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REPORT ON REVIEW 0F ISSUES RAISED BY CONGRESSMAN MARKEY,

[ LETTER OF NOVEMBER 1, 1983

This report is responsive to a request from the Commission that EDO review the

issues raised in tne subject letter. The report, therefore, supplements the

Commission's letter of October 7,1983 to Congressman Markey on this subject.

That letter discussed in detail the reasons for the staff's not conducting the

quality assurance case studies as part of our normal regulatory programs such

as licensing, inspection and enforcement. It also provided some information

regarding the staff's handling of drafts of the case studies which is the

subject of concern in Congressman Markey's latest letter to Chairman Palladino.

A. BACKGROUND

The Commission's October 7 letter to Congressman Markey noted that the staff

initiated its review and study efforts on the premise that Congress recognizes

that success in the endeavor necessitates the full cooperation of the nuclear

industry. Section 13 of P.L. 97-415 explicitly directs that "in conducting the

study, the Commission shall obtain the comments of the public, licensees of

nuclear powerplants, the Advisory Committee on Reactor Safeguards, and organi-

zations comprised of professionels having expertise in appropriate fields."

The staff has undertaken a number of activities to meet this requirement,

including the publication of a Federal Register notice asking for public

comments, and staff briefings for various professional groups and the ACRS.

The staff also formed a review group of distinguished outside professionals

with appropriate expertise to provide individual comments on the methodology

and findings of NRC's quality assurance studies. This review group contains

representatives from the nuclear and non-nuclear industry as well as from a
.
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public interest group, the Natural Resources Defense Council. No commercial

power plant licensees or applicants are represented in the review group.

Further, the staff regards licensees and professional groups such as INP0 as

having valuable perspectives as to why certain quality assurance programs have,

or have not, succeeded. The staff- has interpreted the language in the

Authorization Act to mean that in conducting the study, we should consult such

groups regarding the study, solicit their experiences and insight and confirm
'our understanding of their experiences. We have done this throughout the study

in a number of activities in addition to the case studies and plan to continue

to do so. Enclosure 1 to this letter provides information on these activities

and supplements information in Enclosure 1 of the October 7, 1983 letter to

Congressman Markey. It is based on further staff review, a_nd it illustrates

the extent of our consultatica and interaction with licensees and other groups

in conducting this study.

|
|

The Case C working paper was never intended to be part of the final report

to Congress but rather one data point among a number of studies and substudies

based on which the Report to Congress on Quality Assurance would be prepared.

In this light and in view of the fact that the Congress and the NRC bcth want a

report based on the best information possible, it would have been rcasonable

for the staff to solicit comments from the Case Study C licensee on the case

study working paper and use them to correct errors of fact and misinterpreta-

tions in the Case C working paper. In fact, as explained in enclosure 1, early

in the study senior IE management had seriously considered providing material

such as draft case study reports to participating licensees for review and

comment. However, during the course of the study, IE management responsible

for the Congressional study activities decided not to follow this course of
.
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action because of concern over the appearance of impropriety, even though this

was a special, non-regulatory, program development effort. Consequently, no

licensee comments were requested for or utili:ed in revising any of the case

study working papers.

B. SPECIFIC CONCERNS

1. In response to the first concern of Congressman Markey as to whether

licensee comments on the July 19 draft of the Case Study C Report

(Diablo Canyon) were used in preparation of the final working paper

dated September 19, the answer is no. The licensee comments were

dated September 21, two days after the date of the revised case

study. Each person involved in revising the draft has been contacted

and each has stated that they were not aware of the contents of the

PG&E comments while they were revising the draft, nor were the

licensee comments communicated to them during the revision process.

(The members of the case study team are listed in Enclosure 2.) Each

of the team members is prepared to affirm this fact under oath.

Enclosure 2 also provides further details on the case study process

and how draft and final working papers are prepared.

2. Congressman Markey's second concern was that "the final report

contains few of the draft report's strongly negative conclusions and

those which remain are couched in less critical language." Certainly

much of the draft language has been recast in a more professional
|

l

manner, but the substance of the findings, conclusions, and overall
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content remains the same. The staff has prepared a comparison of the

major findings (root causes) and major conclusions (generic impli-

cations) frcm the two versions of the case study working papers,

which'is provided as Enclosure 3 to this letter. As this enclosure

shows, there were no changes to any of the major findings and only

two minor changes to the major conclusions. The changes cited in the

enclosure to Congressman Markey's letter, which was prepared by a

party to the Diablo Canyon proceeding, dealt not with tnese findings

and conclusions, but with text material in the body of the report.

The analysis in that enclosure fails to note that a number of the

apparently deleted points appear elsewhere in the final report, or

that the substance of a particular paragraph may not have-been

alterad by the revision. The team's editorial process of peer review

was such that points that could not be substantiated or stand the

test of questioning by team members were either modified or deleted.
|

The fact that many of the changes dealt with material critical to the

licensee is not surprising; little in either version w5s compli-

mentary. Similarly, it is not surprising that both PG&E and the

Case Study Team, while indeper.dently addressing the July draft, would

identify many of the same areas in which there was concern for the

validity of some of the draft statements.

3. Congressman Markey also asked for edited or marked up-copies of the

July 19 draft used in the revision. Enclosure 4 contains the team's

markups together with a point by point discussion of each-change

cited in your letter,-and the identity of the team members who
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suggested the change. As the discussion shows, the substance of

much of the apparently deleted material was retained in the report.
:

Attachment B to Enclosure 4 is the master markup of the team

editor. It.is color coded and reflects the comments of the various

i team members.

C. CONCLUSIGN

4

I am satisfied that the staff and contractors acted responsibly in this matter

I and that there was no impropriety in handling the revision of Case C. I also

believe the September 19 final working paper is the product of an unbiased
1

} editorial process and that the findings, conclusions and overall thrust of the

reports are similar, with the September 19 version representing a more pro-

fessional and useful product for consideration in preparing our final report

to Congress. In view of the above, I do not believe an investigation is

warranted or appropriate.
,

I agree that the staff must be assiduous in preventing even the appearance of

impropriety in all aspects of its work. I have already requested staff to

develop specific direction on handling draft regulatory papers covering-

licensing, inspection, and enforcement matters.

i 3.

Williadbb>. Dircks
Executive Director for Operations

,

Enclosures:
See next page
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Enclosures:
1. Chronological Listing of NRC Staff

Consultation and Interaction with;

; the Public, Licensees, The Advisory
; Comittee on Reactor Safeguards,

Associations of Professionals, and
; Others
| 2. Case Study Purpose and Process
! 3. Major Findings and Conclusions
! 4. Revision of July 19 Draft Case

'.

Study C Working Paper
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Chronological Listing of NRC Staff Consultations and i
'

Interaction with the Public, Licensees, the Advisory
Committee on Reactor Safeguards, Associations of

Professionals, and Others

October 1982 Visit to Marble Hill to discuss project and ask Public
Service Indiana (PSI) to participate in Case Study.

November 1982 Visit to INPO to discuss NRC QA initiatives, including
Congressional Amendment Study.

November 1982 Discussion of NRC QA initiatives and Congressional
Amendment Study with Edison Electric Institute (EEI)
Construction Committee.

November 1982 Visit .to Georgia Power Company in Atlanta to discuss'

Congressional Study and to request Georgia Power to
participate in Case Study.

November 1982 Case Study conducted at Marble Hill. Entrance and exit
discussions with PSI on Congressional Study, Case Study
and NRC QA initiatives. Interviews / discussions with
PSI and contractor employees.

. ...

December 1982 Visit to Georgia Power Company in Atlanta to discuss
- Congressional Study and to begin Case Study activity.

Interviews with Georgia Power Company managment and
staff.

Cecember 1982 Case Study conducted at Vogtle. Entrance and exit
discussicas with Georgia Power staff and management on
Congressional Study, Case Study, and NRC QA initiatives.
Interviews / discussions with Georgia Power and contractor
employees.

January 1983 Presentation on NRC's initiatives and Congressional
Amendment Study to Edison Electric Institute Quality l

Assurance Conunittee.

January 1983 Case Study of Diablo Canyon conducted. Entrance
discussions with Pacific Gas & Electric (PG&E) management
on Congressional Amendment Study, Case Study, and NRC QA i

initiatives. Interviews / discussions with PG&E and
contractor employees.

February 1983 Visit to Management Analysis Corporation (MAC) San Diego,
to discuss Congressional Amendment Study and solicit
MAC input and comments.

ENCLOSURE 1
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February 1983 Visit to Bechtel Power Corporation, San Francisco to
discuss Congressional Amendment Study and to solicit
Bechtel input and comments.

February 1983 Diablo Canyon Case Study exit discussion with PG&E
management on Congressional Study, Case Study, and NRC QA
initiatives.

March 1983 Published a notice in the Federal Register inviting public
comment on methods of improving the quality of nuclear
power plant construction. Notice included text of Section
13(b) of P.L. 97-415 which requires the Congressional Study
of QA and said that "the NRC will consider public comments
provided in response to this Federal Register Notice as
input into the quality assurance studies required by the
NRC Authorization Act."

March 1983 Issued' a press release calling attention to the request for
public coment published in the Federal Register and
explaining major aspects of Section 13 of P.L. 97-415.
Press release stated where public coments should be sent
and the closing date for comments.

March-April 1983 Sent letters to several groups, including groups of pro-
fessionals and nuclear insurers, enclo~ sing the Federal

' Register notice and inviting them to provide comments;
_ ._

Groups to whom these letters were sent included: National
Board of Boiler and Pressure Vessel Inspectors, American -

Society of Machanical Engineers, American Welding Society,
'

the Institute for Nuclear Power Operations, and several
private nuclear insurers.

March 1983 Visit to Marble Hill to discuss Congressional Amendment
Study, QA initiatives, Construction Appraisal Team (CAT)
inspections, and to ask PSI to participate in the Con-
gressional Amendment pilot program.

.

~

April l'983 Visit to Houston Lighting and Power (HL&P) to discuss -
Congressional Study, Case Study and NRC QA initiatives,
and to ask HL&P to participate in Congressional Amendment
pilot program.

April 1983 Discussions with staff and officers of EEI QA Constittee
on Congressional Amendment Study and NRC QA initiatives.

April 1983 Case Study of South Texas Project conducted. Entrance
and exit discussions with HL&P managment and staff on
Congressional Amendment Study, Case Study, and NRC QA
initiatives. Interviews / discussions with HL&P and
contractor employees.

.
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April 1983 Presentation on NRC's QA initiatives and Congressional
Amendment Study to American Society for Quality Control
meeting.,

April 1983 Meeting with Westinghouse Hanford Nuclear QA Program Office
to discuss Westinghouse QA training programs.!

May 1983 Meeting with DOE headquarters QA management to discuss
Congressional Amendment Study, evolution of QA in AEC,
and origin of Appendix B, and to request DOE cooperation
in conducting review of DOE-FFTF and DOE-GCEP projects
as part of NRC review of alternative QA programs.

May 1983 Meeting with FAA HQS officials to discuss NRC QA study
and to request FAA cooperation in conducting review of
FAA's QA programs for aircraft design and production as
part o.f review of alternative QA programs.

May 1983 Meeting with DOE institutional QA management to discuss
Congressional Amendment Study and NRC and DOE QA programs as
part of review of alternative QA programs.

May 1983 Visit to Boston to monitor INP0 audit of Stone and Webster
design activities for Beaver Valley _2., _

May 1983 Visit to Duquesene Power & Light to monitor 1NPO audN of .
construction activities at the Beaver Valley 2 nuclear-plant. --~!- -

May 1983 Meeting with FAA officials and staff to discuss FAA QA.
programs as part of review of alternative QA programs. -

May 1983 Meeting with FAA-Seattle office and Boeing personnel to
discuss NRC QA study and FAA QA programs for consercial

- transport aircraft.

May 1983 Meeting with Arizona Public Service (APS) in Phoenix to discuss ,

Congressional Amendment pilot program and Torrey Pines
~

Technology (TfT) review of Palo Verde. -- --

May 1983 Meeting with DOE-FFTF headquarters management to discuss
Congressional Amendment Study and NRC review of.QA applied

,,

on FFTF project.

May 1983 Meeting with DOE-Richland QA and FFTF project staff andt

Westinghouse Hanford FFTF project staff to discuss
Congressional Amendent Study and-to review DOE QA
programs applied to FFTF.

i

..
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May 1983 Public coment period ended. Staff reviewed and considered
all public comments submitted including those submitted
late. A total of thirty-three public coments were
received: nine from private citizens, five from citizen
organizations, seven from licensees, three from pro-
fessional organizations and nine from other groups.

June 1983 Discussions with TERA on TERA's progress and plans
for conducting Midland Plant Independent Design and
Construction Verification Program (IDCVP) and to assess
possibility of including Midland in the Congressional
Amendment pilot program.

June 1983 Review group meeting in Washington, D.C. to discuss
nature, scope, and progress of staff work on Congres-
sional Amendment Study. Review group members given a
number.of project related documents to review, including
working papers for Cases A, B, C. (See further explanation
of this activity on page 8 of this enclosure.)

-

June 1983 Visit to Marble Hill to discuss Congressional QA Study,
to perform follow-up work on some areas identified by case
study, to check on progress of pilot program and to provide
feecback to PSI on study. PSI given copy of Case A final --

working paper for information. No' comments solicited.
(See further explanation of this on page 9 of this -

.

- - enclosure.) :- - --

-

June 1983 Visit to TERA's Bethesda office te revi= TEP.A dece.ent - .

files on Midland IDCVP as part of pilot program. -

June-July 1983 Case Study of St. Lucie II conducted. . Entrance and exit
discussions with Floria Power and Light on Congressional . -

.

Study, Case Study and NRC QA initiatives. Interviews / -

discussions with Florida Power and Light and contractor
employees.

,

,,

~

June 1983 Meeting with Torrey Pines Technology (TPT) to discuss . scope ---

of Marble Hill pilot program and past TPT review of Palo
Verde as part of pilot program. . -

July 1983 Meeting with Bechtel Corp., Downey, California to discuss
TPT review of Bechtel, which was A/E for Palo Verde, as
part of pilot program.

.

&
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July 1983 Federal Register Notice published notifying the public of
* planned meeting of the ACRS Subcommittee on Quality
.;surance During Construction in which the Subcommittee

would be briefed by NRC staff on its quality assurance
initiatives, including those related to Public Law 97-415.
Notice said meeting would be open to public, and it pro-

,

vided infonnation for members of public wishing to make j
'oral statments at meeting.

July 1983 Visit to Marble Hill to mcnitor TPT construction verifica-
tion activities at Marble Hill as part of pilot program.

July 1983 Visit to Arizona Public Service to review Torrey Pines
Technology audit of Palo Verde as part of pilot program.

i

July 1983 Meeting with DOE-0ak Ridge QA and GCEP project staff and -

supporting contractors (Union Carbide and SDC) to discuss
Congressional Amendment study and to review DOE QA

!programs applied to FFTF.

July 1983 Briefed the ACRS Subcommittee on Quality Assurance During
Construction on NRC's QA initiatives and the Congressional
Study on QA. Meeting was open to public attendance. Staff
received oral comments on Congressional Study from sub-

| committee members. - '~

.

July 1983 Meeting with NASA HQS officials to discuss NRC QA study
_

and to request NASA cooperation in conducting a review
'- of NASA programs for QA as part of review of alternative

QA programs.

July 1983 Visit to Midland to meet TERA IDCVP review team and
.

monitor their field review activities as part of pilot
.

~

.

program.

August 1983 Meeting with NASA HQS QA, Safety and Reliability managers
to discuss NASA's approach to QA as part of review of

_.

alternative QA programs. .
_..

August 1983 Attended public meeting on TERA IDCVP in Bethesda.

August 1983 Observed TERA IDCVP activities in Bethesda in connection
with Midland plant review as part of pilot program.

August 1983 Visit. to Torrey Pines Technology to monitor TPT's
construction verification activities of Marble Hill
and attend potential findings resciution meeting as part of
pilot program.

.
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August 1983 Case Study of Palo Verde conducted. Entrance and exit
discussions with Arizona Public Service (APS) on-

Congressional Study, Case Study, and NRC QA initiatives.
Interviews / discussions with APS and contractor employees.

August 1983 Visit to Midland to monitor TERA's design review activities
at the Bechtel offices and attend IDCVP meeting as part
of pilot program.

August-September Visit to Housten Lighting and Power offices in Houston and
1983 South Texas Project to monitor Gilbert /Comonwealth

Associates audit of South Texas Project as part of pilot
program.

September 1983 Review gropp meeting in Seattle to discuss and review
progress of study. Review Group members given a number
of project related documents to review. Briefed on case
studies. (See page 8 of this enclosure for additional
detail on this interection.)

4

September 1983 Meeting with DOE-Richland QA management to discuss results
of review of FFTF as part of review of alternative QA
programs.

'

September 1983 Discussions with INP0 on INP0 Construction Program -- - -- - -

Evaluation and NRC inspection programs and the Congressicnal
Study. INP0 staff provided copies of case study working- -

-

-

- papers for INP0 evaluation program development purpose. - - .c
(See page 10 of this enclosure for additional details-on . .
thisinteraction.) _

-

~

Attended Gilbert / Commonwealth Associates exit meeting withSeptember 1983
HL&P after completion of audit as part of pilot program. . - -

September 1983 Presentations on Congressional Amendment Study, NRC QA
initiatives, and case studies at American _ Society for :- --t

Quality Control meeting in San Diego. - ---
.

~ '

~

September 1983 Meeting with FAA HQS officials to discuss FAA designated
representative program. - -

September 1983 Meeting with FAA Seattle to discuss FAA designated -

representative program. -

October 1983 Meeting with FAA HQS officials to discuss FAA designated
representative program.4

October 1983 Meeting with DOE HQS QA management to discuss NRC QA
study, review of outside QA programs, and evolution
of QA in AEC.

,
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October 1983 Meeting with DOE Portsmouth GCEP project management and
supporting contractors (SDC, Stone and Webster, Goodyear
Atomic) to discuss NRC QA study and DOE QA programs applied
to GCEP.

October 1933 Visit to Michigan to monitor TERA's IDCVP activities at
the Midland plant and Bechtel Ann Arbor offices.

October 1983 Minutes of July meeting of ACRS Subcommittee en Quality
Assurance 9uring Construction were issued by ACRS and
placed in Public Document Room.

November 1983 Federal Register Notice published notifying the public of
,

a planned meeting of the ACRS Subcommittee on Quality and
Quality Assurance in Design and Construction in which the
Subcomittee would be briefed by NRC staff on several QA
activities, including the QA initiatives. (Previous notice'
in July had identified staff activities under P.L. 97-415
as being part of NRC's QA initiatives.) Notice said meeting
would be open to public, and it provided information for
members of public wishing to make oral statements at
meeting.
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Additional Detail on Selected Consultations / Interactions

( The background and nature of three of these above consultations and inter-
actions are described below in greater detail. They describe the review group,
which the staff believes to be a particularly significant vehicle for1

soliciting expert input to the study, a meeting with a licensee and some of the
,

interaction with INPO. They illustrate the background and general nature of
,

! the consultations and interactions, and the staff believes that they are
i pertinent to a complete understanding of the quality assurance study

preparation process.

; June 1983

| Public Law 97-415 requires that "in conducting the study, the Comission shall
! obtain the corrments of the public, licensees of nuclear powerplants, the

Advisory Comittee on Reac. tor Safeguards, and organizations comprised of!

professionals having expertise in appropriate fields." NRC staff undertook
several activities to meet this requirement, including publication of a Federal
Register notice inviting public coments, briefings of professional societies.

and the ACRS and consultation with and sharing infcrmation with licensees and
! leading professionals in appropriate fields, including INPO, and some private

firms. In order to provide for a broad spectrum of expert comment on the
study's progress and direction, NRC staff established a review group of
distinguished outside professionals of varied background &Ad' experience, which
would periodically review the study's progress and provide individual coments.
Members of the review group were proposed by IE and approved by the EDO. The
first review group meeting was held June 8-9, 1983 in Washington, D.C. Among

,

the briefing and background materials provided the review group members were
copies of draft working papers for Case Studies A, B, and C. A second review
group meeting was held on September 7-8, 1983 in Seattle, Washington.

The members of the review group and their affiliations are as follows:

Fred Albaugh Independent Consultant. Past Director, Battelle' *

Chairman Pacific Northwest Laboratories. Manhattan
Project. General Electric.

John Amaral Corporate Manager of Quality Assurance, Bechtel*
,

; Power Corporation. Former Chairman, . Energy
Division, American Society for Quality Control.

'

Spencer Bush Consultant, Battelle Pacific Northwest Laboratories.*

i Member, Advisory Comittee on Reactor Safeguards,
1966-77 (Chairman 1971). Manhattan Project. |

Thomas Cochran Senior Staff Scientist, Natural Resources |
*

Defense Council.

George Coulbourn Co-Director, Nuclear Power Systems, Boeing.*

Former Vice-President, Boeing Construction.-

Former Construction Manager, Indian Point #3.
,

; -
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John Gray President, International Energy Associates Limited.*

Chairman, Energy Policy Committee, Atlantic Council
of U.S. Former Manager, Shippingport. General
Electric, Westinghouse.

John Hansel Project Manager, Gaseous Centrifuge Enrichment*

Plant, System Development Corporation. Fonner
Director, Quality Assurance, Apollo Spacecraft,
Space Shuttle Orbiter, and Launch Operations.
President-Elect, American Society for Quality
Control.

Robert V. Laney Independent Consultant. Retired Deputy Director,*

Argonne National Laboratory. ~ Project Manager,
Seawolf prototype. Bettis Laboratory. Former
Vice-President, General-Dynamics. -- -

Eugene O'Rourke* General Manager, Domestic Boiling Wate. Reactor*

Projects Department, General Electric Company.
Former Vice-President, High Temperature Gas -

Cooled Reactor Projects, General Atomic Company.
Manhattan Project.

~

*Leland S. Bohl Manager of Quality Assurance and Reliability for
the General Electric NucTeaFEnergy Group. -

-

Mr. Bohl attended both review: group meetings as a
. -_ substitute.for Mr. O'Rourke.. - --

Although there is rio licensee representation on the review group, -several --

corporations doing business in the nuclear industry are represented as is .

a public interest group (Natural Resources Defense Council). -- - z

June 1983 # 3- . .
_.

Prior to the August 2,1983 letters to the three licensees transmitting to them m-
copies of their respective case studies, NRC staff had planned to provide the -

case study working papers to the licensees for information. This sharing of - --

information was considered to be appropriate in view of the non-regulatory,
program development nature of the study and the necessity for cooperation -

between NDC and licensees to obtain and verify background infonnation necessary
for the Coceressional Report. Requesting licensee comments on the staff case
study reporcs had been the intention of senior IE management early in the
project. However, this approach was dropped, due in part to the. attention

'
,

being given to premature disclosure of some regulatory-related documents, and a
concern that such activity in this project might create the appearance of
impropriety. However, in order to maintain the cooperative atmosphere upon
which the study was premised, it was decided to provide copies of case studies
to the participating licensees for their information once the case studies had
reached an appropriate level of completeness and team consensus. At the time
of the review group meeting in June, Cases A and B had reached this point of
completeness and Case C had not.

I ~ 1
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In late June of 1983, during a visit to the Marble Hill site in support of
several tasks related to the Congressional Study, including the pilot program,

i Public Service of Indiana (PSI) was provided a copy of the Case A working paper
! (Marble Hill) for information. Comments were not sought on the case study.

No changes were made to the Case A working paper as a result of providing the
working paper to PSI. The Case A working paper sent to PSI on August 2 and
Congressman Markey on August 9 is the same as the one provided to PSI in late
June and to the review group on June 8-9, and placed in the Public Document
Room in September, 1983.

Just as Case A had been provided to PSI for information, NRC staff planned to
provide Case B to Georgia Pcwer Company. They also planned to provide Case C
to PG&E for information when the Case C working paper had reached a sufficient
point of completeness and team consensus. The July 19 request from Mr. Udell
for the Case Studies came before the staff had provided Case B to Georgia Power
and before the Case C report had reached a sufficient level of completeness to
provioe it to PG&E. However, as explained in Enclosure 1 to the Palladino
to Markey letter of October 7,1983, it was decided after the Udell request
and for the reasons cited there, to provide copies to all those licensees, even,

though Case C had not reached sufficient completeness in the project staff's
opinion for sending it outside the NRC. It was subsequently revised by the
Case C team, as explained elsewhere in this letter. The August 2, 1983
transmittal of Case A to Marble Hill was duplicative and this fact should have
oeen noted in Enclosure 1 of the October 7 letters to Congressman Markey and
Senator Ford. ---

Seotember 1983 --

During the formation of the review group in the spring of 1983, INP0:had been -

asked to provide a cognizant staff member to participate as a member-of-the
review group. INP0 had refused such full participation in the review group -

activities due to the heavy level of their workload.

Hcwever, INPO did accept an invitation to participate in the second review-

group meeting in Seattle on September 7 and 8, 1983, and senior officials of
INP0 (Mr. Wilkinson and Mr. Smith) presented a briefing September 8 on:the .

overall INP0 program and on the INP0 Construction Project . Evaluation Program. - -

Messrs. Wilkinson and Smith had been invited to, but did not attend, staff- n -

briefings en September 7 and 8 on various study activities-for the Congres-
sioral Report, including the case studies.

Subsequent to this review group meeting and as a result of NRC-INP0 discussions
at tae meeting, INF0 staff contacted NRC staff and requested copies of the case
study working papers for their background and use in development of INP0
evaluation programs. In response to this request, copies of the case studies
were provided to INP0 staff shortly before being placed in the NRC Public
Document Room (PDR). pursuant to an NRC staff letter dated September 28, 1983.
While not explicitly covered in the NRC/INP0 Coordination Plan, providing
copies of the case studies to INPO staff for evaluation' program development

- purposes is not inconsistent with the underlying assumptions of appendix number
two of the Plan, which include the following:

.
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NRC desires to recognize INP0 evaluation activities to the extent that*

these activities are effective in helping meet NRC's responsibilities as
well as lessen the burden imposed on the industry by duplicative appraisal
activities.
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CASE STUDY PURPOSE AND PROCESS.
.

Purocse ,_

'

To improve quality in the nuclear industry, it is important to understand what
caused the major quality-related problems of the past several years, and why
some nuclear projects have been successful in achieving quality and ot,hers have'
not. To assist in obtaining this understanding, the NRC initiated a series of
case studies of individual projects to determine retrospectively the root
causes of their success or lack of success. in design and construction and to
derive generic implications from the experience of these projects for use in
developing improvements to NRC and licensee programs. The case studies are a
special activity not falling ender our normal regulatory processes of

- licensing, inspection, or enforcement.

The purpose of studying Diablo Canyon (or Marble Hill or Vogtle) as a case '

was to see what generic lessons might be learned from their experience,
not to assess or appraise their specific programs as part of the nonnal
regulatory process of licensing, inspection, or enforcement. In this
respect, we are trying to understand the process that leads to quality
success or problems, not to rate or grade individual progr'ims. The NRC
hopes to use lessons learned from the case studies to obtain improved
performance in design, construction, and operation of nuclear power plants.
in the future. .

- Approach

The case study teams are comprised of NRC and contractor staff members who-

collectively have experience in engineering and design, project management,
construction management, quality assurance, and systems analysis. Data is
collected by the team through review of applicable licensing, inspection and
investigative documents, and interviews with licensee and contractor personnel-

and cognizant NRC inspection staff. As part of the data collection process,
the team visits both corporate offices and the plant site and conducts a plant
walk-through. The case studies are not audits, inspections, or investigations.
In the case study process, cooperation and candor is sought from the licensee;
a heavy emphasis is placed on infonnation obtained in interviews; little hard
data is sought such as through record review, physical examination, or
procedure audit; the overall findings of the case study are somewhat subjective
and abstract. Site specific reports of case' studies were not planned for-

publication; instead the team prepared working papers for their use in
developing a composite, generic-level report on the series of cases studied.
This composite report is intended to be part of the NRC report to Congress on
QA required by P.L. 97-415. Each case study report is in effect a collection
of data to be juxtaposed against the similar findings from the other cas.e
studies in an effort to define basic, general causative factors that have
contributed to reactor construction problems. When this integration is
complete, the usefulness of individual case studies will no longer exist. ..

Individual case reports were intended as data repositories and were not
designed and constructed as stand-alone documents.

Orvcn soo WN L_/.L_ ___ __. __ _______ ____ ______ __ __
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| Case Study Working Paper

After the field work for a case is completed, the team prepares a draft working'

paper which details the experience of the licensee with their nuclear project,
the root causei of their que.lity success or lack of success, and the possible

,

generic implications suggested by the case. The root causes comprise the major I

findings of the case study, and the generic implications comprise the major
conclusions. The team also assesses the implications of the case study for~

NRC's recent initiatives in QA and the five altdnative approaches to QA
described in P.L. 97-415. One team member is assigned the role of collecting
and assimilating input from the team members and preparing the draft working
paper and subsequent revisions. Nomally one or more revisions. is required,

before the working papers approach the point of team consensus. Like most
written material,~ changes are made in the revision process for a variety of
reasons: for completeness, for flow of logic, for clarification, for

~

sharpening of meaning, to reduce or eliminate redundancy, and to enhance the
overali professional tone of the report. In the course of producing a final
team working paper for a case study; draft material is subjected to critical
review by team members and material that is speculative, conjectural,'

inaccurate, unsupportable, or irrelevant to the point being made is corrected,
rewritten, dropped, or otherwise modified. . . , . _ .

.-. .
. .

_[ _ . .- Case C Working Pacer _ ;
. .

. . .

TheSept$ber19revisionoftheJuly19'draftworkingpapeUfor. Case"C'was " ' '
~~ ' '~

an example of the process described above.
~

..

Case Study C team members were as follows:
. . .._ _ __ . _

W. D. Altman NRC TeamLeader;;.. _.

~

H. Harty . Battelle Pacific Northwest L oratories'. ' '
~

~

.

M; G;-Ratrick Battelle Pacific Northwesk 5ahoratories 'l : .. . . ~i.
~

.

.

IdahoNationalEngineeringLIboratory,EG&G.
~ ~ " '

K; ~C. -Carroll daho
;

A. E. Bradford Idaho National Engineering Laboratory, EG8G Idaho

R. M. Kleckner M. C. Kist and Associates
. -

.

l.

|

!

I .

.

.
;

-9,..c.,-_, _ _ - - - -.m_-.--- --- . - - e- - + - w ww ,,iv.,e.T .="r*'- a=



I..
*

I'

, , , ,

'; M
'

,
.,

' . <,,

MAJOR FINDINGS AND CONCLUSIONS IN DRAFT AND FINAL'

CASE STUDY CSREPORTS
,

ly 19 Draft Sept. 19 Final
iguage Language Comments-

e

Pricary Root Cause 1. Primary Root Cause

1The primary root cause of the design- The primary ront cause of the design- No Change
related quality problem was the Licensee's related quality pj6|ilcra was the Licensee's
failure to plan, establish, and effectively failure to. plan, establish, and effectively

implement a management system which pro- implement a management system which pro-
,

vidid adequate control and oversight over vided adequate control and oversight. over
all aspects of the project. [P. S] all aspects of the project. [P. 5, P. 9]

Secondary Root Cause 2. Secondary Root Cause

a. Failure to understand and appreciate a. Failure to understand and appreciate No Change
the potential merit of a formal the potential merit of a formal
institutionalized'QA program. [P. 7, institutionalized QA program. [P. 7,
P. 14] * P. 13] *

b. NRC's failure to sell QA as a manage- b. NRC's failure to sell QA as a manage- No Change

ment tool. [P. 8, P. 15] ment tool. [P. 8, P. 14]

c. Long period of time between inception of c. Long period of time between inception of No Change ,

the project and operation.'[P. 8, the! project and operation. [P. 8, '

P. 15] ** ' P. 14] **'
i

'
,i

: 3. Generic implicationsG:noric Implications
i

A. Nuclear power plants are complex 'A. NucTear power plants are complex Slight Rewording |.

facilities, and Licensee management ' facilities, and Licensee management for clarifica- i'

'

must appreciate that fact. The must appreciate that fact. De gsi n- tion; no change
engineering design and construction and construction. practices normally in meaning.
practices applied to fossil fueled applied to fossil fueled plants are not |

p? its are not adequate to assure adequate to assure quality in nuclear i

quality in nuclear plants. [P. 18] plants. [P. 17] !
,

-
..
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Sept. 19 Fi,pgl, ,ly 19 Draft Comments, '

Language __ ,iguage , , ,,,

B. ALicenseeneeds'toun'derstanN'i.ts,, 8. A,,h,icens,ee needs to under' stand its Expanded to ;.
,

'

own corporate limitations as .it own corporate limitations as it clarify
i

undertakes a nuclear power project, undertakes a nuclear power project, meaning i'
'

and not overstep its capabilities., and set up a project management
i

[P. 19] structure in which its role is consistent
.with its capabilities and complements
the roles of its contractors. [P. 18] ,

C. A Licensee needs to manage the C. A Licensee needs to manage the No Change

nuclear project and ensure that nuclear project and ensure that.
interfaces between the project interfaces between the project

participants (A/E, construction participants (A/E construction
contractors, etc.) are properly contractors, etc.) are properly

maintained and monitored. A total maintained and monitored. A total
project system that imposes project system that imposes
effective controls and checks effective controls and checks
over all key aspects of the project over all key aspects of the project
is required. [P. 21] is required. [P. 19] !

;

D. The Licensee must be committed to D. The licensee must be committed to No Change

quality from top management down, quality from top management down
and it must be effectively communi- and it must be effectively communi- .

cated by top management and manifested cated by top management and manifested
in procedures and controls.,,i[ft.p24]., ,,in ,,n,,,,in. procedures and controls. [P. 20] |

r I i 1 *f i . I l'1 l iil * i'
E. NRC needs to treat QA as a management E. NRC needs to treat QA as a management No Change

tool, not as just.another requirement. tool, not as just another requirement.
(P,. i 21][P. 24] ,, , , ,

'"#''
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sly 19 Draf t Sept. 19 Final
inguag3 Language Comments <

F. NRC needs to pay more attention to F. NRC needs to pay more attention to No Change
ensuring quality in the design ensuring quality in the design ,

process. [P. 24] process. [P. 21]

.G. NRC needs to focus more on the G. NRC needs to focus more on the No Change
effectiveness of implementation effectiveness of implementation
of the quality assurance program of the quality assurance program

iand less on the tra) pings of and less on the tra) pings of

licensee programs; [P. 25] licensee programs; [P. 22]

In b:th versions, the latter statement of this generic implication omits the word " institutionalized".*

'In both versions, the latter statement of this generic implication substitutes the word " length" f or "long period".'*

!
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REVISION OF JULY 19 DRAFT CASE STUDY C
WORKING PAPER

The Case Study C team held a meeting in Seattle, Washington on September 8,
1983, to review the July 19 Case Study C draft working paper. Five of the
six members of_the Case Study C team were present: Messrs. Altman, Carroll,

1

| Harty, Kleckner, t.nd Patrick. Mr. Bradford was not present. He was represented
by the EG&G project manager, Mr. Carroll.

The entire draft was discussed in general terms,, including the appendix, and
~

the team members present. collectively made changes to the draft through
page 8, with Mr. Harty serving as the recorder. Following the meeting, the
team members then individually completed their markups over the next several

.'

day's and transmitted them to Mr. Harty who had been assigned to prepare a
revision based on the markups. At the team meeting in Seattle, the team,

discussed the conjectural, speculative, and,subj,ective nature of some of the'

material in Appendix A, and'the team consensus was that the appendix either
should be substantially rewritten or dropped in its entirety. One team member, -

Mr. Kleckner, felt the entire appendix should be dropped and he did not provide
~

~ a-markup of the appendix.
_

<
-

Mr. Harty completed the revision on September 19 and transmitted copies to
other team members. All team members, including Mr. Bradford, who had not ~ - -

participated in the revision of the July 19 draft, have reviewed the -

September 19 revision. No team member takes issue with the team editor's .
- -

hand 14 -of their comments on the July 19. draft, nor wi.th his exercisc.of . _ _S
editorial license in the revision. It will be apparent fromEa~studyiof the : :

marked-up drafts that diversities of opinion among team members were not
uncomon. Where differences- arose, they were arbitrated by the individual
who coordinated and edited the draft. Unanimity was not always achieved, nor -

was it felt to be necessary considering the purpose of-the report. Expressed
differences on detailed points did not affect the nature of the generic

~

findings and conclusions that were the goal of the study. However, all team
members agree that the September 19 revision more accurately portrays the

~

,

information gathered in the case study. -

No one other than the case study team members participated in the Septem8er 19
revision of the July 19 draft. The changes in the revision from the draft
are based solely on input, written and oral, from Case Study C team members.

_

,

- In particular, the team did not use or have available the PG&E coments on the
July 19 draft in preparing the September 19 revision, nor were PG&E's comments _

comunicated to them during the revision process. .

-

The remainder of t11s enclosure consists of a point by point _ discussion of each
change cited in tha enclosure to Congressman Markey's November 1 letter;

(Attachment A) an? the team's five marked up copies of the July 19 draft
(Attachments B-F).

The master edited and marked-up copy of the July 19 draft (Attachment B) shows
the editorial changes adopted for incorporation into the September 19 draft. ,

Enclosure 4
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. ._ .. _. __ . . _ . _ . . .._ ._

. .,
. ,

i

1

t
, .

,
,

t

. . w.- . i,

.._ _ , . _
-r_. .

--- .,

:..Y

.-
S

u

-

.. .

M. ::.-.:a : . .z...; . . - -.a ..
.

~
.

=

.

POINT BY POINT DISCUSSION OF CHANGES CITED -

IN ENCLOSURE TO NOVEMBER 1 LETTER -

'
-

.... .._ . .

.... . .. ..: . , . .. .

. ..

..... . ..

.

e

. : -- .
. :

. .

- . .
. .

. .. . _

.
.

.

.. .

. . . - .. .

__

: . .
.. . . ..: ..

.
. .

.. .

- .
-

.

I
-

,

L ATTACHMENT A
1

h
|

|

.

, "h9 9 .

..

.

- _ _



_ _ _ . _ . _ _ _ .

...

POINT BY POINT DISCUSSION OF CHANGES CITED
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Page" .e
Referred 7
in PG&E

Draft Language Final Language Letter

1. The Licensee had devel- Deleted (p. 6) 1_- ,

oped a false sense of |
'

security with respect to its I

engineering capabilities.
. .[P. 6]

5 ~Mi-stsnmaiy' jara' graph ~on page 6 of the draft which contained this thought was
totally rewritten in the revision. This thought was not dropped from the
revised report, however. It appears in the body of the report on page 12,
third paragraph, where the point is made that the licensee's confidence in its
engineering capabilities led it into using previous practices which were probably
not appropriate for nuclear work. The phrase " false sense of security" was
replaced by the team in favor of a more accurate, less subjective statement.

The five team members at the Seattle meeting agreed to this change. -

2. The Licensee's staff Deleted (p.6) 2
resisted the imposition
of management controls
required for asturance of

_

quality that were applied
elsewhere in the company
and/or on its contractors.
A contributing factor

_

may have been that
_

many of the Licensee's
top management had come .

out of the engineering
function. They had con-
fidence in it and did
not impose the manage-
ment controls required

- by the nuclear process.
[p.6] *

The five team members at the Seattle meeting agreed to this change. It was
made for clarity and to reduce redundancy in the revised report.

The paragraph on page 6 of the draft which contained this thougnt was totally
rewritten in the revision. However, this thought was'not dropped from the
revised report. The substance of the first sentence appears in the revision in
the last sentence of first paragraph on page 6, and on page 11, mi.ddle of the
second paragraph. The page 11 passage reads:

.

*d 9 ***

-

.

1
'
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"These considerations', plus the fact that the Licensee's engineering
organiz_ation was very independent, contributed to their resisting

'

w ptication.cf and/or understanding of formal quality assurance f%'.5 procedures. There also seems to have been a tendency to require, or at "

,.
- least receive, more stringent quality assurance from contractors than was 3#'

'applied to in-house efforts."

The substance of the rest of the passage appears in the revision on page 13,
first paragraph:

. . . -
'

"The engineering function in the Licensee's organization was very strong;
strong enough politically to resist the imposition of management controlsa
that were required elsewhere in the company or for contractors. Many
management personnel had come from the engineering function; they,

. . wa-,_appreciateds.its capability, had been part.of its good performance, and had
not 's'ae'n' a need to enforce additional, more stringent quality controls-~""

over it."
.

