing, alternative calculations
or reference to previously established standards and practices."
NQA-3 defines a peer review as a documented critical review of work that goes beyond
the state of the art or where potential uncertainty exists. Peer reviews are performed by
one or more individuals who collectively have technical expertise at least equivalent to
those who performed the original work. A peer review is an in depth critique of

8
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assumptions, documents, calculations, extrapolations, alternate interpretations,
methodology, acceptance criteria, conclusions and material and data that require
interpretation or judgement to verify or validate them.
NQA-3 also requires that data used in the computer codes be similarly qualified for use
and data not collected under an adequate QA programme (i.e., data from the literature,
exploratory programs, university research, etc.) must be qualified for use by
documented procedures (e.g., peer review, confirmation testing, corroboration with
other datasets, procedure review, etc. [NRC, 1988]). Guidance on data/information
management is provided primarily as part of its design control requirements. Generally
all scientific investigations providing data that will be used in the repository
performance assessment shall be defined, controlled by written approved procedures,
verified and documented. Specifically, NQA-3 Requirement 3.4 and Supplement 3SW1, Design Data Processing Control, state that
•

to the extent possible (practicable), all data to be used in repository
design/performance assessment are to be collected under an approved
quality assurance plan/program;

•

the intended use of data shall be documented prior to collection of that data,
and if the data later end up being used for another purpose then the data
must be re-evaluated and the justification for the alternative use documented;

•

there must be an established procedure for data quality evaluation that
ensures that data generated are valid, comparable, complete, representative
and of known precision and accuracy, and that known sources of error and
uncertainty are documented;

•

procedures and methodologies used to obtain and analyse data shall be
verified and independently reviewed/approved to assure that they are
technically sound and appropriate for their intended purpose;

•

data collection and analysis must be controlled by procedures providing
sufficient detail to allow the processes to be repeated by a different, but
qualified person than the original person and must include quality control
methods (also covered by NQA-3 Standard 11 & Supplement 11SW-1:
Requirements for Test Program Control);

•

controls shall be established for data transfer and reduction that minimise the
possibility of error and that ensures no information is lost in the transfer and
the input is fully recoverable from the output (i.e., any data transformations
are completely transparent and traceable);

•

all data must be recorded in such a manner that they are identifiable and
traceable to their source;

•

the data recording and storage method must be controlled to avoid data loss,
permit retrievability, and ensure data integrity and security (i.e., the
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alteration and deletion of data must be controlled by strict procedures);
all data and the methods for obtaining that data must have uncertainty limits
assigned, and be critically (peer) reviewed and approved prior to use, and
the peer review documented; and
data used in design/performance assessment that were not collected under an
approved quality control programme consistent with NQA-3 requirements
shall be qualified for their intended use and the qualification method/process
documented.

The NQA-3 Supplement 3SW-1 provides guidance on the factors to be considered
when qualifying data not generated under a NQA-3 QA programme for use in a
repository performance assessment/design performance analysis. These factors are:
•

qualifications of the data generators;

•

technical adequacy and extent of independent review/audit of the
procedures/process/equipment used to generate the data;

•

sufficiency of the quality control programme under which the data were
obtained (how closely does the QA programme come to meeting NQA-3
requirements);

•

prior uses of the data, and the
corroborating/confirmatory testing results;

•

prior peer review of the data and their results;

•

extent and reliability of the paper trail for the data; and

•

the importance of the data in showing that the repository design meets
performance objectives.

extent

and

quality

of

The standard addresses the issue of applicability of "off-the-shelf software that is not
developed under the necessary quality assurance programme through its requirement
that software be "qualified" for use. The standard states that software shall be qualified
for use
"based on the ability of the software to provide acceptable results for
specific applications and on compliance with this Standard. Software
that has not been developed in accordance with the Standard, such as
"off-the-shelf software, may be qualified for use provided a software
baseline is established, applicable documentation is prepared to support
software use and/or maintenance, and the software is verified and
validated in accordance with the provisions of this Standard."

10
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Here a software baseline is defined as a specification or product that has been
formally reviewed and agreed upon, that thereafter serves as the basis for
further development and that can be changed only through formal change
control procedures.
Current US NRC ruling (NWTRB, 1993) permits off-the-shelf software or software
developed outside the necessary QA programme to be qualified for use in repository
PAs by conducting and documenting test cases to demonstrate that the code "works" for
the purpose intended. The code and its documentation are then placed under
configuration management/control.
2.5

Relevant Guidance
Guidance has been issued by various regulatory agencies and organisations involved in
radioactive waste disposal with respect to the role of conceptual model
representativeness, numerical model verification and overall model validation in
building confidence in the safety assessment of repository performance. A brief
summary of guidance on conceptual model representativeness and model verification
and validation provided by the NEA, the IAEA, the US Nuclear Regulatory
Commission (NRC), US Environmental Protection Agency (EPA), and the US DOE is
provided here.
Guidance from the NEA
The NEA states that the PA QA programme should provide clear, traceable
documentation of the assessment process as well as the scientific principles underlying
the assessment (NEA, 1991; NEA, 1990). They state further that, "...any licensing
process of a waste repository will inevitably have to deal with questions such as the
following:
•
•
•
•

do the models and data used in the safety assessment adequately represent
the system?
have all important scenarios for future development of the system been
considered?
have the models and data been correctly used and are the results correctly
interpreted?
as proof of compliance will never be absolute, to what extent elements of
judgment need to be taken into account and under which circumstances?"

These questions are similar to the questions asked by the US NRC and EPA in
reviewing PA. They provide guidance as to what controls and documentation
requirements should be included in a PA QA Program.
The NEA also endorses the need for model verification and validation (NEA, 1991) in
PA QA and strongly supports the use of critical independent reviews to build
confidence in performance assessments. The NEA definition of verification and
validation are similar to those used by the US NRC. It expands on code verification to
include the recommendation to maintain a documented history of code applications to

11
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provide an information base on the appropriate range of applications of the code, code
limitations and code errors detected and corrected. Model validation is to be based, to
the extent practicable, on laboratory testing at various scales, in-situ testing, and
comparison with natural analogues. The NEA points out that model validation is often
carried out piecemeal, at a detailed, individual phenomenon level, and notes that the
process of transferring the validity of these detailed research models to the simpler
models frequently used in system PAs must be accomplished in a careful and well
documented fashion. The NEA also recognises the fact that the process of validation
for models that must predict performance far into the future can never be complete and
that there is a need to develop reasonable validation requirements as part of the PA QA.
The critical need to "manage" or "quality assure/control" conceptual models used as a
basis for repository PAs through integrated documentation and review is identified in
NEA (1993). The major components that should be included in conceptual model
documentation include:
•
•
•

•

•
•
•

a general description (at a moderate technical level) of the conceptual
model,
the regulatory and safety criteria it is intended to address (influences the
form and level of detail required for an adequate conceptual model),
a discussion of the uses of the conceptual model in performance assessment
analyses as well as any changes to the conceptual model to accommodate
implementing the PA analyses,
a description of the evolution of the conceptual model including all changes
made and the rationale for the changes and alternative models considered,
and including the identification of issues raised and their resolution,
a list of the assumptions associated with the conceptual model in order to
distinguish between what is known, and what is expert opinion,
a description of the technical basis for each of the listed assumptions, and
references to more detailed information/supporting information.

NEA have recently published a review of 10 PAs undertaken in the last few years
(NEA, 1997b). Included in this review are recommendations on methods to promote
transparency, and the elements that should be included in a safety assessment report.
Although these recommendations introduce no new principles, they provide useful
check lists which could be referred to when establishing QA plans.
Guidance from the IAEA
The IAEA has issued guidance, similar to the NEA's and the US NRC's, with respect
to safety assessment model validation which states:
"Compliance of the overall disposal system with the radiological safety
objectives shall be demonstrated by means of safety assessments which are
based on models that are validated as far as possible." (IAEA 1989)
Similarly to the NEA and the US NRC, model validation is accomplished through the
comparison of model predictions with independent field observations and experimental

12
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measurements (IAEA, 1988b). However, there is no specification as to what
constitutes an acceptable level of accuracy in the model predictions when compared to
field and laboratory data. The IAEA also states that it is seldom possible to validate a
model for the whole disposal system when it is used for long-term performance
predictions. Rather, as many parts/processes in the model as possible should be
validated using field and laboratory data, including natural analogues (IAEA, 1984).
Guidance from the IAEA on code verification and general software management/control
is documented in IAEA (1988a) and in the IAEA Quality Assurance Code and Safety
Guide (IAEA, 1996). This guidance is similar to that provided by the US NRC and the
ISO.
Guidance from the US NRC
The US NRC has responsibility for reviewing the US DOE's modelling and PA
activities in support of a licence application for a HLW repository. There are four levels
of review applied to PA: peer review of the code and PA (the least rigorous level of
review), use of conservative estimates to check the code results; independent analysis
using existing codes to verify assumptions and data used; and independent analysis
using alternative conceptual and mathematical models and codes (most rigorous level of
review). The criteria the NRC uses to determine which level of review is appropriate
may be used as guidance for the level and content of QA required for the PA.
The first criterion is the level of importance of the PA. The NRC applies different
levels of review to assessments of differing importance to demonstrating compliance
with regulations. The most detailed review is given to codes and assessments that are
used to demonstrate compliance with a numerical requirement or regulation (i.e., to
assessments of systems that have a large amount of performance allocated to them).
This graded approach to review suggests that a graded approach to QA in performance
assessments could and should be used. In fact, as part of their review, the NRC
evaluates whether the correct level of QA has been assigned to a particular PA.
The second criterion is the acceptability of the conceptual model used as the basis for
the PA. Questions asked with respect to conceptual model acceptability include:
•
•
•
•

