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Abstract
This paper discusses the quality control and operation procedure for guaranteeing the
quality of analysis codes and data used in the performance assessment of geological disposal system
with a view to assuring the reliability of the performance assessment results. This year, we have
summarized the quality assurance procedure corresponding to the quality assurance items to be taken
‘into account in the performance assessment, based upon the resulis of survey of existing quality
assurance procedures in and out of the country. Also we have discussed the methods for verifying
the analysis codes and classifying the data.
(1) Identification of Quality Assurance Items, and Survey of Existing Quality Assurance Procedures
* Quality assurance requirements which have been used in the fields such as nuclear industries,
aerospace indusiries and the YMP and WIPP in the United Siates, have been surveved,
+ [tems to be checked in ihe use of analysis codes and data have been ideniified in regard of the
error prevention and quality assurance.
(2) Development of Framework for Qualiiy Assurance Procedure
» The Identified quality assurance items were classified into check items and record items, and
the QA requirements in performance assessment analysis summarized as a control flow.
+ The basic requirements were discussed to configure a compuier-based quality control system based
upon the control flow.
(3) Development of Verification Methodology
Verification manuals for MESHNOTE, PHREEQE and MATRICS, which are near field performance
assessment codes of PNC, have been prepared. We have also siudied the strategy to establish
applicable limitation and criteria for each performance assessment codes.
{(4) Development of Data Management Methodology
* In order to maintain various types of data used in performance assessment calculaiions, data
hierarchy has been developed by considering data acquisition process, data processing methods,
and reliability.
* Database structure based on the data hierarchy and influence in the performance assessment
calculations has been investigaled.
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I Introduction
This paper discusses the quality control and operation procedure for gnaranteeing the quality of
analysis codes and data used in the performance assessment with a view to assuring the reliability of the
Performance Assessment results of geological disposal system. It also aims at consolidating the quality
assurance program applicable in the secondary progress report based upon the results of current studies,
namely analysis control system, in an attempt to apply such things actually for the analysis codes and
data involved in the framework of Performance Assessment, and also aims at developing a
comprehensive quality assurance system to quarantee the reliability of the evaluation results.
Based upon such purpose as above-mentioned, this fiseal year, we will arrange the quality assurance
items to be included in the Performance Assessment of geological disposal system, and the general
procedure for such quality assurance, based upon the framework of Performance Assessment at Power
Reactor and Nuclear Fuel Development Corporation (PNC) and the results of quality assurance in and
out of the country. In the meantime, the verification method for analysis codes and the data
management method will also be discussed with a view to guaranteeing the reliability of the

Performance Assessment results.



2. ldentification of quality assurance items and survey of existing quality assurance procedure

In JIS Z 9900, the term of “quality” and “quality assurance” are defined, and the standards of the
quality assurance are shown. To interpret this, the quality assurance is understood to confirm |
intentionally and systematically as to what kind of characteristics have been completed for the one
confirming the quality.

Furthermore, "Guidelines on Research and Development Relating to Geological Disposal of High-Level
Radioactive Waste To Japan (draft)" (NOV. 1996) is being presented by Atomic Energy Commission,
and the qu_ality of analysis is defined in this attached report separating the analytical code from the data.

Therefore, when the quality assurance of the analysis is performed, it is considered that the system of
the quality assurance is required to be built for analysis codes and data. Accordingly, in this study, the
framework for the quality assurance system has been constructed by performing error factors analyses
separating analytical codes data used in analysis, organizing the object matters for confirmation of quality

and the object to be confirmed ( quality assurance items).

2.1 Identification of quality assurance items
Here, the object of confirmation is identified for the software and the data which the quality is
confirmed. The following describes the way of thinking of the quality assurance item identification and the

identification results dividing the time of the development/ improvement and operation of codes.

2. 1.1 Quality assurance items at the time of development, improvement and operation of codes
(1) Quality assurance items when the code is developed, improved
a. The way of thinking as to identification
The development work of codes is roughly grouped into the planning work, the design work, the
implementation work and the verification work for codes. Since these concrete works are different
depending on development contents, it is difficult to identify the quality assurance items easily.
Thus, in this study, the quality assurance items are identified so as to include all of them on the basis
of the following quality assurance standards for softwares.
* The software quality assurance in MHI
- The software quality assurance in 1S0-9000
Furthermore . the following standard quality assurance are investigated when the analysis code is
replaced as the product, and studied as the quality assurance items without fail, though these are not
quality assurance for software.
- The quality assurance stipulated by JIS standard

- The quality assurance stipulated by JEAG



b. Results

Table 2. 1. 1-1 shows the arranged list of the quality control in the above investigation, but the quality
control of MHI basically includes the universal standards such as JIS, JEAG, ISO, etc.

Thus, the quality assurance items at the time of developing codes are identified each control stage on
the basis of the quality control of MHI. The results are shown in the table 2. 1. 2-2 together with "(2)

uality assurance items at the time of code operation” described below.
P

(2) Quality assurance items at the time of code operation
a. The way of thinking as to identification
The error factors shown below are considered to be characteristics in the Performance Assessment and
s0 these errors should be eliminated at time of the code operation.
@ Prediction analysis over the long period { Accumulation of errors, etc. )
@ Output values of the nuclide transport calculation such as concentration and flux is very small.
(Underflow, rounding error, etc. )
@ Successive execution of multiple codes ( Consistency of data and unit conversion)
@ Selection of natural phenomenon model and its validation
® Validation of compound phenomenon model
® Discrepaway of physical/ chemical data
These error factors have relationship with each other from the analysis code development to the data
acquisition/ operation, and it is summed up into the input/ output data of codes.  For this reason, the
human errors are considered as important factors in the quality assurance at the time of the code operation.
Thus, adding up the human errors to the error factors of above-mentioned @ ~®) in the following,
the quality assurance items are identified together with studying the error factors on the basis of the results
when the code is operated.
b. Error factor analysis and quality assurance items
As shown in the following procedures, the occurrence factors of a possible error when the code is
operated are examined, and the confirmation matters to reduce the errors and the quality assurance items
are identified.
1)  Extraction of error occurrence examples based on the code operation experiences
2)  Analysis of causes which the errors occurred { Error factors)
3} Study for confirmation items to eliminate the error factors ( Quality assurance items) and measures
4} Development into a concrete work such as outlines of the quality assurance manual
When identifying the quality assurance items based on this way of thinking, in addition to the

calculation sheets mentioning set-up grounds of the calculation mode! and the input data, the analysis plan



sheets and input/ output data become the quality assurance items.