Page
Referred
in PG&E

Draft Language Final Language Letter

3. Further, and as previously Deleted (p. 6) 2
stated, the Licensee
was frequently within

~

a matter of months of
bringing the plant into

-

- operation. As pressure
mounts to complete a
project, shortcuts are
often taken. Actions that
the Licensee might take ..-

over a longer run would
be different than those
taken when it appeared

'

that the project would
be completed in a short

~ ^

time, or if additional
nuclear plants were planned.

~
As time went on, the

'

Licensee abandoned plans
for additional nuclear

- generating capacity.
_

The Case C nuclear station
would be its only nuclear
capability in the near ,

tenn. (P. 6)

The five team members at the Seattle team meeting agreed to this change. It

was made for accuracy and to reduce redundancy 'n the revised report.
,|
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The paragraph on page 6 of the draft which. contained this passage was totally
rewritten in the revision. This thought was not dropped from the rr;4ed
report dhowever.. It' appears in the last paragraph on page 9: j..;-%.- .,

-. :. .

~~

"The large amount of rework resulting from changing regulatory require- ..- f '
ments, coupled with turnover in personnel and increased facility costs ''

lengthened the construction period and increased the real (or felt)
pressure to com.olete the facility. . As a facility nears completion or is
in a prestartup condition (as the Licensee's station was in the
mid-1970's) and new or changed requirements arise, there is a tendencya --

to accor.plish the activity and to formalize action later. Such
. conditions, coupled.with informal interface procedures, increase the

possibility of error."

"

[%%4 t_ gam ["substit;uted_ f.or the word "shortcu_ts" the more definitive statement.*:'~~~-' " tendency to"~asc6mplish the activity and to formalize action later".

Page
"

Referred
in PG&E

Draft Language Final Language Letter

4. Control of Purchased Control of Service '' -- 8
~~

Services [wasdeficient]. deficient][. (p. 8)
Material, Equipment, and Contracts was

(p. 8)

This change was a correction of fact. The team did not review the Licensee's
-- control of purchased material, equipment, and services. The team did obtain,

review, and anlayze information relating retrospet.tively to the Licensee's
control of service contracts.

.

This change was agreed to by the five team members at the Seattle team.--

meeting.

5. These factors include These factors include - . :--
. . . an atmosphere of . . . the resistance -

contention between by engine ring of the -- -

engineering and quality application of formal -

assurance. (p. 9) quality assurance .

_
procedures. (p. 9)

For understanding of the causal factors in Case C, " resistance by engineering"
of QA is a more definitive thought than "an atmosphere of contention existed".

I This change was suggested by Mr. Kleckner and incorporated by Mr. Harty, who
adopted Mr. Kleckner's suggested wording.

.

.
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6. As a facility nears com- As a facility nears 3
'

pletion or is in a pre- completion or is in a
startup condition (as the prestartup condition
Licensee's station was (as the Licensee's
in the mid-1970's) and station was in the-

'
new or changed require- mid 1970's) and new or
ments arise, there is an changed requirements
ever present tendency to arise, there is a

sh.ortcut procedures and tendency to accomplish
,

to. formalize action the,act_ivity and to: %, . . ,, Tarey. 'soch conditions formalize action later.
_

e --

increase the possibility Such conditions, coupled
. of error. (p. 9) with informal interface

procedures, increase
possibility of error. (p. 9)

The substance of both paragraphs is the same. The team substituted more
-

definitive language in place of the word " shortcut".

Messrs. Altman, Carroll, and Kleckner provided comments on this passage.
.

Mr. Harty concurred and expanded on Mr. Kleckner's suggested wording and
Mr. Altman's comments.

._ 7. The Licensee and its Deleted (P. 10) 3,

consultants and con- . .
--

tractors were just far
enough removed from the
customary level of .

-

informality to promote
the possibility of error
and misunderstanding. -

(p. 10)
_ -

- -

This sentence was dropped to reduce redundancy in the revision. The' thought in
the sentence was not dropped, however. It appears in expanded fann on page 10

,

of the revised report, end of second paragraph:

"In the Case C project, the practice of utilizing informal communications
with key consultants located in the imediate area (city and suburbs)-

_
developed; however, in some cases, the distani:e was probably great enough
that the level of communication required to ?each full understanding of
key points was probably not achieved." |

-

Mr. Altman and Mr. Kleckner made comments on the deleted. passage. Mr. Harty I
adopted Mr. Kleckner's proposed change.

,
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''8. While the Case Study Team The case study team was 4
was unable to establish unable to establish the
the attitudes and relation- attitudes and relation-
ships between engineering ships between engineering
and the r.ew quality and the new quality.

- -

assurance director in assurance director during
1977, it is suspected those years [ late 1976 and._

that the relationship was 1977]. (p. 12)
.something less than con-,

*"' %-- ,_s,tructive (.The new quality;
. .

,,, _ ,

assurance' director was
reassigned in February
1979). (p. 12)

The thrust of the deleted portion in the draft was a conjecture which the team
was not able to support. The draft was reworded to language which the team
could support. See also the discussion under change 23.

Mr. Patrich, Mr. Altman, and Mr. Kleckner made comments on this passage frcm
the draft. Mr. Harty adopted Mr. Kleckner's' proposed rewording.- During

' ~ - proofing- of the September 19 text, Mr. Harty changed "in 1977" to "during those .

years". - - '-

-- 9. The Licensee had a false The Licensee had a high $
sense of- security with degree of confidence with
respect to its engineering respect to its engineer- --

capability. (p. 12) ing capability. (p. 12)
~

The passages are taken out of co'ntext. The comment on change 1 applies here
also. The main point is retained: the licensee's confidence in its
engineering capabilities led it into using previous practices which were

'

probably not appropriate for nuclear work. The phrase " false sense of security"
wa,s replaced by a more accurate, less subjective statement.

. . .

Mr. Patrick and Mr. Altman provided comments on this material. Mr. Harty
,

concurred in Mr. Patrick's suggestion and adopted his proposed wording.
.
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10. Further, and as previously Deleted (p. 13) 5
'

stated, the Licensee was
within a few months of
bringing the plant on line

_. - on several occasions. '
Thus, actions that the
Licensee might take in a

_

longer run would be dif-
.ferent when it appears

,

.",, %e. _th~at. projec:t comp.letion .,_ _

woGTd be' imminent, and no-
-

,

nuclear plants were anti-
cipated in the near term.
(p. 13)

This passage was dropped in the revision to reduce redundancy. The thought
embodied in the passage was retained in the revision, however. It appears
on page 9, last paragraph. See the excerpt quoted in the comment under
change 3.

i

Mr. Altman ~and Mr. Kleckner provided comments on this material. Mr. Harty
concurred in and adopted Mr. Kleckner's sug:ssted change.

. 11. The Licensee's past exper- Deleted (p. 13) --

ience with construction -

enabled them to proceed with
the necessary controls in
place and qualified people,
to keep them that way. -

Construction of power
plants was "old hat" and>

they knew how to stay out
of trouble and get - -

the job done. New
QA/QC requirements were

~

accommodated [ referring to
the Licensee's " failure to'
understand and appreciate

.
the potential merit of a

_
formal QA program]. (p.14)

This passage is not necessary to the paragraph in which it appeared in the
draft, the subject of which is the licensee's failure to understand and
appreciate the potential merit of a formal QA program. It neither adds nor
detracts from the paragraph, and was eliminated in the revision in the interest
of conciseness.

.
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Mr. Altman and Mr. Kleckner provided comments on this passage. Mr. Altman
questioned it and Mr. Kleckner suggested its deletion. Mr. Harty concurred
in ar4-idopfed-Mr. Kleckner's suggestion,

,M, g
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. , . - 12. There was no great exper- Deleted (p. 15) --

1ence in seismic matters
in the Licensee's organi-.;

zation, and there was no
detailed scope of the work

' ".. %,n _t[at. the Licensee specified
.,_ _.

- , tor its". consultants. (p.15)"-

This excerpt appeared in the draft in a passage describing how the long length
of time between inception and completion of the project had contributed to'

the Licensee's quality problem. The deleted material was redundant and not
germane to the central thought and was dropped from this discussion, which was
substantially rearranged and rewritten. The thought embodied in this excerpt
was not dropped from the revision, however. The following excerpt from the
revision makes the same point:

"Another factor which contributed to the problem was the need for -

'-

additional expertise, especially in the seismic -area, resulting in. -
-

-

greater use of consultants and engineering service contractors than
.- had been customary on the Licensee's other generating projects."

[P. 10]

Mr. Altman and Mr. Kleckner provided comments on this passage. Mr. Altman .
questioned the second half of the sentence, and Mr. Kleckner suggested its -

.

deletion. Mr. Harty concurred in and adopted Mr. Kleckner's suggestion.

13. He'[the Licensee's Vice He said these things were 6
President of Engineering] good for the staff to ;

said these things were experience and it will
good for his staff to be better for it when
experience and it will be the project is completed,
better for it when the (p. 16)

~ project is completed.
,

(He commented on a number
_

of problems, mostly per-
sonnel relat_ arisen as a ,ed, that hadresult of this
integrated matrix organi-
zation [the Project Comple- .

tion Team)). (p. 17)

The paragraph from which these passages are excerpted describes the contrasts
| between the former project engineering organization and the new project

'completion organization, e.g., attitudinal, managerial, responsiveness. The
~~ deleted material was an add on parenthetical expression which was not

germane to the central thought.
,
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,

Mr. Altman, Mr. Carroll, and Mr. Kleckner provided comments on the material
that was deleted. Mr. Altman and Mr. Carroll questioned its relevancy and

;;;.| 9,
Mr.- Kleckner suggested it be deleted. Mr. Harty concurred in the comments ,;b_, ,3 ,

and deleted the parenthetical expression. ''

, , ,

.-y
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14. In the past, he [the Deleted (p. 16) 7

3_ Licensee's Manager of
Nuclear Power Operations)
sa.jd, there had been much,

%=.:;. wh el.7 reinventing. Theya.: .. _ ,

* " ~ " ~

started ^~ith a few of thew
required procedures and

- then flooded the place with
records without having
people to take care of
them. The QA guidelines
had seemed to restrict
the conduct of assuring
quality and, thus, it was -

resisted. (p. 17) .

. . .

- This passage appeared in a discussion of remedial actions _the-licensee had ..

~taken to correct (turn around) their quality problem. The focus of the -

- discussion was on recent actions the licensee has taken in this regard and any
attitudinal changes or managerial insights that may have been developed since
the quality problem occurred. The deleted sentences were background infor-
mation not thought necessary to the points being made. The part in the last
sentence about resistance of QA. appears several places in the revised report,-.

including page 11. See comment under change 2. -

Mr. Altman and Mr. Kleckner provided comments on this. passage. Mr. Altman
questioned the middle sentence and suggested modifications-to the first and -

last sentence. Mr. Kleckner suggested a more extensive modification of which
the above deletion was a part. Mr. Harty adopted Mr. Kleckner's suggestions.
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15. The fact that the Project The fact that the Project 8 -

Completion Team adopted the Completion Team adopted the
A-E's quality assurance A-E's quality assurance pro-
program is indicative of gram may be indicative of

- the Licensee's lack cf the judgment that the
understanding (or perhaps Licensee's methods of

.. procedures) of how to apply applying QA to the design
quality to the design / process for nuclear plants
.copstruction process for needed improvement.

,

4y=r ._Duc,,1 ear- placts. (p.19) (p. 18)_
,;

,
..

These passages have similar meaning. The sentence was revised to reflect
that this is an inference being drawn cnd not necessarily a fact.

Mr. Patrick, Mr. Altman, Mr. Carroll, and Mr. Kleckner all provided comments
on this passage. Mr. Patrick suggested it be reworded. Mr. Altman felt it
was a presumption and suggested it be deleted. Mr. Carroll and Mr. Kleckner
suggested it be reworded. Mr. Harty consolidated these comments into the
revised language shown above.

16. The Licensee, he [ Project Deleted (p. 19) -

Completion Engineering
'

- Manager]said,hadgood
quality in each time frame
since the job began in
1966. As each of the new
quality assurance initia-
tives occurred, the..

Licensee responded, but it
was more or less reaction.
(p.'20) -

.

- The paragraph in which these sentences appear was substantially condensed and
rewritten in the revision. The paragraph deals with the detrimental effects
an extended project length can have on a nuclear construction project. These
sentences were not relevant to the central thought of the paragraph, and were

~

dropped. The last sentence was subjective and could not be substantiated by
the team.

_ Mr. Kleckner provided comments on this passage. He suggested that a larger
passage containing this excerpt be dropped and that alternative wording be
substituted. Mr. Harty adopted most of Mr. Kleckner's suggestion, including
the deletion of this material.

.
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17. It was admitted that the Deleted (p. 21) 9 -

Licensee was slow to
adopt all aspects of
quality assurance. (p. 24)

a-
This sentence appearod in a paragraph explaining one of the teams' major '

.
conclusions (generic implication) which is that NRC needs to pay more
attention to ensuring quality in the design process. This sentence was not
gemane to the subject matter of the paragraph, and it was dropped from the

,

gragga'ph 1.n.the, rewrite. However, the_ thought embodied in this sentence,,

was'not^ dropped'from the revised report. The following excerpts from the< > = - ~ -

revision make the same or similar point:

"The Licensee's engineering did not develop and/or implement formalized
procedures to comply with early QA program requirements" [P. 7]

" Formal quality requirements were not placed on some subcontractors
until the late 1970s" [P. 8]

. . . and the resistance by eng[ineering of the application of formal
"

quality assurance procedures." P. 9] .

"All this (referring to the level of quality in construction and design)
seems to have been achieved more by previously learned good practices_

than by the application of a formalized approach to quality" [P.17-18]

" Licensee personnel noted that it was not until the 1973-74 period that
quality assurance was actively considered for application to the design_

process and, by that time, much of the design was completed. Since.
quality was already thought to be part of the design (and apparently it:
was) it was considered unnecessary to put in a more substantive quality

- more extensive than thought at the time)gn work (which proved to be far -
.

-

assurance program for the remaining desi
[P. 18]:" :.

_
,

The sentence as written was subject to misinterpretation. The word "all" was
used in the sense that some aspects were slow to be adopted, not that all

- aspects were slow to be adopted:

Messrs. Patrick and Kleckner commented on this sentence. Mr. Kleckner
suggested that it and most of the following sentence be dropped and that -

_

alternative language be substituted. Mr. Harty concurred in and adopted
Mr. Kleckner's suggestion.

.
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18. Further, the Study Team Deleted (p. 21) 9 /

made the comment that it
appeared to them that the
Licensee's engineering
organization appeared as--

" prima donnas.'' This was
not disputed by the.
Licensee's upper manage-
ment. (p. 24)

,
,

:5 Nis-Nd'ei'pt fr6m the ' draft appeared id a di~ cossion explaining one of the
'

s

: team's major conclusions (a generic implication) which is that NRC needs to
| pay more attention to ansuring quality in the design process. This excerpt

was not relevant to the discussion of this point, so it was dropped in the
reyision. The thought embodied in this excerpt was not dropped from the
revised report, however. The following excerpt from the revision illustrates

| the same thought:
;

'

"NRC investigations in late 1981 and early 1982 found that design and
engineering QA practices in consulting contractors' organizations were -

better than those in the Licensee's engineering organization. . .It is
not entirely clear whether this reflected a difference in the Licensee's
requirements or a difference in practices. NRC inspectors made the -

. observation that the. Licensee is " tougher on its contractors than on
itself". This attitude may have contributed to the apparent success in
assuring quality in the construction efforts, since essentially all of
that work was done by contractors.

.

-

The significance attached to this finding is the possible reflection of- -

an attitude in engineering -- an attitude of reflecting some degree of
.

prdfessional arrogance that "we do no wrong, but we sure have to watch
- out for those other guys." The major quality problems . identified to -

date have been within that organization. It appears -that the -application --

of rudimentary quality assurance practices for design document control
should have preventr:d the error that occurred." [PP. 11-12]

- Mr. Altman, Mr. Carroll, and Mr. Kleckner provided comments on this passage.
Mr. Altman suggested deleting it, saying it was not relevant to the point
being made. Mr. Carroll's coment was "may want to reconsider saying this."

. Mr. Kleckner sJggested the statment be reworded. Mr. Harty deleted this
passage.
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19. Based on the results of Deleted (p. 22) '

--

the IDVP reported by the
Project Completion Team,
one would not expect to
find large numbers of. . _ -
quality-related problems '

. in the design process.
._

(p. 25)
. .

: bDTsiarttinc' aheared' in the draft in~'the discussion explaining one of thee
team's major conclusions (a generic implication), which is that NRC needs

. to focus more on the effectiveness of implementation of the quality assurance
program and less on the trappings of licenses programs, such as the QA manual,
organization charts, where the QA manager reports, and paperwork per se. This
sentence was not germane to the discussion and it was dropped in the revision.

However, the idea embodied in this passage was not dropped from the revised
report. It appears as a footnote on page 17. -

- Mr. Kleckner suggested this change. Mr. Harty concurred and adopted -

- Mr. Kleckner's suggestion. -

_. 20. The Manager of Nuclear Deleted (p. 22) --

Power Operations high- -

lighted the problem this
way; he said that the
idea was perpetuated that,..

if one had the paperwork
correct, one had a proper --

. _ .

QA progam. (p. 25)
~ This sentence appeared in the draft in the discussion of the same major - :

~ conclusion cited immediately above. The topic of the discussion was that
NRC needs to change its QA focus. The discussion was reworded and shortened
and this sentence was dropped in the revision because it was extra information

- 'not necessary to make the key points in the discussion .

Mr. Altman and Mr. Kleckner provided comments on this passage. Mr. Altman
commented that it did not flow and Mr. Kleckner suggested it be deleted.,

Mr. Harty concurred in and adopted Mr. Kleckner's suggestion.

.
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21. While some of the top Deleted (p. 26) ''
--

quality control managers
felt that Licensee employed
[ sic] may have been less

-me - aggressive than desired,-
it is doubtful that

. certification of these'' [ quality assurance / quality
control] personnel would

'

. ,..'haQchanged.the.situa-
,~itow.~ (-p. 30)

_, ._ _e --

This sentence ap.oeared in the draft in a discussion of the question of whether
an NRC requirement for qualification or certification of certain quality
assurance and quality control personnel, had it been in place at the time, -

would have made a difference; i.e., would it have prevented or mitigated the
quelity problem. The team's conclusion was no, it would not have. The
deleted sentence was dropped because it was both conjectural and unnecessary
to explaining why qualification / certification of QA/QC personnel would have
not made a difference in this licensee's case.

'

Mr. Patrick, Mr. Altman, and Mr. Kleckner provided comments on this passage.:
~

Mr. Patrick and Mr. Kleckner suggested alternate wording. Mr. Altman
.. suggested the passage be deleted. Mr. Harty concurred in and adopted

Mr. Altman's suggestion.
.
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22. Many of the management Deleted (p. A-1) 10 ''

decisions over the years
indicate an attitude of
"do anything and every-
thing to expedite bringing-

'
the plant on line." The

_ current Independent Design
Verification Program (IDVP)
and establishing in 1982,

. % c._jh''e' Projects. Comp 1.etion Team.

.._ _ ,

, unHE9 ah~ architect-- " = ~ ~ - - -

engineer's direction
- reflects this attitude;

however, the extent to
which these changes reflect
a real comnitment to as-
suring quality rather than
oroviding " cosmetics" is
not totally clear. The
apparent imbalance between -

-

" construction" and "engin-
~

eering in assuring quality - -
- -

d : -

'is considered to reflect -- ::
- - . some lack of connitment at --

--

the top levels of corporate -

management. (p. A-1)

This passage was contained in a . discussion of the licensee's commitment to a_.

program for the assurance of quality. The passage was dropped because the
team had insufficient evidence to support it. However, the thought that

- pressure to expedite a plant may contribute to quality problems in .a generic
sense and possibly in this case still appears in the revised report, on
page 9-10:

"The large amount of rework resulting from changing regulatory require-

|
- ~

ments, coupled with turnover in personnel and increased facility costs
lengthened the construction period and increased the real (or felt)

| pressure to complete the facility. As a facility nears completion or

.
is in a prestartup condition (as the Licensee's station was in the

L mid-1970's) and new or changed requirements arise, there is a tendency
to accomplish the activity and to formalize action later. Suchi

| conditions, coupled with informal interface procedures, increase the
possibility of error."

.
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In addition, the issue of licensee management commitment to quality is
retained in_the revision on page A-1:

,

DV ' his Licen ee, through its construction organization, appears to have - -

' supported a good QA/QC effort in the on-site construction activities; .

however, this diligence has not, in all cases, extended to service
'-p

-

contractors and materials suppliers. Prior to 1982, an equal commitment
was lacking with respect to the engineering activities on the project.
This is reflected in the Ceficiency in management follow-up that allowed
the violations of procedures and inadequate management reviews in 1977e
to remain undetected for four years."

~

Mr. Patrick and Mr. Altman provided comments on this material. Mr. Patrick
suggeste.d deleting the last half of the excerpt. Mr. Altman suggested

,

M Iet_ing the entgre passage. Mr. Harty_ad_ opted Mr. Altman's suggestion.. ,

Page-
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23. There is evidence that Deleted (p. A-1) 10
when the Licensee initially
set up its QA/QC prcgram,
they appointed an old line
construction engineer to the
Manager position. Al so, .

. .

the individual at the
. Licensee who knew the most

about quality philosophy
was transferred to another
function. (p. A-2)

~

The passage cited above was contained in a discussion of' tile licensee's
comitment to a program for the assurance of quality. The first sentence
was dropped because the licensee's appointment of a person with a construction -
- background as their first QA Manager in the early 1970's-neither indicates a -

comitment in nor a lack of commitment to quality. The second sentence was
dropped because of its inferential nature. An apparently knowledgeable QA
manager had assumed another position of apparently equal ar greater stature.

-

However, this reassignment did not definitively reflect on the licensee's
comitment to the assurance of quality.

.

Mr. Patrick, Mr. Altman, and Mr. Harty provided comments on this passage.
_ Mr. Harty considered the comments and deleted the passage.

..
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24. Corporate QA does audit Corporate QA audits --

facilities on a periodic construction activities
basis; however, general on a periodic basis, but
understanding by upper there did not appear to

~ management would indicate be the same attention ,

that they would not see the given to engineering
. need to audit from a man- activities. (p. A-1).

agement standpoint. There
was,much talk about,

; w r;._engineerinp taking care ... . .-
of ft's fiwn problems as""

they arose, but did not
- indicate a formal program

for corrective action;
ma. inly.a personnel function.

.- - :.. -... -

.

The excerpt from the draft was rewritten into a more . accurate and definitive
statement. The passage "however... Standpoint" was deleted because it was
inferential and could not be demonstrated based on the information available
to the team. The passage "There was... action" was redundant with other -

material in the report. For example, the following appears on page:6 of the -

revision: - -

.

,.
_.

"As a general rule, it has been more difficult to apply.QA to the
engineering process than to the construction process, and the Licensee
found this to be the case. Even though QA was apparentl
applied to the construction of the project in question (y rigorouslyand growing-

in strength as NRC requirements and guidance evolved) the Licensee - --
-

did not implement NRC quality requirements for engineering as : intensely -

as' they did for construction. Their attitude seemed -to -be that .the- - --

-

eng'ineering organintion was comprised of professionals capable-of .
-

~

'

doing what is right without overlaying a stringent-formal quality- - --

assurance program beyond the normal controls considered part of good
engineering practice."

~

The pnrase "mainly a personnel function" was dropped because it was not clear
what it meant.

b Mr. Patrick and Mr. Altman provided comments on this material, as did
Mr. Harty. Mr. Harty provided the final language.

I

H..-.
.

-

.

!
-

2



._. ._. . _ .. . _ . _ . . . _-

.

Page
Referred

-- - - - - in PG&E- '
A.

,, Draft Languace Final Language Letter- v~ .-
--

__ p-
25. Company personnel seem to At one time, QA appeared 11 ''

be afraid of the concept to be a term used to
of QA or QC having access describe an organization
to top managerr.ent. They required by regulations...
don't see any benefit / (p. A-1)v-
reason. They do not under-

. stand the cor. cept. . QA" is"

a tenn used to describe
.the, organization that they,

wa;,.3ere_ required to organize,
-

.: ,_ _

e- - out Yeally- didn't need.
(p. A-2)

The passage was rewritten because of its inferential nature. The passage as
written, could not be substantiated.

Mr. Patrick and Mr., Altman provided comments on this passage as did Mr. Harty.
Mr. Harty considered the comments and provided the final wording..

26. In the early days, cost / Deleted (p. A-1)
.

11
schedule did override .

~

QA/QC. functions. The . ;. _. .

Licensee had much pride
.

'

in their abilities, how-
ever, and felt that they
were doing everything
correctly. There is much

_

evidence to indicate that. . . .-

they were willing to admit . .

their limitations and seek .. _

heTp for seismic work.
,,

~

.
.

(p. A-2) .. .. . . ..

,

The first sentence was dropped because a factual basis for!.it could not.be
~

~

.

established by the team. The second sentence was deleted for the.same
reason the " false sense of security" phrase on page 6 of the draft was
replaced (see discussion under change 1 aoove). The underlying thought~

is not dropped from the revision, however. It appears en page 12 of the
revision (see discussion under change 1 above). The third sentence ;

regarding seismic work was dropped because it was not relevant to the i_

passage in which 'it was contained, which was part of a discussion of I

the licensee's commitment to a program for the assurance of quality. The
point about seeking help for seismic work was not dropped from the report,
however. It appears on page 10 of the revision: .

.
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"Another factor which contributed to the problem was the need for
additional expertise, especially in the seismic area..."

..--..:-- ,

w :- Mr. Patrick, Mr. Altman and Mr. Carroll provided comments on this passage as
- ,.

did Mr. Harty. Mr. Harty considered the ccmments and deleted the passage. f''~
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. 27. There is evidence that There are no observa- 11
this is one area [ clearly tions for the present
.def.ined and properly organization; the,

- license _e is."wn_j,mpl ementeds res pons i bi l i ty
- -- - and-duthoM ly] that was engineering, aware thatQA should

very weak in the early have been more formal
- stages, and is one of the in the early program.

reasons for the Licensee's (p. A-2) --

present predicament.
There are no observations
for the present organiza-
tion, other than they are
aware that this should have
been more formal in the
early program. The
Licensee's former QA
manager made the statement

- that the early requirements
for the responsibilities were
left to the organization
responsible for work.
This was a general con- ..-

census. Everybody sup-
posedly understands the

- requirements, but chose to
take care of his own res-
ponsibilities. (p. A-3)

.

This passage from the draft is from a discussion of the licensee's definition
-

and implementation of responsibility and authority. The first sentence was
dropped because, as written, it could not be substantiated. The second
sentence was rewritten and clarified in the revision. The remainder of the
paragraph related to the independence of the licensee's engineering organiza-,

_. tion with respect to quality assurance, which is included in the revised
report as discussed under change 2.

Mr. Altman provided comments on this passage as did Mr. Harty. Mr. Harty
considered the coments and provided the final language.

.
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28. The Licensee did not The Licensee apparently 11 I'
uncerstand the need for did not fully appreciate
trained quality people the importance of staff-
in the beginning. Many ing with experienced QA
people were put into personnel in the beginning..-
quality functions without (p. A-3)
training. The Engineering._

Manager's philosophy is
.th_a.t the people responsi-,

w ;.._ble for thestask are the,-
' --e - - - , oliTy'ones' capable' of

, , , ,

really getting it done.
He refuses to accept an
independent organization
watching his activities.
He doesn't understand the
concept. In fact, the
opposite of quality manage-
ment seems to have happened.
The Corporate QA Manager
does not a p ear to be ;

very dynamic, and the
former QA manager, who . --

-- appears to be very know-
ledgeable, was transferred.
(p. A-4)

The first two sentences were reworded into one sentence in the revision, which.

has been modified to show that the team is making an inference from available
information, not stating a fact. The rest of the paragraph was dropped because
some of'it was inferential, there was a wide variance of opinion among the team
members regarding what it meant, and some of it was not germane to the topic .

under discussion which was utilization of a qualified work force. -
1

Mr. Patrick, Mr. Altman, and Mr. Carroll provided comments on this passage as
did'Mr. Harty. Mr. Harty arbitrated the conflicting advice from the team

-

members with the above change. -

,

-
.
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29. Many changes [ presently] Deleted (p. A-4) 12 )
are made at the facility
or plant that are not
made on drawings. This
indicates a potential_-

*problem with drawing
. ,.

changes, and a possible
design change / review
. problem. (p. A-5)

, . ,

'I IMD'fs iiItssige was drop;ied because it codid ~not be substantiated.

Mr. Patrick and Mr. Aitman commented on this passage. Mr. Harty concurred
in and adopted their suggested change.

30. This factor [ prompt This factor seems to 12
reporting of QA program be strongly and effec-
deficiencies]seemsto tively supported at the
be strongly and effectively construction site. (p. A-4).
supported at the construc- -

.

tion site. There is a .
-

concern, however, about - - -

the effectiveness of .

earlier inspections and -

audits of materials .
-

suppliers, notably one .

supplier of electrical
system supports. (p. A-6). - --

__

This passage appeared in a discussion of how well the licensee sought out and -

reported quality /QA program deficiencies. This deleted material was dropped .. - -

because in the revision process, it could not be substantiated that-the - -. .- ..

- -licensee was at fault for not discovering problems with.the one suppTier.- ----

Mr. Altman commented on this passage. Mr. Harty sought verbal comments from
Mr. Patrick on this passage. Mr. Harty synthesized their comments and made

- 'the change shown above -

.

_

G

*dW *e. r

-
.

.m



_. _ . . _ _ _ __ __ ~_.._ __ _- - . _ _ _ __

.

I

Page
Referred
in PG&E- -

@'.; Draft Language - Final Language Letter #9
31. In the early days, this Deleted (p. A-4) 12 [

[ prompt reporting] was not
done. The Licensee fully
understands the need now.
(p. A-6)f

This passage appeared in a discussion of how well the licensee sought out and.'' reported quality /QA program deficiencies. The first sentence was dropped
because it could not be substantiated. The second sentence is redundant with a

'

sentencF irt;the preceding paragraph.. g . y.r.' . -.-a.. . . . .e ..- - . --
,

Mr. Altman comented on the first sentence. Mr. Harty concurred in this
comment and deleted the second sentence as well because it flowed from the
first.

32. Changes are made at the Deleted (p. A-4) --

facility / plant as required.
The Licensee seems to

. justify this by the fact
that QC people are
engineers, and are often
the people who did the .

design. Therefore, they .

_
are capable / justified.
Many instances ref'ect
that early-on engineers

~

did not have thefr designs
.

,

reviewed. Changes are
'

made as required and
-'

,

| appear to be done
' informally. (p. A-7)

.

. _ . . .

'

. .This passage appeared in a discussion of how well design rev.iew activities .-
! detect and resolve design deficiencies. The first three sentences were
j dropped because trey did not apply to the subject under discussion. The
i next two sentences were dropped because they could not be substantiated. .

!.-
Mr. Patrick and Mr. Altman provided comments on this material. Mr. Harty
concurred with both Mr. Patrick's and Mr. Altman's comments and made the
indicated change.

.

.

!

'

, _ .

| .
-
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33. QC functions are performed QC functions are per- 12 I'
by the departments respon- formed by the departments
sible for the task. This responsible for the task.
can work, but it is not a (p. A-5)

a- common practice in most
'organizations and is not

in compliance with the
intent of 10 C.F.R. 50

,
.

(p. A-7). Appendix B.

5DlifsIay?ihe wh[part of a discussion 6f t'he conduciveness of the licensee's
organizational structure to the attainment of quality. The deleted material

- was dropped because it was subjective and not supportable.

Mr. Altman and Mr. Carroll provided comments on this passage. Mr. Harty
considered the comments of both, concurred in Mr. Altman's comments and
made the indicated change.

34. This case is a classic The engineering problems --

of " haste makes waste." which have been so costly
The engineering problems are suspected to have -

-~

which have been so costly resulted, at least in ~-

apoear to have resulted part, from very heavy - -

at least in part from schedule pressures.
very heavy schedule Whether these pressure
pressures. This was [ sic] were real or felt
extended to the initial was noc established.
efforts at design . There w&s no indication ~..

verification program of lack of resources --

which produces an addi- applied to the project. -
tional set of problems. (p. A-5)

' ~ There were no indications
of Tack of resources cur- :~:
rently. (p. A-8) - -

-

.The passage from the draft appeared in a discussion of the licensee's
planning, scheduling and budgeting. The first sentence was deleted because
it~was speculative and could not be supported as written. The second
sentence was retair.ed with one minor editorial change. The third sentence was

_ dropped because it could not be substantiated. The fourth sentence was
retained and slightly clarified.

Mr. Altman commented on this material as did Mr. Harty. Mr. Harty concurred
in Mr. Altman's comments and provided the final language.

..

%-4, . .

-
.
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! 35. Early stages of the design Deleted (p. A-7) ---

of the Licensee's plant
were pocrly documented.
There is an understanding

| . -- within the Licensee that-
this was a bad mistake.

Present-day (practices not;

reviewed. p. A-10)

[ gis_galsage7 aspritt.en, could not be, substantiated.
,

, .

Mr. Patrick and Mr. Altman made comments on this passage. Mr. Harty concurred
in their comments and resolved them by deleting the passage.

36. There appears to be no The audit of the design-- 12
formalized program of process was probably not
audits. The audit program a strong emphasis or the
has been very extensively design contral procedure
strengthened during the deficiency w)uld have been
past year, reflecting in noted. The audit program
all likelihood that it was has been very extensively . .

lacking previously. strengthened during the .
^

..
.

.
.

(p. A-10) past year. (p. A-8)
.

. - - .

* * *

This passage, as written, could not be substantiated. Matsraial that was not
supportable, or speculative was dropped and the passage was rewritten' to be
consistent with facts known to the team. -

_

~~

Mr. AlEman made ccmments on this passage. Mr. Harty incorporated Mr. Altman's
comments. - -

.
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I 37. In the early days, audit The Licensee had a QA/QC 12

''

activities were probably program, but the problems
not performed. The they have experienced would
licensee had a quality indicate that they did not

m -- program, but the problems have an aggressive system
they have experienced to verify implementation '

i

. would indicate that a in the design control
'. , .

continued system to verify area. NRC audit reports
. implementation was non- gave the licensee good

.,

.. % ,.. y 1'stant. Jhere is also reports,on construction
evidsnce thTat ear'ly NRC quaTity p ogram impleman-. *r --

- ,,

audit reports gave the tation. p. A-8)
licensee good reports on
quality program implemen-
tation, when, in fact,
this was not the case, -

based on a review of
correspondence. (p. A-10)

,

~

These passages are taken from a discussion of the licensee's audit program.
The first sentence of the draft language was dropped because it was
speculative and could not be substantiated. The second sentence was reworded -

because it was incorrect as stated in the draft. The last sentence was -:

_ reworded to make it a more accurate statement.
.

'
~

Mr. Patrick, Mr. Altman, and Mr. Carroll all commented on this material as did -

Mr. Harty. Mr. Harty synthesized the different comments and rewrote the
passage as indicated above. ..

-
-

.
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MASTER MARKUP OF MR. HARTY, TEAM EDITOR

INCLUDES INPUT OF MR. HARTY AND FOUR OTHER
TEAM MEMBERS

Note: Most of the comments in the main body of this report -
- -

._ are properly color-coded to those who proposed them. A few
of those which appear as black were Mr. Harty's comments.
Most of the comments in appendix A represent a variety of -

inputs from team members and appear as black.
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I. SD*".ARY OF FINDINGS

A. Introduction

The Nuclear Regulatory Comission (NRC) has undertaken a study of sCected

nuclear reactor construction projects to determine the important factors , *'

'

orrectcausestha'tunderlieeffectiveandineffective. assurance-of-quality [
progra:s. Several nuclear projects which have experienced major quality-
related prcblems and several which have not will comprise the study popula- *

tien. Data and findings from these site-specific studies will be used by
the NRC in the fomulation of generic policies and programs related to,

assurance of quality, and in responding to the Congress (Ford Amendment

to 1982-83 Authorizatien). This working paper sumarizes the findings from
the third Case Study.

,

.

5. Backgr und '~ ~

(-
-

The Li:ensee of the Case C Study had established its cwn in-hcu'se engineering
and c:nstruction management capability in the 1930s. During the' late 1940s -

and early 1950s, outside architect-engineer (A-E) firms were utilized:- ~

because of unusually large (post-WII) system expansien recuirements. -In

-the mid-1950s, the Licensee's earlier practice of doing its own er.gineering
and c:nstruction management was resuced.

,

' ~

,

.

. *

During the late 1950s and early 1960s, the Licensee ;1ar.ned an ' ambitious:
'

pregras to construct several nuclear ;ower stations. Nuclear power was
re::gni:ed as a new technology and tra Licensee ::ck acEicns to Ort:ar' e
itself f:r entry into this field, ine:ucing having Observers at tne
construction sites o/,#W3 dearly nuclear p:wer plants, participating in the-

.

design of a test reactor, and studying A-E's designs of proposed nuclear
plants, The Licensee decided to build its first nuclear plant - a small-

,

(<100We) pcwer reactor -- through a "t' urn-key" contract for design and
.

cogstruction. The plant was completed in the early'1950s, and the Licensee
::erated it sue:essfully for about 15 years until it was retired. The

1(. -

.
.

|
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Licensee capitalized on the turn-key design and construction activity to
familiarize its staff with nuclear activities to LW bo t,

engineer and construct subsequent nuclear plants. The Licensee had been

successful in engineering and constru:: Ton activities on a variety of
- generating technolo'gies, and related electrical transmission systems.

-. .

During the eafly and mid-1950s, the Licensee announced plans for sa.veral -

*nuclear plants. Environmental and/or sei:aic problems, coupled with
intense intervention, political factors, load growth changes, and other
considerations, resulted in all but the Case C nuclear station being -

cancelled. Many of these factors were also present in the Case C project,,

resulting in significant delays and c:s increases.

The Case C nuclear station is comorised of two large (>1000M4e) units.
The Licensee an'nounced Units 1 and 2 in 1966 and 1968, respectively.
Constructica permits were issued in 1958 and 1970. Unit- t of the nuclear. :-

-( station was largely completed.by the cid-1970s and fuel.was received ensitar
for botn units in 1975 and 1976. : .,

Then occurred a series of required mcdificatiens to the nuclear station - .

which'delayec its completion. Included in these were NRC regulations - - .

related to pipe-break-outside-contain=ent whien necessitated, among other
hings, relocation of a number of conduits (1973-75); identification and/or

-- reconsideration of a seismic fault whi:n recuired such' ccdifications as. .; .

column stiffening, tank bracing, upgrading pipe hangars and setsmte -
supports, diaphragm stiffening, buttress and foundation modifications
|1975-79); -he Brown's Ferry incident .nica recuired mccifications reland !

,

co cable s: reading, inerting atmosphere, new oecking, and extensive concrete
anchor bolt installation (1980); the Ty.I accident which required installation

-
of extensive additional wiring, sub-c:cled monitors, hydrogen recombiners,

ano cther =cdifications (1981). ,

-
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It is important to note that, over t.6.e time span of about eignt years,-

at least one of the two units had been within a few months of being
! c~::pleted on a number of occasions. Thus far, Unit 1 has undergone three

hot functional tests and three conta' cent leak tests. Unit 2 has undergone
one contain=ent leak test.

,

.

'

In Septegbar 1981,* the Licensee received operating licenses for its two
units. These were suspendttd two months later following notification by the *
Licensee to NRC that the diagrams used to locate the vertical seismic ficer .
response spectra in the Unit 1 containment annulus area were in error.

,

Briefly, the error occurred as follows: Tne Licensee had transmitted to its..
,

seismic consultant a sketch of the vertical loadings from which the consultant
was to detemine the seismic response spee'ra. There was no indication on
the s,ket:h which unit the leadings appliec to, though the consultant under- -
stood (correct 1'y) that they were for Unit 2. The consultant thought that'.-

- - Unittwas a slidealong unit (instead of a mirror-image. unit) and perfermed:

( '

. :- the analysis on Unit 1 based on that assucotion. The infomation returned. .:.-

to the Licensee was marked as " Unit 1" (in fact, the analysis applied to --
.

g Unit 2, not Unit 1). The Licensee ac:epted the data at. face yalue as being.
W=le for Unit 1 and, because it knew the plants to be mirror-image plants, .

