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In the Matter of: §
PACIFIC GAS AND ELECTRIC ; Docket Nos. 50-275 0.L
COMPANY { 50-323 0.L.
(Diablo Canyon Nuclear )
Power Plant, Units 1 and 2) ;

TESTIMONY REGARDING CONTENTIONS 1,2 and 5-8
INTRODUCTORY TESTIMONY

Q.1: Please state your name, current position, business
address and qualifications.

A.1: (WEC) I am Dr. William E. Cooper, Consulting Engineer
for Teledyne Engineering Services (TES), located at 130 Second
Avenue, Waltham, Massachusetts, 02254. My educational background
and professional experience are summarized in Attachment 1 to
this testimony.

(RLC) I am Dr. Robert L. Cloud, Principal in the firm of
Robert L. Cloud Associates (RLCA), located at 125 University
Avenue, Berkeley, California, 94710. My educational background
and professional experience are summarized in Attachment 2 to
this testimony.

(JEX) I am John E. Krechting, Project Engineer, with Stone
& Webster Engineering Company (SWEC), 245 Summer Street, Boston,
Massachusetts 02107. My educational background and professional
experience are summarized in Attachment 3 to this testimony.

(RFR) 1 am Roger F. Reedy, Principal in the firm of R.F.

Reedy, Inc. (RFR), 105 Albright Way, Los Gatos, California,
95030.
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1_; My educational background and professional experience are
2:i summarized in Attachment 4 to this testimony.
3 Q.2: Please describe your participation in the Independent

4 f Design Ve-ification Program (IDVP).

5 A.2: (WEC) As Project Manager for TES Project 5511, I
; managed the efforts of TES as Program Manager for the IDVP as
7 | described in A.2 of the Testimony Regarding Contentions 1 and -

8 i (RLC) As the principal of RLCA, 1 managed the firm's
9;& efforts in connection with the IDVP as described in A.2 of the

10 Testimony Regarding Contentions 1 and 2.
11 (JEK) As Project Engineer, 1 managed the technical effort
12 ; of SWEC in connection with the IDVP as described in A.2 of the

18 i Testimony Regarding Contentions 1 and 48
14 (RFR) As the principal of RFR, I managed the firm's efforts
15 . in connection with the IDVP as described in A.2 of the Testimony

16 { Regarding Contentions 1 and 2.

17 0.3: What is the purpose of your testimony?

18 A.3: (ALL) This testimony describes the role of the 10VP in
19 = the verification of design work of the DCNPP-1, and how the 10VP
20 ! performed its work. In addition, this testimony addresses

91 = Contentions 1,2 and 5-8 as they relate to the IDVP's work.

(11)
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CONTENTIONS 1 AND 2

“l. The scope of the IDVP review of both the seismic and
non-seismic aspects of the designs of safety-related systems,
structures and components (SS&C's) was too narrow in the follow-
ing respects:

(a) The IDVP did not verify samples from each design
activity (seismic and non-seismic).

(b) In the design activities the IDVP did review, it
did not verify samples from each of the design groups in the
design chain performing the design activity.

(c) The IDVP did not have statistically valid samples
from which to draw conclusions.

(d) The 1DVP failed to verify independently the anal-
yses but merely checked data of inputs to models used by PG&E.

(e) The IDVP failed to verify the design of Unit 2.

“2. The scope of the ITP review of both the seismic and
non-seismic aspects of the designs of the safety-related systems,
structures and components (SS&C's) was too narrow in the follow-
ing respects:

(a) The ITP did not verify samples from each design
activity (seismic and non-seismic).

(b) In the design activities the ITP did review, it
did not verify samples from each of the design groups in the
design chain performing the design activity.

(¢) The ITP did not have statistically valid samples
from which to draw conclusions.

(d) The ITP has failed systematically to verify the
adequacy of the design of Unit 2."

Q.1: Why was the Independent Design Verification Program
(1IDVP) for the Diablo Canyon Nuclear Power Plant, Unit 1 (DCNPP-
1) established?

A.l: (WEC) On November 19, 1981, the Commission issued
Order CL1-81-30 (Commission Order) suspending portions of Operat-
ing License No. DPR-76. At the same time, the NRC Staff issuved a
letter (Staff Letter) which required additional steps prior to
power ascension. The Commission Order and Staff Letter required
an independent verification of design efforts performed
internally by Pacific Gas and Electric Company (PGandE) or on be-
half of PGandE by service-related contractors on safety-related

structures, systems, and components (SSCs). The 1DVP was
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established 1n response to the Commission Order and the Staff

Letter.

Q.2: Which organizations participated in the 1DVP?

A.2: (ALL) The participants in the 1DVP were as follows:

0

Teledyne Engineering Services (TES) served as Program
Maniger. In that capacity, TES assured that the IDVP
was conducted in accordance with approved program
plans, including review and approval of all 1DvP
reports and conclusions.

R.F. Reedy, Inc. (RFR) performed the Design QF Aucdits
and Reviews and the design office verification of the
Diablo Canyon Project (DCP) Corrective Action Program
(CAP).

Robert L. Cloud Associates, Inc. (RLCA) verified the
ceismic, structural, and mechanical aspects of the
design process.

Stone & Webster Engineering Corporation (SWEC) verified
the safety system and safety analysis aspects of the

design process.

In addition to these major participants, TES retained a

number of organizations and individuals to assist the IDVP in

specialty areas. Of most importance in this regard was the

participation of Professors Myle J. Holley, Jr., and John M.

Biggs, who were sufficiently involved in the review of the civil-

structural area that they were able to co-approve, with TES, the

resulting Interim Technical Reports (ITRs).

0.3: To whom did the 1DVP Program Manager report?

1/2-2
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A.3: (WEC) As IDVP Program Manager, TES reported independ-
ently to NRC (Denton) and PGandE (Maneatis).

Q.4: Please summarize the requirements of the Commission
Order and the process which lead to Commission approval of the
IDVP Phase I Program Plan.

A.4: (WEC, RLC) The Commission Order required performance
"of an independent design verification of all safety-related
activities performed prior to June 1, 1978, under all seismic-
related service contracts utilized in the design process for
safety-related structures, systems, and components.” In summary,
the IDVP was to include the following program elements: QA pro-
cedures and controls relative to the related criteria of Appendix
B to 10 CFR 50; identification of interfaces between PGandE in-
ternal design groups and each contractor; implementation of the
QA procedures and controils; and selection and performance of
sample calculations, with criteria for expanding the sample when
problems in verification are encountered.

The program developed in response to the Commission Order
was identified as Phase I and was initially submitted by FGandE's
letter of December 4, 1981, During the period December 1981
through March 1982 there were a series of meetings involving the
various parties to review the proposed program and revisions
thereto. These culminated in NRC SECY-82-89 which summarized the
Staff evaluation of the scope and technical adequacy of the Phase
1 program and concluded that the proposed program satisfied the
Commission Order requirements and, if properly implemented, would
allow determination of whether there was reasonable assurance

that the overall seismic design was in conformance with the
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license application. After TES was named as Program Manager, it
cubmitted the Phase 1 Program Management Plan, which integrated
previous submittals and included requirements for TES review and
acceptance of IDVP work done prior to March 25, 1982. An NRC
letter to PGandE dated April 27, 1982 approved the activities
covered by the Plan as being responsive to the Commission Order,
to SECY-82-89 as revised and voted upon by the Commission on
March 4, 1982, and to previous Staff concerns.

Q.5: Please summarize the requirements of the Staff Letter
and the process which lead to Commission approval of the 10VP
Phase 11 Program Plan.

A.5: (WEC, JEK) The Staff Letter is similar to the Commis-
sion Order, except that it addresses three aspects: all non-
ceismic service-related contracts prior to June 1978; PGandE
internal design activities, without stated resiriction as to
date: and all service-related contracts post-January 1, 1978.

Based upon the total IDVP efforts to date, on June 18, 1982,
TES developed and transmitted the IDVP Phase 11 Program Plan to
NRC and PGandE. There followed a series of meetings similar to
those held during the earlier period with respect to Phase I,
which resulted in the Staff position documentéd by SECY-82-414.
On December 9, 1982, the Commission approved "the Phase 11
Program Plan of June 18, 1982, including the proposed IDVP
Contractors, as modified by the Staff in Enclosure 11 to SECY-82-
414.% This approval was contained in an NRC letter to PGandE
dated December 25, 1982.

Q.6: Is the distinction between Phase 1 and Phase 11 mean-
ingful at this time?

1/2-4
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A.6: (ALL) No, in that there is a more useful distinction

available, that between "seismic" and "non-seismic* considera-
tions. In using the term "seismic", however, it must be under-
stood that the review included effects resulting from non-seismic
loadings which, in accordance with license application criteria,
must be combined with the effects of seismic loadings.

0.7: Please identify the IDVP program elements and which
organization was responsible for each element.

A.7: (ALL) The program elements are described in Section
3.5 of the IDVP Final Report. A convenient breakdown of the
program elements, including subsequent portions of this testimony

where each is addressed, is as follows:

Element Q/A No. IDVP Program Element

1 9-14 Design Chain

2 15 QA Audits and Reviews

3 16, 20 Initial and additional sample
verification

4 17-19 Verification of CAP

5 21-24 Identification and resolution

of concerns
RFR, RLCA and SWEC performed element (1). RFR performed ele-
ment (2) and the QA audit and the "design office verification"
which was part of element (4).
RLCA and SWEC performed elements (3), (5), and (6) in their
area of responsibility and RLCA performed the design process ver-
ification identified as part of element (4). The RLCA area of

responsibility included all seismic, structural and mechanical

112.8
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aspects as defined by the 10VP Program Plan and 1TR-1, and the

verification of the CAP as defined in ITRs-8 and ~35.

The SWEC area of responsibility included the system design
aspects of safety-related systems and the performance of safety-
related analyses for the sample systems and analyses defined by
the IDVP Program Plan, and verification of the corrective action
taken by the DCP with respect to the generic concerns identified
by the IDVP (ITR-34).

A11 of the major IDVP participants were involved in the
identification of "basic cause"; in the evaluations contained in
Section 6 of the IDVP Final Report, and in developing the IDVP
conclusions contained in Section 2 of that report.

Q.8: Please describe the types of reports issued by the
1DVP.

A.8: (WEC) A describtion of Program Reporting is included
in Section 3.6 of the 1DVP Final Report, and can be symmar ized as
follows:

0 The 1DVP issued Semimonthly Reports te all narties.

0 The Error or Open Item (EOI) File System w.s used for
tracking of IDVP concerns. When either the verifica-
tion of the initial sample or the QA Audits and Reviews
determined that an item did not meet verification
criteria or unresolved issues existed, an Open Item
Report (OIR) was issued. An OIR indicated a concern
that had not been verified, fully understood, or
assessed as to its significance.

o Interim Technical Reports (ITRs) were used by the 10VP
to document programmatic aspects or to report detailed

1/2-6
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technical results. An ITR was prepared when a program
participant completed an aspect of its assigned effort.
Most ITRe were technical and provided the results of a
completed verification or were in support of an Error,
Open Item, or Program Resolution Report. Other ITRs
(e.q., ITRs-1, -8, -34, and -35) were programmatic and
used to define the IDVP decision as to the need for
additional verification, additional samples, or verifi-
cation of DCP activities.

0 The IDVP Final Report summarizes the IDVP efforts and
includes the IDVP conclusions and evaluation in
response to the Commission Order and the Staff Letter.

0.9: What is a "design chain", and were design chains
identified by the IDVP?

A.9: (ALL) As discussed in the IDVP Final Report, Section
4.1, the IDVP deveioped design chains that identified the organi-
zations involved in the separate but linked process of providing
the design for a specific safety-related SSC selected for evalua-
tion. Each design chain was developed from a listing of service-
related PGandE contractors. The specific contractors who had an
influence on the final (as of November 30, 1981) safety-related
design were identified. Additionally, interfaces were identified
between service-related contractors and PGandE.

Q.10: What assurance does the IDVP have that all service-
related contractors contributing to the final (as of November 30,
1981) design were identified?

A.10: (ALL) The SSCs subject to Hosgri qualification and

the participating organizations were identified by RLCA prior to

1727
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the development of the Phase I Program Plan, so were considered

in developing the initial samples. Similarly, the systems for
which PGandE was responsible were known at the time the Phase Il
Program Plan was developed and three SWEC sample systems were
chosen accordingly.

RFR performed a review of the contractors list early in
Phase 11, which provided additional assurance as to the role of
the various organizations. The RFR effort confirmed the earlier
RLCA work with respect to Hosgri organizations. With respect to
the three SWEC sample systems considered in Phase 11, the SKEC
design process verification confirmed the RFR developed con-
tractor list. The remaining organizations to be identified were
those involved with PGandE subsequent to January 1, 1978 which
were not involved with Hosgri qualification or the SWEC sample.
The RFR identification of these organizations was confirmed by
the subsequent QA Audit and Review of pGandE interfaces with con-
tractors and by the review of the PGandE “lookback” QA review.
These combined activities provided assurance that the 1DVP  con-
sidered the proper service-related organizations in performance
of the QA Audits and Reviews and the design process verification.

0.11: Which service-related contractors were included in
the design chains identified by the IDVP?

A.11: (ALL) The nine firms were ANCO Engineers, URS/J.
Blume, Cygna Energy Services (formerly Earthquake Engineering
Services), EDS Nuclear, Inc., Garretson-Elmendorf-Zinov, Harding-
Lawson Associates, Quadrex (formerly Nuclear Services Corp.),

Radiation Research Associates, and Wyle Laboratories.

1/2-8
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Q.12: Please explain why other service-related contractors
were eliminated from the 1ist of those considered by the IDVP?

A.12: (ALL) As stated in Section 4.1.4 of the IDVP Final
Report, PGandf had identified 61 safety-related service con-
tractors which were active at any time for seismic and non-
seismic activities. A1l of these and their scope of work are
identified in 1TR-9. Of the 52 contractors not included in the
IDVP design chains, 43 were eliminated because they did not con-
tribute significantly to the final design, that is, they were
involved only in licensing or in design studies, they proviled
only minor design input, they performed only non-destructive
examination (NDE) services, or they provided only design inputs
which were not used in final design.

The remaining nine firms were eliminated for the following
reasons. Two firms, RLCA and TES, were eliminated because they
were participating in the IDVP.  Westinghouse was eliminated
because it is the NSSS supplier. Three firms, James Engineering
Company, Kaiser Engineers and Mark G. Jones, were eliminated
because a!l of their work had been performed in the PGandE office
under the PGandE QA program. Two firms, Nutech, Inc. and Western
Canada Hydraulic Laboratories, were eliminated because their work
was subject to separate audit by the NRC. Finally, General
Electric Co. was eliminated because it provided only consulting
services in the testing of switchgear. It is included in this
specific listing only because its name had been raised in pre-
vious dicussions. However, since its participation was limited

to consulting services, it could have been eliminated on the same

172-G
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basis as other firms which did not contribute significantly to
the final design.

0.13: Please explain why the elimination of these con-
tractors from the I1DVP's verification did not detract from the
I0vP's ability to reach its conclusions as to the design of
DCNPP-1.

A.13: (ALL) Obviously the elimination of the contractors
which did not contribute significantly to the final design had no
impact on the IDVP's efforts.

Elimination of the conmtractors named in A.12 did not detract
from the IDVP's ability to reach its conclusions for differing
reasons dependent upon the specific firms involved. The exclu-
sion of the 1DVP participants (TES and RLCA) was a recognized
fact since the beginning of the program, and the Program Plans
were approved by the Commission with that exclusion. The exclu-
sion of Westinghouse is discussed in the testimony regarding
Contention 6. The work of the three firms working under the
PGandE program was subject to verification as part of the PGandt
effort, and thus was included or excluded solely on the basis of
whether it was part of an IDVP sample. Two firms, Nutech and
Western Canada Hydraulic Laboratories, were excluded because the
specific work performed with regard to DCNPP-1 had previously
been reviewed by the NRC, and it was unnecessary to duplicate
such effort.