Sampled quality assurance items when the code is developed, improved and operated on the basis of
the information at the time of operation of the quality assurance program of MHI and the Performance
Assessment code are shown in the Table 2. 1. 1-2, And also, the quality characteristics against each
quality assurance item are shown. Each quality assurance item offers the quality characteristics, such as

security of reasonable existence, accuracy, etc., and these quality can be confirmed as a result for the

analysis code and the analysis results.



Table 2. 1. 1-1 Requirements in general quality assurance program

A Control item MHI JIS 1SO39000 JEAG

Preparation of development plan document O O @)
Plan control

Review of related departments O

Preparation of design specifications O O @
Design control

Review of related departments O O @)

Development of software O O O
Manufacturing

Preparation of operation manual X O O
control

Review of related departments X @ X
Verification ocumentation of verified results O O O
control Review of related departments o C X
Delivery control | Preparation of inspection report X O O
Non-conformity

Planning of control procedures @ O O
control
Configuration Version control
control Control for revision of documentation O
Registration and

Preparation of control ledger O O Q
notice

Confirmation of function before use X X X
Use control

Execution of confidential control X X X
Storage control - | Planning of storage procedures X X X
Procurement Observance of procurement control

O O O

control procedures
Disposal control | Recording into control ledger O @ X




Table 2. 1. 1-2  Quality assurance items at the time of code development, improvement and

operation

Required confirmation contents

Quality

Control item Quality assurance
items characteristics
Planned + Analysis and definition of Requirement Suitability
control user's demand specification Interoperability
+ Confirmation of development | Development plan
plan document
(Approach method, process,
organization, etc. )
Design * Clarification of design scope, | Design document Efficiency
control coding policy and method Usability
Manufacturing * Confirmation of normal Report of installation
and installation function Instruction for function
control * Prevention of miss-operation | nd operation
such as unit conversion, etc.
Verification/ + Clarification of numerical Verification/ Validation Accuracy
Validation errors, applicable range, plan document Poﬁability
control eic. Completion document for
* Accuracy of phenomenon verification/ Validation
model Verification/ Validation
report
Configuration * Version control { Analytical Control ledger Usabhility,
control code & documentation) Non-conformity control Traceability
| Efficiency,

Reproducibility

Operation
control

-

Influence evaluation control
Confirmation of input/ output
data

Analysis plan
Input data
Analysis results

Accuracy
Reliability




2. 1. 2 Quality assurance items of data '

In the Performance Assessment analysis, there are two types of data; i. e. one is the test data obtained
from the laboratory test and the field test other than the input data that will become sef-up conditions on the
analysis such as geometry condition which shows the nuclear fuel condition and disposal environment, and
the other is the analysis data derived from the Performance Assessment ( compound analysis) such as
solubility drawn from PHREEQE.

Thus, here the quality assurance items are extracted in both (1) test data and (2) analysis data.

(1) The way of thinking as to the quality assurance item identification of the test data

As far as the data obtained from the laboratory test and the field test are concerned, after obtaining the
measured value (primary data) through the test, the general value (data) such as the solubility, Kd
value or so on is obtained by converting ( processing) this into public known value which has the meaning
physically and chemically. Furthermore, after collecting (registering) these general values, the
technically verified data out of these are input (selected) into the analysis code in the Performance
Assessment.

Thus, when the quality assurance items of the test data are identified, they are divided into the
following stages from acquisition of the measured data to input into the analysis code, the error occurrence
factors are examined similarly to the time of the code operation, and the quality assurance items are
studied.

@ Primary data acquisition stage
@ Primary data processing stage
® Data registration stage

@ Data selection stage

(2) The way of thinking as to the quality assurance item identification of the analysis data

The analysis data are the data which are drawn with the combination of various data, Thus, when the
quality assurance items of the analysis data are identified, the quality assurance items for each composition
factor are necessary to be examined analyzing the composition factors of the data.

When the most complicated solubility handled in the Performance Assessment is focused on, the
solubility calculated by the PHREEQE consists of thermodynamics database, field test data, laboratory test
data and pre-stage analysis data.

The quality assurance items of the field test data and the laboratory test data are those of the former
paragraph(1) test data. On the other hand, since the thermodynamics data are derived from the test data,

the quality assurance items for them are equivalent to the test data.

Therefore, the quality assurance items of the analysis data is equivallent to the quality assurance items



of the test data to be used for the derivation of the analysis data.
Based upon the above-mentioned way of thinking, the quality assurance items of the data are identified

as shown in Table 2. 1. 2-1.