4*rw . flipp.d the data so as to be applicable to Unit 2 (in fact, the data in the.e .p gu
AM flipped condition were correct for Unit 1. not Unit 2). The seismic response -

' M P
evsk

i soectra were now incorrect for both Units 1 and 2. - -
- --

'Upon confir: nation that wrong diagrams were used in the development of Unit i:= --

design recuirements, the Licensee reanalyzed the design. requirements for
W.it i using the appropriate contain ent ar.nulus frame orientation
ciag'ra:s and detemined that, as a result of the error, modifications were

'

reo.uired to be made on 31 Unit 1 pipe supoorts. These modifications

'

_
involved such actions as adding snubbers, changing the . snubber si:e, adding
braces, replacing structural members, and stiffening base plates.

-
i

J'

C -
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In an inspection report of seismic-related errors, the Nuclear Regulatory-

Ccmission stated that the basic cause of this problem appeared to be the
informal manner in which the subject dats weie developed by the Licensee and
transmitted to its seismic consultant, and the lack of independent review of

'

the data within the Licensee's organi:ation prior to submittal to that
consultant. -

-
,

. .

-..
'

Yhe Licensee had been the archite'ct-engineer / construction mandger for the
Case C nuclear power station. One of the major actions th'at the Licensen -

M }_ a.u:.
.

n'= as a result of the aforementioned error was the formation of a
Project, Completion Team comprised of the Licensee's engineering / construction.

personnel and persennel from a newly hired architect-engineerine firm.

An extensive Independent Design Verification Program (IDVP) was initiated

| in early 1982 in response to the seismic errors discovered in 1981. The
.. -Project Cc=pletion Team is also conducting a concurrent design verification --

( - program. -

.

4- , - G c.& wn v*p e 4*d M S-
user - At $; ; = .7 t h @ anuary 1983),3an estimated 90". of the -design and 40N-

of the construction required for modifications as a result of a wide range '
- - of re' views soawned by discovery of the seismic diagram error N been

completed. The Licensee has applied for reinstatement of the. operating,.

| . licenses.
t -

.
.

- - - -At the- time of the Case Study visit, neither the Independent Design Verifica-
tion program nor the Licensee's design verification program ^ had revealed
significant further deficiencies in . e design or constructicn of the

idee f,4ed*I h * de s g s * w o wheek -ey e nuclear su tion. !*
\
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Y The Case C Study Team was ec= prised cf six personnel; tw"o[olceNraI6 ate
on the. project engineerino/ design aspects, two on construction, and two

on qualitlassurance programs. 4 rior to, during, and follcwing the sita
'

Pu
_

/

visit, the Tea:: reviewed several do:.en documents and r,eports related to' ..

this plant and its- history, including licensing correspondence,- inspectien' -

investigdtion reports, and third-party reviews of the 0censee's QA, design,*
and constructica programs. TheITeam spent three and one-half days with the

.

Licensee, including a one-day plant visit. Prior to the Licensee discussions,
two of the Team spent one day with the NRC regional staff, and during the,

. Licensee discussions, the entire Team spent a day with the regional. staff.
-

' M - - j = . .f- 4 T t b L i : ; c. a._ * r_ = 5 r: a ' :11 E 5 73 The site1

visit culminated .(at a later time) in a briefing for _p;awea, p# ~ b&e fo=.n L%.

.;; y e ::rs,in
' which the findings of the Team were reviewed and the Licensee ~ stzff had an-

cpportuntty to centnent on them. - - -

C. Sun.ary - -
s -

-

; w , -., , -,.. .,.. a u ..: b s H 4 : ~ e , J ~ . ~ w . e m <. , *'t w n ~~' S & v < 4 ~.-

.The Case.C. Study Team identified the following facters wi11ch.it considered-.. .n-

significant m contributing to the cutlity problem experienced. by the
-Licensee:

,s,

-

1._ The crimary root cause of the desien-related cual_ity orablem was the-
_ _ _ _ _ .

_.... ._. ____ _ _.
_

_ ___ Li:ersee's failure to clan. esta::isn. and effectivelv ' .cleme .:
, , _ , , , _ ,

- -

a

_ _.. _._ .anace'ent system which orovided adecuate control and oversicht over _:
'_ _ ._

| all as:ects of the croject. The Licensee failed to cd:rol the flow
._

4 1/

el} b' ~

| Of ir.f:rmatiod across the interfaces inherent in the engineering /cssienj

i __. _ . ;rocess ?ir. :.'.id em . -Etoaa.. ','::r-- = m"1 mtknd. provide - -_ -
, .

I appropriate reviews of the infor. ation transmitted. -

|

1
-

.

t :: ' % w t -
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. ( ----- __ There appear to be several factors which contributed to this failure.
y

N L h:r.:;; hed d;; Mped #e4: ::::e ; f au. r i i.y , i Ui , ca,,Ei. to-4tes C -=,

p ._ = --:Mr
eap erH n-emtyMs previously stated, the Licensee had good

i

success with various types of ger.erating projects it had engineered and
1 )n _> - - _1

_

_ m. a .-_ . - - --_s
managed over the years. Whc w e rt:d ',7 ::::: pr ,;;;t: a := :d "HEre

w .-,-
w , , u a %. m . ,- , - -

:f: d, t.'. ,- the g project was fitted
-4 ,,.t., . .--v e", * y ;M:t; :

,

, or4.f mg4,*

2-6-[e fve * 4/<.,quately modi led to
an. '- 'q w-- -

b
,, -

into an -+. 3 :- f4:. 7av na ,.

handle,y w .& *w a.% sa. cmbol .pmis t''s a e a*21-sn a*Hametwees
nuclear work

r..._
_.

--g A '.ixxx:': :::f' r;mt:d, 0.1. ~ ..r
. : ..;; ;f

.. ........g j
_

.- . .

. ~__ .

_ _ .m.u -

_ . . , --_-
- - - -

,

,s _ _ _ . . -_

,s.ih./ be I -"'" _ _ _ _ . . . . - - - . - - - --- ,- .*
a Th

__

-.g

|, fr*--r' -_ adjy ^ ' . . . _ ' . . . . . . . . ' . .. . .. m . . ; ...d ._ _. . , .

j '' % m... ... . :.., ' m .. - - -" :; h d .:c '"---- M _ _ d . d .. . %/r
.

j 'M . _ __ f
1a..ya;y ,...,...,,. .,_ ,._ u . -Their: n & --- ;- r '

attitude seemed to be that the engineering organization was c:= prised of
professionals capable-of doinrwhat is right without overlaying a eMe6

I 4ral quality assurance p ram :: 0_ 4*y==l M" M^'*"/''#"'*'l*' -

I 'cou v refounnd j$a- & .yooa5' misteer's+sy f ad e* .
A's* M e,' ves tosos *f .sven ougin '

) - D r; -;T; ^th;r :: trik^.ing factor ee the - _ i_.... k O..; i r _- ... .-- --

- /vt e,u .t-e ' _ : .s>li f: r :y i eroe, r . =v re la 4o.4'af ad ;;r ;;u r'01Et i nxi -

--

.- - e8 quality [euegd44d:n: :n: t _ C. o .
r aca.,< 4 ja g i.r-ro n

_.

-s., mc :4:id;r;.,.y be the late 1960s and eN~. s,s ". e- :
< - ~

-: ': " r e* .

-"- e -t :q/ ,ep -_teenoeme c: p etely understand the-implications of
. +A.+ m. Ac~ .ca -

- the changes as they occurred._/ Neth:r, and :: ;revi; : { -*- d +=
_

j.,,,,o , a 44 Licensee was freque oly within a atter of months of ringine the plant--

-.

pr ,9 r a & - into operation. pressure mour.ts to co=:lete a ~pr jectpshortcuts -

ewpw ,n % e,
% g,:, y are often taken. Actions that the Licensee might ke over a longer run --

hav* A * i would be diffe. nt than those taken when it appe ed that the proje:t-
'

a ew- b f e e~ f5 ' would be comp' tad in a short tics, Or if addi' :nal nuclear ::lants were4* " "W
M

f r"J * '.". .*** "u b"-n e t- planned. As . ice went on, the i.i:e..see acan ' ned plans for additional!

.re ew ey m ss ,

p +,. g e, , nuclear ge, rating capacity. The Case C n ear station would -be its- I

only nuc1 ar capability in the near term. -

0
-_

cA->< a . e- ~ / ~ te , d , a 4 M M -le pp q,, G' to -a .mere
q e>g ~~ cy pecem +w to -.s <.sne w e+ m p ece-_. , d

c

4ha J s w t :>e * ./;;></nd 4f os -/c he /ne ew m. , f a ,. .f,1, ,,,. . g,; n
\ ( \ sppan*s< !fcf,, a .e r e us 'y 6ed |s gt;'s e em.g iwef a.,1,, e ,e f. % ,,,~ t.

w q ues he >1. pJ qi k 3:;p -,m.gi n c vec rey en.h . -% -d '\
ug w,

p, w er .,*v&e I ) He .ti < cm d..d a c& i-pw;. f .o.ec p.q |ao 4 t < < , d i c ,- ,- !in4m u tys.,, an e b 4, eu<aem mr .e s.
.
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2. Secondary rcot causes included the 'ollowing: i
1

-

i
.

.ailure to understand and appreciate the potential merit of a:a.

formal institutionali:ed QA program. This is i: m .n n .J.--;.A ' ;rt ;

by the fact that the Project Ccmpletion Team adopted the A-E's I

quality assurance program, even though they were concerned about-

imposing a new system on the project at a .lats- date (the Licensee's " 'i
tes e4 rengineering procedures were =aintained, however). E,w: ;f ..'.. j,

ebe6ous program deficiencies which had occurred during the project fg
and the key indications of these deficiencies were as follows.' ''

Design Control-
.,

etwThe Licensee's engineering staff did not decument.
4important data trans:::itted to subcontractors

m +-h.
'.'r ; s. g lr:h transfer of design :rit.. ..^to succontractors-

* :.,, __ .' M GM -

4 occurred
.

c; .
q v_ 2g a p,J - - ' WN* g' Q

Assigned cognizant engineers were,sdeen. Mbypassed in the. ( , g,.c . .

information or approval processes --

in rnal cerunications an=ng the disciplines de/w/
'

-

- .

._ 4/.u fs existarwithin the Licensee's organization -~ "-
- atw A/fr.amed

Requirements for independent reviews were not h _
. . j

Control of Instructions, precedures, and Drawings /Docu=ent.

Control
a,d/w i,**p W +.

The Licensee's, encineer'n: did nc- develco fermali:ed.
M*" < f #- m procecures o'ccmply wi-h eard QA program ;v .7 -

.

W '''' requirements
fors m or we w -

. ,Sutdated drawings were used t: establish seismic criteria

jaNagrams in lieu of release drawings were used -- a
-me mm

3
contributing factor to the seismic problem l

-

1
;

- 1

-

.

,.

( .j-

|
..
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s w ee n %em
Control of .t;h::d ";;;-ici, Eque eat, 'ad- - -

.

%- . kes+
h Veces comNCbSProceduralized activitiespere Eking to control.

att interfaces with,sube:ntractors
cr>ne

. Informal " letter-type * contracts and documents were.

used
-. .

'

* Service contracts were not treated is 'fonnally as -. .

hardware contracts- -

Fonnal quality requirements were not placed on some.
*subcontractors until the late 1970s

b. NRC's failure to Sell QA as a Management Teol .,

.

A: ';r :: th: J-- =- - = ^ zod , the NRC requirement for
<a m ed L* ew =

quality assurance,same-acrcss as just another requirement. The
emphasis from NRC seemed to be on externals; the trappings of a,

,

QA program, rather than its subetance -- develop QA manual, de W"I,n u, at/ w y 4 ks + m
set up a QA organization NRC tended to lese sight of what.it pg,y

-h was trying to achieve and failec to provide adecuate guidance on

what a quality ? Aassurance program should be. #ac Ar/ed (= /epec&-

1fains&QQh i r apa r ted ssy a m e . d.A r u m _, ga <s ce vi ve n+w ,,, n e m m e~i o.,y

3# ,e
'

c. Long Period of Time Between Ir.csotion of the project and Operation
- - As previously stated, the period of time between the issuance of.

a construction permit and the present has been abcut 15 years. .This
'

- long period of time greatly ir. creased the exoosure to changes-in-
---- - - technology, to changing regulat:ry requiracants, anc to changing --

.

'state of the art in technical =atters with the attendant opper-
tunities for quality failure.

|
In addition to the assess. nt of )rimary and secondary root causes, the |

Case Study Team's evalu 0 Generic Indicatcrs of Quality. This
- evaluation is conta in Appendix A.

.

.

. . .
,_

;

!( .

-

..

|

|
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. II. ROOT CAUSES OF THE LICENSEE'S PROBLEMS WITH QUALITY IN DESIGN

3ased on the Study Team's evaluation of SRC's files and other de:umentation
t....s. s

regarding the Case C Project and discussions with and, interviews of cognizant
NRC, Licensee, and contractor personnel, the following are :roposed as the
primary and secondary root causes of the Licensee's quality problems in the,
design and cons,truction of its nuclear Station: -

.

*
. _

.d a .s a. u % pe. ,,,...pto a a, .s h srur4s.. ! .t.*M, 4%*
.

d a4 " - m -5 -t M l. *** P GA. Primary Root Cause 2 5 ~A - ~
le <,'. I . . . j

. , - . 4 .- r e r
.

, ., .3 4 (.ej
*

The primary root cause emerged out of several factors which, taken together,
increased the likelihood of a design error. These factors include the
pressure (whether real or felt) to complete the nuclear station, infomal'*

.

ce=unications across important inter # aces, an inacequa:e- application of
t . ., u . r v.+. .- 6 m v e.. A w acuality assurance / quality control A the design pre:ess, and :n :t. c:ph:r: -

c. ontention between engineering I>n<e ca he,< if 4 ns.e t *uatchy a.c, oar,euu ob .m.ninc, w o.wr 4" tha 4p f-quarity-assurance.= - 1y

pn, e,.4-> e s .

Reviews and audits of the project indicate that the sta: ion,.as-it. existed -

in 1975, had been properly and corre::ly designed and c:nstructed. -The
* - seismic ~and other analyses (at the taen state-of-the-ar ).had been cerformed

to the correct configurations and bases. It was in the. reanalysis after --

the essential comoletion of Unit 1 ir.1975, prem::e: by new seismic
assumptions, that the design error previously described; occurred. -

. rc= the issuance of construction pe- .its for the 'icensse's nuclear statier.:
.

: the present time was approximately 13-15 year:, a&.; tris-s ati:n e-ne .-

of the longest, if not the longest. in the construe icn ;rocess. The large
1 :unt of rework resulting from son:m:. .m n

.v'.

2 <-r.1che qi grecuire. ants, c:uoled
et
nn
p.. .. u. , , , ,h + , ,. . m pe <<f,aud.

witnturnoverinpersonnelandincreased-n.~.~.tfactiity ::s: . r.:reasec :ne reei
A .

1 (or felt) pressure to complete the facility. As a 'acility nears c:mpletion
o. ,w.

-

n i<> or is in a prestartup condition (as the Licensee's station was in the mid-.a
a.-

w + 4', . t ,,a 1970s) and new or changed requirements arise, there is +a e'er pr ::nt* .
4 c - o h ,a + u n e +1v a-.-j

-

-

tendency to shortcut--precedveer'and to fo?.. lize action later. Such
,o . . , . r . . : , c, u, , , , s . , . . . / . . ru , ,, . a p , . ,. J.,, n ._., |a .

conditions increase the possibility Of error 1

4 ;<

i
i

j .
-

,
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Another factor which contributed to the problem was the,e ~ greater use of M -
.

consultants and engineering service c:ntractors than had been customarv
a. -<v.u% aGn - n u m .u.J -

Thes: M.t wtdpw ev :,L 1 fed * interfaceon the Licensee's other generating pros,ets. j
v ss e ye va L-1 m eG-a. ve u . <.s e u s ,->a-~

problens g<aThe-nled-foreddition%a e->exoertise-came-wi-th-the-nue4eer-reqdre --

ms%and-this-imposed-a change Wthe Licensee's engineering staff,was-a -
accu -~ " *cr-opere**? There see.ns to have been a tendency to extend the ..

a .e ec .

ir. formality c mon in close-knit engineering organi,zations'te,these, outside .
*groups. Customary controls and review processes for dealing with them

m,..<.. .

were not, effectively applied. These interfacing problems were increased by
the g::gr phi:Wproximity of the consultants and engineering service

I,
contractors,( w Lie,ee .a greater distance might have rsquired more fermalization of

,

c:=unications) . ThuTEmm.e end-it: consul-tants-and-contrec.ters at: e -

fut- far- enough-removed-fron4he -cust=ary-l evel-e f- i-nformai-ity-to -prome t : -"-

ts-c o s tetl+ty-of- eree dad-mi s u n d ers ta n ding . 8-
'

'

*
.

A well-developed engineering team which relies . heavily on informal comunica-
- tion am:ng its members has both advantages and disadvantages frca a quality

assurance standpoint. Such close con.act generally contributes greatly to
'

the quality of the engineering work. At the same time, it can create*

practices'which are not appropriate in dealing outside the organization. ~
,

'

Geogrs;hical separation generally requires a higher degree f formalization
in c:=unication. Geographical proximity (working in the- same office or
building) can result in items being discussed sufficiently that a c: mon
'ur.derstancing is reached between the :arties invol.ved.. In the Case C

- Project the practice of utilizing 4dinformal c:municatiens' with key
consultants located in the imediate area (city and suburbs) develenad;

the distance was probably great ancugh that the : ;;p./ of.:p:ossomotrea6s n. s.a m s en e a s lu
. r.; t

.;u)p A ,),
"-ncaater,A

requirac to reach full understanding -f key pein s was probably "-Q-n* 'e

'

.

'
.

.

.

.... ...... . -- ... . . . ..... .- ,........

!
'

;
,! .

.

-

: .
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One of the comments made by the Licensee's staff was " engineering viewed,

their consultants as an extension of themselves." (It should be noted that
the Licensee's staff assigned to the Project. Completion Team has been
physically relocated to the A-E's facility). While the problem of inter-
face control cannot be considered the primary cause of the diagram ~errer
that occurred, it was s1-eega contributing factor. The error is indicativq .
of less than adequate procedures for design reviews and comunications'. *

-

* - -
.

. .

~

During much of th'e project, the application of quality assurance /. qual,ity
. . . . . , .., . .. . ,. 4 s.., u e o e. ..<,u , . ,. - ~ . 6cm. a c.,i, . , s. .

control (QA/fC) to the design,. process was not well understood,. I-t ;;; e

puctic;d in-the-traditional- manner-of design-asinov447 Changing require-
.

*

ments resulting in redesign, coupled with turnover in cesign perscr.nel not
familiar with all the ramifications of the original design, make the
application cf QA/QC to the design process increasingly important. The

the .% n~3 aa % eevolutien of the 10CF250 Appendix B
a-m

matter i:e Turther complicated
criterla and it:w+i v img - km."4_nesi r uring the meetings with the Licensee, its

~
- - - A-E., and the regional NRC scaff, there were repeated cc:=1ents with respect

to engoing problems in interpreting 10CFR50 Appendix 3 criteria and their, w. y a.,

applicatic.n to the engineering process,4-3In :dd,ti:n,"t:ncerns about
_

infringing on " professionalism" and " creativity",= : egres;;d*' These

considerations, plus the fact that the Licensee's engineering orgnization
was very independent, contributed to their resistire tYb:90 n$f: ~

Gwa i pv o c.ch -v'e s .
'

, and/or understanding of, quality assurance,in--pet tr::P There also see:s
to have been a tendency to require, er at east receive, mere stringent

Dec cuality assurance from contractors than was applied to in-house efforts.
Wo"I Thi; w:: verifted by the NRC dw+ng ir.vestigations in late-1981 and early
g t .{ e b w .y na n.

f 952, -we: :: as found that QA practi:n.~..~,. 9;.;tia.; c:r.tracters 'es in ::ns
crgani:atiens were better than those :::d 'n;;rn:1:j in the Licenses's m 3

' organi:ation. It is not entirely clear whether this reflected a difference

in the Licensee's requirements, or a difference in oractices. NRC inspectors
,

_

ccde the observation that the Licensee is " tougher en its contractors than
on itself." This attitude may have centributed to the apparent success in .

assuring quality in the onstruction effor.s, since essentially all of that -
.

: -

*
.
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{gi work was done by contractors. h e r the-apo1i:ation-of-quaMtf
Le +M: anuranct_to. constr.uction ac.tivitiss-has-been-quits-well -understccd anf~' -

.$wtg*

Aas been-implemented much easier)yThe significance attached to thisv '
.

['' finding is the possible reflection of an attitude; ve*4'-M:Mn

( ' '"h
~

engineering -- an attitude reflecting some degree of professional arrogance
' ' that "we do no wrong, but we sure have to watch out for those other guys."

[,u "* k The major quality problems identified to date have been within that
..

-

1.,. t e organization. .
,

,. _

.

The engineering deficiencies discovered in September 1981 occurred during
a time, ironically, when quality assurance appeared to be undergoing

,

significant strangthening within the Licensee's organization. In September- -
1975, the Licensee hired .a new corporate director of QA who was

qualified, knowledgeable, and)a gressive. During late 1976 and 1977.+,d.h tn4 J |c

the QA prograr, ' as -overMMs - and a new QA mh program was teamed in
.m

'w

1978. 24e t,he Case Study-Team-was unable-to establish-the attitudes anW
..4-y W ,. #A9 ra.lationships between engineering and the new-quality assurance-directorp

s be.,& m io-1977, it i: :uspected t"t- the r:htten:hi; ..a-sometMag-less t* - * !=

I' T,a sendt miye. "(The new quality esturince directerwar rearsigned irr We,

$ 3 februst.r 1-9g.JIt : '''""'Ef?:r tIIat the appiication of awee rudiNntaEy
~

-Wquality assurance practices for design cocument control :: th:t ti= should :

i(have prevented the error that occurred._ _ ._-
.,

- - , - - -
__ . _ . . - - - _.

,

- To suc.ari:e, the primary root cause was the failure to ::anage-ce=aletely a- '

project that is large and complex, and the failure to plan.and-effectively
imolement a management system embodying all of the controls.necessary to
er.sure ::r*ect c:mpletion of such a pr: Ject. *here were several factors tnat

un w vr lc
g,_,. ,m ,b n L e contri:utec to tnis primary root causa. The Licensee had a y::t a ds_e of

c,. . 4.+ .u
.. Ea

secur4ty with respect to its engineering capability. A: pr:;icu:t : tat:d, U
# M0 the Licensee wes.J bemsuccessful with varicus types of generating projects.A.

%.,i.L,,o e = 3

., p What had worked for those projects was assumed to work for its first (in-
house) nuclear project and, thus, the project was fitted into an existing .

structure which carried with it practices not apprcpriate to nuclear work. |

|
,

| i
-

.
- .

.
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The engineering function in the Licensee's organization was very strong;-

strong enough politically to resist ::cres:ful[the imposition of management 1

controls that were required elsewhere in the company or for contractors.
p.* , - t -

Furt.5er, :ince}any eL-tht. management,had come e ,the engineering ;

function; they a preciated its capability) Mad beeEn
'

ar,t of its good .vhs -1,-m..wam e,

a . .

performance Whad not seen a need theft to MO:t .:trict quality -

y

0 cler- tht(the atmosppeig and regulations {
controls over*it.' It i: 21:

for construction of a nuclear powor plant changed tremendously since the
late 1960s. T':[: : p-b:bly : f:ihrecr.the-p:rtOkheLicenseete-M M

bve completely underst5Ed the implications of the changes as they were occurring.

' Further, and AI previously stated, the Lic[see was within a,

b < e * 'a> * *' d few mont; fbringingtheplanton1ne/nseveraloccasions. Thus, actions
J*I that the icensee might take in a 1 er run wculd be different when it4 Lr s /

appea, red that prcject completiori would be imminent, and no new nuclear plant:,-
/

wer anticipated in the near term.

/
3. Secondary Root Causes

* Based on a review of referenced materials, discussions.and interviews with
- 'he Licensee, the Regional NRC Office, and analysis, the Asse+;%.t Team

.

sv -
-.

has identified three secondary root causes of the design problems experienced
at the Licensee's plant. They are: 1) failure to understand and appreciate -

the potential = erit of a formal instituticnalized CA program, 2) NRC's
failure to sell quality assurance as a anagement tool, and 3) the long

-- - .pericd cf time between inception of the :roject and ccmpletion. Each;is m .:
discussed in more detail:,

-

,

'

, i

_

-
. . . ........ .

,-

| :
'

l

!
,

..
-

N
1
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|
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1. Failure to understand and icoreciate the cotential merit of a formal, .
,

I| OA orocram. As prefice:ly :tatedTthe Licensae had a hi
organization r .h nny successfulkjn;ine: Mag,pt.4w

ghly capable
g ,4 ua ww= .gprojects,beMn_ th: . ~

4. Ae s

They had,made-an-affort'to organize a quality assurance (nregram befo.a ne+re+ w sea ~ .
the requirements of 10CFR50 fppehdix B became mandatory 4 The Licensee's +sua t. Q w , a<ks d na n~v pv 3 *e

es qd gec_ 'qsality3a.nd that, while theperception was that th:, :1.qy: h. ..._

new requirement;sdeeumente iiight change some things, it would not affect ~9
,

the underlying bases for their c:od quality performance. Consequently,
< , a a i.c e LA Jw w..A 4.

the early programpa: =r: Or 1::."a documented or proceduralized e~ceep e6
ettempt-at e.eeting the requirements. It did not significantly affect

the way that the Licensee had been doing its engineering / design work.
.

I The tttTnite5 pest eieri:.w.e e Ji unstruu.ico eneMed the; t; pncW - '
.

L) << L L " '' G With the necessary canurwis in piac= and qualiTied p=vwie tu n.6 the.a' --

cl*ke the. m.g .# yvnsr71aTTt3 we3 8oid hat," :r.d '207 "e" %'' "w.w s wu.ivu w.

$"he-wcei

te- :t:y eu* Of trouMe-and get -C.= Jcb-dcMNetrQA/QC requi. .m.6.5 #~
- i-e.e 4 coed. When seismic (or cther) prcble=s arcse, the-Licensee
'

- reacted as any concerned or cor.scientious organization would. If a

mistake had been made, they were totally willing to make.it right. -.

A - he d A. --
7_

The ney roject Completion Manager (an A-E emoloyet) said that he hadP
*

rtviewed the Licensee's quality assurance program in great depth prior
-C,m-w -+

to,f:m; the Project Completion Team. He nc:ed that-the-Licensee's w lcj
program had Mweaknesses , but had .. _ _ _ Y.. . E.... .n. .b_ ....E.... O..v.U

.

pvoy:ec4. He was concerned abou icosing a r.ew ouality assurance..h: ; r; .-- g
.

system (the A-E's) on the projec: a: such a late date. In:the end,-

however, the A-E's quality assurance ;rogram was adopted,;even thewgh
tne Licensee's engineering proce:. ras wara .aintained --

- that the Licensee's QA program,'ree4ed--the % e4h6
.ha e & w u t-

cepth-and- understancing"-
tha't' the A-E considered necessary f:r a nuclear plant.

I

_

The list of ob91ous QA program dr.ficiencies flid th'e key indications
j of these, deficiencies were described ,in Section I. C. -

.

_ . . ,

!

:

I
-

j.
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c, --

-

,
.

- 2. NRC's failure to sell GA as a manacement tool. As far as the Licen:ee
was concerned, the MAC requirement for quality assurance came across

mzc.as just another requirement. The emphasis from NRC seeraed to be on the '

f^
trappings of a QA programfrather than its substance Fdevelop a QA )

' ~
f

g fmanual[ set up a QA organi:ationgNRC%e'[Yo lose sight ofgp
p ,4rd was trying to achieve. ~ NRC inspection emphasis seemed to focus on ..

[[ operations,rj then en construct 1 The message conveyed was tha,t ti1e
*

-

/ most imoortant.a.rea was not design and engineering, because NRC did
* *

.: - s a .dm w e t w n.s
not effectively regulations or inspect,in the lesign.and
engineering area. NRC failed -to provide guidance on .Iat e quia Ity4. si.5w 44 .a

w

assurance program she"1d d It did not hav Iteci nical strength
*v .re e d .,-.

i'' 5"##icient deptN to provide effective overs 1g'.ht of design and
'

b
engineering QA programs.

3. Lencth of t'ime between inceotion of the oroject and coeration. 4s-
- -.

pneu4ous4y-stated, the period of time between the issuance of. a
.

construction permit and the p sad [ tales about 15 years for Unit 1.
= c c

** wit t
Omv ew

This long period of time greatly increased the exposure to the: normal.

3
occurrence of events, to changing regulatory recuirements, and to

_
e, d..t-a, & a.ar

changing state-of-the-art in technical matters- 32,. Pol 17ti al tlimates snd
n ._ . . - u.-

poolic perception,cher.ge(EiHjhs7es4NdJiEmoved-to new 'obst
]1, Manysef these factors contr+bute.c b.,,,.. .. ,,

.. Redesigns may not be as
4c s > - , .~ - .. . , . ..,

}

.
.

redes 4 n.9.( ., a. . . . , , . . . . . . ~ . -
.wa' completely--rev4ewed. as original casign efferts, because the personnel tr. -,

,. ,,.c., . o . . . .- : - . +.s... m. . ). ., -
.

aes-sot--the-same and the scope of review Js general 3y less.90ne of.-
th'smajorcausesofredesIg a's[[n"irlg% seismic trielters".* Initially, .

~

experts with impressive geological and seismological experience
"

:ostulated the kir.ds of earthcuakas ::st migh cccur. Tha ., . ..
' infor=ation was given to the Licansee's censultants to describe the

,

[ loads and seismic response crite.ria. w.rc =cs-nc grce: spee4.ence-4n
'

The
a _ ,, y ,.. -

- s n .- --

D" Mc- * soismh: matters'in .the:Licenseetr creantzation;* and therFe: -- 3 d " ct--
4 b

.
- .- h-

p.o scopetof the work-thatsthe-4fcensee-speci-fied for-ii.s cessithante, The
d m >'9 %'>
j ,New data we & *4 ~'-6{ ^4ame c. seismic field was developing very rapidly re developed en .

,
.

!

*
.

.
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faults in the plant area. Data from a seismic event in the region.

result.d in the Licensee's plant being designed to two different types
of earthquakes; a design earthquake and a double-design earthquake.
At-that time, no one considered-the-acolification-of ver-tical--moticr.. *

Even-in- 1976-and-19777thr eafMe: methods were still-sta-te-of-the-ah 5'- -

The ,Acle-concept-of-plate tectonics ca.e-into-be4+HJ-during -this peMed.t "
Other e.sjor causes of redesign were the aferteention: drown's Ferry -

m m ,.,e m e ,

a [2 8 e.fire, the TMI accident, and other changes in NE re 1 This
frequent retrofitting r-::c.c s-J the-4 css-of-c:cale on the-project _*-c mmM

ult:d ia- , ,

*'and-difficuit)rin-bringiny neW t'ryttyees u;rto-speeFas-turno,ec
ec urred. A' Of the:e f:ct:-N:ntributed to a climate conducive to

*
.errors and quality failures. -

I::. REMEDIAL ACTIONS TAKEN TO CORRECT (TURN AROUND) QUALITY PR03LEMS

The major remedial action taken by the Licenses was the for.ation of the Project

-_
Cc=cletion Team. Approximately 275 of the Licensee's engineers were merged with
ab:ut 500 of the A-E's engineers to fann a new project engineering organization.
The design and licensing functions were merged into the Projaet Ccmpletion Team.-

The project engineer for Unit 1 is a Licer.see staff =eraer; the project engineer-
f:r Unit 2 is a': A-E staff member. The Licensen's chief engineer's stamp still

*

appears or1 drawings and its disc.ipline engineers can ask for documents toL , 2 .~. c i . . . .u
ap;reve, though[they appear to be In...--evolved in an overview function. AF

484440usty TTINt C: :plet4crt-Teem works t:-the-A-Els-ou.;lity-sestr/eneP

w::W and SE ricenTae'T ungtne]ering manial. .o.he ,A .Emas--assessed t.ie foregv!
Tu .w e . ,, , u,,, +a <a~ n -

.w-te a is . i a."e.cto75Farrang; .~. 4 As the plar.ts bec me cperational, the A-E's' -

|
staff will :hase out and the Licensee's s aff will again resume % esp:nsibility |

#: - engineering.
'

..

_

.

J*

i

|

| ! -.
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w n. i g d-

The Licensee's kk- PresidenW=ingineef4ng =d :h. coment,,that the trans- 1.

ition to the Project Ccmpletion Team was difficult, but it was a good learning
experience for his staff, which had "beceme kind of hide beund."1 New that they
ara working with :he A-E's staff, they see a much core alive and responsive

m wedIcrganizaticn, ene in which cecisions are made 4t1cs'ilevels,3apprcpria:
'

managementhrev4swrand work is' pushed forward witn considerable aggressiveness. . .
He said these thitgs were good for his staff to experience,and it will,be better-

p for it when the project is completed. (He-comented en a a"-Mr ef-preMe-e*, "-

b# mcstly persennet reiratehthat-hed-tr4sen-as-a-restrft ef this -integrated-metrie-
K.

l organtastioM' '

'

.

Ance:r : tica which the1.t:vnsna11ar-takan wii identifies by ;he 'rejeet ~-

. :..

Mana(eF IOF Uhit I. Et itid th the Licenses has learned that it isa ,

important to review censultants' work. The Licensee had retained a large
. ..

nur.ber of consultants -- pernaps 100 cr more -- and the Licensee did not have -

r, i . , n .

adequate manpewer to revi,w all of the w:rk done by co,nsultants.o.e The need for
4 ...,..p .o , .. % -

tue Licensee (cr Project Ccmpletion Team) to new4ew consultants' work has new-

'' h*been clearly established.
,

"h Lf::n:::'s ".anyer of-Nuclear PoweHperatica; cemented th:ghe Licensee
~.

.t
'

n:w realtzes that quality assurandeM envelope of management-controlled
dprecedures. He-eafd 2h ,,i.f they were to start a new nuclear plant, they

ha s%M.
wculdensurgthattheentiresygtemwasjnplace[t".je n"s ''_.y....._l. ".,i..M 4T. I. L. .*.fm ".'?_T. !. _ I.,,77..t_2.%'b" wc u . .N. "- 11 c rga ni:n-

-

_h-
#JJ" _7 h.5

.

3 .< n n.. .- __._ - .... y..., . . . . . . . . . . . . . . -.g i .

,a M w 'ame -"chwheek-rei nvent' rag . They- sta=*-d ~4 * * #ew-of.the re; @ ed -

d e l*b prececures-and- then flooded tba at;; 12 rico es withet.1 Hire'- ;n;'; t take---

)d ca.r.aaf -the.t. . The QA guidelinenhad-. see ec te ' restrict-tne-cencuet-of-ssswe4ag-
Ars> |

qualf-ty-anc r - ut rit--was-resi st::: . -0A, nu asis, > > ae s a- Nac;ica inc:;; .::n- -

1

o'-;... w k thet-one--is-respcas+Me-foMee-44--somethtag-th44. ust- S iMagra. :,s
I 4 m Os- teame -QA cannot-function-wi-th-4veryone-teta-11y-independent-

*
-

.

Muctations are not verbatim, but they are believed to convey the meaning intended. -

|
,- l

_

.

. |
-

'

1 -

| |
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:V. GENERIC IMPLICATIONS
,

Sased on the information reviewed and analyzed by the Case C Study Team,

several possible generic implications, or lessons, emerge. These are high-
J

! lignted for each case study to provide input and to help form overall conclu-
5 sions concerning factors which constitute important elements in nuclear plant

construction quality. The first four address Licensee implications; the last -

~

three NRC implic,ations:

A. Nuclear ocwer olants are complex facilities, and.Lfcensee management must .{
acr eciate that fact. The engine:r Y desien and construction oractices a - W

#

acolied to fossil fueled olants are not aceouate to assure cualitv in,
*

nuclear olants. Licensees which have designed and constructed fossil-
fueled power plants only should not expect that that experience and technology
along will 5e adequate for undertaking nuclear plant construction under the

'present regulatory climate. One differente may be that thegicensee's-
/management must be ;;r;;;tiv: : d kncwledgeable about how to. achieve quality- -

~f in nuclear plant design and constructicn. A ::=itment to mulity bye"o ,
-

,A s.M management-is necessary;-but not sufficient, to assure-quality. (Almos* A
h without- exception, tcp management. =aintains-a pro-qual 4ty-staM[#

,

("is no cuestien that the Licensee's management wanted a quality facility. At
the time of the Site C visit,'all indications were that it was achieved as

MMb far as construction was concerned and, apart from the seismic design error, }

fN it appeared to have been substantially achieved in the design.1 All this
seems to have beer achieved more by :revicusly learned gcod practi:es_ thang

- by the application of a formalized a:proacn to quality. lyW lackW
Q _ _

y Tb. Lu d.se e

4t was recorted by the Project Ccmpletidn Te'am staff that the Independent Design
*'erification Program (IDVP) which has involved about 50 personnel, had exanined.

the :entainment and other systems in consicerable detail. perhaps 40,000 to
5:,;;3 of fferent items had been looked at. Only 53 neeced a more detaile: analysis
anc, of that number, only 8-10 were classified as legitimate design errors. M4-
.sys9~ wMch. included-them were-judged-capable of- performing-thefr--functions- .

" siti sfictor4 Ty-- or &c /c.g L h nta f o de-3e t ervns> Hnt6 **
O YMM k bt 6 kh *SN ~5'][nt 5 e & >+ ct bo $tet V6 6 VV%

i 4 t}e f-c6t-e::- -s n G r.s 4 e h / q .ha pm (.,, m , wy
-

| .

'
-

-
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.t h!-

en understanding of how to institute a pre:: tire", quality assurance program.

^ s-a a d1 is the deNgn procdss,eu+ vel 9ex,even tnough or perhaps because, much of the manage-
m u te e'4 b-

V @1
g

J | ^

# ; ment came out of the engineering organization.3\ qey+f*="v mthe ,es+9n-pr-occss , '
p IS

"
.

had cmtfidence in.it,- but-apperentl-y-hadr9-t-thought er expressed-how-cajor ' '

p & lase-s
quality cgrr;;s could arise-4 e.,-where-the-weabpoints-were' 4n the,wla'7lo r,m & <=
des 43n-pregess)." The NRC 5egional office also indical:ed that there had ' ..

3
. been air ongoYproblem in interpreting 10CFREO Apceridix B sr4teeVin <.M

h J.3 7 u c .*e a.,
the# application to e gineer v. pree.e .~he Chief Secu: ivc Offp.+vs - +1.cer-noted that

. .

,

it was not until the 1973-74 period that quality assurance was actively
t

considered for application to the~ design processa=c4 that time, much of3
the design was completed. Since quality was already thcught to be part

,
'

. of the desicn (and apparently it was) it was considered unnecessary to put~

va o ne~e hw cismin a Uyf: rent quality assurance pr: gram for the remaining work (which
e

| proved to be far more extensive' than thought at the time). The fact that

the Project Ccmk~etion Team a.dopted the A-E's quality assurance pregram it aaoy/=l
a. . e- w e n

indicative of the, Licensee's lack of understanding-('or-perhaps -procedures}"
-

# % of-hc Mac,epplGAy q-ei44y to the design /-ccastructica.,.' process for: nuclear :
t., . .m

plantse n&ad " P ~& *.

[ eN,-::e {-m , p i ey c.4-
mu p, owM-/.s e 4- u o .s

w t< i < te tis' nsle : .,m
e ri e s 4 r. 4 w iA k c h <* pe b e l Vh.

A licensee needs to understand its cwn)corocrate limitations as it under-yg[
m

takes a nuclear ocwer oroject, andDet-:;:r:tas i;5 a: abilities. The - ~ .L.__' O_,',- -

. ..

