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Abstract

A quality assurance safety assessment database, called QUARK (QUality Assurance Program
for Radioactive Waste Management in Korea), has been developed to manage both analysis
information and parameter database for safety assessment of low- and intermediate-level
radioactive waste (LILW) disposal facility in Korea. QUARK is such a tool that serves QA
purposes for managing safety assessment information properly and securely. In QUARK, the
information is organized and linked to maximize the integrity of information and traceability.
QUARK provides guidance to conduct safety assessment analysis, from scenario generation to
result analysis, and provides a window to inspect and trace previous safety assessment analysis
and parameter values. QUARK also provides default database for safety assessment staff who
construct input data files using SAGE(Safety Assessment Groundwater Evaluation), a safety
assessment computer code.
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1. Introduction Safety assessment of disposal facility involves large

amounts of information. The information includes

Quality Assurance (QA) is an important factor in scenario development, conceptualization,
building confidence in the safety assessment for a calculations, results analysis, and parameter values
near surface radioactive waste disposal facility. used in calculations. As the project proceeds from
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preliminary to comprehensive stages, the
information becomes complicated. Application of
QA standards is a means of ensuring that activities
are properly planned, data and methods are
properly documented, and an auditable trail is
developed as the safety analysis proceeds. QA
procedures provide a tool to ensure that sources of
input data are traceable and that analysis are
carried out in a reproducible manner.

The use of QA does not necessarily ensure that
the analysis is right, but the use of quality
procedures does ensure that the decision process
is documented, the staff carrying out tasks and
reviews are identified, the method of arriving at
conclusions is reviewed by identified people and
there are clear signoff responsibilities. Properly
managing the information according to prescribed
QA standards is important to ensure traceability
and transparency in safety assessment, which has
impacts on regulation and public perception. The
seemingly dispersed information has to be
integrated into the model assessing the total
system of the disposal facility.

In fact, the information from different areas of
expertise is more or less related, just in the same
way as they are integrated. To uncover the
relationship among the information and hardwire
them is a step forward to achieve quality assurance
for safety assessment. QUARK(QUality Assurance
Program for Radioactive Waste Management in
Korea), a database program to be described in this
paper, is such a tool that serves QA purposes for
managing safety assessment information properly
and securely. QUARK stores and manages the
information related to safety assessment of LILW
disposal program undertaken by users.

In QUARK, the information is organized and
linked to maximize the integrity of information and
traceability. For a program staff, QUARK provides
guidance to conduct safety assessment analysis,
from scenario generation to result analysis. For a

general public, QUARK provides a window to
inspect and trace previous safety assessment
analysis and parameter values. QUARK also
provides default database for safety assessment
staff who construct input data files using
SAGE(Safety Assessment Groundwater Evaluation),
a safety assessment computer code [1,2)].

In this paper, QA requirements for safety
assessments set up for the development of
QUARK are reviewed. Then the structure and
content of QUARK and its built-in procedures are
described.

2. The Quality Assurance Requirements
for Safety Assessments

2.1. The QA Standards for Safety Assessment

As a formal QA standard for radioactive waste
disposal facilities (both near-surface disposal and
deep geological disposal) in Korea, Ministry of
Science and Technology(MOST) Notice No. 92-
17, “Quality Assurance Criteria for Radioactive
Waste Disposal Facilities” was promulgated in
Nov. 1992. This standard specify the well-known
18 criteria for QA based on the internationally
recommended requirements from IAEA and US
Nuclear QA Standards, but did not provide specific
requirements or criteria for safety assessment.

As another technical standard specifying QA
requirements for safety assessments, MOST Notice 96-
11, “Performance criteria for LILW Repository” can be
used. This notice specifies the detailed necessities for
assessing the performance of the repository for the
LLW disposal. An article related QA is as follows;

» Article 12 (Confidence building) In order to
enhance the reliability of the results of the safety
analysis and calculations, QA principles and the
related specific QA procedures should be
applied to all phases of safety assessment
process such as input data collection and



558 dJ. Korean Nuclear Society, Volume 35, No. 6, December 2003

implementation, modeling, detailed calculations,

and comprehensive safety assessment, etc.

As part of the effort to provide specific
examples of QA measures that can be applied
within the safety assessment process, the QA
standards that are being or have been applied in
the safety assessment for near surface repositories
were reviewed [3,4,5]. Many organizations have
no specific quality assurance standards that
originate from their own countries, and have been
adapting QA standards from other jurisdictions.
The standards includes the ISO 9000 and 14001
family, the IAEA Code on Quality Assurance for
Safety in Nuclear Power Plants and Other Nuclear
Installations and Safety Guides to describe
acceptable methods of implementing the Code,
such as Safety Guide Q8 and Q9. Several US
nuclear standards on QA include 10CFR50
Appendix B, NUREG 1293, “Quality Assurance
Guidance for a Low Level Radioactive Waste
Disposal Facility”, NUREG 1383, “Quality
Assurance for Characterizing LLRW Disposal
Sites”, and ASME NQA-1-1989, “Quality
Assurance Program Facilities for Nuclear
Facilities”.

2.2. The QA Requirements for Safety
Assessments

The key principle of QA should be transparency
and traceable processes from the start to the
completion of the safety assessment. Presentation
of safety analysis information and results are
considered to be an important element in the
process. For the confidence building in the safety
assessment, all elements of the safety assessment
process-i.e., Assessment context, System
description, Development and Justification of the
Scenarios, Formulation and Implementation of the
Models, Performance of Analysis, Interpretation of
Results, Comparison against Assessment Criteria,

Adequacy of the Safety Case, Review and
Modification, Collection of Data and/or
Modification of Design - should be reviewed
periodically to ensure that the requirements and
procedures remain appropriate and adequate [6].