0.14: wWhat was the effect of this design chain effort on
the verification performed by the IDVP?

A.14: (ALL) The nine service-related contractors included
in the design chains were 211 subjected to the IDVP QA Audits and

1/2-10
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Reviews, in accordance with the requirements of the Commission

Order and the Staff Letter. Knowledge of the participating
organizations was also useful in verification of the design
process. Of the nine identified organizations, the work of ail
but tw. wes included in the initial samples for one or both of
the design process verification phases. The two organizations,
whose work was not included in the initial samples, were Harding-
Lawson Associates and Garretson-Elmendorf-Zinov (GEZ). Because
of negative result: from the subsequent evaluation of the QA
Audit and Review, aiditional verification was performed of the
soils work originally conducted by Harding-lLawson Associates.
Because GEZ was known not to be included in the initial sample
for Phase 11, particular attention was given to its efforts by
RFR, and EO1 7001 was opened to assure that additional investiga-
tion was condicted of an aspect of potential concern. Additional
verification resolved the potential concern satisfactorily, and
the EOI file was closed.

0.15: What was the purpose of performing the QA Audits and
Reviews?

A.15: (WEC, RFR) The QA Audits and Reviews were performed
to evaluate both the formal QA program imposed for the work and
the implementation of that program. :k1though QA Audits and
Reviews provided certain information in direct response to the
Commission Order and Staff Letter, another IDVP purpose was to
obtain background informaticn which might have impacted the
extent of design process verification. Based on Phase 1 experi-
ence, an additional step was added for Phase Il. If the reviewed

organization did not have a formal QA program, or if its formal

11211



w N

10

11

12

14
15

16

18

19

20

21

8

24

26

28

GA program was not properly jmplemented, its actual design con-

trol practices were evaluated and reported as 2 part of the QA
Audit and Review Report. Additional sampling was considered if
negative results were obtained from the QA Audit and Review of an
organization whose work was not included in the initial sample.
Similarly, additional verification was considered when the organ-
ization's work was included in the initial sample, but that
sample did not include the negative aspect.

Q.16: How were the initial samples chosen for verification
of the design process?

A.16: (WEC, RLC, JEK) The selection of the initial samples
to be used for verification of the design process are indicated
in the Engineering Program Plan for each phase. A1l initial
sample activities were performed on work completed on or before
November 30, 1981. For both the seismic and non-seismic verifi-
cations, the initial samples were chosen oOn the basis of
engineering judgement, considering the experience of the partici-
pants in the design of Pressurized Water Reactors (PWRs) and the
implicati~=- of seismic and other operating conditions on such
systems.

Q.17: Was the IDVP's work on the initial samples and addi-
tional verifications/samples in the seismic review superseded by
subsequent events?

A.17: (WEC, RLC) Yes. In response to the seismic design
concerns identified by June, 1982, PGandE instituted the CAP,
which was consistent with and responsive to both the IDVP and the
Commission Order. As described in the PGandE Phase 1 Final
Report, Section 1.5.2, the CAP included the performance of a

1/2-12
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broad-based review of safety-related SSCs enveloping and correct-
ing the previous ITP and IDVP results. The expanded ITP effort
provided more complete and consistent documentation of the design
work, with all new work performed to the latest approved QA
requirements and procedures. Finally, the expanded program was
intended to make it unnecessary to review older analyses or cal-
culations which were being redone. The CAP results became the
seismic analyses of record.

In response to this action, the IDVP issued ITR-8, “"Verifi-
cation of the Corrective Action Program®. This plan included an
examination of the corrective action scope, criteria, and
methodology for consistency with the criteria of the license
application. It also reguired that the CAP be audited for proper
implementation of the NRC-approved QA requirements, with emphasis
on technical interface control and project indoctrinaiion. The
purpose of these audits was to gain assurance that the very ex-
tensive CAP was being conducted in a planned and controlled
manner.

Q.18: What was the scope of the IDVP verification of the
CAP seismic review and how was it accomplished?

A.18 (WEC, RLC) The scope of the IDVP verification of the
CAP seismic review required a verification of all the CAP
activities for each safety-related SSC within PGandE's original
scope for design.

The IDVP verification program for CAP activities was defined
by 1TR-8. Prior to preparation of that ITR, the DCP had provided
its detailed plans in open meetings during the summer of 1982 and

had described its methodology in sufficient detail for the IDVP
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t. ° idge that the CAP was 2 reasonable substitute for the program
o additional verification described by Revision 0 to ITR-1.
Specifically, it permitted the IDVP to combine several EOI Files
that had either indicated errors in the previous PGandE work, or
that had raised issues about that work which had not been
resolved, into a limited number of generic EOIs which were used
to track the IDVP verification of the CAP work. Hence, those
generic EOIs identified all of the IDVP concerns previously
identified and all of the DCP efforts related to the safety-
related SSCs to which these <oncerns applied.

The general approach of the 1DVP toward verification of CAP
activities was intended to develop 2 sound understanding of all
of the engineering used in the design activities subject to the
1DVP. The IDVP wanted to understand the rationale, methods and
computer codes used by considering: all the options available;
the level and degree of sophistication of models employed; and
the completeness of the work . In short, the IDVP sought to
develop a complete undertanding of the design process and confi-
dence that the process was being properly applied.

With respect to SS5Cs, ITR-8 defined the following to be sub-
ject to verification:

) Biildings (containment, auxiliary, fuel handling,

turbine, intake)

0 Piping (large and small bore, with the supports)

0 Mechanical and electrical eguipment (at least one of

each type)

) HVAC equipment and ducts, electrical raceways, and in-

strument tubing, a1l with supports.

1/2-14
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The detailed application of this definition is described by the
appropriate sections of the IDVP Final Report and in the ITRs
numbered -51 and higher.

Three different approaches were followed by the CAP in the
performance of its review: a complete reanalysis, & complete
review followed -by reanalysis of deficient segments and a
sampling approach. The IDVP verification methodology varied with
the approach followed by the CAP, which is also defined in ITR-8.

Given the SSCs subject to verification and the CAP identifi-
cation of the approach it intended to use for each, it was
possible for the IDVP to establish categories of like items,
where the term "like" relates t-, the engineering process required
for gualification. For examp’e, the qualification of piping and
supports involves simiiar features and uniform methodologies,
whereas each of the buildings involves unigue features and a
differing methodoliogy.

For each category, the IDVP reviewed the methodology to be
applied, requested and received a complete index of the CAP work
with respect to the subject SSCs, reviewed that index to assure
that the CAP work was totally responsive to its scope, and then
selected Design Review Packages (DRPs) for detailed review. The
selection of appropriate DRPs was crucial to achieving the
objectives of the verification efforts. It was necessary to
select DRPs that addressed concerns developed by the IDVP either
during earlier verifications or during review of the CAP
methodology. It was also important for the IDVP to select a
total set of DRPs sufficient to provide for an evaluation of the

entire CAP process and to develop confidence in the implementa-
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tion of that process. In addition, the DRPs were chosen to re-
view the CAP work both while in-progress and after completion of
a significant portion of the work. In total, approximately 200
DRPs were reviewed in detail by the IDVP. Both the available and
u ¢ selected packages are identified in an appendix in each of
the CAP-related ITRs.

Upon receipt, each DRP was subjected to detailed review by
the 1DVP, applying, singularly or in combination, two of the
recognized methods for design verification--design review or
independent analysis. As questions arose, they were trarsmitted
in writing to the CAP and all responses which the I1DVP relied
upon were also in writing.

After completion of the review of various DRPs the IDVP
applied its improved knowledge of the CAP design process to
develop a comprehansive understanding of that process and of the
results obtained through the process. Where, in the cpinion of
‘e 1DVP, additicnal reviews were required or where planned
reviews could be deleted, the 1DVP verification process was
revised. Finally, the IDVP reached its present state of
understanding and acceptance of the CAP work.

Q.19: Please describe in more detail how the verification
of the CAP was performed Dy considering a specific area of
seismic verification.

A.19: (RLC) The specific area chosen as an example is tre
verification of stresses in the containment shell.

Verification of the containment building was reported in
ITR-54. That verification included both the interior and
exterior concrete structures as well as the polar crane. The
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containment shell and the base 5lab constitute the exterior
structure, which is a Design Class 1 structure. The seismic con-
ditions considered are Hosgri (both Newmark and 8lume), Design
Earthquake (DE) and the Double Design Earthquake (DDE), each in
appropriate combination with thermal effects, pipe reactions,
missile impact and internal pressures.

The scope of the DCP work is defined in the PGandE Phase 1
Final Report, and included a complete review of the dynamic
analysis and member qualifications, with physical modifications
to be mplemented if required. The first step in the 1DVP veri-
fication was to compare the DCP scope to the applicable criteria
of the license application to assure that all reguirements were
being addressed.

The second step in the IDVP verification was to review the
methodology described in the PGandE Phase 1 Fina) Report with
respect to assumptions, modeling teghniques and structure-unigue
requirements. For example, the basic safety function of the con-
tainment shell is to retain pressure during a Faulted Condition
with recognition of all the defined load combinations.

Therefore, the methodology review included an evaluation of
the three-dimensional models used for analysis of the containment
shell with respect to assumptions, computation of mass and stiff-
ness properties, boundary conditions and the finite element
modeling of the physical structure. The ODCP analysis of the
overall dynamic response of the containment building was not
reviewed in detail, because such review was performed with

respect to other structures.
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permitted review of those portions of the containment shell which

are usually 1imiting in the structural capability.

Each DRP was then reviewed by RLCA in accordance with a

checklist which was designed to ensure that all significant

topics are addressed. The main checklist items and guidelines

are as follows:

0

Proper transfer of data from construction (pour 1ift
and shop drawings) to design drawings. Verification of
field conditions versus drawings was done on a sample
basis.

Limitations of formulas, mathematical mocels, etc. and
impact on results. Degree of conservatism or non-
conservatism present, if any.

Formulation of mathematical models with respect to
licensing commitments and required data. Use of proper
seismic ground motion.

Inclusion of proper degree of freedom, mass, stiffness,
and boundary conditions.

Accuracy of results obtained and assessment of any
method limitations.

Applicability of the time history and response spectrum
analysis methods.

Verification that proper formulas are used.

Verification of the mathematical accuracy of selected
calculations.

Verification that all required loads, displacements and
accelerations are obtained for member evaluation.

Review of al) required load combinations and resulting

112,108
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stresses against allowables in accordance with the
specified criteria.

0 Sample verification of data transfer for both hand cal-

culations and computer runs.

0 Verification that all calculation files reviewed are

properly signed, dated, referenced and approved.

Review of each of the DRPs against the applicable portions
of this check list was intended to assure that the 1DVP consider-
ed the important aspects of each DRP. ITR-54 includes a summary
of the DCP and IDVP results for each DRP.

The effort expended by the IDVP for the review, briefly
described above, was extensive. RLCA first reviewed each DRP to
identify issues where more information was required from the CAP.
Following receipt of the additional information, a final review
was made. RLCA documented both reviews, and the DCP and RLCA
packages were reviewed by TES in conjunction with Professors
Holley and/or Biggs. Formal Requests for Information (RFI) were
used ty both RLCA and TES to obtain additional information from
the DCP whenever questions arose in the course of the review, and
public meetings were held to permit the DCP to explain its
approach, to answer questions and to identify additional
information which was available through the RFI process. In the
course of this total verification effort RLCA issued almost 1200
RFIs and approximately 40 open meetings were held.

It was this extensive effort which enabled the IDVP to reach
the affirmative conclusions concerning the design of the contain~
ment shell that are stated in ITR-54 and Section 4.4.4 of the
IDVP Final Report.
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Q.20: Please explain the scope of the IDVP's non-seismic
review and why the 1DVP believes that this scope was sufficient.

A.20: (WEC, JEK) The selection of the non-seismic sample
of safety-related systems and analyses to be verified by the 1DVP
was based on engineering judgement. The objective was to select
samples of various types of engineering design work to ensure
that generic errors did not exist in the unreviewed design.

The first step in the sample selection procedure was to
identify the safety-related systems designed by PGandE and any
service-related contractors who performed work that significantly
affected the system's final design as of November 30, 1981. The
IDVP also identified the various PGandE internal design groups
that were responsible for the PGandE designed safety-related
systems.

Based on this information, the IDVP selected samples of
systems such that all of the PGandE design groups responsible for
non-seismic system design were sampled. In addition, the
service-related contractor who performed the most significant
design work in the non-seismic system design area was reviewed.
The only other seismic-related contractor which performed system-
related design work was reviewed in detail as to its QA and
design control practices by the IDVP. See discussion ¢ GEZ in
A.14. The IDVP selected safety-related analysis work such that
all other identified service-related contractors which performed
significant non-seismic analyses were sampled.

The selected systems were the auxiliary feedwater (AFW)

system, the contro]l room ventilation and pressurization (CRVP)
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system and the safety-related portion of the 4160 V electric
distribution system.

The AFW system was selected because its design represents an
interré]ationship of several design criteria and interfaces.
Specifically, it involves interface with NSSS vendor criteria,
Jith containment design criteria, interface of PGandE internal
design organizations, and the methodology of determining a water
system's mechanical, electrical, and control component design
criteria. In addition, AFW systems often appear in the dominant
accident sequences in various probabilistic risk assessment prc-
grams.

The CRVP system was celected because it too represents an
interrelationship of several design criteria and interfaces.
Specifically, it involves interface with a service-related con-
tractor, interface of PGandE internal design organizations, and
interface with the control room habitability criteria. It also
represents a contrast of design methods since it is an air system
rather than a water system.

The safety-related portion of the 4160 V electrical distri-
bution system was celected because it is the basic power supply
for safety-related electrical equipment. It also represents an
interrelationship of several design criteria and involves the
interfaces among several PGandE internal design organizations.

The three sample systems were designed by different engi-
neering groups within PGandE, thus providing for evaluation of a
broad spectrum of the PGandE engineering organization.

In addition, the IDVP selected two areas of safety-related

analyses for review: the integrated dose analyses; and the tem-
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perature, pressure and humidity analyses as they affect environ-
mental qualification of equipment. These analyses were selected
since this work was done almost exclusively by three service-
related contractors and utilized by PGandE. The service-related
contractors were different and their work involved a flow of
design information through PGandt engineering groups.

For the three selected sample systems, 2 complete vertizal
verification of the system design was performed. The applicable
licensing criteria were identified, and a system design chain was
developed. The system's design was then reviewed to determine i€
the licensing criteria were satisfied. The review included the
aspects of mechanical, electrical and instrumentation and control
design.

In addition, the 1DVP performed the following verifications
of the sample systems. The IDVP verified the fire protection
provided for the sample systems, including the separation, fire
barriers, suppression and detection systems provided in areas
containing sample system components. The IDVP verified that the
AFW and CRVP systems were adequately protected from the effects
of a high energy line break (HELB), high energy line crack
(HELC), and moderate energy line break (MELB).  Tiis was an
extensive effort which required identification of all high energy
and moderate energy lines in relationship to the AFW and CRVP
system components to ensure that these components were adequately
protected. The IDVP verified that the AFW and CRVP system com-
ponents were adeguately protected from the effects of internally

generated missiles. This again reguired identification of

e B Ao Lo ]

i i e S s g -



e
-
.
-
.
e
-

.
»
e e < — it s
-

1 potential missile sources and AFW and CRVP system targets to

- ensure that adequate protection was provided.

3 Although the verification described by the preceding para-

4 ;f graph and the safety-related analyses verification (radiation and

5 pressure, temperature and humidity) previously described were

6 i! specific to the three sample systems, the design work and .
7 i methodology reviewed are generic to all safety-related systems in

» ;é DCNPP-1, and in this sense are horizonta) reviews. Thus, these

9 | reviews permitted the IDVP to examine a very broad 2spect of

10 safety-related design that is applicable to all safety-related

11 ji systems.

