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INTRODUCTION

In 1968 and 1970, respectively, applicant Pacific Gas and Electric
Company (PG&E) was authorized to construct Units 1 and 2 of the proposed
Diablo Canyon | xlear Power Plant in San Luis Gbispo (ounty, California.
(Docket No. 50-275, 4 AEC 89; Docket No. 50-323, 4 AEC 447.)

By 1981, following modifications in response to discovery of the
Hosgri Fault less than two miles fram ‘he plant, Uhit 1 was reaching
campletion. On July 17, 1981, the Atamic Safety and Licensing Board issued
a partial initial decision authorizing issuance of a license to load fuel

and test Unit 1 at up to 5 percent power. (Pacific Gas and Electric

Company (Diablo Canyon Nuciear Power Plant, thits 1 and 2), LBP-81-21, 14
NRC 107.) One of the issues addressed in that decision was .he adequacy of
PGE's quality assurance (QA) program, which the Licensing Board resolved
in two pages with a finding that the Diablo Canyon QA program for design,
construction, and operation "have been and are in campliance with" 10
C.F.R. Part 50, Appendix B (Appendix B). (14 NRC at 116.)

The Nuclear Regulatory Qommission (Commission) authorized

immediate effectiveness of that decision (Pacific Gas and Electric Campany

(Diablo Canyon Nuclear Power Plant, Units 1 and 2), CLI-81-22, 14 NRC 598
(1981)), and on September 22, 1981, the Staff issued to PGSE License
No. DPR-76 authorizing loading and low-power testing of Unit 1.

Within days of the issuance of the low-power license, an error in
the seismic design of Unit 1 was discovered. It was subsequently learned
that the error had been caused by the transmission to a PGSE design
contractor of an unidentified drawing of Unit 2 that was taken by the

contractor to be for Unit 1. Since the two units are mirror images
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of one another, the error (thc mirror-image error) led to the errors in the
placement of certain seismic modifications. Shortly after the discovery of
the mirror-image error, several additional errors were discovered that led
the Commission to conclude that there had been serious shortcamings in the
QA program for Diablo anyon in violation of Appendix B and that there was
doubt that statements made in the license application regarding the ability
of structures, systems, and comporents (SSsCs) to withstand the effects of
earthquake: may not have been true. The Cammission therefore entered an
order (Cormission Order) suspending the license on November 19, 1981.
(Pacific Gas and Electric Company (Diablo Canyon Nuclear Pov~r Plant,

Unit 1), CLI-81-30, 14 NRC 950.) In suspending the license, the Cammission
established requirements for restoration of the license, including the
satisfactory campletion of an "independent design verification program"
(IDVP). (Cammission Order, Attachment 1.) The Staff issued on the same
date a letter (Staff Letter), supplementing the requirements for the IDVP.
The IDVP was established, with Teledyne Engineering Services
(Teledyne) retained as the program manager. In addition, PGS&E hired
Bechtel Power (orporation (Bechtel) and formed a joint management team and
supporting technical organization, called the Diablo Canyon Project (DCP)
to camplete the project. The DCP conducted what it calls the Internal
Technical Program (ITP) to carry out PGSE's verification responsibilities.
On June 7, 1982, the Joint Intervenors (JI), a consortium of
interested local parties, moved to reopen the record on design quality
assurance, citing the mirror-image error and the errors that followed. A
similar motion was filed on August 16, 1982, by Governor Himund G. Brown on

behalf of the State of California. On January 3, 1983, George Deukmejian
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succeeded Governor Brown, and on January 28, 1983, Governor Deukmeijian

filed a Notice of Substitution, assuming representation of California. The

motions to reopen were opposed by PGSE and by the Nuclear Regulatory

Cammission (NRC) Staff. However, both the applicant and Staff subsequently

withdrew their opposition, and on April 21, 1983, the Board issued an order

reopening the record on the issue of design quality assurance.

On July 19, 1983, at the Board's direction, the Governor and Joirt

Intervenors filed "specifications of the precise matters they contest in

the reopened proceeding." (Order of July 6, 1983.) Applicant and the

Staff objected to a number of those issues on the ground that they failed

to meet the basis and specificity requirements of 10 C.F.R. section

2.714(b); PGSE also disputed the relevance of the IDVP and the right of the

other parties to challenge its adequacy.

The Board indicated in its Order of August 16, 1983, and confirmed

in an Order of August 26, 1983, their view that the evidence that led to

the reopening of the record, agreed to by PGSE and the Staff and concurred

in by the Board, established the basis for the reopened proceeding and

stood in the place of the "contentions" required by section 2.714(b).

(Order of August 16, 1983, pp. 2-4.)
The Board went on to note the unusual nature of the proceeding:

"Normally, an effectively functioning design quality assurance program
ensures that the design of a nuclear power plant is in conformance with
the design criteria and conmitments set forth in an applicant's PSAR
and FSAR. 1In the case of [C.ablo Canyon, however, this confidence has
been seriously eroded by the existence of significant evidence that the
design quality assurance program was faulty (i.e., it failed to comply
with 10 C.F.R. Part 50, Appendix B). Hence, there is now substantial
uncertainty whether any particular structure, system or camponent was
designed in accordance with stated criteria and commitments.



"In thesr circumstances, the Conmission mandated the IDVP to
provide after-ue-fact assurance that the Diablo Canyon design
conformed to the various design criteria and could receive an
apparently operatiry license even though the applicant apparently
failed to camply adequately with the Qonmission's quality assurance
regulations. The applicant established its ITP for the same purpose.
These verification activities, if properly conceived and carried out,
are to substitute for, and supplement, the applicant's design quality
assurance program in order to demonstrate that the Diablo Canyon plant
is correctly designed . . . .

"+ + . The real issuve in the reopened proceeding has, in effect, moved
beyond the question of what deficiencies existed in the applicant's
Diablo Canyon design quality assurance program to the question whether
the applicant can demonstrate that the IDVP and the ITP verify' the
correctness of the DLiablo Canyon design. As previously stated, this is
necessary because the apparent weakness of the applicant's design
quality assurance program has rendered the design of the plant's
structures, systems and camponents suspect. The applicant's use of the
IDVP and ITP therefore may be loosely analogized to an affirmative
defense to the apparent failure of the Diablo Canyon design quality
assurance program to camply with the Gommission's regulations. As
such, the applicant has both the burden of going forward and the burden
of proving the adequacy of the IIVP and ITP to establish that the plant
is properly designed . . . ." (Order of August 16, 1983, at 4-6 (fn.
omitted).)

On September 7, 1983, the Board issued an order setting forth the
issues to be litigated. The Governor and Joint Intervenors filed addi-
tional contentions concerning late-developing issues, principally regarding
the final technical reports of the IDVP, which the Board approved.

In the course of discovery, the Governor and Joint Intervenors
came to be satisfied with the resolution of a number of issues, which they
withdrew., The final set of issues they litigated is given in Appendix A to
these Findings of Fact and (onclusions of Law.

Fifteen days of hearings were held October 31 through November 21,
1983, at Avila Beach, near the power plant site in San Luis Gbispo (ounty.
Forty-one witnesses testified and are identified in Appendix B. The Board

admitted 141 exhibits into evidence, which are identified in Appendix C.



FINDINGS OF FACT

I.

THE IDVP HAS FAILED TO PROVIDE ASSURANCE THAT
THE DESIGN OF DIABLO CANYON UNITS 1 AND 2
CONFORMS TO THE LICENSING CRITERIA AND

REGULATORY REQUIREMENTS

A. To Meet the Requirements for a Verification Program, the
Applicant Must Show Either That the Design Fully Oonforms
to Licensing and Regulatory Requirements or That the
Design has Been Subjected to the Same Level of Scrutiny
it Would Have Received Under an Adequate QA Program

1. Under the Commission's regulations, in order to qualify for a
license an applicant must demonstrate that it has constructed the plant "in
conformity with the construction permit and the application as amended, the
provisions of the [Atamic Energy] Act, and the rules and regulations of the
Conmission . . . " (10 C.F.R. § 50.57(a)(1).)

2. In evident understanding of this requirement, the IDVP, with
the approval of the Commission, established a system for identifying and
classifying design errors. That system distinguished errors that did not
have regulatory significance fram those that caused the design to deviate
fram the licensing criteria. Thus, the IDVP identified a questionable
aspect of the design as an "error/open item" (EOI), and, if it was con-
firmed that a given EOI was in fact the product of an error, categorized
the error as an "error class A, B, C, or D." (IDVP Final Rep., PG&E
Exh. 90, pp. F.2-4 - F.2-5.) An error class A, the most serious category
of error recognized by the IDVP, caused "design criteria or operating
limits cf safety related equipment [to be] exceeded," requiring physical
modification or charges in operating procedures. (Id., at F.2-4.) A

class B error likewise caused safety-related design criteria or operating
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limits to be exceeded, although the deviation might be resolvable "by means

of more realistic calculations or retesting." (Id., at F.2-5.) By

contrast, class C and D errors were the result of erroneous engineering
that produced a design that still camplied with licensing reqguirements.

(I1d., at F.2-4.) Thus, the structure adopted by the IDVP was well suited

to determine whether Diablo Canyon Unit 1 met the requirement of section

50.57 that it conform to all licensing and regulatory requirements.

(1) The IDVP and the Staff Made bntradictory Claims as to
Whether the Verification Program Demonstrated That the
Design (onforms to the Licensing Requirements

3. The IDVP made contradictory claims regarding the results of
the verification program:

(a) In the IDVP Final Report, it is stated that the IDVP "has effectively
identified uncertainties in the compliance of the design with license
application criteria."” (IDVP Final Rep., PG&E Exh. 90, Pe. ES-7,
2.0-1.) The report also states that ", . . the scope of the IDVP
review was sufficient, and the procedures utilized to identify concerns
effective, to provide reasonable assurance that those aspects of the
design work on DONPP-1 performed by PGSE or service-related contractors
which did not meet the license application criteria have now been
identified." (Id., pp. 6.2.5-1 - 6.2.5-2.)

(b) At the same time, the IDVP Final Repor: disclaimed having "identified
each and every error or questionable aspect of the design product of
PGSE and its contractors or the design process they utilized." (1d.,
P. 6.2.5-2.)

(c) In its prepared testimony, the IDVP testified that the scope of its

program was adequate "to provide reasonable assurance that those
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aspects of the DONPP-1 design which did not meet the criteria of the
license application have been identified." (IDVP Panel 1, ff.

Tr. DI458, at 1/2-31.) But the next page of its prepared testimony
contains the following:

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

"A.27 No. The IDVP was not intended to do this, nor could
any reasonable independent verification program. . . ." (Id., at
1/2-32.) I

4. Similarly, the staff evaluat._on of the IDVP is contradictory

on whether or not campliance with the license has been assured:

(a)

(b)

In SSER 18, ". . . the Staff concludes (1) that the verification
efforts undertaken have identified all significant design deficiencies
that may have existed and (2) . . . appropriate corrective actions have
been and will be taken to ensure that the design of the facility
conforms to the licensing cri‘*eria."”

