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Abstract

The paper presents a multi-attribute analysis approach that was used to choose the industry’s
preferred option in developing a generic reliability database for CANDU.

The Risk and Reliability Working Group (sponsored by CANDU Owners Group — Nuclear
Safety Committee — COG NSC) was faced with the decision to assess in depth the following
four options: a) Use External Data Base Only; b) Full CANDU generic database (All
Utilities); c) CANDU Specific plus External Generic Databases; d) Ontario Power Generation
(OPG)/ Bruce Power (BP) Experience Only.

Nine decision criteria were utilized to rank the proposed options (alternatives). The Analytic
Hierarchy Process (AHP) was used in carrying out the ranking process.

1. Introduction

CANDU owning utilities (Canadian and foreign) have expressed interest in developing an
initial Generic Component Reliability Database (GC-CRDB) for CANDU. This situation can
largely be explained through both a new regulatory environment related to reliability and risk
assessment (new Regulatory Standards S-98 and S-294), and the increasing use of
Probabilistic Safety Assessment (PSA) and risk-informed applications in the industry.

As the CANDU utilities have now collectively amassed a fairly significant CANDU operating
experience (more than two decades of operating history), and data from Canadian as well as
overseas plants, a generic reliability database for CANDU may also now be feasible.

Some benefits of having such a common database include, but are not limited to:New Build
and Plant Life Extension — generic data for CANDU lend more credibility to design-assist
assessments.

— Credible quantification of time-average Core Damage Frequency (CDF) for licensing
support of operating plants.

— Supplement plant-specific data for statistical adequacy for Risk-informed decision
making, trending, control ageing and degradation (Life-cycle Management).

— The availability and use of GC-CRDB will also facilitate compliance with CNSC
Regulatory Standards S-98 and S-294.

The COG Nuclear Safety Committee (COG NSC) mandated the Risk and Reliability Working
Group (R&R WG) to scope a proposal for developing a GC-CRDB.

Due to the complex decision-making situation that arose through discussions within the R&R
WG (multiple options and multiple criteria), it has decided to proceed with a more elaborate
analysis with regard to both the decision criteria used, and proposed options suggested. The
Analytic Hierarchy Process (AHP) Method has been applied. This method has been widely
used in such situations due to its capability for facilitating multi-criteria decision-making.
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A survey has been carried out among the members of the WG first. The obtained responses
have been analyzed through a multi-attribute analysis technique. Results have been presented
to the COG NSC, which recommended refining the analysis, and submitting a new report.
The final report has been issued by the end of 2007 [1]. The paper aims at presenting both the
final results obtained, and conclusions/recommendations drawn.

2. Approach

The realized work on the topic consisted of the following steps:

1) Develop a survey questionnaire and send it to the R&R WG members.
2) Compile responses, and develop pertinent tables.

3) Perform a ranking of both decision criteria, and proposed alternatives.
4) Perform a sensitivity analysis of obtained results.

5) Summarize obtained results and make recommendation.

A description of the steps carried out, and obtained results is summarized in subsequent
sections.

3. Results

3.1 Survey questionnaire

The aim of the questionnaire was to solicit opinions and judgements of the Working group
members regarding this issue. The questionnaire has been developed based on discussions the
R&R WG had at a meeting. The decision-making process has been structured in order to
define the goal, nine decision criteria, and analyze four alternatives (options). Figure 1 depicts
the functional relationship between these elements.

The first step consisted of ranking criteria with regard to the goal (Table 1). The next step
performed a ranking of alternatives against decision criteria. Table 2 shows an example of a
ranking table for the alternatives with regard to the criterion “Costs”.

The questionnaire was sent to the WG members. In total, nine members have returned their
responses [OPG, BP, New Brunswick (NB) Power, Nuclear Safety Solutions (NSS), Atomic
Energy Canada (AECL) and Hydro-Quebec (HQ) representatives]. These responses are
shown as Answ(i) (i = 1,...9) in Table 3. Based on the obtained responses, it was concluded
that other survey iterations were not needed.
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Table 1: Decision criteria and their ranking with regard to the goal “Select Industry’s

June 1-4, 2008

Marriott Eaton Centre, Toronto, Ontario

Preferred Option for an Initial Generic Reliability Database for CANDU”