Table 2. 1. 2-1 Quality assurance items of data

Stage Required confirmation contents | Quality assurance items Quality
. characteristics
Primary data - Through understanding (D Experiment Suitability
planningofacquisi | experimental purpose document Accuracy
tion - Training of experimenters @ Test method Reproducibility
- Standardization of standard

experimental method
- Clarification of test
environment/ conditions

@ Test report

Primary data - Clarification of grounds for @ Calculated grounds Traceability
processing data conversion calculation document Consistency
® Technical report
Data registration | - Clarification of data auxiliary | ® Data auxiliary Usability
information information Efficiency
- Prevention of mis- @ Database
processing of data
Data selection Clarification of selection Screening standard Traceability

process of data




2.2 Survey of quality assurance procedure

In this section, the quality assurance procedure which are used in the following design analysis fields
were investigated in order to confirm validation of the quality assurance items extracted in 2. 1.
1) Nuclear power and aerospace fields in which the high quality analysis is required.
2)  Yucca Mountain and WIPP from the purpose of investigating the quality assurance procedures of the
actual geological disposal facilities .

The investigation results are shown in the following.

2. 2.1 Quality assurance in nuclear power field
The quality assurance procedures for the nuclear power field requires to list the following in the design
analysis document as the quality assurance of the code operation stage, as stipulatd in the quality assurance
planning guide (JEAG 4102) and the design control guide (JEAG 4104) other than JEAG.
@ Purposé of analysis
@ Method of analysis
@ Assumption and condition set up when analyzing
@ Design requirement
® Report and data for reference
® Computer program, input and output
@ Unit
Furthermore, in order to improve the reliability of the analysis results in the safety examination, the
data and analysis code used in the analysis and the safety examination guide as to the judgment criteria of

the safety are presented from Atomic Energy Commission.

2. 2. 2 Quality assurance in aerospace‘ﬁeld
The NASA program was investigated as the quality assurance procedure concerning the design analysis
being used in the aerospace field.
In NASA, the following matters are required to assure the quality of the software.
D To confirm through the safety analysis which software is the most important in safety.
® To confirme the factors affecting performances through the saféty analysis.
@ The design and implementation of software should be suitable for the safety requirements.
@ The safety requirements should be confirmed to be satisfactory in verification / validation of the
software.
® The test plan and procedures of the software should satisfy the requirements to perform the

verification.
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The first step is to make the quality assurance plan of the software, and the requirements are
documented and performed tﬁrough each stage of the life c'ycle of the software. And if an error is found,
it will be modified. Furthermore, in NASA, the software is classed (as classified in important level)
based on the safety analysis. 7

NASA's quality assurance program is in accordance with 1SO-9000, and since the quality assurance
items of MHI includes ISO-9000, there is not much difference as follows from the quality assurance items
extracted in this study during code development/ improvement.

- Requirement specifications

- Development planning document
- Software design document

- Installation report

- Instruction

* Verification planning document

* Verification report

2. 2. 3 Quality assurance of Yucca Mountain

In 10CFR60, in addition to stipulation of execution of the quality assurance, the requirements
concerning the quality assurance from OCRWM ( Office of Civilian Radiocactive Waste Management) of
U. S. Department of Energy (DOE) for Yucca Mountain are summarized. This requirement document
(DOE/RW-0333P), as shown in the following diagram, is the one which was integrated with American

regulations and guidelines, and only Yucca Mountain is applicable.

p NRC

/ 10CFR60 \

i ASME i 5 NRC :
: : | NUREG-0856 |
| NQA-1, 2, 3 | | NUREG-1208

Off. Civ. Rad. Waste Mgmt.
[ 1 : Regulations DOE/RW-0333P
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In the above diagram (ASME NQA-1), the general items of the quality assurance are described, and
in NQA-Z, the quality assurance items of the software are described. In NQA-3, the requirements
concerning the acquisition of the data are described. NUREG-0856, 1298 are also the requirements of
the quality assurance concerning the software and the data which were presented by NRC as the guidelines.

These requirements are summarized and drawn up as the quality assurance requirements of Yucca
Mountain in DOE/RW-0333P. The requirements on the quality of the sofiware and the data and the
assurance items in DOE/RW-0333P are shown in the Table 2. 2, 3-1.

2. 2.4 Quality assurance of WIPP

The quality assurance program WIPP ( Waste Isolation Pilot Plant) has been drawn up so as to mainly
satisfy the requirements of NQA-1,2,3. It is not almost much different from requirements of the quality
assurance program of Yucca Mountain.

And also, DOE has the responsibility to control WIPP, and the safety examination is performed by
EPA (Environmental Protection Agency). Furthermore, the performance assessment analysis is
performed by SNL (Sandia National Laboratory), and it applies for the quality of the Performance
Assessment. _ .

DOE has drawn up the quality assurance program { CAQ-94-1012) as the requirements on the quality
assurance. The characteristics of this quality assurance program are to generally classify control objects,
and are to perform the control changing the control level according to the importance level each class.

The requirements on the quality assurance and the quality assurance items of CAO-94-1012 are

summarized in Table 2. 2. 4-1,

_12_



Table 2. 2. 3-1(1/2)

Quality assurance items of Yucca Mountain

Confirmation items

Requirements of document

Quality assurance items

contents
Model (D Development (D Contents of model (D Grounds of model
contents of model are development selection
to be documented
® Mathematical @ Mathematical model
reproducibility should
be available
Development | (D Contents described (D(Functional requirements @ Functional
and in the right should be information) requirements
improvement described in document Characteristic and purpose of | information

software

Requirements in use
(Handling information)
Input/ output option,
Datafile,

Input/output data,

Default, File format,
Errors and countermeasures
Hardware/software

_environment, Sample

problem,

Procedures for installation
{Requirement specification
and design specification)
Performance requirements and
design conditions,

External data and hardware/
software interfaces,

Version, of computer
language

Maintainability ,

Reliability,

One for efficient function
requirements,

Internal interface and control
logic,

Software structure such as
data structure/ flow,

Model and mathematic
technique, source codes

User information,
Design information

Verification

(D Requirements
should be satisfied

@ Acceptance criteria and
results for accomplishment of
the verification contents,
verification method and
verification