At the hearing, Mr. Schierling, Diablo Canyon project manager for the
Staff, testified that the goal of the IIVP, against which it may be
measured, is the demonstration that all deviations fram the licensing
criteria have been corrected. (Tr. D2654-55.) But Mr. Knight, Staff
Assistant Director for Components and Structures Engineering, testified
that the IIWP was only required to assure that there remain no
"significant deviations fram licensing criteria." (Tr. D2656.) He
defined "significant deviations" as violations of licensing criteria
that would cause a loss of function of a safety-related structure,
system, or camponent. (Tr. DR2657.) Mr. Knight could cite no authority

in the regulations for the Staff failing to require compliance with
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license criteria on the ground of a claimed determination that a
deviation had no safety significance. (Tr. D2659.) In deposition
Mr. Schierling had used the term "significant design deficiencizs" as
equivalent to error class A or B. (Tr. D2831-35.)
(c) Both Mr. Knight and Mr. Schierling acknowledged at the hearing
that the IDVP did not establish the absence of any remaining deviations
fram licensing criteria, merely that there are none that would, in the
Staff's view, amount to a "significant deviation." (Tr. D2655, D2705.)
5. In fact, as we find below, neither the IDVP nor the ITP
(which are collectively referred to as the "verification program")
demonstrated that the design of the plant meets all licensing criteria.
Indeed, they proved the contrary: that it is virtually certain there
remain numerous undetected design errors that cause the design to violate
applicable licensing criteria.
(2) The Fact That a Lawful QA Program Would nct Guarantee
an Error-Free Design Does not Render the Existence of
Uncorrected Errors Irrelevant
6. In an effort to respond to the evidence of remaining errors,
PGSE has cited the fact that even a plant designed with a legally suffi-
cient QA program in operation will likely have some design errors. (PG&E
Exh. 89, pp. 13-14; Hubbard, ff. Tr. D2084, at 11; Tr. 02130, D2369-73.)
7. However, there is no basis for comparing the numerical results
of the verificaticn program with the design quality of othe. plants in the
country becuse there exists no numerical standard for “he error rate of a
design that was subject to an adequate QA program  (Apostolakis, fr.
Tr. D23i3, at 9-10, 19-20; Tr. D2715.)
8. Mr. Hubbard testified that the objective of a QA program is
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not to achieve any specific maximum number of residual errors; instead,
confidence in the design is a product of the QA process itself, the
knowledge that if one satisfies the 18 criteria of Appendix B, one can have
an adequate confidence in the design product. (Tr. D2135.)

9. One requirement of Appendix B is that suitable design control
procedures be established and implemented. (Criterion III.) The design
control procedures properly will include a 100 percent review of all design
work by a second designer or engineer plus approval of all work by a
supervisor. (Tr. D40l.) This requirement of Criterion III of Appendix B
is in addition to the required inspections (Criterion X), audits
(Criterion XVIII), and corrective action measures (Criterion XVI).

10. The Board finds that, since it is impossible to establish the
adequacy of the design by camparing the number of errors to the number of
errors to be expected in a plant designed with an adequate QA program, an
after-the-fact verification can establish the adequacy of a given portion
of the design in two ways: (1) by demonstrating that that portion of the
design is error-free or (2) by subjecting that portion of the design to the
same review it would have been subjected to had there originally been an
adequate QA process in effect.

B. The IDVP has Failed to Show Either That the Design Fully Conforms
_to_[.icensil%e%nd Regulatory Requirements Or That the Design has

Been Subjec to the Same Level of Scrutiny it Would Have
Received Under an Adequate QA Program

(1) It Is Virtually Certain There Remain Undetected
Errors That Cause the Design to Fail to Comply
With the !icensing Criteria
11. The only quantitative results of the IDVP's verification of
the non-seismic design were reported by Dr. Kaplan, the DCP's expert

witness on "probabilistics" (Tr. DI1333), who reviewed the results of the
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IDVP's non-seismic verification work and found nine class A or B errors in
911 design elements sampled by the IDVP. (PGsE Panel 6, ff. Tr. Di160, at
48.)

12. If one assumes this was the result of a randam sample of the
design work, Dr. Kaplan estimates that the median ~rror rate for the
nor-seismic design work is about 1.3 percent, (Id., at p. 51; Tr. D1168.)

13. Extrapolating the median error rate for the IDVP sample to
the total non-seismic design leads to the conclusion that there remain 40
undetected class A or B errors in the non-seismic design not reviewed by
the IDVP. (Tr. Dl1169.)

14. Although Dr. Kaplan testified that the IDVP sample was
weighted in favor of that portion of the design where errors were more
likely (Tr. Dl167), which would militate in favor of a lower estimated
nunber of remaining class A or B errors (Tr. DI169-71), the evidence was
clear that Dr. Kaplan was in error in his understanding of the objectives
of the IDVP's selection of an initial sample. In fact the IDVP asserted no
such objective in its selection of the sample (IDVP Final Rep., PG&E
Exh. 90, p. 4.7.1-1; IDVP Panel 1, ff. Tr. DI458, at 1/2-21), and
Dr. (ooper, the IDVP program manager, testified the IDVP did not seek to
weigh the sample in favor of that portion of the design most likely to have
errors (Tr. D1549). Indeed, both Dr. Cloud and Dr. (ooper testified that
one could not know a priori where errors were most likely to occur.

(Tr. N1547, D1549.)

15. 1In addition to the certainty that there remain undetected

class A or B errors in the non-seismic design work, Dr. Cloud testified

that it is very likely there remain undetected class A or B errors in the

10'



corrective action program work. (Tr. D1543.)

(2) The IDVP has not Subjected the Desigr to the
Same Level of Scrutiny That it Would Have
Recelved Under an Ade.juate QA Program

(a) The IDVP's verification of the seismic design consisted
of a sampling of the ITP design review work

16. The 1DVP program management plan for Phase I originally
contemplated sampling the seismic design of Unit 1 to determine the nature
and extent of any design errors. (PGsE Exh. 88, pp. 8-9; DCP Phase I Final
Rep., PG&E Exh. 91, pp. 1.5.2-1 - 1.5.2-2.)

17. By June 1982, the extent of the design errors identified in
Phase I led to a change in the program, with the DCP instituting a 100
percent review of the seismic design and the IDVP verifying that work on a
sample basis. (ITR 8, PGE Exh. 100; IDVP Panel 1, ff. Tr. D1458, at
1/2-12 - 1/2-13.)

18. The samples drawn by the IDVP for verification were not drawn
at randam tut rather purposefully, according to what the IDVP called
“engineering judgment." (PGSE Exh. 88, Appen. D, p. 12.)

19. Because, as we have found, a legally sufficient QA program
would have subjected 100 percent of the design work to review, the Board
finds that the IDVP's verification of the seismic design of Unit 1 does not
constitute a substitute for having subjected that portion of the design to
an adequate QA program in the first instance.

(b) The IDVP's verification of the non-seismic design

consisted of a sample of certain parts of the

original non-seismic design work

20. Unlike the seismic design review, where PGSE undertook a
broad review of the design product that was sampled by the IDVP, the
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non-seismic review consisted cf s review by the IDVP of a sample of the
original design work done by PG&E and certain of its contractors.

(1) The IDVP failed to verify the work of contractors
performing safety-related design work.

21. The IDVP was required to review the safety-related design
work of all service contractors for Unit 1. (Commission Order, PGSE
Exh. 86, Attach. 1; Staff letter, PG&E Exh. 87, pp. 2-3, encls. A, C.)

22. The IDVP Jeveloped a list of safety-related service
contractcrs who contributed to the final design of Unit 1. (IDVP Final
Rep., PGAE Exh. 90, § 4.1.4; ITR 5, PGSE Exh. 97; ITR 9, PG&E Exh. 101;
ITR 29, PGSE Exh. 121.)

23. The IDVP selected some of those contractors for verification
and anitted others. (IDVP Final Rep., PGSE Exh. 90, p. 4.1.4-3.) The
elimination of service-related contractors was not authorized by the
Canmission and was objected to by the Staff. (SECY-82-414, PGSE Exh. 157,
encl. 6, p. 4.) Staff approval of the IDVP expressly restated the
requirement that "all" service-related contractors be included.
(SECY-82-414, PGSE *™xh. 157, Figs. 1, 3, encl. 6, p. 4; Tr. D2755.) A
subsecuent objection by the IDVP to the requirement of including all
contractors (Gov. Exh. 47, p. 1) was never responded to by the Staff
(Tr. Dl468).

24. Dr. ooper sought to justify the amission of certain
contractors on the ground that the Staff Letter permitted the use of
sampling. (Gov. Exh. 47; Tr. Dl462.) However, thes letter authorizes
sampling within the work of each contractor, not sampling among contractors

(Staff Letter, PGSE Exh. 87, p». 2, 3), a distinction the IDVP failed to




draw in planning and carrying out its program (Tr. D1469).

25. Among the contractors excluded fram the IDVP's verification
were the following:

-- Westinghouse, which, in addition to being the vendor for the nuclear
steam supply system (NSSS), did safety-related design work.

(Tr. DI471-77.) IDVP review of Westinghouse was limited to checking
the design interface between PGSE and Westinghouse. (Tr. D1477.)

-~ Western Canada Hydraulic Laboratories, which did safety-related design
work. (Tr. Dl478) Western Canaua had been found by PGSE to have had
no formal QA program applicable to its Diable Canyon work.
(SECY-82-414, PGSE Exh. 157, encl. 5, p. 5.)

-- Stafco, which prepared the list of safety-related SSgCs and
participated in updating the FSAR. (Tr. DI486.) Although the IDVP did
not consider it design work, its witnesses agreed that the work was
safety-related. (Tr. DI488.) PGsE had included Stafco among the list
of contractors for the IDVP. (ITR 9, PGSE Exh. 101, p. A46.) PGSE had
found Stafco to have had a deficient QA program. (SECY-82-414, PGsE
Exh. 157, encl. 5, p. 5.)

26. The IDVP also excluded the work of R. L. Cloud and Associates
and Teledyne Engineering Services, which provided safety-related design
services. (IDVP Final Rep., PGt Exh. 90, P. 4.1.4-3; Tr. Dl483-85.) The
Cloud organization had been found by PGSE to have no formal QA program.,
(SECY-82-414, PGSE Bxh. 157, encl. 5, p. 5; Tr. Dl483.) The exclusion of
these contractors was based on the need to avoid a conflict of interest,
since both were IDVP contractors (IDVE Final Rep., PGRE Exh. 90,

P. 4.1.4-3; Tr. Dl484), and on the IDVP's interrwetation of the Commission
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Order and Staff Letter as not requiring inclusion of contractors performing
work after June 1978 (Tr. 1484-75).

27. Although Mr. Rnight testified that the Staff implicitly
intended to permit the IDVP to exclude contractors not significantly
contributing to the final design (Tr. D2755), the IDVP did not claim that
the foregoing excluded contractors could be anitted on that ground (IDVP
Final Rep., PG&E Exi.. 90, p. 4.1.4-3),

(i1) The IDVP Sample of PGSE's Non-Seismic Design (bnsisted

of a Non-Randam Sample of That Work

28. The IDVP sought to verify that portion of the non-seismic
design of Unit 1 for which PG&E performed the design work by taking a
sample of the PGsE-designed SSsCs. (IDVP Final Rep., PGSE Exh. 90,
pP. 4.7.1-1; IDVP Panel 1, ff. Tr. D1458, at 1/2-21.)

29. The sample was selected fram a list of PGsE-designed SSsCs.
(IDVP Final Rep., PG&E Exh. 90, pp. 4.1.2-1 - 4.1.2-2; Tr. D261-62.) Same
PGiE-designed SSsCs were amitted fram the list, although some of them may
have been included incidentally in the IDVP's verification sample.

(Tr. T306-07, D1492, D1496-98.)