Criterion Priority
Number (CPN)
Code Description of criteria (See Note A)
\%
N | L M H
H
2 4 6 8
A Costs 1
3 5 7 9
2 4 6 8
B Benefits 1
3 5 7
2 4 6 8
C Technical rationale 1
3 5 7 9
. g . g . 2 4 6 8
D Credibility of the reliability studies and/or PSA 1 3 s ; 0
2 4 6 8
E Address CNSC concerns 1
3 5 7 9
) ) 2 4 6 8
F Life Cycle Management issues 1
3 5 7 9
L. . 2 4 6 8
G Statistical accuracy of generic databases 1 3 s ; 0
H Political or other industry reasons for having a| 2 4 16| 8
CANDU reliability database 3 5 7 9
) ) ) ) 2 4 6 8
I Technical difficulties of getting CANDU data 1 ; S ; 0

Legend for Criterion Priority Number — (CPN)

VH
H
M
L
N

Note A: A Criterion Priority Number (CPN) expresses the importance of a given criterion with regard to the goal
(“Select the preferred option regarding the use of a generic reliability database in CANDU nuclear industry”).

Encircle only one CPN value per criterion please; Example: “Address CNSC concerns”, one might encircle 5 (in
Moderate CPN category). In this case one cannot encircle other CPN values for the same criterion.

It is allowed to assign the same CPN value for two or more criteria (i.e. several criteria may have the same CPN
value).

— very high (rank 8 or 9)
— high (rank 6 or 7)

— moderate (rank 4 or 5)
— low (rank 2 or 3)
—negligible (rank 1)

Important: The preferred answers have to be given for all the criteria listed in Table 1.
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Table 2: Ranking of the alternatives with regard to the criterion “Costs”

Ranking the alternatives with regard to the criterion
“Costs”
Alternative Priority
Number
. . (APN)
Code Description of alternatives See Notes 1 and 2)

A%

N|IL M H
H
Al Use of external existing databases (T-Book,| 2 4 6 8
EiReDa, EPIX, EPRI, etc) 3 5 7 9
2 4 6 8
A2 Full CANDU generic database 1 3 s ; 0
2 4 6 8
A3 CANDU specific + external generic database 1 3 s ; 0
2 4 6 8

A4 OPG/BP common DB 1

3 5 7 9

Legend for Alternative Priority Number — (APN)

VH -

H-
M-

L-

N —

very high (rank 8 or 9); an alternative is ranked very high (or highly advantageous) with regard to a given
criterion.

high (rank 6 or 7); an alternative is ranked high (or very advantageous) with regard to a given criterion.

moderate (rank 4 or 5); an alternative is ranked as moderate (or advantageous) with regard to a given
criterion.

low (rank 2 or 3); an alternative is low ranked if it is considered with little advantages with regard to a
given criterion.

negligible (rank 1); an alternative is ranked as negligible if it has no impact or almost no impact regarding
a given criterion.

Note 1: Encircle one value only per alternative.

Note 2: An Alternative Priority Number (APN) expresses the importance of an alternative with regard to a given

criterion. A higher importance of an alternative regarding a criterion signifies a higher APN value.
It is allowed to assign the same APN value for two or more alternatives related to a given criterion (i.e.
several criteria may have the same APN value vs a criterion).

June 1-4, 2008

Marriott Eaton Centre, Toronto, Ontario
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Goal

Select the best option regarding the
development of a generic reliability
database for CANDU nuclear
industry

June 1-4, 2008

Marriott Eaton Centre, Toronto, Ontario

Criteria Costs
(A)

Alternatives
(options)

Criterion #1

. Criterion #3
% Technical
enefits rationale
©)

Criterion #4
Credibility of the
reliability studies

and/or PSA

Criterion #5
Address CNSC

Criterion #6
Life Cycle
Management
issues

Criterion #7
Statistical accuracy
of generic
databases

Criterion #8

Political/other industry
reasons of having a
CANDU reliability

database

(A1)
Use of external existing
databases
(T-Book, EiReDa, etc.)