12 In addition, when the IDVP identified concerns that were
13 It potentially generic, another review was performed by the DCP for
14 iL that specific concern for all PGandE designed safety related
16 .i systems and was verified by the 1DVP. These reviews and verifi-
16 t cations were performed in all areas of analyses of pressure,
17 | temperature and humidity due to HELB; selection of system design
18 | pressure and temperature; selection of differential pressure
19 | across power operated valves; redundancy of power supplies for
20 J shared systems; separation and single failure criteria for
21 | mutually redundant circuits; and jet impingement effects of HELB
22 li inside containment.

28 1 In summary, the I1DVP not only performed very detailed and
24 ‘i comprehens‘ve reviews of three sample systems which included all
25 ” the PGandE internal design groups responsible for non-seismic

26 | safety-related system design, but the 1DVP verification also

5

included work by the service-related contractor who provided the

&

most significant input into the safety-related system design. In
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addition, the IDVP performed many verifications of analysis and
design functions that are generic to the design or design method-
ology of all safety-related systems. Moreover, the latter
reviews included work from the various PGandE design groups as
well as from all service-related contractors performing signifi-
cant non-seismic design analysis.

Based on these extensive and detailed reviews, the IDVP has
achieved a very broad-based and comprehensive understanding of
the non-seismic design of the DCNPP-1. It s this broad-based
and comprehensive understanding that provides the 1DVP confidence
in its conclusions as to the adequacy of the non-seismic design
of DCNPP-1, as discussed in Sections 2 and & of the IDVP Final
Report.

Q.21: How did the IDVP resolve any specific concern that it
identified?

A.21: (ALL) Additional verifications were performed to
resolve specific concerns if deficiencies were found by the eval-
uation of the QA Audits and Reviews with respect to the safety-
related SSCs of the initial sample systems or if the verification
criteria were found to be violated.

Additiona)l sampling was performed either when significant
deficiencies in the QA Program or its implementation were
identified for an organization that was not a part of the initial
sample system design chain, or when the reasons for the discrep-
ancies found during design process verification were not clear
and additional information was required.

Based on the results of each additional verification or

additional sample, the responsible IDVP participant submitted a
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recommendation to the Program Manager. when the item was deter-

mined pot to have met licensing criteria, this recommendation may
have included recommendations for additional verification of a
generic concern. When the 1DVP determined that the item met
licensing criteria, the item was closed and the results reported.

Q.22: How were generic concerns identified and resolved?

A.22: (ALL) The identification of generic concerns was an
important part of the IDVP. A generic concern was a concern
which could impact design acceptability beyond the immediate SSCs
for which the concern was initially identified. The 1DVP conclu-
sion that a generic concern existed was identified in an ITR
(e.g., ITRs-1, -34). When generic concerns were identified, the
steps that were taken included, as appropriate, the evaluation
of the effect of the generic concern on other safety-related
structures and components within the initial sample system,
and/or an evaluation of the effect of the generic concern on
safety-related structures and components in other systems.

Q.23: What did the IDVP do when it determined that cor-
rective action was required?

A.23: (WEC, RLC, JEK) An item that was determined not to
have met licensing criteria was reported to DCP for corrective
action, and the IDVP performed verifications of DCP corrective
actions. As stated in the Program Management Plan, "After PGandE
takes corrective action on an error, Or performs physical modifi-
cations to alleviate an error oOr deviation originating in the
independent program, the PGandE engineering results are subject
to design verification by the independent program to assure that
proper resolution has been achieved." When 1DVP verification of
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a corrective action indicated that the corrected item met
licensing criteria, the item was considered closed. If verifica-
tion indicated that the corrective action did not meet licensing
criteria, the item was again reported to DC? for continuation of
corrective action.

Q.24: The answer to Q.19 describes how the IDVP resolved
its concerns in a specific area of seismic verification. Please
describe similarly how the IDVP identified and resolved concerns
in a specific area of non-seismic verification.

A.24: (JEK) A similar example in the non-seismic area fis
the IDVP verification process related tc the pressure and
temperature analysis to determine the environmental conditions
for equipment qualification for DCNPP-1, which has been reported
in ITRs -14, -34, and -47.

The verification was performed in 2accordance with the I1DVP
scope of work defined in the Phase Il Engineering Program Plan,
SWEC Project Procedure 5-2-2, “Sysiem Design Verification Pro-
gram", and the NRC-approved Topical Report, SWQAP 1-74A, "Stone &
Webster Standard Nuclear Quality Assurance Program®.

The sample verified was defined in the Engineering Program
Plan to include the temperature and pressure analyses for two
representative locations outside containment, one associated with
the AFW and the other associated with the CRVP. The scope of
work was further defined to include a calculation by IDVP using
identical input to the codes used by PGandE or service-related
contractors from one specific calculation. The independent
results calculated by IDVP using its codes were to be compared
with the PGandE design analysis.

172-27




L W

10
11
12
13

14

i s >
T —————

15 |

16

17

18 |

1%

20

21

24

26

27

Document requests were sent to PGandE to obtain plant
specific licensing documents such as Safety Analysis and Evalu-
ation Reports and plant design drawings. Applicable generic
licensing documents were also reviewed. The "Design Chain-
Initial Sample" (ITR-29) indicated that Nuclear Service Corp.
(NSC) was the only service-related contractor responsible for the
subject analysis.

After preliminary review of the DCNPP-1 design documents,
two specific locations in the auxiliary and turbine buildings
were chosen for the initial sample work. The following
activities were then undertaken by the IDVP to verify the
analysis of those areas:

0 Two independent blowdown calculations were performed
for main steam line double-ended rupture in the select-
ed areas.

0 Independent calculations were performed of pressure and
temperature transients in two areas.

) A sensitivity study was performed to compare CONTEMPT,
the computer program used by NSC, to THREED, the SWEC
program used in the independent analysis.

The computer sensitivity study revealed that CONTEMPT
calculated lower temperatures and could not model adjacent com-
partments properly. As 2 result EOI B0O1 was issued to report
the inappropriate application of CONTEMPT.

However, 1DVP continued the verification procedure to deter-
mine if further concerns existed. The IDVP's independent
pressure and temperature calculations were performed using models
and input data developed from the basic plant design documents
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and IDVP's blowdown calculations without reference to the exist-
ing NSC calculations. These independent calculations resulted in
higher pressure and temperatures. The NSC analyses were then
reviewed and it was determined that the calculation of computer
program input data was not appropriate. Several further EOIs
were issued as a result of this review, as reported in ITR-14,

In order to perform the above work, the IDVP performed six
calculations based on input from approximately 64 drawings,
reviewed five NSC calculations and two reports, and performed a
field verification of as-built geometries used for input calcula-
tions.

In parallel with this analytical design effort, the IDVP
performed a QA audit and review of NSC as described in the
Engineering Program Plan. Two EOIs were issued concerning the QA
aspects of information used as inputs to the NSC calculations.

The 1DVP received information concerning all the EOIs issued
for this area of verification from DCP during several meetings
and resolution/completion packages for each EOI. The 1DVP
reviewed this information and determined that the analytical
errors and the QA concerns addressed in seven EQIs were not
resolved. Therefore, the DCP committed to reanalyze all the
pressure and temperature transients to resolve the EQIs. These
were combined in EOI 8001, which was classified as a Class A/B
Error.

Since the CONTEMPT computer program was used for areas out-
side containment other than those included in the initial sample,
the problem was considered to be generic and, as such, required

additional verification. The additional verification was per-
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formed on the DCP reanalysis on a sample basis as identified in
ITR-34, The approach taken for this additional sample was
similar to the initial sample with the exception that more areas
were reviewed. Document requests were issued to obtain the cal-
culations and results of the DCP reanalysis. Approximately 12
calculations were reviewed and the results reported in ITR-47.

The DCP utilized the Bechtel Computer program FLUD to per-
form the reanalysis. The IDVP performed a sensivity study to
compare FLUD and THREED with satisfactory results. The DCP
results for the selected areas were compared with the I1DVP
independent calculations and were satisfactory. Further, the DCP
calculations were reviewed to determine if the specific concerns
identified in the EOI files and related to the initial sample had
been addressed by PGandE. The results of this review were also
satisfactory.

Based on these satisfactory reviews of the reanalysis, no
further additional verification was required. The IDVP Final
Report describes the initial sample verification 1in Sec-
tion 4.7.6, the additional ver” ication in Section 4.8.4, the
IDVP findings in Section 5.2 and the causes of EOQI 8001 in Sec-
tion 6.3.4.

Q.25: There have been approximately 300 EOIs. Does this
mean that there were 300 errors in the DCNPP-1 design?

A.25: (ALL) No. The opening of an EQI File meant that a
condition had been identified which required additional evalua-
tion to determine its significance, so & file number had been
assigned to track this additional effort. If the additional
effort subsequently established that an applicable license appli-
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cation criterion had been violated, the item would be classified
and reported as an IDVP Finding. Many of the EOIs were, of
course, resolved without being established as errors. Further,
since the significance of an EOI cannot be determined simply by
looking at its eventual classification, it is very easy to over-
estimate or to underestimate the significance of EOIs by a simple
"counting” of the files.

There is also no general relationship between the eventual
classification of a file and the potential for that file ‘o
indicate a generic concern. The I1DVP carefully consicderec tlhe
generic implication of every EOI, as well as the generic implica-
tions of possibly related concerns reflected in several EOIs, as
described in the IDVP Final Report, Sections 5.5 and 5.6.

Q.26: In the judgement of the IDVP, was the scope of the
IDVP sufficient to provide reasonable assurance that those
aspects of DCNPP-1 design which did not meet the criteria of the
license application have been identified?

A.26: (ALL) Yes. The initial sample and additional sample
effort resulted in detailed verification of aspects of the work,
a so-called vertical slice. When the IDVP identified concerns
with respect to specific aspects of these samples, the IDVP work
was expanded in accordance with the program plans to review those
concerns as they may have affected other safety-related S5Cs, 2
so-called horizontal slice. Thus, the IDVP program utilized a
systematic approach for determining the extent of its review
necessary to identify technical concerns. With respect to
seismic design, the fact that the DCP undertook an essentially

total review of the DCNPP seismic design, subject to verification
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by the 1DVP, provides further assurance that technical concerns
were identified. Similar, but less extensive, DCP responses were
made with respect to non-seismic generic concerns. For the
reasons described in the IDVP Final Report and the previous
tostimony, in the judgement of the IDVP the scope of the 1DVP was
sufficient to provide the assurance sought by the Commission
Order and Staff Letter, and such scope was, of course, approved
by the Commission.

Q.27: Does this mean that the IDVP identified each and
every deficiency in compliance with the criteria of the license
application?

A.27: (ALL) No. The IDVP was not intended to do this, nor
could any reasonable independent verification program. The 1DVP
was sufficient, and the procedures utilized to identify concerns
effective, to provide reasonable assurance that those aspects of
the design work on DCNPP-1 performed by PGandE or service-related
contractors which did not meet the license application criteria
have now been identified. This conclusion should not be inter-
preted, however, to mean that the IDVP identified each and every
error or guestionable aspect of the design product of PGandE and
its contractors or of the design process they utilized. It does
mean that, in the judgment of the 1DVP, there is very little
likelihood that any significant undetected errors exist in such
design work.

Q.28: Did the IDVP retain a statistician in the conduct of
jts program?

A.28: (WEC) No. Neither the Commission Order nor the Staff
Letter required the use of a ctatistician in the IDVP efforts.
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Appendix C of the Program Management Plans indicated that the

IDVP would arrange for an evaluation of the completed program by
an expert in the application of statistics to an engineered
system. However, the IDVP later determined that such an evalu-
ation was not required, particularly since in its review of the
Phase 11 Program Plan the NRC Staff stated that "Rigorous
statistical techniques are largely inappropriate for a design
verification program" (see Enclosure 11 to SECY-82-414), and on
December 9, 1982, the Commission approved “the Phase I1I Program
Plan of June 18, 1982, including the proposed IDVP contractors as
modified by the Staff in Enclosure 11 to SECY-82-414." Neverthe-
less, because issues relating to the use of statistics continued
to be raised by some of the interested parties, the IDVP believed
that a review of its efforts by a statistician should be con-
ducted. As described in Section 3.5 of the IDVP Final Report,
the I1DVP recommended that any proper statistical evaluation
should address the efforts of both the IDVP and the DCP and con-
curred in the selection of a statistician retained by PGandE.
0.29: In the judgement of the IDVP, was the scope of its
program sufficient without the participation of a statistician?
A.29: (ALL) Yes. The IDVP never intended to use
statistical sampling in its verification program. The IDVP
believes that the scope of its review was sufficient without the
participation of a statistician because its program complied with
the Program Plans for Phases I and 11 approved by the Commission
and the Staff and because it enabled the IDVP to obtain reason-
able assurance that the design of DCNPP-1 complies with license

application criteria, as stated in Sections 2 and 6 of the IDVP
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Final Report. The IDVP did not perform analyses to determine
whether its sampling was "statistically valid" to any particular
statistical confidence level.

The 1DVP technical program concept employed an audit and
review of design QA in parallel with an engineering program for
verification of the design process in a manner which did nnt
depend upon the effectiveness of the QA program applied in the
original DCNPP-1 process. The 10VP verification samples were
carefully chosen in both the seismic and non-seismic areas, and
the verification was expanded whenever necessary to resolve con-
cerns that were identified in our original review. A1l potential
concerns were recorded, tracked, and resolved in 2 systematic
manner using the EOI system, and reported in detail in ITRs. In
addition, the IDVP was organized to require levels of engineering
peer review by different organizations within the program to
ensure the validity of all IDVP technical conclusions. The
reasons for the IDVP's belief that these samples were properly
chosen and suitable for the IDVP's purposes are set forth in the
10VP final Report and the ITRs, and are amply illustrated in A.19
and A.24.

0.30: In the conduct of its program, has the IDVP “merely
checked data of inputs to models used by PGandE"?

A.30: (WEC, RLC, JEK) No. In its verification of seismic
design, the IDVP performed a complete independent analysis of the
initial sample and additional sample/verification in accordance
with the Phase 1 Program Plan. In its verification of the CAP as
defined by 1TR-8, and in its verification of the DCP activities
as defined in ITR-35, the IDVP used independent calculations on a

1/2-34




10
11
12
13
14
15
16
17
18

19

21
22
23

24

selected basis as part of the design verification process. In
every aspect of the IDVP's seismic work, the verification process
consisted of much more than merely checking data of inputs to
models used by PGandE.

In its verification of the non-seismic design, the IDVP per-
formed independent calculations or analyses, and/or independent
review of PBandE calculations and analyses in accordance with the
Phase Il Program Plan. The majority of the Phase II non-seismic
verification consisted of the performance by the IDVP of in-
dependent calculations or analyses. The independent calculations
and analyses performed by the IDVP used independent models devel-
oped by IDVP and/or different computer programs. In its addi-
tional verification of DCP-performed activities as defined by
ITR-34, the IDVP used independent calculations, analyses, and/or
field verification for essentially all of the verification
effort. In every aspect of the IDVP's non-seismic work, the ver-
ification process consisted of much more than merely checking
data of inputs to models used by PGandE.

The full extent of the IDVP's verification efforts is
spelled out in the IDVP Final Report and the ITRs, and is amply
illustrated in A.19 and A.24.

0.31: Did the IDVP verify the design of the Diablo Canyon
Nuclear Power Plant, Unit 27

A.31: (WEC) No. The IDVP's review was performed in
accordance with the Commission Order and the Staff Letter, which
contemplated only an independent verification of Unit 1. In

addition, the IDVP completed its work in accordance with the
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Program Plans, approved by the Commission, which included only
Unit 1. '

Q.32: Was the scope of the I1TP's analyses and modifications
of the seismic and non-seismic aspects of the design of safety-
related SSCs at DCNPP-1 sufficient for the purposes of the 1DVP?