_ capabilities of its contractors must augment the licensee's E#~
A

1ac tL eG e m b -4 'n
, experience or engineering, procurament, c:nstruction, and management.ce u=, .,w_ m

n
-

.

j s g i w. M r. m e ,v6. . .erw. , |

inar.scuac.ies. The Licensee recognized its ,.ch of :x;;rti::.:nd, ::o"
8

- s-:::::?made use of a large number of consultants (Section IIA).. What
a:parently went unrecognized *wYethe evolving require =ents for engineering
su::crt over the life of the project, neesssitatec in ; art by changino

~

recula:ory_rg.cuirements.jItappe:r: that a licensee'.s engineering staff
b eet involved in be 9 ik'$: igd YNE4ena4-nuclear-plants- h&d " -'Ske,. . ,

h''''*'" difficulty staying current with the state of the art in nuclear technology
and regulation,bense ': engine; ring staf-f-involved-tr. : : ingle planta*

,,

A 61 ' is not as likely to assimilate advancsd procedures that the industry as a -

a wrtole has developed. -As-pr;vi:ssly statedrthe Licensee': " ice ?r:sident>-~
c-| Engineeringwde- the ccr:nent that the Project CcmpletioMeam-approteh*
presanted-a-good-le'arning experience for-his--staff?" '

= . . - . . . _ _ . - _ _ _ - .- - . . . . . . . .

M nwr-=pm
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A G~ Pev m w*\ '

''he D cject-Go'npieti:n ".:=ge."' stated that in h4::" # r experience d a "-
.

easvt.Uear projects, engineering staffs (A-E or licensee) did not document. nu
the design processj "ch as i s- done t: day,aad h t-Jhe Licensee's practice was-tw n. ma n a.<

3

M pical of the earlier practices. The "r:je:: C:.glet4cn "an:ger ::idP
-4t ,-

t%. e types of problems experienced in the design of the Licensee'si,.,,.-w-.+..., .....s

nuclear station have also occurredActher plants in,which the A-E has . .

g 4h been involved.4 Whereas the A-E's staff was able to gain appropriate
-

pM experience becayse of involvement in a variety of plants, the Licensee's
engineering staff was not. Ir the e:rly y::rs of-nuclear-power, it r!! * ,

possible to undertake-aproject-with-4-fairly-minimal- engineering-staff, 0 -
As-regulations continued to develop-and--requirements -were-more-far-reachingr 2--

,

R-was Ilecessary to add additional partennel with-greater speck!tter. A'
Those organizatiens which were involeed in several plants were able to

A,, t e W cmc,e d 61 "* c'**T
staff appropriately. Those with sir;1e plants p" 14, and had to rely
on c:nsultants' or other contractors.

evolohtm *I % " W W Nbo sac *ve m 4re Ynecyg
Another facet of the same problem is the Eb''f:p: cia 1hed aspects ef''-

4 w w ta-t.y.au < J,-

engineering. As an example, it was ;ointed out that,^th: ::::. . ty-esstreence--.

t o c r rz. 'ro A p$wde r. language to many :f -h: :1d:r engineers. Later proje: g ,B
14agvece.wa a new

ap 4. w. a.s.,
were able to m.ptg Appau 6e. rpm ate these requirements = ore rea ' woe. w

4 b th :t:ff: -:'.ich -d
w.,qpMto d the process-betters - Tiie ?r:je:t C:=p'. etic.a .Eg a--gu e-4rs. "'b H ov med *v 43 q+-% a. t u d v.a

ag u -sger P "-s-

oemestad.that-the-higgest-single-change-in-nuciear-des 4 9-has-beer. is._249
r- -

- - - ' Area-of. seismic technologys Th: "r:.'::: C::p':'': "la!ge- !!'d t' t t': =

Iis'aNcNn # @dYn all projects t at r. ave gottsn into trouMe as.farO(" S "' th
M* ~[ as cuality assurance is concerned. 7ne+-cenic.sn thread -i; . t.b l eng.' sf -
: all h t O the-oro-j ect. Long exposure opens the project to Iny potential changes

anc : slays and difficulties. he Li.t-seeT-he-sady--had gced g ty '"
en -ice . frame since the, job-began 4n--M 6.- As each of-the new t;uali-ty-
assurance initiatives occurred...the J.icensec .respcnded, but it.was more-on

i

less. reaction. During this period, as EC--(or AEC/ERDA)-improved its .

-

f
* '

. - -

- noi.o tel *
. neck sM .$2" pev-> me I

-t l+ * 94 4 44% a . w a a m L < a. A 4l'e
LE Uto {eu H

y +.m . <+ c-
ev&v cz. In< pem cel -

.

M % eve + eG pm n<ae(
|dh hWO e '
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N guidancer-the-incustry evolved-afso3-but-it was. difficult-todeep= bp ,-

-t Mo ,

w.ith-the-changing picture.-The difficulty is exacerbated oy the turnover- -e
of personnel over ~a~1ong period-of-time. Successful design acti ities

v .- ~-4sa aa s- - vn.4 m u-

require experienced personnel, but many-ef-th se-are-promotddrret4fe
,

etc., over the course of tne project, and-tMs-4ntrcdscasMhe possibility
.

.

+ ra vian , *a, s a H a .t v e . s .

for errorg because newer employees are often unawart of all the considera- ..o
4 . .. . , , . , - , ~ .

tions that{went- i'nto a, decision. } ,,
-

.,

_ - C.. A licensee needs to manage the nuclear oroject and ensure that interfaces _
..

__
between the oroject carticipants '(A-E, construction contractors, etc) are
creceriv maintained and monitored. A total oroject system that icooses

, _ __ ,

ffective controls and checks over all key as:ects of the oroject is
. . _ _ _ _ , _

recuired, including records management ar.d documer.t control, as well as
design, construction, procurement, c:st, schedule, etc. The system must =lo o
be able to acco:rnodate change. For example, the changing regulatory -
en vironment has presented the Licensee's engineering stafff'with moving -
targets that required change, but which M noNw skgnized or eme

im ?- 'r:da;.m.cx :.'.;.; I 3~ J accocciodated by them. T- . . . .-- - -

,a g ,. 44 ucm.- e n 2::.4=. .. 3 w%# c. m . , . . . , ... & n._ :. m _ _p,

lM' Ey-c"t9/c Officer-maintained-thet-theticensee"had 'an adequate-capabil4ty-
'' tn 4 4 ts nuclear-project -Secause 5f Tafgrgenerzdng-factli.iy pth -

in * % 1eEOs it m ner.assary_to-use-consu+tants far the cVericad and
ad.Cw w I mockThe large number of consuTta .ts,was .dif.arent tham h| -for Erecia!!y task.s.

e*:revious projects, however; !M ?! its::d nr''tr[the consulting rc.les -

m -s e c -e. - fwer.3 of limited scope and many-of thesa :iclepcd den, a. collegial ---

d.v. ma.-,
--

relationsnip3 his occurred in part because some :f the c:nsultsnts also
m-.ut4-. A m #ce the At:mic Energy Commissi:r. a-d it was assumec that they knew

what the requirements were. T.hujs.ere nas a lac: of formality in the
,

[ processes for passing information across interfaces [The geographical

;
_

proximity of a number of the consultancs aise hel:ed erode a formal inter-
. ace control system. It was noted tnat procedural matters would not have
been handled with the same informality if the sub::ntractors had been 50' -

:or # x 4.*f(e,it was stated that, .

miles away, rather than ,across town. 95:1L 5,!

i

there was much more formality in prc:ecures with a seismic consultant

located about 40 miles from the Licensee's offices than with one in the
''

I.

same city.
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%_ a
,. y a e o 4_, m ,. c, e ,*Arv-t af e4m c 65 us

prevtc4E.
was ne ragttirement er regulatic/. for an auditable trail. TheTh:r:

av . n e-w k , c it.
Licensee did not have ad ai.e man # t reliewalloftheworkdone

^ '

by its consultants / Md=+%
_ _ .

.
. . - -

A p, a dev.r. (.-p.< , et W i (a l ~d
As timespEv. , ged liceaziv, }regula.ti,ons be,.came nere c.omplex- J but in-house /an

. ......A.. 3 m- ..: 2 .-i
.

. . . ,, e , , , , . . . . < . . ,.

, gelationships and procedures,, continued-es -they-werefAs .mparison, ..
.

during this period many architect-engineer firms fou it necessary to -

*

apply i crea' singly large numbers of canoowerp ..eir. nuclear projects.g w
In the early days, the Project Comple .o nager (PCM) estimated 400,000y[ .

,

dk 4k ' to 500,000 manhours of engineering tim would be required for the whole
/ . plant (typical of projects started in Lhe mid-lg60s). how they are

,

project *ing ten times that amount. T.e i.icensee didn't have access to

| resources of this magnitude withi its staff. (A specific example was
' given by the PCM of increasing r4 quire ents. There were three or four
! engineers invo'lved in keepin rack of items hung off walls in the early-

to mid-1960s projects. Tod y over t.e life of a project, there are
' .probably 12-15 enginee who keep track of wall leadings). The Licensee's-

engineering staff, contributed about 250 and the A-E added another 600-to -,

round out the fr6 ject Completion Teas. -

_

The interfaces between engineering functions or operations must be . :

minimized and carefully monitored. That the Licensee recognized this. -
.y p . . , ,. .y....w

problem was apparent from th: Ch.e. Lec;.itive-Ohr"s coment that. .

moving the Project Completion Team ::gether :n three floors in-the-A-E'.s .:
building was 1mensely helpful in 'the :x=unicaticn process. He also . .
stated that there was no substitute for g:od procedures to monitor inter-:

) faces. -

..
,

i

.

.

,

:
.

.
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'O. The Licensee must be C0mmitted to cuality frem too manacement down, and
! it must be effectively cor=unicated by tc manacement and manifested in

crocedures and controls. It is helpful when the licensee recognizes that
an assurance of quality program properly conceptualized, structured, and
implemented can be an effective management tool that can be cost effec.tive.

'

If management attempts to implement a " canned QA" program rather than an ..

assurance-of-t;uality program, it can be seen as threatening to some, a'nd ' -

as an artificial laying on of another system by others -- a system with Ghich
,

one must contend, but one which has no useful purpose or function.
.

The problem is complicated by a number of fag ors if quality assurance is,
,

n,n m ...t.n e...v.w.m r+udbstance/there has been a long historyseen as a superflous system. For i
l-e .

ofAang4ng-requkements=en. quality assur/nce. Among the lessons learned
/

g by the Licensee was that, over a long peried of time, there will be
,,o g,1 changing criteria. There will be changes in the state-of-the-art and
eM* models, and calculational methods D ec:me $ 3 5m dic'Ited.

'
Events

b * will cccur during the construction life of a plar.t that will magnify 44 - r-L 4
,- u a,en .( \ev.t 4

errors, such as the diagrim,2rror, @ yuld have bc:n ::n:ider:d one 3-

~ a ,<.n,a,cc~ ~ sn.v t *
. L' twh way pre-TMI, but m :;n:" r;d ; ,cth;r ay post-TMI. -There is also, an - - -

evolving puolic standard t has secething to do with perfection of
technology and risk-free operation, and these all feed the Nuclear
Regulatory Cermission's jfrive toward raised standards. Amid all this. the'

comitment to quality must be sustained.

! /
. .-- ..

I "nother ccmplicati.ng factor was that :erscnnel in NRC change, and the
I interpretations applied by these pers:nrel changed also. The cement wasj

ade tnat in 'yG66, there were 20 safny gu' des and they were vague -- n:w
,

there are uncreds of regulatory guices an: they are written in considerable
detail, phat was the changing environment that a licensee's engineeringi

sta/ ac to deal with and still sustain cuality.
ff h_ ,

. .

J

a

1
-
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~

E. NRC needs to treat 0A as a manacement tool, not as just another recuirement.
~

As another requirement, the concept cf quality is.v.c.uctreated as just another
es-

A

system laid on the licensee. As a management tool, the concept of quMy' CA
assumes a much more important and useful role in the eyes of ma7agement.

' It tells them something about the. amount of rework and project cost, about
the projected reliability and safety of the cperating plant. NRC needs to

. , ~.a y. ,,,,,,, ma -u .. . . ,
stress this aspect to better acceptance of its QAdni;iativess'

,

' ^ ~
; .

. .

* *

F. URC needs to cay more attention to ensurino cuality in the desion crocess.

During the Case C project, there was no effective in-depth evaluation by NRC
The " ice president Of Cagiaeerin; :ta-te+--of the Licensee's design process.*

N. Ltc.u e ka ety < - p't. 4 . d. ww ~

tha-t-they wer: wel' thrauch-with the engineerino4to e.r u. so App r.lv 1970s .when the1n the ea5 mzasw v .Nv. v.-euw . Owhe-le-quality as:;urance>r egrr ef " % brought into the picture. art
as

of th* problem was the imprecise nature of 10CFR50 Appendix B a pmbles-whicire 3
ii tsenticwes. Jhis factor did not encourage the Licensee to ;6w.g,+;t :n- put in -0 _ _ ,. -

ahse QA program to handle the remainiMg*^Mto be done,.ahiRC did.not
lo s ea u > - Uss 4 i ms eL p m ee+ .

insist on it, either,pwtmps adented-thst-the-hitamsve,alvafow,1 sno-adc mIt '::a: ras-s

a @''aspecte .# quality-essttrance- A,pomA n.wnfun ng fac..v. .es-that-the-eady-
W . c e=re. A B vw.qvi< - -w&-s. So* vier

'

s 2 --s.

b e. -499 1 t <..A .e 4o 6-4 t 6s os b ( a " #
regttletions on quality- [ssurancedait-ttr apply-+t "as-prast4ed* as

. "
A -

far as Unit I was concerned.

w .r ....<./

It can be expected that may-engineering organizations,will resist the
' ntroduction of cuality assurance into the design crocess h r -ea:rs a -i

~

[ , ] ,, 3 _:.rsv4cu: F,' s ta ted . Furth;.I pc L..< Tec.a a.cdc ; .*

cc.wnent1 hat it ppeartd to~tW"_Ythe ticensee's encineeri o-orgerrizettenO-bie r d" "' ., , W a. t ,. . A . Aa s m,+ -<% vtad by . cease;'s - sccer
-- -a

:nnr: ras "orimc donaea."3 Th4s a--

,[c ma + d manacement, here is little acknowls:gament hgineering that hac te ter
QA procedures been adopteo, it would have avoided tne design diagran error.'

(This attitude does not apply to the project Completion Team).
_

.

..

I

!

I
.

.
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G. NRC needs to fccus more on the effectiveness of implementation of the.

; cuality assurance orocram and less on the tracoines of Licensee programs;
e.g., less on the QA manual, organization charts, where the QA Manager
reports, and paperwork per se. Fer-example, the QA pideliries for-des 4 rr9r,be
need-addi-tiona-1-evianatiefw There *.p*~ lack of understanding of how to

ap s
a

A .

effectively ( apply cuality assurance to the day-to-day design crocess%.a a A rph <o w ,# d A tla a. p.
W/ sAk h: .u. ,

Based an-the w.a
).~,.

resultEc* tha-IDVP ranceted by-the-Preject-CH--htir h=%s

Ojgs one-would not expect-to-find-large numbers of qualtty-related-proin..; i '
'

clM*4'' in-the-design process. Any design-related quality assurance program must----- -
{b*g J
-dc;l ith :liis TM. The design process may inherently contain a high
degree of assurance of quality.- Perhaps for this reason, it has been

=
.

difficult to formalize an ac:eptable QA program for design. Det Licensee 4
- .Ifb-,,Qf M=pr stated that the early implementation of 10CFR50 Appendix B. .. r

was panufacturing-oriented. That orientation, together with the perception

/ that QA can't 'be applied to the engineering process, are barriers to its
0gg , , y gg j adoption. die-noted-that 4* w=< very difficult--to -instill-QA-into-thec

, ,( 4.p* eag4nessing-peccess because-it requires -an attitudinal.: changer NRC needs ..;

44' to adcress the issue of assurance of quality in the design / engineering
...

# process.. .

n The Manager of Nuclea - r Operations highlighted the problem this way;
D ue d ~e* U

Q he said that the ide was perpetuated that, if one had the paperwork correct,

.f tes - one had a propey A A program. -

.

_

.

. . . , . .. . .. .

!

.. . .
- f. -

.

1

1

-

)
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'

/ . .

b. As part of (b) above, the Licensee would have to demonstrate its.

capability- to effectively manage a QA program. This is Ford Alternative

13(b)2.
.

f,p. Revise the NRC inspection program to 1) focus more on the design and

engineering aspect of nuclear plant construction, pnd 2] increase NRC . .

.- -
presence and capability in the regional offices to review design -

.,, .a s' t. <. da -. > rr p e e<~- A
practices part of the reason foroc.Np<C_'s, eailing to recognite thefseg j.

:.< e p * e m i,. u
.s a ,igarthat ..:d :y p ro c.o ne , |

s e,

, Rig. p_roblem was the lack of NRC ir.!?scters aad ae'?aaael . . rte t -_- r- .
c

* /,,vg r/} (-o for ofe < n, ret, r&ss o sere og ] f g(- sone-,e"m- +**e . .* e
4....+ 4-*a +

/,W /A.'I '.he-des 4gn-preedelis t h e as>>r W d M '' " '''" I 'W''' S ' A* "'"a

t i,s nn .+ . pi . . ~ o s ..

d. Expaiid the scope and de/h of the licensing review for the Licensee's
quality assurance p gram. While the Licensee met all the quality
assurance req nts in effect at the time of the design error, a
quality assur ce program review which included a review of actual

implementatJ n of the program would have revealed a weakness -in the handling
,

of desig data, especially that between the Licensee's engineering .
orga lation and its consultants. --

,

-

. . _ _ . _
E._Conditionine the Construction permit en the Aeolicant's -Comitments to

- -"

Sgomit o Thiro-Party Audits of His Cua'.1tv Assurance Procram - yes
-

The Authorization Act requires NRC to evaluate the following alternative:
13(b)5 - requiring as a condition of the issuance of cons
for cc=ercial nuclear power plants tha.pgi<<-g.-

.-nl truction permits /s w,,, t e is ,,.,4 eg.

aeyc:r::: U.tric+9 make other
arrangements with an independent inspector for auditing-quality assurance
responsibilities for the purposes of verifying quality a.ssurance per'or .ance.
An incependent inscector is a third ;ar:y sno has ns responsibilities for
tne design or construction of the.pla.a.t.Nhis alternative, as it a; plies
to this Case Study, h:: in n discussed under S rd fr.c i. I Alternative

w., .,

(C) above. It is believe'd that, had this initiative been in place, it
_

could well have prevented the Licensee from making the error that occurred.
A 54eple- review of the q,pm.<.r+e.,e <f ur,uality assurance procedures that existed within the
m.p, n< g . < e ..>,

-

'!design organization # have revet: led dYICE-
'#''" "

m EA* c/*o<r P'b|W ip (G , , ,n, , , a.f / /< / | vec ou had
:

'

| ..

'
-

,
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APPENDIX A.

EVALUATION OF GENERIC KEY INDICATORS - -
-

FOR CASE C STUDY
~
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V. INLICATIONS OF THE CASE STUDY FOR NRC QA INITIATIVES,

NRC has undemay or under study a number of initiatives which are designed
to establish additional confidence in the quality of design and construction

'

activities, to improve the management control of quality, and/or to improve
,

the NRC capability to evaluata the implementation of Licensee programs. The
initiatives are described in the NRC Staff Paper SECY 82-352, " Assurance of -

~

Quality," and sub, sequent correspondence between the Corr.ission and the NRC
staff. One of the purposes of this Case Study is tu provice feedback regarding
tha relevance of the various initiatives to the Case C Licensee's nuclear .

::nstruction project. Subsequent paragraphs take each initiative in turn and

discuss whet,her the initiative, had it been an ongoing activity at the time of.

ths Licensee's design error, would have msde a difference; i.e., would the
ir.i-iative have prevented or at least mitigated the design error that has been
disucssed. earlier. A more complete discussion of the scope and details of the
various NRC QA initiatives may be found in SECY 82-352 and SECY 83-31 "First
harterly Report on Implementation of the Quality Assurance Initiative." Most-
of these initiatives were discussed with the senior management cf the Licenset, .

't 15 tel ieCha t-they-egra: with-the-Stirdy-TeenFs evaluation-o#h-

, ac-iicabilitysof the -initiativekto-the casign-error problem. - --

A. Measuf es for Near-Ter n Oceratina Licenses (NTOL) .

1. Licensee self evaluation - maybe

This initiative applies to action tnat would take place-when the.
-

Licensee is in the process of receivine its operating license. It

recuires that tha Licensee examine selected portions, of the engineering

design or construction.j Had this been a recuiremer.t. it is cuite c:ssible
~ ~

5at ene of the design areas aucitec w:uld nave relatea to seismic
considerations, since that has been such a major consideration in the j

| desien and construction of this f*.articul.ar nuc.l. ear station. -Mes. |
4 n o .. , c. . 2 .s . ~ . e , v ,. . -t w 4 e. im ..v . . - < w.

-review-might have identkfied the error that actually occurred, ee&- d-
_

should have identified the generarproblem of design document control. .

/ licensee self-evaluation wow 4+ :er ni: san evaluation of the project
~ from beginning to end: and would ;ermit the Chief Executive Officer to

state that the station had been built according to its comitments. '

-v
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.

2. Regional evaluation - no.

The Licensee regional evaluation is an action that would take place
when the Licensee is in the process of receiving its operating
license. The effect of the regicnal evaluation could be similar to
that described in (1) above. The scope of the regional evaluation.
would have to be expanded to include detailed design reviewy G *f 6* be' -

*
w. cass c,a p pe. ar t. sv u, e pves t m . -

** -
. . .

'3. Independent Design Verification Program (IDVP) - yes

The Licensee IDVP is an action that takes place when the Licensee is
in the process of receiving its cperating license. The IDVP would
have applied in the case of this Licensee's plant in which the design*

.

and construction are essentially completed. Design verifications can
be performed at any itage in the design, but the most productive period
i's when the design is essentially ccmpleted.

It is likely that an IDVP would address one or more of the sensitive
issues relating to the plant under review. This would have included

'

the seismic problem as sp9d*'ated, under (1) above and, since an IDVP 4askov!J Lw/ ** k C,<:1* - e.L4 &S & % ''

pst,eMj more thorougg than either of the evaluations its (1) or (2) -

above, there is an increased pretability that the diagram error and
design document control deficiencies would have been found.

Design audit [can be very pnsitive issues; e.g.,,lne A-E may audit
ar.cther'g work. Care wogd have to be t i$airinghighlytechnical
issues befora ncn-tachfiical audiences.

.

I

_

.

'
.

! !

| R.

.
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,
3. Incustry Initiatives

' ''

l. INPO " Construction" audits - yes- m m e .'; >
TAis -,w N ie,.y,ynca94.w. , - .

But phase 2 part of INPO " Construction" audits now considers design.j .

Such an audit sh'ould-be-as-complete is E--licensee 4-self-initieted
audit It is qwhe possible that an INPO " construction" audit wouldj

'

have detected the problem that oc:urred in this Li~censee's plant; F
-

- z, wem s.
Eartainly it would havd identified the design document control

e
deficiency.

.

2. Utility Evaluation Using INPO Method - yer t -. 7pir .4/:.,ud b~.w
a .. e u w,

,

This' measure is basically a self-evaluati using the INPO methodology

devised abcve. It is. a design audit ised by INPO using self-
evaluation review teams. This rev w is estimated to require up to

15,000manhoursofeffortby
~

Licensee. The review teams are often

lead by representatives from/he A-E, but who were not involved in the
original design. The teagincluces '.icensee personnel . Such an. .
evaluation would have)dentified ::cutant contal deficiencies that,

oc:urr_ed, and possjbl'y could have icentified the actual error.
_

:. NRC Construc-ion Inscection Procram
.. . . - _ . . _ . . .

1. Revised procedures and increased res:urces - yes (if included design)

This particular initiative applies t: :ne cens ruction crogram. .The
deficiency found in the Licensee's ;:lant related te cesign and not to
construction. If this initiative were expandec to include design, then
it would probably have detected na :ssign docu ent'c:n rol deficiency.

1

1.

|2. . Construction Appraisal Team (C.AT) Ir.s:ection - no

This initiative aoplies to the construction phase; the Licensee's
|

'

quality problems occurred in the cesign phase.
.

1

:
.

i
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3. Integrated Design Inspection - yes- n~< o
,

The integrated design inspection is an action that would take place
when the Licensee is in the process of receiving its operating

'

license, though it could be done before. For the same reasons given
for the effectiveness of measures for Near-Tenn Operating Licenses,
the integr:ted design inspection would likely have. uncovered the design -

document ceficiency, eat ;;;id,have detected the,w 4
*.s, le de fy .4 is s t= i t. .evev U14 . . t m -* p '+ t .,

err.o r. .

, ,

. .

4. Evaluation of Reported Information - not likely

This initiative would ' computerize 10CFR50.55e and Part 21 reports,
facilitating trend and other analyses of these evt:nt reports. This-

.

analysis provides an additional cross-check on the quality and operations
at the Licensee's site. The type of cuality failure that cccurred at

oWrV
the Licer.sae's site is not unlike, errors that result from lack of
interface control. Possibly, the reporting of similar problems in other
plants would have been useful . to either the NRC Inspection ~.and Enforce-

rr.er.t staff or to the Licensee's engineering staff in looking_for errors .

'

of this nature. - -

- -

D. Desicnated k oresentatives - maybe

At-the time of this Case Study, it was unclear how the designated representa .
tive systen might be implemented by the NRC. Generally, it has been
cor.sicerednto apply to the constructi:n pr: cess, and not to:the design. process.

-- However, ths FAA uses designated engineering representatives (CER) who are
emolcyees cf manufacturers, but are caputized by the FAA to review and

! veri #y :ertain elements of design. Chere are also designated manufacturing

; rs;resentatives,(DME) who verify that tne ' assembly or faorication process.
is acceotable.) The DER could be used to spot check the design or design
process. However, therc 'f: ;w rj .eu;; t; b:li::: th:t his initiative,

( had it been in effect, M have unc:vered the design document control*

| deficiency that the Licensee experien:ed, and very-possibly the error itselfy
[ hae seismic analyses been subject to ER review.

.

.

1.

.- ,
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, .

| E. F.anacement Initiatives
,

1. Seminars - yes
'

Seminars similar to thote that the NRC Commissioners conducted in years

past, as well as' seminars by -trustabtility executives wh'o][ad design-
related problems would probably have been helpful in bringing the
Licensee's management to an increased awareness of' the importance of ,'

quality control treasures in the design process. -

*2. Qualifications / Certifications of Quality Assurance / Quality Control
personnel - no

n.1,M/ problem that the Licensee experienced did not relate to - theThe-

...t.- - ,r- t /,e

quality assurance / quality control persennel,were-e:rti'f ed :r as,.. It#

related to the institution of adecuate quality assurance control procedureg
>

. . . . . a : .%
W Q _ L .& r: m U.nthe-top-queMty, c:r.tre! ,,r.!;e-

u ~

ore-e z A#-Aih the' design process.
1th=t t % Licen2== auvicyEETniT7ifve Dean lee 37ggi 22 i vw _.i.imn de;ir:d , i t

-

4. s, ohnn1 th" repti-Meetien v.~ .4.wie persmmui woulo have chaged-tW
situation. "

-

.

~
3. Craftsmanship - no

d u-%The quality problem experienced by the Licensee dyd 9:t h=:m
. to do with

the training or skill level of craftsmen.

'

.

.

.

I

- |

.

m .

)
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F. Certification of OA/QC procram (SECY S1-26 - yes
,

Had the NRC initiative related to cert 4.ication of QA/QC programs been in
effect, it is likely that the review implementation of the program would
have addressed the design process an , more particularly, the interfaces
cetween the Licensee's engineering taff and its consultants. The result

r, s... u . s
wuld have been a recomendation r more formalized transmittal of - .

A *
*

.

infomation betwee'n the two, an such an action coujd't), ave prevented the -

' *
problem that the , Licensee exp ienced.fce.. ocevrrir.g '

'

G. Manacement Audits - mayb

Management audits coul have =:il,k, dentified the lack of formality in*
|.

transferring inforks' ion between consultants and the Licensee's engineering
staff. Having hig ighted the deficiency, it is likely that the Licensee
wculd have corr ted it by putting into effect improved procedures. -However,
had the eng eering organization resisted the imoosition.of improved
;rocedur , it might have prevailed. .

cwac e -- UA :

7I. IMPLICATIONS OF THIS CASE STUDY FOR THE 1HS. AMENCMENT ALTERNATIVES

Section 13 to NRC's FY 1983 Authorization bill requires NRC to conduct a
study of existing and alternative programs for improving. quality assurance and
cuality centrol at nuclear power plants under construe: ion. This Section,

<:. . , ,. . , , - . . /

called the Fee,t Amendment, requires NRC to look in carticular at the feasibility
r

and efficacy of five specific alterna.tive program c:ncents. - As.a part of this
analysis, eacn alternative concept was evaluated with respect.to whether it would
have mace a difference in the Licensee's construction program, had it been in
:la:e at the ti e Of the Licensee' constructi:n ; emit. E e:: th: :::: d-*

.4::usutnssurance -ini tia' , e,ach cf Ins hues alternatives was discussed
with senice utility personnel, pl.1-as-wi-th th:ir--:taff:. - -

,
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), A. More prescriative Architectural and Enoineerino Criteria - maybe

The Authorization Act requires NRC to evaluate the following alternativ[
13(b)1 - adopting a more prescriptive approach to defining principal

architectural and engineering criteria for the constr.uction of comercial
I nuclear power plants that would serve as a basis for quality assurance and .

| quality control inspection and enforcament actions.$n the case of the -

~

Licensee's de, sign, errer, more prescriptive architectural and engineering
criteriE^w'c'uId'n'ot have affected the Licensee's prcblem. No one could have

m.ve -ri n.
foreseen the seismic comf cations. However, if the' criteriTmewere expandedli a

tUi[edesignproce'ssYthenaera neerMpth: :ppr:::h =.14 Mv: "arer: :d"'
the design document control deficiencyr myh / '"/ A" " " N ** da |,

|

3. Cenditionine the Construction permit on the Aeolicant's Demenstration of i,

[. _ . ' ~ . _ /d-it.s Ability to Manace an Effective Quality Assurance procram -. maybe. _ , _
_.

The Authori:ation Act requires NRC to evaluate the following alternative: .

,

13(b)2 - requiring as a condition of the issuance of ecostruction. permits
.

,

for c cercial nuclear plants that the Licensee demonstrate:the capability-
,

of independently managing the effective performance of all quality.

assurance and quality control responsibilities for the. plant.*it should ten. -
! noted that, at the time the Licensee received its construction permit, it '

| was ainong the better qualified utilities for undertaking. nuclear plant
construction. At the time the construction permit was issued,10CFR50
Aependix B was not a requirement. At that t.ime, the Licenses could have
:cinted to its excellent record in the construction of:other types of. power

- plants. It could have also pointed to its performance in the operation of
a small nuclear plant. It is unlikel.dth t the Lice see muld have changed.w A b "A . ,, a h:< a

i its prececures sufficiently to prever.: tne type of casign error fro = occurring
A

nat resulted in the withdrawal of i-i eparating license; hcwever, the

p,,-wi..r.abrament for/a d%nstration hoabilit&if done today, would =r 'k=C-recu
y ~.e b . . po w - m.

::;.aed any infer.ality in the,+trsnsfer of informatien across -interfacesy_

> ss +.uo n n . , .,pp h <nn <r d < + :. ,v s a- M. 1
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C. Audits. Inseections, or Evaluations by Associations of Professionals.

Hay 1ng Excertise in Accropriate Areas - Manacement Audits - yes

The Authorization Act requires NRC to evaluate the following alternative:
13(b)3 - encouraging and obtaining :ncre effective evaluaticns, inspections,
or audits of comercial nuclear pcwer plant construction by independent

industry or institutional organi:ations based on best f*xperience and . .

4+' /f i s li d's t w / n'~
practices.NIf d:m et *ha n-ent tW audits by independent or , - . .

-

3 4 ,

professional organi:ations looking at the design process woul"d]have'
* *

identified the quality assarance deficiency that was inherent in the
transmittal of information between the engineering organization and its
consultantsp. W / /#d do O '' d' '''4*' " ' " ' I # ~' "! "

<'or /<< 4 /<f 4/rso' d by ,, < e. , , . . .<, o , , e t- sus / .~ f r S- so*
.

. i<. ;; < . m . . .i .a.<.- : 1 /as e t ~ r r. . i . e < .* ~ + ~ < .
O. Imorovement of NRC's OA Procram - yes

.,

The Athori:ation Act requires NRC to evaluate the following activities:
13.(b)4 - reexamining the Comission's organization and method for quality -H

assurance development, review, and inscaction with the objective of -
-

deriving improvements in the. Agency's progra::t. -

.

It is clear frem previous sections of this Report that NRC was part of --

the prcblem. The following changes to ';RC's programs would have mitigated
*

and possibly prevented the development of the design quality problems.

discussed earlier:
,

|

a. Mcdify the licensing review precsss f:r a c:nstruction permit to cover
*wis t.en d 'sthe E4eensee-s ability to effectively nanage a project as complex and

tech'nically demanding as the cons ruction of a nuclear reactor in
accordance with NRC recuirements. ~'he construc-ion permit review wculd

i w/v aled e r e v'o + s. d.need to have b::r fect:cd OMhe casign procedures that the _y:p/,,,w d'-- _-x;:: -

3 ,

preposed to use and its relationship with its consultants. A thcrough
. audit of the Yf:'5fd$'Nplemen ation f;r 10-fits proposed procedures

might have been sufficient. 7 /. - /<''. e . , r# /4 , -> ./ ,f f ,, /
js,,,r<, , i , s/<f li e. /-. a /fr e epp// m P de ddme w o 's *u

j, , , < ,r,.s u ,/, +ef Jo sM edi M Af J'M+rnepc m l/' W*

f t'b r f * '7" A o "|"dmey. mv nu 4 // n.cfer/s d

p.. . n . md . ~ svol d < k s < r a
[n ,, , , .., ,p. ,. , . , , , e . ( a -

. . .
'

'
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APPENDIX A
EVALUATION OF' GENERIC XEY INDICATORS

FOR CASE C STUDY-

1.0 Licensee is fully comitted to a procram for assurance of cuality

A. Project management appears to firmly believe that their plant has
,,

been and is being buiit with adequate quality, maybe' excessive quality. -

'

Certainly.*it is their intent to build a quality facility.

. .

This Licensee, through its construction organization, appears to have

supported a good QA/QC effort in the en-site construction activities;fws a.*dww . ->-,e.

howevet , this diligence has not, in all cases, extended to materials
suppliers. Prior to 1982,[sM ccu.itment was 2 S=1 lacking with

| respect to the engineering activities on the prcject. This is reflected
. u .. , - ., m

in the lack, edL management follow-up that allowed the violations of;

procedures and inadequate r;anagement reviews ;;;;= in 1977 to remaint

. undetected for four years.

.

Many of the management decisi s over the years indicate an attitude
of "do anything and everyt ng to expedite bringing the plant on line." .y

The. current. Independent 4esign Verification Program (IDVP) and establishing
in 1982 the Proj . , letion Team under an architect-engineer's direction
reflect this atti 'u e[howevoethe-extent to which-these-changes-reflect #'

'

at real cor:r.1t:nent assuring-quality rather than. providing " cosmetics" is. 7 -'

cot totally cle The apparent im:alance between "c:nstruction" and . C-.

"angineerin ' in assuring quality is considered :: reflect-some lack of 0- -
,

-c:mit:ne at the top levels of cor.: rate manage tr.t. r-- -

;

- -

.

.

1
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"" 2- W'- ,,a ,,,t a *h. t4,-ar==,4 37 .i') ;;; ,, ; i;,

--- 4

s.
CA/QC, prpgram,, t**y ;;:' 0;f, j;a eld-1 L.. j.as;. ;;';a, e..;iaae. n

e,,m,a , . _ _ _ _r-- -- __ ,,-g g , ,. _ ,
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w **. me < * . se,,+ -. e ,_ a m ,--nu. _.a+......<. .;v c +ro .s a e % .... - -..erea
.. ._... _

- - - - . - - ------ r- --r
u.

Co,r;' ora *a QA does6 auditriee6Mg6es, en a' periedic basis,4 ]
.. .

w- - - ..

E - _ .- - --- *=1 under e w en, v....-.. - . . . ,. .% n , , _ _, $ s < . ; 2. . s. _o -
- --- - . . _ . ._ . . . . , , .

** -j; cia;. YM t th:&4 *x .id cs; 3.,
w$ nues w .wdi--eygo.or fe . .J a 22r. 3 :- _

" -

g#4- sm dd is * r.s ::ma. na. pe < e r o te + g9 ha . . + -- 4 rM n e- u = r ; -:' 't:n.2.3 ;; bene
- - - - '

ff Vem4 4-d._ t- = *e _ (. ;rc,. .'m
psanyo es ee,ai er er y o e .s .

-h-u > - - but did aa+ c;. . .c;; ..
:ctn.n; .;ialy ; pe......... i.uis..on. The Licensee has taken enese. ode, Hem.. -,

care to separate quality assurance fr m quality control. != '..ifa;
w+.- <A-eememes the QC functiwn is the rsspensibility of the-emonaews-se m

''
.. n,i

+ r; r n-- :-; .' th organi:st{ungh,c ,.ia.; ^.e war < d;ne.F 4ere s am-

-

5.*%C& ;^ ^decf s** L ,e war
ama.many instancer v#e,et the engineers cid the design - .'

-'..eerm--'^-'g

'' -W everseNc.nstruction and, sche :r:y rwe a5 5 ,,,e &C;. . :.a3- ~ * ' "' s.
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un .;y'9Ma= '+-a.tarm usec :: descri.be 4he organiza---

;

*
_

';W : * ' -d th .,,

ha
- ts twcoj u mtien that ;.%rwre required * vs.yp%. ht r.:11; d'd 'yw::df At.
- .

- -: ; = ;..; -._ ., the Licensee neeEp has an appreciat'en ofi4, i pkes
~

.
'- -

i--
**d . 4/r *: :::d:x=; cf failwt te ==,&ent w..a s-w nd* *H !

'
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- - P *** == 'y Mye , ;;;^./waecu , . ; ;c;--ice :A/"C-f ani:n[ -~.e

- .
_

_..i_C_ . , .. . a. . . , u.. ._,,- 1 - ..a,s.s . . . . -- . _. s, . . . . u . m a_. .
- - -

. . _ . . . . .- - . . . . .. p. ... .. __ - ... .. .....,u. a = . - - .- - = -

--e:3 -;ra ;c L., .... , b..:.;; = :.=:.5 L.,u.. ...x:ax: :a- -- -

- - -

>..> .
_. a..aa.... n. .u.~

_... ...... . ...
.u a ,s 4.,.a .. ,.s ,,,y>

-- -__. . - . . _ .. . .. -_ _ -

*: te --i: m.% s,ui w han d~ f4e A-sk aL4
-

- ' -

/DVP < n'&~ A fhpon< .AW dd6
w w # A 'fwes"##ch=* R "hdb eMe Y ^f "* ,f(e Lice >vsoe

4, &/g &A me.drN-s T' 1

.. .

.

., . .

.
.

..

DRAFT WORKING PAPER .

. _ . _ _.



. . . . _ . _ . L J._. . . _ _ J._.-_ - . . _ . . .i_., ___.

' '''''

. .
_ .. - . . . . .

.
.

.

.

DRAFT WORKING DAPER-

.

.

3
-

-

.

2.0 Resconsibility and authority are clear 1v defined and :rocerly imolemented

A. At present, there appears to be clearly defined policy guides
udwith respect to respersibil.ities Yor authorities for nuclear power

plant construction and operational cuality. Apparently, good
' '

experience in designir.g, constructing, and ocera' ting other types*

.

of power generating facilities led the Licensee to as:ume that
similar procedures would be ade uate for this nucitar station. This

*

project has been a long time in the design and construction phase.

Contractor responsibilities and authorities and cha,nging interfaces
failed to keep up with the formalt:ationir...wA wf NRC rsgulations over the

v.v
-

past decade. This failure occurred, at least in : art, because the

project has been on the verge of ccmoletion for a: cut eight years,
pnb b4

and the reed to change was,not pressing nor thcugr.t necessary. The-

P-oject Cecpletion Team members interviewed seemed clear as to their

understandings of responsibilitiss and authcrities,'

no de 1% ra/s W /A *s . . < . /,> . .: by r

- ~~- There was son c fwcz4=.es in-thi; eierd ;n thi ,;e.; ef ^.Le re; W d " -

/ l. .*
-- cnief engineers in the utility reia:ive tojrer r:h.% ship ts de ^ >

evejst4 ems 4sC_ . frv/oe*.
.