(A2)
Full CANDU
generic database

(A3)
CANDU specific
and external
generic database

(A4)
OPG/BP combined
database

Figure 1: Decision-making process for selecting the preferred alternative regarding a generic reliability database

Criterion #9
Technical
difficulties of
getting CANDU
data

0]
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3.1.1 Description of analyzed options with regard to a Generic CANDU Component
Reliability Database

While discussing potential options related to a CANDU Generic Database, Risk and
Reliability Working Group has suggested defining and assessing in more depth the four
options:

1) Use External Data Base Only

2) Total CANDU Experience (All Utilities)
3) CANDU Specific plus External Generic
4) OPG/BP Experience Only

Option 1)

This alternative means that no specific CANDU reliability data would be used in generating
the CANDU generic database. Instead, existing international Light Water Reactors (LWR)
generic databases (non-CANDU) would be used or combined to form the generic database for
CANDU use. The generic LWR database candidates are listed in next section. For CANDU
specific components, reliability data will be collected and generated at the utility level.

Option 2)

The full CANDU Database from all Utilities would be combined as generated by a full scale
reliability data collection industry-wide. If CANDU experience is statistically inadequate, it
can be supplemented by non-CANDU external data to form the CANDU Generic Database.

Option 3)

The third alternative is that failure data from all Utilities for equipment/components that are
specific to CANDU will be combined to produce the CANDU generic database for those
components. The rest of equipment/components that are also in non-CANDU reactors will
have international (LWR) generic databases as the basis for their failure data in the CANDU
generic database.

Option 4)

This Option is the same as Option 2) except only OPG/BP failure data will be combined as
opposed to all CANDU Utilities. As in 2), if CANDU experience is statistically inadequate, it
can be supplemented by non-CANDU external data to form the CANDU Generic Database.
3.1.2 List of suggested LWR generic databases

The Canadian nuclear industry has used so far several existing international generic LWR
databases. They are also recommended for future use in developing a Generic CANDU
Database. The potential candidates are listed as follows:

— NUREG/CR-6928 [2];
— T-Book [3];

— EIReDA [4];

- WANO [5]

- EPIX
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— Long Term Asset Management Database — LAMDA [6]
— ZEDB [7]

The extent and relevance of these databases will be defined along with the work on the
Generic CANDU Database.

3.2 Ranking of decision criteria, and proposed alternatives

Based on returned responses, an analysis was performed in order to rank both decision
criteria, and proposed options. The Analytic Hierarchy Process (AHP) was used in carrying
out the ranking process.

The AHP method has a number of desirable attributes, which are relevant in an option
selection process. These attributes are as follows: (i) it is a structured decision-making
method, which can be documented and replicated, (ii) it is applicable to decision situations
involving multi-criteria, (iii) the AHP is applicable to decision situations involving subjective
judgment, (iv) it uses both qualitative and quantitative data, (v) it provides measures of
consistency of preference, (vi) there is ample documentation of AHP applications in the
academic literature, (vii) commercial AHP software is available with technical and
educational support”, (viii) the AHP is suitable for group decision-making, and (ix) the AHP
facilitates a comprehensive and logical analysis of problems for which considerable
uncertainty exists.

The AHP is especially suited for application to problem evaluations in which qualitative
factors dominate. This method helps to accommodate both the effects of uncertainty on
decisions, and a need to clarify decision objectives and carefully formulate decision
alternatives [8]. AHP also facilitates a comprehensive and logical analysis of problems for
which considerable uncertainty exists. In fact, the power of AHP (and to a large degree its
uniqueness) lies in its ability to consider qualitative goals and attributes within its framework.

Saaty [9, 10] recommends four steps to be used the AHP application: (i) build a decision
"hierarchy" by breaking the general problem into individual criteria - User/Analyst Modeling
Phase, (ii) gather relational data for the decision criteria and alternatives and encode using the
AHP relational scale - User/Analyst pairwise comparison input), (iii) estimate the relative
priorities/weights of the decision criteria and alternatives, and (iv) perform a composition of
priorities for the criteria, which gives the rank of the alternatives (usually lowest level of
hierarchy) relative to the top-most objective - AHP software or a spreadsheet.

The calculations required for the AHP method in the current study have been performed
through Excel® spreadsheets. Table 3 presents a compilation of the obtained responses, while
Table 4 shows calculations carried out to produce numerical values for AHP pairwise
comparisons.