@ Verification problem,
Standards for method

finish,
Acceptance criteria

_13_




Table 2. 2. 3-1(2/2)

Quality assurance items of Yucca Mountain

Confirmation items

Requirements of document

contents

Quality assurance items

Validation

(D Confirmed by the
comparison with the
experiment data and
reviewing

(D Contents of Validation,
Validation method,
Validation problem,
Acceptance criteria,
results

(D Validation problem,
Standards for method
finish,

Acceptance criteria

Configuration
control

@ To be controlled

(@ Version and output

@ Relation among
software elements

Changed point,
Changing reason,
Affected software-related
software

@ Related document,
Changed point,
Changing reason,
Version

Operation @ Results should be (D Contents of use D Input/ output data
reproducible
® Selected codes should {® Selection reason
be appropriate
® It shouid be within the ® Applicable range
range of confirmation
New data (D Contents described in  Purpose, (D Test contents

the right should be
described in the
document

{To be reproducible)

@ Technical validation

Performed contents,
Reference books,

Test method,

Calculation codes, Sample,
Measurement equipment,
Changing points of
technique, Performer,
Results, Date

@ Judgment Criteria

Existing data

@ Traceability
@ Quality assurance
should be secured by
any of the following
items.
- Quality assurance plan
is appropriate
- It should be the
confirmed data
- Confirmation by the test
- Technical review

® Factors which determined
the quality assurance
method,
Permissible standards,
Review contents

D Source
@ Quality assurance
method
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Table 2. 2. 4-1(1/2}  Quality assurance items of WIPP

Confirmation items

Requirements of document

Quality assurance items

contents
Model (D Confirmation of @ Quality assurance record @ FEP
selection procedures of
FEPs
Development |(D It should be O (Requirement specification) [@ Development
documented in full Function, Execution time, conditions, Hardware
detail so that the design |Limitations, Attributes, configuration, Attached
and confirmation can be |External interfaces software constraint, Control
carried out routine, Input/output data,
(Design specification) Coding constraint, Error
Main configuration factors, |message, Applicable range,
Theory, User's manual
Mathematical model,
Control flow,
Control logic,
Data structure,
Input/ output range,
Code conversion method
(User)
User information,
such as setup, etc.
Improvement | Unexpected etrors D Control routine

which affect output

resufts should not occur
@ Described in the right

should be documented

@ Affecting items,

such as changing reason,
changed point and FD

@ Changing reason,
Changed point, Code

Verification

@ Requirements should
be satisfied

Validation

(© Confirmation of
applicable range by
comparison with the
experiment data and
reviewing

@ Verification/ Validation

plan,

Contents of verification and
Validation,

Review, Test results,
Standard for having accom
plished the verification,
Form of hardware/
software,

Scope of Validation

D Verification problem,
Applicable range,

Standard for having been
verified, Related hard/ soft,
Review results

@ Validation problem,
Applicable range, Standard
for having been confirmed
Related hard/ soft, Review
results
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Table 2. 2. 4-1(2/2)

Quality assurance items of WIPP

Confirmation items

Requirements of document

contents

Quality assurance items

Configuration
control

(D Traceability should be
available in the related
documents

@ Verification/
confirmation for the
changed range should

(D Changed points

@ Version

@ Changed point,
Changing reason

be performed
Operation @ Periodical confirmation |D®@@ Software which (D Confirmation problem
of the output should be |[occurred the error, Class of |of the software
performed errors, Corrected contents
@ If the computer @ Confirmation problem
environment is of the computer
changed, confirmation environment
should be made
® There should be no ® Consistency of the data
inconsistency between
data used
@ Impact evaluation on @ Errors
the existing analysis of
erTors
New data (D Contents described in | Plan, Purpose, Performed  |@ Purpose of test,

the right should be
described in the
document

(To be reproducible)

@ Validation of the data
by reviewing, etc.

contents, Test method , Sample,
Measurement equipment,
Changed point of technique,
Test parameter, Error,
Performer, Results, Data

@ Confirmation method
Acceptance criteria -

Results of review

Condition, technique,
Error, Measured value

@ Confirmation method,
Judgment criteria, Results
of review

Existing data

(D Traceability
@ Quality assurance
should be secured by
any of the following
items
@ -1 Quality assurance
plan is appropriate
@ -2 It should be the
confirmation data
@ -3 Confirmation by
the test
@ -4 Technical review

(2 Determined procedures,
methodSelected grounds of the
quality assurance method,
rounds in which the quality
assurance was made

(D Source
@ Confirmation
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2.3 Summary of quality assurance items

{n this paragraph, organizing is to be done in order to build up the quality control procedures in this
study together with confirming its inclusiveness through comparing the quality assurance items extracted
from this study with the quality assurance items in the nuclear power field, the aerospace field and the

overseas geological disposal facilities.

2. 3.1 Inclusiveness of identified quality assurance items

The table 2. 3. 1-1 demonstrates the results having examined the confirmation of the inclusiveness by
comparing the quality assurance items identified in this study with those of the nuclear power field
(JEAG), the aerospace field (NASA) and the geological disposal facilities ( Yucca Mountain & WIPP).

Although the difference in expression of the quality assurance items depends on catch field, basically
they are all included in the quality assurance items identified in this study, and the quality assurance items
identified in this study cover all the items focused on the confirmation in the general quality assurance
program and the quality assurance program of the overseas geological' disposal facilities. In particular, it

is characteristic that the quality assurance items of the operational stage has been introduced in this study.