A.32: (ALL) Yes. The scope of the ITP's analyses and
modifications was sufficient to respond to all of the IDVP's con-
cerns, to permit the IDVP to complete its verification in
accordance with the Program Plans, and to enable the IDVP to
reach the conclusions and evaluations stated in Section 2 and &
of the 1DVP Final Report. The design work performed Dy the ITP
for verification by the IDVP is set forth in ITRs-8, -34, and -3\5
and is discussed further in Section 3.5 of the ID\iP Final Report.
The results of the IDVP's verification of design activities per-
formed by the ITF is set out in ITRs-45 to -49 (SWEC), ITR-51
(TES) and 1TRs-54 to -61, ~63, -65, ~67 and -68 (RLCA).

0.33: 1In summary, in the judgment of the IDVP, was the
scope of its efforts sufficient that it could properly reach the
conclusions and evaluations stated in Sections 2 and 6 of the
IDVP Final Report?

A.33: (ALL) Yes.

1/2-36
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD

In the Matter of

PACIFIC GAS AND ELECTRIC COMPANY Docket Nos: 50-275 |
p £0-323 b

(Diablo Canyon Nuclear Power Plant

Units 1 and 2)

B s,

NRC STAFF TESTIMONY OF JAMES P, KNIGHT, HARTMUT E. SCHIERLING
AND JARED S, WERMIEL ON
GOVERNOR DEUKMEJTAN'S AND JOINT INTERVENORS'
CONTENTIONS la, 1b, lc, 1d ang le

Q1. Mr. Knight, please state your full name, by whom you are employgd
and your position, and the nature of your involvement in the Diablo
Canyon proceeding.

Al. My name is James P, Knight, I am employed by the U.S. Nuclear
Regulatory Commission as Assistant Director for Components ancd

Structures Engineering, Division of Engineering.

I am responsible for the review and evaluation of design criteria
to ensure the integrity of structures, systems and mechanical
components, including the dvnamic analyses and testing of safety
related structures, systems and components, the geological,
geotechnical and seismological characteristics of reactor sites,
the seismic design bases, criteria for protection against the
dynamic effects associated with natural envircnmental loads and

postulated failures of fluid systems for nuclear facilities and the

egéoaio 55 831 14 5
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§tability of soils and foundation systems. In this capacity 1 was

responsible for the review activities of *he Structural and
Geotechnical Engineering Branch, the Mechanical Engineering granch,
the Geosciences Branch (geology and seismology), and the Equipment
Qualification Branch with regard to the design verification program

at Diablo Canyon.

Mr. Schierling, please state your full name, by whom you are
employed and your position, and the nature of your involvement inm
the Diablo Canyon proceeding.

My full name is Hartmut E. Schierling. [ am employea by the U.S.
Nuclear Regulatory Commission as a Senior Project Manager in the
Division of Licensing in the Office of Nuclear Reactor Regulationm.
Since January 1982, 1 have had the responsibility for the licensing
management function of the verification efforts for Diablo Canyon
Unit 1. I am responsidble for directing the licensing activities
and interfacing these efforts with management anc technical staff
in other divisions in the Office of Nuclear R;actor Regulation. 1
recently became the Project Marager for the Diablo Canyon Nuclear
Power Plant with the responsibility for all licensing functions for

both Units.

Mr. Wermiel, please state your full name, by whom you are employed
and your position, and the nature of your involvement in the Diablo

Canyon proceeding.
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ﬁy name is Jared S. Wermiel, I am employed by the U.S. Nuclear
Regulatory Commission. I am a Section Leader in the Auxiliary
Systems Branch in the Office of Nuclear Reactor Regulation. [ was
responsible for the review and evaluation of the design
verification in the auxiliary system areas including
mechanical/nuclear design, high and moderate energy line breaks,
internally generated missiles, and pressure/temperature
environmenta) analyses performed in connection with Diablo Canyen

Unit 1.

What is the nurpose of this testimony?
The purpose of this testimony is to respond to Governor
Deukmejian's and Joint Intervencrs' Contention 1 which states the

following:
1. The scope of the IDVP review of both the seismic and
non-seismic aspects of the designs of safety-related systems,
structures and components (SS8C's) was too narrow in the foliowing
respects:

(a) The IDVP did not verify samples from'each design activity
(seismic and non-seismic).

(b) 1In the design activities the IDVP did review, it did not
verify samples from each of the design groups in the design chain
performing the design activity.

(c) The IDVP did not have statistically valid samples from
which to draw conclusions.

(d) The IDVP failed to verify independently the anmaiyses but
merely checked data of inputs to models used by PGSE.

(e) The IDVP failed to verify tie design of Unit 2.
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With regard to Contention 1, can you provide the background for the
requirement that an Independent Design Yerification Program (IDVP)
be developed and implemented for Diablo Canyon Unit 17

Yes. On September 22, 1981, the NRC issued Facility Operating
License No. DPR-76 to PGSE as the licensee for Diablo Canyon
Nuclear Power Plant (DCNPP) Unit 1, authorizing fuel loading and
low-power testing up to 5% cof rated power, On September 28, 1881,
PGAE notified the NRC that they had identified an error, which has
become known 25 the mirror image proélem or diagram error. An
arrangement drawing for DCNPP Unit 2 (which is a mirror image in
desin of Unit 1) had been used in the seismic analysis of
erut.c~t, piping, and supports in the containment annulus
structure of Unit 1. On the basis of the results of 2 subsequent
inspection performed by NRC Region V and of additional information
supplied by PGSE, the NRC staff identified weaknesses in the
implementation of the PGSE design quality assurance (QA) program,
in particular with regard to seismic, service:re?ated contractors.
As a result of these findings and concerns the NRC, on November 18,

1981, tock the following two actions regarding DCNPP Unit 1.

First, the Commission issues Memorandum and Order, CLI-81-30, shich
suspended the authority to load fuel and conduct low-power testing
granted by Operating License No. DPR-76 and required PGAE to
institute an Indepencent Design Verification Program (1DVP) for
seismic, service-related contract activities performed before June

1878. This design verification effort, which has become known as



[JK,HS)

Q6.
A6,

Q7.

Phase 1 of the IDVP, must be completed before reinstatement of the
low-power license. Second, the NRC staff issued a letter that
required further IDVP efforts that must be completed bafore an NRC
decision regarding cperation of Diablo Canyon Unit 1 at a power
level above 5% of rated power (i.e., full-power license
considerations). The IDVP efforts associated with the NRC letter
have become known as Phase II of the IDVP and encompass (1)
nonseismic, service-related contract activities performed before
June 1978, (2) PG3E internal design activities, and (3)
service-related contract activities performed after January 1978.
(Throughout this testimony these two documents are referred to as

the Order angd the NRC letter, respectively.)

What was the objective for the IDVP at Diablo Canyon Unit Neo. 17
The objective for the IDVP at Diablo Canyon Unit No. 1 was that
PGSE obtain the services of an independent, qualified, technical
contractor who would select samries of design activities for Diable
Canyon Unit 1 and by review of existing docum;ntation and, where
the contractor considered appropriate, independent analyses draw
conclusions as to whether or not the previously approved licensing

criteria had been met.

What were the criteria employed by the staff to determine the
independence and qualifications of the companies that constitute

the IDVP at Diablo Canyon Unit 17
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fhe Commission Order and the NRC letter specified that PGAE provide
information which would demonstrate the independence of the
companies proposed by PGSE to carry out the IDVP. The criteria the
staff used to determine the independence and qualifications of
proposed companies are delineated in a letter from Commission
Chairman N. Palladino, to Congressmen J. D. Dinge)l and R. Ottinger

dated February 1, 1982, Attachment 1.

What was the result of the staff review of the companies propo:ed
to constitute the IDVP?

“rom November 1981 through January 1983, NRC Region V conducted
inspections related to the independence and professional
qualifications of individuals empicyed by Teledyne Engineering
Services (TES), Robert L. Cloud and Associates (RLCA) and R. F.
Reedy, Inc. These inspecticns included an examination of
conflict-of-interest statements and resumes. In addition,
confidential interviews were conducted with IQVP individuals with
regard to 1DVP management directives for identifying and reporting
concerns. The inspections and examinztions covered more than three
quarters of the individuals employed. The staff concluded that all
individuals were technically quaiified to perform their tasks and
that there was no management pressure regarding their professional

judgement and attitude.

Comments by the Joint Intervenors and the Governor of California on

these matters were also considered. The conclusions are presented
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in SECY-B2-89 and SECY-82-414, Staff Exhibits 38 and 39

respectively. The following companies were approved:

(1)

Teledyne Engineering Services (TES) as the Program Manager

for Phase ! and Phase I] of the IDVP with the following

organizations reporting to TES:

(a)

()

(¢)

Robert L. Cloud and Associates (RLCA) for the seismic
design verification of structures, systems, and

components in Phase I and II.

R. f. Reedy, Inc. {RFR) for the review and verificaticn
of quality assurance programs and implementation in

Phase [ and Phase I11.

Stone § Webster Engineering Corporation (SWEC) for the
verification of nonseismic aspects‘of the design and
analysis of selected safety-rejated systams and
components within the scope of Phase Il. {Subsequently,
SWEC also was assigned the task of performing the
construction quality assurance [COA) 3udit and

verification.)

In addition, TES contracted with the following companies to provide

expert assistance in specialized areas:

(1)

Hansen, Holley, and Biggs, Imc. (civil-structural)
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(2) General Dynamics (radiation)
(3) Alexander Kusho, Inc. {electric power)
(4) Foster-Miller Associates {instrumentation and control)

(8) J. W. wheaton (electric power)

How was the IDVP review process conducted?

The 1DVP design verification of a structure, system or compenent of
the initial sample began with 2 review and evaluaticn of drawings,
specifications, criteria, analyses, and calculations that had been
established and performed by PGSE or their service contractors for
the sample system. Similarly, the audit of quality assurance
programs began with a review of the quality assurance manuals. If
during this review the IDVP raised 2 question with respect 10
meeting the verification criteria, an Open Item Report (DIR) was
issued which was entered intc the Error or Open Item (EQI) file

system and was assigned an EQOI file number.

The opening of a new EOI file indicated that the 1DVP had raised 2
concern; however, the validity and significance of that concern had
not necessar11j been established or understood. The concern was
subsequently identified to PGIE, and its resolution was pursued by
obtaining additional information, discussions between the IDVP and

the DCP, and plant visits as necessary. 1¥ the IDVP determined, as
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3 result of further evaluation, that a particular concern was based

on a misunderstanding cr misinterpretation of the initial

information, that EQI was then closed once it was verified that the

licensing criteria had been met. If the IDVP determined that the

original concern was valid, it was classified as an “error” in

accordance with one of the following error class definitions:

Error Class A

Error Class B

Error Class C

Error Class D

Design criteria or operating limits of a
safety-related structure, system, or component are
exceeded; physical moedification or change in
operating procecurs is required.

Design criteria or operating limits of 2
safety-related structure, system, or component are
exceeded; resolution is possible by means of more
realistic calculations or rztesting.

incorrect engineering or installation of a
safety-related structure, system, or component
occurred; des. + criteria or ;perating limits are
not exceeded; physical modification is not
required.

Safety-related equipment is not affected; physical
modification is not required (this classification

was not used for any EOI).

Some EOIs were identified as a "deviation", which is not an error

but indicates a departure from a standard procedure and is in
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itself not a mistake in the analysis, design or construction of a

safety-related structure, system, or component.

The above classification of EQls was used for concerns that were
raised with respect to the independent design verification. An EOI
#ile opened as a result of quality assurance (QA) audits was
classified as a "QA finding” (a nonconformance in QA that required
evaluation because of its significance or potential impact on
quality) or as a “QA coservation® (a nonconformance in QA that did
not require evaluaticn because it had nc apparent or real impact on

quality).

. How did the staff participate in the ongoing efforts of the IDVP

for Diablo Canyon Unit 12

. The NRC review and evaluation of the Diable Canyon design

verification program has been an ongoing effort since the
Commission Order and NRC letter were issued. The organizations
proposed to conduct the efforts also were reviewed and evaluated
with respect to their financial incependence and professional
qualifications. The detailed results of those efforts were
presented in SECY-82-89 (USNRC, March 1, 1982) and SECY-B2-414
(USNRC, October 13, 1982) for Phase I and Phase 11, Staff Exhibits

38 and 39 respectively. These documents formed the basis for the
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Commission’'s approval of the plans for the IDVP with modifications

as recommended by the staff,

The Diablo Canyon design verification program efforts, the
methodology and procedures applied to the program, and the criteria
for determining the adequacy of the design are described in the TES
programs plans for Phase [ and Phase II, the PGSE program plans for
their internal technical program (discussed later), the TES final
report on the IDVP and the PGS3E final reports for Phase ! and Phase
I1 of the [DVP. Throughout the course of the design verification
effort, the staff met often with PGSE and the IDVP organizations to
discuss the progress of the effort and to ensure that the program
met the objectives set forth in the Commission Order and the NRC
letter. These meetings were open to the public, and a complete
list is provided in Table C.1.2 of SSER 18, Staff Exhibit 36. To
maintain 2 clear record, to provide documentation of commitments
made at the meetings, and to afford other parfies not in attendance
a2 vehicle to review of the discussion, 2 verbatim transcript, which
was made publicly available, was taken at these meetings. It was
the intent of the staff to hear from all parties at those meetings.
Representatives of the Joint Intarvenors and the Governor of
California were provided the opportunity to comment on the matters
being discussed and provide their viewpoints. In addition, two
meetings were held for the specific purpose of hearing from these

parties.
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Row 6id the staff use the IDVP in their review?

The 1DVP efforts were used by the staff much as the services of an
expert consultant. As with other consultants the staff first
verified the technical competence and independence of the
organizations assigned various aspects of the review (see A6, 7 and
8 above) and then monitored the ongoing work and performed selected
audits to assure that this work was proceeding consistent with the
program plan and was acceptable to the staff,

In what areas did the staff conduct audits of the IDVP work?

The staff audited the IDVP in the areas of tanks (ITR 3), piping
(ITR 12), structural review of the auxiliary building (ITR 6),
soils (ITR's 39 & 40).

Why were these areas chosen for audit?

The staff selected these areas for audit because they give both a
view of the major engineering disciplines involved in the IDVP
(mechanical, structural and geotechnical) as well as an opportunity
to maintain oversight of IDVP activities over the full time span of

the program.

Did the IDVP Phase I! nonseismic design activity verification
effort cover all aspects of licensing cdesign compliance for
safety-related systems?

No. The IDVP nonseismic design activity review covered a broad

spectrum of licensing design concerns. The initial Phase Il sample



(W)

(K, W)

Q1s.

Q16.
Al6.

g

included the most significant design considerations for the three
diverse safety-related systems selected. These design activities
included hydraulic performance, heat remcval capability, electr1c§1
power and instrumentation design, pipe break protection ana fire

protection.

Are there nonseismic design activities which were not reviewed by
the I1DVP that may affect safety-related system compliance with

licensing criteria?

. Yes, However, the staff in its initial review of Diablc Canyon

considered all applicable licensing criteria and confirmed
compliance with them. Those nonseismic design areas not included
in the 1DVP review are not as critical to proper design approach

and methodology.

0id the staff perform independent analyses?

Yes. For seismic design, at the staff's request. Brockhaven
National Laboratory (BNL) initially performed a vertical seismic
analysis for the Unit 1 containment annulus structure and analyzed
two piping systems located in the containment annulus area of Unit
1 with PGSE designation numbers 4A-26 and 6-11. The objectives of
this effort were to evaluate the adeguacy of the original PGBE
structural and piping models and the computational techniques
employed. Several discrepancies in the areas of mass calculations,
model assumptions, and response spectrum smoothing techniques were

found. The results were published in NUREG/CR-2834 entitled
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"Independent Seismic Evaluation of the Diablo Canyon Unit 1
Containment Annulus Structure and Selected Piping Systems,"

(USNRC, August 1982).