30. The IDVP did not select its sample of SS&Cs randamly but
rather by purposeful selection of design work that had attributes desired
by the IDVP. (IDVP Final Rep., PG&E Exh. 90, pp. 4.7.1-1 - 4.7.1-2; IDVP
Panel 1, ff. Tr. D1458, at 1/2-21.)

31. The ILVP sample consisted initially of three systems: the
auxiliary feedwater system (AFWS), the 4160-V electrical system, and the
control ruam ventilation and pressurization system (CRVPS). (Ibid.)

32. As a result of "generic concerns" raised in the non-seismic
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verification of the three systems, the IDVP caused all applicable

safety-related systems in Unit 1 to be reviewed for five specific errors:
lack of redundancy in shared-power equipment, incorrect selection of design
temperatures and pressures, erroneous envirommental consequences of
postulated pipe ruptures outside contaimment, failure to meet
circuit-separation criteria, and erroneous analysis of the effects of
pipe-ruptures inside contaimment. (IDVP Final Rep., PGSE Exh. 90,

PP. 4.8.1-1 - 4.8.1-3; DCP Phase II Final Rep., PGSE Exh. 92, p. 1-20; IDVP
Panel 1, ff. Tr. D458, at 1/2-24.) The IDVP verified the results of that
work on a sampling basis. (DCP Phase II Final Rep., PG&E Exh. 92,

p. 1-20.)

33. Although PGSE represented the IDVP non-seismic sample as
a cunting to 30 percent of the non-seismic design (Tr. Dl1419), in terms of
the total number of “design elements," the IDVP reviewed only 911 out of
3,968 design elements (PGSE Panel 6, ff. Tr. DI160, at 48), or less than 23
percent.

34. The Board finds that the IDVP's non-seismic verification
constitutes a satisfactory substitute for an adequate QA program for those
contractors sampled by the IDVP. The Board further finds that the IDVP's
non-seismic verification is a satisfactory substitute for an adequate QA
program for the three systems sampled by the IDVP — the 4160-V electrical
system, the AFWS, and the CRVPS -- plus those elements of the non-seismic
design reviewed in the IDVP's resolution of the five generic concerns.

35. The Board finds that, with respect to the balance of the
non-seismic design, the IDVP review does not constitute a satisfactory

substitute for an adequate QA program.
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(C) None of the Reasons Given by PGSE for the Board
to g%nore its Failure to Meet the Licensing and
ulatory Requirements 1is 1

36. PGSE advances a number of grounds for this Board to ignore

the evidence of remaining undetected errors causing the design to violate
legal requirements and for us to excuse the failure of the verification
program to scrutinize the design as fully as an adequate QA program would
have. For the reasons given below, we find none of the grounds valid.
(1) The Claim That There Remain no UndGetected Errors
Having Safety Significance is Unfounded

37. While the evidence is uncontradicted that there remain
undetected errors in the design of the facility, PGSE, the IDVP, and the
Staff claim that none of the errors is safety-significant. (SSER 18, Staff
Exh. 36, pp. C.5-2, C.5-6; IDVP Final Rep., PG&E Exh. 90, P. 6.2.5-2.; PG&E
Panel 6, ff. Tr. DI160, at 64-65; D1545, DI558, D2265-66.)

(1) The evidence does not support any conclusion about
the safety significance of the errors identified
by the verification program

38. The IDVP expressly declined to offer any opinion about the
safety significance of the design errors it detected that it classified as
causing a violation of the licensing criteria. (IDVP Final Rep., PG&E
Exh. 90, p. 6.4-1.) Although one could state one's judgment, the IDVP did
not perform the analyses necessary to have a reportable conclusion about
the safety significance of the identified errors. (Tr. DI555, 1559.)

39. Both PGSE and the Staff offered opinions about the safety
significance of the known design errors, opining that none of them
constituted a safety-significant error. (DCP Phase I Final Rep., PGSE

&h. 911 po 1.8.6-1; mp mse II Hnal kpo' m&E aho 92' pc 5’1; mE
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Panel 6, ff. Tr. DI160, at 54; Tr. D2696.) This conclusion was not based
on any systematic study of the known errors by PG or the Staff. (DCP
Phase I Final Rep., PGSE Exh. 91; DCP Phase I Final Rep., PGSE Exh. 92;
Tr. D2689.)

40. Both Dr. Oooper and Prof. Apostolakis testified that one
could not reliably formulate an opinion on the safety significance of an
error without doing a detailed analysis. Dr. Qooper testified such an
analysis would have to assess whether the error could cause a failure of a
system and, if a failure was possible, to identify and evaluate the chain
of events following the failure. (Tr. DI555, D1557.) Prof. Apcstolakis
testified that to properly assess the reduction in the margin of safety
caused by a design error, one would have to perform a probabilistic risk
assessment (PRA) to determine "failure paths not perceived by knowledgeable
ergineers” and the potential for multiple failures of redundant camponents.,
(Apostolakis, ff. Tr. 02313, at 10-11.) Even Dr. Kaplan testified that a
PRA would be the soundest way to assess the safety significance of a design
error (Tr. D1393), although both he and Prof. Apostolakis agreed that
samething less than a "full-blown PRA" would be adequate to assess the risk
fran certain errors. (Tr. D1394-96, D2374.)

41. No such PRA has been done for Diablo Canyon. (Tr. D1194.)

42. The Board therefore finds that the opinions of PGSE and the
Staff to the effect that the identified design errors did not create a
substantial safety hazard lack adequate basis to support a licensing
decision in this case.

(ii) There is no basis for making any statement about
the design errors that remain undetected

43. While the IDVP expressly declined to offer any opinion about
b 0



the safety significance of the class A or B errors it did find (Tr. D1554),

the IDVP considered itself capable of expressing an opinion on the safety
significance of the errors that remain undetected (IDVP Final Rep., PGSE
Exh. 90, p. 6.2.5-2; Tr. DlI557-59).

44. Since the nature of the undetected errors -- their location,
the extent of deviation fram criteria, and the conditions under which the
errors may manifest themselves -- are not known, no specific analysis of
them could have been done, and none has been offered in evidence.

45. Instead of providing an analysis of the safety significance
of each undetected error, the IIVP relied on an assessment that, while it
had not identified all of the errors, it had identified all of the
"generic" errors. (IDVP Panel 1, ff. Tr. Dl160, at 1/2-21, 1/2-26,
1/2-31.) But a "generic" error is merely one which the IDVP judged to have
had a potential to exist in a similar manner in other, unreviewed parts of
the plant. (IDVP Final Rep., PGSE Exh. 90, p. 3.5-4; Hubbard, ff.

Tr. D2084, at 25.) Plainly, the likelihood of replication of an error is
not determinative of its safety significance.

46. We therefore find that there is no basis for conc'uding that
the remaining class A or B errors have no safety significance.

(2) There was no Evidence tc Support the Suggestion That the
Undetected Design Exrors (ould be Ignored in Licensing
Because They Would be Detected in Preoperational Testing

47. There was same suggestion at the hearing that the existence
of undetected design errors causing the design to violate the licensing
criteria might be tolerated because of the likelihood the errors would be
detected in preoperational testing or operation. (Tr. Dl182-83.)

48. Both Mr. Anderson and Mr. Knight acknowledged that Diablo
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Canyon had nearly campleted its preoperational testing in 1981 when its
license was suspended, and none of the subsequently discovered errors were
detected in that program, nor would they have been in the remaining
precperational tests or startup. (Tr. D1271, 2718.) Mr. Anderson agreed
that such testing generally cannot detect errors that would cause a failure
only under amergency conditions. (Tr. D1210-12.)

49. The Board finds that the possibility of subsequent detection
of design errors neither has been proven likely nor provides a valid ground
for excusing compliance with all licensing criteria,

(3) Vague Claims About Overall Engineering Quality are no Substitute
for Either License Qompliance or an Adequate QA Program

50. PGSE offered testimony to the effect that, in the view of the
witnesses, reviewers found “"generally high quality engineering work."
(PGSE Panel 6, ff. Tr. Dl160, at 51.)

51. This claim is not material to this case. The reported
results of the verification program -- specifically the indication of
whether the design meets licensing criteria -- are tne relevant measures of
design quality. To the extent that the verification program seeks to
qualify the design by showing the absence of errors, the actual results
show that the design, while it may be, in the judgment of some, of high
quality, plainly is not free of errors causing violations of the license.

52. To the extent that the verification program is offered as a
review of the design comparable to a lawful QA program, general impressions
about overall quality are even less material. The Commission has never
indicated that a licensee would be relieved of its obligation to meet
Appendix B by representations that spot checks of parts of the design
showed those parts to be of generally high quality.
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53. These requirements are even more important in this case. As
Mr. Knight testified, the breakdown in QA at Diablo Canyon is unprecedented
in his experience. (Tr. DR2660-62.) The Board finds that assertions about
overall engineering quality cannot substitute for a lawful QA program or
excuse the continued presence of design errors in violation of the

licensing criteria.

D. % Ignoring the Scientific Requirements for Drawi
lusions Fram Sample Observations, the IDVP has
Rendered 1ts Findings About the Sampled Design Work
Inapplicable to the Unsampled Portions of the Design

(1) The IIVP Violated the Commission's Requirements
and its own Commitment by Failing to Avail Itself
of Competent Statistical Expertise

54. The IDVP not only failed to provide a legally sufficient
substitute for the missing QA program required by the regulations, it also
failed to camply with the Commission Order.

55. In both its Phase I and Phase II program management plans,
the IDVP committed to "arrange for an evaluation" of the entire Phase I and
Phase II program "by an expert in the applicability of statistics to
engineered systems." The plan for Phase II included the commitment that
"the statistician retained for Phase I will be used in conducting Phase
II." (PGsE Exh. 88, app. C, p. 3; PG&E Exh. 89, app. C, Ps 3;

Tr. D1508-12, DI514-15.)

56. The IDVP never retained a statistician for either Phase T or
Phase II to review either the design or the results of the IDVP program,
(Tr. D1513.)

(2) Contrary to the Claim of the IDVP, it had Never
Been Relieved of the Obligations of Having the
Verification Reviewed by a Competent Statistician

57. Dr. Qooper testified that he believed his cammitment to
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retain a statistician for the IDVP wes annulled by the adoption of
SECY-82-414 (PGSE Exh. 157), which contained reference to the Staff's view
that "([r]igorous statistical techniques are largely inappropriate for a
design verification program." (Id., encl. 11, p. 11-3; Tr. DI508.)
Dr. (ooper also cited the major expansion of the sample as a ground for the
IDVP no longer considering itself bound by the commitment. (Tr. D1516.)
58. 1In fact, the approval contained in SECY-82-414 expressly
incorporated the IDVP Phase II program management plan (PGLE Exh. 89) “as
modified by [a letter not in evidence and not cited .y the IDVP in its

testimony] and the additional requirements noted in this attachment [11]

« « « " (SECY-82-414, PGRE Bxh. 157, encl. 11, p. 2 (emphasis supplied).)
The program management plan, which also includes the quoted statement
repeated in SECY-82-414 that the staff considers "rigorous statistical
techniques . . . largely inappropriate" also contains the IDVP cammitment
to have the program reviewed by a statistician. (PGsE Exh. 89, app. C,
Pp. 1, 3.) The plan also includes "' [t]he staff('s] support [for) the use
of statistical techniques in establishing the sample size'" (id., p. 1) and
quotes the Staff's statement that
"'+ . . we did not think that the program plan did use statistic
sampling [sic] methods to the extent that it could have, and our
conclusion that whoever does this program should expand the use of
sampling criteria'" as far as possible. (1d., p. 2.)
The plan also quotes the Staff's opinion that:
"We also think these statistics can be employed in devising the
sampling plan in a number of areas, that it cannot substitute for
Judgement in picking systems throughout, and the program plan was
silent, by and large, on its use of statistics in a number of areas we
think that could profit fram a hard look to see to which extent

questions and reliability can be examined throuch the design process."
(Ibid.)
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The plan confirms that these camments came during that port.on of the
Cammission »i:eting "that served as the basis for the Cammission vote to the
effect that the scope and technical approach should be enlarged to include
consideration of statistics in the sampling plan.” (1d., p. 3.)