2.3. 2 Organizing to construct quality assurance procedures
The table 2. 3. 2-1 shows the results that the quality assurance procedures in the Performance
Assessment based on the quality assurance items extracted from this study are organized, and the role {(a

viewpoint of confirmation) of the quality assurance items (drawn up data) for the following control items

is indicated.
(1) Quality assurance program control
(2) Software control
(3) Whole data set control
{4) Influence analysis & performance assessment
In the examination of the quality assurance procedures ( framework) of the next paragraph, taking into
consideration the role (a viewpoint of confirmation) played by these drawn-up data, the examination

considering the drawn-up items and inspection items will be performed.
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Table 2. 3. 1-1 Confirmation of inclusiveness of quality

assurance items

Identified quality assurance items Nuclear power field NASA Yucca Mountain WIPP Inclusiveness
Code |Development/ [Requirement specification Requirement specification Requirement specification Grounds for model FEP's
Improvement |document document document selection Demand specification
Development plan document (Development plan document |[Development plandocument | Mathematic model Design specification
Software design document Software design document Software design document Function requirement User information O
Installation report Installation report Installation report information Control routineg
Instruction manual Instruction manual Instruction manual Design information Improved points &
User information reasons
Verification/ Verification/ Validation Verification planning Verification planning Verification/ Verification/
Validation planning document document Validationdocument problem Validationproblem
Verification/ Validation Verification report Verification report erification/ Validation Verification/
report method Validationmethod
Finish & Finish & O
Permissiblestandards Permissiblestandards
Applicable range
Related soft/ hard
Resulis of review
Operation Input data Analysis purpose Input/ output data Software confirmation
Analysis planning Analysis method Code selection problem
documentAnalysis Assumption and conditions reasonApplicable Computer environment
resultsControl ledger Reference data none rangeReference Consistency of data O
Program libraryChanged point/ Error
Input/ output data Reason Version
Unit system Version Changed point and reason
Data |[Acquisition & |Experiment planning Test contents/ Test Test contents/ Test
processing document method method
Test methed none none Quality assurance Confirmation method O
Test report criteriaSource of data Quality assurance crileria
Calculated ground sheet Results of review
Registration/ Data auxiliary information
selection Data base none none none unknown O
Screening criteria
none : It is not required in the quality assurance program.

unknown : It is possible to be existed as closed.
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Table 2. 3. 2-1(1/2) Quality procedures in performance assessment study ( Role of Drawn-up data)

Quality control items

Quality assurance prograrm

Drawn-up data : Quality assurance items

Check for listing procedures
{ Viewpoint of co i

1. Control of quality

assurance program

1.1

Development of mission

Requirements performance evaluation/

equality assurance

1.2

Development of quality assurance items

Quality assurance program

Inclusiveness of quality assurance items

1.3

Development of quality assurance procedures

Quality assurance procedures { Manual)

Conformity , Usage of procedure method & Efficiency

2. Scenario control

3. Software control

3.1

Software selection 3. 1.1 Software selection
3. 1. 2 Software improvement/

development plan

Software requirement specification slip

Planning document or

Function specification document

Reasonable existence of software

Reasonable existence of improvement / development
planning document/ Inclusiveness of demand

specification

3.2

Software design/ 3. 2.1 Software design

Software design document

Accuracy of design document, Inclusiveness of

improvement/ development planning document

software drawn-up-

3. 2.3 Software document

Used manual, Program manual

Accuracy/ Consistency/ Usage of manual

3. 3 Verification/ 3. 3.1 Verification/ Planning document/ Inspection procedures | Reasonable existence of inspection & Inclusiveness/
Validation Validation plan Accuracy of test case
3.3.2 Verification/ Completion document Perfection of software, Input/ output data; Accuracy, |
Validation inclusiveness of planning document & reproducibility
performance
3.3.3 Report Prompt report/ Technical data |V & V; Reasonable existence, Code & Model; |
Reliability, Scientific protection & Consistency
3.4 Configuration control Data/ model acquisition improvement Reasonable existence of changed requirements &

requirement slip

Traceability of software
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Table 2.3.2-1(2/2) Quality procedures in performance assessment study ( Role of Drawn-up data)

Quality control items

Quality assurance program

Drawn-up data : Quality assurance items

Check for listing procedures
{Viewpoint of co ion

4. Whole data set

control

4.1 Data acquisition

method

Data acquisition planning document

Reasonable existence of data acquisition &

Inclusiveness of data acquisition requirements

4.2 New data

acquisition

4.2.1 Test plan

4,2.2 Test performance/

Data processing

4. 2.3 Report

Test performance plan document

Prompt report/ Technical report

Reasonable existence of test, Consistency of test

technique & Reproducibility

Accuracy of processed data, Consistency of

processing method & Traceability

Reasonable existence of test, Reliability of test,

Scientific protection & Consistency

4.3 Existing data

acquisition

Acquisition Completion document

Reasonable existence of acquisition, Acquisition

planning documents, Inclusiveness of existing data

4.4 Test data group,

Data base control

4.4.1 Data registration

4, 4.3 Data base conversion

Registration completion document

Prompt report/ Technical report

Perfection of registration work, Acquisition data;

Traceability, Auxiliary information; Accuracy

Perfection of registration, Scientific protection of

screening data & Consistency of selected description

Accuracy of input/ output data, Auxiliary

information; Accuracy, Traceability & Consistency

5. Influence analysis/
Performance

Assessment

5.1 Control of parameter set

Registration completion document of

parameter set

Perfection of registration work & Traceability of

analysis data

5.2 Analysis plan

Analysis planning document

Reasonable existence of analysis, Accuracy/

Inclusiveness of set-up conditions

5.3 Analysis Analysis completion document Accuracy of output data, Reproducibility of analysis
& Validation of results
5.4 Report Prompt report/ Performance Assessment Reasonable existence of analysis, Reliability of

report

analysis, Scientific protection & Consistency




3. Examination of quality assurance procedure for Performance Assessment of geological disposal system

3.1 Development of framework for quality assurance procedures

In this section, the quality assurance procedures are developed, being based on the quality assurance

items which were identified and organized in section 2.