•
•
•

do the assumptions agree with supporting evidence?
how is contradictory evidence handled?
are the conceptual models used within the system consistent and linked
properly?
was simplification of the conceptual model required to develop the computer
code, and if so, are the simplifications or omissions of processes technically
supported and documented?
what alternative conceptual models were considered and are their inclusion
or omission in the analyses technically supported?
has the conceptual model and its implementation into code been
validated?
if expert judgement was used, was it documented properly? (Price, et al,
1990)
13
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The QA programme/plan for performance assessment should ensure that there is
adequate documentation to support a detailed response to the above questions as a step
towards establishing confidence in the representativeness of the PA's conceptual
models.
The third criterion is the acceptability of the numerical models used in the PA and the
encoding of these numerical models (computer code verification). If the analysis does
not include computer codes, the proposed solution is either an existing analytical
solution or it has been derived specifically for the conceptual model under
consideration. The derivation of the solution and all simplifying assumptions must be
documented and peer reviewed for acceptability. If computer codes are involved, even
for analytical solutions, then numerical solution derivation, code documentation, code
verification, and past applications are evaluated to establish acceptability of the
numerical models and computer codes for the purpose intended. The standards
summarised previously address the QA requirements associated with demonstrating
confidence in the accuracy and appropriateness of the computer codes used. Additional
guidance may be found in two older documents: Wilkinson and Runkle (1986), and
Silling (1983).
With respect to establishing confidence in the models and codes used in a PA through
code validation, the NRC does not require that the codes represent/predict the real world
precisely, only that they make predictions accurate enough for the purpose intended.
Thus, tests designed to "validate" a model/code that is considered conservative rather
than realistic should "validate" that the model is indeed conservative rather than that the
model represents reality accurately (Eisenberg et al., 1995). The technical bases for the
tests also should be documented and reviewed to demonstrate that the tests are
appropriate for a particular model's validation.
Guidance from the US EPA
The EPA's Criteria for the Certification and Determination of WIPP's Compliance with
Environmental Standards for the Management and Disposal of Spent Nuclear Fuel,
High-Level and Transuranic Radioactive Wastes (40 CFR 194) defines the factors upon
which the EPA will assess the appropriateness of the models and computer codes used
in performance assessments addressing compliance with regulations. The factors
relating to conceptual model representativeness and model validation are summarised
here.
The EPA intends to evaluate whether conceptual models reasonably represent the
disposal system. To do this, they plan to evaluate whether the conceptual models used
offer the best representation of the disposal system. To support their review, the EPA
requires that all conceptual models considered be identified, described and a rationale
provided for why they were not selected for use in the PA, if they were not used in the
PA. The listing of conceptual models considered in the PA includes a descriptive listing
of all scenarios considered (potential processes and events or sequences of processes
and events) for the PA. Required documentation for the conceptual models and
computer codes used in the assessment is similar to those defined in NQA-3.
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However, the EPA also explicitly requires that an assessment of the potential effect of
correlation between model input parameters on performance assessment results be
included in the PA documentation. Specifically, they require that documentation be
provided that describes whether and how models and codes handle covariance of model
input parameters, and if not addressed by the models and codes, why covariance was
not considered and the impact on PA results of not addressing covariance.

Other Guidance
The US DOE (Wood et al, 1994; Seitz et al, 1992) has issued recommendations related
to confidence building in PA for low-level waste disposal that may be considered
applicable to QA development for a deep disposal PA. Their recommendations with
respect to verification and validation of existing software include application of a set of
tests to develop confidence in the model/code results. These tests are:
•

Software analysis to check the accuracy of programming and to identify the
extent of the code that is tested by any test cases.

•

Verification testing to assess the accuracy of the code and numerical
approach used. Generally such testing is by comparing computer code
results with results from a analytic or semi-analytic solution to the problem.

•

Benchmark testing to extend the verification testing beyond comparison with
semi-analytic solutions. Benchmark testing is done by comparing the
results of analyses using two or more computer codes that can model similar
processes. It provides an indication of the ability of a computer code to
model specific conditions.

•

Calibration and validation testing to assess the ability of the computer code
and numerical model to adequately represent a site-specific field system.
Due to the long performance periods of radioactive waste disposal systems,
the calibration and validation testing is used to build confidence in the ability
of the model to predict system behaviour as opposed to "validating" that the
model can accurately predict long-term behaviour. Calibration involves the
use of available ranges of site/system parameters in the model to reproduce
past or current conditions or system behaviour. After acceptable calibration,
the next step would be to predict conditions or performance into the future
and then collect monitoring data to assess the accuracy of the prediction.
This would provide limited evidence of the "validity" of the model.

Some organisations find the software engineering standards used by the European
Space Agency (ESA, 1991 and Mazza et al, 1994) helpful. These standards are more
detailed and practical than the ISO standards. The ESA standards have not been
reviewed in detail as part of the present project, but could be considered by SKI in any
future work involving software QA.
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2.6

Summary

In considering the key issues that arise from QA standards and guidance, it is
convenient to categorise these into three areas:
•
•

generic principles;
guidance for computer software development or use of third party software;
and

•

guidance specifically developed for PAs.

These areas will be considered in turn, and then some recommendations are made.
Generic Principles
The most relevant standard for general QA issues is ISO-9001. This standard is very
general, and does not apply to any specific industry or economic sector. The principles
given in the standard, can, however, be applied to PA activities if:
•
•

•

The PA is viewed as the product which is being produced.
A standalone PA Context document is produced. The context document
provides the answers to the fundamental questions relating to what is being
assessed and why. The context document can then be equated to the contract in
the standard.
The requirements in the standard for purchasing are applied to the selection of
sub-contractors and the checking of input information and data acquired from
outside the PA team.

The requirements of the standard should be applied to the PA in a way which is
consistent with the application of general QA principles within the organisation carrying
out the PA.
Computer Software
The most applicable international standard is ISO-9000-3. Experience has shown that it
is difficult to apply a full software life-cycle model for software used for repository
PAs, as the software is not an end-product of the project, but an aid to achieving overall
project objectives.
Most of the requirements on code traceability will, however, be directly relevant to the
development of software for PAs, and IAEA guidance gives similar recommendations
to the ISO standard.
The approach to the application of software development principles may depend on the
decision as to whether it is acceptable to apply a graded QA system (see below). If
such a graded system is adopted then it may be possible that parts of the code
development concerned with non-critical aspects of the PA can be developed under a
less rigorous regime than those parts which are considered to play a critical role in the
overall PA.
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PA-Specific Issues
The ANSI NQA-3 standard is the only standard which has been identified which is
specific to PAs. The standard was produced for use in the US, and hence not all of its
recommendations will be relevant for SKI. A graded approach to QA is endorsed; the
QA requirements for a particular activity will depend upon the importance of that
activity to the overall project. It is considered that for a project as complex as
undertaking a PA for a deep repository, the application of graded QA has many
advantages. For example, some types of data will be critical to the performance
assessment end-points calculated, and a very high standard of data checking will be
required. There will, however, be other types of data that will not greatly affect the
final PA end-points; the requirements for checking these should be much less stringent
in order to ensure that effort is placed where it is most required.
The standard gives useful advice on, for example, the QA requirements for data
collection and the use of peer reviews for assessing the adequacy of information or data
used.
A particular issue for PAs is the way that conceptual models are 'managed'. NEA and
US NRC advice is useful here, dealing with issues such as consideration of alternative
conceptual models and the documentation of expert judgement.
IAEA and US NRC advice recognises that it is seldom possible to validate a model for
the whole disposal system under consideration in the manner required in general QA
standards and guidance. It will generally only be possible to validate parts of the
model, and the validation may be undertaken in the sense of demonstrating that the
model calculations are conservative rather than providing an 'accurate' description of
real world performance.

17

SKI-6041A-1 Version 1.0

3.

Review of Site-94

This Section considers Quality Assurance issues as they were dealt with in the Site-94
study [SKI, 1996]. It is stated in the main report (page 45) that the main objectives of
QA for PA are:
•
•
•
•

transparency of logic in arguments and their derivation,
comprehensiveness,
validity in application of models and data,
traceability of assumptions, models and data.

Included in the aims of the Site-94 study were (SKI, 1997a pages 1-2):
•
•

to determine how site-specific data can be assimilated into a PA (including
issues of traceability); and
to develop a PA methodology which allows traceability of information and
decisions, and which can eventually be used as a basis for PA Quality
Assurance.

These two aspects of QA in PA will form the basis of the discussions in this Section.
The two key questions which are addressed are:
•
•

Does the PA methodology employed in Site-94 provide a suitable basis for
future PAs, and how could it be improved?
Does the way that site-specific data were used in Site-94 provide an appropriate
basis for future PAs, or are improvements possible?

In undertaking this review only the Site-94 final report, the documents referred to in
that report, and the international review of the project [NEA, 1997a] were considered.
The review does not include the expression of any views on the appropriateness of the
PA methodology employed; such a discussion would be outside the scope of the
present project. Although the scope of the present review is much more limited than
that carried out by NEA, there is inevitably some overlap, and it is not surprising that
some common recommendations emerge.
The two main questions to be addressed relate to different parts of the PA activity, but
are concerned with the same basic issue: can an independent reader of the PA
documentation trace the reasons for any given decision or the basis of the choice of a
given parameter value? In total, could an independent assessor repeat the PA
calculations undertaken if he were supplied with the data and computer models that
were employed in the PA? These are the fundamental tests which will be applied to the
Site-94 documentation.
Despite the comprehensive nature of the Site-94 exercise, several intended activities
were not undertaken because of resource or other constraints. These include:
•

the production of an Assessment Model Flowchart (AMF) for the Central
Scenario;
18

SKI-6041A-1 Version 1.0

•
•

detailed consideration of supplementary scenarios; and
the development of a Quality Plan for PAs.

A key issue for any PA methodology, and hence the QA of that methodology, is its
practicality. The Site-94 exercise has clearly illustrated the complexity of the whole
process of undertaking a PA for a potential repository. There must remain doubts about
the practicality of applying the present methodology to a 'real' site, and it is therefore
important that any QA Plan does not produce additional burdens which would
contribute to making the whole procedure unmanageable. For this reason attempts have
been made to ensure that all suggested changes to the approach documented in Site-94
do not produce unnecessary burdens on the PA procedures.

3.1.