59. Dr. ooper admitted that he never advised the Commission that
he intended not to retain a statistician and he never received express
approval for the decision. (Tr. DI519.)

60. Although the IDVP Final Report implies that the DCP retention
of Dr. Kaplar was intended to fulfill the IDVP's commitment (PG&E Exh. 90,
P. 3.5-8), Dr. (boper testified that he did not so consider the hiring of
Dr. Kaplan (Tr. D1514), and Dr. Kaplan did not understand himself to be
serving that function (Tr. D1333). Furthermore, the arrangement between
Dr. Kaplan and PGSE did not conform to the requirements of independence for
IDVP contractors. (SECY-82-89, PGLE Exh. 156, p. 4; SECY-82-414, PGSE
Exh. 157, p. 7; Staff Panel 1 (testim. oi contention 1), ff. Tr. D2649,
encl. 3 to attach. 1, p. 2; Tr. D2760-63.)

6l. In fact, it was the Staff's understanding that the commitment
to retain a statistician had been incorporated in the Commission's approval
of the program management plan (Tr. D2761), that the camnmitment was still
effective (Tr. D2758-59, D2763), and that the retention of Dr. Kaplan (by
the ITP) constituted a discharge of that commitment (Tr. D2759, D2763).

(3) The Opinions of the IDVP, Staff, and PGSE Were Arrived
at Without the Benefit of Competent Advice on the
Applicability of Statistics to the IDVP

62. The opinion of the IIVP that rigorous statistical techniques

were inapplicable to design verification was reached by the IDVP program

manager without consulting with any person expert in the applicability of
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statistics to engineered systems. (Tr. D1522, D1526.)

63. The views of the Staff concernirg the inapplicability of
rigorous statistical systems to design verification was arrived at by Staff
members who were themselves not experts in statistics and without the
benefit of the views of those members of the Staff who possess such
expertise. (Tr. D2764-66.)

64. The DCP witness on statistical issues, Ir. Kaplan, was not
retained by the DCP until mid-1983 (Tr. D459-61), when he was brought in
"for the express purpose" of rebutting the allegations of Mr. Hubbard in an
affidavit on the use of statistics (TGr. D1408-14). Dr. Kaplan does not
consider himself a statistician (Tr. D1333, Nl1349), has no training in
statistics (Tr. DI1347-49), has never published in a reference journal in
the field of statistics (Tr. D1348-49), and is not familiar with the
literature on statistical sampling (Tr. D1329, D1363-66).

65. The Board finds that the applicant and Staff have failed to
show by campetent evidence that statistical techniques are inapplicable to
design verification.

(4) Statistically Valid Randam Sampling is Essential
to Generalization Fram Sample Observations to the
Unsampled Portions of the Population

66. Both Prof. Apostolakis and Prof. Samaniego testified that
randam sampling is essential to a valid generalization to a population.
(Apostolakis, ff. Tr. D2313, at 15, 19; Samaniego, ff. Tr. D2392, at 5, 7,
8; Tr. D2353-54, D2394-95, D2399-D2401, D2425-26, D2430-33, D2514-22.)
Randam sampling is not an essential of all scientific inquiry, but it is an
essential of any generalization of probabilities fram samples to

populations. (Tr. D2430-33.)
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67. The use of randam sampling is no less a requirement of
Bayesian statistics as it is of classical statistics (Tr. D2343), and the
use of a non-randam sample to update a prior using Bayes Theorem is "simply
wrong," "irappropriate," and “"campletely invalid." (Tr. D2394-95.)

68. The Board finds that randam sampling is a requirement of any
valid generalization of observations fram sample data to the unsampled por-
tions of a population.

(5) It is Possible to (onduct a Statistically
Valid Design Verification Program

69. Prof. Apostolakis testified that one can employ statistics in
a design verification program. (Apostolakis, ff. Tr. D2313, at 13-14.)
And Dr. Kaplan described his own testimony as demonstrating that one can
derive error rates fram a sample of the design of a nuclear power plant
using "statistics-like" techniques. (Tr. D1163.)

70. Although Prof. Apostolakis confirmed that one could set up
the randam sampling problem in such a way that it would be extremely large
and extensive, such as by sampling fram the population of all design
decisions (Tr. D2340), he also was of the opinion that the problem could be
structured in such a fashion as to make it manageable (Tr. D2341) and that
the question of how one characterizes the population is distinct fram the
question of whether one randamly samples fram the population (Tr. D2352).

71. None of the reasons given by Dr. Kaplan why he considers
"classical sta.tistics" inapplicable to design verification is valid:

(a) There is, as Dr. Kaplan testified, a need for a well-defined set of
elements. (PGSE Panel 6§, ff. Tr. Dl160, at 5.) But he demonstrated
that such a set could be developed. (Tr. D1163.)

(b) Although Dr. Kaplan asserted that the elements must all be equal and
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(c)

(d)

(e)

well mixed, he acknowledged that one could validly take a randam sample
of a heterogenous population or one could stratify the population and
take randam samples within strata. (Tr. D1272-97.)

Dr. Kaplan testified that the elements of the population must be
readily identifiable in temms of the attribute (PG&E Panel 6, ff.

Tr. 1160, at 5) — in the context of design verification, one must be
able readily to identify an element as either containing an error or
not (Tr. DI279). But he acknowledged that this is not a problem of
statistics, but a problem of design verification, which beset the IDVP
fully as much as it would une performing a statistical study.

(Tr. D1279-890.) And, indeed, the definitions used in Dr. Kaplan's own
testimony for significant errors were, he acknowledged, "at least as
fuzzy" as the definitions used by the IDVP. (Tr. D1280.)

Dr. Kaplan stated that classical statistics focuses on frequencies,
which he considers a limitation on its applicability to design
verification. (PG&E Panel 6, ff. Tr. 1160, at 5.) But both Prof.
Apostolakis and Prof. Samaniego testified that the issue of random
sampling is independent of the Bayesian versus classical statistics
debate -- that both Bayesians and classical statisticians use randam
sampling. (Tr. D2343-44, D2394-95, D2404.)

Dr. Kaplan cited the "interconnected nature of design" as a reason why
gtatistics was inapplicable. (PGSE Panel 6, ff. Tr. D1160, at 6,
42-43; Tr. DI288.) But Mr. Anderson agreed that if one were interesced
in capturing this integrative quality, one could, with a detailed
review of all the systems, enumerate all of the integrative aspects,
and Dr. Kaplan agreed one could then sample randamly fram that list to
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study whether there were errors in the way those relationships were
treated in the design. (Tr. Dl1289.) Prof. Samaniego testified to the
sare effect. (Tr. D2405-07.)

(£) At the heart of Dr. Kaplan's objections to the use of statistics was
his view that statistics failed to make adequate use of non-frequency
information -~ particularly the opinions of experts. (PG&E Panel 6,
ff. Tr. D160, at 11-12, 15-16, 42, 54, 68-69; Tr. D1286.) Dr. Kaplan
and Prof. Samaniego, however, agreed that expert opinion can be
incorporated into the statistical framework by stratifying the
population according to the experts' advice. (Tr. D1304, [2404-05.)

72. 1In the final analysis, the Board finds that the issue is not
between classical and Bayesian statistics, but between sampling in
accordance with statistical principles -- a requirement of hoth Bayesian
and classical statistics -- and sampling non-randamly, a practice that
the evidence shows to be invalid to adherents of both schools. The Board
finds that no valid reason has been given why one cannot employ
statistically valid sampling techniques in a design verification program.

(6) Proper Sampling is not Only a Legal and Scientific
Requirement, but Plainly Necessary to the Objectives
of the Verification Program

73. That sampling for a verification program be done on a random
basis fram the work of each design group is an obvious requirement of any
effort to provide assurance of an error-free design.

74. Dr. Kaplan testified that different design contractors

will vary in their error rates. (Tr. D1309.) Thus, sampling fram the work

of one contractor provides no reliable information about the likelihood of

errors in thc work of some other, unsampled, contractor.
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75. Likewise, changes in the camposition of a design team can be
expected to alter the likelihood and distribution of errors. (Tr. D1309.)
In the 15 years during which the Diablo Canyon design was evolving, the PGSE
design teams experienced the expectable personnel changes. (Tr. D1309-10.)

76. The Board therefore finds that a verification program that
fails to employ statistically valid samplirg techniques and that fails to
sample fram the work of all design groups cannot provide the requisite
assurance that the design complies with licensing requirements.,

E. The IDVP has not Verified the Design of Unit 2

77. The scope of the IDVP was limited to Unit 1. (Commission
Order, PGAE Exh. 86; Staff Letter, PGsE Exh. 87; IDVP Final Rep., PG&E
Exh. 90, p. 1.1-1.)

78. The IDVP did not review the design of Unit 2. (IDVP Panel 1,
ff. Tr. Dl458, at 1/2-35 - 1/2-36.)

79. While there are many similarities in the designs of Units 1
and 2 (PGSE Panel 1, ff. Tr. D224, at 28-29), the two units are generally
mirror images of one another and not identical (Tr. D2274). Among the
differences are different reactor internals, differences in thermal output,
resulting in differences in accident analyses, differences in the design of
the electrical generator, and differences in equipment vendors. (PGsE
Panel 1, ff. Tr. D224, at 29-29.) Although the piping and instrumentation
schematics are identical (ibid.), those merely show functional
relationships and not physical relationships (Tr. D2775).

80. PGiE witnesses testified that the two units were originally
designed to the same design criteria (PGSE Panel 1, ff. Tr. D224, at 29),
but they did not claim that the designs themselves were identical. 1In
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fact, a substantial amount of design work uiigue to Unit 2 has been done

and will be done, with PGSE having, at peak same 400 to 500 engineers
working exclusively on Unit 2. (Tr. D1319.) Both PGSE and Staff witnesses
acknowledged the fact that there are opportuiities for design errors in
Unit 2 that would be unique to that unit. (7r. nl321-22, 2776.)

8l. Mr. Schierling testified that he expects the Staff to issue a
separate supplement to the SER to cover Unit 2. (Tr. D2778-79.)

82. Until recently, the two units were designed by a single
design organization under a cammon QA program. (PG&E Panel 1, ff.

Tr. D224, at 29; Tr. D2772.) Some of the design work for Unit 2 was done
before November 1981 (Tr. D1320), under the progr.m the IDVP and Staff
found to be significantly deficient (Tr. D2772).

83. In the opinion of Prof. Apostolakis, the IDVP does not
provide a valid basis for assessing the design quality of Unit 2.
(Apostolakis, ff. Tr. £2313, at 20.)

