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A. INTRODUCTION

This Independent Desigr;~ Verification Program (IDVP) was conducted in
response to the Commission Order of November 19, 1981, which
established requirements for the restoration of the suspended low

power license for Diablo Canyon Nuclear Power Plant, Unit 1 (DCNPP-1)

and the NRC Staff Letter of the same date, which established require-
ments for power ascension. In addition, an adjunct program on con-
struction quality assurance was conducted at the request of the
licensee.

The overall objective of the IDVP's effort was to provide reasonable
assurance that any deficiencies in the DCNPP-1 design wer e identified
and corrected. The purpose of the IDVP Final Report is to provide a

summary of the results of the IDVP's efforts. The conclusions reached

by the IDVP, and the bases for these conclusions, are discussed in
this summary.

No discussion of the IDVP's verification of construction gA is in-
cluded in this summary since this aspect of the IDVP's effort was not
part of the Commission Order or Staff Letter.
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B.
2

BACKGROUND

The participants in the IDVP and the manner in which the IDVP was con-

ducted are as follows".

6 Teledyne Engineering Services (TES) served as Program Man-

ager. In that capacity, TES assured that the IDVP was
~ mt

conducted in accor dance with approved program plans , in-

c 1 ud ing review and approval of a 1 1 IDVP reports and con-

cl us ions .

e R . F . Reedy , Inc . ( RFR ) performed the Design gA Aud i ts and

Reviews and the design office verification of the Diablo

Canyon Project ( DCP ) Corrective Action Program .

o Robert L . Cloud As soc iates , Inc . ( RLCA) verified the
se i smi c , structural, and mechanical aspects of the design

process ..

9 Stone & Webster Eng ineer ing Corporation ( SWEC ) verified

the safety system and safety analysis aspects of the

design process .

In addition to these major participants , TES retained a number of org-
an izat ions and individuals to assist the IDVP in specialty areas . Of

most importance , in this regard , was the parti c ipat ion of Professors
Ho 1 1 ey and Biggs of Hanson , Ho 1 1 ey & Biggs ( H H&B) , in the
civil/structural area .

In response to the Commission Order and Staff Letter , IDVP Program

Plans were established to define the deta i 1 ed conduct of the IDVP .

These were approved by the Commission , as documented by the Staff
Letters dated Apri 1 27 , 1982 and December 25 , 1982', respectively .
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The IDVP has been conducted in conformance with the approved IDVP Pro-

gram Plans. The most important elements of the IDVP's efforts were:

(1) The IDVP reviewed the pre-November 1981 gA Programs of
Pacific Gas and Electric (PGandE) and of their service-
related contractors relative to the requirements of
10CFR50, Appendix 8, and audited the implementation of
these programs as applied to the DCNPP-1 design effort.

(2) The IDVP performed detailed verification of initial
samples of the design work performed by the foregoing or-
ganizations in accordance with the selection and accept-

ance criteria of the IDVP Program Plans.

(3) Concerns identified during the verifications of the ini-
tial samples were reported in a series of Error or Open

Item (EOI) reports, and additional verification was per-
formed to resolve any specific concerns.

(4) Based upon the results of the previous steps, the IDVP

verification effort was expanded to include additional
samples. This expansion occurred when the gA verification
indicated concerns about an activity not represented
within the initial sample or when the results from veri-
fication of the initial sample were uncertain. The IDVP

also performed additional verifications to evaluate

generic concerns and to verify activities conducted by the
Diablo Canyon Project (DCP).

(5) In response to the seismic design concerns identified by

June, 1982, PGandE instituted a major Corrective Action
Program (CAP). IDVP verification included an audit of the
NRC Staff-approved design gA program, the conduct of a
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"design office verification" to evaluate the effectiveness
of the gA program as applied to the DCP's specific en-

gineering process, and a detailed verification on a samp-

ling basis of the design process, including field
verification of modifications.

The first of the listed activities was performed by RFR in parallel
with the design process verifications listed as the second item. RFR

also performed the gA audit and the "design office verification"
identified as the first part of the fifth activity.