PA Methodology
The PA Methodology is described in Chapman et al [1995] and will not be repeated
here, except to state the fundamental concepts that will be considered in the review.
The 4 stages of the PA are taken to be (e.g., SKI[1997a] pages 3-7):
1. System Definition. Defining the Process System determines what is included within
the system under consideration, and where the system boundaries lie. The Process
Influence Diagram (PID) specifies the Features, Events and Processes (FEPs)
considered within the system boundaries, and defines the influences between them.
2. Scenario Identification. This involves consideration of scenario-generating external
FEPs (EFEPs). A chosen set of EFEPs (and assumed timings) will affect the PID.
Each scenario will have a separate PID.
3. Specification of Model Calculations. The AMF contains information on data
sources, models and Clearing Houses. All FEPs and influences in the PID are mapped
on to the AMF. Each scenario will have a separate AMF.
4. Consequence Calculations, as specified by the AMF.
The Site-94 documentation refers to the various sources of uncertainty in the PA, Each
Clearing House provides a reference or 'zero variant' set of parameter values for model
calculations, along with a set of variants.
The review of the Site-94 PA methodology has identified a number of areas where
further consideration could be beneficial in the context of QA. Each of these areas will
be considered briefly in turn.
Performance Assessment Context
There is an increasing recognition in current PAs for repository development
programmes around the world that the context of the assessment must be clearly agreed
and documented before it is undertaken. This point has already been raised in
Section 2.2. The background to, and requirements of, a performance assessment can
have an important bearing on how the range of different Features, Events and Processes
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(FEPs) that are potentially relevant to that assessment are dealt with. In particular, the
context of the assessment may play a key role in defining the boundaries (temporal and
spatial) and components of the system to be represented.
The assessment context should answer such questions as:
1.
2.
3.
4.
5.
6.
7.
8.
9.

Why is the assessment being undertaken?
What is the audience for the assessment?
What wastes and other materials are to be considered?
What are the characteristics of the site to be considered?
What engineering concepts are to be employed?
What is to be calculated? (i.e., what are the calculational end points?)
Over what timescales are the end points to be considered?
Against what criteria will calculations be compared?
What is the basis of the PA methodology (e.g, scenarios or simulation)

All of these points are satisfactorily addressed in the Site-94 documentation, but there
are advantages in presenting the PA context as a top level project document.
Geosphere/Biosphere Interface
In Site-94 the Process System was defined as including the geosphere, but excluding
the biosphere. Definitions of the geosphere and biosphere are not unique, and it is
important that the boundaries between geosphere transport and biosphere transport
models are properly defined. It is suggested that in future PAs a more concise
definition is given of the Process System boundary, and that the AMF records (or
includes reference to other documentation) how it is ensured that transport across the
geosphere/biosphere interface is consistently modelled.
Mapping ofPID onto AMF
The mapping of the PID onto the AMF is a key feature for QA in the Site-94 PA
methodology. It is stated (e.g., Chapman et al, 1995 page 66) that this mapping was
achieved through a series of documented meetings, but there are no references to the
documents produced. The AMF database includes information on the mappings
undertaken, but it is not clear whether this is to be considered to be the primary (or
only) project record of the decisions made. Protocol sheets were produced for
unresolved links. Where were these retained?
Guidance to Clearing Houses
It is stated (e.g., Main Report page 39) that where information is transferred between
Clearing Houses, there was experience of 'blurring of information'. This implies that
the Clearing Houses were expressing 'output' information in a form which may not be
appropriate as 'input' information for the receiving Clearing House. This is an
understandable problem concerned with the communication of ideas between different
disciplines, but is a problem which would need to be addressed in guidance given to
Clearing Houses
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It is considered that there is a need for a guidance document giving advice on the way
that Clearing Houses document information and the way that variants should be
defined.
Documentation of Information Transfers
The AMF gives details of the transfer of information between information sources and,
models and clearing houses, but it is not clear where the data transfers, and the reasons
for the decisions made, are documented.
Chapman et al [1995] record in an Appendix full details of the PID FEPs and
influences, but there is no corresponding record of the AMF links; this would have
added to the completeness of the documentation of the Site-94 methodology.
Combining Information from Clearing Houses
Because calculational cases have to be defined using input from a number of Clearing
Houses, methods have to be used to define the overall set of variant calculations to be
considered. The general approach to this procedure has been described in the Site-94
documentation (e.g., Main Report page 510), but no clear indication is given of where
the responsibility lay for selecting the appropriate combinations. Was this done by a
'Super Clearing House' not indicated on the AMF? Whatever procedure was
employed, this needs to be explicitly reflected in the AMF methodology. A similar
comment was made by the NEA review team.
In the Site-94 AMF there are 'dead end' information transfers to a Clearing House
(Gas) and a modelling requirement (disturbed zone around burial) where information is
fed in, but no information links emerge. This is, presumably, because of decisions
made about the assessment context for the Site-94 study, but it would again be
preferable if the intervention of the 'Super Clearing House' were explicitly indicated on
the AMF.
Structure of AMF Database
The AMF database [see Chapman et al, 1995 page 65] appears to be less structured than
that for the PID. The PED contains 7 related files, including files on link protocols and
couplings to the AMF. The AMF database has a single file which includes lists of
information sources, Clearing Houses, models and links, and protocols for these. The
documentation does not include examples of protocols. It appears that the structure of
the PID database is more developed than that for the AMF. It is not clear why a similar
database structure could not be employed for the AMF. Table 6.4 gives details of the
contents of the AMF database documentation. It appears that discussion of the
FEPs/links covered by the Clearing House is included in the text associated with the
Clearing Houses (rather than links). Because examples of the protocol are not given, it
is difficult to ascertain the adequacy of the documentation in the AMF. Overall the Site94 description of the structure and contents of the AMF is not as comprehensive as that
for the PID.
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Model Choice
No explanatory text is given in the AMF database justifying the choice of the models.
This is a significant shortcoming of the use of the AMF within the Site-94 study. A
similar comment was made by the NEA review group. Although consideration of
conceptual model uncertainty is an important part of the approach to PA in the Site-94
study, it is not clear how the AMF deals with this issue. Presumably one of the reasons
for model choice was to pursue conceptual model uncertainty, but the AMF appears not
to record the basis for these choices.
The process of adjusting the AMF to different PIDs is discussed in Section 2.4.3.5 of
the main report. It is stated that if too many influences are mapped to Clearing Houses,
this would indicate that the AMF is a poor representation of the PID, and further model
development may be required. This is a very important issue for the PA, but will not be
considered in the context of QA. At least in principle, it would be possible for all the
influences to be assessed by Clearing Houses without detailed modelling being
undertaken. In practice this issue is linked to the need to record better the reasons either
for the choice of a particular model, or the decision not to undertake any detailed
modelling.
3.2. The Use of Site Characterisation Data
The sources of site-specific data used in Site-94 are given in Table 6.4.1 of the main
report, but this does not indicate how these data were used in the PA. Geier et al
[1996] give a general discussion on all the sources of data, but again do not indicate
how the data were used in the Site-94 study. It is assumed that the AMF database is the
location for statements on the justification on how the data were used. In general the
Site-94 report does not give detailed information on how traceability of the use of sitespecific information for PA calculations was ensured.
Although the Site-94 documentation gives a good summary of the use of site-specific
data, this is not adequate for the independent reader to trace the use of particular items
of data through to application within the PA. Table 6.4.1 gives details of the sources of
data, but not to documents that describe how these data were used (presumably by
Clearing Houses). Document hierarchy Figure(s) would help the reader determine
which documents he needed to access in order to trace the use of specific data types.
In a 'real' assessment SKI will need to determine the level at which data are sought for
input to the PA process. At one extreme, only 'raw' data directly from site
characterisation could be used. Alternatively, if the producer's QA arrangements are
deemed to be acceptable, processed data, or a mixture of processed and 'raw' data
could be used. The document hierarchy figure(s) could be used to show the level in the
data flow at which SKI employed data for the PA.
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3.3. Summary
1. The AMF plays a central role in QA in the SKI PA methodology. In future PAs the
AMF links should be documented in the same detail as the PID FEPs and influences.
2. The PID and AMF should be supplemented by a documents database constructed in
a similar fashion. The PID database will then contain information on how each FEP
and link is represented in the AMF, and the AMF database will include information on
how the data and decisions in each link are mapped to project documents. This would
enable a transparent trail to be documented for the use of site characterisation data.
3. The AMF should include explicitly the 'Super Clearing House' group which has the
responsibility for defining calculational cases from recommendations from more than
one clearing house.
4. The top level document in any future PA should be a document specifying the PA
context. The documentation defining the PA methodology should include a document
giving guidance to Clearing Houses on how variant calculations should be specified.
5. Future AMFs should not include 'dead end' sinks for information flows. Where
processes are not modelled, this is essentially the decision of the 'Super Clearing
House' group, and this should be explicitly referred to in the AMF.
6. The structure of the AMF database should reflect that of the PID database, with
separate files for Sources, Clearing Houses, models and links between these. Files
would be included for couplings to the documents database.
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4.