84. The Board finds that the IDVP has neither proven the design
of Unit 2 to be free of errors violation licensing criteria nor subjected
Unit 2 to scrutiny camparable to that of a lawful QA program,

II.
THE ITP DOES NOT PROVIDE THE ASSURANCE MISSING
FROM THE IDVP THAT THE DESIGN OF DIABLO

CANYON '*EETS THE LICENSE CRITERIA AND
APPLICABLE REGULATORY REQUIREMENTS

85. Although we have found that the IDVP satisfies neither
requirement we have established for a substitute for a legally sufficient
QA program, our inquiry is not over. It re ins for the Board still to
determine whether the ITP can meet either test for a verification program:
the demonstration of a design free of errors causing violations of license
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criteria or the review of the design camparable to that provided by an
adequate QA program.

86. We have already found that the verification program has
demonstrated the virtual certainty of remaining class A and B errors. While
that does not prevent the ITP (or the IDVP) fram trying to prove that spe-
cified portions of the design are error-free, PG&E has sought to make no
such showing. Rather, it has focused on the question of safety signifi-
cance, which we have already rejected as the appropriate criterion for the
present licensing decision.

87. The remaining question, therefore, is whether the ITP has
subjected the design to the same level of scrutiny it would have received

fran an adequate QA program.

A. The ITP's Seismic Verification Program Provides Only
a Limited Substitute for a Lawful QA Program

88. The ITP's review of the s=ismic design of Unit 1 — which is
referred to as the Phase I program, as distinguished fram the Phase II
program for the non-seismic design -- consisted of a more extensive review
than its review of the non-seismic design. However, it did not comprise a
100 percent review of all elements of the seismic design. The Phase I
Final Report makes it clear that many systems and camponents were reviewed
only on a sampling basis, others only on a "generic" basis, and others only
for the presence of a single error or a predetermined list of errors.

89. The PGSE Phase I Final Report states that the following
systems and camponents received a seismic review only on a sampling basis,
not a 100 percent review basis:

-- Small bore piping: The DCP used unspecified sampling techniques to
select a sample ol all small bore piping for review of certain

29.



potential design errors; twenty pipelines were addressed out of an
unspecified number plantwide (PGSE Phase I Final Rep., PGSE Exh. 91,
§ 2.2.2.3.3.) This was done in adition to the "generic" review
discussed, infra.

Instrument tubing suﬁports: A "representative" (undefined) sample of
88 tubing supports was reviewed solely to determine whether the
supports were affected by revisions to response spectra. This sample
was limited to the portions of the annulus affected by the changed
spectra. (PG&E Phase I Final Rep., PG&E Exh. 91, § 2.6.1.)

90. The following systems and camponents were reviewed by PG&E

for only selected and predetermined potential design errors, and for no

other possible design errors:

Byuipment in general received an initial review solely to determine if
the applicable response spectra had changed. If spectra did not
change, no further review was done. (PGSE Phase I Final Rep., PG&E |
Exh. 91, § 2.3.1.3.)

Specifically, electrical equipment was reviewed solely for changes in
applicable spectra. Only if spectra changed was any further design
review done. (Ibid., §§ 2.3.2.3.2 & 2.3.2.3.4.)

HVAC equipment received a spectra change review, with no further review
undertaken unless spectra had changed. (Ibid., § 2.3.3.2.)

Instrument tubing and tubing supports: The szample of 88 tubing supports
discussed, supra, was reviewed only to determine if spectra had changed,
and received no further review if they had not. (Ibid., § 2.6.1.)

91. One set of components was reviewed by PGSE on a "generic”

basis, reviewed for a specific list of factors predetermined by the ITP or
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the IDVP as potential causes or areas of design errors:

== Small bore piping: In addition to the sampling review for certain
types or potential design errors, a so-called generic review was done
for specific problem areas identified by ITP and IDVP reviews.

92. Finally, the following systems and camponents were
systematically excluded by PGSE fram review:

-- large bore piping analyzed by Westinghouse: This piping was not
reviewed by PGsE. Where data input changed, the revisions were
supplied by PGSE o Westinghouse, but no review was done by PG&E of the
analysis. (Ibid., § 2.2.1.1.)

== Bguipment: Only equipment associated with safety systems designed by
PGLE was reviewed by the ITP. No other equipment was reviewed.

(Ibid., § 2.3.)
93. The Board finds that the seismic review consisted of a partial
verification of same SSsCs against some criteria.

B. The ITP's Non-Seismic Verification Provides no Basis for Drawing
Gonclusions About Those Portions of the Design not Sampled by the IDVP

(1) Prior to the Hearing, the ITP's Phase II Program was
not Represented as an Independent Verification Effort

94. The Phase II Final Report (PG&E Exh. 92) describes the function
of its Phase II ITP in terms of furnishing information to the IDVP, manag ing
records and information, and "normal support activities." (Id. at 1-5.)

95. Nowhere in the DCP Phase II Final Report is there any descrip-
tion of an ITP verification program beyond the scope of the IDVP.

(2) At the Hearing PG&E Sought to Recharacterize the ITP as
a Verification Program of larger Scope Than the IDVP

96. In its direct testimony at the iearing, PGSE Panel 1, for
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the first time, sought to characterize the ITP Phase Il review as a

"self-contained and separate review" (PGSE Pinel 1, ff. Tr. D224, at 13),
though not a "camplete review" nor a "total review" (id., at 16, 20). The
panel offered no quantitative measure of how much of the non-seismic design
work the ITP had reviewed. Similarly, PGSE Panel 6, which presented
detailed figures on the fraction of the non-seismic design verified by the
IDVP, made only passing reference to the verification by the ITP, admitting
it did "not attempt to quantify it" (PGSE Panel 6, ff. Tr. DI160, at 64).
97. For the first time on redirect, PGSE Panel 6 was asked to
provide a quantitative description of the scope of the "separate" ITP Phase
IT review. Mr. Anderson opined that the ITP reviewed "samewhere between
45 and 50 percent" of the non-seismic "engineering work" (Tr. D1419), which
he added was "over and above" his estimate of 30 percent of the engineering
work he claimed the IDVP had verified (ibid.). This led him to the opinion
--expressed for the first time by any PGAE witness. On redirect on the
sixth and final day of PGE's case-in-chief -- that between 75 ané 80
percent of the non-seismic design had been verified by either the IDVP or
the ITP (Tr. D1419-20), well over half of that by the ITP alone.
(3) The ITP did not nduct a Verification Program Independent of the IDVP
98. Qonspicuously missing fram the documentation of the ITP is any
of the information one would expect tu see reported on a verification
program -- information that is reported for the IDVP seismic and
non-seismic verification and for the DCP Phase I program. There is no
enumeration of the systems and camponents reviewed, nor even of the number
of such systems and camponents; there is no identification of the criteria

against which the design of each was verified; there is no discussion of
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who did the review; there is no report of the number of errors of each
class -- A, B, C, and D - detected.

99. The IDVP Final Report (PGSE Exh. 90) does refer to "an
additional design verification effort to assure the overall adequacy and
design of the plant" as one purpose of the DCP (id., at 1.4-2), but the
report goes on to describe the DCP's Phase II program thusly:

"The DCP Phase II activity is issue-oriented, responding on
a case-by-case basis to specific non-seismic concerns
identified by the IDVP and to results of internal DCP
activities.

"Although the DCP is taking corrective action with
respect to specific concerns, the DCP efforts were not
intended to be a camprehensive program equivalent to that
performed for Phase I." (Id., at 1.4-4 - 1.4-5.)

106. Mr. Anderson testified that this "review" was "not nearly as
systematic as the IIVP's review" (Tr. Dl426), and not documented as a review
process at all (ibid.). 1Instead, this "review" was really just a by-product
of "putting the files . . . and . . . the paperwork in order." (Tr. D1427.)
He admitted that this ITP review was "not of the same depth" as the IDVP.
(Tr. DI426, D427, D1428, D1429.) Unlike the IDVP, ". . . where they were
looking at a system in its totality, all of the requirements, all of the
cammitments," (Tr. Dl427) looking at three systems in a "very in-depth
review, [w]e did not spend that much time on three systems." (Tr. D1428.)
"We just didn't look at it, at the systems as thoroughly as they did."

(Tr. D1429.) "I just don't think we looked at all of the details to the
extent that they did." (Ibid.)

101. The lesser scrutiny the ITP gave the design in its review is
evidenced by its results. In its review, the IDVP found nine class A or B

errors in what Mr. Anderson characterizes as 30 percent of the design work.
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(PGE Panel 6, ff. Tr. DI160, at 48.) In reviewing a slice of the design
Mr. Anderson characterizes as being 50 percent larger than the IDVP sample
(45 percent to 50 percent versus 30 percent), the ITP found only seven "open
itams." (Id.. at 64.) So the ITP found substantially fewer design errors
thar the IDVP in a substantially larger sample than the IDVP's sample.
Since the IDVP disclaimed having selected its sample for a higher-than-
average error rate (Tr. DI549), there is no basis to conclude that the ITP
found rewer errors than the IDVP because there were fewer to be found. The
most reasonable inference is that the ITP found fewer errors than the IDVP
because its review was less likely to find them, the natural consequence of
what Mr. Anderson characterized as the lesser depth of the ITP's review.
102. Accordingly, the Board finds that the ITP's review of the
non-seismic design is not functicnally equivalent to the verification per-
formed by the IDVP and not an adequate substitute for the absent QA program.
(3) There is no Substantial Evidence to Support PG&E's Claim
That the ITP Reviewed 45 Percent to 50 Percent of the
Non-Seismic Design, Nor to Support the Claim That the
IDVP and the ITP Together reviewed 75 to 80 Percent
103. In his redirect testimony at the hearing, Mr. Anderson
estimated that the IDVP reviewed 30 percent of the non-seismic engineering
work. (Tr. Dl419.) The direct testimony of PG&E Panel 6 indicated the IDVP
sample consisted of 911 of the 3968 "design elements" camprising the non-
seismic design work -- less than 23 percent. (PGsE Panel 1, ff. Tr. D1169,
at 48.) Mr. Anderson offered no basis for estimating that the 23 percent of
the "design elements" amounted to 30 percent of the "engineering work."
(Tr. Dl436-38.)
104. Nor does Mr. Anderson offer any reliable basis for his
est.mate that the DCP reviewed 45 percent to 50 percent of the "engineering
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work." He admitted at the hearing that at his deposition he had estimated
the IDVP and ITP sampled together (Tr. D1430, Dl1433) at 50 percent or above
== leaving the ITP sample around 20 percent according to his figures.

(Tr. DI1426-30.) He explained his doubling of his estimate of the ITP's
sample on the basis of having given the matter "further review." (Tr. D1430,
D1431, Dl434.) Mr. Anderson could give mo grounds for the estimate other
than his "judgment." (Tr. D1440.) Dr. Kaplan's effort to "salvage" the
quantitative claim (Tr. Dl1423) consisted of a reference to the shading in the
diagram in the prepared testimony (PG&E Panel 6, ff. Tr. DI160, at 66) —
although he had previously admitted that the diagram does not show the frac-
tion of the design work the IDVP actually sampled (TR. D1323).

105. Mr. Anderson also testified that the 30 percent he estimated
the IDVP verified and the 45 percent to 50 percent he thought the ITP
reviewed could be added together for a 75 percent to 80 percent of the
non-seismic design reviewed by the verification program. (Tr. D1420.) But
on cross-examination, he acknowledged that there is some overlap between
the 30 percent he attributes to the IDVP and the 45 percent he assigns to
the ITP (Tr. D1430), so that simply adding the two figures together as he
had would not "in a strict sense" be correct (Tr. D1431). Yet Mr. Anderson
maintained that the 75 percent to 80 percent figure was still correct.

(Tr. D1431.)