3.1.1 Set-up policy of framework
The activity of the quality assurance is the work to secure the quality characteristics ( suitability,
accuracy, reliability, traceability, conservativeness portability & scientific defendability} against the
software and the data on the basis of the quality assurance items. And also, in order to secure the quality
characteristics, the confirmation should be performed in accordance with the control procedures such as the
quality assurance manual or the document control stipulated in the document control. Based on this way of
thinking, when the configuration factors of the quality assurance activity are examined, there are 4 items
available,
- Constraint = I is the one which controls over the quality assurance activity such as the control
procedures.
- Input of quality assurance activity = It is the object which confirms the quality of the software,
ete.
-Resources = The examined material to confirm the quality of the data of the finished quality
assurance and so on.
-Output of quality assurance activity = Software, etc. which were assured by the quality
assurance
The framework shows the interrelations of the control procedures, and in this paragraph, the input/

output and its constraint and resources are clarified in the framework.

3. 1. 2 Framework

Fig 3. 1. 2-1 shows tha whole framework of the Performance Assessment which was drawn up in the
above set-up policy, and each control block is of the hierarchical structure { it may be called WBS: Work
Breakdown Structure in the field of the quality assurance. )

Although the detail of lower hierarchy is omitted, the quality assurance program which becomes
restraint of each control has been developed due to the restraint of JEAG design control guideline by
receiving the requirements of the safety security.

Furthermore, the software and data are based on the stipulated procedures in the quality assurance

program, and the data preparation and inspection to secure the quality characteristics are stipulated in alf
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blocks, the analysis which used the software and the data assured by the quality assurance are carried out
finally, and after the inspection at the time of the analysis completion, the Performance Assessment
report which was assured by the quality assurance is drawn up.

Therefore, this framework can be judged that the operation is possible in Power Reactor and Nuclear

Fuel Development Corp.
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3.1.3 Development of System Image

This section discusses a system image if the quality control based on the quality
assurance items and the framework of data and codes shown in Sec. 2 will expand into a
computer system. The expansion of the quality assurance procedure into the system is
effective for environments where human error may occur and work by trial and error.

The system mainly controls the quality of data used in the performance assessment
as shown in Figure 3.1.3-1. In addition, it controls the configuration of software and also
it allows users to display the framework. The system consists of the following items.

(D Reduced Data Database -
Reduced data database controls data obtained from the geochemical laboratory.
(@ Parameter Database
Parameter database controls data sets which have been sereened from the reduced
data datahase.
@ Input Data Interface / Knowledge Base
Input data interface supports users to make input data according to knowledge
base obtained from experts.
@ Configuration Database
Configuration database controls analysis codes, specifications and so on.
®Input Set Database / Qutput Set Database
These databases control input and cutput of analysis codes.
® Framework
Framework allows users to display the framework of the quality assurance

procedure as reference.

A part of the control of the input/output set and the configuration has been
maintained by analysis control system CAPASA developed in another study.
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3.2 Verification Manual for the Performance Assessment Code

In order to guarantee the quality for the performance assessment code, it is necessary to
produce the documentation at each stage in software life cycle and to review it from the
viewpoint of the quality property shown in Table 2.3.2-1. In this section, we have substantiated
the input information, constraints information and resources associated with this software
verification stage and developed the general verification manual for the typical performance
assessment code. As case study, we have applied this verification manual to the performance
assessment code as follows.

(1) Geochemical Code : : PHREEQE
(2) Mass Transport code for the buffer material : MESHNOTE
(3) Mass Transport code for the fracture media : MATRICS

Next, we have discussed about an acceptance criteria, which judge whether that

verification results are acceptable or not, based on the present other engineering field
condition.

3.2.1 Development of the Verification Manual

The main purpose to verify the performance assessment code is to show the correctness
in realizing the specification of interest code as source program(ie. accuracy of the
Performance Assessment Code) and recognize the application limits ( i.e. the behavior of
numerical error). In this section, we have clarified the input information, constraints
information and resource to some verification activities as below. And we have developed

the examples for the generic verification manual for the PHREEQE, MESHNOTE and
MATRICS(See Appendices 6,7 and 8 of the final report).

(1) Development of the Verification Plan & Check
(2) Implementation of the Verification
(3) Development of the Verification Report & Check

3.2.2 Establish the Acceptance Criteria

With regard to the acceptance criteria, in many case, we had showed the accuracy of the
interest code by showing the good agreement of the qualitative tendency with other
reference values (i.e. analytical solutions, benchmark results, etc.). So it become unclear
measures. However, the most appropriate approach in showing the accuracy of the
performance assessment code objectively is satisfying the quantitative acceptance criteria

based on the physical meaning. In this section, we have studied the qualitative uncertainty
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including an analytical solution and the results of the benchmark analysis, and we have
investigated some literature associated with acceptance criteria in the other engineering
field. And we have tried to establish the quantitative acceptance criteria for the
performance assessment code.

As results, we have stood with viewpoint of that it is difficult to establish(standardize)
the quantitative acceptance criteria based on clear physical meaning and satisfying
acceptance criteria is not an absolute limitation in this verification process. If some
acceptance criteria is not satisfied, it is important to clarify that cause and applicable
limitation, for example an applicable limitation within 1% error range. Controlling this
information with interest code, we can remove the quality reduction associated with

application of performance assessment code. In present, we suggest the acceptance criteria
as below. |

Comparison with Analytical solution 7 : 5%
Comparison with Benchmark results
conducted by PNC : 10%
conducted by other organization : 20%
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3.3 Development of Data Management Methodology

Data used in performance assessment consists of various data such as geochemical
data and nuclide transport data. In order to secure the characteristics of the quality of
these data, to make documents and perform tests gradually, and systematic data
management are necessary.