An Outline Procedure for QA in SKI

Appendix E summarises a procedure for the review of a proponent's PA by a regulator,
undertaken as part of the HMIP PA project in 1994. Although intended to be generally
applicable, the approach is biased towards the regulatory environment in the UK. In
addition, the procedure is primarily concerned with the management of a formal
regulatory submission for a deep repository, with less emphasis being given to
activities which will take place before that point in the programme. Nevertheless, many
of the issues discussed in Appendix E are directly applicable to SKI's requirements.
Figures 1 and 2 give outline details of a suggested procedure, based on Figure El, but
developed to be more directly applicable to SKI.
Figure 1 shows the relationships between the key activities in the deep repository
development programme. Three separate types of activity can be identified in
connection with assessing the SKB programme. These can be labelled as: 'site
characterisation', 'document review' and 'performance assessment'. It is helpful to
consider the activities of these three 'teams', although in reality individuals may be
members of more than one team.
SKI's own R&D programme needs to be reviewed both internally and externally. A
QA plan should be established for these activities, consistent with the QA standards and
guidance discussed in Section 2.
One of the most crucial issues in the evaluation of the post-closure safety of a deep
repository is the interpretation of site characterisation data in terms of an overall
geological and hydrogeological model of the region in which the facility is to be located.
This activity will be undertaken by the site characterisation 'team'. The interpretation of
the basic site characterisation data requires expert judgement, and it is possible for
experts to produce very different interpretations from the same data. In order to ensure
a fully independent approach is taken to performance assessment, SKI needs a
capability to produce interpretations of any candidate site consistent with the
characterisation data available, not having to base performance assessment calculations
totally on processed/interpreted data from the applicant. A good deal of experience was
gained in the Site-94 project in the process of managing site characterisation data for use
in a PA. This experience needs to be used in establishing a QA Plan for setting up inhouse geological and hydrogeological models. This QA Plan would need to address
issues such as the 'level' at which data will be used (e.g., 'raw' site characterisation
data which has been processed to some extent by SKB or its contractors), and the way
in which data will be stored. For example, will SKI establish a computer database
along the lines of that used by UK Nirex Ltd, or will SKB's database be used (as in
Site 94)? In addition, a decision will have to be made on whether a graded approach to
QA is used, so that the quality of some data is subject to much more stringent checks
than others.
The use of SKI's independent performance assessment capability requires data from the
site model(s) together with other data from its own research programme and elsewhere.
Whether or not SKI decide to undertake a full PA exercise like Site-94 again,
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demonstration uses of the performance assessment tools will need to be undertaken
prior to the receipt of an application from SKB to develop a deep repository. A QA
plan will need to be developed for such demonstration activities (to be undertaken by
the performance assessment 'team'). Some of the issues that will need to be addressed
when drawing up such a plan have been discussed in Section 3.
Procedures need to be established for the formal review of regulatory submission
documentation submitted by SKB (to be undertaken by the document review 'team'),
and an outline of this procedure is suggested in Figure 2. Similar procedures would be
needed for the review of SKB's RD&D programme. It will be necessary to ensure that
all relevant regulatory criteria have been addressed (SKI have recently published details
of their requirements: SKI, 1997b). Important issues include the need to be able to
trace the basis for all judgements and decisions made by the applicant in using
performance assessment models and the required data input. Use of Decision,
Assumption and Omissions (DAO) forms could be helpful, as proposed in Appendix E.
The review of the documentation is likely to lead to the identification of shortfalls in the
material supplied: unsupported statements, missing references etc. This would result in
requests back to SKB for additional material.
As discussed in Appendix E, SKI's own PA capability can be used either to enable
direct comparisons to be made with SKB's assessment, or to check critical parts of that
assessment. Not all the queries raised by the review of the submission will be resolved
before a final decision on a regulatory application will need to be taken. If a system of
ranking DAOs is employed, all the issues identified as 'critical' will need to have been
satisfactorily dealt with.
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5.

Discussion and Conclusions

Based on the review of relevant QA standards and guidance in Section 2, the following
recommendations are made:
•

•

•

•

The general principles of ISO-9001 should be applied to a PA in a way which is
consistent with the general application of those principles within the
organisation carrying out the PA. The PA itself should be regarded as the
product and a PA context document should be produced, corresponding to the
contract.
The most applicable general QA standard for the development of computer
software for use in a PA is ISO-9000-3. Software developed for a PA should
adhere to the recommendations of this standard where applicable, but a
conventional software life-cycle will generally not be possible. Where the
recommendations of the standard are not considered to be applicable, it should
be shown that the approach employed is consistent with recommendations from,
for example, IAEA.
Consideration should be given to the recommendations of the ANSI NQA-3
standard which is directly applicable to repository PAs. In particular, it is
suggested that the use of graded QA is particularly suited to the PA process.
Advice from IAEA, NEA and US NRC on the management of conceptual
models should be adhered to.

The appendices include information on experience gained in some other PA
programmes. These illustrate how the standards and guidance discussed in Section 2
have been used in other programmes. In addition, some specific points arise which
might be of interest to SKI in the development of its QA procedures. These include:
•

•

•

The procedure used in the UK HMIP programme for recording Decisions,
Assumptions and Omissions could be useful when undertaking in-house PA
work or reviewing SKB documents.
The practical difficulties of comparing calculations for the same problem by
different organisations have been highlighted in the BIOMOVS programme.
This experience could be relevant if SKI and SKB PA calculations are to be
compared directly.
The database developed by UK Nirex Ltd for site characterisation data has many
attractions, particularly in being able to determine the status of the information
available at any given 'data freeze' point. The resources required to maintain
such a database are, however, large.

The review of the Site-94 project in Section 3 has produced detailed suggestions for
how QA could be improved in any future in-house PAs undertaken by SKI. In
particular:
•

AMF links should be documented in the same detail as the PID FEPs and
influences.

•

The PID and AMF should be supplemented by a documents database
26

SKI-6041A-1 Version 1.0

constructed in a similar fashion.
•

The AMF should include explicitly the 'Super Clearing House' group which has
the responsibility for defining calculational cases from recommendations from
more than one clearing house.

•

The top level document should specify the PA context.

•

The documentation defining the PA methodology should include guidance to
Clearing Houses on how variant calculations should be specified.

•

AMFs should not include 'dead end' sinks for information flows.

•

The structure of the AMF database should reflect that of the PID database.

Section 4 has provided an overall procedure within which PA QA issues could be
developed, both for in-house work undertaken by SKI, and for reviewing documents
submitted by SKB.
It is suggested that SKI consider the following questions in order to help define the
development of QA management in the area of Performance Assessment for deep
repositories:
1.

Is the suggested outline procedure a suitable basis for developing QA Plans?

2.

Should the concept of graded QA be employed?

3.

Are the suggested uses of standards and guidance compatible with the
management of QA in the SKI organisation as a whole?

Based on the resolution of these key issues, a programme could be put into place for the
development of QA management, which could take account of the detailed suggestions
included in this report on various aspects of SKI's work. The next steps should
include consideration of:
•

The development of specific QA Plans and Procedures

•

The formal identification of staff functions within those projects for which the
QA plans and prcedures are to be applied

•

Testing the system on a mock-up of the next regulatory submission expected
from SKB.
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Appendix A. The Canadian High Level Radioactive Waste Disposal
Programme
1

Introduction
In this Appendix a summary is given of the current quality assurance
programme/approach within the Canadian High Level Radioactive Waste Program's
(HLW) performance assessment effort (PA).

2

Background
Quality assurance (QA) is defined in the Canadian programme as the "system of means
and actions to provide confidence that a given product meets requirements and performs
its intended functions satisfactorily" [AECL, 1994]. It is important to post-closure
performance assessment due to the complexity of the models used to simulate extensive
environmental and engineered systems, the degree of uncertainty in the models and
input data, the large computer codes used, and the long-time frame over which
performance is evaluated. It is a key factor in building the confidence in the
assessment results necessary to achieve public acceptance of the safety performance of
the repository.
In Canada, the PA QA programme was developed in parallel with the performance
assessment effort, and was an iterative, evolutionary process. This was because of the
Canadian programme decision to develop a modular, total system software product
specifically tailored for repository safety/performance assessments rather than
purchase/modify available commercial software. An independent technical advisory
body was used throughout this process as a quality check on the effort. Because of the
evolutionary nature of the software development and the QA programme development,
the current PA software does not completely comply with the current QA programme
requirements.
Non-compliance, however, is primarily in a lack of complete
documentation of the early development of the code. Subsequent technical review,
testing and code evaluation has been utilised to provide a quality review/approval of the
current version of the PA software.
The current PA QA programme is based on the requirements defined in Canadian
Standards Association Guidance Document N-286.7 [CSA, 1994]. At this time, it
consists of 4 basic parts: the general QA programme for post-closure performance
assessment, the software QA programme, the model QA programme and the data QA
program. The Canadian program distinguishes between software QA which ensures
that the software correctly encodes and implements the mathematical algorithms
(software verification) and model QA which addresses the issue of whether the
algorithm selected is the right one or not (mathematical model verification/validation).
Data QA is considered critical to the QA of the PA and considerable attention is paid to
controlling and documenting the source and quality of all data used in PA. These QA
programmes are briefly described in the next section based on information provided in
Environmental Impact Assessment [AECL, 1994] conducted for the disposal of HLW
in Canada and personal communications with Mr. Wikjord of AECL [Wikjord, 1997].
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The Canadian QA Programme for Postclosure Assessment
3.1 General QA Programme
The general objective of the PA QA programme is to increase confidence in the
assessment results with respect to safety of the public and the environment primarily
through quality control of the verification, and to the extent possible, the validation and
evaluation of the assessment results. The QA programme recognises the inherent
impossibility of "validating" the models used and is designed to provide confidence in
the reliability and credibility of the results reported through software verification and
model evaluation instead. Validation is not considered feasible due to the fact that it is
not possible to observe the disposal system operations over the long time frame of
performance (thousands to millions of years), and there is no direct analogue in nature
that would permit a complete comparison of the system. Here validation is defined as
establishing the extent to which the model predictions represent real system
performance. Model evaluation is defined as:
"the activity of assessing the reliability of a model through observations
of the real systems. No level of accuracy is specified beyond which a
model itself is considered to be validated. Instead, the information from
the model evaluation is used by assessment analysts to help establish
confidence in their performance assessments. A model that has been
compared with observations is said to be evaluated, and the more
thorough a set of observations the model has been compared with, the
more thoroughly evaluated it is...." [AECL, 1994]
The QA programme addresses all phases of the PA lifecycle, from planning to research
to model and code development to analysis of results. The general QA programme
defines the work organisation, work responsibilities, qualification of personnel, the
procedure development and control process, product control requirements and
document review requirements. The first four of these areas listed are common to all
QA programs and programme guidance (e.g., NQA-1/2/3, ISO 9000-3, etc.).
Software product control includes the following:
•
•
•
•

control of access to critical files,
independent testing, review and approval of products,
documentation of all changes to software along with controlled releases of
reference versions of the software, and
documentation describing all data used in computer simulations

and is discussed further in Section 3.2.
Documentation review involves peer review of analysis quality and credibility with
emphasis on data quality and correctness. It includes the requirement that any specific
computer code results be reproduced by someone other than the one who originally did
the analysis. A series of management approvals is also required prior to release of any
results or reports.
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3.2

Software Quality Assurance

The software QA programme addresses the software product control requirements
defined above and is based on requirements in the N-286.7 standard. Within the
Canadian HLW program, the primary code currently used for postclosure performance
assessment is SYVAC3-CC3. This code was developed by AECL specifically for the
HLW program. Most of the software QA programme addresses the development and
control of this code. Supporting software to the SYVAC3 code also is subject to the
same QA requirements. The five major components of the software QA programme are
tied to the software development process. They are discussed in AECL [1994] and
briefly summarised below.
•

Specification and prioritization of software quality attributes: these are
factors that are to be considered in developing software specifications and
those considered in the Canadian programme include reliability,
understandability, ease of use, flexibility, completeness, ease of
maintenance, portability to other computers and other codes, testability, and
efficiency.