The systematic approach for including or
excluding scenarios is to be very well described,
together with the criteria defined for this purpose.
The process of development and justification of
scenarios has to be well-documented, transparent,
and enable to trace. Justification of the screening
process needs to be defensible. One of the tools
for tracking the screening and decisions made
could be performed in detailed manner by using
the matrix approach, which process is described in
ref [7]. At the stage of “Performance Analysis,”
the confidence building is ensured through the
quality assurance which can be interpreted quite
broadly to include documentation of assumptions
and significant decisions. The case when the
results meet the assessment criteria has to be
carefully analyzed. In the case of running
sensitivity analysis and defining the important
model parameters, it may be considered important
to review those parameters. This could be
achieved by reviewing the variability of the
parameters used, by obtaining additional data, etc.
which has to be decided case by case.

With respect to QA for safety assessment, the
aspects to be required include, but are not limited
to;

(1) Decisions in selecting scenario for analysis,

(2) Processes of selecting pathway,

(3) Reasons for selecting particular model,

(4) Sources of all input data, and

{5) All results of the analysis matched to the

input data.

KHNP/NETEC has focused considerable effort
on the topic of FEPs and their screening and the
development of scenarios based on relevant FEPs
for LILW disposal. As a result, a computer
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program named IMFEP_NS(Interaction Matrix and
FEPs for Near Surface disposal) was developed to
select project FEPs, to make its Interaction Matrix
at users’@ disposal, and to visualize the interface
between FEPs and Interaction Matrix [7].
IMFEP_NS aids scenarios development (ltem (1) in
the above list) and pathways selections (Item (2) in
the above list) using systematic approach. This
program utilizes modern relational database
technology to organize information (FEPs), which,
in fact, imposes QA procedures during the process
of scenario development and pathway selection.
In this regard, this program is required to be
embedded into the QUARK as a module.

Similarly, traceability of input and output data
(Items (4) and (5) in the above list) must also be
assured in safety assessment. To ensure
traceability, safety assessment staff must take the
following four measures:

(1) Protect integrity of data by linking different
parameters that are intrinsically related.
Without enforcing relationships, parameters
are scattered information, which cannot be
traced, inspected, and updated accurately
and comprehensively.

(2) Document all the data sources, which include
published work, analysis and lab tests
performed by the staff, field observations,
natural analogue, etc. In cases that expert
judgment is required to select the most
appropriate values from all of the available
sources, the rationale for data selection must
also be documented.

(3) Document the use of data in the safety
assessment calculations.

(4) Document the results of the safety
assessment calculations.

The purpose of developing QUARK is to
manage safety assessment information and
parameters under QA guidelines that are
consistent with international standards. Figure 1
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Fig. 1. Interaction and Relationship Between
QUARK and SAGE.

shows relationships among safety assessment data,
QUARK, and SAGE that will be implemented.

3. QUARK Information System

As illustrated in Figure 2, the information stored
in QUARK includes the following two categories:
+ Safety assessment analysis that includes
scenarios information and analysis
documentations, and

» Parameter database.
3.1. Analysis Information

Safety assessment of a radioactive waste
disposal program predicts the performance of the
disposal system under a series of expected and/or
potential disruptive scenarios in order to address
uncertainties arising from natural and societal
evolution over a long period of time. This activity
involves first defining the scenario to be studied,
constructing Interaction Matrix or PID(Process
Influence Diagram) from FEPs(Features, Events,
and Processes), conceptualizing the scenario based
on the Interaction Matrix or PID, performing
calculation of the conceptual model, and finally
analyzing the results obtained. QUARK is designed

to manage the information from these activities
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Fig. 2. QUARK Information System and Structure

and display them to public when needed.

Scenario analysis information is organized into a
hierarchical structure. The top of this hierarchy is
the scenario category. Categorizing scenarios is
the first step to organize scenario information
appropriately. Currently, there are two categories
in QUARK:

(1) ‘Design scenario category’ is the collection of
all radionuclide release scenarios under
expected evolution of the disposal system,
and

(2) ‘Alternative scenario category’ is the
collection of all release scenarios other than
design scenarios, e.g., human intrusion, poor

Scenario Category
Table title

design concepts, and other disruptive events.

It is possible that the alternative scenario
category can evolve into several categories.
Specific scenarios under each category are called
“variants”, which constitute the second tier of the
information hierarchy in QUARK. Apparently,
each category may have multiple variants, as
shown in Figure 2. For example, different
biosphere pathways (i.e., wells, lakes/ocean, or
river) are different scenario variants under the
design scenario category. A variant should have
detailed information that is required for
quantitative analysis.

To analyze a scenario variant, one will first
conceptualize the variant. The approach and
rationale to establishing conceptual model for a
variant constitutes the third tier of the information
hierarchy in QUARK as shown in Figure 2.
Because the conceptualization for a given variant
is non-unique, there may be multiple models for a
given scenario variant. If a model is calculated, the
parameter values used in calculation and
calculation results are the fourth tier of the
information hierarchy in QUARK. Important,
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Fig. 3. Implementation of Safety Assessment Scenario Analysis Hierarchy