! Expert Choice ® is a widely used AHP commercial software
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Table 3: Performed Evaluations by WG members for decision criteria

June 1-4, 2008

Marriott Eaton Centre, Toronto, Ontario

Inconsistency : 0.02

Value for
Criterion Criterion Answl Answ2 | Answ3 | Answ4 | Answ5 | Answ6 | Answ7 | Answ8 | Answ9 st Mean furth(?r
code mean calculations
RNA
A Costs 8 8 8 5 6 4 5 6 5 5.94 6.11 6
B Benefits 8 8 9 7 9 8 8 7 5 7.57 7.67 8
C Technical rationale 8 7 7 5 9 8 7 7 8 7.25 7.33 7
D Credibility of the reliability studies and/or PSA 8 6 9 5 9 7 7 8 8 7.33 7.44 7
E Address CNSC concerns 8 6 7 6 5 7 8 6 6 6.49 6.56 6
F Life Cycle Management issues 7 5 6 3 2 5 6 4 5 4.50 4.78 5
G Statistical accuracy of generic databases 6 6 7 3 1 9 7 7 5 4.91 5.67 5
L i il R N I M LI MR N M N RS L
I Technical difficulties of getting CANDU data 5 7 5 5 7 2 3 4 3 4.24 4.56 4
Table 4: Pairwise comparison between criteria (AHP)
A B C D E F G H |
A 1 0.333 0.5 0.5 1 2 2 4 3
B 3 1 2 2 3 4 4 6 5
C 2 0.5 1 1 2 3 3 5 4
D 2 0.5 1 1 2 3 3 5 4
E 1 0.333 0.5 0.5 1 2 2 4 3
F 0.50 0.25 0.333 0.333 0.500 1 1 3 2
G 0.5 0.25 0.333 0.333 0.5 1 1 3 0.5
H 0.25 0.167 0.2 0.2 0.25 0.333 0.3 1 1
I 0.333 0.2 0.250 0.250 0.333 0.5 2 2 1
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The values of RNA (Table 3) are obtained by combining both geometric and arithmetic mean
of obtained responses (Answ 1 —9).

Scoring values (SV,4_p) for a pairwise comparison (Table 4) between two criteria was carried
out using an approach as follows:

RNA,—RNA, +1  for RNA,—RNA, >0
SV, =

A—>B

1
RNA, — RNA, +1

for RNA,—RNA, <0

(1)
Basic elements of the AHP method are presented below [9, 10]. More details can be found in
the specialized literature on this topic.

For computing priorities of the elements, it is required to develop a judgmental matrix. For
the present study, the calculated scoring values (SVa,p) are used to define the latter as

follows:
all a12 aln
a a a
21 22 2
A= ’ 2)
anl anZ ann

Where a;; represents the pairwise comparison rating between the element i and element j of a
level with respect to the upper level. In the current study, the elements a;; correspond to the
calculated scoring values (SVas). The entries a;; are governed by the following rules:

1
a; >0 {aij takesvaluesl,...,9}; a; =—s;a; =1Vi 3)
Ji

The priorities of the elements can be estimated by finding the principal eigenvector W of the
matrix A:

AW=A_ W 4)

When the weight vector W = [w1 ,...w, | is normalized, it becomes the vector of priorities of
elements of one level with respect to the upper level. The parameter Amax is the largest

eigenvalue of the matrix A. In other words, the weight vector W is the eigenvector of A
corresponding to its maximum eigenvalue Amax.

In cases where the pairwise comparison matrix satisfies transitivity for all pairwise
comparisons it is said to be consistent and it verifies the following relation:

a;, =a; xa, Vi jk 4)

Table 5 gives the generic comparison scale used in the AHP method.
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Table 5: The AHP pairwise comparison scale

Numerical Description Explanation
values
1 Equal importance of both elements Two elements contribute equally
3 Moderate importance of one element over | Experience and judgment favour one element over
another another
St i It f 1 t .
5 Fong importance ob one clement OVer | An element is strongly favoured
another
7 Very importance of one element over An element is very strongly dominant
another
9 Extreme importance of one element over | An element is favoured by at least on order of
another magnitude
2,4,6,8 ‘Intermedlate values between two adjacent Used to compromise between two judgments
judgments

Saaty [9, 10] has shown that to maintain reasonable consistency when deriving priorities from
paired comparisons, the number of factors being considered shall be less or equal to nine. The
AHP method allows inconsistency, but provides a measure of the inconsistency in each set of
judgments. The consistency of a judgmental matrix can be determined by a measure called the
consistency ratio (CR), defined as:

CI
CR = w7 (6)
Where:
CI — consistency index
RI — Random index
Table 6 presents the values of RI.
Table 6: Average consistencies of random matrices (RI values)

Size 1 2 3 4 5 6 7 8 9 10
RI 0.00 0.00 0.52 0.89 1.11 1.25 1.35 1.40 1.45 1.49
The value of CI is calculated as follows:

CI = —’1“:*_ . & (7)

n — order of matrix

In general, an inconsistency ratio of 0.1 or less is considered acceptable. Its value is of 0.08
for matrices of size four, and 0.05 for matrices of size three. If the value is higher, the
judgments may not be reliable, and should be elicited again.
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Once the local priorities of elements of different levels are available, the final priorities are
aggregated as follows:

Sla)=2 w xS (a,) @®)
Where:
wy - local priority of the element &

Sk(a;) — priority of alternative a; with respect to element k of the upper level

Tables 7 and 8 depict an example of pairwise comparison between alternatives (options) with
regard to costs. Equation (1) is used for generating numerical values in Table 6, which are
obtained through responses presented in Table 7. A similar calculation has been performed
for all remaining comparison regarding the alternatives vs criteria.

Figure 2 presents the results of an overall ranking of the decision criteria, and Figure 3 depicts
in a graphical form the overall ranking of the alternatives.

Technical difficulties of getting CANDU data
Political or other industry reasons for having...
Statistical accuracy of generic databases

Life Cycle Management issues

Address CNSC concerns

Credibility of the reliability studies and/or PSA 16,9%

Technical Rationale 16,9%
Benefits 26,3%

Cost

0,0% 5,0% 10,0% 15,0% 20,0% 25,0% 30,0%

Figure 2 : Overall ranking of the decision criteria

|

OPG/BP common DB 16,2%

CANDU specific + external generic
database

38,9%

Full CANDU generic database 31,3%

Use of external existing databases (T-
Book, EiReDa, EPIX, EPRI, etc)

13,6%

|

0,0% 10,0% 20,0% 30,0% 40,0%

Figure 3: Overall ranking of the analyzed alternatives
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Table 7: Obtained responses for ranking the alternatives with regard to the criterion “Costs”

June 1-4, 2008
Marriott Eaton Centre, Toronto, Ontario

Value for
Description Answl | Answ2 | Answ3 | Answ4 | Answ5 | Answ6 | Answ7 | Answ8 | Answ9 geometric Mean furthc?r
mean calculations
RNA
Use of external existing databases (T-Book,

ALT1 EiReDa, EPIX, EPRI, etc) 8 8 9 7 7 4 2 2 8 5.35 6.11 6
ALT2 Full CANDU generic database 3 5 3 3 7 7 7 7 4 4.78 5.11 5
ALT3 CANDU specific + external generic database 3 6 7 2 9 7 7 8 8 5.77 6.33 6
ALT4 OPG/BP common DB 3 7 8 9 1 6 5 3 6 4.54 5.33 5

Table 8 : Pairwise comparison of alternatives (ALT1,2,3,4) regarding « Costs »

ALT1 |ALT2 |ALT3 |ALT4
ALTI 1 2 1 2
ALT2 0.5 1 0.5 1
ALT3 1 2 1 2
ALT4 0.5 1 0.5 1

Inconsistency : 0.00
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In accordance with obtained responses, the criterion “Benefits” got the highest rank of 26.3%
followed by two other criteria “Technical rationale” and “Credibility of the reliability studies
and/or PSA” with 16.9% each (Figure 2).

As far as the alternatives are concerned, the obtained responses, and ulterior analysis show
that the alternative “CANDU specific + external generic database” obtains the highest rank of
38.9% followed by the alternative “Full CANDU generic database”, which rank reaches
31.3% (Figure 3).

3.3 Sensitivity Analysis

Since the number of responses is relatively small, and their dispersion sometimes significant,
a sensitivity analysis has been carried out in order to verify robustness of the obtained ranking
of alternatives.

The sensitivity analysis is performed by increasing the importance of an analyzed criterion
while the importance of other criteria proportionally decreases. The change in the weight of
the analyzed criterion also changes the importance of analyzed alternatives in accordance with
Formula (8). Once the ranking of alternatives is modified, the importance (weight) of changed
criterion is noted as break point in the criterion weight.