•

Standards and conventions: no one specific standard or method is used in
the Canadian program, but they are loosely based on American National
Standards Institute guidance. Details on software standards/conventions
followed in the programme may be found in Hoffman and Sherman [1985].

•

Configuration change and control: the Canadian software configuration
control utilises the file directory structure and access system of the VAXVMS operating system with separate directory structures for each version of
the software. Each version is assigned a unique number. The code
SYVAC3-CC3 is broken into over 600 modules and each is stored and
controlled as a separate set of files. There are files for design,
documentation, code and testing. Embedded in each file set is the name and
purpose of the file and module, a history of the creation numbers, the date
of creation and identification of the developers. Access control on a
modular basis is used to implement change control, with responsibility for
each software product or module assigned to a specific person. Change
control is documented by use of a formal software change request form.
Each change request is assigned a unique number and a file started which is
passed to each person involved in the software change. All documents
produced during the software change are placed in this folder. A software
librarian is responsible for keeping track of the folder and maintaining it as a
permanent record. The hardcopy record is backed up by an electronic
record as well.

•

Development methods and process: a structured technique based on
common software development methods is used for design and encoding of
the software. The development process is considered to be a change and is
controlled by the configuration/change control process. The steps in the
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development process are:
analysis to be encoded to identify the function specific data required to
implement a specific solution (through use of data flow diagrams, data
dictionaries, etc.,) as well as to conduct functional tests of the code
produced;
implementation of the change through code design and design
documentation, creation/modification of source files, code consistency
checking and debugging;
inspection of the code by an independent person including
functional checking;
integration of the code into the remainder of the software, compilation
and testing;
-

review of the integration and inspection test results to ensure the
objective of the change has been met;
installation of the changed code and filing of all relevant documentation
associated with the change to the code;

•

release and distribution of the new version of the code.

Verification, review and approval: as part of the software development
process, unit testing is done at the subroutine level, functional testing at the
module (single function) or module group (sub-system) level, and system
testing at the integrated programme code level. Results of all testing are
documented and require formal approval before being used in the next step
of the development process. The Canadian programme utilises a wide range
of software development tools such as code generators, static and dynamic
code analysers, unit checkers, etc. to help automate the development
process and to provide further checks on the process. After approval, all
relevant code files are "fixed" or made "read only" to ensure control of the
code.

At this time, the software QA programme is being reviewed with respect to the ISO
9000-3 software standards to assess compliance and to identify possible change
requirements. Because the Canadian programme intends to use only its in-house
developed code, SYVAC3-CC3, for post-closure assessment, the issue of how to
address QA for software developed outside of their QA programme does not arise.
The general approach to any commercial software that may have been used in
developing the SYVAC3 code is that the software is considered quality checked if it is
universally accepted or has a broad user base and history with the software
development technical community. Of course, any changes made after procurement of
any commercial software would fall under the software QA programme requirements.

38

SKI-6041A-1 Version 1.0

To build flexibility into their software QA program, project managers are permitted to
develop/test a prototype of a code or code change prior to initiating a formal change
request. The purpose of the prototype development work is to test an algorithm to see
if it works or conduct an analysis to determine if a formal change to the code should be
implemented. The prototype development effort is not subject to the strict
configuration/change control process described above.
3.3

Model Quality Assurance

The mathematical models in the computer program SYVAC3-CC3 are used to simulate
performance of the repository for thousands of years after closure. As validation in the
strict sense of the word is not possible, the Canadian programme uses a series of model
evaluations to help establish confidence in the models used in the assessment and the
assessment results. Five primary techniques are used in the model evaluations:
technical peer review, comparison of code predictions to laboratory and field scale test
data, comparison of simulation results with those produced by other groups using either
the same or different codes, comparison of code predictions with natural analogues and
analysis of the sensitivity of the assessment results to changes in the models and data
used. In the case of comparison with results from other codes, it is important to
recognise similarities and differences in the models and code structure used in each code
when comparing code outputs. Due to the complexity of the code and the systems it
models, model evaluation is usually carried out at the system subcomponent or process
level. The inability to really "validate" the code results has been one of the biggest
issues in the public hearings on the programme environmental impact assessment.
3.4

Data QA Program

The Canadian Data QA Programme focusses on two issues: data quality and data
control. Their approach to data quality and control is briefly summarised here.
To ensure that the intended, checked and approved data are actually used in their system
performance assessments, the Canadians have developed a computer-based master
database system, and an automated procedure to implement and track the
transfer/manipulation of raw input data. This automated approach minimises error
generation in the transfer/manipulation of data to generate input files for the various
performance assessment codes, facilitates the multiple review of the data prior to use in
PA, and provides a detailed traceable trail for the data used in the PAs. The master
database for the Canadian programme is designed to store all data used in the postclosure assessments and to generate the necessary input files for the various computer
modules that made up the repository performance assessment codes.
The master database system provides data and data quality control through the
following process:
•

only one central, master database is available for obtaining input data for any
of the repository performance assessment codes and this database is
controlled by a specific individual, the Database Manager,
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•

data are submitted for input into the master database on standard printed or
electronic forms which includes fields for the date of submission, name and
description of the parameter, value and units for the parameter, probability
distribution function selected for the parameter or other uncertainty values,
the dependence of the parameter on other parameters (in the form of a
correlation coefficient), and model compatibility and data correctness checks
and approvals,

•

data are entered into the database as temporary files from the submittal form,
and printouts of the input data provided back to the submittors to confirm
that they have been entered correctly,

•

after assurance that the data are correct, the printouts are reviewed and
approved for suitability by at least two groups, one responsible for the
development of the performance assessment code (s) that the data will be
used in and one responsible for the development of conceptual models and
data,

•

once written approval of the printouts is obtained, the data are moved into
the master database by the Database Manager, and the original collection of
input forms/disks and approved printouts are archived.

•

a computer program within the database is then used to reformat/manipulate
the data into a form that is suitable for an input data file for the performance
assessment code/module of interest (the Canadian programme has developed
internal codes to check the consistency, units, and ranges of the manipulated
data),

•

the input data file is then reviewed and checked prior to use in any computer
code.

Changes to the data are handled similarly to the entry of new data. Only the Database
Manager may modify files in the master database, although data entry clerks may
generate the temporary files/data printouts prior to entry to the master database. The
master database contains only the most recent version of all data, with copies of the
previous versions being kept in archives. This system ensures control of the data used
in the performance assessments and provides a quality, traceable paper trail for the
origins of the data used.

Summary
The key feature of the Canadian PA QA programme that should be considered for
application in the SKI PA QA program is the use of internal utility codes to automate
data manipulation and transfer between the various codes used in conducting a total
system assessment. For example, the various process system codes or modules are
directly coupled to form a completely integrated, total system "megacode". This
minimises/eliminates compatibility issues and errors between assumptions, boundary
conditions, inputs and outputs of the process system models.
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The use of internal codes to manipulate raw input data to a format suitable for each
process code or module and to check input consistency, units, and data ranges is
another example of "automation" that could be considered beneficial. This minimises
manual data transfer/manipulation and data transfer errors and simplifies data input
quality control checking. A second feature of the PA QA programme to consider is
having a well-controlled single master electronic database for all PA input data that is
integrated with the calculational codes to simplify automated preparation of input files.
This simplifies data quality control and traceability.
Another useful feature is flexibility in software development through use of a minimal
QA/QC prototype code development capability that is used to test new ideas/code
changes prior to implementing a formal change to a PA code. This is essentially a
graded QA approach to PA code development.
In addition, it is useful to note, that even with the degree of quality control/assurance
and code verification used in the Canadian program, the inability to truly validate the
code remained one of the biggest issues in the public hearings on the safety assessment.
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Appendix B. The UK Nirex Disposal Programme
1

Introduction
Nirex is the responsible for the deep geological disposal of intermediate level and some
low level radioactive waste in the UK. Since 1989 Nirex has been actively pursuing a
programme of site investigation at Sellafield in Cumbria, for the development of an
underground radioactive waste repository (Chaplow, 1996). During this period a large
amount of data has been collected from the site itself and from the programme of
research undertaken in tandem with the site investigation. This data has provided the
basis for a number of demonstration performance assessment exercises carried out by
Nirex, the most recent of which, 'Nirex 97' has just been published.
The nature and size of such a programme of work has required particular effort to be
concentrated on the quality and accuracy of the information used in the performance
assessment work. Additionally, due to the shear volume of information it has been
necessary to demonstrate a clear trail from the performance assessment to the data. To
achieve these objectives Nirex's use of quality systems has been extensive and has been
backed up by peer review procedures and information management techniques (Nirex,
1997).

2

The Performance Assessment
The performance assessment work of Nirex is carried out by the Disposal Safety
Assessment Team (DSAT) which relies on input data from a number of disparate
groups covering:
•
•
•
•
•

Site Characterisation;
Research;
Repository Design;
Waste Characterisation;
Other Sources.