As it became apparent from the results of this study that
discrepancies existed in the PGSE analyses, BNL was requested to
expand its study to include the following additional analyses as
described in SECY-82-414 (USNRC, October 13, 1982), Staff Exhibit

39:

-t

(1) a horizontal seismic analysis for the annulus structure
(2) a seismic and stress analysis of one buried diesel oil tank
(3) analyses for two additional piping systems (one within the

Westinghouse scope and one within the PGSE scope).

These additional analyses were chosen to provide the staff with
confirmatory information in areas that were not specifically
included in the original IDVP effort or the Diablo Canyon Project

(DCP) Corrective Action Program at that time or to compiement the

previous BNL analyses efforts.

The staff also undertock zn independent verification of the
pressure/temperature transient environments resulting from
postulated high energy pipe breaks using the COBREE computer code
developed for the staff by Battelle, Pacific Northwest
Laboratories. This effort was undertaken because it was identified

by the IDVP as an area requiring additiona) generic verification
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and because of the staff's continuing effort regarding equipment
qualification. The staff independently confirmed that the
(Bechtel) FLUD computer program used in the pressure/temperature
reanalysis by the DCP provides satisfactory results wher compared

to COBREE.

Did the staff independently verify other PGSE proposed resclutions
of nonseismic Phase 11 concerns which had been accepted by the
ove?

Yes. The staff did independently verify, in selected cases, that
the PGRE proposed resolution of identified concerns was in
accordance with licensing criteria and was thus able to confirm the
IDVP judgement on their acceptability. For the cases where this
was done, the staff determined that the IDVP's judgement was based
on adequate engineering justification and was in accordance with
the applicable licensing criteria.

How were the BNL independent analyses used in the staff review?
The BNL analyses were employed primarily to give the staff insight
into the significance of the design errors identified in the early
stages of the Diablo Canyon reverification effort. In most
instances these analyses were carried out only to the extent
necessary to either define the general nature of a possible
deficiency or to determine the absence of 2 significant deficiency
for the particular calculation performed. Where 2 possible

deficiency was identified, the 1DVP was informed and the matter
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left in their hands for disposition. The disposition was reviewed

by the staff as part of our ongoing menitoring of the IDVP process.

Have the goals of the staff with regard to the IDVP for Diablo
Canyon Unit 1 changed since its inception?

No. The Commission Order, CLI-81-30, and the NRC letter of
November 19, 1981, set forth specific requirements for the
Independent Desion Verificaticn Program effort that must be
completed befcre any consideration of reinstatement of the

suspended low power license ind issuance of a full power license.

It became evident in the early stages of the IDVP activities
related to seismic design and containment pressure-temperature
calculations that the scope and depth of the verification effort by
both the 1DVP and PG3E would far exceed that anticipated at the
outset of the program. Although the goal [i.e., assurance that the
design of Diablo canyon Unit 1 is in accord wjth the previcusly
accepted design criteria) remains unchanged, the approach and
method of review were modified. The I2VP moved from a role in
which samples were selected to dchern whether or not probable
deficiencies existed to verification that the PG3E reconstituted

design program was effective.

what weight did the staff place on the conclusions reached by the
10VP?
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The staff relied heavily on the conclusions of the 1DVP in
recognition of the technical compeience and independence
established at the outset of the IDVP and confirmed throughout the
conduct of the program by staff audits and attandarce at technical
interchange meetings between the IDVP and the Diablo Canyon

project,

With regard to contentions la and 1b did the staff intend, or the
Commission require, that the [DVP utilize a sampling approach?
Yes. The Commission Order and the NRC letter require that the IDVP

develop cri:eria for sample selection.

Did the staff review the criteria for sample selection contained in
the Phase I and Phase Il program plan?

Yes, The staff review of tu. sample selection criteria in the
Phase | and Phase [l program plans was reported in SECY 82-89 and

SECY 82-414, Staff Exhibits 38 and 39 respectively.

. What was the staff conclusion?

. The staff concluded that the program plan provided for suitable

numbers and types of independent analyses for structuras, ystems

and components important to safety.

Does the staff still hold tc that conclusion?

Yes. The staff review for the completed IDVP activities and
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resultant corrective action is contained in SSER 18 Staff Exhibit
36.

What was the staff basis for accepting the criteria for selecting
samples contained in the Phase I and Phase II program plan?

The staff was concerned that the samples reflect & broad encugr
cross section of desigr activities and that the samples represent
substantive aspects of the Jcsign process for principal safety
related structures, systems and comaonents.

Was it intended that the sample specifically address all
activities?

No. The intent was that the IDVP would utilize qualified engineers
with experience i) the design of nuclear power plants to select
samples that in their judgement would provide an informed
understanding of the engineering work and follow through that was
necessary tc accomplish 2 design in keeping with the specified

criteria.

Is it necessary or desirable to have the IDVP sample every step in
the design process of every structure, system and component?

No. The final responsibility for adequata design of a auclear
power plant must rest with the licensse. The purpose of an IDVP is
gither to confirm with a reasonable level of confidence that the
licensee has caused the plant design to be carried out in

accordance with the licensing criteria or, absent the ability to
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make that finding, to assist in determining the steps necessary to

restore the licensee design program to an acceptable level,

. Did the IDVP accompiish all the goals envisioned at the outset of

the program?

. Yes. Using individuals expert in the design of nuclear power

plants, the IDVP selected effective samples, reviewed those samples
in great detail and disclosed significant deficiencies in the

design process employed at Diablo Canyon Unit 1.

With respect to contentions 12 and 1b does the staff believe that
the IDVP was too narrow with regard to the number and types of
samples verified?

No. As¢ discussed above the number and types of samples in Phase I
and Phase 1 of the IDVP were selected in accordance with all
requirements of the Commission and the staff. The staff further
has concluded that the results contained through the selection of
the Phase | and Phase 1! samples demonstrate the effectiveness of

the sampling techniques employed.

The samples taken for Phase | effectively demonstrated a broad
range of deficiencies in seismic design procedures. As a result of
the seismic design deficiencies identified, PGSE instituted 2
seismic reverification program that mooted the question of further

samples by incorporating essentially &11 significant seismic design
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brocesses in the review conducted under its Internal Technical

Program (ITP).

As a result ne IDVP verification effort for the three systems
in the initial Phase 1l sample, the IDVP identified four areas for
additional generic evaluation as the concerns involved requirements
ano ‘esign approaches applicable to other safety-related systems.

These areas were:

o redundancy of equipment and power supplies in shared

safety-related systems.

0o selection of system design pressure, temperature, and

differential pressure across valves.

o environmental conseguences of postulated pipe breaks outside

containment.

o circuit separation and single failure capability for

safety-related electrical components.

As a result of the quality assurance verification effort under the

IDVP one additional generic evaluation was performed.

o jet impingement effects resulting from postulated pipe breaks

inside containment.
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On the basis of the above consideration,, the staff concludes that
the IDVP review adegquately explored tre design approach and
pﬁ11osophy for implementing licensiry criteria and commitments
employed by PG3E for safety-relatec systems in accordance with the

scope of the Phase 1l programs.

Is there a reguirement that the !D P be based on statistical

sampling methods?

. No.

What is the role of the engineer in determining the number and
types of samples to be employed for an IDVP?

Based on his knowledge of the ergir:ering design process and his
understanding of the reguirements r:cessary to 2ssure that the
required structures, systems and cc¢nponents will remain functionmal,
the engineer must decide what aspec:s of the design process have 2
greater impact on safety significan e in order to define the sample

and the engineer must determine the safety significance of results

of the 1DVP.

Are 311 deviations from design criteri\ of aqual safety
significance?

No. The conservatism in criteria vary (reatly so that the
consequences of deviations are a functio of both the extent of the
deviation and the margins that exist in tie particular structures,

systems or components.
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Are all "Error Class A" and "Error Class B" as defined in the
Diablo Canyon IDVP of equal safety significance?

No. "Error Class B's" are by definition oé 1ittle or no safety
significance in and of themselves since qualification of the
structures, systems and components in question can be achieved by

more realistic calculations or retesting.

From an engineering viewpoint should an "Error Class 8" and "Error
Class A" be given equal weight in evaluating the guality of an
engineering design program?

No.

From an engineering viewpoint should all “Error Class A's” be given
equal weight in evaluating the quality of an engineering design
program?

No. “Error Class A's" cover a broad range of safety significance
with the vast majority of “Error Class A's" at Diablo Canyon being

2l

of relatively minc- significance.

From an engineering viewpoint, is it necessary to estimate the
number of “Error A's" or “Error 8's" that might still exist after
completion of an IDVP in order to draw conclusions relative to the
overall gquality of a design program?

No. It is far more important to utilize an approach that will

define the character of the engineering judgements made during the

wid oy
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design process. Selection of sampies by experts in nuclear power

plant design is such an approach.

From an engineering viewpoint, is a statistical estimate of the
number of “Error A's" and "Error B's" that might ex1st-butside a
sample chosen on the basis of expert judgement useful in
determining the effectiveness of an IDVP or to judge the

acceptability of a nuclear plant from a safety standpoint?

. No. Such statistics have 1ittle value because the numerical values

represented by the estimates represent an extremely small part of
the total information that the engineer must assimilate in order to ;

make such judgements.

With regard to Contention lc does the staff believe that the IDVP
was too narrow in that the JDVP did not have statisticaily valid
samples from which to draw conclusions?

No. As discussed in A29 through A37 a statistical compilation of
various categories of design deficiencies is of l1ittle use in
making a final determination in regard to departures from criteria
that are of safety.s1gn1f1cance or in reaching an overai)

conclusion with regard to plant safety.

With regard to contention 1d, were independent analyses performed
by the IDVP for both seismic and nonseismic issues?
Yes. Independent analyses were performed in the areas of piping

(ITR's 12 and 17) and structures (ITR 6). Also, as indicated in
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fhe Phase Il program planm and subsequently confirmed in the various
ITRs regarding nonseismic design verification, the IDVP conducted a
number of independent calculations and analyses to verify
compliance with licensing criteria. Examples of such efforts
include (1) an independent analysis of pressure/temperature
transient envi}onments resulting from postulated high energy pipe
breaks using the THREED computer program (ITR 47), (2) an
independent calculation of the integrated radiation dose
environment (ITR 19), and (3) independent electrical calculations

such as electric circyit sizing (ITR 24, 25, 26).

With regard to contention 1d, do you believe that the IDVP was too
narrcw in that the IDVP failed to verify independently the PGAE
analyses?

No. The IDVP performed a wide range of independent calculations as
noted above and performed extensive reviews of the analytical
methods employed in the IDVP reverification effort. Based on the
staff experience in performing licensing reviews we believe that
the IDVP efforts provide very high assurance that commitments to

design Ticensing criteriz are fulfilled.

With regard to contention le, does the staff believe that the IDVP
is too narrow in that it failed to verify the design of Unit 27
No. The IDVP, as reviewed by the staff and approved by the

Commission, was not intended to apply to Unit 2 nor has any need
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éeve1oped in the course of the IDVP to indicate the need for
extension of the program to Unit 2. As noted in the testimony
above, with respect to contentions 1a and 1b, the role of the IDVP
has been served through the identification of design deficiencies
in the original sample and verification that the design process now
in place at PGSE is qualified to correct those deficiencies and to
continue on in the culmination of the design process in a manner

consistent with Commission regulations.

How will the results of the design verification for Unit 1 be

transferred to Unit 27

. PGRE has in place an engineering organization devoted to the

completion of Unit 2. The scope of the program fer the Unit 2

engineering organization includes:

o the determination of the applicability to Unit 2 of issues

identified in the IDVP and ITP reviews of gnit 13

o monitoring the resolution of issues identified applicable to

Unit 2, and
¢ providing documented records.

These efforts will be accomplished under NRC staff approved QA

programs and will be subject to continuing NRC inspection efforts.
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Attachment 1 te Stz
Testimony for

_ Contentions 1a,1b,1c,1¢
UNITED STATES and le

NUCLEAR REGULATORY CCHMMISSION
WASHINGTON, D. C. 20558

February 1, 1982

The Honorable John D. Dingell, Chairman
Committee on Energy and Commerce

United States House of Representatives .
Washington, D.C, -20813

Dear Mr, Chairman: gl

We share the concerns exprissed in your November 13, 1881 Tetter
regarding the implication of the recent seismic cesign errors detected
at the Dizble Canyon nuclear power plant. The implicaticn of these
errors has been and will be thoughtfully considered by the Commission.

The timing of the detection of these errors, so soon af+er authorization
for low-power cperation, was indeed unfortunate and it is quite
understandable that the Congress' and the public's perception of our
licensing proczss has been adversely affected. Had this information
been known %0 us on or prior to September 22, 1981, 1 am sure that the
facility license would not have been issued until the questions raised
by these disclosures had been resolved.

Because of these design errors, on Novemdber 19, 1981 we suspenced .
Pacific Gas and Electric Company's (PG3E) license pending satisfactory
completion of the following: ;

1. The conduct of 2n independent design review program of all
safety-related activities performed prior o June 1, 1878 uncer 211
seismic-related sarvice contracts used in the design of
safety-relatad structures, systems and compenents.

A technical report that fully assesses the basic cause of 2l
design errcrs icentified by this program, the significance of the
errors found and their impact on facility design.

[ ]
.

3.  PGREZ's conclusions of the &7fectiveness of the cesign verificatien
program in assuring the adeguacy of facility design.

4. A schedule for completing any modifications to the facility that
are required as a result of the design verification program.

- -
.

In addition, the Commission ordered PG&E.te srevide Zor NRC review and
approval: t
1. - A description and discussicn.of the ¢

or
company or companies that PGIE weuld pr

v
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independent design verification program, including information that
demonstrates the independence of thece companies.

2. A detailed program plan for ccndhcting the design verification
program, !

In recognision of the need to assure the credidbility of the design
verification program, NRC will decice on the acceptadbility of the
companies proposed by PGAE to conduct this program after providing the
Severnor of California and Joint Intarvencrs in the pending operating
licensing proceeding 15 days for comment. Also, the NRC will decide on
the acceptability of the plan proposed by PG3E to conduct the program,
affer providing the Governor of California and the Jeint Intarvenors in
the pending operating license proceeding 15 days for comment.

Prior to authorization to proceed with fuel loading, the NRC must be
catisfied with the results of the seismic design verification program
and with any plant modificztion resulting from that program that =2y S&
necessary prior to fuel loading. The NRC may impose additional
requirements prior to fuel loading necessary to protect health and
safety based upon its review of the program or any of the informatien .
srovided by PG&E. This may include scme or 211 of the reguirements
specified in the letter to PGAE cated November 19, 1581,

Responses to each of the four questions in your letter are enclosed.
A decision to permit PGAE to procesd with fuel loading will not be made
until all the aczions contained in the Commission's November 19, 1981
Order are fully satisfied, .

Sincerely,

-7 - .

Nunzio J. Palladino

cc: Rep. Carlos Moorhead

Inclosures:

1. Commission Order, dated 11/18/81

2. Lor from Office of Nuclear Reactor
Regulation, NRC to PGAE dated 11/15/81

3. Responses to Questicns
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UNITED STATES - '
NUCLEAR REGULATORY COMMISSION :
) WASHINGTON, D. C. 20558

February 1, 1582

The Honorable Richard Ottinger, Chairman

Subcommittee on Conservation and Power

Committee on Energy and Commerce

United States House of Representatives

Washington, D.C. - 20518 ’ i

Pear Mr., Chairman:

We share the concerns expressed in your November 13, 1581 letter
regarding the implication ¢f the recent sefsmic design errors detected
at the Diablo Canyon nuclear power plant. The implication of these
errors has been and will be thoughtfully considered by the Commission.