The sensitivity analysis shows that the final ranking of alternatives might change if the
criterion “Technical difficulties of getting CANDU data” increases its weight from current
4.9% to approximately 60% giving as favourite the alternative “OPG/BP common DB”

(Figure 4).
0%6/69 common 08 “e

CANDU specific + external generic database —; 6,0%
Full CANDU generic database -22!8%

Use of external existing databases (T- #5 1%
Book, EiReDa, EPIX, EPRI, etc)

~ A

T T T T T 1

21,0% 22,0% 23,0% 24,0% 25,0% 26,0% 27,0%

Figure 4: Sensitivity analysis with regard to the criterion “Technical difficulties”

Another sensitivity analysis has been performed where the final ranking of alternatives might
change if the criterion “Political and other industry reason of having a CANDU databases”
increases its weight from current 3.0% to approximately 35% giving as favourite the
alternative “Full CANDU Database” (Figure 5).
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OPG/BP common DB 22,7%
CANDU specific + external generic database 32,1%
Full CANDU generic database 32,8%
Use of external existing databases (T- 11,8%
Book, EiReDa, EPIX, EPRI, etc) J
T . I, I T I-/ T I,
0,0% 5,0% 10,0% 15,0% 20,0% 25,0% 30,0% 35,0%

Figure 5:  Sensitivity analysis with regard to the criterion “Political and other industry
reasons of having a CANDU database”

As stated above, an increase in rank of a criterion implies a proportional decrease in rank
(weight) of all the other analyzed criteria.

The change in weight of other decision criteria does not produce any changes in the final
alternative ranking as obtained through the basic analysis (Figure 3). The sensitivity analysis
demonstrates that the obtained ranking is stable.

4. Conclusions

The study performed here allows taking into account in a systematic manner relevant criteria
in selecting the preferred option for an initial generic reliability database to be developed for
the CANDU industry. A questionnaire has been developed in this regard, and responses from
nine Risk and Reliability WG members (OPG, BP, NBPower, NSS, AECL and HQ
representatives) were obtained and analyzed.

Based on obtained responses a ranking of both decision criteria, and alternatives was
performed through the Analytic Hierarchy Process (AHP) method, which is generally
recognized, and widely used in multi-attribute decision-making.

The obtained results indicate that the alternative “CANDU specific + external generic
database” gets the highest rank of 38.9% followed by the alternative “Full CANDU generic
database”, which rank reaches 31.3%. The criterion “Benefits” obtains the highest rank of
26.3% followed by two other criteria “Technical rationale”, and “Credibility of the reliability
studies and/or PSA” with 16.9% each.

A sensitivity analysis was carried out in order to examine the robustness of the alternative
ranking. The former shows that the criterion “Technical difficulties of getting CANDU data”
should increase up to 60.2% for changing the final rank, and favour the alternative “OPG/BP
common DB”. If the criterion “Political and other industry reasons of having a CANDU
database” changes from current 3.0% to approximately 35%, the alternative “Full CANDU
database” may become a first choice. Since this increase in criterion weight is quite
significant, one may indicate that the final ranking is stable. A change in other criteria does
not initiate any change in the final alternative ranking.
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The results of the present analysis may be useful and informative in a final decision-making
process with regard to the choice of the preferred option in developing a generic reliability
database for the CANDU nuclear industry. Since the responses have been obtained from all
the utilities, the result represents an industry-wide position upon the analyzed topic. It is
worth mentioning that these results are not prescriptive, and provide a strong support for
structured discussions upon this question.

Based on obtained results, sensitivity analysis, and sub-team’s internal discussions, it has
been concluded to recommend “CANDU specific + external generic database” option as the
most favoured by the industry for developing an initial Generic Reliability Data Base for
CANDU.

5. References
[I] COG R&R WG, (2007), “TN-07-9009, An Analysis to Determine Industry’s

Preferred Option for an Initial Generic Reliability Database for CANDU”, Toronto

[2] NUREG/CR-6928, “Industry-Average Performance for Components and Initiating
Events at U.S commercial Nuclear Power Plant”, January 2007.

[3] T-Book, “Reliability Data of Components in Nordic Nuclear Power Plants”, 5th
edition, 2000.