The data provided by these groups is not only diverse in nature but also in the degree to
which interpretation has already been carried out. For example, the identification of a
fault within the geological model of the site may be derived from a few seismic lines
and some other supporting data. The input to the performance assessment from this will
be in the form of a completed map of the identified faults. In other instances, such as a
laboratory measurement of porosity, the data may be used more directly by the DSAT
without the prior level of interpretation.
To ensure such a complex project is robust to external examination, quality assurance
procedures were developed, based on the principles laid out in BS5882 "A Total
Quality Assurance Programme for Nuclear Installations". These procedures cover areas
such as control of data, document review, computer software and communications. The
procedures are implemented in the work programme as a set of quality documents and a
regular programme of audits are carried out by Nirex QA staff to ensure that records are
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compliant with the requirements of the procedures (Nirex, 1994).
General Quality Assurance
Nirex's need to ensure that the data used in the performance assessment is correct and
consistent has entailed that all work carried out by contractors is also subject to quality
procedures. These quality systems are operated by all contractors working on the
project and apply to all work carried out. The Total Quality System described above is
operated to control the project as a whole. All aspects of the performance assessment
work carried out by Nirex are undertaken within a quality system in accordance with
ISO 9001 1987, EN 29001 1987 and BS 5750 part 1 1987. The main Nirex
performance assessment contractor is accredited in the operation of these systems.
As discussed above, the performance assessment relies on input from a large number of
groups. This supporting work and the data provided has required the operation of
quality procedures and systems. These systems are based on BS 5750 and ISO 9001,
and have covered all aspects of work from the collection of the basic data from the site
to the detailed interpretation of a particular test. The application of quality systems
ensures that for each derived parameter of concern used in the performance assessment
modelling is of high quality and traceable to the basic building blocks.
Information Management
The operation of quality systems ensures that the data is of a high quality. Additionally
the large programme of work carried out at Sellafield required systems to ensure correct
use of information and the traceability through the system. The Total Quality System for
the whole project ensures that this happens. The following paragraphs discuss some
specific issues regarding management of information in the programme at Sellafield.
With respect to the management within the DSAT programme a number of different
teams have operated in parallel, each addressing different aspects of the assessment.
The control of data passed between teams enables the results of one team's work to be
used by another team with the confidence that any changes that may occur can be
tracked through the system. Thus if any information is updated the changes can be
accommodated by all teams working on the project.
To achieve this a system of forms has been used to describe and define the types of data
and to declare how particular data were used in the assessment work. The control of
changes to the data through processes of revised interpretations or correction of errors
can therefore be traced through each team's work and appropriate corrections made.
Dealing with the large volume of data arising from the site investigation work at
Sellafield also required a comprehensive management system. However, the approach
used in this case differed from that described above. In this case large volumes of
factual data needed to be stored, checked and be accessible to a wide number of
different contractors. The following section discusses the solution used in tackling these
problems.
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Site Characterisation Data
For information arising directly from the programme of Site Characterisation, which
forms the basis for the site specific performance assessments, a special database was
created. The system comprised a Relational Database Management System (RDMS) and
a Geographical Information System (GIS) (Nirex, 1996).
Geographical information systems have been developed specifically for dealing with
spatial data and provide tools for easy access to the information via visualisations such
as maps or pictorial representations. The underlying relational database structure allows
the information stored in different tables to be linked. Thus, sophisticated queries of the
stored data can be executed and the output provided in a short time.
The database system also provides the ability to check data entries; it is possible to
devise a set of criteria against which the entered data can be compared and thus ensure
that errors are minimised. Where possible, data have been transferred electronically and
then verified by checking the newly created table in the database against the original
input file. Therefore the database not only acts as a data store and retrieval system but
also provides an additional quality check.
The operation of the database has been designed to enable the history of any data entry
to be viewed. The updating and deleting of entries to the database are recorded in such a
way that the state of the database at any time in the past can be recreated. This aspect
becomes important in the performance assessment process carried out by Nirex.
Information incorporated in a current assessment does not use the most up-to-date data,
since information was often collected in parallel with the assessment process. The
ability to access the database and investigate what changes had occurred from a specific
date allowed an understanding of what new information would be available for the next
assessment cycle.
In addition to the quality procedures for the overall programme and those operated by
contractors acquiring data, a set of quality procedures exist for the database. These
procedures describe the aspects of the data handling discussed above as well as the
more basic house keeping needs of such a system.

Conclusions
The most relevant aspect of the Nirex programme for SKI is the system for handing
large amounts of data developed for the Sellafield programme; this is probably unique
in the international experience of carrying out performance assessments. It is
particularly useful in terms of being able to determine the status of information available
at any given 'data freeze' point. It must be borne in mind, however, that to ensure a
high level of confidence in the data used, the management effort and cost of the
programme were large. Any programme contemplating the use of such a complex
system would need to evaluate carefully whether the associated cost was justified.
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Appendix C. The UK HMIP Assessment Programme

Introduction
From 1992 until 1994 work was undertaken on behalf of Her Majesty's Inspectorate of
Pollution (HMIP) (then part of the Department of the Environment (DoE), now part of
the Environment Agency) to carry out an independent risk assessment of UK Nirex
Limited (Nirex) proposals for a proposed deep geological repository. This risk
assessment work utilised the approach developed under DoE funding since 1982. The
work was carried out jointly by QuantiSci (then called Intera Information Technologies)
and RM Consultants (RMC) together with a number of sub-contractor organisations. A
key requirement in the project was the QA system which had to be established and
maintained. An external specialist company was employed by HMIP to externally audit
the main contractor organisations at yearly intervals. A programme of internal audits
was also carried out. A QA manager was selected from one of the key contractors. The
other key contractor provided a deputy QA manager to audit the work of the QA
manager's company to ensure impartiality. Any corrective actions were agreed and a
timescale set for implementation and checking compliance.
The key QA requirements are summarised below (Section 2). Key aspects which are
relevant to SKI are outlined in Section 3.
In addition, one of the project tasks was to develop an outline methodology which
HMIP could have used in their review of the Nirex's safety case should this have been
presented at the time. Information based on this task is provided in Appendix F.

The Application of QA Principles
2.1

Development of a Project QA Plan

A Project Quality Assurance Plan (PQAP) was issued for each of the work phases
[Sumerling, 1992; Sumerling, 1993]. Each PQAP was based on the requirements set
out in ISO-9001, 1994. All project team members had access to the PQAP. The PQAP
set the scope of work within a QA framework. It provided information and timescales
for the following key aspects related to the work programme:
•
•
•

external constraints upon the work programme;
HMIP related activities;
Project activities (including advice and review, mainline assessment,
support requirements, project management and QA).

Each of the following topics was also addressed in the PQAP.
•

Key contacts: contact information was provided for the HMIP NO, and the
key contacts within the two main organisations undertaking the work.
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•

QA Requirements: the important generic QA standards (both international
standards and those which had been developed for DoE work) which had to
be applied to project work were itemised (including software development
and document control requirements). The relationship to general QA
procedures applied by the organisations participating in the work was
recognised. Statements were given concerning requirements for subcontractors, auditing and corrective actions.

•

Project Management Responsibilities: the management structure together
with key personnel and their responsibilities were defined.

•

Project Control Procedures: these were specified to ensure that information
was documented in connection with contract, technical and management
activities. A project Overview Panel was established to guide the work
programme and regular meetings were scheduled and minuted. Sub-project
tasks were planned and task leaders appointed. Task leaders had to produce
task plans, specify task deliverables and provide monthly progress reports
concerning technical and resource aspects. Overall technical progress had to
be reviewed by the project managers at set points in the work programme.

•

Document Control: procedures were specified for controlling input
data/information, output data/information, project documents and
deliverables. A separate document was also issued which provided more
detailed information concerning document standards and controls to be
applied on the project (see Section 2.3).

•

Training Requirements: the necessity to use appropriately qualified staff on
the project team was stressed. Task leaders were required to supervise,
guide and, if necessary, provide training for specific tasks.

•

Sub-contractor Services: information on key contacts within the approved
sub-contractor organisations was provided.

It was recognised that certain aspects of the project required particular control
procedures that should clarify or extend the generic standards. The PQAP therefore also
provided a number of project specific procedures (PSPs). PSPs were developed for:
contract variations; project management; document, code and calculation checking and
report reviewing; document registration and issue; computer software procedures;
project and sub-contractor QA plans; progress reporting; and disk and computer code
back-up.
2.2

Model and Code Development

Model Development
The overall procedure for a post-closure radiological assessment relies to a significant
extent on the use of expert judgment. A number of expert working groups were set up
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to develop technical input for the various key components of the PA methodology, to
derive conceptual models and to agree important parameters and data for use in the
mathematical models. A methodology was developed to facilitate the elicitation,
documentation, accession and ranking of the wide variety of decisions and assumptions
made by groups and also to document what aspects of the system could be omitted.
The methodology provided the basis for identifying key sources of possible bias and
laid the foundation for attempts to make quantitative estimates of the bias introduced in
each case. This methodology was called the uncertainty and bias audit (UBA) and it
resulted in a DAO (decision, assumption, omission) audit trail [Grindrod, 1993].
The UBA methodology required the Working Groups to:
•
•
•
•
•
•

make explicit all decisions, assumptions and omissions which arose when they
defined the mainline system models;
document the reasons why particular decisions were made;
document alternatives which were considered;
document the sources of supporting evidence for each decision;
estimate whether decisions were realistic; and
estimate how decisions, if incorrect, may have biased the results.

The primary objectives were to obtain all the decisions in a structured form, together
with supporting evidence, and then to compile all the information in a database which
was used to screen and interrogate decisions and identify critical decisions by a ranking
system designed to enable the identification of conceptual modelling DAOs which:
•
•

had a low degree of support from the available data, expertise, or wider
community (i.e., the DAOs which may have been unrealistic);
gave rise to significant bias in the system assessment results, if found to be
incorrect or inapplicable.

The ranking system was devised as follows.
•

Uncertainty in adoption - a level
For each aspect of the particular subsytem being considered, experts were asked
to classify the correctness of the following proposition: "The adoption of the
DAO correctly represents the range of behaviour of the (sub) system to be
encountered within the assessment". They did this by selecting an a-level from
seven possible levels ranging from absolutely certain to completely uncertain.

•

Possibility of inducing bias - B level
Experts were asked to record what effect a calculated estimate or an output
parameter value could have on the subsystem if it was later shown that the result
or parameter value differed significantly (more than 50%) from the actual
('true', unknown) value. Again, a 8-level had to be selected from seven
possible levels ranging from no reasonable possibility of bias to bias certain.