. The timing of the detection of these errors, so soon after authorizatien

- for Jow-power cperation, was indeed unfortunate and it is quite
understandable that the Congress’ and the public's perception of our
licensing process has been adversely affected. Had this information
been known to us on or prior tc September 22, 1981, I am sure that the
facility license would not have been issued until the guestions raised
by these disclosures had been resolved.

Because of these design errors, on November 19, 1881 we suspénced
Pacific Bas and Electric Company's (PGAE) license pending satisfactory
completion of the following:

1. The conduct of an independent Jesign review program of all
safety-related activities performed prior to June 1, 1578 under 211
seismic-related service contracts used in the cesign of
safety-related structures, systems and components.

2. A technical report that fully assesses the basic cause of all
design errors identified by this program, the significance of the
errors found and their impact on facility cesign.

1. PGAf's conclusions of the effectiveness of the design verification
program in assuring the adequacy of facility design.

4, A schedule for completing any medifications to the facility that
are required as a result of the design verificaticon program. -

In additicn, *he Commissicn ordered PGSE to provice for NRC review and
approval:

s A description and discussion of the corporate cyalifications of the
company or companies that PGAE would propese to carry cut the
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independent design verification program, including information that
demons<rates the independence of these companies.

2. A detailed program plan for tcnducting the design verification.
program.

In recognition of the need to assure the credibdility of the design
verification program, NRC will decice cn the aczeptability of the
companies proposed by PG&E to conduct this program after providing the
Governor of California and Joint Intervencrs in the pending cperating
11censing proceeding 15 days for ccmment. Also, the NRC will decide on
the acceptability of the plan propesed by PGAE to conduct the program,
after providing. the Govermer of California and the Joint Intervenors in
the pending operating license procesding 15 days for comment.

Prior %o suthorization to proceed with fuel loading, the NRC must be
satisfied with the results of the seismic design verification program
and with any plant medification resulting from that program that may be
necessary pricr to fuel loading. The NRC may impese additicnal
requirements prior to fuel loading necessary to protect heaith and
safety based upon its review of the program or any of the information
provided by PGSE. This may include some or all of the requirements
specified in the letter to PGSE dated Novemper 12, 1881.

Responses to each of the four gquestions in your letter are enciosed.

A decision to permit PGAE to proceed with fuel lozding will not be made
until all the actions contained in the Commissicn's November 19, 1881
Order are fully satisfied.

Sincerely,
Nunzio J. Palladine

cc: Rep. James T. Broyhill

nclosures:

. Commission Order, dated 11/18/81

. Ltr from Office of Nuclear Reactor
Regulation, NRC to PGRE dated 11/18/81

. Responses to Questions

L)



o gt gm— A ——

. Enclosure 3

RESPONSES TO QUESTIONS IN NOVEMBER 13, 1981 LETTER 10 .
CHAIRMAN PALLADINO FROM CONGRESS/'IN DINGELL AND OTTINGER

Questien 1:

-
e et 1 s

Response:
m

Please provide, pricr to the issuance of the 50.54(f)
letter, the definition of the terms (i) "independent,®
(i4) "competent,® (i1i) “integrity,” and (iv) "complete

Although one of the options uncer consicderation by the
Commission was 2 50.54{f) letter, the Commission decided to
suspend PGLE's license to load fuel and conduct tests up to
5 percent power by Memorandum and Orzer dated November 19,
1681, pending satisfactory compieticn of certain actions,
including the conduct cf 2 design verification program.
Also, a staff letter of the same date required PGaE to
carry on cther design verification programs prior to
fjssuance of any license autherizing operation above S
percent power.

The most imporiant facter in NRC's evaluztion of the ingi-
viguals or companies proposed by Pacific Gas and tiectric

to complete the required cesign verificaticn program is

sheir competence. This competence must be based on knowledge
and experience in the matters uncger review. These individuals
or companies should 21so be indepencent. Incepencence

means that the individuals or companies selected must be

adble to provide an objective, dispassicnate technical judgment,
provided solely on the basis of technical merit. .Indepentence
also means that the design verification program must be
conducted by companies or individuals not previcusly invelved
with the activities a2t Diable Canycn that they will now be
reviewing. Their integrity must be such that they are
regarded as reputable companies or individuals. The word
"complete” applies to the NRC reguirement for review of all
quality assursnce procedures and consrols used by each pre-
June 1978 seismic and non-seismic service related contractor
and by PGAE with regard to that contract. A comparison of
these procedures and controls with the related criteria of
Appendix 8 to 10 CFR 50 is 2lso resuired., Any ceficiencies

ar weaknesses in the guality assurance srecedures and controls
of +he cantractor and PGAE will be investigatad in more
detail. 1In acdition, calculations will be checked in an

audit program, Numerical calculations for which the

criginal basis cannot be determined will be recalculated to
verify the initial design input.



Question 2:

Regponsge:

Please provide the criteria to be used in
assuring that the proposed audit will be
"independent.”

The competence of the individuals or
companies is the most impor<ant.-Factor in the
selection of an auditor. Alsc, the companies
or individuzls may not have hac any direct
previous involvement with the activities at
Diablo Canyon that they will be reviewing.

In 2ddition, the following factors will be
considered in evaluating the guestion of
{ndependence:

1) Whether the individuzls or companies
invelved had been previously hired by
PGAE to do similar seismic design work,

2) Whether any individual involved had been
previously employed by PGAE (and the
nature of the employment).

3) Whether the individual cwns or controls
significant amounts of PGEE stock.

4) Whether members of the present household
of individuals involved are employed by
PELE.

on
—

Whether any relatives are emplcyed by
PCSE in 2 management capacity.

In addition to the above considerations, the
following procedural guidelines will be used
to assure independence:

1) An auditable record will be provided of
31l comments on draft or final reports,
any changes macde 2s 2 result of such
comments, and the reascns for such
changes; or the consultant will issue
only 2 final report (without prior
licensee comment).

& NRC will assume and exercise the respon-
sibility for serving the report on all
parties.



Question 23:

Respgense:

Quesstion &:

Response:

In view of the licensee's past performance,
and that of its subcontractors, whatl
procedures will be ytilized to ensure that
there are not conflicts of interests in the
performance of any required audits?

We are requiring that PGRE provide the NRC

with 2 description and a discussion of the
corperate qualifications of the companies
proposed to carry cut the various design
verification pregrams, including information -
that demonstrates the incepencence ¢f these
companies. This information will be provided

to the Governor of California and the Joint
Intervencrs for comments. BS2sed upon review

of the informat’sn provided by PGAE and the
comments of the Governor and Joint In

venor, the NRC will decide cn the acc
ability of the companies with respect
their "independence” and “competence.” In
addition, approva) will not be given By NRL
if we cdetermine that 2 potentia] conflies -
interest exists in the performance of any
required audits that cannot De adeguately
addressed by procecural safeguards.

Ler -
Pt~
tc

What plans does the NRL have to ensurs that 3
similar situation will not arise at other
plants now under construction? What, if any,
additional quality control procecures coes
the NRC propeose to institute in its inspec-
tion program?

The Commissicn is develeping 2an action plan
that will resylt in improvec NRC review of
quality assurance programs 2t pperating
nuclear power plants and nuclear power plants
under construction., The details of the
action pilan will be availadle in the near
future.

.-
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY COMMISSION

BEFORE THE ATOMIC SAFETY AND LICENSING APPEAL BOARD

Docket Nos: ©50-27%
50-323
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NRC STAFF TESTIMONY OF JAMES P. :NIGHT, HARTWUT £. SCHIERL:IHG AND

JARED S WERMTEL ON
GOVERNOR DEUKMETTEN & END JOTNT INTERVENOR'S
TONTENTIONS 23 25, 2c and 24

Mr. Knight have you testified previously in this proceeding?

Yes, concerning Contention 1.

Mr. Schierling have you testified previously in this proceeding?
Yes, concerning Contention 1,
Mr. Wermiel have you testified previously in this proceeding?

Yes, concerning Contention 1.

wWhat is the purpose of this testimony?
The following testimony addresses Contentions 2a, 2b, 2c and 2d

which state:

2. The scope of the ITP review of both the seismic and
non-seismic aspects of the designs of the safety-reiated systems,
structures and components (SS&C's) was t0o narrow in the following

- BRACRBEY 538844,
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respects:
(a) The ITP did not verify samples from each design activity
(seismic and non-seismic).
!
(b) In the design activities the ITP did review, it did not |
verify samples from each of the design groups in the design chain
performing the design activity. |
{¢) The ITP did not have statistically valid samples from |
which to draw conclusions, |
(d) The ITP has failed systematically to verify the adequacy
of the design of Unit 2.
Q5. what is the ITP? |

({;xHS. + AS. PGAE is conducting a separate, internal technical program (ITP) in

A sccordance with its responsibility as the licensee for the Diable
Canyon Power Plant to ensure that it is designed and constructed in
sccordance with the licensing criteria. In their Phase I Final

Report PGRE provided the following description cf the 17P.

“The TTP is a separate but complementary effort by the Diablo
Canvon Project organization. The Project organization is 2 joint
management team of PGandE and the Bechtel Power Corporation
(Bechtel), with engineering and other technical services supplied
by both the PGandE and Bechtel organizations and by consulting
organizations as required. The primary cbjectives of the ITP are
to (1) provide an additional design review effort to assure te
overall adequacy of the analyses and design of the plant; (2)
develop data and information in support of the IDVP; (3) respond to

1DVP open items and findings; and {4) implement cesign
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ﬁodifications or other corrective actions arising from the IDVP and

the ITP."

Did the staff approve the ITP plan?
Yes. The 1TP plan as described by PGSE in a March 25, 1882 meeting
was approved (NRR letter to PG&E, dated April 27, 1982) and its

activities are reported in the PGEE semimonthly reports.

Is the ITP as now constituted hased on sampliing?

No. Initially the ITP was based on a sampling philosophy similar
to that of the IDVP. Because the scope of the activities under the
ITP increased significantly PGLE made the decision to replace the
sampiing approach with a2 comprehensive review of the Diablo Canyon
safety-related structures, systems and compcnents. Some sampling
is employed within large groups of design details such as small
bore pipe supports.

What is the scope of the comprehensive seismic review performed
under the ITP?

The 1TP it composed of the following major elements:

¢ Review of seismic design of all major structures; the
containment structure, the 2.xiliary building (including fuel
handling building), the turbine building and the intake

structure.
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5 Review of 211 large bore piping ancd pipe supports throughout the

plant and small bore piping and pipe supports reviewed on

both a generic basis and a representative sampling basis.
o Review of 211 safety-related mechanical, electrical,

instrumentation and control equipment to assure seismic

qualification to current seismic response spectra.

o Seismic review of all Class [ electrical raceways and heating,

ventilating, and air conditioning supports.

¢ Review of safety-related instrumentation tubing supports on 2
representative sample basis for the effect of any spectra

revisions.

Did the ITP perform design reviews in other than seismic related

activities?

Yes. Once concerns were identified by the IDVP during the initial

nonseismic Phase I1 design verification sampiing effort, PGAE
provided 2 resolution to the identified concerns. As a result of
the I1DVP review of nonseismic design areas, four cdesign activity

areas were identified as requiring additiona) generic evaluation

because the concerns involved design approaches applicable to other

safety-related systems in additicn to the three in the coriginal

sample. These areas were:

1. redundancy of equipment and power supplies in shared
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safety~-related systems;

2. selection of system design pressure, temperature, and
differential pressure across power operated valves;
3. environmental conseguences of postulated pipe breaks outside

centainment;

4. circuit separztion &nd single failure capability for

safety-related electrical components; and

5. Jjet impingement affects rasulting from postulated cipe breaks

inside containment.

The 1DVP followed the progress of the ITP calculations, analyses
and proposed design changes required tc obtain resolution of these
concerns and reported their conclusions in 1TRs 45, 46, 47, 48 and

49, >

Was the ITP nonseismic review sufficient to assure plant
conformance with the applicable licensing criteria?

Yes. The ITP performed in-depth and comprehensive reanalyses in
the five areas identified in A9 zbove. The IDVP confirmed
compliance of the ITP efforts and resolution with applicable
licensing criteria.

Is there a requirement that the IDVP be based on statistical

sampling methods?

e e e
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What is the role of the engineer in determining the effectiveness
of the IDVP?

Based on his knowledge of the engineering design process and his
understanding of the requirements necessary to assure that the
required structures, systems and components will remain functional,
the engineer must decide what aspects of the design process have a
greater impact on safety significance in order to cefine the scope
of work necessary and the engineer must determine the safety

significance of results produced by the ITP.

Are all deviations from design criteria of egual safety
significance?

No. The conservatism in criteria vary greatly so that the
consequences of deviations are @ function of both the extent of the
deviation and the margins that exist in the particular structures,

systems or components.

. Are 311 "Error Class A" and "Error Class B" as defined in the

Diablo Canyon IDVP of equal safety significance?

No. "Error Class B's" are by definition of 1ittle or nu safety
significance in and of themselves since qualification of the
structures, systems and components in question can be achieved by

more realistic calculations or retesting.
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From an engineering viewpoint should an "Error Class B" and "Error
Class A" be given equal weight in evaluating the quality of an

engineering design program?

. No.

From an engineering viewpoint should all “Error Class A's" be given
equal weight in evaluating the quality of an 2ngineering design
program?

No. "Error Class A's" cover a broad range of safety significance
with the vast majority of "Error Class A's" at Diablo Canyon being

of relatively minor significance.

From an engineering viewpoint, is it necessary to estimate the
number of "Error A's” or "Error B's" that might still exist after
completion of the ITP in order to draw conclusions relative to the
overall quality of a design program?

No. It is far more important to utilize an approach that will
define the character of the engineerirg judgements made during the
design process. CSelection of samples by experts in nuclear power

plant design is such an approach.

From an engineering viewpoint, is 2 statistical estimate of the
number of "Error A's" and "Error B's" that might exist outside a
sample chosen on the basis of expert judgement useful in
determining the effectiveness of the ITP or to judge the

acceptability of 2 nuclear plant from 2 safety standpoint?
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No. Such .tatistics have little value because the numerical values
represented by the estimates represent an extremely small part of
the total information that the engineer must assimilate in crder to

make such judgements.

With regard to Contention 2¢ does the staff believe that the ITP
was too narrow in that the ITP did not have statistically valid
samples from which to draw conclusions?

No. As discussed in A29 through A37 2 statistical compilation of
various categories of design deficiencies is of 1ittle use in
making a final determination in regard to departures from criteria
that are of safety significance or in reaching an overall

conclusion with regard to plant safety.

With regard to contention 2d, does the staff believe that the 1P
is too narrow in that it failed to verify the design of Unit 27

No. The 1DVP, as reviewed by the staff and approved by the
Commission, was not intended to apply to Unit 2 nor has any need
developed in the course of the IDVP or ITP to indicate the need for
extension of the program to Unit 2. As noted in the testimony
above, with respect to contentions la and 1b, the role of tne IDVP
has been served through the identification of design deficiencies
in the original sample and verification that the design process now

in place at PGAE is qualified to correct those deficiencies and to

7 g ‘"
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continue on in the culmination of the design process in a manner

consistent with Commission regulations.

How will the results of the design verification for Unit 1 be
transferred to Unit 27 '

PGAE has in p1$ce an engineering organization devoted to the
completion of Unit 2. The scope of the program for the Unit 2

engineering organization includes:

0 the determination of the applicability to Unit 2 of issues

identified in the !DVP and ITP reviews of Unit 1;

o monitoring the resolution of issues identified applicable to

Unit 2, and

0 providing documented records.

These efforts will be accomplished under NRC staff approved QA

programs and will be subject to continuing NRC inspection efforts.