The Cortorate Manager of OA egressed a clear understancing of his
res:ensibilities and authority.

.

- - S. h is evide%c h wis is ;ne u n ^hs ,;: !:ry @ 4 a "a V---
.

early-state 2, Aud is ene ef ;Le cie;; .- for =: LS:r.::e 's :*="A

.;recicame#There are no obse*va-i:ns for :.a.e rtsar.: organi:stion'AI s. f q...e yaa eM l. ,en -see es .v~, e.
'

=g: -; ;;;p sr.cuid have :een ..:re .formar,in -.M er : " 2(-

the early program. The License'e ' - - * * * -ara; r =d: the ' '

r.ents for res::ns*bilities were leftstatement that the'early *

.

to One organi:ation re ensible fcr work. This was a general
consensus. Every y supposedly uncerstands one recuirements, but .

chose to take care of his own rts::nsibilities.'

l

.

. .

i
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3.0 Oualified work force is utilized

A. Overall, the work force employed on the Licensee' Project appear

| well qual.ified. The Licensee's engineering staff had limited
,

| nuclear experience en'tering ints the Project, and the statf was not
..

! 'largey measured by present-day standards. ''here the engineering'
~

'
-.

, .

wrk forte was e.ct cualified, liberal use of c:nsultants or * *

contracters was' amolo ed as arently for the most part, quite
efa me W. n s.,

successfully. . _ ree e. . ../ er-Lfix::: = tit! = .equirty that

cdequate quality assurance procedures he in place and followed
'

,- carefully. This dces not appear :: have been the case with seismic
c:nsultants and other early contrac. ort. Tne construction werk
forces which were e=pland appear to have adherec to geod construction

*

.tru.tices . Scme reservations evolved relative to tre corporata CA
su ff. These ca..a, in pJrt, fr::= ir..ressiens in ene of the gr0up.

meetings and, in part, fr*:m coiniens expressed by a regional
|t "# = "= c -

as' . ,n. sim -. a..

S.-. The'Licensgdid no{t undentanc-it x:f 'cr r:f :d r f 'c, people c.in r ,so ino .wan .-
.

-
--

j
. _ _ -. --- --- - - in *he begi nning. ".arg-pagp'; ,e:c . 6,s gd .y T. m. -N.5 ,,i t;.E-- -,,

. ~ . . - trmda' ;. - im % ...nr ; ur -- ' rhe%::chy f: th:t th: g--p e- Q,.
- d

,

responsible for the task are t'. cr:1y' ones ca:able of really getting'
.- it done. He r=' odd / aepel -is

___: M - an fr.depence * Or 1:ation we,tching
j ^ W ?- -' N * D *- ---- E' " N

"

L~~~- & ht't(A'vi' .5sd2 %.:5WMCMbMid1&
n ac- s

..
~~

.

nn . . g y - -

y; ; : ;,7..a m. . , e ,. s..
-

- -

s 4. ..T&. %, p- ... q.. y. m., . ... m.. a.. <.. .. , .. ? M. ~ G M. 6. , ,.. - .. g m ,
. , ~ o

--

.

WMiW'MM. rI & A
-

M
.. .

9 km &.m m 5n-ooccc= .4'/ M 7m ~0 vo-

4% dd[ h*
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4.0 Instructions. crecedures. and draw'nes are clear and adecuata
A. Instructions, procedures, and d awings were not reviewed in detail

apart from those associated with loadings for the seismic consultant's
analysis. While the drawings were inadequate in this one case,
there was no evidence of pervasive inadequacies in design drawings. .-

Further, the application of QA *.c the engineering activities was not '

clearly understood. It should be acted that the engineering woric
currently being done by the Pr:fect Cr.mpletien Team is guided by

. .

the utility's engineering proca:ures and the AE's QA manual. Sinca
this hybrid team has existed for less than one year, cne would be~

sdr;rised, indeed, if there have r.c: been cc.. ::unications problems.
j It was not possible to probe des:ly enough to idensify ilnye -a.-/#'c

hproblems, however.
'

.

merm e- *
B.

.

Presently, the quality organi a:1en 7 views drawings, but dee.o net

k
._ sign them , M is,t M :I Ii'[.ichnsee's chilosophy- with # -
-. - engineering maintaining sole res;o .sibility for c'esign. Per.3 c:. ens..;,

p--. - y :; .t t... ros:n :., ar ;. 2.n ... .....w:. .. .. ...;.. (-
p. . -m %ge.-- .,...m .-r ,et.3:.;,1;;3, , w w .

(

. c m 5:. :; :3.. e . 3.,. ...... r .b: r.. - C -
.

-
--
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|
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5.0 Oualitv/0A Precram deficiencies are soucht oct and reecreed =remotly

A. This factor seems to te strongly and effectively su;ocrted at the
w =*=-

, ,
__ _c:nst:uction site. Th::a is = - - == ' - r - ' - *' . " 9 =-

3,ug7 > g __- -1-- w -
g 7,;;;, y, ,, ,, , -3. g ~

.ea= "T,;'-L,. o. u1= ca! = _g;.a. "_~-
.

-
. -

.
,

h the " mirror image" pr:blem indicates a weakness in this
regard in the engineering activities. It must be noted, hcwever,
that deficiencies, once dis' covered, have been prc=ctly re:crted and

'
.

addressed., ,

3. I- "a =arly d=yt, tid s ,6c r.g u..... O.c .'.ic: : e 'u"y
E#un::r: tp d t'e **e=d aw. -

-t

5. 0 Ceme fve actica crocrum is effective _ . ~ . . . _ _ _ .. ._

( . . A. Ecnc, ence M proble: hh been identified. The Lice.nsee has' :-
-

-

been very responsive to identified needs for ::rrective action;
a mmmo 4

- h,cwever, QA pregram deficiencies may not ht.ve been regapded with ~ '
-

44 s.4um2c e. - m
.- the satte intensity as construction efi ^i...;. .--as fa' as c:rrecthe

, /

action was c:ncerned. -

3. No :sservations made.
. -

7.0
. . .- Desien review activities detect anc resolve desien deficiencies . ._.' . . _

A. The Or:cedures for design review 1::: eared to be similar to these
. s:.::assfully used by the Licensee in the :ssi;n an: ::nstn eti:n

Of :ther tyces of generating facilities. Among otner things, ths
.

vertil designs are reviewed by chief (disci:linei engineers. .lo
|

:au were chtained on the numbers and types cf field changes. !
-

.

.

,.

(. -
-
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ihe " mirror image" and related problems represent a unique
deficiency in the area of design review. Althought the problem
was eventually discovered anc is being resolved, the discovery

. was more fortuitous Nt.$s result of an orderly process. At
'

the present time, of course, very e.xtensive reviews are in progress.

B. Cpanges are made at the facility /pl, aft as required. The Licensee
seems to justify this by the fa that QC people are engineers, and
are often the people who d e des.ign. Therefore, they are .

capable / justified. Many stances reflect that early-on engineers
did not have their des ns reviewed. Changes are made as required,

and appear to be d informally.
1

S.O Cesien jr. cut data is adecuatelv c:ntrelgd, ,") g
.

g., ,4
on m. - a . w ,c . e u v. a.u -> w ., a v.e ve

A. a /erformance ir. this area w,as,,y;s a,o *
ca, , , . p w d...~ es a

b.y sa<tisfactory c'JringM41b$the-re
'

original plant design process. There was a major breal.eneouge,
-ecshi !y det t: :2:du!: ; ::::rn n 1977 in the hancling of'

tbs #. major .- . ~ o ..,,. , y p .
.a .

i
seismic diagrams. M-f s ee"s!!y M"f e": efforts are - e. *. #-'' "/'

5-

cur ently being applieu, especially in tne IDVP. -
-

.
,

S .' No cbservations made.

5,0 Or anizational structure is cencucive t: attainment cf cuality.
. . _ . _ _ . . _ _

,_ ._ _,

A Ne fault was identified wi:n -he f,or .a1 crganitaticn structure;
however, the (. informal) pcsition of :cwer en the part Of-

'

engineering is suspected t: P. ave :een a fact:( in resisting

ne a:olication of an effe::i.e, cesi;n CA ;r::sss. This inval
of informal power now apperrs to nave been significantly eroded.

i

- S. CC functions are performec by -he ce:ar.ments res:en,sible ,for ,he,n,y,d_
|u ' ~:p vud .ity .s ..s s s scre cura --s

p' otsanitatient :nd i:.7;=M ,p(~. M ,"."w w.
# 4task. This-Can-work, -

_

w
--""t,01 ". g }} j , ,,y , 4n. Aj un. ~ :..

. . . ..w i . e r.c a w 1 -3 i m
, . m w. -s v

I tat intan; a s w. a. .

L n ..- 2 /-> ,>,9 4 /n P#

nwDendfX"-S...
- -- -y :. -

,

| ... .

. . .
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10.0 plannin:. scheduline, and budeetine crevide the resources to do the inb_

10 Of "Ser*e -=ks h st [ The engineeringA. -TMs-cas: 9: 145:
an a .> . e a .J

pr:blems which have been so costly tose6r to have resulted,at
- A sa. a 11, , ,. pwee's a'' *

1 east in part'frem very heavy schedult pressures. AT-hi 'er -mMM */
et;;.it

, to-the initici ffe-tr at = dadgr r:r"icatter Oregr:m 'i:V , , v <r -
w /-

padtsced-arMitice:? :et :f ;c.;bics. Ther; e..v->no indica:icry( . eg,J/s
.

.

of Tack of, resources :u. :.at17. pp/re.d /o 6-h 2' e'jed* *

1
1

i

S. No observations made. *

'

11.0 Cesien : nt ol :rocess
_ . _ _ _ _ . . _ . . .

A. As identified in numerous earlier indicators, this f s the major
b.--. en.. .t.

. deficiency which oc:.urred or tati. frojtict. uring the past year,
this has been sessentorr! cud with a very ex snsive IDVT and get --

I

internal "icok.back prograrJ" initiated by the Project C:m;:letion Team. .
-

. , f.,
, . -.' i f. , Ie m , n <m/>-d pn ca -==>-.

S. In tne early days, thn ucs not .ii,ae fe,rmals a u s r bly , tf.e---

* =A
AE-smotsd c- % 5 and s.,e nel.f'~cT'?tview, SU'W ,B:T"w pi'IfEEE: :- i-

orre-fe p .= ,w le r! & d.~ & a nigy;s.rc,aos. r atgti /r r 6 , r **f n

p p.7,;.ee< y e; / ,e->t .
12.0 'a'ci k ackace develecnent and control .

- -. -

A. Not investicated.

.

s. ::s :bservati:ns =ade. -

-

. .

.

.

.

.

,.

!
,

t ...

.
-.a
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1.3. 0 precurem nt centrol

A. A satisfactory evaluation of this indicator is difficult because
of the time period of this project. The IDVp consultant auditing
the QA program has conceded' that the numercus, significant

deficiencies that have been identified are defic.ient by t: day's -

sunda,rds, but not by the standards existing at the time the ~

pr:curements were made.

|
e

ram, In fB. The original seismi
fact, the == 62+ c c:ntract did not specify a QA pSAm ch... was rot nouired to explain noe program until..

. >
1$77,1:ng after mch werk wa: cr. pieted.W ?' " pret?r: u th -

d!:r ced.# ere is opp.d'that scre venders.W:thtie: =r: Th

j were ashd to prove their QA pr:gra= befre this tire, wnich,

incicapi that someons underst:0 fequirament at an early tiat .

!

'. 14.0 _len,cerfermance centra.l. -
- - - -

7 - - -

'
A. Not investigatac. -

j
-

|
'

--.

1 5. No observations made.
I

1

15.0 Soecial erecess control.
_ . . . . . . . . . . . . . . - - . - - .

A. No significant QA/QC prcblems have cccur ed at the construction sita.-

.

B. . Welders are qualified today and all indications are that c:nstructica

' o observationspesetices have always recuired welder qualift:stien. :

ra:a on other processes.
. .

.

15.0 Examination test, and instection centni
- . . . . . . . . . . . - . - . . . . . . . . .

- A. This point was not probed in de;th, but :RC regional staff and exprassions

( at the site indicated that the const uction site efforts were
(

- excellent.
.

,.

i

B. No observations made.,

s. -

. ..

l
h
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17.0 Calibration control.

A. Not investigated.

B. No observations mace.
.

'

18.0 Records. -
.

. .
. . . -

A. Although major problems have resultec from welk documentation .~

. .

practices in engineering, the available records led to discovering
i the error about four years .after it occurred. Further, we were

advised by an NRC regicnal inscector that the records and traceability
relative to construction (materials, heats, location, etc.) was.

.

~

unusukiiy extensive and accura a.

-, -ww,- e b L % ,rt s.

C.mdy stages of'tha fufgn of the Licensee's plan (w,e,r,e pocrly
,

3 .'
g

documentad. Tner is an understanding within the Licenses t: day
'

that this was ad mistake. Present-day practicas not reviewed.

19.0 audits*

.~

A. The use of audits in the early y1ars of tr.e ;roject acpears to have
, been limited to those typically dcne in ;r:jects involving :ther

types of generating facilities. Ae> e-appe r to be no f;; .:!i:ed C

~;;ccoram-of-eudtts& % & 6 of /As <fn '<>ww d4.ap o w "* =" , v.y+ ;nob .c .:rh m nephe.x- J.,A p,ebabb ;.

,.u w / parb M <h.-Ac menf wou/e//rus w, n eM,''

The aucit cr: gram has been very extansively streng hened decing the
.

past year reAecting in &il likiibcod ;,gt .. u la d iny ,,. w ic :!. &
I

1. The cresan: :r: gram incluces at:'t activities; n: wever, ney were not
verifieo. 6--th: ::rly deys, e..;di . eeti d-'es were m bshly not .p
;edormed/''Tne Licensee had a u:/QCCA

have experienced would indicata :-$t ' y-- ",.ny.>,t A pr:blems theysystam to veriff'm.xa: m/t, procram, but theJad w n , .g m
-

~M 5 2, . , a v ,. A -. e j a <,-, . + > < t en<<. a . . ra ',

imolementatione 'MerMi:3- 'Yher: 1. 11;; ;. ideas 0 4 early
cup -p be.,r b *

NRC audit re: orts gave the Licensee good recer:s :n,cuality program,

imslementation,wnspfew , us m avi :n: nse kated on a revie. h
cf ccerespondenc. W.

| .-

. .
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20.0 Identification and centrol of material items

A. This was only superficially investigated; however, a NRC recional
inspect r specifically cen::ented that the utility had heen far

'

above average in this regard.

B. ge Li, censes had no for.'nal ced . es/decu=er. ation in the early
stages of plant design; ha er, -hey had a strong desire to
perform well and this w ingness to perfon:: caused problem areas

,

to be worked cut. is was a natural functica of these responsible
and goes alen th their engineering philes:;hy.

,

.

.

.

/

7

s
.

... - --

.

-

.

.

.

.
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APPENDIX 3

b.
DEFINITION OF LEVELS OF QUALITY FAILUf!E :~ ~ ~ _ _ .
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f APPENDIX 3
'

DEFINITION OF LEVELS OF QUALITY FAILURE CAUSES
C " 'C ^ - . ~ . -,

1.Y. The Deecest Sense of Ouality Failure
_

There are basic underlying causes of quality failure, which clearly transcend
OA and QA programs. They can be characteri:ed as broadly philoscphical. They_ '
are at the extremity of the chain of causes (e.g., building a nuclear power
slant without, knowing how -- which has as necessary conditions 1) the Eicensee

*does not knew hew, and 2) NRC permits them to build, even thcugh they don't

know how). It is usually very difficult, if not impractical, to develop

k are, 4 N ,.<<7 >recomendatiens that address such philosophical issues.-
,

N,
Ar root causes. For our pur; eses, we are defining root causes at s more %

A
c;erative leval.

,

2.2 ine Ocerative Sense of Ouality Failure.

1. tere are basic uncerlying causes of quality failure, which frequently , .

ranscend OA and QA pregnm , but not necessteily. They can be characterized.

as ganeral., They are near the end of the chain of causet, but are licited to_
! wnere it is practical to bring about corrective action (e.g., lack of manage-
.

'

rant cemit:nent). It is at this level . hat corrective actions often treat
| cany symptces of poor quality. It is in this sense that the tenn "roct causes"

geredW;

:'a; plies in this report.gThere is * * level which we have defined as -

i,

sy=ptc=atic/ procedural . -
-~ :

,

|

_

~[ The Sv=tomatic/ procedural Sense of Ouality ~ ilurea .

.es e a r ae.< 4 ha. a
modu, 4*

, _, _ ,_ _

e,eae. causes of quality asemaense failures. These car transcend |r

;A and QA programs, but it is unlikely.' They are characteri:ed as de ailed
and specific. They are inter =ediate in the chain of causes and, as such. -,

aresubcausesof(2)above. Recomendaticas for corrective actions at this
level are relatively easy, but are likely to treat i " idd. sympt ms without

:wi..; e diseau +. #
'

-

4m ems-m sw.7,

,( .
-

.

'
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.
I. S'J.'G.RY OF FINDINGS ,

A. In: reduction

The Nuclear Reguiatory CenTaissien (NRC) has undertaken a study of selected

nuciear reactor censtruction projects to determine the impor: ant factors' , '*

cr ' rect causes that underlie effective and ineffective. assurance-of-quality
.

,

'progra s. Several nuclear projects which have e'xperienced major quality-
- related prcblem.s and several which have not will cc: prise the study popula- -

tien. Data and findings from these site-specific studies will be used by..
the NRC in the for=ulation of generic policies and programs related to --

,
,

assurance of quality, and in responding to the Congress (Ford Amenter.t>

n 1532-53 Auth,orizatien) . This working ptper. summarizes the findings frem
'

the third Case Study.
,

E. Eschrj: ound -

:
- .The ticensee of the Case C Study had established its own in 5:cuse. engineering .

'
~

i and cer.struction management capability in the 1930s. During the-late 1940s - -. - .

"
- - - and .early 1930s, cutside architt.ct-engineer (A-E) fir =s were Otilized -

- - 54cause of unusually large (post-WII) syste=* ex;ansion recuirements. In :

- - the mid-1950s, the Licensee's earlier practice of doing -its own engine' ringe

and construction management was resumed. -

.
,

. . .
-

. .
.

hring the late 1950s and early 1960s, the Licensee piar.ned an ambi-icus
' pregras to construct several nuclear ;cwer stations. Nuclear power was

reccgni:ed as a new technology and the Licensee tock ac icns to prepa're
itself fer an:ry into this field, inclicing having :bservers at :ne. .

ccnstruction sites of early nuclea'r ;:wer plants, participating in the-
design of a test reactor, and studyin; A-E's designs of prepcsed nuclear
plants. The Licensee decided to build its first nuclear plant - a small
(<100&*e) power reactor -- through a " turn-key" con:rset for design and ' ' , ,

cc,nstruction. The plant was ccmpleted in the early 1950s, and th'e Licensee
ccerated it successfully for about 15 years until i was re' tired. The .

i

l.. .

. !

.

_ _ _ _ _ _ __ ___ - r - v
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Licensee capitalized on the turn-key design and c rg ggivity to
familiarize its staff with nuclear ac-ivities to s--= ~"- e- to

engineer and construct subsequent nuclear plants. The Licensee had been

successful in engineering and constru:: ion activities on a variety of
generating technole'gies, and 'related electrica' transmission systems.

. -. . ..
. .

During the eafly and mid-1960s, the Li:ensee'announ,:ed plans for se,veral -

'

nuclear plants. Environmental and/or seismic problems, coupled with *

intense in ervention, political fact:rs, lead growth changes, and other
,

considerations, resulted in all but the Case C nuclear station being
'

cancelled. Fiany of these fae:crs were also present in the Case C project,,.
,

resultin*; in significant delays and c:st increases. -

.

The Cyse C nuclear station is cchprised of two large (>1000.%'e) units.
The Licensee sn'nounced Units 1 and 2 in 1956 and 1953, respectively.
Constructicn permits were issued in 1955 and 1970. Uniti m~ the nuclear .

station was:largely completed. by the mid-1970s and fucirwas received:ensite .

-

fer both units in 1975 and 1976. : - -

- - ''

.

__. -
s. >m,,

Then oc:urred a series of required modificatiens It :he nuclear station~

:

which* delayed its completion. Tncluced in these were- NRC regulations -

- -

re' rated to pipe-break-outside-contair en which necessitated, among other -

.- :hings, relocation of a number of conduits (1973-75).; tdentificatien and/or - - --
,

- - rec:nsideration of a seismic fault whi:h racuired sucif redificatiens as - .--

column stiffening, tank bracing, upgrading pipe hangars -and -seismic - --

su;perts, diaphragm stiffening, buttress and f undation m difications
,'1975-75'; .he 3rcwn's Ferry incident wnich recuired modifications related -

_- :c cable s; reading, inerting atmosphere,' new cecking, and extensive concrete ;
>

'anch:r bolt insta11atien (.1980);.the T'G accident which required installation
cf extensi've additional wiring, sub-c:: led moniters, hydrogen rec:mbiners,

and other m:difications (1981). j
1- -

!
.

-
'

l

. '
e

.
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~ It is important to note that, over the time span of about eight years,
a: least one of the two units had been within a few months of being

-

ccmpleted en a number cf cecasiens. Thus far, Unit 1 has undergene thr'ee
het functional tests and three containmen: leak tests. Unit 2 has undergone4

'

one containment leak test. .

-
. .

. . ..

' ~

In Septe .ber ig81,* the Licensee received c;erating lice,nses for its two -

.

-units. These were suspended two mcnths later following notificatien by the *
Licensee to NRC that the diagrams used to locate the vertical seismic ficer .

response spectra in the Unit 1 containment annulus area were in errce.
'

3riefly, the error occurred as f'ellows: Tne Licensee had transmitted to .its.-
,

seismic censultant a sketch of the vertical leadings frem which the censultant
was to. determine the seismic response spectra. There was no indication en
the s,ke:ch which unit the loadings a;;1ied to, though the consultant.under-
s: cod (correct 1'y) that they were for Ur.it 2. Tne censultant thought thit

-

Unit 0 vas a slidaalong unit (instead of a mirror-image. unit) and perfcrmed
.a

~ - the analysis en Urd 1 based on that assur: tien. The infermaticn. returned .. .

- .to the Licenses was marked as " Unit I" (in fact, the-.analyth: applied to - -

-

. ,
JJnit 2, netJJnit 1). The Licensee accep.ted the data at-face glue as beins. -

- - - ~for Unit 1 a:id because it knew the plants to, he mirror-image plants, -
,

- fi-ipp'ed the data so as to be applicable to Unit 2 (in fact, the data in the : .-

. . fit; ped condition were correct for Unit i, not Unit 2).--The; seismic response.-
- spectra were now incorrect for both Units i and 2. . . - - - e - - ^ --

,

_

.

' '11;on confirmation that wrong diagrats were used in the develcpment of Unit 1-

design recuirements, the Licenses reanaly:ed. the design. requirements for
L'ni: i using the appropriate contain E.;; annulus frame crientation-'

- - -
'

, ciagra s and determined that, as a resui cf the error,-modifications were
- recuired to. be made on 31 Unit 1 pipe supccrts. These modifications

involved such actions as' adding snub'ers, changing the snubber si:e, adding:
braces, replacing structural members, and stiffening base plates.

. .

[
.

.--

.

6 -

-
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In an inspection report of seismic-related errors, the Nuclear P.egulatory
C:=.ission stated that the basic cause cf this problem appeared to be the
informal manner in which tha ' subject data were deveicped by the Licensee and
transmitted to its seismic consultant, and the lack of independent review of

'

the data within the Licensee's organizatien prior to submittal to that
*

censultant. ' -.
- .. ,

_

. - -

The Licensen had been the archite'et-engineer /censtructicn manager for the
Case C nuclear power station. One of the major actions th'at the Licensee - -

gri _ '+a as a result of the aforementioned error was the fermation of a.
p- Project,Cc .cletion Team ccmprised of the Licensee's engineering / construction -

| personnel and persennel frca a newly hired architect-engineering firm.
. .

'

An extensive Ir.depencent Casign Verificaticn Program (IOVP) was initiated
in early liS2 in response to the seismic errors discovered in 1981. The

.- - Project Ccmpletion Team is also ccnducting a concurr~ent design verification[
|

- p r:g n.n.
,

ll

--

c1
- At the-;r=Q:r |s: o

"-=f January 1983), an as-imated 9Z4f-the-design-and 0%- '.
y,

of the construction required for mcdifications as a result of a wide ran;e. '
7

-- cf re' views spawned by discovery of the seismic diagram error have been 1

-

ccmaleted. The Licensee has applied for reinstatement of the operating
licenses.

.
-

7
.

-

-

.

At the time of the Case Study visit, neither the Independent Design Verifica- g
:jon Program nor the Licensee's design verification program' had revealed L

significar.: further deficiencies in -h,e design or c:nstructien of the {
'

l' nuclear station. '

'

.
.

. .

.

J'

.

.

.

'
4 -

* .

.

.
O
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lee"-saae O_eview. tf+o a c e n c e-_e a t ";;,'i-M G 9f , sEQvem02r c, i d S .% t.).,
% a- - eine Case C Study eam was c:= prised of six personnel; two con =entratg.-

s

en the projeci; engineering / design aspects, two en c:nstructien, and two

en quality assurance programs. g riar to, during, and following the site
~

F

vis' t, the Ter.m reviewed seve.ral dozen documents and r.eports related to .i
. .

. .

this plant and its. history, including licensing corresponden:e,- inspectien' -

-
.

investigatien reports, and third-party reviews of the Licensee's OA, design,-
and constructica programs. The Team spent three and one-half days with the

.

Licensee, including a ene-day plant visit. Prior to the Licensee discussions,
no of the Team spent one day with the NRC r'egional staff, and during the'.

,,

Licensee discussions, the entire Team spent a day with the regional staff.*
.

.

The majcrity of the Licensee interviews were conducted as a grous. )The . site % 4.~GI- -

visit culmir.a:ed (at a later time) in a briefi.ng fer cc:pany offic~er'i ns

w.'ich the findings of the Team were reviewed and the Licensee staff had an. .

0;;ortunity t cc. ment on them. . - - - -

.

C. Su: nary - -

,

-

-The Case C. Study Team identified the following facters wh.ich it considered--2

- significant in contributing to the c ality prpblem experienced- by the-- . -
'

Licensee:

/
.

bThe cri=ary root cause9 of the desien-related' cuality _croblem was__the_ __.
_ _ . _

. _ _ . _ _ _ _ _ _ . _ .
,

_ __- _

~ ~ _* t:er.see's failure to clan. esta: ish. and effective 1 r ' :lemen a -

'

__ _ _ _ . _ . . _ _ _ _
.

_ _ _ . . . _ ____ mar. ace ent system which orovided adecuate control and oversicht ever e

al.1 as:ects of the croject. The Licensee failed to control the flow. {

~

cf ir.f:r:ation acr:sh interfa:!ts in'herent in the en;ineering/cesign
. - - process (i- tM: n : c . te t : : r Lt.::r. n : 2 # r ! P :nt) and provide _ -, .

.
.

.

appr:priate reviews of the infor atien transmitted.
.

.

_
.

,f \>

dl #>'.
-

TMNL V# (/
2: m ee < . m .e:x . .

,

r - *:-~g , - -

.

e

.

..

.

.
I. e
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) There appear to be several factors which contributed to this failure. -
,

-

,

| %e-!: : .::e 'af f:/:k,.zJ c Th'.ac sense ,7 m rit; hh rear ., : :.5c%
4

| er '-a:ri ; c:;-iC ity,. As previ:usly stated, the Licensee had good .~

i success with various types of ce.erating pro
managed over the years. D ~h+t had worked for&jects it had engineered andt ,. / w -- th:s%% 5.,A-,

.

W e pro]ects was assu:ed

would work for nuclear projects and, thus the ne '

fitted
'

k? -

l .

1 --- -- -
.. _,

' into an existi.3g environment which'"Saa4 not bee ,adecuateS.. dified to -

h v_-u.11 m . , a-
-,

handle nuclear herk. The Licensse's staff resisten tne imposition of4
management co'ntrols required for assurance of outlity that were applied.

. e'1sewhere in the c mpany and/or en its contractors. :ntribyng!

-.
.,.... _...i.. 3 3: - .6,. -| .3 v

, ,,
.

.

- M 'he Hea isee's tec-r-anaga4-t hd Ume -.

.-

-
- oc *:f. the en;ir.:: ring fun: tion. They ha+waiicence in . . c..dho'. --

,

- impse se ... ..a?e:nent -- *- ' r ::u'-ne@hu .w ear. process. Their . - -

,
.

attitude seemed to be that the engineering organization was ::mprised of .

. /,,,di prcfes:ionals capable of doing what is right without overlaying a f

; quality assurance program on them. . .. -
- -

A W-44-.-! -

:- ---- : - .% arc wi. i m:her csrt 'b':Tir.g f.ac: ors to the MMT-ic-the assurance :- :-

n g e-s

A ? . cf cuality. 9hlat'ons fo; cens: uction :1 nuclear: nower p12r.ts chanced
-

- 4.'t. v c- -.
_'

_ _ .

-C cens-iderably between the late 1950s and eariv 1550s.:- Th:M". =. = ' ''ur: -.mA . - .-

on.-th; pa. t ' the Licensee to c: pletely understand. -Je impl-ications of .

- the changes as they occurred. Fu-ther, and as previously stated, the - - -

~

. -Licensee was frequently within a :a:ter of months of. bringing the plant.

_ - . . - - ,

- .;' ints :cper_ation. As pressure cour.ts to cceplete a projepcT55'rtcuts.

- Fare often taken. Actions that the Licensee migh' (. xe. over.a longer run $
- ~-

woulif be..different than those taken when ' appeared that the project-~

~1.

wculd be completed in a short :# ., or if addit'onal nuclear ciants were
- N /

, . - planned. As time we. (The Liter.see abandonsd plans for additional

nuclear generating capacity. T-h "ase C nuclear station would be its.

j only nuclea capability in the near term.
/ ., ,

;

. .

,.
-

.

-1
-

..

- .g

.

.

.
* *

.
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i 2. Seccadary root causes inciuded the 'oiiowing:
'

. ailure to und_.er, stand and ac:reciate the potential merit of a ,2. s
,

femal institutionali:ed QA program. Thir is 6:r.: ; : '. ;;rt g 4
by the fact that the Project Completion Team adopted the A-E's
quality assurance program, even though they were concerned about-

im;osing a new system on the project at a lats date (the License'e's ' '
engineering procedures were caintained, however.). Som % A

> -
. .

eor %,
,

9' r program deficiencies which had occurred during the project
and the key indications of these deficiencies were as' follows: *

~*
.. _

/' .

,
,

,
_

Design Control-
.

p.kn*-Ri' .

The Licensee's engineering staff did notAdecument.

important data trans itted to . subcontractors '

.

*

w .- . Word-of-mouth transfer of design < 'ter': to subcontractors
occurred

:.-d ' ''

Assigned cogni: ant en;ir.sers were ed.in the -,.Y information or approval processes - -
-

-

hU , . '' _ h
. _ i. m

. .../. Laob.r5 / internal ec=unications among the disc'plines-Ak
._.2.1--. _. .. - -

. . . . -

. ry ev'~~d within the Licensee's organi:stion. .. .

- -

- . - -

.? . Y--

-

Requirements ,.or independent ' reviews were not u..:;r:.:: -

.
- ... - .

7

. Control of Instructions. ?rocedures, nr.d Drawings / Document- - - -

. ---- -

Control O w :We h-
-.

**
.

'
. .. . . ~

. Tne Licensee's engineer'ng did r.o:' develo$formali:ed- . .
-

-.
-

.

e ;' . c ' ; procecures to c:mply wt:h early QA program - ~ -.-
- - requirements --

g , _ a-e . . ..

. g utdated drawings were .: sed to establish seismic criteria0
-

-
y m' c _ +_ M -

.-
. .. -_

, Diagrams in iieu of reiease drawings were used -- a- .
~

'' contributing factor .:o the seismic problem -

.. .,

%

. .

O*

|-
.

- ,

.. \.

.

e -

.

.

_-_ ____ _ _ _ _ _ . _ _

rdM;5P_Ma+50RAa~-st
__

- -
.
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Control of Purchased P.atarial, Equipment, and
.

.

Services

MPr:ceduralized activities were lacking to centrg1
'

.

interfaces with ssetentractors &a g-
/,

4dr N#- I-T~U
.Informi " letter-type" contracts ar.d documents were.

used
-. ..

.. .

.' Service contracts were not treated is 'fomally 'as -
.

hardware c:ntracts- -

bmal quality requirements were not piaced on some.

seccontracters until the late 1970s *

-

~

b. NRC's failure to Seli QA as a Management Teol .

f. .

As f+r- a '. : u..; e ;A *G.s:.....;..xd.,,the NRC recuirement for~ - -m .

e n ~ _-
quality assurancejceme across as just another requirement. The

_

-

emphasis fr:m NRC seemed to be on externals; the trappings of'a - -.
,

-
- 'QA program, ratherg,z s)subgtag,.ca -- deveioo a g ua.1, % s:-

it 7 5

sat up a QA organization. NRC ended to lese si;ht of wnat it- j g-Q-a . m-- w y~-

,- . :was trying to achieve and failed to pr:vido adequate gui.jance;c.n.\ : -

-

I
' - = 2-shit Ot:cali:y assurance prog a= should be. ["E0- M - D--'c'd -"'

O A- / .L Eyt- __ Q 4 yh4 / Sd- - -

_,

:c. 'Long Period of Time Between Inceotion of the .:roject and Operation -

- - As previously stated, the period of time be ween the issuance.of. ;..; --

- a construction permit and the present has been abeu:.15. years Thi s .. -
. .

.
'

--
- long period of time greatly increased the exposure to changes in: .

- --

~ technology, to changing recula :ry recuirecents, and:;o changing- .

-

state of the art in technical matters with the attendant opper-- -

- tunities for quaijty failure.
.

.

I

\ n additie to the assess:ra!Tf
of ;ri=ary and s endary rcot ca' es, theI

f ,- ,- . . . ,

Case St i =m's e' uated 2) Generic T- cat:rs of ty. This

eval ' tien is contained in Ap
~

.

- .. . .
,

.

I

*I
'y

I
. .

-

- . .

e

.

.
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II. RO3T CAUSES OF THE LICENSEE'S FR03LEMS WITH QUALITY IN DESIG t
1

Eased en the Studv Team's evaluation of NP.C's files and other de:ementatien :~

tyrrsrLO
.

Fagarding the Case C Project and discussiens with and interviews of cogni: ant /~

g
/NRC, Licensee, and cont acter persennel, the following are prop: sed as the

,

primary and secondary rcot causes of the Licensca's quality problems in the,
design and cons,truction cf its nuclear station: -. ..

.
, .. -

-

.
.

.A. Primary Root Cause
,

The primary root cause emerged cut of several facters which, taken toge:her,J'
, ,

increased the likeliheed of a design error. These fact:rs include the
pressure (whether real or felt) to c::plete the nuclear s:stion, informal'"

.
,

c:=nunicatiens across important interfaces, an inadecuate a;plicatien of -

cuality assurance / quality c:ntrol in the design pr::ess, and an a:nospha're -

Of c:ntentien b,etween engineering and cuality assurance. -

?.sviews and audits of the project indicata that the sta:ier., as it. existed -

' '

'in 1975, had been properly and correctly designed and- c:rstr:ctede - Jhe - - :.

_ _1
'

seismic and ether analyses (at the then state-of-the-art) had been perienned :.
.

-

- to the correct configuratiens and bases. It was in the reanalysis after ' i -

- t.Me essential c:=pietion of Unit i in 1975, pr:m;;e::by new seismic :- -

a'ssu=ptiens, that the design error previously described cccurred. -

::: -

.

'

Frc= the ~ issuance of construction pe'r .its fer the* 'i:ensse 's nuclear. : static.n- - : .J ~ -

-i the 'present time was approximately 13-15 years , ta.kir.; this 5:sti-en ene. .:: :
' of the longest, if not the longest, in the construc-icn ; recess. The large

am:unt cf rework resulting frem cens antly :hangi ; recdirersn s, c:uples
--

.vi:n turnover in persennbl .and increase:, .a:1 nty ::s:s , f r.:reased -he res,i. . .

'

'

(er felt) pressure to c:mplete the facility. As a facilt y nears c:cpletica-

er i~s in a prestartup condition (as the Licensee's statien was in the =id-
1970s) and new or changed recuirements arise, there is an ever present
tendency to shcrt:ut procedures and to formalize ac-ion later. Such

~

c:n.ditions increase the pessibility of errer.
,

.

6

.

9

.

.

.

mm - -.



_ -

,
- _ _ . . _ . . . _, _._... . ..

DRAFT 'WORKIEPAPER
.

.
-

-
. -

10 .

'

-
-

Another factor which c:Ntributed t6 the problem was the greater use of
-

.

!!
f

censultants and engineering service c:n:ractors than had teen cust: mary'

j

en the Licensee's other generating projects. j
These multiplied interface

The need for additional ex;ertise came with the nuclear recuire- f
problems.

,

|
ments., and this imposed a change in how the Licensee's engineering staff wasr

accustomed to operate.
There seems to have been a tendency to extend the

j

informality c:r:non in close-knit engineering. organizations to these outsi'dej..

|croups.
Customary controls and review processes for dealing with them

-

. - .

e n *.

were not effectively applied.g
These interfacing problems were increased by 7 i.

' the secgraphical proximity of the censultants and engineering service 'f
c:ntractors (a greater distance might have required more fctmalizatien of . t

:=unications) .
The Licensee and its c:nsultarts and c:ntracters were

'

just far encugh removed frca the cust: mary level of informality to pr:m:te .

the possibility of err:r and misunderstanding.- '

,

e

:

.A well-developed engineering team which relies heavily :n [infor=al c:=unica-.
.

tion am_:ng its members has both advantages and disadvantages frem a cuality
. '

. . . . . , . t
; ,.assurance s andpoint.

Such close cer..act generally c:r.:ributes greatly to . ..
.,

,.... . .
... . :.. ..r

the quality of the. engineering work. At the same time, it can create*

. practices which are not appropriate in dealing cu: side 'the' orcanization.
j,.

.
-

~

"~

~ Geographical separation generally requires a higher depree of formalization
-

.-:- -.

:s- ;-

in c:=unicatiori. [_,
Geographical proxt:ity (working in t'he same office oi- '' ' '

,.
. ._

building) can result in items being discussed sufficiently that a ec=on ~

';-

. 'ur.deEslanding is reached between the :arties invo.lved... :
--

n. :. :- --- .-
.

. In th.e Case. . C. .
.project, the practice of utilizing tha informal c:=unicati:ns with key _ ;

.
.

.
_

"

c:nsultants located'in the i=ediate area (city and suburbs) developed;
.. .

hcwever, the distance was-probab1.v ersat encugh that the enceinc dialocus
..

.

required to reach full understancing :f key peir.:s was probably inhibitat
,

.

. . .

|.

>
-

1
j-

.

.

r

, _ _ _ .
. _ . . _ _ _ . . .... .......- . . .

. _ . . _ . .... .
. . . .

-
-

.
-

.

.
.. .

.
.

.
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One of the ec=ents made by the Licensee's staff was " engineering viewed
their consultants as an extension of themselves." (It shculd be noted that

- the Licensee's staff assigned to the Project.Ccmpletion Team has been
physically relocated to the A-E's facility). 'Jhile the problem of inter-

1

face control cannet be considered the primary cause of the diagram error
,

:-

that occurred, it was clearly a' contributing factor'. The er,rcr is indicative, ,
of less than adequate procedures for design reviews and ccmunicati.ons'.

*
-

-

. .
-

. .

During'much of th'e project, the applicatien of quality assurance / quality
control (QA/AC) to the design precess was not well understood. It was

, practiced in the traditional manner of design approvals. Changingrequirie- -

*

ments resulting in redesign, coupled with turnover in design persennel not
.

familiar with all the ramifications of the original design, make the - '

application of QA/QC to the design precess increasingly important. The '.

matter is fur:h'er complicated by the evolution of the.10CFR50 Appendix B -' . :

criteria and its vagueness. During the meetings with- the-Lic2nseh its r .. - - ..