In this section, data management methodology has been studied in order to clarify
guidelines for applying the quality assurance activity to data obtained from experiments
and analyses.

3.3.1 Study on Criteria of Data Classification Management
(1)Consequence

To make the criteria of data classification management for experimental data are to
make the standard of the result(success or failure) of the quality assurance activity. The
eriteria are classified into two groups. One group is for long term activities such as
checks of mentioned items of documents describing the data acquisition and the data
processing, and review by experts. Another group is for short term activities based on a
computer processing such as data registration and data selection. The criteria for data
computed by analysis codes are considered as a set of the criteria for data in the middle
of computation stage.

Concerning the long term activities, the criteria for procedures from the data
acquisition to the data processing are to make documents describing a schedule and a
ﬁethod of an experiment and technical reports, and to obtain approval of the documents
and the reports from other stuffs. And the criteria for procedures from the data
processing to the data registration are to make documents describing the authority of
the data derivation and interpretation upon the derived data in addition to the
documents and the reports mentioned before, and to carry out the expert review. Data
which have passed in the criteria can be registered into databases.

On the other hand, about data obtained from scientific literature, the data and
auxiliary information can be registered into the databases at once, since the expert
review has been already carried out. Since the data is registered in the manner of
manual, tests must be carried out in order to assure the completeness of the data
registration.

Concerning the data selection, data retrieval and the selection of thermodynamic
databases dependent on the type of an analysis code should be considered. The data
retrieval need not be maintained in detail by documents, if a database system is
employed. About the selection of the thermodynamic databases, since interface
programs are used to build the thermodynamic databases dependent on an analysis
codes, tests of the data conversion must be carried out. After passing the tests, the

thermodynamic databases are delivered to the performance assessment group.
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The criteria of data computed from analysis codes are to perform activities which

can satisfy the quality assurance items in the middle of the computation stage.

{2)Conclusion

(D Criteria of the data acquisition are to make documents and to obtain approval of
the documents from other stuffs.

@ Criteria of the data processing are to make documents describing the authority of
the computation and the interpretation of the result in addition to (.

@ Concerning the data registration, checks for the assurance of completeness must
be carried out.

@Data obtained from analyses must be maintained in each processing in
accordance with the data hierarchy describing the procedure of processing.
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3. 3. 2 Data Hierarchy
(1)Consequence

In order to create a data hierarchy to maintain the quality of data used in an
acquisition phase, a processing phase, a selection phase and a performance assessment
phase, and to create the data management methodology based on the data hierarchy,
study has been carried out.

Various data such as experimental data and analysis data are used in the
performance assessment. In addition, the characteristics of the experimental data will
change in accordance with the acquisition phase, the processing phase and a
registration/selection phase. Consequently, data to be used in the performance
assessment are classified into the following five categories to maintain the quality
assurance items based on the characteristics of the data.

@D Raw Data
Raw data are the primary measurements from an experiment, without any analysis
or interpretation. The raw data are stored in a computer connected to an
experimental device or notebooks.

@ Reduced Data .
Reduced data are the interpretation of the raw data as a physically relevant
quantity. This interpretation may involve calibration factors or may involve a model
and associated software to convert the raw data into a physically meaningful
quantity. Physical constants from handbooks or data in the scientific literature will
generally be considered reduced data.

(®Parameter
Parameter is a quantity that will be used in the performance assessment. It is based
on the available data sets including reduced data.

@ Input Set
Input set consists of input files. It is gathered from parameters and reduced for
being suitable to the format and the units of an analysis code used.

® Output Set
Output set consists of output files produced from performance assessment
calculations.

Data in each level of the hierarchy described above are classified into qualified data
and unqualified data. The qualified data are data gathered under a QA program, and
the unqualified data are all other data. Ungualified data sets can become qualified
through expert review or confirmatory testing based on the framework “4.3
Qualification of Existing Data”

Figure 3.3.2-1 shows data hierarchy based on the data qualification. Although

unqualified data can not exist in output sets, input sets and parameters in the final
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performance assessment stage,

stage.

they may exist in the trial stage or the preparatory

trial / preparatory stage
Output Set Output Set
1 i
Input Set Input Set
T i
Parameter Parameter
T T
Reduced Data Reduced Data
i i
Raw Data Raw Data
gualification
Ungualified Data Qualified Data

Figure 3.3.2-3 Data Hierarchy based on the Quality Control

Procedure of the data qualification consists of the following methods, which will
be carried out toward all data which are the origins of a target data to be qualified.
O Determination that the controls under which the data were generated are similar
to the QA program
@ Rationale for selection one set of data to corroborate another set of unqualified data
shall be clearly explained and justified
® Confirmatory testing

@ Expert review

Auxiliary information should be maintained in order to carried out the data
qualification and to control the quality of data in addition to data(quantities). The
auxiliary information for each level of the data hierarchy are as follows. Raw data is
omitted because it may not necessarily be controlled by a database system.

(D Reduced Data _
« the name of the person who did data acquisition / experimental devices / date
» experimental methods / conditions
« the authority and the method of the reduction
« the interpretation of the result
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» information of the scientific literature {only for data obtained from the literature)
(@ Parameter
« the name of the person who did making / date
» purposes / uses
+» the method of the derivation
+ history
« the standard of screening
@ Input Set
« the name of the person who did making / date
« purposes/ uses
«» the name of the analysis code
« history
@ Output Set
« the name of the person who did calculation / date
« the interpretation of the result

As mentioned above, all data used in the performance assessment can be classified
into the data hierarchy. Each level of the hierarchy above reduced data should be
controlled by a database system for the quality assurance. Central management and
distributed management will be considered as the method of the data management. In
the case of PNC, the distributed management shall be suitable because various types
of data are being obtained in several departments of PNC. For instance, reduced data
and parameters such as solubilities and thermodynamic databases are controlled in the
geochemical laboratory, and input data sets.of performance assessment codes are
controlled in the performance assessment laboratory. And if input data sets will be
made, data controlled in the geochemical laboratory are retrieved and input data sets
are made according to the retrieved data.