T —
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TABLE S-1. ADDITIONAL VERIFICATION ITEMS

Redundancy of equipment and power supplies in
shared (Units 1 and 2) safety-related systems.

Salection of system design pressure and
temperature, and differential pressure across
power-operated valves.

Environmental consequences of postulated pipe
rupture outside of containment.

Circuit separation and single failure review of
safety related electrical components.

Jet impringement effects of postulated pipe
ruptures insice containment.

-38=
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NO DESIGN ELEMENTS EXIST IN THIS SPACE
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to design criteria. The spacing of these cables was
then checked in all systems throughout the plant.

In terms of our diagram of the sampling space,
this means that within the row "electrical" the subrow
for "spacing" was checked horizontally across the
entire rectangle. Thus, in our diagram, if we wished
to represent by shading the areas which were verified
by the IDVP, we would shade in the entire three columns
representing the three check systems and, in addition,
the subrow for spacing of caf:les and the subrows
representing the other additional verification items.
(The additional verification items identified by the
IDVP are listed in Table 5-1.) The resulting shaded
area would appear as in Figure 5-1. This figure gives
a visual impression of the relation of the sample
chosen by the IDVP to the total space of design
elements.

Wwhy were these three particular systems chosen by the
IDVP?

The three checked systems were selected by the IDVP so
that together they would constitute an adegquate sample
of the work of the several design discipline teams.
They were selected so as to include in the sample an
air system, a liquid system, and an electrical system.
They were chosen with an eye to the size and complexity

of the systems and to their significance to safety.

“36~




L e L L T T

NN N N N NN M R R e s e g
OO UM B W N MO W B W B W N MO

S. THE SAMPLING USED IN THE IDVP

'2 How does the structure help us understand the sampling

plan of the IDVP?

A 22 In 1light of the structure of the spzce just

established, we can now give a fuller description of
the sampling process used by the IDVP engineers. As
mentioned before, rather than selecting elements at
random throughout the design space, because of the
interwoven nature of the design process, and because of
the importance of checking the "integrative" aspects of
the design (i.e., the relationship of structures,
systems and components to each other), the IDVP
engineers found it more satisfactory to choose three
systems and check the complete design of those systems.
These systems are the auxiliary feedwater (AFW) system,
the control room ventilation and pressurization (CRVP)
system, which is one of the more complex portions of
the heating, ventilation, and air conditioning system
(HVAC), and the 4,160V AC system, which is a main part
of the‘flectrical systems, 1f, in the course of
verifying these systems, an error was found which had
"generic potential," that error was checked for
horizontally through the whole chart. This process was

called "additional verification." For example, in the

~ course of checking the CRVP system, the Spacing of Yow

voltage electrical cahles was found not to be according




BLHI0WO ONY SININOGNOD

(BNNROSIA TWIHHID313) NILBAE ANP 3rl 40 BININIA NDISIQ

-8 -

=¥ 3UNOLE
x x X L ol L e (g x x| x x x e
a » X X x x N x viva s34
x N X OO
x . . —
X x « x X x X X WLNON W REANS
X X FTLE Rt
s WV
x X X X x x x X T e
X X X « Wewi
x N X X X N N x WD WIAD
¥ ONILWYS
x ™ x X X X B X Qier
' X X AONNIY
x x N X “ X X x v imod
oNIOY
N . X X N x X X 136
NOLLVIOY Y
ALIOIWAN
Ko
- SSIud W anil
x x N . x X x X $41S ¥300
o ¥ x x x x « X T
. X x « X x X x SN0 $AS
LI ) R n';i‘v-l:.u 3 LI 6] SROSREE BRlieseninieiiviancy FOen0s wedn Hinien Sadiein Bhates ini i iR IAROD idenie avel
0VIW0A NS SL10A C8v AlY



TABLE 4~-1
ASPECTS OF ELECTRICAL DESIGN

CRITERIA
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System & Functional Requirements
NRC Requirements
Codes & Standards

ENVIRONMENTAL

Temperature & Pressure
Chemical Exposure
Humidity

Radiation Dose

Seismic Requirements
Aging Reqguirements

ELECTRICAL

Power

Redundancy

Impedance

Starting Current & Voltage
Overcurrent Protection
Insulation

LOCATION

Fire Separation
HELB (Jet Impingement) Separation
Electrical Separation

PHYSICAL

Physical Reguirements
Raceway Reguirements
Color Code

OTHER

Test Data
QA Regquirements

w33
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we could, of course, continue breaking this
structure down into smaller and smaller elements.
Bowever, for the sake of manageability let us stop here
and agree to define the boxes with check marks in
Figure 4-1 as "desién elements."

In a similar way, we may define a substructure and
design elements for all the system/discipline

combinations.

-32=
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4. SUBSTRUCTURE

Are there further structural fea:ures of the space
which it is useful to recognize?
It is useful to distinguish a firther level of
structure of the sampling space by breaking down the
rows and columns in Figure 3-4 intc still smaller
units.

Thus, for example, the 4,160V AC system, which is
a main part of the electrical system, can be broken
dowﬁ into subsystems, or subcolumns. These subsystems
can be thought of as "compeonents" or "“circuits."
Similarly, the row representing the electrical
discipline can be broken into subrows as shown in Table
4-1, representing different aspects of a circuit or
component design that the designer must consider and
specify.

wWith this row and column breakdown, the box
"electrical design/4,160V AC System" would have the
substructure diagrammed in Figure 4-1. The X marks in
this figure indicate where actual design work was done,

i.e., show where the discipline aspect applies to the

subsystem.

-3l -
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SYSTEM

No.
DISCIPLINE
1
MECHANICAL
2
ELECTRICAL
3

INSTRUMENTATION
AND
CONTROL

MEATING 4
VENTILATION

& AIR
CONDITIONING

SAMPLE SYSTEMS

FIGURE 34 DESIGN SPACE WITH UNEQUAL WIDTHS OF COLUMNS
TO REPRESENT DIFFERENT SIZES OF DESIGN ACTIVITY
IN DIFFERENT SYSTEMS AND DISCIPLINES ;
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SYSTEM

’; No.
DISCIPLINE

| 1
MECHANICAL

i

!

|

{ 2
ELECTRICAL

|

3

INSTRUMENTATION

AND
CONTROL

|

HEATING

VENTILATION

& AR

CONDITIONING
1

I

SAMPLE SYSTEMS

FIGURE 3-3 DESICN SPACE WITH NONAPPLICABLE BOXES REMOVED
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SYSTEM

No.
DISCIPLINE 2 3 4 5 6 7 8 8 10
1
MECHANICAL
2
ELECTRICAL

3

INSTRUMENTATION
AND
CONTROL

HEATING
VENTILATION
& AIR
CONDITIONING

SAMPLE SYSTEMS

FIGURE 32 VERTICAL & HORIZONTAL STRUCTURE OF THE DESIGN SPACE
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The diagram of Figure 3-2 begins to communicate the
structure of the design process; however, it needs
refinement in several respects. First, not all the
design disciplines are involved in all the systems. To
indicate this fact we present Figure 3-3, which is like
Figure 3-2 except that those discipline/system '
combinations which contain no design activity have been
removed from the diagram. Thus, the rectangular design
space of Figure 3-2 is replaced by the irregular
outline of Figure 3-3.

A second useful refinement is to recognize éhat
the 10 systems of Table 3-1 are vastly different in
terms of size, complexity and amount of design activity
involved. For example, system 9, the containment
hydrogen venting system, is a very simple system by
comparison with, for example, the AFW or the CCW. In
Figure 3-4, we have attempted to communicate at least a
coarse sense of the relative amount of design work in
the varicus systems by assigning different widths to
the various columns. Figure 3-4 then gives a little
more accurate visual impression of the overall

structure of the design effort.
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Structuring the space by disciplines is useful
because this is the way the design work is organized.
The same team does a specific discipline's work in all
the systems, usingjby and large the same individuals,
the same design methods, checking procedures, etc.
Thus, reviewing the work of a discipline under one
system gives a sample of the work of that team over all
systems. .

Having structured the space into subregions this way,
can we now talk about values of A for each subregion?
Yes. In Figure 3-2, let us use the indices i and j to
denote a typical row and a typical column,
respectively. Thus, the box which is the intersection
of the ith row and the jth column in the figure would
represent the design work done by the ith discipline
team in connection with the design of system j. We can
now denote by Ai.j the error rate corresponding to this
box. Similarly, let us denote by Ay the error rate of
the ith row (i.e., the ith discipline) and by A, the

J
error rate of the jth column; i.e., of system j.

3.2 REFINEMENT OF THE MACROSTRUCTURE DIAGRAM

Does Figure 3-2 display the structure of the space

adequately?

26~
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into columns representing the various plant "systems"“
considered under Phase II of the IDVP. The IDVP
defined 10 such systems as listed in Table 3-1.

TABLE 3-1. SYSTEMS INVOLVED IN PHASE I1 IDVP

The PG&E-designed safety-related systems (Reference IDVP
Final Report, Section 4):

Auxiliary Feedwater System (AFW)

- & Component Cooling Water System (CCW)

3. Auxiliary Saltwater System

4. Heating, Ventilation, and Air Conditioning (HVAC)
System )

5. Diesel Generator (air starting and fuel oil

system)

Fire Protecticn (portions)

Containment Isolation

Containment Hydrogen Venting

Containment Spray

Electrical Systems

HOomoago

O

In a similar way, we can imagine the space to be
structured horizontally, as shown in Figure 2-2, into
rows representing different design "disciplines"; that
is, different kinds of design work done by different
teams of specialists. The disciplines are identified
in Table 3-2.

TABLE 3-2. DISCIPLINES INVOLVED IN PHASE 11 IDVP

Mechanical (Mech)

. Electrical (Elec)

Instrumentation and Control (I&C)

Heating, Ventilation, aud Air Conditioning (HVAC)

B N e

Vess

-25-
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FIGURE 3-1 COLUMNAR OR VEBT?CAL STRUCTURE OF THE DESIGN SPACE BY SYSTEMS



1 3 STRUCTURING THE SAMPLE SPACE

2 Q 17 would you compare the statistical sampling approach to
3 what the IDVP did?

4 A 17 In the Ball and Urn example, we selected cur sample

5 "randomly;" that is, we blindfolded ourselves, shook
€ the urn vigorously, reached in and grabbed a ball at an
7 arbitrary depth. One might think to apply the same

8 random approach to design verification, checking a
9 calculation’here, a blueprint there, etc., rolling dice
10 or something to guide the seléction. In principle,
il this process could be carried out, but it was not

12 adopted by the IDVP. This preocess is really not very
13 workable or meaningful because of the way design
14 calculations and assumptions are interlocked. It is
15 much more efficient and satisfying to do what the IDVP
16 engineers did; namely, select specific systems and
17 check essentially the entire design of those systems
18 from beginning to end.

19

20 3.1 MACROSTRUCTURE OF THE DESIGN SFPACE

21 Q 18 Can structuring the desigu space help us understand the
22 relation of the IDVP sample to the whole design

23 process?
24{| A 18 Yes. To visualize the IDVP sampling®process, let us

T 25| T TTimpose @ structure~on- théspace o©f Figule 2-%; We

26 divide the rectangle as shown in Figure 3-1 vertically

L .
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and Urn framework without a great deal of squeezing and
stretching. The design verification problem, to my way
of thinking, is more akin to the problem of: "“Is there
a needle in a haystack?" or "Is there a sgbmarine in
the fjord?" than it is to "what is the fraction of
black balls in the urn?" Nevertheless, it is a fairly
common experience in analytical work that in the course
of attempting to do something vague or ill defined, or
even foolish, we often learn something or see something
of value. 1In this spirit I could attempt to calculate
the value of A.

Actually, 1 could do more than that -~ I could
attempt to gain still further information by imposing a
structure or “"geometry" on the basic sampling space and
examining the value of A in various subregions of the
space. This structure would also help illuminate the
sampling scheme used by the IDVP in comparison to that

advocated in the statistical approach.

22w
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confidence that those errors which do slip through will
not endanger the pllnt or the public.

So, from our experience as human beings, we know
at the ocutset that A is not zero. Of what value is it
to us to know exaétly how much A is? Not only is A a
poorly defined quantity, but in addition, there are no
codified or published standards of reference for it.
Does this mean that attempting to find A by a sampling
process is entirely useless?

No, not entirely. There is som; usefulness to it. For
example, if A were to fall near the extreme end of its
pessible range, we could, based on our experience, make
certain rough conclusions and judgments. Thus, a high
value of A would suggest "shoddy workmanship." A low
value would suggest good gquality work. A for major
errors should be far less freguent than for miner
errors. So, although there is much fuzziness in the
precise ﬁumerical value of A and in the conceptual
definition of it, there is nevertheless some rough
information content in it and perhaps some insights to
be gained from the process of calculating it.

These difficulties in the definition and use of A,
to my mind, reflect the "largely inappropriate"
conclusion of the staff with respect to the sampling
statistics approach to the design verificatiocn problem.

The design verification problem does not fit the Ball
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A second soft spet is that the definition of
"error" is imprecise. How far off from "exact' does a
calculation or a design dimension have to be before it
is called an error? Obviously also, not all errors are
of equal significance and not all design elements are
of equal importance. So we have some fuzziness here
too. Bowever, again for present purposes, let us
simply assume that in some way we have established a
workyble meaning for "error" and move on.

Assuming arguendo that these soft spots could be
handled, are there any other problems in fitting the
design verification to the Ball and Urn framework?
Yes indeed. The major problem is: Suppose we knew
exactly what A is; what would it mean? What would Qe
do with it or conclude from it? It is a well known
fact that engineers and designers are human beings and
as such make errors. This is true in bridge
automobiles, courtroom buildings, foods, drugs, and
everything else. In recognition of this fact, the
process of design engineering has evoclved so that major
errors escape detection only rarely; minor errors occur
all the time. The process and practice of design, the
traditions of "safety factors," "redundancy," "fail
safe," "“conservatism," "defense in-depth," etc., have

been develcped, particularly in nuclear plants, to give

=20




Q 14 What are these soft spots?

A 14 The first soft spot is that the notion of “"design
element" is very imprecise. Obviously, if one wishes
to think in terms of a sampling model, there must be a
well-defined population of well-delineated elements |

from which to sample. But how shall we define this

e A L T I

population and these elements in the case of a design
8 verificaticr program? Should elements be pieces of
hardware? Should they be aspe;ts of hardware such as
the size of a pump or the spacing of electrical cables?
Or should we think of design elements as elements of ‘
the design "process," i.e., as calculations, actions,
and decisions made in the course of design? How “big"
should elements be? Should they be at the level of
"components," "parts," "systems," "subsystems," etc.?
Obviously, our numerical wvalue of A will depend
drastically on what size elements we define.

Needless to say, the concept of design element
leaves something to be desired. It is arbitrary and
fuzzy. This arbitrariness to my mind reflects the
mismatch of the Ball and Urn model to the design |
verification situation. Nevertheless, for our present ;
purposes, let us ignore it. Let us assume that we have
somehow decided on a reasonable, even if arbitrary,

discretization and forge onward.
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2. APPLICATION OF THE BALL AND URN MODEL TO
DESICN VERIFICATION

Eow can one apply the Ba)l and Urn Model to the design
verilication problem?

To cast the design verification problem into a Ball and
Urn framework, the first step must be to identify the
population from which we are sampling. For this
purpose, one must conceive of the plant design,
embodied in a mountain of blueprints and documents, as
composed of a large set of discrete and identifiable
design "items" or "elements."

Let us now represent these design elements as the
points inside the rectangle of Figure 2-1. The
rectangle itself then represents the set or "space" of
design elements. 1Inside the space, a certain number of
the elements may be incorrect; that is, they may
involve design "errors." Let us represent these in the
figure by crosses, and let A stand for the fraction of
all points which are crosses; i.e., the fraction of
design elements which are errors. We may now, if we
desire, attempt to find out something about how big A
is by undertaking a program of sampling points from the
space.