All the Working Groups followed this DAO methodology by completing pro-formas for
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the recording of each step in the development of a conceptual model, selection of
parameters and parameter values and the selection of uncertainty and bias levels. The
output from each Working Group was stored on a database which allowed logical
querying as well as graphical output. The database could be used to interrogate
information held in it both by key word searches or by the interdependence of
decisions. Revisions of the conceptual models could be undertaken and were also
recorded.
Overall the DAO methodology proved to be a valuable QA tool for the following
reasons:
•
•
•
•
•

All the Working Groups used the same formalised procedure.
Requirements had been clearly specified and could be easily followed.
Decisions, assumptions and agreed omissions in the structuring of conceptual
models were clearly recorded and revisions, if made, were also transparent.
Some indication of uncertainties and biases in the development of conceptual
models were recorded.
The database provided an interface between how the regulator's experts had
developed their conceptual models and for the reviewers trying to understand
what the proponent's experts had done.

Code Development
Code development was undertaken according to the generic ISO-9000 standard and a
software development QA guidance document that had been developed on behalf of the
DoE for use in development of research codes. Principles contained in the ISO-9000
standards relating to software and code development have been dealt with elsewhere in
this report and will not be repeated again here.

2.3

Development of Documentation Standards and Controls

Procedures for the following aspects were written and issued at the start of each of the
two phases of the work [Watkins, 1992; Watkins, 1993]:
•

Document Classification: different classes of output documents were
recognised and a description of the function of each type was provided.

•

Document Identification and Format: this provided a method for alphabetical
and numerical coding of documents and specifying generic format
requirements.

•

Document Control Procedures: these specified when documents had to be
reviewed and checked, how to control different versions of documents, the
approval, issue and distribution procedures, how to record the document
history. Guidance was also provided on the recording of important
information such as task specifications, key decisions from technical
meetings, important telephone call information, notes of technical and
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progress meetings and decisions arising, calculation records, and document
transmittals.
Filing and Archiving: the filing system per se was not specified as it was
recognised that this would be undertaken in accordance with the system
used by the individual organisations involved in the project. However,
guidance was provided on what types of records, documents or output
(paper, electronic and computer code) had to be filed. The time period for
keeping archived material was specified to ensure nothing would be
destroyed over the expected time period for the repository planning
application and licensing process.

Summary
A number of conclusions and recommendations can be drawn from the work
undertaken in the UK on behalf of HMIP in preparation for the regulator's examination
of an applicant's PA safety case.
a) General QA Principles
Generic QA principles can be applied to the planning and performing of work for an
independent assessment capability. The international standard ISO-9001, 1994
provided a useful framework for deriving these principles.
The work programme and management structure should be clearly defined, and key
deliverables and timescales provided. It is very useful to note any external constraints
which might affect the planned work programme. There should be a system in place
whereby both management and technical aspects of the work programme are reviewed,
monitored and revised as requirements evolve.
All staff were expected to have access to the PQAP and to follow the requirements.
Guidance was provided on monitoring sub-contractors. Conformance to the
requirements by all project team staff, including sub-contractor organisations, was
monitored through an external and internal audit programme
The overall objective was to have a well documented, traceable and transparent audit
trail for all work undertaken which was key to the PA output. The regulator expected
the same from the applicant.
b) Computer Software
Code development and computer code calculations were central to the PA. The
international standard ISO-9000-3 provided useful guidance for these activities.
In addition to procedures to control software development, requirements for data input
and/or calculation output checking were specified where considered necessary and these
activities were monitored and documented. This helped with the detection of errors or
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when calculations had to be re-run or altered for any reason.
A back-up procedure for code runs and information held on hard/floppy disks and virus
checking procedures were found to be essential.
c) PA-Specific Issues
In addition to the overall project QA plan, various project specific QA procedures were
developed to address particular requirements by the regulator of the PA programme
(e.g., specific PA task plans, PA document control procedures, PA calculation
checking procedures).
The DAO methodology was found to be useful in recording conceptual model
development and in the identification of potential uncertainties and biases.
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Appendix D. The BIOMOVS Programme
1

Introduction and Background
From 1991 until 1996 there was a second phase of an international biosphere model
validation study (BIOMOVS II) the main aims of which were to test the accuracy of
predictions from environmental assessment models and to explain differences in model
predictions. Five different organisations from Sweden, Spain and Canada sponsored
the work. Over 300 people from 131 countries and more than 60 different
organisations participated. Twelve model test exercises were developed by the five
working groups and results were published in 16 technical reports summaries of which
are provided in an overview report [BIOMOVS n, 1996].

2

Lessons from the BIOMOVS II Study Relevant to SKI
When comparing results from two or more organisations it took extensive discussions
to begin to understand why there were differences in results despite common
assessment problems. Some of the reasons for the difficulties in comparing results and
why different results were produced are summarised below.
a) Different modelling approaches to a problem and differences in the complexity of
models applied to a problem resulted in differences in predictions. A more complex
model did not necessarily give more accurate predictions (when observational data were
available for comparison). Therefore to assess PA results, either from the regulator's
or proponent's perspective, requires a full understanding of how the modellers have
developed the conceptual and mathematical models and how these have been translated
into computer code. Model evaluation therefore should include an assessment of model
structure and formulations as well as understanding the assumptions made. This is not
always an easy task unless full documentation is available.
b) User interpretation of model test problems or scenarios had a large influence on
differences between model predictions, even when theoretically the same scenario or
problem was being investigated. The problems in interpretation were found to be due
to the following:
-

-

differences in interpretation of what was to be calculated or had been
calculated by someone else;
different experience with, or understanding of, a code, even if the same
code was being used;
differences in experience of selecting and applying data;
different use of generic versus site-specific data and choice of parameter
values, even for the same model parameters;
different interpretations or understanding of terms used in a scenario;
mistakes in computer coding; and
mistakes in application of data or parameter units.

51

SKI-6041A-1 Version 1.0

c) A checklist or tablulation of parameters and parameter values used by each modeller
and a description of the model and modelling approaches used helped in trying to
understand why different predictions for a common assessment problem had been
made. Differences arising as the result of using different data were more easily
understood if data sources and elicitation methods were clearly documented.
It follows from the above that if regulators and proponents are to understand the results
of their own and the other's PA results, this will require exchange of information,
discussions and documentation of exactly what was done and why.

Summary
The experience gained in the BIOMOVS on comparing model calculations from
different organisations may be useful when considering the problems that are likely to
arise when PA calculations by the proponent (SKB) and the regulator (SKI) are
compared.
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Appendix E. A Possible Review Procedure
In Appendix C a description was given of the lessons learned from the UK HMIP
assessment programme. One task carried out under that project discussed how a
procedure might be established to enable a regulator to review a safety case put forward
by the developer of a deep repository [Maul, 1995]. In this Appendix a summary of
that work is given.

Overview of Proposed Review Procedure
Figure El gives an overview of the process that was proposed. The horizontal line in
the diagram divides activities which take place before and after the submission of formal
documentation by the applicant.
Not all of the components of the review procedure will be relevant to SKI, but the key
features are described here, as some of the suggestions are relevant to the establishment
of a QA Plan for SKI when reviewing a submission by SKB.
The main features of the procedure outlined in Figure El are:
•

A document review team which undertakes both a general and a detailed
technical audit of the applicant's submission.

•

A single guidance document used by all reviewers undertaking the technical
audit.

•

A performance assessment team which works independently from the document
review team.

•

A combination of "top down' and 'bottom up' approaches.

•

An independent model of the geology and hydrogeology of the site.

•

Independent performance assessment calculations in two separate stages of the
review process.

•

Summary documentation understandable by the intelligent layman produced at
key stages of the review.

Three separate main components of the procedure were discussed, involving groups
referred to as 'site characterisation', 'document review' and 'performance assessment'
teams.
Procedures would need to be established for the formal review of the documentation
submitted against all relevant regulatory criteria. Important issues include the need to be
able to trace the basis for all judgements and decisions made by the applicant in using
performance assessment models and the required data input. The review of the
documentation is likely to lead to the identification of shortfalls in the material supplied:
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unsupported statements, missing references etc. This would result in requests back to
the applicant for additional material.
material
One of the most crucial issues in the evaluation of the post-closure safety of a deep
repository is the interpretation of site characterisation data in terms of an overall
geological and hydrogeological model of the region in which the facility is to be located.
The interpretation of the basic site characterisation data requires expert judgement, and it
is possible for experts to produce very different interpretations from the same data. In
order to ensure a fully independent approach is taken to performance assessment, it can
be argued that the regulator needs a capability to produce interpretations of the site
consistent with the characterisation data available, not having to base performance
assessment calculations totally on processed/interpreted data from the applicant. The
only way this can be done is for there to be a continuing flow of information from the
applicant to the regulator of data as it becomes available before the formal application is
submitted. The documentation of the regulator's own assessment of geological and
hydrogeological data would also provide a valuable source of information when
reviewing the documents submitted by the applicant.
The use of the regulator's independent performance assessment capability would
require data from the site model together with other data from its own research
programme and elsewhere. The process of obtaining this data is a continuous one, and
various demonstration uses of the performance assessment tools need to be undertaken
prior to the receipt of an application. Around the time of the application, a decision
would have to be taken on when to 'freeze' data and model development.
Independent performance assessment calculations would provide an input to the overall
assessment in two ways. Firstly, calculations of the important end points for
comparison with regulatory criteria would provide a direct comparison with those
produced by the applicant; incompatible conclusions could provide the basis for the
refusal of the application. It should be noted, however, that the regulator's
methodology does not have to be 'complete' in the same way as the applicant's, and the
second input is likely to be the more important - providing a direct comparison for
particular aspects of the calculations undertaken by the applicant. It is likely to be
necessary to run part or all of the assessment software with data chosen to investigate
specific questions raised by the review of the submitted documentation.
The assessment of the post-closure safety of a radioactive waste repository is such a
complex problem that it is unrealistic to expect that all queries raised by the applicant's
submission would be resolved. The final stage of the evaluation of the applicant's case
must therefore include the identification of significant unresolved issues which could
potentially prejudice the safety case. A judgement on the acceptability of the application
would then have to be made in the light of all the information available.