.. A-E, and- he regional NRC staff, there were repeated- coments:withirespect . : - - ---

,

to ongoing problems in interpreting 10CFR50 Appendir 3 criteria and their ' - - - " I.
,

~

application to the engineering process. .In additien,: concerns abcut- -

: -
.-

:
-

-,

infringing on " professionalism" and " creativity" were expr'essed. These .: :-.

,

c:nsidera:icas, plus the fact that the Licensee's engineering crganizatierr. . .:
-

- .was very independent, contributed to their resisting true-implementation - - - - - .:
,

anif/or understanding of quality assurance in that araa-. :There also seems
.

m - ::c have been a tendency to require , cr at ienst recei:.e, mcre-stringent -

- - ~ :

quality assurance frem contracters than.was applied .to in-house efforts. - - --

This was verified by the NRC during ir.vestigatiens in late 1981 and'early
. ~..;52, where it was found. that QA prac:1ces in censultir.; c:ntractors'

,

_- - crganizations were better than those sed 'nternally.in the Licensee's
organi:ation. It is not entirely clear whether this reflected a difference
in the Licensee's recuirements, or a difference in ;ractices.1RC inspectors
made the observation that the Licensee is " cugher en its contractors than
en itself." This attitude may have centributed te he apparent success in .

,

assuririg t;uality in the construction effer:s, since essentially all of that - -

.

G
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work was done by contractors. (However, the applicition of cuality
assurance to construction activities has been cuite well understood ar.d
has been implemented much easier). The significance attached to this
finding is the possible reflection of an attitude, ;articularly in

\engineering -- an' attitude re'flecting sc:ne degree of pr:fessi:nal, arrogan: s
%.

-

that "we do no wrong, but we sure have to watch out for those other guys."
. ,

The major cuality pr:blems identified to date' have been within that -

. .

Organization. . ''
.-,

. .

The engineering deficiencies discovered in September 1981 oc:urred during .
a time, irenically, when quality assurance appeared to be undergoing,.

significant strengthening within the Licensee's crganization. In Septamber

1976, the Licensee hired a new corper. ate direct:r of QA who was
.

cualified, kn:wledgeable, and aggressive. During late.1975 and 1977, . .. .
the QA progra.m ' as overhauled and a new QA manual or pregrmwas issued ;in -w

g..
-----c_. -lS78.4'hi'.e the C::e St.4 ieam was u..wie - n t:iii~;P t % t'4'" 4 -and s , "

~

*7- -
. rn aisrg s'ps b: t:en angin==,h.3 drs-en: ..:t qu- tr n'-*~ n - di-rectop 1

# ~
,

- . - t.ia-t??7, ; Ms-.susmetted-tW. .he re an onfan wa2 x,.T.adih '. m.th.x t v. 3 -r, . - - .

~*- w'- r-% . . ' h. new quei ; q c=Wrrnce a re.wr n> -m2s-+n:~: m . .-
--

. -
' -

.rbruary-1979-)s It seems clear that the application of even rudimentary. ---e -

quality assurance practices for desien decument contro.1 at that timeishculd. --

have prevented the error that occurred. . .
.

- .

--
-

.

. .

/ .
. -

.
,

. . . To ~su=arize, the primary root cause was the failura to. ;anage-c:mpistely t- m.
. project that i-s-large and ccmplex, and -he failure :orplan: and; effectively .I ---

'

implement a mariagement system embodying all of the .:entr:ls-necessary to
.,

er.sure ::rract c:mpletion of such a pr:jec:. There were several factors 'iet
ac a "% "c. a cW:r. / /

.. .. .

::ntriou ec to tnis primary root caust. . e Li:ensee -n.
.. ...

|~ .' ~ "-":^--
~

ot= l.ianuatkh respect to its engineering capability.___As_ previous'ly stated,se- '4y wi

-he Licensee was succe'ssful with vari:us types of cenerating projects.
'n' hat had worked for those projects was assumed to work for its first (in-,

house) nuclear project and, thus,1;he. project was fitted into an existing ..,

structure which carried with it practices not appre:riate te nuclear work.
.

.

.
g .

. O

e

9
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The engineering function in the Licensee's organization was very streng;
strong encugh politically te resist successfully the impesition cf management
controls that were required elsewhere in the ccmpany or for contractors.

Further, since many of the management had ccme out of the, engineering
'

function, they appreciated its capability and had been part of its good '

s w e et 3: r.fri aperferpance. Tney had not seen' a need then to in;:2. trict qu]al tymou. ncy. t,,sm
'

4 , ' , .

controls over*it. ~ It is also clear that the atmosp,here, and regulations
.

. .

- for construction of a, nuclear power plant changed tremendcusly since the
. late 1950s. There was probably a failure on the part of the Licensee to

completely understand the implications of the changes ~a~s they were occurr.ing.
. Further, and as previously stated, the Licensee was within 1 -

,

few =enths cf bringing the plant on line en several eccasiens. Thus , actions -
that the Licensee might take in a longer run would be different when it -

appea, red that project completiori would be i::ninent, and no new nuclear plants
were anticipated in the near tena. -

-
-

3. Secondary Root Causes ._: . . . . . -..

'

_. _ Based en a review of referenced materials, discussicns and interviews with "
.

the . Licensee, the Regional NRC Office, arid analysis,:the. Assessment Team ".

1has . identified three secondary root causes of the design problems experienced .
,

at the-Licensee's plant. They are: 1) failure to understand and appreciate -

the potential mer.it of a formal instituti:nali:ed QA prograsr,-2) NRC's - --
.

'

. failure :o sell quality assurance as a management tool, and 3) the~1ong _

-

- - - - - - ;eried of time between inception of the project and Ic=pietient -Each is ; :- - -

discussed in more detail: -

-

-

e *

I

.

.

.

s

.

\ '-
. .

.

.

.

e *

i
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.
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1. Failure to understand and 2coreciate the eetential merit of a fer=al
OA crocram. As previously stated, the Licensee had a highly capable
or:anization wi h many successful engineering projects behind them. -

VThey had raee an effort to crganias a quality assurance program before y
the require =ents of 10CFR50 Appef. dix 3 became mandatory. The Licensee's

perception was that they always had good quality a.nd that, while the. . .

.new requi.rement documents might change s'eme things, it would not affect -
..

the underlying bases for their g::d quali:y performance. Consequently,
.the early program was more or less a documented or proceduralized uf w..

/st ette;t t meeting the requiremen,ts. It did not significantly affect,
. the way that the Licensee had been doing its engineering / design werk. -

*

The Licensee's pa'st experience with c;nstructica enabled them to proceed -

>

with the necessary controls in place and c,ualified people to keep them -

t, hat way. Construction of power piants was "cid hat," and they knew how
to stay cut of trouble and get the job done. New QA/_QC:requiremen4.were 1

:acce=modated. When seismic (or c'ther) problems arose;;the: Licensee --

. : - reacted as any concerned or conscientious organization:wculd;: If a :: : 5 2. :
.

nistake had been made, they were totally willing to make it right.:: . .: --:

_. - ,

.

. -
. .

--

. The new Project Completion Manager (an A-E. employee) said.that:ne. had_ - h.
truviewed the Licensee's quality assurance program ingreat depth prier .:..

to forming.the Project Ccmpletion Team. He noted that the--Licensee's- .:: :-
-

--

.- ' program had early weaknesses, but had made great improvements :through . ..
. .

,

. The. years. Helas concerned abo : im osing a r.ew'cuality: assurance ...::r-,
'

system (the A-E's) on the projec at such a late date.: .In the end, .

,

hewever, the A-E's quality assurance ;rogram was adopted, even though
tr.e Licensee's engineiring proce:;res were .ain ai, red -- the ip.piicatics

4 4 .-\ W W:: y g 1f,. '''-: =. - -

;- -- being t' hat the Licensee's QA pre; ram --

- - ;..g-cr .5 = ~ ' ' M e -- -

that the A-E consider,ed necessary f:r a nuclear plant.
Q. .

OThe.listogby e @ 'es nd the * y 'ndic=" .s
in jof, t. Mefitlen'cies werGed&M.tien I. C. -

.. . u
s- .

.
*

..

.

.
. }..

. .

;
.

. .

1.

* *.
__
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2. NRC's failure to sell OA as a manacement tool . As far as the Licensee '

was concerned, the NRC requirement for quality issurance came across
- as just another requirement. The emphasis from NRC seemed to be on the

trappines of a QA program, rather than its substance -- develop a QA~

MW- /manual, set,up a QA organization. NRC Canced to icse sight of what it
,

was trying to achieve. *NRC' inspection emphasis seene'd to focu%*cn#~.

operations, then en construction. The message ,conyeyed was tha,t the -

,

most important area was not design and engineer,ino_,,becaQse NRC did
* *

not effectively pr:pagate regulations or inspeTt esign and #

engineering area. NRC failed to provide guidance on what a quality
'

. assurance program should be. It did not have the technical. strength
'

. in sufficient depth to provide effective oversight of design'and .

engineering QA programs.
..

3. Lencth of t'ime between inceotion of the oroject and coeration. - As
_ . _ ,

- previously stated, the period of time between the issuance.of. a: :n-

-
-

- .- - - - construction permit and the present totaled about 15: years.for: Unit-h - .r. , ,

This long period of time greatly increased the exposbre to-the normal -- :..

-

occurrence of events, to changing regulatory requirementsj and to . ;_ , -
-

' '

changing state of the art in technical matters. Political cif=ates -and -

public perception changed. Empicyees retired or moved tenew-jobs. .:..

Many of these factors contributed to redesign. Redesigns.may not be -as : --

. . completely reviewed as original design effort' , because the perser.nel--
- s :. :

'

- are not the same and the scope of raview is generally-less. :One:ofi . --:
the major causes of redesign was : hanging seismic matters. ' Initially - :

- experts with impressive geological and seismological experience
'

p:stulated the kinds. of earth:;uahs, chat sign: c::ur. ana type Of
f information was given to the L.icensee's consui:Ints to describe the

leads and seismic response criteria. There was no great experience in
,

seismic matters in the Licensee's Organization, and there was no detailed
scope of the work that the L'icensee specified for its consultants. Tne
seismic field was developing very rapidly. New data were developed on -

,
. .

.

e 8

.

.

- _ _ _ _ _ _ _ _ _ _ _ . - -- - - .-. ~
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faults in the plant area. -Data free a seismic event in the region h
resulted in the Licensee's plant !:eing designed to two different types s'e
cf earthquakes; a design earthquake and a double-design earthquake. - .s

2

At that time, no cne considered the amolification of vertical motion.
~

[[s
~

Even in l'976 and 1977, the earlier esth:ds were still state-of-the-art.
,

maga
The whole concept of p, late tectonics came into being during this period. ..

Other cajor causes of redesign were the aforementioned 3r-En's Ferry ' -
. .

fire, the TMI accident, and other char.ges in NR regulatiens. This .

-

frecuent retrofit *ing resulted in the less of c: rale on the project
. .'

and difficulty in liringing new ecloyees up to speed as turnover
. - occurred. All of these factors. c:ntributed to a climate conducive to

*

errors and quality failures. N ~

I:I- REF.EDIAL ACTIONS TAKEN TO CORRECT (TURN U.0U"D) QUklITY FROBLEP.S
'

. The major remedia1 action taken by the Licensee was the fematica of the Projec~t
, . Cc:=letion Team. Approximately 275 of the Licensee's:Tngiheers ware merged wi~th~-

~'
.

~

.

15 cut.500 of. the A-E's engineers to fom a new projecY engineering organi::atic~ri.~ i ~ '

.j. .The; design and. licensing functions were merged into 'the Prcject Ccmpletien Team.'

The project engineer for Unit 1 is a Licenses staff member'; the project engineer.-
~

~
.

fer Un.i.t 2 is an A-E staff member.. The Licensee's chief enc.ineer's sta=o. still ~11
'

,
,

, appears on drawings and its discipline engineers can Ysk for doc =ents to ~ 2 - ~

ap;rtve, th: ugh they appear to be involved in an overview'functica. ~ As ~
-

u.~.. . ..;rev.icusly stated, .the Project Completion Team works <to the A-E''s 60ality assiiran-'e ~ ~c
tanual and the Licensee's engineering man 11. The K-E ha's assessed the foregefng "--

. :o- Se a satisfactory arrangement. As the plar.ts bec: e operational, the A-E's ~

staff.will phase out and the Licensee's s aff will agaih resume'rsspensibility
#c * enO.ineerinc. ..

..

,e . .

i

|

- .

#*

a -- .

-|,

|

.

t
.

.

* ..

.
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The Licensee's Vice President of Engineering made the c =ent that the trans-
ition to the Project Cc=pletion Team was difficult, but it was a g:od learning
experience for his staff, which had "be:::e kind of hide bound."1 New that they

-

are working with the A-E's staff, they see a much core alive and responsive
crgani:ation, c5e i.n which decisi:ns 'are made a 1:w levels, appr:priate

*

canagement, review, and work is pushed fersard with considerable aggressiveness. . .

He said these thi*ngs were good for his. s'taff to experie.nc~e and it will,he'better-
.

f:r. it when the project is completed. (He :cmented en a nu=ber of probler.s', **

. .

costly personnel related, that had arisen as a result of this integrated' matrix
crgani:ation). - --

.

'
'

. "n::her action which the Licensee has taken was identified by. the Project-

Manager for Unit 1. He said that the Licensee has learned that it is
important 'to review consultants' w:rk. The Licensee had retained a large
nt:bar of censultants -- perhaps 100 or ::re -- and de Licensas did net have
adecuate manpewer to review all of the work done by . consultants.. .The need for
the Licensee. (cr Project Ccmpletien Tet=) to review consultants' work has:now :- : -

..
. . . '

been clearly established. -

: -

.. -: : .,

.-
- --' . .

- The Licensee's Manager of Nuclear Power Operations c~c=ented- that the Licensee -

/
- n a reali:es that quality assurance is a total envelcpe of =anas'e en -c:n: rolled. - -

;r:cedures. He said that if they were t: start a new- nuclear plant,:they- -

wcuid' ensure that the entire system was in place. T, hey would bring.aii crgani:a-
tiens .tegether with cualified and sicila systems. -Inche ;as't,-he . said , .than - : -

had been cuch wheel reinventing. They s arted with a. :few of the Te.cuired . - - - -

' pr:cedures and then flooded the place with rec:rds with ut having p'e:ple to take -
care :f them. The QA guidel,ines had see eq to res rict tne c:ncuc: Of assuring

,- . cuality and, Inus, it was. resisted. OA, h's said, is n:t a functicn ince;entent
'

of the work that ene is responsible .foribut is sc ething that ::st :e iniegrated .
-int: -he team. QA cannot function with everyone totally independent.

_.
.

.

Du::a:icns are not verbatim, but they are believed to convey the meaning intended'. -
,

.

. *

.

.

,.
e

e

.
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IV. GENERIC IMPLICATIONS

Based en the inf =atien reviewed and analyzed by tne Case C Study Team,
several pessible generic implications, or lessons, emerge. These are highi
lichted for each case study to provide ir.put and to help fem overall conclu-
sions concerning factors which constitute important elements in nuclear plant .
c:nstructica quality. The first four acdress Licensee implications; the last

~

-

three NRC i=.clications:
*

-

.
-

A. Nuclear ecwer clants are ce=clex facilities, and Licensee =anac.ement cusi: .-
.

.

_ _ __ _ _ , aemeiate that fact. The enaineerino desien and censtruction oractices .
. . _ , . _

acolied to fossil fueled clants are not acecuate to assure cuality in _ _ _ _, , . . _ _ _ _ _ _ .

nuclea/olants. Licensees which .have designed and construc;ed_fessil- .

fueled power plants only should not expec: that that experience and technology
along will be adequate for undertaking nuclear plant c:nstruction under.the '

present regula'tcry climate. One difference may be that_ the Licensee's -

- management =ust be proactive and knowledgeable about-how:toiachieve quality
-

. - in nuclear plant design and constructien. A commitment-to cuality by :tep - c . -.

=anagement is necessary, but not sufficient, to assure cuality. -(Alcest- .-.-

-' ~

.
without exception, top management maintains a pro-cuality. stance). .There,_;. - .c

is no cuestion that the Licensee's management wanted a quality facil.ity. . A: .' .c
the 'cime of the Site C visit, all indications were that i:-was achieved as

.

-- far ~as construction was concerned and, aplet from the: seismic design errer, :
,

:+--

.
- ; it appeared to have been substantially achieved. in the desien.) All .this . . .
,

.see=s to-have. been achieved more by ;revicusiv learnedgeod: practices than . .
----

w_ _ .m
- by 'th,e'applicatien of a formalized approach to quality.- Manage:an:fracket

-

-

,.

.
'

was reported by the Project C:=pletion Te'a= staff that the Independen: Design- -E:
7erification Program (IDVP) which has involved about 50 persennel,-had examined

.

:he c:r.tainment and other syste'=s in considerable detail. Perhaps 40,000 to
5:,",:0 different items had been looked at. Only 53 needed a m:re detaile: analysis
and, of that nu=ber, only 8-10 were classified as legitimate design errors. All
systems which included them were judged capable cf performing :neir functions ..

".sa isfic,t.or.ily. .

*
.

e

* *.

* e .

e

.

- m. - 1
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~ W \/
.ar[nderstanding of how to institute a proactive quality assurance program

in tha design process, even though er perhaps because, much of the manage-
~

tent came cut of the er.gineering orcanization. They knew the design process,
hac confidenee in it, but apparently hadn't th:ught or expressed how major
quality. & w,se. es could arise (1.e., where the weak points were in the ,. .

M-
designprocess). The NRC 5egional office also indicated that there had. ..

~

been an ongoing py:blem in interpreting 10CFR50 Apgeridix B critaria in
~

-

'

their application to engineeririg. The Chief Executive O'fficer noted tha't
'

it was not until the 1973-74 period that quality assurance was actively
c:nsidered for application to the- design process. By that time, much of

~

the design was co..pleted. Since quality was already thought to be part,.
~

of the design (and apparently it was) it was considered unnecessary to put.
-

in a different quality assurance precram fer .the remaining work (which
- proved to be far more extensive' than thought at the time). The fact that

the project
,

ed the A-E's quali' nce program is_ .

.. --- ----c___ind cative o ,tne licensee's 1:c, c .nde :n ' ~g (:r ;:--"? r :ctdure ) -g

of.Yi - appl [ Q to the design / construction prociss-for nuclearr y:.
,.

plants A - " b "-*'-
. -

* "
.

__ .

.
-.

. --
'

- - - - - - - -5. A licenses needs to understand its own corocrate ifmita-ions-as it under .-- :.. .: .
.-.-

. . takes a nuclear oower oroject, and not overstem its cacabilities. -The '.:.
capabilifies of its centractors must aupent the licensee's Mo X-

.

- b"
_ -Nperience cr-e~ngineering, procurement, c:ngg and management g/ :

-

_.

- --- - -W- - " The Licensee recognized its het of exp* Wand, as-
.

:

" stated, made use of a large number of consultants (Section IIA). What- ---

|
- a;parently went unrecognized was the evolving requirements for engineering

|
- su pcrt ever the life of the project,,necessi atec in part cy changing

' '

,

regulatory requiracents. It appears. that a licensee's engineering staff
not involved in the continuing desien of additional nuclear plants has

[ difficulty staying curr'ent with the state of the art in nuclear technology
and regulation. A licensee's engineering staff involved in a single plant
is not as likely to assimilate advanced precedures -hat the industry as a -

wf. ole has ceveloped. As previously s ated, the Licensee's,lVice President _

| of Engineering made the c: ment that -he project C::pletion Tea: approach -

presented a good le'arning experience for his s aff.
..

.

)
-

.

.

. g .

. .
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The project Completion Manager stated that in his earlier experience in
nuclear projects, engineering staffs (A-E or licensee) did not document
the design process such as is done today. The Licensee's practice was-
more typical of the earlier practices. The project Cc=pletion Manager said
that the types of prcble:ns experienced in the design of the Licensee's

nuclear statien have also cecurred in cther plants in,,which the A-E has ..

been involved. Whereas the A-E's staff was able t: gain appropriate -

experience because of involvement in a variety of plants, the Licensee's
! engineering staff was not. In the early years of nuclear power it was

, .

| possible to undertake aproject with a fairly minir al engineering staff.

(. As regulations continued to develop and recuirements were more far-reaching,
'

it was I1ecessary to add additional ;ersennel with greater specialties. -

Those organizations which were involved in several plants were able to
staffappropriately. These with sir.;1e plants c uld not, and-hac to . rely
on consultants' or other contractors. - - - :.-

. Another facet of the same problem is the evolving speciali:ediaspects tof .: e ;- .:
--

.- engineering. As an example, it was ; inted cut tha ::he quality assurance. -
[- .itr.guage was .a new language to many cf the older engineers. Later projecg , -

.

were able to incer; orate these requiremer.ts = ora readily with staffs which .
..

'-

unde stood the process better. The Freject Completion: Engineering Manager . --
- ;- - c:=.ented that the biggest single change in nuclear design.has been .in the : - i

:- ,earea ef seismic technology. The prefect Ccmpletien Manager said-that_there. ,
~

,

-

- - - ~ is a' cc. men thread in all projects ::a: have getteh i'nto trouble-as tfar -

as cuality assurance is concerned. That ec=en thread is the length of
t'he project. Long exposure opens ths ;roject to many potential changes
and delays and difficulties. The LManses, he said, had.g d culaity in

[ each time frame since the job began $ 1955. As each.of the new quality
assurance initiatives occurred, the *.icensee respended, but it was more or
less reac'tien. During this period, as :'RC (or AEC/ERDA) improved its

--

J'

-

.

.
.

. g .

.

.

.
_ - _ _ _ _ - - - - - -
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guidance, the industry evolved also, but it was difficult to keep up
with the changing picture. The difficulty is exacerbated by the turn:ver

'

cf persennel over a long peried of time. Successful design activities
require experienced personnel, but many of these are prc oted, retire,

.

etc. , over the ' course of the project, and this intrcduces the possibil,ity
fcr error,,because newer employees are often ynaware pf all the considera . .

.

tions that we~nt i'nto a decision. , ' , -

.

. . .
-

A licensee needs to $anace the nuclear orefect and ensure that interfaces
. .. _

C.

_ _ _ _
between the oroject articicants *(A-E. censtruction contracters, etcl are

>. ._
crecerly ma'intained and monitored. A total oroject system that icooses -

- - - -.

effective c:ntrols and checks ever all key as:ects of the orciect is -

.
..

recuired, including records management and de.cumer.: control, as well as
..

- design, construction, procureme.nt, cest, schedule, etc. The system =ust
be able to acie::: date change. For enmple, the changing regulatory-

_

~~ ' en vironment has presented the Licensee's engineering g with moving (
-

- :

. - ~ targets that required change, but which were not alwaysfreccgnized;or i.-
~

..

. - ' ~ - acce=edated by them. The changing regulatory environment requires that -

.

' -licensee engineering staffs keep w wi.:h changing times. The-Chief
,

,

-

Executive Officer maintained that the Licensee had an adecuate capability _ -
~ 'to do its nuclear project. Because of large cenerating. faci.lity growth

~ ~ in the ig50s, it was necessary to use c:nsultants for the overload and -:
~ . ~ ~ ~ ~ 45r ssecialty tasks. The large number of consS.tants- was. different than =
,

' cd :revicus projects, however, and as sta:ed earl'.er;,- then cc.nsulting roles : . 2 =-

Niere of limited scope and many of these developed along a collegial - -- :

relationship. This cccurred in part because sc=e :f the censultants also
- ' w:rked for the A::mic Energy Commissi:;. a .d it was assumed that tiiey knew

. - - wha: he recuirements were. Thus, ::Ere was a .iact; of formality in th'e-' ~

; recesses.for passing .information a' cross interfaces. The secgraphical .
-

pieximity of a number o'f the censultan s also hei;ed erede a fermal inter-
face centrol system., It was noted tha . procedural matters wculd not have
been handled wi.th the same informality if the sube:ntractors had been 50 -

diles away, rather than across town. For instance, it was- stated that
'

'

there was much more fermality in prc:scures with a seismic consultant -
-

'

located about 40 miles frem the Licensee'.s offices than with one in the
.

same city.
.

. .

. _ _ __ _ _ _ _

O
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There was no requirement or regulati:n for a auditable trail. The

Licenses did not have adequate manpewer to rev.ew all of the work done #g
by its censultants.

-

- .

As times changed, licensing 'regulatiens became =cre cc plex, but in-house

relationships and precedures continued as they were. , As a cd=parison, ..,

during this period many architect-en;ineer fir =s fcund it necessary to j
-

. .
1

apply increasingly large numbers of sanpower ts their. nuclear projects.
In the early days, the Project Completien Manager (PCM) esticated 400,000

,
, ,

- to 500,000 manheurs of engineering time would be recuired for the whole

, -
plant (typical of projects started in the mid-1950s). New they are
project'ing ten times that amount. The Licensee didn't htye access to
rescurces of this magnitude within its staff. (A s;ecific exa=ple was .

.

given by the PCM of increasing recuire er.ts. ''There were three or four -

- engineers involved in keeping track :f itars hung Off walls-in the early- .

- - to =id-1950s projects. Today ever the life of a project,: there are -
~

-
-

probably: 12-15 engineers who keep track of wali lead.ings). The Licensee':s -:
..

- - - engineering staff contributed about 250 and the A-E added another-600 to -
.

-
,

.
r:und out the Project Cc=pletion Tecc. -- -

.-

-

. .. . . .-
-,

,

.

'

. . . The interfaces between engineering functicns er c;erations.=ust be . . . _.

- -

i i i
-.m n m :ed and carefully monitored. 2.at the Licer.see reccgnized this -. .

.
: :- - : problem was apparent frem the Chief Executive Officer's em.nt that :- - :- -

,

--- - ::ving the Project Ccmpletion Team t:; ether en thras-: floors-in the A+E's: : i--
'

.

building was irre.ensely helpful in the es=unicatica process. He also -
-

- stated that there was no substitute for g:od ;recedures to.=cnitor inter-
faces. . .

. . .

_
,.

m 4

.

. .

. .

J'

*
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D'. The Licensee must be ccmmitted to cuality from too manacement down, and
it must be effectivelv c:=unicated ':y te: manacement and manifested in

'

rocedures and controls. It is helpful when the licensee recognizes that
an assurance of quality program properly conceptualized, structured, and
implemented can be an effective management tool that can be ecst effective.

'

If management attempts to iaplement a " canned QA" procram rather than an-
..

. .

assurance-of-t;ual.ity program, it can be seen as threatening to some, and
.

~ . .
-

,

- as an._ artificial laying on of another system by others -- a system with khic'n
one =ust c:ntend, but one which has no useful purpose or- functier.

.
.

.

.- The problem is complicated by a number of factors if quality assurance is',

seen as a superflaus system.. For ins.tance, there has been a lone history '
-

, u y- ~ -h I:.
o . che.. p .; .,,;;%%;m nt::n quality assurance. knong the lessons learned y-

. . . - -
;m

,

by.the Licenses, was that, ever a long period of time, there will be
changing critaria. There will be changes in the state-of-the-art and -

-.
-

- -- models, and calculatier.a1 methods will bet:me more ccmplicatsd. . Events - - -

.\
:will occurduring the construction life of a plant that will magnify: ./ d. .

_.j. errors, such as the diagram error, which wuid have been censidered one V'Dq
way pre-TMI, but was c:nsidered anotner way post-TMI. There is also, an : [.

evolving pIblic standard that has something to' do with perfection of:n :
technology and risk-free operation, and these all feed the Nuclear

.
- .

.

. Regulatory C:=nission's drive toward raised standards. Amid all this, the
~

,- co=nitment to quality must be sustained. - - - . - --

..
.

Another complicating factor was that iersonnel in NRC change. and the -

interpretations applied by these pers:nnel changed also. The cc=ent wFs
.

made that in 1956, there' were 20 safe y guides and they were vague -- n:w
. there are hundreds of regulatory guides and they are written in considerable

cetail. That was the changing envircnment that a licensee's engineering
,' staff had to deal with and still sustain cuality.

.

p. -

'
e

..

.
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E. NRC needs to treat GA as a manacement tool, not as just another recuirement.

As another requirement, the concept cf cualikw ,~ treated as just another %is

system laid on the licensee. As a management tool, the concept of q"aMty Q v
assumes a much more important and usefui role in the eyes of management.

It tells them something ab:ut the. amount cf'rewcrk and project cost, about
the projected reliability and safety of the operating plant. NRC needs to

<~.*-t U

stress this aspect togetter acceptance of its QA init'iatives.- *j
,

-~
. .

.

.

._._.__F. MRC needs to say m:re attention to ensurine cuality in the desien crocess._ _* ._*

During the Case C project, there was no effactive in-depth evaluation by NRC

[' of the Licensee's design process. The Vice president of Engineering stated
that they were well through with the engineerino in the ear)y 1970s when the
whole quality assurance program of NRC was brought into the picture. part '

.

cf th' proble= was the imprecise nature of 10CFR50 Appendix B. a problem whichs
'

- continues. This factor did not encourage the Licensee to go.back and put .in -

a large QA program to handle the remaining work to be done, and:NRG -did -not : -:

: ' insist:en:it, either. It was admitted that the Licensee: was-slow to . adopt
.

=

F t o sM aspects of quality assurance. A confusing factoc.was.that the early v' L.
~

~AEC regulations'on quality assurance sai-d to apply it:"as practi ' as . 7V::.

L/
far as Unit 1 was concerned.

'

:- ---

,It can be expected that many engineering organi:ations will resist;-he - -

,,

' ntrocuction of cuality assurance into the desig'n proces.s:for reascns.. -

.:.. :-i-

_

crevious1.y stated. Further the Stucy Team mace the -

comment that it appeared to them that the Licensee's engineering organization
aopeared as " prima donnas." This was not dis:uted by the- Licensee's up;er

. anac.ement. inere is sittle acknowle:i.emen- b.v enc.ineering that had be tar
.

QA procedures been adopted, it wo61d have avoiced the design diagram error.
(This attitiade does no.t' apply to the Project Ccmpletion Team).

..

e e p. e

e

e-

.

e e -
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G. NRC needs to focus more on the effectiveness of imolementation of the
cuality assurance orc; ram and less en the tractin;s of Licensee crocrams;

'

e.g., less on the QA manual, organization charts, where the QA Manager
reports, and paperwork per se. For example, the QA guidelines for design
need additional, explanatien. There is a lack of understanding of how to

,

effectively apply quality assurance to the day-to-day,,desien process. . ..
. . ._

Based on the resylts of the IDVP reported by the P.roject Completion Team,
-

-
*one would not expect to find large numbers of quality-related problems *

,

in the design process. Any design-related quality assurance program must

.

deal with this fact. 'The design process may inherently contain a high
.

>. . degree of assurance of quality. Perhaps for this reas,on, it has been
.

difficult to for=alize an acceptable QA program for design. The Licensee's ..

former QA Manager stated that the early implementation of 10CFR50 Appendix B
,

was .anufacturing-oriented. That c'rientation, together with the perception '

that QA can.'t 'be applied to the engineering process, are barriers. to its
- adbption. He noted that it was very difficult to instill QA into the :

enginearing process because it requires an attitudinal: change.: NRC.needre... ... ,,

-
to address the issue of assurance of quality in the design / engineering ._

__-

process. ~ -
~.

, .

.
.

'The Manager of Nuclear Power Operations highkighted the problem this way;

he said that the idea was perpetuated that, if one had the paperwork correct,
,

'

ene had a proper QA program. - - - -
-

..
_

.

e

&

6 .

.

t *
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Y. DplICATIONS OF THE CASE STUDY FOR NRC QA INITIATIVES

NRC has underway or under study a number of initiatives which are designed
! :: establish additional confidence in the quality of design and construction

activities, to improve the management control of quality, and/or to improve
. -

. .

the NRC capability to eva.luate the imple:entation of Licensee programs. The
initiativ'es are described in the NRC Staff paper SECY E2-352, " Assurance of - -

Quality," and sub,secuent correspondence between the Co=ission and the NRC
.

-

staff. One of the purposes of this Case Study is to pr: vide feedback regarding
the relevance of the various initiatives to the Case C Licensee's nuclear . -

c:nstruction project. Subsequent paragraphs take each initiative in turn and
. discuss whet,her the initiative, had it been an ongoing activity at the time of

the Licensee's design error, would have cade a difference; i.e., would the
ir.i:iative have prevented or at least mitigated the. design error that has been
distessed. Earlier. A more c:mplete discussion of the sccpe and details of the -

,

va.rious NRC QA initiatives may be found in SECY 82-352 and. SECY 83-32,-"First '

? arterly Report on Implementation of the Qual'ity Assurance Initiative." ~ -Mest -
. . i" . sf these . initiatives were discussed with the senior management of the Licensee.- - -

It is believed that they agree with the Study Team's liva.luation of the- -
[ a;;licability of the initiatiLyes to the design error. problem. -- - --

.

.

A. Measu'es 'for Near-Tenn Ooeratino Licenses (NTOL) +
-

... . . - . . . . . ..

1. Licensee self evaluation - maybe .,
- .- .

*
-

- This initiative applies to action tnat would take place when-the
~- Licensee is in the process of receiving its operating license. It

.

.

rec'uires that the Licensee examine sele:ted portions, of. he engineering
design or construction. Had this ' eer. a recuiremer.t. it is cui;e p:ssible:

,- na: cne of the design areas audi-id w uld have related o seismic-

considerations, since that has been such a major censideration in the
design and construction of this particular nuclear station. This

review might have identified the error that actually occurred, and
should have identified the-feeeeei prcblem of design documant c:n:rol. . ./

- A licer.s_ee, self-evaluation would permi an evaluation of the projec
~

frem beginning to end and would ;tr.it the Chief Executive Officer o -

s 1t'e that the station had been bcilt according to its cemitments.
. ..

e e

.

'
-

. .
-_
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,

2. Regional evaluation - no 1

_

The Licensee regicnal evaluation is an acticn that would take place
when the Licensee is in the process of receiving its cperating
license. The effect of the regi:nal evaluatica could be similar to

'

that described in (1) above. The secpe ef the regional evaluatii:n.

would have to be expanded to include detailed design reviewr p's , y
MS(A @ +4

'

f .h,Nk Cc-<.:a R , ,-J
'3. Independent Design Verification Progrca (IDV?) - yes

The Licensee IDVP ,is an action that takes place when the !,icensen is
,

in the process of receiving its c;erating license. The IDVP would -

,

)'
,

have applied in the case of this Licensee's plcnt in which the design'--

and construction. are essentially c:mpleted. Design verifications can
~

be' performed at any stage in the' design, but the c: cst pr:ductive period
i's when the design is essentially ecmpleted.

- -- - .It is likely that an IDVP w:uld address ene or ::re of the' sensitive .- :
'

. : issues rela' ting to the plant under review. This would have-included- - 5
- '

'

__. . the seismic pr:blem as stated under (1) above and, since. an-IDVp;is; .
.

- - probably incre thorough than either of the evaluationsdn (1) or-(2)-- ~
a>cve, there is an increased prehability that the diagram error.and .f

.

design document centrol deficien:ies would have been f.cund.. - .- ::-- .

, _
~

1~ Design audits can b ery sensitive issues; e.g., one. a ' .. . _ audit: . -- f
"

t J~
'- s'

. ar.c-her's work. Care woui . -"a :c be -* * .. .: airing highly technical v' '
t

issues before non-te h ' audiences . - -

.

-

.
~

~

_ . N-

_

.
.

.

.
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3. Industry Initiatives -
'

- 1 }I a
1. INFO "C:nstruction" audits - yes F

k
The phase 2 part of INPO "Constru: tion" audits now c:nsiders design. i 1 'l ,

such an audit sh'ould be as cc:cplete as a licensee's self initiated ' f' I
audit. It is quite possible that an INFO "constructien" audit would
have detected the problem that cc:urred in this Li'censee's plant; ['

'

,,.Jg L : r i y, it'would have identified the design document c:ntrol /
ceticiency.

..

2. Utility Evaluation Using INFO Methed - yes -

.

This' measure is basically a self-evalut:icn using the INFO meth dology _

devised above. It is a design audi: devised by INPO using self-
.

evalua-icn review teams. This review is estimated to require up to
15,000 manheurs of effort by the Licensee. The review teams are often -

lead by representatives frem the A-E, but who were not. involved-in the -

- criginal design. The team includes Licensee personnel. . Such an -

. .:-.

evaluation would have identified dec: ment c:ntrol deficiencies that . -

,

;~ - cccurred, and possibly could have iden-ified the actual. error. - .

-~

.

2. NRC Ccnstruction Inscection Procram -

:.
__ - _ _ . _ _ _ _ __

1. Revised procedures and increased rescur:es - yes (if included -designl. -

,

. . .

: . M. This particular initiative applies to the c:ns uction pr: gram. The - - :-

. deficiency found in the Licensee's ;ian related :: design.and not to .-
- -

construction. If this initiative were expandec to include design, then
it w:uld probably have detected : e design docu ent'centrol deficiency.

.
'

2. Construction Appraisal Team (f.AT) Inspec-icn - no

This initiative applies to the c:..strue:icn phase; the Licensee's
quality problems occurred in the design phase.

..

* *p.
*

.

.

* .

* ..

.

.
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- 3. Integrated Design Inspection - yes

The integrated design inspection is an action that w:uld take place
when the Licensee is in the process of rsceiving its operating
license, though it could be done before. For the same reasons given i

'

for the effectiveness of measures for Near-Tem Operating Licenses,

the integrated design inspection culd likely have.. uncovered the design -

"

* document deficiency and could have detected the,ei:cr. '

.

. . .-
~-

. .

4. Evaluation of Reported Infomatica - n:t likely

This initiative would computerize 10CFR50.55e and Part 21 reports. -

'

facilitating trend and other analyses of these event reports. Thi's
-

.

'

analysis provides an additional cross-check on the quality and cperations'
- at the Licensee's site. The typ'e of cuality failure that occurred at

the Licensae's site is not unlike err:rs .that result:from lack of-
interface control . Possibly, the rep:rting of similar problems in other

.

- plants w:uld have been useful to either the NRC Inspection and Enfor:e -
.

:
- - r.ent-staff or to the Licensee's er.gineering staff irr icoking'for errors .=-

._.d . of this nature.. -

~. -. .
.

..

D. Desicnated Reoresentatives - maybe _ _.7_ _ __ _

-

.

- At the-time of this Case Study, it was unclear how the designated representa-
- tive system might be implemented by the NRC. Generally, it has been. --

.

-- considered-to: apply to the constructi:n pr: cess, and no to the design ;rocess. :--.

- Wooes.,er, the FAA uses designated engir.eering representatives (DER) who are
,

empicyees cf manufacturers, but are (sputized by the FAA to review and
. verify :er:ain elements .o'f design. Chre are also designated manufa:turing

.- - representatives (DME) who verify that tne assembly or fabrication process
>

isacceptable.) The DER could be.used to spot check the design or design ~
precess. Sowever, there' is every reason t: believe that this initiative, j

'

had it been in effect, would have unc:vered the design document control G
deficiency that the Licensee experien:ed, and wy possibly the error itselfr/
had seismic analyses been subject to :IR revi_ew. .

,

. . .

.

en .

.

.
. :
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E. F.anacement Initiatives, .
i1. Seminars - yes |

Seminars similar to those that the NRC Comissicners conducted in years
past, as well as' seminars by trusted utility executives who had design-
related problems would probably have been helpful in bringing the

.

'

Licenset's management to an increased awareness of the importance of _'
cuality control measures in the design process.

.

2. Qualifications / Certifications of Quality Assurance / Quality Control * '

personnel - no -

.

-

The problem that the Licensee ex;erienced did not relate-to whethe,r. the -

cuality assurance /cuality control personnel were certified or not. It

related to the institution of adecuate qua it assurance control pr6cedures Y
While % z 3 sore oY -he top cuality control managers fety

%.

ih the design process.
that.the Licensee employed may have been less aggressive than desired .it

a
.. is: doubtful that certificatien of these personnel would:have changed the . .:

situatien. . .

'

__-

~

- 3. Craftsmanship - no .

.

.The quality problem experienced by the Licensee did not have to do with
. .

the training or skill level of craftsmen. -- -- - - -

.
. .

.

. .

.

e

.

" .