RLCA and SWEC performed the second through fourth activities in their
area of responsibility and the design process verification identified
as part of the fifth activity. The RLCA area of responsibility in-
cluded all seismic, structural, and mechanical aspects with respect to
the initial sample defined by the IDVP Program Plans, the additional
sample and additional verification activities defined by Interim
Technical Report (ITR)-l, and the verification of the DCP Corrective
Action Program as defined in ITRs-8 and -35. The results of the
DCP/CAP efforts are considered to be the basis for demonstrating
satisfaction of license application criteria for seismic loadings

(Hosgri, Design Earthquake, and Double Design Earthquake) ~ in
combination with pertinent non-seismic loadings.

The SWEC area of responsibility included the system design aspects of
safety-related systems and the performance of safety-related analyses
for the sample systems, and analyses defined by the IDVP Program Plan

and verification of the corrective action taken by the DCP with
respect to the generic concerns identified by the IDVP (ITR-34). With

the exception of the specific efforts conducted by the DCP in response
to the IDVP-identified generic concerns and DCP-identified Open Items,
the basis for demonstrating satisfaction of license application
criteria for safety-related systems and safety-related analyses 're-
mains that in effect prior to November 1981.
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All. of the major IDVP participants were involved in the identification
of "basic cause", in the evaluations contained in Section 6 of the

IDVP Final Report, and in developing the IDVP conclusions contained in
Section 2 of that report. All of the IDVP design verifications are

complete and have been fully reported.

The IDVP verification effort required over 120 person-years in total.

The scope of the design work reviewed was sufficiently broad, and the

methodology employed in that review was sufficiently detailed and

rigorous, to achieve the purpose of the IDVP program as set forth in

the Commission Order and the Staff Letter.

Several characteristics of the Program Plans were particular ly im-

portant to the success of these efforts. The IDVP verification
samples were carefully chosen in both the seismic and non-seismic

areas, and the verification was expanded whenever necessary to resolve
concerns that were identified in our original review. All potential
concerns were recorded, tracked, and resolved in a systematic manner

using the EOI system, and reported in detail in ITRs. In addition,
the IDVP was organized to require levels of engineering peer review by

different organizations within the program to ensure the validity of
all IDVP technical conclusions.

The EOI system was very useful in tracking the resolution of
uncertainties as to the compliance of design with applicable criteria.
The issuance of an Open Item Report (OIR) meant that a condition had

been identified which required additional evaluation to determine its
significance, so a file number had been assigned to track this addi-

tional effort. If the additional effort subsequently established that
an applicable criterion had been violated, the item would be

classified and reported as an IDVP Finding. Many of the EOIs were, of
course, resolved without being established as errors. Further, since
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the significance of an EOI cannot be determined simply by looking at
its eventual classification, it is very easy to overestimate or to
underestimate the significance of EOIs by a. simple "counting" of the

files.

There is also no general relationship between'the eventual classifi-
cation of a file and the potential for that file to indicate a generic
concern. The IDVP carefully considered the gener ic implication of
every EOI, as wel 1 as the generic implications of possibly related
concerns reflected in several EOIs.

Each IDVP concern was further described, classified, and resolved in
the manner detailed by an ITR. The word "interim" in the title of the
reports indicated that the reports were issued during the progress of
the program, rather than waiting for issuance of the IDVP Final
Report. But completion of an ITR generally meant that the IDVP had

accomplished the review of a substantive technical area.

The IDVP Final Report contains an order ly description of the IDVP

efforts, including a discussion of the results reflected in ITRs. The

Final Report suomarizes the technical verifications and states in con-

siderable detail the IDVP conclusions (Section 2) and the IDVP evalua-
tions (Section 6) with respect to effectiveness of the IDVP, basic
causes, significance of design errors, and impact on facility design.
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This section lists the IDVP conclusions and briefly describes the

basis for each conclusion.

CONCLUSION 1

"THE IDVP 'AS BEEN CONDUCTED IN A TECHNICALLY COMPETENT,

INDEPENDENT, AND TIMELY MANNER AND HAS EFFECTIVELY IDENTI-
FIED UNCERTAINTIES IN THE COMPLIANCE OF THE DESIGN WITH

LICENSE APPLICATION CRITERIA."