The Model of the Repository Site
As previously stated, it is important that the regulator has its own interpretation of site
characterisation data. Developing this interpretation would be a continuous process up
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until the time that an application is received. At or before that time a 'freeze' should be
placed on work on the model so that documents could be produced which would
provide source data for the independent performance assessment calculations. The
timing of the freeze would be determined by information received from the applicant on
his programme for site characterisation and submissions.
The documentation produced by the site characterisation team would need to include a
summary document capable of being understood by the intelligent layman., The
purpose of this document would be not simply the production of material which can be
understood outside the review teams, but the identification of the key features of the site
which could be used in a 'top down' analysis of the application.
The summary document should include statements on:
1.

What is known about the three-dimensional geological structure of the region.

2.

The information that is available on significant faults, and whether or not these
are likely to be conductive.

3 .

The groundwater return time from the repository region to the surface under
present day and possible future conditions.

4 .

The locations where groundwater could reach the biosphere under present day
and possible future conditions.

5 .

Groundwater travel times in the most important geological units.

6 .

The influence of climate change on groundwater flow patterns.

7 .

The degree of confidence which can be placed on all the above.

It was suggested that some members of the site characterisation team should participate
in the document review team. This would ensure that the expertise gained over a
lengthy period in understanding the important characteristics of the site would be
directly available to it.

Initial Review of Regulatory Submission
An outline of the most important features of this stage of the review procedure is given
in Figure E2.
Before the details of the submitted documentation are assessed, it would be necessary to
take a broad view of the documentation; this can be viewed as the first stage of the 'top
down' approach. A 'check list' of regulatory criteria which need to be addressed by the
applicant should be produced as a fundamental basis for any consideration of the
submission.
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If an initial review of the submitted documentation revealed that one or more regulatory
requirements have not been addressed, then a request would go back to the applicant for
more information. A judgement would have to be taken on whether it was appropriate
to proceed with the next stages of the assessment, or whether the omission was so
fundamental that a response was needed from the applicant before proceeding.
The second part of the initial review would involve an audit of the documentation to
check that the overall basis of the performance assessment calculations had been
satisfactorily documented, and that all necessary supporting documentation was
available. Again, any shortcomings would result in a request back to the applicant for
additional information. If missing documentation was fundamental to the subsequent
detailed stages of the review, it might be necessary to await a response from the
applicant before proceeding.
The applicant's documentation should include a summary of the overall disposal
concept being proposed in the context of their understanding of the geology and
hydrogeology of the region. It should be possible to make direct comparisons between
this information and the summary documentation produced by the site characterisation
team to identify any major differences in understanding of the site. These comparisons
could be used to identify key technical areas which required particular attention in the
subsequent detailed technical reviews. For example, the applicant's and the regulator's
site models might differ in their interpretation of the degree of faulting in the host rock,
and the technical review team could be directed to pay particular attention to the
sensitivity of repository performance to assumptions on faulting.
The technical review of the performance assessment undertaken by the applicant would
be an extremely complex task involving many staff with different technical
backgrounds. It was therefore suggested that the technical review team be given formal
advice on the way that the review should be undertaken. This advice would take the
form of a single document which would be available, at least in draft form, prior to the
submission, but which would be amended in the light of the format of the
documentation received, the approach to performance assessment chosen by the
applicant and the results of the comparisons of site models. The document would
include:
1.

A brief description of the documentation being reviewed.

2.

The way the review would be split up between review team members.

3.

Check lists to be used to identify the completeness of the assessment in each
technical area.

4.

A list of key technical issues to be given emphasis in the review (partly derived
from the initial 'top down' review).

5.

Proformas for reporting key Decisions, Assumptions and Omissions (DAOs).

The methods used in the HMIP assessment programme to record DAOs have been
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described in Appendix D.
There are bound to be a very large number of decisions/assumptions made by the
applicant in his performance assessment, ranging from those of trivial importance to
potentially fundamental. The formal reporting procedure for DAOs would therefore be
central to this stage of the review process. Reviewers would be directed to complete a
proforma for each potentially significant Decision, Assumption or Omission made by
the applicant in his technical area.
In order to be able to rank the importance of the very many DAOs identified, reviewers
would have to indicate the potential importance of each DAO in two contexts: the level
of uncertainty associated with the adoption of the DAO, and the possibility of the DAO
inducing bias in the assessment (for the specified performance measure or end point).
It would be necessary to approach the review in this way because, for example, it is
possible that an assumption may be associated with a very high degree of uncertainty,
but may not greatly influence the final assessment end points. A numbering system
would need to be devised to fit in with the overall Quality Assurance programme for the
review.
Once the DAO proformas had been completed, these would need to be ranked. This
ranking process would have to be undertaken by staff who were capable of undertaking
an overall systems approach to the assessment, as the initial levels assigned by technical
experts might have to be modified in the light of more general systems considerations of
which the technical expert may be unaware. A cut-off point would need to be defined
below which queries raised by DAOs would not be pursued. This would be a vital part
of the procedure, as otherwise the number of queries to be pursued would become
unmanageable. If subsequently it became clear that a DAO was more important than
originally ranked, a limited number of 'below the line' queries could be reactivated for
consideration.
The DAOs which were to be pursued would fall into one of the following categories:
•

Insufficient information was available from the applicant to determine what
decision/ assumption was actually made in the performance assessment. In this
case a request would be sent to the applicant for further information.

•

The applicant's documentation showed that a potentially significant feature,
event or process had been omitted. The applicant would be asked to justify this
omission or produce additional documentation to support the approach he has
taken. In addition, the views of the performance assessment team on the
significance of this feature, event or process in the independent performance
assessment would be sought.

•

Significant modelling/data selection decisions had been taken where alternative
approaches were clearly possible, and these had not been ruled out satisfactorily
by the applicant. In this case comparisons with calculations using the
regulator's independent performance assessment capability might be valuable,
and a request would be made to the performance assessment team to undertake
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parallel calculations where these might provide useful information concerning
the potential significance of the DAO.
•

Doubts had been raised about the correctness/accuracy of the applicant's
calculations. Again, the performance assessment team would be requested to
undertake parallel calculations where the different performance assessment
methodologies enable this to be done. Alternatively, information could be
gained by rerunning the computer codes employed by the applicant.

An example of the second category of DAO might be that the applicant had not
considered how the production of gas or colloids in the repository could affect the
groundwater transport pathway. How important is this for the given repository design
at the chosen site?
An example of the third category might be that the applicant had chosen to represent the
geosphere as a homogeneous medium without explicit representation of the degree of
inhomogeneity known to exist from site characterisation data. Does this matter (given
the parameter ranges considered), or would alternative approaches make a significant
difference to the end points calculated?
Finally, an example of the fourth category of DAO might be that a large and complex
computer code had been used by the applicant to calculate releases of radioactivity from
the near field, and insufficient information was available to provide confidence that the
results calculated were realistic. If the corresponding component of the regulator's
software was run with the same input, the required confidence could be obtained or
potential errors in the applicant's calculations identified.

Independent Performance Assessment Calculations
In order to obtain a truly independent performance assessment of the repository it
would be important that the performance assessment team initially undertook
calculations using the regulator's own methodology without direct reference to the
performance assessment calculations described in the applicant's submission. Various
data would, however, be needed from the formally submitted documents by the team in
order to undertake the assessment; these data would likely include details of the
repository design and projected waste inventory and characteristics. In order to pursue
the aim of a truly independent assessment, it would be important that the performance
assessment and document review teams were distinct.
As previously stated, the independent performance assessment would not have to be
'complete'. The inability of the models and software to investigate some potentially
important features events or processes would not be a reason for delaying the
production of the assessment.
The primary outputs of the independent assessment would include calculations of the
end points specified by regulatory requirements together with the set of DAOs which
document the basis for the modelling approach and data employed.
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Equally important would be the production of documentation to describe the
calculations undertaken, including a summary of the significant features of the
assessment as a whole. This summary would indicate the important conclusions drawn
from the assessment concerning the overall performance of the repository.

The Final Document Review
A simplified data flow diagram for this part of the review is given in Figure E3. One of
the most important features of the procedure would be a formal approach to dealing
with the DAOs generated by the initial review. For each DAO determined to be 'above
the line' in the initial review, additional information would become available from the
applicant and/or the performance assessment team. In each case this information would
be used to review the DAO to determine whether it had been satisfactorily dealt with and
did not need to be considered further, or whether it could be reassessed as being 'below
the line' in terms of its overall importance for repository performance. If neither of
these cases applied, the outstanding query would be passed on to the next stage of the
review.
From the applicant's documentation, the detailed technical audit and the outstanding
unresolved queries, a summary document could be produced. This document would
summarise the case made by the applicant in the performance assessment together with
a commentary on those aspects which had been accepted and those where significant
technical issues had not been resolved.
In the final stage of the review, the document review team would have before them the
following information:
•

The applicant's regulatory submission documents, which should include a
description of the applicant's overall model of the site as well as calculations of
end points for comparison with regulatory criteria.

•

The results of the comparisons between the applicant's and the regulator's site
models undertaken in the initial document review.

•

The documentation produced by the regulator's independent performance
assessment calculations, including a summary of the key points and calculations
of end points for comparison with regulatory criteria.

•

The DAOs which had not been satisfactorily dealt with.

It is highly unlikely that this final stage of the review would be straightforward. If the
site models of the applicant and regulator essentially agreed, both sets of performance
assessment calculations produced results which meet all regulatory criteria, and no
major outstanding queries remain about the applicant's performance assessment, then
clearly the application to develop the repository could be approved. This is, however,
extremely unlikely to be the case, and underlines the need for a final summary
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document which brings together all the evidence before the regulator and gives the basis
for the judgement taken. An important consideration in the final judgement would be
the robustness of the arguments; if the application is a 'good' site with a 'good'
repository, then it should be possible to illustrate the essential points in the arguments
for the safety of the system using a set of simple calculations.
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