Thus, we have cast the design verification program

into the form of a Ball and Urn problem. There are

several soft spots in our formulation, however.
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"subjective" and, tc¢ them, ™"unscientific and

“nonrigorous."

The Bayesian responds that judgment is inescapable
when making decisions, so why not recognize it
explicitly. Why not make it visible so that all
concerned with the decision can comment on it?

Moreover, the Bayesian points out, if one really
wanted to make the posterior independent of the
indiyidual person, hence "objective," one could simply
diccate a fixed function p(A). For example, one could
choose p(A) to be a constant, which would say that
prior to the sample, as far as we know, all values of A
are egually likely. But this choice, a Bayesian would
note, is also an exercise of judgment.

Is there anything else you want teo say about Ball and
Urn problems?

I just want to note that such problems can be
elaborated and complicated in various ways. For
example, the Urn could contain different "strata" in
each of which A is different. 1Indeed, A could be a
function of the height, h, of the strata. We might
then try to find out something about this function,
A(h), by campling each strata. _All such problems can

be handled very cleanly with Bayes' theorem.

-16=-
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p(AIB)= p(A) [2&%1] (1.3)

This is Bayes' theorem. What it says in words is that
our level of confidence in proposition A, after we
learn that B is true, is equal to our confidence in A
before learning about B, times a correction facter, the
term in brackets.

Cbserve the important role played in the bracketed
term'by p(BlA). Bayes' theorem thus tells us that

P(A|B) is directly related to p(B|A). This agrees with

our common sense, For when we contemplate the

9 11

A 1ll

/77,

liklihood of A being true, given evidence B, we
naturally ask ourselves, "If A were true, how likely is
it that B would have been observed?" For evample,
suppose B were impossible given A. laen, if B is known
to be true, we can conclude that A is not true (because
if it were, B would be false).
Boew does Bayes' thecrem apply to the Ball and Urmmn
problem?
In the Ball and Urn problem, the role of A is played by
the proposition:

The true fraction of black balls in the uram is A.
The role of B is played by the ;esults of the sampling
experiment, e.g.: ’

k black balls found in a sample of size n.
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theorem which he regards as the fundamental lawv of
logical reasoning.

Can you give us a brief description of Bayes' theorem?
Yes. It takes only two lines to derive Bayzs' theorem.

We begin with the Easic relationship:

p{(AAB)=p(B)p(A|B) (1.1)
where

p(AAB) is our probability, i.e., our level
of confidence, that propositions
‘A and B are both true

p(B) is our probability that propesition
B is true

p(AIB) is our probability that A is true
given that B is true.

Scome people consider the relationship (1.1) as an
axiom, i.e., something that we postulate. My view is
that we need not postulate it; it itself follows from
our fundamental definition of probability as a
numerical scale for quantifying degrees of confidence.

Either way, if (1) is true then so also is
p(AAB)=p(A)p(B|A) (1.2)

Therefore, equating the right sides of (1.1) and (1.2)

and dividing by p(B) we obtain:
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The classicist again rejects this inclusion of
prior knowledge as being ”nohdbjective," "nonscien~-
tific,v etc.

Sc this is the divergence that occurs at this
point in the apprcach for the Ball and Urn problem.
Eowever, 1 want to emphasize that this divergence is
not my main point nor is it really a big issue in this
hearing. I mention it only incidentally, as part of
the gultural background to the debates going on here,
and in other hearings, about the use of statistics.

Obviously, I think the Bayesian approach to the
Ball and Urn problem is vastly superior, but I must
emphasize again that this is not my main point in this
testimony. My main point is not that one or another
approach is superior in the Ball and Urn problem. My
main point is that the Ball and Urn problem itself is a
poor model, a poor vantage point from which to view a
design verification progran
In light of this divergent ', how would the two‘schools
of thought develop the curve of Figure 1-17
Actually I think a coanventional statistician would
ordinarily not produce this curve since he does not use
probability in this sense. However, in principle a
similar appearing curve could be preduced, from which
one could read his confidence intervals. A Bayesian,

of course, would develop this curve using Bayes'
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7T T curve. Not using it~wouldTamount to withholding from

different. He means, as best I can transliterate it,
something like the following:
"When I as a statistician give a

90% confidence interval for a parameter,

what I mean is that, if we consider the

thousands of times in my life that I

will make such statements, then in 90%

of those times the true value of the

parameter will actually 1lie in the

interval stated."

1 personally find this concept very difficult to
think with. It is not what I am looking for when I am
contemplating a decision under uncertainty. I much
prefer the notion of confidence or probability as a
direct numerical scale measuring my dJdegree of
conviction or certainty. Thus, "100% confidence," or
“probability = 1.0" connotes to me "total certainty,"
"50% confidence" or "probability = 0.5" means 1 have no
preference one way or the other. Similarly I can
calibrate the entire probability scale. To me this
definition is much more useful for making decisions and
for communicating about uncertainty.

A second aspect of this divergence is that the
Bayesian says: In addition to what I learned from my
sample I may have some other knowledge about the value

of A. 1If I do have some such "prior" knowledge I cer-

tainly should use it in coming up with my probability

and thus misinforming my decision maker.

wlle=
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we succeed and fail in this effort will cast light on
the discussion and will show‘vhat we can and cannot
expect +to achieve with conventional statistical
methods.

Before doing this, however, 1 think it is
necessary to pause here and take note of the fact that
even in this simple Ball and Urn problem a sharp
divergence occurs between the viewpoint of conventional
statistics and what I call the Bayesian approach.
what is this divergence between the statistical and the
Bayesian viewpoint?

The way 1 have used the words "confidence" and
"srobability" in the previous paragraphs is in the
everyday sense of "degree of certainty." I call this
also the “"Bayesian" sense. In this way of using them,
the words "confidence" or “"probability" thus refer to
an internal state of mind. Phrases like "95%
confident" or "95% probable" amount then to assigning
numerical wvalues to these internal states. These
numerical values would relate to the odds that a
decision maKer might take in choosing among his
cptions.

The classical statistician ;ejects this whole idea
of quantifying states of mind. BEe considers it
vunscientific," "subjective," nonrigorous," etc. When

he says "confidence interval" he means something qQuite

«10=
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Thus, for example, suppcse the shaded area to the left
of 0.4 is 5% of the total area under the curve. Then
ve would say that we are 95% confident that A is
greater than 0.4. Eguivalently, we would say that the
probability is O.§5 that A is greater than 0.4.
Similarly, suppose the area to the right of 0.7 is also
5%. Then we are 95% confident that A is below 0.7. We
are thus also 90% confident that A lies between 9.4 and
0.7. Alternatively, we would say that the interval 0.4
to 0.7 is a "90% confidence interval" for A.

Thus, if we were able ﬁo produce such a
probability curve against A, it would express our level
of coniidence that A lies in any given interval. 1In
fact we are able to produce this curve. In this sense
then, the problem is completely solved. We have
inferred all that can be logically inferred about A
from the sample results. We may say, therefore, that
the mathematical theory of Ball and Urn problems is
complete, finished, and totally satisfactory.

"Well," we may imagine the IDVP engineer
saying, "this is all very fine for balls and urns, but
how does it apply to verifying the design of a nuclear
power plant?" This is a key question in the debate
about the appropriateness of statistics. Let us try
then to cast the design verification problem into the

form of a Ball and Urn problem. The degrees to which
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FIGURE 1-1 STATE OF KNOWLEDGE PROBABILITY CURVE FOR THE PARAMETER A
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1. THE BALL AND URN MODEL - CONVENTIONAL
STATISTICS AND THE BAYESIAN APPROACH.

Can you give us a concise statement of what you mean by
Ball and Urn prcblems?
In a typical such problem, we have an urn containing
black and white balls, thoroughly mixed, and the
problem is to estimate the fraction of black balls from
the result of a sampling experiment. Thus, let the
Greek symbol lambda (A) denote the fraction of balls
that are black, and suppose we have drawn a random
sample of size n out of which k are black. The
gquestion we now pose is: What can we infer about A
from this sample and with what degree of confidence can
we infer it?

The most succinct way of answering this
Qquestion is to present a probability curve which sets
forth our sta*e of knowledge about the wvalue of A based
on the results of the sample.

Such a curve is represented in Figure 1-1.
The area under this curve between any two points on the
horizontal axis represents our degree of confidence

that the true value of A lies between those points.




W OO N9y b W N e

T T I T T T T o o o v I N S N S
OO W o W N M O W OB oW s W N e O

/7
/77
/77

When I say difficult, I do not mean mechanical-
ly. The process can be mechanically carried out.
what I mean is that in squeezing the design
verification program into this simpler framework, one
loses essential parts of the problem. The balls in
this problem are not egual nor are they separate.
They are interconnected in wvarious ways and this
interrelationship, this "How the parts work
together," is a key aspect of design verification.
Moreover, designs are not black or white, right or
wrong. Errxrors come in different types and degrees
and significances. The errors of most importance, of
course, are those which result in significant safety
hazards. To find these in a design verification
progr;m, one does not want to sample randomly, but
purposefully and intelligently, locking where such
errors are most likely to be.

All this, of course, is not meant to say that
the statistical approach, that is the Ball and Urn
model, is completely without value. Some insights

can perhaps be gained this way, but these are far

from the whole story.
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"probabilistics," to distinguish it from the narrower
domain of statistics.

~Within this broader domain, this question can
be well posed and well answered. The answver
necessarily inciﬁdes expert judgment and opinion as
well as all the "statistical" evidence available.
Can you summarize why you say statistics in the con-
ventional sense is inappropiate to design
verification? \
Yes. Basically, I tnink the statistical framework,
or model, is too limited to include the guestions of
main interest to us. It asks other guestions which
are less useful for decision~-making. Also, it has
difficulty including the kinds of information that
are developed in a design verification progran.
Conventional statistics grew out of consideration of
a category of problems that I call Ball and Urn
preblems. In such problems, there is a set of well
defined elements, or balls, all equal and well mixed
and all readily discernible as either black or white.
Statistics then attempts tc say something about the
frequency of black balls from the results of a sample
drawn from the urn. Obviously, this is a very simple

model and it is difficult to impose it on, or fit it

to, the reality Of a design verification program Ior

a naclear power plant.
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Thus, if we interpret “"statistics" in the narrow (and
conventional) sense to meaﬁ the classical body of
ideas and techniques developed for sampling problems
involving balls and urns, or widgets on a production
line, etc., then I think that the IDVP aand the sStaff
are right. It is largely inappropriite for design
verification. ©On the other hand, if we interpret it
more broadly, to mean “probabilistics," i.e. the
science of states of confidence, then I think it is
appropriate. It is possible that this interpretation
is ultimately what Mr. Hubbard has in mind. If so he
is asking a question that is of interest to all of
us, one that is basic to our being here; namely, "On
the basis of the IDVP and the ITP, of the staff
reviews and of all the work that has been done, what
degree of confidence can we have that there are no
design deficiencies in the Phase II portion of the
plant which would endanger the public health and
safety?"

This question is the key underlying guestion
and I believe it is capable of being ansvered
numerically. But it cannot be answered within the
domain of classical sampling statistics. It is
answerable within a broader domain of.ideas and

techniques for which I like to use the word
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in the sampling pian." In the IDVP Management Plan,
a commitment was included that TES would consider
"any appropriate use of statistical methods which may
augment the program." Subsequently, the NRC Staff
presented the finding that “rigorous statistical
techniques are larcgely inappropriate for a design
verification program." The IDVP engineers agreed
with this position. Mr. Hubbard and the joint
intervenors disagreed and have called for
"statistically wvalid sampligb techniques" including
"confidence level," "statistical basis for the sample
size," etc.

Thus, basically, the IDVP and Staff have taken
the position that: "It is not appropriate." BHubbard
and intervenors have said, in effect: '"Yes it is,"
and there the discussion seems to stand, as I see it.
Upon reading these statements, I had the thought that
I might be able to produce atlleast‘some clarity with
respect to these disparate positions, and possibly
even some resoclution and reconciliation.

Can you give us a summary of your conclusions with
respect to these disparate positions?

Yes. I think the issue in this discussion, as so
often happens, is at least partly one of semantics.
It is a case of the same words having different

meanings to different people at different times.
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UNITED STATES OF AMERICA
NUCLEAR REGULATORY CCMMISSION

Before The Atomic Safety And Licensing Appeal Board

In the Matter of Pacific Cas
and Electric Company (Diable
Canyon Nuclear Power Plant,
Units No. 1 and 2)

Docket Nos. 50-275 0O.L.
50-323 0.L.

Reopened Hearing =

Design Quality Assurance
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TESTIMONY OF PACIFIC GAS AND ELECTRIC COMPANY
PANEL NO. &
ADDRESSING CONTENTICONS 1(c) AND 2(c)

INTRODUCTION
Q1 State your name and affiliation please.
Al My name 1s Stanley Kaplan. I am an associate

consultant to the firm of Pickard, Lowe and Carrick,

Inc. (PLG).
Q 2 What is the purpose of your testimony?
A2 I have Lbeen asked if I could shed some light on the

the question of the appropriateness of the use of
sampling statistics in Phase Il of the Independent

Design Verification Program (IDVP). My purpose is to

do that.
Q3 what credentials do you bring teo this task?
A3 I am an engineer and applied mathematician with a

number of years experience in nuclear power. For

about the past 10 years, I have specialized in what I
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Also, recognizing that errors are more likely to occﬁr
at the interfaces blbetween disciplines and in the
communications among design organizations, the review
team selected the three systems to include samples of
the most important interfaces and those most vulnerable
to communi;ation errors.

The IDVP sample is thus an excellent example of
what is known as “"stratified sampling." It was chosen
to include the various kinds of strata, i.e. air,
ligquid and electrical, the various design disciplines
and the interfaces between diciplines. Also in
choesing complete systems, it was able to include the
very important integrative aspects, i.e. how the
components work together in the system, how the system
as a whole performs its variocus functions under various
conditions. The sample was stratified also in that it
emphasized areas of complexity which were more likely
to contain errors.

In the course of its review, how did the IDVP treat
discoveries that could have implications in other
systems?

In the course of reviewing the sample, when something
was found raising the suspicion of a generic error,
this error, as we mentioned, was checked
horizontally, i.e., in all systems. 1If the suspicion

er concern were of a broader nature, the Program Plan
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The total IDVP sample thus consisted cf the three
selected systems, the tive additional verificnﬁion
items, and the "nosing around" described above, of
which, I am told, there was a substantial amount. All
together the sample reviewed can be characterized as
emphasizing those areas which were most likely to
contain errors. This'type of sampling was termed
"judgment" sampling by the IDVP. I would call it
"intelligent" sampling, as opposed to ‘“random"
sampling.

Q 25 Do the representatives of the Governor and Joint
Intervenors accept this method ¢of sampling?

A 25 Mr. Hubbard (supplemental affidavit, March 26, 1983)
and the Joint Intervenors strongly disapprove of
judgment sampling because it is "subjective" and
"nonrandom." They prefer the random approach, which to
them is "objective" and "statistically valid."

Q 26 Why is it the IDVP chose judgment sampling?

A 26 The IDVP with the concurrence of the NRC staff chose to
use judgment sampling with the following explanation,
given in Appendix C of the Phase 11 Program Management

Plan:

5.2 STAFF AND COMMISSION POSITIONS

T © —The ~key—issue-=is;~of-=course,~what—is-—the
appropriate 1role of statistical methods?
There was considerable discussion of this

wi ]
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point during the February 3, 1982 meeting.
The opinions of PG&E and the independent
design verification program participants at
that meeting are excellently summarized Dby
the NRC "Staff Findings and Resolutions of
Comments" transmitted to the Commission Dby
SECY-B82-8%9, as feollows:

"The staff believes that statisti-
cal techniques are largely<ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>