. &
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F. Certificatien of OA/0C Procram (SECY 23-25) - yes

Had the H?.C initiative related to certificatien of QA/QC programs been in
~

effect, it is likely that the review cf implementatien of the program wculd
have addressed the design process and, more particularly, the interfaces
betwee the Licensee's engineering staff and its consultants. The result

wouhhave_ bee. a recc=nendation for more formalized transmittal of
'

(44-

/i ' '

information betwee'n the two, and such an action coujd'h. ave prevented the -

* *pr:blem that the Licensee experienced frcm occurring.
,

G'. Manacement Audits - :-iybe *

_ _ _ ._.__ _ _ _._ _

S Manage:nent audits ceuld have easily identified the lack of formality iri.

transferring information between consultants and the Licensee's engineering '

staff. Having highlighted the deficiency, it is likely that the-Licensee
'w:ul6 have c:rr,ected it by putting ints effect improved precadures. However. -

-' - had the engineering organization resisted the impositien.of improved - -

_

precedures, it might have prevailed. --:s;. - ----

--

._ _MI . IMPLICATIONS OF TdIS CASE STUDY FOR THE FORD AyENDP.ENT ALTERNATIVES - ~ ~

. .

-
~

.
. -

Section 13 to NRC's r"Y 1983 Authorization bill recuires-NRC to' conduct a ~
study of existing and alternative prograts fer improvir.g quality: assurance and
cuality c:ntrol at nuclear power plants ur. der construction. -This Section. : .

.
called the Ford Amendment, requires NRC to lock in particular at the feasibilityu--

-~ - and efficacy cf five specific alternative pr:gra= c:ncepts :As a.part of this - .u--

- .enalysis, each alternative concept was evalua sd with respect to whether it would-- --

have made a difference in the Licensee's const uction pregram, had it been in
. ; lace at the time :f the Lice'nsee's constructi:n ;s mit. As was the case with

. ne cuality assurance initiatives, each cf':he ? crc altarnatives was ciscussed--
' with senior utility personnel., as well as with their s:sffs. " -

.

h
* .

e
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A. More prestrictive Architectural and Encineerine Criteria - maybe
.

The Authorization Act requires NRC to evaluate the following alternatives:
13(b)1 - adopting a more prescriptive apprcach to defining principal
architectural and engineering criteria for the construc:icn cf c:mercial
nuclear power plants that would serve as a basis fe[ quality assurance and
quality control inspection and enforcement actions. In the case of the - -

Licensee's de, sign errer, more prescriptive architectural and engineering
.

-

criteria w:uld not have affected the Licensee's prcblem. No one could have
foreseen the seismic complications. Ecwever, if the criteria were expanded ' - .

to the design precess, then a more prescriptive apprcach would have uncovered
- the design docu=ent c:ntrol deficiency.

,
.

~ ~~ Conditienine the Construction permit en the A031icant's Dem:nstration of _ _
_

E.

- . . . . . . . . - F.is Aeliity to Manace an Effective Outiity Assurance Procras. =ay_ce .

The Autheri:ation Act requires NRC to evaluate the follcwing alternative: -
1-3(b)2 - recuiring as a condition of the issuance of constructica permits :

c .. - for cecercial nuclear plants that the Licensee demenstratrthe capability -
-

-

cf independently managing the effective perfor=ance of all quality.

assurance and quality control responsibi.iities for the plan . :It should bs- -,

n:tec that, at the time the Licensee received its c:nstructicn per;.it, it - '

'

lwas a= ng the better qualified utilities for undertaking.nucleareplant .

ens'truction. At the time the constr.:ction permit was- issued 10CFR50 -

-

"

b pendix 5 was net a requirement. At that time, the Licenses:cculd have - : -.- . .. .. .

- - =inted to its excellent record in the constructich ef' ether types of power-
. piants. It could have also pointed to its performance in the operation of

a.small nuclear plant. It is unlikely that the Licensee wesid have changed
its precedures sufficient'ly to prever. ,the type 'of casign err:r from occurrine

[ -hat resulted in the withdrawal of i:i cperating license; h: waver, the
requirement for a demonstration of ability, if done today, w:uld surely have
uncovered any informality in the transfer of informaticn acr:ss interfaces.

. .

J*

.
"

.

.

.
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C. Audits, Inscections, or Evaluations by Asseciations of Professionals
Havine Excertise in Accrocriate Areas - P.anacement Audits - yes

The Authorization Act requires NRC to evaluate the following alternative:
-

.
13(b)3 - enc:uraging and obtaining =:re effective evaluatiens, inspections,
or audits of comercial nuclear power plant construction by independent

.

industry or institutional or.canizaticas based on best experience and
. .

. . .

*practices. If done at the present time, audits by independent o* '
-

~

professional organizations looking at 9,e design process wculd *v

identified the quality assurance deficiency that was inherent in the
transmittal of information between the engineering organization and its

.

consultants. -

.

..

-
.

D. J=:rovement of NRC's OA procram - yes . 2,,
, , _ _ . . _,

Tne A;thori:ati,on Act recuires NRC te evaluate the following activities:. -

'

13(b)4 - reexamining the C: mission's organization and method for. quality -.
- assurance development, review, and inspection with the: objective of :-: . .

.

deriving improve:nents in the Agency's progra:n.-

:i- : - -- e i
- - -

-:

.

It -is clear-frca previous sections of this Report that iGC.was part of - -

.- -
..

'

the problem. The following changes t: ';.:.C's pregra. s- would.have mitigated
and p'ssibly prevented the development of the design: quality problems . n t.

.

-

e

discussed earlier: .:.... .
.

..

.

%
. ~ - ~a. Hodify the licensing review precess fer a c:nstructi:n:;er=it ;to cover -

the Licensee's ability to effectitely canage a project as complex and
tech'nically demanding as the construction of a nuclear react:r in

.

acc:rdance with NRC 'recuirements. The c:nstruction ;ermit review would -

need to have been focused on the casign precedures that the Licens,ee
-

-

'

proposed to use ,and. ,its relationship with its nsultants. A thcrough- /
audit of the Licensee's implementation C. R.; its prop: sed procedures /,

.

might have been sufficient.-
- -. ... .

M*

.- ..

-

.

.

..

.
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b. As part of (a) above, the . Licensee would have to demonstrate its

capability to effectively manage a QA program. This is Ford Alternative
13(b)2.

..

c. Revise the NRC inspection program to 1) focus more. en the design and
"

engineering aspect of nuclear plan: constructien, and 2) increase NRC. ..

presence and capability in the regional offices to review d'esign- -

-
.

practices. part of the reason fer NRC's failing to reccenize the
<v-.M~

problem was the lack of NRC inspec:crs and personnel that had a direct , t/(.
~ n

,
input into the design process. -

.

d. Expand the scope and depth of the licensing review for- the Licensee's - -

quality assurance program. While .the Licensee met all the quality . :
assurance requirements in effect at the time of the design err:r, a -:- -

quality assurance program review which included a review of actual :. -- : : -

-

- implementation of the program would have revealed a weakness .in the :handlirrg :- -
--yf. design data, especially that between the Licensee!s engineering n:n-. --

organization and its censultants. : p- . . . :: ..
- --

._
-

..

__J.JCenditionine the Construction permit en the Aco1~icant's Comit ents to --- -

- - - Su:mi: :o inirc-Par v Aucits of His Ctality Assurar.ce Procram - yes - - - -

,

The Authorization Act requires NRC to evaluate the foilowing: alternative:. .:. ..

- J2('b)5~- recuiring as a conditien of the issuance of construction permits :- .

'

-
- :for ce=ercial nuclear power plants that the Licensee: centractorimake ;other ::- :

. arrangements 'with an independent inspector for auditing qua-lity$assuranca .:-
-

responsibilities for the purposes of verifying quali-ty assurance per#or .ance.

| An incependent inspect:r is a third ;ar:y wne has r.c responsibilities for .

h'
'

the design or construction of the.plar.t. This alternative, as it applies
- to this Case Study, has been discussed under Ford Amendment Alternative

,

(C) above.' It is believed that, had this initiative been in place, it
could well have prevented the Licenses from making the error that cccurred.
A simple review of the quality assurance pr:cedures that existed within the .
cesign organi:ation would have revealed this deficiency. .

,

. ..

O

j . .
,
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i APPENDIX A,

EVALUATION OF' GENERIC KEY INDICATO?.5
FOR CASE C STUDY

.

1.0 Licensee is fully ce=itted to a crocrat fer assurance of cuality

A. . Project management appears to firmly believe that their' plant' has
been and is being built with adequate cuality, maybe' excessiv'e cua)ity. -

'

Certainly, 'it is their intent to build a quality facility.

. .

This Licensee, through its construction erganization',' appears to have
supported a goed QA/QC effort in the en-site ccnstruction activities;

.

however, this diligence has not, in all cases, extended to caterials.
su,cpliers. Prior to 1982, such a c:mit:ent was c5viously lacking with

,

respec'g the engineering activities en the"proje:t.. This is reflected
in 'the -idk cf t3ragement follow-up that allowed the violations 'of # .

procedures and inadequate management reviews p.-ir.-ig77.to remain. .,/- -- r-
-

undetected for four years. . .1. : - -- --

.:-
.

.

-[ Many of the management decisiens over the years i dicate an attitude . .

-

. ~.
.

~~
~

ef "do anything and everything to expedite bringing the plant en line." .: -

The. current Independent Design Verificati:n ' rogram {IDVP) and establishing'P

-in 1982 the Project Completion Team under an architect-engineer's-direction -

_.._... _.- ref-lect .this attitude s hc.iei , th; aunt :-L~.
- ,''-' t'fre 9 n; n r:# ect = y/

-

w .

_ % . ,,.,g- :,,:- ;, ; .;.;. : .m qu a i r.y ra== r .:.t. ; n .2..; . "; . .: c2 " . .is .V ---. _ _

,

-- - -- p p -1y e1 a*- 4he--pparerL ! L '. ...- m aee.". ,c f. w .* c:-c a" ' M - ''* -~
_

- - -- :

./% g;~k Ofa-+-~h'

en i." leer-iag" # * <?UT Q -q u? ' t " #! C~rM50|fs; n . 4e".i n s awns# I" '

'. --
9

,

s' -ha '- lovele nf c a r---=_- r p owezgg;;, _--
, , , _ ,._____;c_; m i ,, ,ia,tp_t

-
- .

4 . .

.

. .

. 3

.
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h
*
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% 1.4
. 5. There is evidence that'when the Licensee initially set up its pMy

CA/QC pregram, they appointed an cid line cens: uctic encineer W 4'
r~. '4Al s o , the . i n.W. . . .. n .a+ Lthe Licensee who.o t.,.e Manager position..

.

O4knew the me'st about c'M ft
f0nctien. ap d.a.

y P:::p'y.was transferred to ancther -
a.hg . .

j. Cc,rporat's QA does audit facilities en a'periedic basis;. , ..

,.

howe'ver, general understanding by upper canage.$.nt would indica'te -.
. , .

that they would not see the need :s audit fre= a manage:en: standpoint.
Tnere was much talk about engineering taking care of its cwn problems .

,

as they arose, but did not indicata a for=al progra.m for corrective.

action; - M : 75- - 4 T ..;ti:n. The Licenses has taken great- M'#)
,,

,

care to separate quality assuran:t fr:m quality control. Its feeling
is that the QC function is the , responsibility cf the engineers er
.:he respen,sibility of the organi aden whf wan s the werx dene. There
are many instances where the engi.eers did -he design:andthen went .

the site to oversee %c~tstructi:n and solve ;rchlem .Cc= pan ~y
-

t: . : . . _
d u ce.-+M - -

. ;ers:nnel seem to be t suk,.ef tne ::ncept of CA or QC;having ac:ess .-
.

- --u.-:--
= . - - - t: ::p management. ~ hey '- ' t :: :...y 5:n:fi-/ ::,:: :: E7 ..1: - - ~-

~

.acd -s M-9Aa ::n::pt. "QA" is a :Em u
tion tn. t they were required to u,:nlM;:ad :: descr.i.ha_th.Lcrganiza----

._ -.

E .. . .. . ,' ,.

a .T:::. u; ....s - . . . . . . . 2 5 4 .- At -
-- -- -~ --

'

- 'the present time, the Licensee real,1y has an appreciation ef..what they .

W x '

have spent because of id'u-a * ' r :n: : heir engineerir.g actiens.. :- .

u c.-
In the early days, cest/ schedule :t.p.m.c everride OA/QC f

. :::: -

- Licensee had much pride in their thilities, .1.cwaver, 3.;.c.ig Tne -and[fdt'Nt.::
, ,

, .g g
*

- :e

they were coing everything correctly. There is =uch evidence :ta: - -- --

'

- indicate that they were villin'g :: ad:it their limitaticas.and seek -

hel: fer seismic werk.
-

.

j'.' *
.

.

-
..

.

I . . . +j.

.

. -

.
|

.

..

.

. .

i
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2.0 Rescensibility and authority are clearly defined and :r::eriv i=cle .ented
. .

A At present, there appears to be clea-ly defined ; licy guideskk /'

with respect to responsibil.ities fu authcrities for nuclear.pewer
, .

plant c:nstruction and operatienal cuality. Apparently, g:cd
exparience in designing, ccnstr.:cting,. and c; era ~ ting other types _ ' '
of power generatir.g faci" ties led the Licer.see ts assume tha: -

similar procedures would be ade:ua e for this nuclear station. This
project has.been a 1cng time in .the design and c:nstruction phase. *

Centract:r responsibilities and aut:Arj changing-interfaces.. j
failed to keep up with the for..111:ation QN?.C r gulattens ever the

'
>

~

past decade. This failure occurred, at leas: in part, beczese the
Project has been en the verge cf cc=letien f:r ab:u eight years, '

and the ,need to chan'ge was not ;ressing nor th6ught necessary. The*

- Project Cc=pletion Team members interviewed :eened clear as to their
,

-- understandings of responsibilities and authorities... .- . -.
.

s -

There was scme fu::iness in this regird :n the par: cf the residua 1' -'

-. _ . .
.

- chief engine'ers in the utility rela:ive\ to their rela:icaship u the A' '

Freject C:=cletien Team. -- - -
.

, , -

The Cer; rate P.anager of QA ex;ressed a clear undarstanding-of his: .-
,

. res:ensibilities and autherity.
.

.~ u-- -c.-- -

- -
-

,

.-

, 5. , There is evidence that this is :ne area that was very weak in the --

early stages, and is ene of the reas:ns for tne L'.:enses's ;resen:
- predicament. There are no obserati:ns fer :..e presen: crgani:ation,

f
~

c:her than they are aware tr.at E.is sh uid nav.s :een m:re cr=al in
the early program. The Licensee's f:r=er CA anager made the
s:itement that the early requirsten s fer res;:nsibilities were left
:s the organi:ation responsible for werk. This was a ;eneral

consensus. Everybody su;pesedly understands :he requirements, but !-

lchose to take care of his own. ras;cnsibilities.e-

.l'
.

,

-
.

.

m . -

.-
.

.
-g .
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3.0 Oualified werk force is utili:ed.

A. Overall, the work f:rce employed en the Licensee' Project appear
well qualified. The Licensee's engineering staff had limited

'

nuclear experience en'tering int: the project, and t.he staff was net
... -

~

1argely measured by present-day standards. 'J{.ere the engineering',
'

-

work f rce was n:t qualified, i.iberal use of ::nsultants or * *

c:ntract:rs was' employed, apparently for the ::st part, quite
successfully. The use of many non-Licenses entities required that

'

e - adequate quality assurance pre:edures be in placa and fo11ewed ,
,

carefully. This.d:es not appear t: have been the case.with seismic-

.

c:nsultants and other early c:ntracters. The ::nstruction work
'fer:es which were employed appear to hav'e Edhered o ge:d construction

*

-
*

practices. 50me reservations evolved relative t: the.::rporate QA
-- staff. These came, in part, fr:: i=;tessiens in ene of.-the group --

restings and, in part, fr:m epini:ns ex;ressed by a regional: - - -

.

' inspect:r. : : :::-
. .- - hold pelg

_ - -
-

The' L~icensee did not vade ~..: %. Iam.:. ior!. trained q:WP7 people --
-.

s o: _.
k.a eng

- 3. - c.-

-- in .the beginning. Many people were ;ut into ef. h' O

W.-M.w func.icns without
'

. -
- ~ t. = * ' #.

.- - -. -

training.
_.

ine .ngineering Manager t. ' .:::;t.y ses taat:the peopl.e- -e
.

. . res:ensi.ble for the task are the en1v enes ca:able of res11v gattin _..
- gg -

7-N . ._ _..w. .- -it -dene4 s .4: r:fn=s t: ? -- p t ... : ...e,. i.. $. . - ;t ' - -i :- .;; ..;. ! ;.W. . _ _ .;--
_ _ -- t.-: 2 :::f"i tie.s 'i= " er '' " 't-- $ -" - e --- :; . I n : f ect r the . __.__.- -.- .s

'

,

L- opposite of quality =anagement seems : have happened.: ! 0 ;:r :: -
-'

,

_ . . .. . -- .- % . ; e . . 7.. *, 9 ...._;. e.. 3 e:, ; ,;; ; ,3
-

_
, , , , , .__ _

_

.

s. . .. '. s . s ., I i , .. c.s .. - ris i t t r .~
- - - - - ' ' '

mayth r.r.0 apph4a . ., e e c . ~ ~ ~ ~ - ~ ~ - -
*.

.
*
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4.0
_ Instructions. crecedures. and draw'.:s are clear and adecuate

: A. Instructions, precedures, and drawings were n:t reviewed in detail *

apart frts th:se associated with Icadings fer the seismic censultant's
analysis. While the drawings we.e inadescate in this one case,^

there was ns evidence of pervasive 'nadecuacies in ifesign drawings.. ..

Further, the application of QA :: the engineering activit'ies was net -

clearly understeed. It should he n::ad : hat the engineering work
currently being done by the Pr:fect C::pletien Team is guided by
the utility's engineering prece:ures and the /,E's QA manual. Since

. .

'

t.is hyh-id team has existed for less than ene year, one wculd be,

. s0rprised, indeed, if there .have ..c: been c:==micatd ens pr:ble:s.
.u_:.wchIt was not pessible te probe dae:1y e: ugh :c4 entify any suchid

.

;roblems, however. *
~~

.
.

S M k'
-

- - - . resently, the quality organiza:ica .eviews draegs Jtgdees not ' gyG . .
3. : ...

.

. sign them, which is typical of -he 1.fcensee's 94k .. with
-,,sf5j'

. . ' .;
-

engineering maintaining sole res;:nsibili:y fer design. ?.1 y :h*. gasc
. . . . . . _ . . .. ..

. *!. . _ - _ _ .

. OO _.. . .D DG.
I M 86b .hh 000 W .

"_[,
--

- -
TM: *-dicace ; ;etential . J: _.. . . .h e. e., :.., dan gi:7 ;' T T ~ ~ ~' ' M.. -- -

. poss4bk des'; 2 n ge! evi:e p- f =- - ~ ^ ' ^ . ^ ~.. .

. . . ,

~

' -

~~[
.

I-.

!i*
.,.

* *
. e

.

.

*
.
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5.0 Oualitv/0A Freeram deficiencies are soucht eut end reeerted cree:tiv
.

' '

A .- This fact:r see=s t: he strongly and effectively su;perted at the
c:nstruction site. There is a c:ncern, h: wever, ab:ut the effect-ive-

,

ness of earlier inspections and audits ef material . suppliers, no6bly
,

ent'supplie,r of ele:trical system supports. ,- .' . ' '- -

,

-
. .

.
.

' :.cr her, the "mirr:r image" pt:blem indicates a weakness in this
regard in the engineering activities. It mus: be noted, however,

~

, that deficiencias, once disc vered, have been pre. :tly re::erted and.
*

addressed.
'

o.
_

.
.

5. In .he early days, this was n. t d:ne. T.he Licensee fully,

uniarsta,nds the need now.

.

5. 0 Corrective actien crocram is effective - - ---- -

'

: A. G: d, ence that a pr:blem has been identified. The 1.icansee has
.

-
--

.d -

-
beer. very resp:nsive to identified needs for ::rrective action; . .

- -

.

however, QA program deficiencies may not have been regarded with-

the same intensity as c:nstruc-icn deficiencias as far as c:rrecti.e
.

*

.

action was c:ncerned. - -

. . .

*

5. .io :bservations =ade. -

'

.-
- -

. .

.

.

_ .._..__.7.1 Desien review activities detect and resolve desien deficiencies<.
... - - - -

A. The : :cadures for design review a:; eared t: be siniiar :: these
.

su::sssfully used'hy the Licensis in the :esi:n z..: ::ns: u:-i:n-

ix ..

5 Of ::her types of genersting facilities. Am:ng e-her th).:gs, -hai-

,

:veral' designs ar,e reviewed by chief (disci:linei engineers. .ic*

=a.a were obtained en the numbers and y;es :f fielc changes.>

.

h
. .

.

e

.

.

en .

.
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The " mirror image" and related pr:ble=s represen; a unicue
deficiency in the area Of desi;n review. Althcug.i the pr:ble
was eventually dise:vered and is being res:1ved, the disc:very

r
*was : re fortuitous tha: the result of an crderly process. At

the presen: ti=e, of course, very extensive reviews are in pr:gress.,

-

He. p, #
... .

i -

3. C,hanges are made at the facility / plant as,re:uired. ''.e !.icensat %-

W
setts :: justify this by the fact ca:40C ;t:;1e are engineers, and A4.
are edoen the people who did the des.ign. Theref:re, they are ..

-- - -- capable / justified. h v f-rn : n .; Q .: ...: : :;ri; ;.. e.wi..e . . -

'

- - W -? b v- their des >:.: re;f:.;:4. C'a ;e:-:r: .: de Ai c. wired - --
.

Urd-appeni-. : he--ic.w :..f;- ::1y. - -. .- _,

E.0 Cesien incut data is adecuatelv c:.. r:11ed . .

A. Perfer=ance in this area was pr:bably sa-isfactor*v durine- the - - .-*

L
-

~

cri;inal plant design pr: cess. :ners was a :ajor breakene::%_.- -

g=.i ..:

- pr:bably due to schedule pressures in 1977 in the handling: of :.i : :: f:.
-

' - - seistic diagra=s. It is e ually obvicus tha; majer ef.fer:s are - :-- -

_

. cur-ently being ae;1ied, especially in tne IDVP. -:.-:--

B.* No cbservations made. -

:: - - ;-

__ . .._ _ !_d Or:ani:ational st ucture is c:nducive t: attaf. ent cf cualitv.- - -.
,

- A. 3: faul was identified with ..e f.or ai cr;ani:aticn s- uc..ure; . :.---

h: wever, the (informal) pcsitf=n of ::wer en the part,;f -- - --

,

encineering is suspected :: have bee . a key fact:( in resisting

~

:ne a: plica:icn c1 an effe::ive,.:esi;n O' :r::ess. T' tis. l evei

.- Of informal ;cwer n:w a: pears .: nave been significan iy er:ded
- DM.. t 8"- 3. CC functions are perfor=ed bv de de:artments res; nsible f:r the P'''G~

yG-+
task. This can work, but it is net a c:=:n ;ractice in ::s

,

. ,OC 0 -{- 1crgani:atiens and is not in c:::1:.ance w1:5 :ne inten: :T i - .: g Iy \

A::endix B. d
, g

..

.

. .

.

.
.
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10.0 Planninc. scheduline and budestin: cc: vide the rescurces to de the $ch
A. This case is a classic of " haste makes' waste." The engineering

pr:bler.s which have been so costly appear to have resulted at
least in .part frem very heavy .s:hedule pressures. This was extended

.te the initial efferts at a desie.n verificatien proc.ra= wnich ' . . -
.

prcduced an' additienal set of problems. Ther; La. e no indica:icns
~

..

cf lack of, resources currently.

'

S. Ne observatiens made. ''

,

. . . - -
.

,

11.0 Cesien ::ntrol cr6 cess.
. - . . . . . . . - . . . . . . . - . . ,

A. As identified in numerous ear. lier indicators, this is the major
.Lw W . h eccurred on this r.

_ /.

,

:: ::.:n,:y wnic roject, w r ng the gast year. --
. .

~

. this has been ever-corrected with a very ex:ensive IDVP and.an. - ' '' "-

- - - - - ir.t.arnal "1cok-back program" initiatad by the Project C:=ple:icn: Team . ---

.. ..

-t- ---3. .;. x.ej.. .y cays, :nis was ac; cs.a ;c.:. . T e r ..m .. .; , m..A_ _ g, gg,
. . - . . .-.- ;- . . . . . .

ET-- - ,L= i- ul ! ...;as dad s..a .a d i;. . u i ew, cun '' " '-- '" ~^J - 6 '-

. )
'

: !
- s. . -

12.0 'o'erk :ackace develecrent and centrol - -,. -

A. No: investigated. -- -

.

e

S. . s :bservati:ns =ade. .::i- - -':
'

. .

.
.

.

*
.

e

, .

.

'
i

|
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13.0 P ecurece.: ::nt el

A. A satisfae::ry evaluatien of this indicater is difficult because ' '

cf the ti=e period of this project. The IDVP censultant auditing '

,

the CA pr: gram has c:nceded that the numerous, significant
deficiencies that have been identified are defic.ient by today's -

su. nda.rds, but not by the standards existing at the time lhe
~

.

pr::urererts were made. -

.

B. Tne criginal seismic c:ntract did n:t specify a QA pr: gram, In I

fact, the c:nsultant was not recuired to explain his program until ')./,fd N
*

.. 1S77, icng after much werk was c=pistedyd ! t: ;r:i'- : d'# "- *

i

. _.....,... . . . o . . . . . =L There is evidence that s:=e venders. .

were asked to pr ve their QA pr:gra befdre this -ice, which;

,

. indi:ates tht: sc=eene underst::d t.te require:en: at an early ti=e. ~

.

14.0 Nen::r.f:rrance centrol
.

.

--- ----
.

----

-

i.
. A. N:: investigated.

. . .:-

:-
-

. -

5. N: cisarvatiens made. .

-

.

15.0 5:ecial : recess c:ntrol - -- .-_ . _ _ . _ _ _ . _ ._ 4

j,

.
* ,

" . - A. .No. sienificant. O.A/QC problems have ec:urred' at the construction :stte. .|
-

.

-
.

. 3. .'Jalders are qualified t: day and all indicaricas are that c:nstructica
' ;ractices have always recuired welder qualifi:atien. 'No cbservattens

ra:e :n ::her pr: cesses. -

. ..
. .

15.0 Exacina icn. test, and insce::icn c:n r:1
. . . _ _ _ . . _ . . _ . _ _ . _

A. an[s poln: was not probed in de;th, but "RC regier.ai staff and expressions
'

at the site indicated that the c:nstruction site efferts were
.

- excelle.nt.
<-

.

' tservatiens =ade.. 3. :j: : -

.

.
-

..

.

. .

. .

. .
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17.0 Calibration centrol -

A. Not investicated.. -

.

5. No cbservattens =ade.
..

'

15.0 Ree:rds. -.. :..

. . .
. -

A. Alth: ugh major proble=s have resul ted fr:m wek I:cumentation' .
. .

practices in engineering, the available records led to discovering
the error about fcur years ,after it occurred. Further, we were

advised by an NRC regional inspector that the records and traceability
relative ts c:nstruction (= ate-ials, heats,1ccatien, etc.) was '

-

.

~

unusually extensive and accurate. .

.
-

..
. .

-. .- s. n 'r :ug:: :r t.'.; qu ,.. . ... m . ...un c :n- :::=rly p, I gi
g;r6y

g . . . .. . ._ _ ctt'LJ5iid M . T .erc i: in und:r:n..J:..; .:'?' the U-*~ Y_e_e '.qday- ~ ----

__ ._. --- - tha-;. On s was . cd . 22 eke. ess- -&y - ::ti:::- ,et1=Gienerg. rr -

.

19.0 Audits -
-

. _ . _
-

'
-

, --
A. The use of audits in the early years of the project am; ears;ts have - '-

,

, :een li=ited to these typically d:ne fr/pr:jects involving ther .-
- - types of generating facilities. There appears to be no:for=ali:ed --

program of audits. --

.-
..

.

- The audit progra;n has been very extensively stren;;hehad during the -
-

past year, reflecting in all likiih::d that it was lacking previously.
.

5. The present :r:grai: includes av:i: a::ivi-iss; n: wever, they were ns:"

- -

verified. 'In the early days, . audit activi-its were pr:bably not. fds

Iper'er ed. ine Licensee had a :va. .ty pr:gra=, u ; :nt pr::iers tn.ey
-.

. ..n .u

have experienced would indica:= :. a: a c:ntinued systa= to verif~v,

i=ple=entatien was =da l.'.d ^

n . : i::...;. There is aise evidence that early
NRC Eudit re:cr:s gave the Lice..see ;; d re; r:s :n cuality.;regra= v,

#*

i=plementation when, in fact, 2.is was no: the case, based on a review s
,

.
..

of c rrespendence.

#.

e

.

. *



.

,
_

. ...s : . s . . .
. _ _ _..-.-___..__.__i- 1

- - - - - ~ :
_ _.___ ._ 7 --- - - r .

.

. -...- - - . ,..
.

e. . . .
-

. .
. ..

.
'

-
'

DRAFT WdRKIM PA?ER: . .
.

11
,

.-,
..

,

20.0 Identification and control of material items

A. Tnis was enly superficially investicated; h:vever, a li?.C recional'
inspect:r specifically c:=ented that. the utility had heen far

. -
.

.

above average in this regard.

3. The t.i,censee h:d no fermal pre:edures/dec:: men ation in the early b[ ,

stages of plant design; h: wever, they had a strong desire to'
perform well and this willingness to perfem caused pr:hlen areas '

,

_ te be worked cut. This was a r.atural functicn of these res,pensible
'

e an'd g es along with their engir.eering philosc;hy, ;
, , _ -

.
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APFENDIX .3,

DEFINITION OF# LEVELS OF QUALITY FAILURE CAUSES
FOR CASE C STUDY

1.0 The Deeces: Sense of Ouality Failure -

. .

There are basic underlying causes of quality failure, which clearly transcend
OA and QA pregrams. They can be characterized.as breadly philesephical. They]~

are at the-ex:;re:nity of the chain of causes (e.g., building a nuclear power
plant without kneIing how -- which has as necessary conditions 1) the Licensee-

3
dses note 15: fNkeNits em to build, even ,thcugh they don't M

~

N-D usually very difficult, if not D deyg , i d
rec =nendatiens that address such philosophical issuesg They are, of ec6se, gde
the root causes. For our purposes, 'we are defining ree: causes at a more
:;erative level. ~

.

.
.

E. The 0:erative Sense of Ouality Failure
.

- - There are basic underlying causes of cuality failure,<which ;frecuently:" : n ..
,,

'

ranscend QA and QA programs, but not necessarily. -They can be characterized -..

~-
.- as general. They are near the end of the chtin of causes,- but are li=ited to :

, -
. -

'

where it is practical to bring about corrective action -(e.g., . lack of manage- .
-

cant cor:aitment). It is at thia level that :cerective actions.citen treat .

cany sy:npt=s of poor quality. It is in this sense -that the term "rcot causes"-
,

- - --ap: lies .in this report. Thcre 4s 2 * -f '="=' /- P '=e 't"e f:f'n:d m -
' u-- m.

'

r.--a- ie/;r:c:f::T1. 2=====
''

.

3.[ The 3'/=:t: atic/ Procedural Sense of Ouali:y r ilure
. _ . _ . _ _ _ _ _ _ _ _ _ . _ _ _ . _

a .

_ . . -

.ese ere the causes of cua'lity.assurar.:e' failures. These car transcend
_

r
2 ;A and QA programs, but it is unlikely.' They are charte:arized- as de: ailed

anc specific. They are intermediate in the :hain of causes and, as such, -

are subcauses of (2) above. Recor=endaticas for corrective ac-ions .at this
level are relatively easy, but are likely to treat individual sympt:ms with ut

'~curing the disease.
_

.

, s.

.

.

e
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CASE C -

. - .

.:_s ,. . .

.

, .

I. S*.2***.ARY OF FINDINGS ' . '-
,

,

'

.
A. Intrcducticn.'< . : ~-.

. w .
.

The Nuclear Regulatory Co.:nissicn.(NRC) has undertaken a study of selected
.. .. . ., _. ..

**
'

nuclear reactor'constructi'en projects .t'o determine the important factors '
,

. .
. _

or root causes tha't underlie effective and ineffective. assurance-of-quality
- - .

' programs . Several nuclear projects sich have experienced major cuality-
- related prebiems and several which have not will ec= prise the study popula- * *

tien. Data and findings from these site-specific studies will be used by'
-

the NRC .in the for::ulation of generic policies and programs related to -

. . .

' assurance of quality, and in respondir.; to the Congress (4rd Amendment .

-

- :c 1922-83 Authorization). This working paper.su:nurizes the findings frem '
~

'

the-third Case Study. -

...

,

,.

.;..: - 2:. wi n .-.a c. -. .- ;- ; . .
. .

3. Background . . .. .
,,

.. . ..

G- nThe Li:enset of .the Case C .Stbdy had established its: cwn .in-house-engineeri.ng . .:
.

. . " .
_

,and c nstruction manigement capability,in the 1930s.- During--the late.1920s '-- -

:.-
. _~_.:; and early 1950s, outside architect-engineer (A-E) fir: s.were stilized.- --- --

' '

-

" . ~because of unusually large (post-WII) system ex;ansien recuiremer.'ts. In - .

~

~~ the mid-1950s,' the. Licensee's earlier practice of doing-its' own engine' ring --e

an.d construction management was resumed. -- ----- y .- - :- 1..- .

,

.. ,. ..
, -

.- .

surin; the late 1950s and early 1960s, the Licenses planned an ambitious . -:

,

' pregram to c:nstruct several nuclear power stations. Nuclear power-was~

,

rec:gni:ed as a new technology and the Licensee tock ac: ions to prepa're-

. , .
- ~ itself for entry into this field, inci.dcine havine :bservers at tne -

-
.- - -

,_ .,-

- c:nsthetion sites of early nuclear p:wer plants, participating in the-
~

4
.

,
.

design of a' test reacto~r, and studyir.; A-E's designs of propcsed nuclear -
'

plants. The Licensee decided to build its first nuclear plant - - a small
(<100&'e) power reactor -- th ough a ' turn-key" contract for design and'

,,,.

construction. The plant was ccmplet$d in the early 1950s, ind the Licensee
,

- ::erated it sueleisfully for about 15 years until i: was retired.- The . ;--

*

. .

-* . .
y q

6
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...

Licensee capitalized ' n 'the ' turn-key design and cens' uction a'ctivity '*d
. .

' '
-

-

o

'fa:iliarize its staff with nuclear at:ivities to y - = ,e to

engineer and construct subsequent nuclear planti. The Licenses had been
-

-

successful in engineering and ccnstruction activities on a variety of .
'

generating techn.cle'gies", and 'related electrical transmission systems. -

,

. . .x . . ;
-

. . -. .

f...9;:: ..
, ,

p :; -
..: _f . , _. '% [ r;sy:--.

,,
'

Du' ring the early and mid-1950s, the Licensee. announced plans for se.veral
'

,

-

* * '

nuclear plants. jnviren= ental and/or seismic proble s, coupled with.

,

, intense intervention, political fa'ct:rs, load growth changes, and other ,';

c nsiderations, resulted in all but the Case C nuclear: station being i
.i'

}cancelled. Many of these facters were also present in the Case C project,. .

,

resultin*g in significant delays and c:s: increas 3s.
'

-

. . .

.

'The Case C nuclear station is cc'=prisad of two large (>1000!M) units. -

- The Licensee an'ncunced Units 1 and 2 in 1955 and 1958, respectively.
.

.
,

... ..
.. .. . ..

~ Constructicn permits were issued in 1955 and 1970. Unit-1:of the nuclear .
-

,

. ~ s,tation was largely completed.;by' the cid-1970s and fuei-was recti.ved onsite: - -

. . . .

f=r bcth units in 1975 and 1-975. .1- ;c.- - - - - .- -

,
_

'

-- .

.

. .

. . .
. , . - -

-- Then occurred a series of required m:difications to the nuclear station -- -

. ..

-which' delayed its completion. Included in these were NRC:regulatiens .: -
- related to pipe-break-outside-conain= ant which necessitated, a=:ng other --

'. - - ~. nings, reiocation of a n' umber of conduits (1973.75); identification and/or .; -

. .
~ ~ 'c:nsideration'of..a seismic fault whi:h required such' codifications- as. . :- -.- :- re

-~
- ccTu=n stiffening, tank bracing, upgrading pipe hangars-and-seismic -

.

sn;por s, diaphragm stiffening, buttrass and fcundation =cdifications-
? ?75-75); -he Brow.'s Ferry incident wr.-ica required mecifications reia:Ed

'
'

:o cable 's; reading, inerting at=cspheri, ns.: cecking, and extensive concrete .--

ancher bolt installation-(1980); the T'E accident which required instal 1'ation-
,

cf extansive additionai wiring, sub-c:eled =enit:rs, hydrogen rec :biners,
and other =edificatiens- (1981). ,

..

.

y .

. ..

.

.

, *

6 - M

A



- =-.

. - . . . - - - . - _ . - - . -
..

~ '

" DRAFT WORKliG PAPER
" ~--

-

. .
-

..
. . .

* *
.

. . .

*. ..

*3
**

.

..~;;*::,, , .f . . . .
**- - *- * e

- . . . ...

. =..p * e _
,

_

..

. . . . . - . . :: y . . : w , ., ,.Q. ~ :
. . .w. . . - . . . . . .

. ..

.

-- . .

.

.- .. -
. .

, _

It is important to note that, over the time span of about eight years;
'

- *
-

- at least one of the two units had been within a few months of being .

ccmpleted on a number of occasions. Thus far, Unit 1 has undergene thr'ee
~

het functional tests and three contai=en: leak tests. Unit 2 has undergone
'

one centainment leak test. -
. . .

-

.

. . p . .s . ;:g.;;; % * '
' ~'

-

.
-

. .
_ .- - . . . -. ,_

..

In Septem.ber .1981,* the Licensee rec, eived c:eratino. licenses for its two ' , -
,

.

units. These were suspended two =enths later follcwing~ notification by the *
Licensee to NRC that the. diagrams used' to locate the vertical seismic ficer . .

,

response spectra in the Unit 1 contaiment annulus area were in error.
I *riefly, the error occurred as follows: Tne , Licensee had transmitted to .its

. .

seismic consultant a sketch of the. vertical loadin;s frc::: which the c::nsultant
was to detennine the seismic response spectra. There was no indication cn .

; .:he s,kstch which unit the loadings Nplied to, though the consultant under- -

.M - stoodj(,correctl'y) that they were for Unit 2. The censultant-thought that
-

. . . . . . . . .

,~ Unit ~1 was ',a slidealenfunit (instead 'of a mirror-image unit) and pericrmed _ ~
,M.d ~' m f.?e analysis en Unit 1 based on that assumstion. Tpe ir.for:aation returned . . , - -

[i ~ to 'the ' Licenses- was marked as " Unit 1" (-in fact, the apalysist applied.to . y . .

, ,

-

.

M. Unit 2, not Unit 1). The Licensee ac:epted the data- at face value-as beirut.
.

{t ' for' Unit 1 and, because it knew the plants to be mirror-image plants, n - .
,

j -- } - mpp'ed the data so as to be applicable to Unit 2 (in fact, the data in,the. . .

" ' ' fli'p';;ied ' condition were correct for Unit 1, not Unit 2):.r The; seismic responsp .

'. .so.'ectra were now incorrect .for both Units 1 and 2. ... _ .. . .. .

.
.

.

.

i
~ ' ~ Upon confirmation that wrong diagrams were used in ,the develcpment of. Unit i..

des.ign recuirements, the' Licensee reanalyzed the design. requirements for
1Nni: 1 using the appropria'te contain stt: annulus frame crientatien. - -

H''' ~ , ciagra s and determined that, Jts a result of the error,.g.edifications were .
recuired to. be made on 31 Unit 1 pip's supo:rts. These =edifications . .'

1 a

.
.

involved such actions as adding snubiers, chan~ging the snubber size, adding

braces', replacing structurai members, and stiffening base plates.
,

.- .

. ..

p .

.

o

.

. *. e

.

---.y - y , ,. -. .- ,- - , . , , ,- - w - - -
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_ In an inspection report of seis=ic-related errors, the Nuclear Ttegulatory
" Ccanission stated that the basic causs of this problem appeared to be the !