106. Mr. Anderson admitted on cross-examination that his numbers
estimating the fraction of the non-seismic design examined by the
verification program were "rather soft." The Board agrees and finds that
the evidence does not support any conclusion about the actual fraction of

the design reviewed by the ITP or the combined verification program.
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C. The Probabilistic Calculations Presented by PG&E
Panel 6 does not Constitute Reliable Evidence on
Any Material Issue Before This Board

107. Dr. Kaplan presented a probabilistic analysis, purporting to
employ the opinions of the DCP and the results of the IDVP's non-seismic
design verification to calculate, using Baves' Theorem, the likelihood of
there remaining an undetected safety-significant error in the design of
Unit 1. (PGSE Panel 6, ff. Tr. D1160, at 53-63.) For the reasons given
below, the Board finds the analysis unreliable and irrelevant to the
licensing of Diablo Canyon:

(1) The analysis focuses on the likelihood of a safety-significant error,
rather than violation of the licensing criteria. Since the Board has
found that to be the wrong question, the answer is irrelevant.

(2) The analysis does littie more than restate the opinions of the DCP,
which daminate the probabiistic results. In applying Bayes' Theorem to
the verification problem as he characterized it, Dr. Kaplan consulted
with the DCP about their opinions on the likelihood of a safety-
significant error, instructing them to disregard the information
obtained fram the sample. (PG&E Panel 6, ff. Tr. Dl160, at 56-56; Tr.
D1219-24.) This quantity, which is called the "prior distribution"
(i.e., prior to the addition of other evidence), was .00l--in other
words the DCP was 99.9 percent sure there were no safety-significant
errors even without reference to the IDVP results. (Id., at 57.) When
he then employed Bayes' Theorem to combine the IDVP results with the
prior distribution, he obtained a "posterior" probability of there
remaining a safety-significant error in Unit 1 of .00003. (Id., at 63.)

Plainly, the results of the analysis are dorinated by the DCP's assump-
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(3)

(4)

tions. Dr. Kaplan goes fram a prior he elsewhere Aescribes as

"essentially certain beforehand" that there is no safety-significant
error (Tr. D1388) to a probability only slightly smaller. Prof.
Apostolakis showed that a different prior distribution, which he thought
a reascnable person might have had in late 1981 (Tr. D2319-20;, when
subjected to the Kaplan analysis with no other modifications would yield
a posterior probability of at least one safety-significant error of 5
percent (Tr. D1260-61, D1268-70)--more than a thousand-fold increase.
The analysis relies on inherently suspect opinion evidence. Prof.
Apostolakis testified that there exists a bodv of evidence that people
in general tend to have great difficulty assessing probabilities, "to
deny uncertainty, misjudge risks, and express unwarranted confidence in
their judgments." (Apostolakis, ff. Tr. D2313, at 6.) The literature
also shows people have special difficulty dealing with rare events.
(Id., at 7.) He also cited studies -- including one he co-authored with
Dr. Kaplan showing that experts tend to underestimate risks. (I1d., at
6-7.) This evidence underscores the weakness of an analysis that relies
on opinion evidence that is too unreliable to serve as the hasis for a
licensing decision.

The results of the probabilistic calculations are based on a non-random
sample and therefore invalid. PGSE and the IDVP agreed that the IDVP
sample was not randamly drawn. (PGSE Panel 6, ff. Tr. D160, at 41-42;
IDVP Panel 1, ff. Tr. D1458, at 33-34.) Both Prof. Apostolakis and
Prof. Samaniego testified that randam sampling was essential to drawing
valid inferences. (Apostolakis, ff. Tr. D2313, at 15; Samaniego, ff.
Tr. D2392, at 5.) Prof. Samaniego stated the proposition most strongly:
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D.

that the absence of randam sampling rendered Dr. Kaplan's use of Bayes'
Theorem "wrong," "inappropriate,” and "campletely invalid."

(Tr. D2394-95.) PGSE neither recalled Dr. Kaplan or otherwise sought to
rehabilitate his testimony. The Board therefore finds that the quan-
titative results presented by Dr. Kaplan must be disregarded.

To Complete Verification of Diablo Canyon, PG&E Must
Establish for Each Portion of the Design Either That

it is Free of Class A or B Design Exrors or That it

has Been Subjected to the Same Scrutiny it Would Have
Received for Under z Legally Adequate QA Program

108. Fram the foregoing follows what PGSE must do to meet the

requirements of a verification program and to qualify the design of Diablo

Canyon Units 1 and 2 under the Commission's regulations:

(1)

(2)

(3)

For those portions of the design we have found above to have already
been verified, no further review of the verified design is required.
For those portions of the design that we have not found PG&E to have
demonstrated verification, but where PGSE believes it can provide
documents sufficient to meet the standards for a verification program
we have established here, PG&E may use existing documentation to
demonstrate the design has been verified.

For the remaining portions of the design, PGL4E retains the option for
each such portion of either (a) demonstrating in a statistically valid
manner that there the design is free of class A or B errors or (b)

subjecting that portion of the design to a 100 percent review,

The Board finds that until PGSE has done so, the Commission cannot have the

necessary confidence that the design meets the licensing criteria and

regulatory standards. The Board further finds that once PGSE has campleted

this task, it will have satisfied the requirements of a verification
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program, overcome the pest shortcamings of its design QA program, and
qualified t - design of the facility.
it
THE SEISM1IC VERIFICATION PERFORMED BY
THE ITP AND THE IDVP IS DEFICIENT IN

THAT IT DOES NOT DEMONSTRATE THE
SEISMIC QUALIFICATION OF ALL STRUCTURES

A. PGSE Used Incorrect Methods to Model Soil Structure
Interaction for Containment

109. As part of its modeling of the seismic response of the oontainment
building, the DCP included an analysis of the interaction of the Lehavior
of the underlying foundational material (the rock underlying contaniment)
during the appropriate earthquakes, and the effects of that behavior on the
seismic response of the contaimment building. This is known as a soil
structure interaction analysis. 1In that soil structure interaction analy-
sis for containment, the DCP used an axisymmetric soil mass representation,
a mdel that represent the foundational material as a cylinder. (Tr.D655.)

110. In performing the soil structure interaction analysis, the DCP
applied the same earthquake motion input to both the side and bottam boun-
darie~ of the soil mass model, a procedure inconsistent with current soil
structure interaction modeling. (Tr. D655, D656, D2294-98). This boundary
motion input procedure produces motion at the free surface that varies from
each edge to the center of the soil mass. This also is not consistent with
current methods of soil structure interaction analysis. (Tr. D66l.)

111. Finally, the DCP applied a correction factor to the model to off-
set the discrepancies in free surface motion fram the true design spectra
caused by its method of inputting the same earthquake motion at both bottom

and side boundaries of the soil mass. Use of such correction factor is not
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consistent with current practice. (Tr. D659-60.)

112. However, and largely due to the fact that the soil mass under con-
taimment is hard rock, the correction factor used by the DCP has produced
results sufficiently conservative to be acceptable. (Tr. D2638-39.)

B. PGSE Has Modeled the Soil %iggs Under the Auxiliary Buildi

Inconsistently, and Has Failed to Take Into Account All Effects That
the Springs May Cause

(1) The DCP Has Not (bnsidered a Fixed Base Analysis
113. PGSE modeled the soil mass under the auxiliary building by

assuming a fixed base (i.e., very stiff or rigid foundational material
under the structure) at elevation 85 feet, and soil springs (a way of
representing less stiff, more flexible soil or rock) at elevation 100 feet.
Expert testimony and exhibits dealing with the value of the soil repre-
sented by the soil springs used to represent the soil under the auxiliary
building at elevation 100 feet varied widely. Estimates ranged fram 3500
feet per second shear wave ve.ocity by the IDVP in one ITR (IDVP, "Best
Estimate," Table 7, ITR 55, PGsE Exh. No. 145), to 2700 feet per second by
PGSE (Tr. D701), to 2500-2700 feet per second by the Staff (Tr. D2515), to
approximately 1500 feet per second by the IDVP in a second ITR (based on
conversion of compressional wave data in Figure 15 of ITR 68 to shear wave
data; see Tr. D2226).

114. The DCP used a fixed base soil structure interaction analysis
for the auxiliary building at elevation 85 feet for all earthquakes. The
TDVP concurred with this apprcach, noting that the Hosgri “eport provides
for a fixed base analysis for foundational material of 3:00 feet per second
shear wave velocity (ITR 55, PG&E Exh. 145, p. 19), a value that indicates

very stiff rock. The IDVP felt that the approach was justified fcr e DE
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and the DDE because of the stiffness of the rock (ITR 55, page 32).

115. However, no fixed base soil structure interaction analysis was
performed for the auxiliary building at elevation 100 feet, despite the
IDVP's estimate of the foundational material at that elevation as 3500 feet
per second shear wave velocity, the same shear wave velocity used to
Justify the use of a fixed base analysis at 85 feet for all earthquakes.

116. No justification was presented for use of the fixed base analysis
at elevation 85 feet and lack of such fixed base analysis at elevation 100
feet (Tr. D700), despite the fact that IDVP estimated shear wave velocity
of the rock at both elevations as being 3500 feet per second or higher.

117. An increase in the forces in the shear walls of the auxiliary
building could occur if the foundational material at elevation 100 feet
were not assumed to be flexible, as would be the case in a fixed base ana-
lysis. (Roesset, ff. Tr. DR2206.) All analyses have assumed flexibility in
the soil at elevation 100 feet (ITR 55, PGSE Exh. 145, Table 5). The
results of Table 5 in ITR 55 seem to indicate that the base shear force
increases with increasing stiffness of the springs, and then decreases
again. (ITR 55, PGSE Exh. 145, Table 5.) It has not been shown, however,
that the base shear would continue to decrease with a fixed base. No
showing has been made by the DCP that the shear walls are qualified
for any increase in forces that might came fram a fixed base, other
than by citing the possibility of inelastic deformation not provided
for in the licensing criteria. (Tr. D713-15.)

(2) The DCP Has Not (onsidered Rotational Effects of
Flexiblie Soil Springs

118. The analysis of the auxiliary building has not accounted for all
effects that might occur if the foundational material represented by soil
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springs is as stiff as the IDVP estimate of 3500 feet per second shear wave
velocity, as discussed above. It is also the case that the DCP has not
considered all effects that could occur if the soi. springs are as soft as
the low estimate implied by Figure 15 of ITR 68. (PG&E Exhibit 155.)

119. Variation in the stiffness of the soil of the magnitude
described above can produce variations in the seismic response of the auxi-
liary building. ITR 55, PGAE Exhibit 145, page 25, states that a 20%
increase in response spectra acceleration would cccur over the values of
the soil springs considereu by the IDVP in its parametric study of soil
sﬁirg values. This 20% increase in response spectra calculated by the
IDVP was based on a lower bound for the value of the soil springs of 2000
feet per second shear wave velocity. ITR 55 notes that that much of an
increase is acceptable to the IDVP specifically because this lower bound
value is conservative (ITR 55, page 25). Although the 1DVP testified that
the soil springs did not have much effect (IDVP Panel 2, ff Tr. D843 at
3-9), the IDVP parametric studies showed a large variation in the seismic
response of the base at elevation 85 feet of the Auxiliary Building with
variation of th. soil spring values (Tr. D2470-71, D2220).