[4] EIReDa, “European Industry Reliability DataBank, Industrial Plants, Volume 2,
Commission of the European Communities, Joint Research Centre, EDF, Paris,
1998.

[5] World Association of Nuclear Operators — WANO, (2002), “Nuclear Component
Reliability Data System”, WANO GP TYO-01-001

[6] Long Term Asset Management Database, (2005), EPRI Product 1011927.

[7] Zuverldssigkeitskenngrossen fiir Kernkreftwerkskomponenten, ZEDB, Auswertung
2002, VGB PowerTech e.V., Essen, 2002.

[8] US Nuclear Regulatory Commission, (2003), Formal Methods of Decision Analysis
Applied to Prioritization of Research and Other Topics — NUREG/CR-6833,
Washington, DC 20555-0001.

[9]1 Saaty, T. L., (1980), The Analytic Hierarchy Process, McGraw-Hill Co.

[10] Saaty, T.L., (1990), How to make a decision: the analytic hierarchy process,
European Journal of Operations Research, Vol. 48, pp 9-26.

15 of 15



	Abstract
	1. Introduction
	2. Approach
	3. Results
	4. Conclusions
	5. References


<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /All
  /Binding /Left
  /CalGrayProfile (Dot Gain 20%)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /Warning
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJDFFile false
  /CreateJobTicket false
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.0000
  /ColorConversionStrategy /LeaveColorUnchanged
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments false
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Apply
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 300
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages true
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth -1
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /DCTEncode
  /AutoFilterColorImages true
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /ColorImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 300
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages true
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth -1
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /DCTEncode
  /AutoFilterGrayImages true
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /GrayImageDict <<
    /QFactor 0.15
    /HSamples [1 1 1 1] /VSamples [1 1 1 1]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 30
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages true
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 1200
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly false
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile ()
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000500044004600206587686353ef901a8fc7684c976262535370673a548c002000700072006f006f00660065007200208fdb884c9ad88d2891cf62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef653ef5728684c9762537088686a5f548c002000700072006f006f00660065007200204e0a73725f979ad854c18cea7684521753706548679c300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA <>
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020b370c2a4d06cd0d10020d504b9b0d1300020bc0f0020ad50c815ae30c5d0c11c0020ace0d488c9c8b85c0020c778c1c4d560002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken voor kwaliteitsafdrukken op desktopprinters en proofers. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents for quality printing on desktop printers and proofers.  Created PDF documents can be opened with Acrobat and Adobe Reader 5.0 and later.)
  >>
  /Namespace [
    (Adobe)
    (Common)
    (1.0)
  ]
  /OtherNamespaces [
    <<
      /AsReaderSpreads false
      /CropImagesToFrames true
      /ErrorControl /WarnAndContinue
      /FlattenerIgnoreSpreadOverrides false
      /IncludeGuidesGrids false
      /IncludeNonPrinting false
      /IncludeSlug false
      /Namespace [
        (Adobe)
        (InDesign)
        (4.0)
      ]
      /OmitPlacedBitmaps false
      /OmitPlacedEPS false
      /OmitPlacedPDF false
      /SimulateOverprint /Legacy
    >>
    <<
      /AddBleedMarks false
      /AddColorBars false
      /AddCropMarks false
      /AddPageInfo false
      /AddRegMarks false
      /ConvertColors /NoConversion
      /DestinationProfileName ()
      /DestinationProfileSelector /NA
      /Downsample16BitImages true
      /FlattenerPreset <<
        /PresetSelector /MediumResolution
      >>
      /FormElements false
      /GenerateStructure true
      /IncludeBookmarks false
      /IncludeHyperlinks false
      /IncludeInteractive false
      /IncludeLayers false
      /IncludeProfiles true
      /MultimediaHandling /UseObjectSettings
      /Namespace [
        (Adobe)
        (CreativeSuite)
        (2.0)
      ]
      /PDFXOutputIntentProfileSelector /NA
      /PreserveEditing true
      /UntaggedCMYKHandling /LeaveUntagged
      /UntaggedRGBHandling /LeaveUntagged
      /UseDocumentBleed false
    >>
  ]
>> setdistillerparams
<<
  /HWResolution [2400 2400]
  /PageSize [612.000 792.000]
>> setpagedevice