If data in upper level of the hierarchy will be made by retrieving data controlled in
other departments as described above, the followings are essential in terms of the
quality control.

(Dtracability maintains the history of the data acquisition
@completeness  completes the data registration

@ consistency secures the consistency of data stored in plural databases.

@ security restricts data modification and fully controlled data access.
® usability provides a convenient reference.

Database based on the data hierarchy and the methodology of the data management
mentioned above shall requires the following abilities.
(D Data hierarchy function
Structure of the database is based on the data hierarchy shown in figure 3.3.2-1
and the history of data evolution between each level of the hierarchy is controlled.
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@ Auxiliary information function
Auxiliary information is maintained in addition to data (quantities).

® Qualification function
Identifiers of the quality of data (qualified or unqualified) and information about
the data qualification are maintained.

@ Distributed data management function
Data are controlled under distributed environment and the database management
system provides the ability to conveniently retrieve data and to maintain the
consistency of data.

® Data history function
The system is capable of tracking changes to the location of data

® Security function
Privilege of data access is prov1ded to prevent data from deleting and modl.fymg
illegally.

(2)Conclusion

(OData used in the performance assessment are classified into raw data, reduced
data, parameter, input set and output set according to the characteristics of the
data,

©@The data hierarchy should maintain auxiliary information based on the quality
assurance items in addition to data (quantities). And data in the hierarchy except
the raw data should be controlled by a database system.

®Procedure of the quality control about data defined in the framework will be
carried out with data classified into the data hierarchy.

@Taking practical use of the database system into consideration, distributed data
management is suitable for PNC.
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3. 3. 3 Applicability to Other Studies
{1)Consequence
Applicability of the quality assurance items about data and the data management
methodology to Kd, diffusion coefficient and thermodynamic data has been studied.
(D Kd/diffusion coefficient
Kd and diffusion coefficient have been already controlled in the form of spread
gheet. The quality assurance items shown in Section.2 can involve the items of the
spread sheet. Concerning the data management, Kd and diffusion coefficient are
classified into reduced data in the data hierarchy.
@ thermodynamic data
- As for acquisition of thermodynamic data and creation of a thermodynamic
database dependent on the type of an analysis code, the quality of database
conversion programs can be controlled by the framework. And the quality
assurance items in the conversion can be applied a part of items of the performance
assessment calculations. Concerning the data management, the thermodynamic
databases are classified into parameter in the data hierarchy and aqua species and

minerals of which the thermodynamic database consists are classified into reduced
data.

{2)Conclusion
(D The quality assurance items shown in Section 2.1.2 can involve the items of
databases for Kd and diffusion coefficient used in PNC.
@ The data hierarchy can be applicable to thermodynamic data and databases.
@ The quality assurance items for data can be applicable to the thermodynamic
database. And the quality assurance items for performance assessment and

software management can be applicable to database conversion programs.
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4. Conclusion
This paper summarized the quality assurance procedure for the quality assurance items to
be considered in the Perfomance Assessment of geological disposal system, according to the
results of quality assurance in and out of the country, and also discussed the methods for
verifying the analysis codes and the data management method.
(1) Identification of Quality Assurance Items, and Survey of Existing Quality Assurance
Procedure

@ For the quality assurance procedure for design analysis, we have mainly
surveyed/summarized the safety review guide lines in the field of nuclear power, the
results by NASA in the field of aerospace, and the requirements for quality assurance
by DOE (Yucca Mountain, WIPP) in the field of overseas geological disposal facilities.

@ As the items of the data and analysis codes to be confirmed from the view point of
error elements and quality assurance, the consistence of input data and analysis
model and the range of application should be specified, so it is pointed out here.

@ It is checked if the detected quality assurance items meet the quality assurance
requirements of the surveyed design analysis.

@ Upon the check results, the necessity of insufficient items as the quality assurance
requirements for the Performance Assessment was discussed, while necessary
requirements were added to the quality assurance items for Performance Assessment
by PNC.

(2} Development of Framework for Quality Assurance Procedure

@© By classifying the identified quality assurance items into the check items and record
items, the control requirements in Performance Assessment were éummarized as a
control flow.

@ Analysis codes were discussed respectively as tHe current codes and
development/improvement codes, and the life cycle was specified in the stages of
requests, design and preparation, V & V, operation and disposition.

@ Data were discussed respectively as current data and newly obtained data, and it is
proposed that the analysis parameters be classified according to its importance, and
that each data be controlled accordingly.

@ Based upon the control flow, the basic requirements for configuring a quality control

system were discussed in case they are developed into computer system.
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(3) Development of the Verification Methodology for Performance Assessment Code
We have prepared verification manuals for MESHNOTE,PHREEQE and MATRICS
which are near
field performance assessment codes of PNC. And we have studied on the strategy to

establish an applioable limit and acceptance criteria for each performance assessment

models.
(4) Studies on Data Management Methodology
@ Top down approach and botom up approch were studied in order to construct data
management process.
® Data hierarchy were constructed, based on characteristics for the method of data

acquisition and data treatment etc., and the quality for data. In addition, the transfe

of data in data hierarchy were studied.

® The reseach were carried out about Yucca Mountain Project. And its management
were evaluated the availavility.

@ The database structure were bulit based upon characteristics and the quality, the
sensitivity of data in performance assessement.And we were confirmed the validity b

applying the practical data for the database.
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