120. A building with a foundation that is both embedded and at dif-
fering elevations, as is the auxiliary building, will experience varying
earthquake motions at the more deeply and at the more shallowly embedded
portions of foundation, respectively. (Tr. D2524.) This variance in motion
experienced by the different portions of the base could produce a rocking
motion, which would vary with the stiffness of the soil. (Roesset, ff. Tr.
D2206, at 11; Tr. D2526.)

121. The IDVP parametric studies did not address the effects on the
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seismic response of the auxiliary building of considering the soil springs
to have a value of 1500 feet per second shear wave velocity, as Figure 15
of ITR 68 implies (see Finding 113, supra). Material of this value would
be hard soil rather than rock, and would be softer than t'~> lowest value of
soil spring material considered by IDVP. (ITR 55, PGsE Exh. 145, Table 53
Tr. D2226.) Testimony of the NRC indicated that any rocking motions of the
auxiliary building referred to in Finding 120, supra, would be increased by
such softer soil. (Tr. D2526.)

122. Despite the possibility that flexible soil springs could produce
rocking motions of the structure, that could be increased by an assumption
that the soil springs are softer than the IDVP assumed in its parametric
studies, no analysis has been done by PGSE or the IDVP of the effects on
the seismic response of the auxiliary building of rotational effects.

123. A fixed base analysis of the soil structure interaction for ele-
vation 100 feet of the auxiliary building, would be consistent with the
fixed base analysis done for elevation 85 feet, if the shear wave velocity
of the foundational material at both elevations is 3500 feet per second.
The DCP has failed to perform such a consistent analysis, or to qualify the
auxiliary building for any effects predicted by such an analysis.

124. The DCP has assumed soil springs of a different shear wave velo-
city at elevation 100 feet than at elevation 85 feet. However, the Board
finds that the DCP lias failed to do an analysis for all credible values of
the soil springs, and has failed to quelify the auxiliary building for all
effects, including rocking motions, that such soil springs could cause.

C. The DCP Has Failed to Qualify All ipment in Containment For
the Anticipated FEffects of an Uplifting of the Containment Base Mat

125. General Design Criterion 2 of Appendix A to 10 C.F.R., Part 50,
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requires that all structures, systems, and camponents important to safety
be designed to withstand the effects of natural phenamena, such as earth-
quakes. In addition, licensing criteria specify maximum allowable stresses
for which various systems, structures, and components are qualified and to
which they may be subjected.

126. Expert testimony by Ir. Roesset established that the contaimment
base mat, the large concrete slab that is the foundation of the building,
might separate fram the rock beneath containment and lift up if the con-
tainment experienced accelerations over 0.4g, well under Hosgri accelera-
tions. (Roesset, ff. Tr. D2206, at 8.) All parties testified that uplift
might occur at Hosgri accelerations (0.67g). (Roesset, id.; Tr. D675;
D2507-10; D1888; D1875; D1876; D1954-55.)

127. Such an uplifting of the contaimment base mat would cause a
change in the center point of contact (the centroid) between the base mat
and the underlying rock (Roesset, ff. Tr. D2206 at 6-7), producing a shift
in the axis of rotation (Tr. D2213-14), and increased vertical accelera-
tions not accounted for in the DCP analysis of containment (Tr. D1881,
D2215-16), as the buildirg rises fram the ground very slightly at one edge.
The increased vertical accelerations fram uplift could cause increased ver-
tical stresses on equipment in containment. Such increases could be on the
order of 10-15%, but could be especially significant for equipment whose
qualification is controlled by the vertical coamponent (Tr. D2216; Tr.
D2214-15; Tr. D2510).

128. No analysis has been done by the DCP or the IDVP of the effect on
any equipment inside contaimment of increased vertical acceleration due to

uplift (Tr. DB28).
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129. The testimony clearly established that uplift of the contairment

base mat may occur at Hosgri accelerations, and may occur at lower acce-
lerations. All parties agreed that uplift could cause increased accelera-
tional in the vertical direction on the equipment in contairmment, and that
no one has done any analysis to determine whether all or any equipment in
contaimment is qualified for such accelerations. Thus, the Board finds
that the DCP has failed to qualify all safety-related equipment for possi-
ble effects of earthquakes, in violation of General Design Criterion 2.

D. The DCP's Use of Translational and Torsional Inputs to the Fuel
Handling Building Has Not Been Shown to be valid

130. Contention 3(o) challenged the validity of certain aspects of the
DCP's modeling of the fuel handling building, particularly how the DCP used
the motion of the auxiliary building to determine the motion to input to
its model of the fuel handling building. No findings are yet possible
regarding the validity of the DCP's use of translational and torsional
inputs to the fuel handling building, since no written analysis confirming
the DCP use of input to the base of the columns has yet been submitted to
the parties or the Board. The Staff has been given information orally,
which it feels would be adequate if confirmed, but has not had confirming
and verifiable written substantiation. (Tr. D2528-30.)

E. No Consistent, Documented Representation of the Properties of the

So1l and Rock Surrounding the Diesel Fuel Oil Tanks Has Been
Produced by the DCP or t?E IDVP

(1) The data used to determine soil properties was determined
without a QA program, and tests have not been redone by
the DCP or the IDVP
131. The testimony of PGSE, the IDVP, and the NRC regarding soils pro-
perties of the backfill surrounding the diesel fuel o0il tanks was all based
on the work of Harding Lawson Associates. (ITR 68, PGSE Exh. 155, page 1;

4s.




NRC Panel 2, ff. Tr. D2463, at 24; Tr. D763.) The IDVP performed a quality
assurance review of Harding Lawson Associates, and found that it imple- |
mented no quality assurance program for the Diable Canyon soils work. (ITR

68, PGSE Exh. 155, p. 2.) PGSE has not reperformed any field tests, labora-

tory tests, or sampling done by Harding Lawson Associates. Also, it has

not verified this work except by a general review for reasonableness of

results. That review appears to have been done by only one cr two persons,

and it is not clear if any of this review was documented. The testimony

seems to indicate it was not. (Tr. D767; D773; D775; D798.) Though, the

IDVP reviewed the geologist's log and the data for reasonableness of

results, and compared data to the literature, it performed no physical

tests. (ITR 68, PGSE Exh. 155, pp. 4-5.)

(2) ITR 68 presents contradictory information about the backfill
around the diesel oil fuel tanks

132. In Figure 14 of ITR 68 (PG&E Exh. 155), contradictory information
is presented as to the soil properties of the soil surrounding the diesel
fuel oil tanks. The same s0il is represented by a shear modulus versus
mean effective stress curve with an exponent of 0.18, and by a curve with
an exponent of 0.7. These exponents differ by a factor of more than three,
and this difference implies a large uncertainty in representation of the
soil properties. (Roesset, ff. Tr. 2206, at 18; Tr. D2539.) Examination
of each of these exponents reveals more uncertainty as to soil properties.
Figure 14 of ITR 68 purports to describe soil that is sandy clay (Tr.
D771). However, the exponent of 0.18 is very low for a sandy clay
(Roesset, ff. 2206 at 18; Tr. D2537), and the exponent 0.7 is very high,

being closer to a sand (Roesset, ff. Tr. D2206, at 18; Tr. D2538; Tr.
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D779). The ITR does not make clear either the nature or the properties of
this backfill soil.

(3) ITR 68 presents information about the rock around the diesel

frel oil tanks that contradicts data used to qualify the
auxiliary building

133. The diesel fuel oil tanks are near the auxiliary building, and
the material surrounding them is very near or beneath that building. (ITR
68, PGE Exh. 155, Figure 5, p. 71.)

134. ITR 68, Figure 15, presents compressional wave data which, when
converted to shear wave velocities, show a shear wave velocity for the rock
around the tanks and around the auxiliary building at 100 feet of about
1500 feet per second (Tr. D2227), a value for which no soil spring analysis
has been performed (Finding 122, supra). Strains associated with a Hosgri
event might reduce the shear wave velocity of the rock around the auxiliary
buildiny to 1000 feet per second or le.s (Tr. D2227), based on extrapola-
tions fram the data in Figure 15 of ITR 63. MNo analysis has been performed
for rock of this value (ITR 55, PGSE Exh. 145.)

135. NRC and IDVP witnesses testified for the first time under cross-
examination that the data in ITR 68, Figure 15, should be disregarded as
"less reliable" for calculating the shear wave values of the rock around
the auxiliary building than other data gathered fram up~-hole and cross-hole
tests performed by Harding and Lawson in 1967 and 1973. (Tr. D2548; Tr.
D3122; Tr. D3112.) The IDVP witness, Dr. Cloud, offered ac his only
reasons for discounting the data in Figure 15 of ITR 68, his judgment that
the test method used to gather the data in Figure 15 is less reliable by
same unquantified margin at this site than the up-hole and cross-hole tests

whose results were relied on in qualifying the auxiliary building. (Tr.
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D3112; D3125; DR2010-11.) No other evidence was adduced that the data in
Figure 15 were not correct.

136. The cross-hole and up-hole data regarded by the IDVP as of
greater reliability than the data in Figure 15 of ITR 68 were gathered by
Harding Lawson Associates (Tr. D3125; D3137) during the period of time for
which they had no Q® program. (ITR 68, PGSE Exh. 155, p. 2.)

137. The Board finds that the data in ITR 68 and the testimony
revealed pervasive inconsistencies in the properties claimed for the back-
fill soil around the diesel fuel oil tanks. No conclusions as o the F.o-
perties of that soil can be drawn, based on the conflicting and internally
inconsistent evidence before the Board.

133. The evidence also rrwvealed that no consistent, well-documented
representation of the properties of the rock surrounding the diesel fuel
oil tanks and underlying the auxiliary building at elevation 100 feet.
Upon the evidence before the Board, it is not possible to find that the
soil spring values used in the seismic analysis of the auxiliary building
are correct, nor is a finding possible as to what the properties of the
rock surrounding the diesel fuel oil tanks are.

F. No Consistent, Documented Representation of the Properties of the

So1l Surrounding the Auxiliary Saltwater Piping and Circulating
Water Intake Conduits Has Been Presented by the DCP or the IDVP

(1) The data used to determine soil properties was determined
without a QA program, and tests have not been redone by the
DCP or the IDVP
139. The testimony of PGSE, the IDVP, and the NRC regarding soils pro-
perties of the backfill surrounding the diesel fuel oil tanks was all based
on the work of Harding Lawson Associates. (ITR 68, PGSE Exh. 155, p. 1;

NRC Panel 2, ff. Tr. D2463, at 24; Tr. D763.) The IDVP performed a quality

‘8.




assurance review of Harding Lawson Associates, and found that it imple-
mented no quality assurance program for the Diablo Canyon soils work. (ITR
68, PGE Exh. 155, p. 2.) PGSE has not reperformed any field tests, labora-
tory tests, or sampling done by Harding Lawson Associates. Also, it has
not verified this work except by a general review for reasonableness of
results. That review appears to have been done by only one or two persons
and it is not clear if any of this review was documented. The testimony
seems to indicate it was not. (Tr. D767; D773; D775; D798.) Though the
IDVP reviewed the geologist's log and the data for reasonableness of
results, geologist's log and campared data to the literature, it performed
no physical tests. (ITR 68, PG&E Exh. 155, pp. 4-5.)