The IDVP participants are proud of the manner in which this very dif-
ficult effort has been conducted. Although the scope and depth of the

verification effort has been more extensive than originally anticipat-
ed, the objective has not changed, and the original plans anticipated
and provided for the expanded effort that was ultimately required.

Although completion of the verification effort may have been delayed

by this expansion, the more important program characteristics, techni-

cal competence and independence, were achieved.
r

It is essential to recognize that the criteria applied by the IDVP

were'hose of the license application,'nd that conclusions were

established on that basis. Specifically, identification as an IDVP

Finding is indicative of a violation of the license application

criteria, without regard to whether or not a "substantial safety

hazard", as defined in 10CFR21.3(k), existed. However, the IDVP did

assess whether such a "substantial safety hazard" could exist even

when the license application criteria were satisfied. No such condi-

tions were identified.

The effectiveness of the IDVP, and some of the basic contributors to
that effectiveness, are discussed further in Section 6.2 of the IDVP

Final Report.
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The major reasons the IDVP was effective in verifying the conformance

of the DCNPP-1 to license criteria are:

First, the IDVP technical program concept employed an audit and review

of design gA in parallel with an engineering program for verification
of the design process in a manner which did not depend upon the

effectiveness of the gA program applied in the original DCNPP-1

process. This program provided for IDVP expansion to fully investi-
gate any concerns arising from the initial verification; it anticipat-
ed that corrective action by PGandE would be required and provided for
both verification of implementation of the gA program employed in the

corrective action programs and design process verification. In-
= summary, the IDVP used a systematic approach for determining the

extent of review necessary to identify technical concerns.

Second, the use of EOIs to track potential concerns and the issuance

of Interim Technical Reports provided for reporting of detailed tech-
nical results. as the program progressed, rather than waiting for a

final report.

Third, our program benefited from the availability of experts from a

number'f highly qbalified organizations, and particularly from the

availability of peer review as the work progressed.

The participation in the IDVP of a number of firms also enhanced IDVP

independence, in that the technical work of one organization was re-
viewed by at least one other. Independence was also enhanced by the

IDVP operating procedures which required that all substantive meetings

between the IDVP and the DCP be open to the NRC Staff and to the Des-

ignated Other Parties (DOP). In addition, strict procedures governed

the transfer of information between the Project and the IDVP. The

basic philosophy of the IDVP was that the coranents of all interested
parties has to be received and considered at all times,, and also that
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the basic structure of the approved Program Plans, including those

aspects designed to maintain independence, had to be maintained -and

fulfi l led.
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"DESIGN ERRORS RE(UIRING MODIFICATION OR REANALYSIS OF THE
DESIGN HAVE BEEN IDENTIFIED. THE BASIC CAUSE FOR THESE
ERRORS WAS THE AMALGAMATIONOF A NUMBER OF FACTORS"

The two basic, or root, causes of design errors identified by the IDVP,

in addition to random causes, were:

~ Control of design interfaces, and

~ Documentation and interpretation of design.

However, the basic causes can only be properly addressed in light of
several underlying factors that, in combination, contributed signifi-
cantly to most of the design problems. These factors are identified in

the IDVP Final Report as follows:

(1) Safety-related systems were seismically designed twice to
meet two sets of criteria, with a substantial time interval
between the two design efforts.

(2) The plant had substantial. design work performed as a result
of IEE bulletins and TMI requirements.

(3) The design work was performed over a period of 15 years.

(4) Seismic design methodology and criteria changed significant-
ly during the 15 years; .from a rudimentary to a reasonably
mature, systematic, and sophisticated process.

(5) Nuclear plant design naturally requires the transfer of
large amounts of information from one design group to
another; such design interfaces existed in especially large
numbers both within PGandE and between PGandE and their ser-
vice-related contractors.
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(6) Design control practices acceptable during the period of the

initial design process were not consistent with the eventual

duration and complexity of the reiterative design process

required at DCNPP.

Of the above considerations, two are unique to DCNPP: multiple seismic

designs and the long calendar time. However, the effect of these under-

lying factors may have been exacerbated by the fact that PGandE was de-

signing its first nuclear plant.