(2) Data on low strain shear modulus of the ASW and CWIC soil
are not documented adequately

140. The evidence shows that the soil data in Figure 22 of ITR 68
(PG&E Exhibit 155), are not reliable as representations of the low
strain shear modulus of soil surrounding the auxiliary saltwater
piping since the source of the data, both as to sample test site and
as to testing program, is not presented. The data were gathered from
testing performed near the auxiliar saltwater piping and fram near
the diesel fuel oil tanks (ITR 68, PG&E Exh. 155, p. 43). However,
the soils fram tohse sites are of different types (PGSE Panel 2, ff.
D651, at pp. 85-86), and Figure 22 does not specify which data were
collected fram which site (ITR 68, PG&E Exh. 155, Figure 22; Tr.
D2555). Further, ITR 68 states that tests were performed for values
of 500-3000 psf (ITR 68, PG&E Exh. 155, p. 43), but Figure 22 shows
data extending to 4500 psf. No explanation is given in the ITR for
how, where, or by whom the tests were done that yielded these data.
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141. The Board finds that the unreliability of the data in Figure 22
casts doubt on the curve for shear modulus at low strain that appears in
that figure. Further, the unre'iability of the data also casts doubt on
the curves in the ITR that depicts shear modulus at high strain. 1In soils
analysis, curves depicting variation of shear moRulus with strain are
"normalized" (i.e., adjusted) at low strain values, so that inaccuracies in
low strain curves, such as Figure 22 of ITR 68, may result in curves that
do not accurately represent shear modulus at either low or high levels of
strain because of improper normalization. (Tr. D2222.)

(3) Data on shear modulus at high strain presented in ITR 68 do
not accurately represent in situ 30il properties

142. Figures 23 and 24 of ITR 68, PG&E Exhibit 155, show data points
derived fram laboratory tests conducted by Harding Lawson Associates. (ITR
68, PGSE Exh. 155, pp. 42-43.) Soil samples gathered in the field and
tested in the laboratory are often disturbed in the process of collection,
storage, and transport. (Roesset, ff. D2206, at 20; Tr. D2558; DB06.)
Therefore, laboratory values are generally lower than field values. In
soil properties testing (Roesset, ff. Tr. D2206, at 20), laboratory test
data are usually adjusted by a correction factor to account for phenamena
such as sample disturbance, and to make the data more representative of in
situ condition (Roesset, ff. Tr. D2206, at 20; Tr. D2558).

143. However, appropriate correction factors are often difficult to
determine, because they depend on the degree of sample disturbance. NRC
expert witness, Dr. (cetantino, said he could not estimate a particular
correction factor unless he saw the soil sample came out of the tube. (Tr.
D2559-60.) Dr. Roesset testified that appropriate correction factors for
the laboratory data could be in the range of a factor of two. (Tr. D2223.)
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Dr. Qostantino for the NRC estimated a factor samewhat less than two. (Tr.
D2560.) PGSE expert witness Dr. Seed testified that the appropriate
correction factors for the ASW backfill would range fram about 1.25 at low
strain levels to about 1.0 at high strain levels, based on the fact that
the backfill was highly compacted and would be less disturbed during
sampling than an uncampacted soil. (Tr. D3118.)

144. No correction factors were applied to the laboratory data pre-
sented in Figures 23 and 24 of ITR 68, PGSE Exhibit 155, to make them more
representative of in situ conditions. (Tr. DB06; D2557-58.) This failure
to apply correction factors causes in these figures to be inaccurate repre-
sentations of the properties of the ASW and OWIC soils. Dr. Roesset
testified that the curve in Figure 23 of ITR 68, representing the high
strain values of shear modulus varying with shear strain of the backfill,
would have to be raised, if the test data in that Figure were corrected to
more realistically represent in situ values. (Tr. D2224.)

145. Raising the modulus curve would also affect the damping curves
for the ASW/CWIC soil. Drs. Roesset and Costantino testified that the
damping values for the auxiliary saltwater piping backfill shown by the
curve in Figure 24 of ITR 68 (PGSE Exhibit 155) were already very high for
the type of soil represented. (Roesset, ff. 2206, at 21; Tr. D2564.)

Dr. (ostantino stated that he would estimate the magnitude of damping as
lower by a factor of two than what is presented in Figure 24. (Tr. D2564.)

146. Both Dr. Roesset and Dr. Seed testified that if the laboratory
test data points in Figure 24 of ITR 68 were corrected to make them more
representative of in situ conditions, the curve showing damping in that

Figure would drop. (Tr. D2224; D3131.) The seismic response of the auxi-
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surrounding backfill ) : herefore, unless the true proper-
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148. Brookhaven National Laboratories performed inde pendent modeling
the containment annulus and the buried diesel fuel tanks at
of the Staff. The independent modeling done by Brookhaven cons
obtaining design information as to the structure, member connectivity, mas
distribution, soils data and other features of the annulus and the buried
Jeveloping seismic response models independe:.c f those of “he
applicant, and running the models to obtain final results All Brookhaven
work was done without reference to the modeling the DCP ha one, until
final results were compared. (SSER 18, Staif Exh.
149. The results of the Brookhaven modeling of the containment

revealed the importance of floor flexibility and local

in the seismic response of the annulus, effects not previously




for by the applicant. The Brookhaven independent modeling also produced
different response spectra, including different spectral peaks for both
vertical and horizontal responses. (SSER 18, Staff Exh. 36, pp. C.3-92-93,
3-95.) Thus, the independent modeling revealed important features of the
annulus response not revealed by the original PGSE modeling. These
insights had sufficient value that the results of the Brookhaven modeling
were relied on by the staff as a benchmark in understanding the seismic
response of the contaimment annulus even after the annulus had been
modified and reanalyzed by the applicant. (SSER 18, Staff Exh. 36, at
C.3-5, C.3-9; Tr. D2574; Txr. DR2575.)

150. In addition, the Brookhaven independent modeling of the buried
diesel fuel tanks revealed that PG&E's model did not accurately represent
the seismic response of the tanks and the fluid within the tanks. (SSER
18, staff Exh. 36, section 3.6.6; Tr. D1935.) In response to the results
of Brookhaven independent modeling of the buried diesel tanks, PG&E com-
mitted itself to further modeling and changes in its modeling of the tanks.
(SSER 18, Staff Exh. 36, p. C.3-99.) This demonstrates the value of the
independent modeling of the tanks.

151. Independent modeling of the type done by Brookhaven for the con-
taniment annulus and buried diesel fuel tanks is useful as an independent
and unbiased basis for determining the seismic accuracy of a structure
design. (Roesset ff. D2206 at 22-23; Tr. D2619.) Where, as in the case of
the Brookhaven models, there are differences, the independent model may
indicate problems or provide fresh insight. Certainly, Jisagreement of two
models indicates that further investigation is needed. (Tr. D1938-39.)
Where the results of such independent modeling are in close agreeme:rt with
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the results of the original model, there is reason for increased confidence
in the criginal results., (Tr. D1938; Tr. D1901.)

152. Although certain asjects of the seismic qualification of various
structures at Diablo Canyon were independently modeled by the IDVP, the
IDVP performed no independent modeling, of the type done by Brookhaven
Natioral Laboratories for the contaimnment anrulus and the buried diesel
fuel tanks, of the complete seismic response of any building at Diablo
Canyon. (Roesset, ff. DR2206, at 22; Tr. D2619-20; Tr. D1939-44.) If inde-
pendent mode.ing such as that done by Brookhaven of the complete seismic
response of each building at Diablo Canyon were done, increased confidence
in the design of each structure would result. (Roesset, ff. 2206, at 24;
Tr. DR2291-92.) Increased confidence would also result fram independent
modeling of each building using simplified models. (Tr. D2292; D2294-95.)

153. The Board finds that independent modeling of the seismic response
of buildings, such as the modeling done by Brookhaven National Laboratories
for the contaimment annulus and the buried diesel fuel tanks, would give
added confidence in the design of the buildings at Diablo Zanyun, as an
unbiased check on the design and seismic response of those buildings.

While more simplified models than the Brookhaven models oould be used, such
modeling should be done by the IDVP for each building at Diablo Canyon.
v
PGSE HAS FAILED TO ANALYZE ALL THE JET
IMPINGEMENT LOADS IT IS REQUIRED TO
CONSIDER

A. PGSE Has Misconstrued the Requirements of Its License Application With
Respect to Analysis of Jet Impingement [oads Inside Containment

154. PGSE's license application requires it to perform jet impingment

analyses for high energy line breaks occurring inside containment. (PG&E
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Panel 3, ff. Tr. D487, at 25.) However, PGLE testified that it believed
the FSAR to be silent as to the specific temperature/ pressure criteria to
be utilized for conducting high energy line break analyses inside contain-
ment. (Tr. D589.) As a result, PGSE used the criteria which had been
developed for jet impingement and pipe whip analyses outside containment.
(Tr. D589.) These criteria were set forth in section 3.6-16-17 of the FSAR.
(Tr. D588-89.)

155. PGSE's interpretation of the criteria contained in that portion
of the FSAR led it to the conclusion that an analysis was only required for
lines which were subject to both high temperatures and high pressures.

(Tr. D589.) Subsequent to reaching this conclusion, PG&E ascertained that
though there did not appear to tez criteria for high energy line breaks
inside containment, there was a listing of lines inside contairment, at
page 3.6-11 of the FSAR, which definitely had to be analyzed for such
breaks. (Tr. D589-90.) The lines listed were all subject to both high
temperature and high pressure. (Tr. D589.)

156. PGSE's interpretation of section 3.6.4 of the FSAR is not con-
sistent with the express language of section 3.6.4. This section provides,
in pertinent part, as follows:

"The following criteria and definitions apply to the selec-
tion of piping systems outside contairment for evaluation of the
dynamic effects associated with postulated pipe rupture.

"l. All systems having a service temperature greater than
200°F or a design pressure greater thar 275 psig are considered.

"Open crack breaks are postulated to occur in the most
adverse locations in piping having fluid temperature or pressure
greater than the above." (Bmphasis added.) (FSAR section 3.6.4,
pu 306-16-170)

Thus, contrary to PG&E's interpretation, there are circumstances in which
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section 3.6.4 requires the consideration of jet impingement and pipe whip
effects for pipes subject to either high temperature or high pressure.

157. However, in using section 3.6.4 of the FSAR, PGSE ignored the
criteria for pipe whip restraints inside contairiment at 3.6-13-3.6-14 of
the FSAR, which require restraints on pipes which are subject to either
high temperature or high pressure (FSAR section 3.6-13-14.)

158. On cross-examination PGSE witness (onnell conceded that there is
no difference between the criteria to be used for postulating a break for
pipe whip effects and jet impingement effects. (Tr. D600.) The Board finds
that PGSE should have utilized the criteria set forth at 3.6-13-14 of the
FSAR to guide its jet impingement analysis inside contaimment.

B. PG&E's Misconstruction of the Criteria Has Left Three Lines Unreviewed

159. In failing to utilize the correct criteria for its jet impinge-
ment analysis inside contaimment, PGE failed to analyze jet impingement
effects on three lines within containment. (Tr. D613-14.) As a result, the
Board finds that PGSE has failed to meet the requirements of its license
application with respect to the performance of jet impingement analyses
inside containment and that such an analysis should be performed.

Vv
THERE IS NO ASSURANCE THAT THE PLANT AS

BUILT IS CONSISTENT WITH THE DESIGN
ANALYSES

A. Diablo Canyon Has Had a History of Configuration Control Deficiencies

160. In 1979, the NRC issued Investigation and Enforcement Bulletin
No. 79-14 requiring licensee and permittees to verify that facilities were
being constructed in conformity with their designs and with the analyses

that established that the designs met their licensing requirements. PG&E's
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response to I4E Bulletin 79-14 disclosed discrepancies between the as-built
and the as-analyzed configuration of Unit 1 s<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>