In the two basic causes identified by the IDVP, it is important to
address the actions taken by the IDVP to obtain reasonable assurance

that the consequences of these basic causes were identified and correct-
ed. Because of the concern about control of design interfaces, the IDVP

paid particular attention to review of the flow of information among

PGandE and its contractors, and within PGandE. This concern was

addressed by both gA and design process verification efforts and, in the

case of the DCP/CAP, by the "design office verification" procedure

developed specifically by the IDVP to assure that the gA procedures were

appropriate to the specific design aspects.

With respect to the documentation and interpretation of design, the IDVP

identified the important consequences to be:

o Engineers performing subsequent design activities may have

misunderstood the earlier requirement or intent, and

o Engineers performing design verification activities, includ-
ing the IDVP, may have inappropriately identified errors.

As a result of the verification efforts, criteria and methodology have

been carefully defined and documented.
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"THE CORRECTIVE ACTION PROGRAM BEING CONDUCTED- BY PGandE,
AND BEING VERIFIED BY THE IDVP, IS A PLANNED AND CON-

TROLLED PROGRAM WHICH HAS BEEN EFFECTIVE AND IS EXPECTED

TO CONTINUE TO BE EFFECTIVE."

As used in this conclusion, the term "Corrective Action" is intended to
refer both to the actions taken by the DCP in their formal seismic-re-
lated "Corrective Action Program" (CAP) and to the corrective actions
taken by the DCP in response to the non-seismic concerns identified by

the IDVP.

The design activities of the DCP were conducted under a design QA pro-

gram which was approved by the NRC Staff as being in conformance with
the requirements of Appendix 8. The IDVP audited the implementation of
this program, and found that the program was being implemented effec-
tively.

In addition to the normal QA audit procedures, the IDVP performed a

"design office verification" to assure that the QA and engineering de-

sign process procedures were compatible and that both were appropriately
under stood and applied. Finally, the IDVP verified the engineering pro-
cess apart from the QA program, applying a detailed peer review, on a

sample basis, similar to that performed in the verification of the ini-
tial sample and including field verification.

The DCP Corrective Action Program provided for an essentially complete

reevaluation of the seismic, structural, and mechanical aspects of the

design of the safety-related structures, systems, and components. As

described in detail in the DCP Final Report, a considerable number of
modifications were made to the containment annulus, to the fuel handling
building, and to pipe supports a lesser number of modifications were

made to other structures; and, a very limited number of modifications
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were made to systems and to components. All IDVP verifications of these

DCP activities have been satisfactorily completed.

The IOVP verification of safety-related systems and safety-related anal-

yses resulted in four IDVP generic concerns which required the perform-

ance of DCP activities. A fifth DCP activity originated from the review

of the PGandE design gA program. These five concerns involved the

effects of postulated pipe breaks inside and outside of containment,

separation and redundancy of safety-related electrical equipment, and

the selection of design conditions for fluid systems and valve

operators. All IDVP verifications of these OCP activities have been

satisfactorily completed.

The phrase concerning continued effectiveness is discussed with the next

conclusion.
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"THE PGandE AND IDVP EFFORTS- WHEN TAKEN TOGETHER, PROVIDE
REASONABLE ASSURANCE THAT TflE DESIGN OF DCNPP-1 CONFORMS,

OR WILL CONFORM, TO THE CRITERIA OF THE LICENSE
AP PL ICATION"

This conclusion, with the exception of the qualification introduced by

the phrase "or will conform", is an essential consequence of the first
three conclusions.

The significance of the projection implicit in the phrase "or will con-

form" is obviously dependent on the degree of completion of both the DCP

and the IDVP programs. With the issuance of this final revision of the

IDVP Final Report, which follows issuance of all ITRs and closure of all
EOIs, the IDVP has completed the defined efforts.

The efforts of the DCP are not yet complete. With respect to both this
conclusion and the next previous conclusion, it is the opinion of the

IDVP that the required work will be completed, in a planned and control-
led manner, and that the design, when completed, will conform to the

criteria of the license application. This opinion is based on our

experiences when performing this program and in the knowledge that the

remaining work will be performed under the scrutiny of the NRC Staff.
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