I"

informal manner in which the ' subject data weie ceveloped by the Licensee a5d '

!transmitted to its seismic consultant, and the lack of independent r.eview of -

the data within the Licensee's crgani:atien pricr is submit:11 to that .
.'

' '

-
- e: .sditantAY. _" . . Q.W6Q

. . .

.) ,,.$ ' -:. .
- .

-. .

- -

.
, .,

. .
,

Tne Licensee had been.the archite'ct-engineer /c:nstruction manager for the. .

'

. Case C nuclear power station. - One of the major actions th'at the Licensen '

-

. h.- MC- as a resuit of the aforemer.tioned error was the- fcr:aticn of a- ~ . . -

? reject.Ccmpletion Team cc prised of the Licensee's engineering /censtruction. -- -.

.

persennel and personnel frem a newly hired architect-engineering firm. --

.

.

' '

An extensive Independent Design Verificatica Fr: gram (IDVP) was initiated
in early 1982 in response to the seis:ic errors discovered in 1981. The.. .

-

- - Project: C:=pletion Team is also conduc:ing a. cencurrent-desig:r verifica' tion " .
;;: gram. : - -

-.

-
-

. .

1 -- $, d & m j /rt}
_

'* -

.- ... -
-- ..A;. .J. . " a * "-= ( h~cary ' 981) , an estimated 90%- of the:cesign_.and AD%- ...---_ -.

.

cf the construction required for modifications as a result of a. wide rar.;e:
- - - -- cf re' views spawned by discovery of the seis'mic diagram error hMeen ::-

-

" ,
The Licensee has applied for reinstat'ement- of the c;erating '

- - - cc:aleted..

'

- .1-i cens es . .
.

- -
..

' - At the. time of the Case Study visit, neither the Independent Design Verifica&I

:icn Program nor the Licensee's design verification program' had revealed
~ significan:,further defic'iencies in -he' design er c:nstructicn of-the

- .
.

' '" nuclear station. '

-
.

-

e

. . .

O
i

..

#* * |
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-
l

.

.
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&, , p . s. w w . %
. . . . . . . . . - ,

n . . . . . ... .
.e . me asses 3... .. ......c..,, e.. . .= . . . . . s. u y .r._.,. .

p,.,ic , The Case C Study Team was cc= prised cf six pers6nnel; tw M nS ati$j"
en the . project engineering / design as;ects, two en construction, and two.

ggh en qual.i'ty assurance pregrams.+ Prior to, during, and fc11: wing the site
'

VM visit, the Team reviewed several de:s.n documents and r.eports related to' ..
,

p ,,W this plant''and its. histdry, including licensing ccrrespender.ce, inspectien'*

-

# nvesticatien reports, and third-par:y reviews of the Licensee's OA, design,-

M] '
i

M and constructicn pregrams.. The Team spent three and one-half days with the
'

, ,
,

- Licensee, including a c'ne-day plant visit. Prict to the Licensee discussions,' .

se of the Team spent ene day with the NF.C regional staff, and during tne-
A ,. J d '. Licensee' discussions, the entire Tea: spent a' day with the regier.a1 staff.#

1

') ,:..-.. . . . . . .-,-._:..:.... a.. ...* .._
. -..... .....,.. w :.. . . - . . = . . -.,, s....s n. . m_+

. -- _ ..........

* % -t ~- 1.s 4-r.#.,v visit culmina:si(at a later tice) ir. a briefing fer cenpanv efficers in -

g'b P 4
-

..

,4c ' s which the findings of the Team were reviewed and the Licensee staff had an
f . . u.. e ...-

_ .ce. c e._rt_ uni. t.y to ce=nent en them., ,, 3 '/--
-

.
. ,

?* * -/* W "'**D (Y" $. -Q L&'}L--?- f D.,.5 - I ~ ~ ^^

- .. . - - - -

.

f) - - t . Su=ary EQ) a* Te'o.< u.a q - + _ J u h M h = - -- .i '--- ' ' W . _.
% elz s .-a -. .. , .:.4 u .- .

T h Case C Study Team identified the f611.cwing facters which it considered -.
'

/ significart in centributing to the cuality problem experienced by .:he -

Licensee: -

.

*

-
b

' d' 1- -'h a enimary rect caus of the desien-related cuality croblem was the
.

. . __ _ _ . _ . _ . . _ _ _ __. .

- ~ _ Zizer.see's failure to clan estaclish. and e'ffectivelv i clemen a .

' ____ anacement system which crevided adecuate' centrol and eversicht ever._ _ m ..._ u

.
. al.1 ascects of the credect. The '.icensee f ailed t. cen ol the flew

. . . . - _ . . _ - . . . . .-

.
V ir.fermation across the ir.terfaces inhere 1: in the engineerin;/ designi

.

n. .e,- -- <_m.._,..........e..- - -, ... , . .: . . . . 3 ..s
... - -- ,-. - ., ,nd e--*vice - -

. . . _ . _ _ _ rec,ss -. . . . . . .. a .. s
I

,

.
~

apprcpriate reviews.c" the inforcation tran3mitted. -
.

.

.

Y'
.'-Et fttrac in Appenc1x 3. 7

' '~

Q.c

. . .

.

'

. .. .- -

a
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%, .u-l. d;.:~., . c<|+s<.ha.
c.J'.5 p% -4 ;, I-ff f.'--S*

gw _ . O _ e . , '

x 37i -
,,

. . M* :. ,-Q.-v % ? sc
. % w w & L* e - b - %-w e sw. . ., r, a. w,a-

a,o k o.c.-Q
inu e cppeer a se severa s .acT.ars wnicn con r.:nes w c.us iai s ure.

dp r ) a . . .,., . .a w _ . . . , .

. . . . . . ............;,... .. .... . a.s...xs _ __r..... .... ... ..c.-W. , . . . . . . . . . e. . ..s,

M, v'- Q.,z - er.-'-ae ' ; ::;-'.'M4y. As previ:usly stated, the Licensee had coed .

-
~

#",-

f

<
, success with varicus ty:es S,f generating. projects it had ersineered anc 3A . .w /_. .w w -w--- -e + 7rc= ,, h

managed ever the years. % ; h+d w:rked' f r these projects . wag. ',Tr d.#
. .

'r:.2-m.. ,. E+r nu ear, prei;_ctf an' thu:, th: n p 4'.ut wa fitted .,., -f ..-
int:,,an >e:astine e:vir:nment,s. e d+d 2::% M P vt ~ ~ y ? *."to
,

*

}f . +~i'.' '~s l', ~~m"-et t - T. '":- ..

: _;sa cetuately. cod 171ed - s.4.J-
.

e
='J ''--0-d' = 7 % w o r-a.-- M .e. --- !4 by
handle ,nuc; lear werkg4 e LhensEe's,,su;T.repsted the 1=pesit1:n of

.
.

-
. ..

,, .g
9 r,'-

h ug
~ ~ ~-o - -

.
,-

J 4h :.anage=ent con:r:1s ree'+ad for assurance of c'.ality,that were blied
.

#- -*-

G n n.q;-Q wc~ e- ---- = -< ~.-+m3,,.h4 zo .

51sewf.*e.t e
h 1. ~_c anc/or en its con:rac ors. ---

'4-- - - --=-

r,,l. Y , 40# ~

. .. _ .i --..... .. &h O ..&. -W.. . m -.a= _. . : 1 -3. .c . -
-

L . .,
4 - rn . _ _ - ~ ._ . .-= ., w _ . . . . _ - . . -

w-__ - - - .. . -_ _ . - -,,

1 . . ..r. . . . _ . ~

W D. A
... .. - . |M. '. ,'W. . ''Y_- _ _ - s s. .. . . . . . . . . .....?... w.

*
. , . . ... ..

. _. .

.

. . . . . ._ - . n_ -

. , . _ .
- -. ,- . . . ..

.&u,1 R.= +L_f 1ve. e-manage.7.en:-c mn:.p_ ' .:
- . . . -w

.c v. lfa. . . .4;
^~

.
_ . ...

.

WW :y- y~.ess .y:, Lz \ _^ heir _

x. =-4 ..; x '- I
.

n r- s

#* '"' W attitude seemed to be that the en:ineerin: cr:anization was c:: prised of..

!--'''~~~''.--- .. .- - - . . ' . .. ~. c Q .LJ
*

*-

w .r . w pr:1essiena'is capable of do1n g2,' ,.- cnt witn.eu: overlaying a. . .

.y.g % - quality asiurance progra: en :Se. f 4. Q ::M --
i"O ? *-j t ---f &;z _ j;-ro cR ,.s ,

'. -- . p j. u . h*.
'

- m y,N.,W,. .f- ,
~w - - .- -. . -

M r ~~+ 4 " ' ~rW'y : .:- -

... .n . a s. . . : .. .. . ..y .
-

, e o7;. o zye u ::
x W.--$. . ~ -= ,rw M

;
."

icn . _.y'uci sar power p lants_c.n. M%.5--

.

1n ne ass.u.

H:> c. Lu~-d . ~rnce. -
-. : -

",''.'~h F)e
-

cf cual'ityA ? _'dhns .cr cons: ::: cT n anced:
'

- - -; -- - 4 <-~

._, b"**'s J)j----c:nsiderably between the late 1950s and ea: :- 15ps. -TWs . ;- ' : f:P. a.-
. .

,_ w . 4. j..w.vtc. c- -d$MtNcensee s c:'Nie ely understand.:helimp*LitatiCris
.

-

o"" 2
- the changes as they cc::rred.Jg -*Ur ner, and-as previously statec. the - - -M-

M ,

3.

d& %1censee was frequently wit. n a a: tar of mon'ths of brin;irig._.the plant.

.e f.. gr./q :.e { i~nto cperation.
As pressu e counts .: c:::1'e:e\ projict- Mcuts

.

'

7
. _ \~I- "''' ' Q are of:en~taken. Actic that the Licensee mi_cht a . over a lenger run-

e# i would be different th those taken when it apa that,the project/8 would be c:=pieted '. a shcrt tire..:r if Edciti:nai nuclear :iants were#
. N.

* rG-O ent en, ths Li 'anses,/- -
r

, Je ' , ,.u' planned. As time
. - -a:anconeu plans Tor acci icnal. . . ..

. . .! nuclear eenera:'. c capacity. The C C nuciear station would be.its
- -

,

only nuclear -cabi_lity in the near ter=..

.

b

r - - |e.] k. 6.r=--- '

r L .. ! a- nw~ er w "^~;f -,

,, 4 : Q &p ce s uf t v(.<-<
- efr ,,, s.< ,. u. u-~. S4 lr r. . .

q-s.

,4 y nc n .,J:.7 k W lAh ! ?'#'' -

' g , ,_ ,,.

1xG. /a < ~^ ' . .r
y- .

-

1 -
_

m
_ - . - - - - - -
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2. Secondary'rcot causes included the following:-

dr
,

.r ilure to understanS and a;;reciate the p:tential merit of r. -z. a
'

.- '[ formal institutionaliced QA ;rogram. fihis is borne cut in part
'

N by the fact th5t the proj6ct'Co.-.pletion Team adopted the A-E's
~

Q,4* quality assurance progr,am, 'even though they were concerned abcut'q p.

(0 imposin'g 'a new .syhem en the project at a late date](the Lict,nsee's ,
**:

*
Affb . fgi engineerihg crecedures were tair.tained, however) @N 5

~

,
.

( pF ' i, , v'"'s ,am deficiencies which had occurred during the projett
.,

hM . . [ Q q .~... A g% )- f and the key indications of these deficiencies were as follows: .

** *-

J:.,*-S a c'Q.RC m&pp'l.
*g an v..--,. Js J. ,.

*
- .- w+c , p.,~rs4 4 dJ e -

. . ,

y~h p_ ,.
. Design Controi .

~.sr gg -

The Licensee's encineerine staff did not document.

important data trans:ittei to sube:ntrac$ ors -- * '

r

/ ....u.) transfer of design c 4"- 'c to subcentractors
- -v. -- .*

#..L2'
occurred.. k m w - .- -. - s..

~

. - g&
~ '

'

;
*"*

_ . . . -

nssigned co'gnizant engineers wara 5:4+n bypassed in -the . . . .;'--.
, ,

-

-
-

. g
-- . ,infermation or appr: val precasses- ~

-

....
,

.
aPg

.

, , a ,.- -

-
.

'
internal ce=unica.tions am:ng the disciplines.p'"' -

-

- , _ . _ . . . .. . . -- - - .

- . u .r . .
-

.

# : . :- ' --

' ' &f xisted-within the Licensee's creenization': .:. - - e
- -

- ;

m ,uu -.

_.- -

, Rehirements fer indeper. den reviews were not " '---md .c . _
'

.--. - - ,- .
-

.

- Co~ntroi of Instructicns, ?r=cedures, and Drawings / Document --'. -- . - .. -'.:-
'

'

[C*****i fd )# gif ~ ,,
^- --

- The Licensee's engineer' .; did not dev'elop femali:Ed, . n : e :p.

.-
.

. eM procecures to comply with early QA progrzN.~ .

-

-
- requirements.

- - ->

, ..

%~% . . .' . - . -r -

.
. ~ Outdated craw 1ngs were :.:se:. c estaolisn seismic criteria. .-

.- ' a gm
*tiingrams in, lieu of rebease drtwings were used - 'a~

~

'

- --.
- --

'

contributing factor .to the seismic problem --
.

. .
.

-
.

*
e = .

.

.

*
4

. .c. ..
.

.

p. .

==. .

..

.
*, .

.

* .* e

. ,
.
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9; ;|..
+!5h'.
.~

-

.--. &v.: .; :y.4%. f&~..'M , . ' .. . . . . .. . . . . , .. . n~ . ..
..' Contrel of Pur-eh:.s6 Lt.. :s'. , iw.r...e...>,- =d s

t
'-

- -
.

u-+e ps. .
- wm .c

preceduralized activities were lackino to centrol-
. .

interfaces with subcentraf::srs 4
.

-

Lagm,.
- . .

. . . . . . . - .:. -, .

,

.Inferral "let'ter-type' contracts and documents were.
'

used
'

: . Y-,g. t.%.L1:| ..::g; . .
* '- -

. .. n. . . .. . - , . ,- .. .
.

--
.

,94 , .L. ; -.-
. .. ..e.

,,,
~

'

.' Servic'e contracts Were not treated }s ' formally. as . ' * "
-

.
*

hardware contracts ."' -*
.

Nrmal' quality requirements were not placed on seme
.

*
. . -

'
. .
- - subcontractors until the late 1970s ~

-

. -.

b. NRC's. failure to Sell QA as a Management Tcoi .
.

. . < ,. .

w je gg; rec"uiramentzfer ._j : .

~

;M -- e 'E-:n_ ' . . . ,,J ; . .'- -4H . . . . - - -,.

quality assurance ~rraer a. cross.as just ancthat requirement. The -
. .

A .

'

emphasis from NRC seemed to ba on externals; the trappings of a.-

QA program, rather thar} its su.bstance -- develop a QA manual.,[4.-_-
i

~

...
- - a s pot, .y p 4 _ w e,.,a..-- y.

_

..-

set up a QA organi ation. NRC tenced to 1csa sicht of what i. ;--
.

4
- .

- - - a -- ': Was try.ing to , achieve:and failed t: ppvide adequate. guidance on 1'-

--

-- ' sFati quality assurance progra= should b.e. ', MA C- , a;b Tm. .

'

"
-

-

5g ,4 y g,gy __ m- .e.__ _ . - __ .

s. g pm p6 ca. 9M l A ,rssafg Q_jf._,,.-. - = - --

.

c. ~ 1.ong Period of Time Between bception of the project and Operation
.. .

~ 1 . As previously stated, the period of time betseen.the issuance of- ----

,- - a construction permit and the present has. been about 1.5 years.; This:...
~ 2*:~ ~ - long period of time greatly i. creased the exposure to-changes.;in. : y-.-

.' -- - technology, to changing reguht .ry recuiremants, and.to changing : .- -.
"

.

state of the art in technical =atters with the attendant oppor- --

tunities for cuality failure.
,

s .
-

. .

g
.

'
.

- . _ .
.

I In addit. ion to the ass 6 ment o# fri: nary and se:c ' ry rcet 'a es,.the.c
_

,
'

O Ger.eric ndi ..c s of u ty. , his '

Case Study Tea.' evalu a

'

evaluation is contained in Appendix A.
__

- - --
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- -
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HI ' :.C-ST CAUSES OF THE LICE!!5EE'S FROBLEMS WITH QUALITY IN DESICH
''~

3ased en the Study Team's evaluation of 'i?.C's files and ether d :umentatien .
iegarding the Case C Project and discussi:ns with a'nd interviews of c:gnit:a.ht~

N?.C Licensee, and c:ntractor personnel, .the following are propcsed as the

prir7_ry and secondary root causes of the Licensee's quality problems in the. -
. . . ,. ..

design and construction of its-nuclear station: *- - -
..

g, ,|Lb h p w -y rc d* M U^ Y*^ ''*
.

,

A. . ?timary Rect Cause M#Yk" *

,

*

The primary root cause .cmerged out of several fact:rs which, taken toge:her, * *

'

- increased the likelihood of a design error. These fact:rs include the

, pressure,(whether real or felt) to c:=plete the nuclear. station, informal',

c:=..:nica:icns across important interfacesb a.s.1 c ghq inadequa e a; plication ofa
r . .

cuality assurance / quality control Q:he design pr::ess, and an at=: sphere
A '

of contention.b.etween engineering and cuality assurance. - -

&w..
. .

. - . -dh . .
.

.

.;..
-

~ - Reviews and audits of the project indicate that the: sta icn. -as ;i.: ex.i sted- -- .
,

" -

:in:1975,t had been. properly and corre:-ly designed an,d c;nstncted 4 -The ; ..-

"

. . ' . - ' seismic ~and other analyses (at the then state-of-the-art)-had :been performei."

-~-
.

- .-

..o the correct ~ configurations and bases. It was in;'he-reanalysis ;after >- ;,--

- the essential c =cletion of Unit 1 ir.1g75, prdrote:ay.-new seisni.c. ; -

.

~

:- - assu=ptions, that the de' sign error previously described--occu red. -
. :-

-

, . .

e ==:the~ issuance of construction penits fer the 'icenses's nuclear. s.tatien;-. : .: m rc- r .

b ~-Se:present time was approximately 13-15 years , aki .; t .i.s stiti:n cap -- -

of the. longest, if not the longest, in the constr,u;-icn crocess. The large' ~~

a=:unt of rework resultina. from cens antly changi ;7.ec.i ld
n-

|_ - .' tith turnover Tn hersonnel and increased facility ::s s@u rerents, couc e ,g m ,.
,

- -- - -
. r m.I ~~ .

4jn:reasec he reel % .y . . -

| . (cr felt) pressure to ce=plete th'e facility. ps a faci *ity nears .c:=pletion-
L

or is in a prestartup cond'itien (as the License 's station was in the mid ' -e

1970s) and new or changed requirements arise, there is an ever present-

.,

tendency to shortcut procedures' and to formalize action lajeg&f-| jughg,
conditions incrdase the possibility :f errer. 7 - % , . g#MM!

' & @2 k % e+,er '' ' G e m . /G %.
..

y ,cesb 4 .;4.<. , & p A ,4-- -

,

. a_ n_. :~ x__ . a__ J< ~
1

-

-

'' ** * hd W
h = A M 4, ', 4y *.~4 . E ,

,

t*sh e,2 m e
.

.,m
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Another factor which'.centributed t6 the pr:blem was the greater use of *- - '

.

.censultants and engineering' service c:ntractors than had been cust==ary
en the Licensee's other generatine projects. These =ultiplied interface -

.
~

+ p.uq pc.

pr:blems.r-+w-<4:.he need for additional a:;ertise came with the nuclear . --0 - *

T
. j<visyis :n c, - '.- A -

*-

.

e,+and' this imposac a change in how the Licensee,s eng..ineering staff was
.

.

'

.
ac:us,t:med to cperate. . There seems to have been a ten.dency to extend tie. e..:. .

.

# '.
.

- a.g . . . . . .. . , . .,; -c. .,..
.. .

.

informalitE'c':=cn. in close. knit encineering crganizatiens to these outside ~
.

p.,ws. . .w. wks m wn,1 A' .-.

' gs Mr ._rygntrols and review precesses fer deiline with them ' 'crsuos . .-

pw&pl:arfacing pr7ble=s were increased by
-

were not effectiv'ely applied.~

ihesei

t.
'''

.the geographical proximity of the censultants and engineering service' .

'
- c:ntractors (a greater distance micht have recuired core fer=alization cf "

c:=unicatiens)We Licensee and its',consultan e > M '-> m -s w =
'

h..

=. ~ . - . < -. - 2 G4 k n -+mwmY z:~'.-

just Tar encugh removect; . :he- cus:::ary level oT inTorma my' to prc :,te '_.

4 4

th'e possibiiity of er cr and misundersunding. - -

.

.
.

,.

.

.

A well-teveloped engineering team whi:h relies heavily :n.infor ::al- c:=unica- ..:
- tien a=ng 'its me bars has both advantages and disadvan ages :frem a . quality ..

.

- ~- enserance ' standpoint. Such.close cen 1:t generally. con ributas.'jr.eatly :: ,.. ..

.

. the quality of the engineering work. At the sa..= time, it can create:- c
__

practices *wh'?iih are not appr:priate in dealing cutside:the' crgani:zation'. " ' * -~
-

j Ge$graphidal separation generally requires i higherMegree of formalizatien. -
m d in' et=unication. Geographical proxi=ity (working in the-same .off. ice or

p h [g ;c
.: .,

I building) can result in itel::s being discussed sufficiently that a ce=en h-
[ V 'u).derstanding is reached between the :arties iny'olveds-Irnthe -Case C . :

. -:ru

.
project, the practice of utilizing the informal ::=unicati:ns with key ;

,

g' censultants located'in the ic:nediate area (city and-suburbs) developed; -

- hcws.er, the distance was.probably great en: ugh that the en;oing dialegge
.

. .

:f key poir.:s was rtPy in.hibi;ef. -

"~ = reguirec to reach full understanding $ % /d.[]
'

,.

4Q ha % .-M! N .: A<-~-a "~wt~~

.~.

- - <& W rod ui. $ .f<. c . '' - 2 cu.wQy 5 k0
.

-

'' ' ' 'u u,u. p i J '. :-W ; - - .. -fM .
.
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One of the c:ments mad,e by the Licensee's staff was " engineering viewed- -

their censultants as an extensien of themselves." (It should be noted that
the Licensee's staff assigned to the Project.Cc'..pletien Team has been-

.

physically relocated to the A-E's facility). While the problem of inter-.

face c:ntrol can.n:t be c:nside. red the primary cause of the diagrtm err r.-

,. .
~

that occurred, it was clearly a' contributing factor. 1ne' error is indicativg ,-

.. . . . ..

cf less than edequate procedures fer design reviews and ce=unicati.ons'.
*- -

-

. .
, ,

.

During much of th'e project, the application of qua y,assuran e/qua .it ..|.a g., :., m w u.v. A ~. - --- -

.

centrol (QA/AC) _to the design prec ss w not we understood. It was f e uar, i
4

. practiced in the traditional manner of desig.n approvals. Changing require-
~

ments resulting in redesign, coupled with turnover in design personnel n' t:e

familiar with all the ramifications of the original design, make the .

- ap' plication of QA/QC to the design pr: cess increasingly impcrtant. The .:..

matter is furth'er c:mplicated by the evolution of the 10CFR50 Appe.ndix:3-
. o :,.. . . . . . . . _ .
.

. - criteria. and~ its vagueness.' During the meetings with the Licensee,. its - :.: -

.

: -- : A..E, and:the regional NRC staff, there were repeated c:=ents.with respe:t - --

. ' '

,._ .to engoing problems in' interprefing 100?R50 Appendix'5 :riteria and their - : -

' *

-7 application to.the engineering process. In additien, c:ncerns about . _ . . -
'

dnfringing on " professionalism" and " creativity" were expr'essed. These- -

. .
.

-- c:ns.iderations, plus the fact that the Licensee's engineering organization.

M '

1- was very independent, contributed to their resisting mee implementation .
" -

-. ~ ~ ~ and/or: understanding of qua'lity assurance in that area. There also see:s .:.
. .

': -
~~ :c ?. ave'been a tendency to require, er at least receive, m:re stringent - : -:

-

- . quality assurance fr:m contracters than.was applied to in-heu'e efforts. : -s

This was verified by the NRC during investigatiens in late 1981 and'early
cund,,.;.;;.t.asty e. J.A.w4-Aat yA prac-ices ;r. eensu.r..n; c:r.:ractors.. _ _

.

. .gE2, w...ere it was ..

i,

2'

.: - Orc.ani.zations were better than.those . sad internally in :he Licensee's
"

organizati'en. It is not entirely clear whether this reflected a diffeience
,

in the Licensee''s requ.irements, or a difference in pra'c ices. NRC inspect:rs

.
made the observation that the Licensee is " tougher en its centraci:rs than

/

. . . . . en itself." . T.his .attitu. de may have c:ntributed to the apparent success in . .
- assuring cuality in the construction affer.s, since essentially all of that - -

.

. - g

.
- e . .

O ,

- . . . ..

_ _ _ _.
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w:rk was dene by'ceni;rac,.. ..; ; 4(However, the applicatien of qual.ity
' , . . . . . . - -;.. .. . . . . . .. - ...

. . .
*

to'rs .

~ assurance t: censtruction activities has been quite well understood and
~

has been implemented much easier). The significance attached to this .

. finding is the possible reflection.of. an attitude, ;articularly in
~

engineering -- an attitude re'flecting seme degree of professienal arrogance ,
~ '

. . . -
. ~ . ..

that "we.do no wrong, but we sure have to watch out fo.r those other guys'." .K. ,.. . .
. .. .

The major cuality problems identified to date have been within.that -
,.

. . . .

.
Organization. . -

~

.
,

. ..

The engineering deficiencies discovered in September 1981 occurred during

.
a , time, irenically, when quality assurance appeared to be undergoing

'

signific'an; strengthening within the Licensee's organizatione In September

,

1975, the Licensee hired a new corportte directer of QA who was pg ,,
~

cualified, knowledgeable, and aggres'ive. During late 1975.and 1977, uw.#s
~ ''- the QA- programhas overhauled and a new QA manual or program was issued in- d -

:1978.'While the Case Study Team was unable to establish the attitudes:.anda ?-
ws--'

resa:::nsni;s._7,.e ween engineering anc the new quali y assurance directe.r gg.
. . . . - . . - . . . .-

,

--,.; '
- in 1977, itis ~s'uspected that -the relationshi3 was stme-hing less than :Mb

"W w- --
. .- .---

cens: uc:1ve.-- ( ene new quality assurance c..1 rector vas: reassign. ed in'
.chg@hu,. .

1cn.or even rucmehtary.Q.-ebruary 1,579.)ilt seems clear that the' applica:
,

,

quality ' assurance practices for design documen con. trol at that. .ime should :. -

have prevented the errer that occurred. - - --: - -- :- -..

> - .
.

.~ -. .~-
. .-~ '.

~ / To:iic-irize, the primary root cause was the failure:tt manage..c:msletely-a- :-

- f . project that is large and c:mplex, an:i -he faiTure .o; pian and effectively. --

,

i isole:-in a management system embodying all of the contr:1s.neces.sary to
. iisure'::rrect completion cf such a ;r:jec . There were,several .fac. rs :nt:

f* W ,-
1 ..

c:n:ri:::ac to this primary root cause*. The Licensae-hac a-false sense of

(dM security:with respect to its engineering capability. As previously sta'ted,
\

,

-he Licenses was successful ,with varicus types of generating projects.
- What had worked for these projects was assumed to work for its fi~rst (in-

house) nuclear project and, thus, the project was fitted int: an existing ..
.

structure which carried with it practices not apprecriate tc nuclear work.'

.

.

.

-

- -6

. ,

.
. . - . , - , - ,
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The engineering function in the Licehsee':: organization was very strong;
'

strong enough politically to resist successfully the i=pesiti:n of =anagement *

*

. ; centrols that were required elsewhere in the c:=pany or for centractors.
.i

.

''urther, since many of the canagement had c:me out of the engineering-

#p =
"

function, they appreciated its capability and had been part of its go'od *
g perfoipince_. They haf ket seen" a need then to impose . strict quality ' , ' , '

" '

..
, ,

controls over~it. ' It is also clear that the at :spheit and regulaticns -

~ '

-for c:6.structica ,of a, nuclear power plar. : changed tremendcusly since the'
late 1950s. There was probably a failure on the part of the Licenses to- -

,

completely understand the implications of the changes as they were occurring.
} Further, and as previcusly stated, the Licens.ee was within 1

l few ::nths c'f bringing the plant on line :n several cecasions.
-- -

- . .

Thus, ac'tiens
that the Licensee might take in a lenger bn would be different when it -

->

.

.appea, red that project c:=pleticri would be irminent, and no new nuclear plants

| g re anticipate'd in the.near._ term.
. __

,

- .;. . . - y
.

. .
..

. . . . . . .. ,

.

3. Secondary Root Caus.es.
. -,

: . . - . . - :. .... ..
. ,

, ,

.j- ' Based on a review of referenced materials, discussions.and interviews with
.

,

- - the -Licensee',"the Regional NRC Office, and ' analysis, the Assess =ent- Teluz T '-

.

has identified three secondary root causes of the design pr:blems ' experienced-
, .

- at the Licensee's plant. They are: 1)' failure to understandiand appreciate

the potential =er.it of a formal institu,tionalized QA progra=; 2) NRC's. : ~.., ,

; ': - failure t sell cuality assurance as a management tool, and.3):the 1cng ::. :-
-

- ::~ : pericd cf time between inception of the :roject and cccpletien.-lacfr is:- .:-.- . .

~ discussed in more detail; --

. . . .

\ - , .
,

'".~ . . .

. . = *,

g

. -
,

;
-

. .

.
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*
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i. Failure to understand and teoreciate the totential merit of a formal
'

CA oreeram. As previously stated, the Licensee had a highly capable
''

organization with many successful engineering projects behind them.- --

1

Tney had made an effort to organize a cuality assurance piegram beTore 1

the requirements cf 10CFP.50 Appeddix 3 became candatory. The~ Licensee's fg
-

,

~ perceptih was that,thly albays ha ed cuality a,nd that, while 'th'ej:[p
,

-

,
,

new recuire=en't documents migh't :hange sc 4 things. it w:uld not affect h.,

|
. the underlying bases for their g::d cuali:y perier:ance. Ccnsecuently, L

.

the early program was m:re or less a decurented or proceduralized :,.-.

'
. ,

atte=pt at mee' ting the requirements. It did not significantly~ affect
the way that the Licensee had been doing its engineering / design work.

. . . p , .
-

'

(The Licensee's past experience with c:nstructi:n enibled them to proceed ,
with the necessary c:nt' ols in place and qualified people to keep them ..

A --

t, hat way.]; Ccnstruction of power plants was "old hat," and they knew how
.

.,

to stay.out of trouble and eet the jcb cene. Eew QA/QC.recuirements were .

- accc::Inodated. When scisidic (or cther) pr:ble=s aroser$e Licensae .

'

:-

. .

--

reacted as any. concerned or.conscienticus_ orcanization.w:uid. If a.. .: S. -...
. -

.; ,-
- mistake had been made, 'they were totally willing to make it right.F,r'

, ,

-
-

..

. .. . .
)

-

.
. .

- The new Project Ccmplation Manager (an .A .I empicyee) said that he. had.- .

'

r'aviewed the Licensee's quality assurance program in= great depth prior;. ..
-:

e.
~ ~to forming. the Project Completier Tea =. [ He nc .ad that the Licensee's: -

. . - t .:( -

.

gre$,.A. - program had early weaknesses but .ad made great improvements through .. y.;.z .

' m*' f[: the: years. He was concerned aber- ic osi'r.g a r.ew iuality assurance. .. n :-O- yf
~ . - system (the A-E's) on the project a: v.:h a late date. .In the end, -:~

,

'however, the A-E's- quality assuruM a !grar was adopted, even though
t .e *.icensee's engineering pro f . ru s ri .ain ained. - e he i= plica:icnit.- .- .

L-]
~

being that the Licensee's QA prgram iacked the depth and. understanding
~

' ' ' -- that the A-E considared necessary rd a nuclear plant.) O./A'L84N .

Tne li t of chfreus QA pr pam defic'=ncies\sy17En'd) ations
'

~

of.thes eficiencia were dese. . sed in Sectic: I. C. - -
--

.

,
.

.

.

'%

* e .

~ ~ -
.

.

,. - - - - .



.em 6 -
.

., ,

, .' ''**
. . , . . .

, .

DRAFT WORKIE.? APER
'

-

... . ,
-

.
.

.

".
..._;.j.7 15, ,

,
.

'
.. . , , . . . . ..

, ,
. ,

,.... g . . . , . _ ; . .
., ,...

.
. .,, _ . _ . - .

. . , . .

. ._ . .. ... ... .yp . . . . . g . .
. .. . . - . . ..- . . . . . - . . . . . .. .; ,.

'

2. NRC's failure to sell OA as a manacement teol . As far as the Licensen-
i

1

was concerned, the NRC require:ne:t for quality assurance came across
'

. as just another requirement. The emphasis "frcm NRC seemed to be en the~i "
>

trappings of a QA program, rather than its substance -- develoo a OA |

kM. A +h.'

NP.C tended to lose siq -w' what it g. [
G v:.w. aprw u ,-u. .

;,

manual, set,up a QA crganizatic . g..t of
~v was trying to achieve.- NRC'inspectjen emphasis se.emed to focus on l

~

, ..
o. .. . .

-

cperations, then en constructi'on. The message .c:nveyed was tha,t the " -
. .

most importan't' area wts not desigr and engineerine; beca0se NRC did * *

3 ~

4<~) w s-v- .
- -

.not er..ectively.prepagate regulations or inspect in-the design and.

4 .g
enginee.-ing area. NRC failed to provide guidance on what.a cuality
'~

assurance program should be. It did not have the technical strength ..

~
'

in s'ufficient depth to provide d'ective oversight of design and
~ '-

engineering QA programs. 'av.5/-<Y'1 '
-

,

.. .

I.

3. Lencth of t'ime between inceotion of the oroject and coeration.. As - - :j
..

- previously stated, the period of time between'the issuance.of a .- -
- ---

,

s.: - - - - --'censtruction permit and the' pre'sent tota 14e- about 15-yests .fer Unit-1.: .. -

--w. - pp. . .

- This-lon*, period of time greatly in:raased the exposure to the normal - - --. ;.

,- -
4.

occurrence of events, to changin; regulat ry requirements, and to - , _ , , . .

>
. .

Po3itical cli=ates- and
-

chang.ing state of the art in tec'-.ical matters. :'-

.

. .pchlic perceptien chanced. F.:nplcye'es retired or moved taa n 9.va.rQ ,ew dobs.-
-

n .:...- k- - --
..

-

Many of these factors centrimuted to redesign. 4 Redesigns may ndt be.as --

' -n- '

t- cc pletely reviewed as original design efferts, becuse The personnel. _; .
,

--- are:not the same and the scep of revi,ew is generahlyi ess. - Qne of. : . -- ::l
d.u.e- i 's t970 . . .c % a. w-
:han3gi g seismic :m$

.

Initially,.
.

.

the major causes of redesigng atters.
-

. w

experts with impressive geolegicai and seismological experience
~ ~

c ;ostulated the kinds of carth:;uaias that might cccur.. That tyon of
l' in.fo'rmation was given to the Licaisee's c:nsui: ants to describe the

.

loads and seismic response criteria. There was no great experiencit in
,

seismic matters id the Licensee's :rganization,'and hhe.re was no detailed ]
sc:pe o.f the work that the L[icensas specified fer its censulta'nt) The
seismic field was developing very rapidly. New data were ceveloped en . .

.

s. .

. m.

"
.

, . . ..

*
.

*- ' ..

.

*
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- faults in the plant 'a'rea'. Data fr:m a seis=ic event in the region ' ,
. .

,

resulted in the Licensee's~ plant being dc.gned to two different types 1

of earthquakes; a design earthquake and a double-design earthquake.--
-

At.that. time, no one considered the analification of vertical motion.--
Even in T976 and 1977, th'e earlier methods were still state-of-the-a.rt..

'

. .
~ ~ ~

. The whole' concept of p. late tectonics ca .e into being during this period. . '.-

..-. .
.. . . .~

Othe.r major causes of redesign were the aforemantioned Brown's. Ferry - -

A.w.iu ) Mmwfire $ the' TMI accident, and other char.ges in N?. r:;.. l as.:. b o n ' %
.

.

.
frequent retrofitting resulted in the less of c: rale on the project . . .

.

and difficulty in bringing new e:31oyees up to speed as turnover ~

'

occurred. All of the'se factors c:ntributed to a cli:ste conducive to .
'

erro'rs and quality failures. .~'~
- - -

.

. .

..-N .RE"EDIAL AdTIONS TAKEN TO COTtRECT (TURN M.0UND) QUALITY PRC5LEMS .. -

. ,

- .. The major remedial action taken by the Licensee was the-for:ation of tha-Project :- 7
C::eletion Team. Approximately 275 of the Licensee's, engineers.were merged with. :

'

-- ahcut;.500 of the A-E's engineers to for:n.a new prg.itet eng.ineering organintion.s .

.

C .The-desie.n an'd 1 censing ' unctions were ter.ced into~ the Prcject C :pletion Team.:--- : .
. - ~

.

.~.-.-

- The' project' engineer foF Unit 1 is a Licenses staff mettert the project enginee:--

f:r Unit.2:is an A-E staff. member. The 1.icensee's chief engineer's staE.p still c.sc-
~

" appears cn drawings and its discipline engineers can- ask-fer docu=ents to _ - ::

dY approve, though@ appear to be involved in an overview functi'on.[As :: . -
..

M* .;irev.icusly stated, :the Project Completion Team works 6 the A-E'_s. quality issurance.:n
h::In:!al'andthe: Licensee's engineering man al. The A-E has:essessed the : foregoing u -

~ io be a satisfactory arrangement. As the plants bec:me operztional,-the A-E's.

~

s aff will phase out and the Licensee's staff will again res:me respensibility
- ~ 3: - engineering.- ."

-

- .-; ,

.
.

- .

. .

. .
g g . . #
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rhe Licensee's Vice President of Engineering made the cement that the trans- |
ition to the Project C =pletion Team was difficult, but it was a good learning h

. ex;erience for his staff, which had "bec::e kind of. hide bound."1 New that they-

are working with the A-E's staff, they see a much mere alive and responsive
crganization, one 1.n wnich decisiens are cade a icw fevels wfK. . .. .. . -t.

.

appropriate
z g ,

manage =ent review, and work is pushed ferard with censiderable aggressiveness. . .- -

.- .. . .,.

' He said these things were good for his staff to.experie,nc'e and it wil,1,be better-
.

for. it when the project is c:=pleted. Oxe c==entee en a nu=ber of Pr=ble=s, -

. .

mostly personnel related, that had arisen as a result of this integrated matrix
.

,organi:ation).] 7 hh? -

.
. .

Another actien which the Licensee has taken was ' identified by the Project-
.

Manacer for Unit 1.
He said that the Licenses h::>1: - ed that it rs~ -u-s es &. e s=- w.v 14 w '-

pMmpertan.- .c revie@nsultants' w:rkg >Th, Licensee had retained a large
nu=ber of consultants - , perhap 100 or =cre -- and the Licensee did not have

rs. . .

adecuate =anpower to review al
of the wrk done }v consultants.

.' The.need for
' A u.w -A u.utvr&'the Licensee (or Proj\

,

ect Cc=ple. ien Team. to -=chra. consultants' wor.k-has n:w -t ) "-

A- ... . .. .

been clearly establishid.' '~
- - -

.

.

'

. -. -
.

. :--..

The Licensee's Manager of Nuclear Power Operations cer:mented that the Licensee-

/.

n:w reali:es that quality assurance is a total enveicpe of =anage=ent-centrolled..-
-. procedures. He stic that if they were ts star: a new nuclear plant,.they. .--

- - w uld . ensure that the entire syste= was in place. They would b.-ing all crgani:a- ..
.

.
- ~ tiens t:ce:her with qua-lified and similar systa=s. 'In the' past, he said, .there

- -

:-

- hi.d been ~=uch wheel reinv,,-b og ?|They s arted with a few of- the'recuired - - -y '
u -

enting. .

4 2

precedures' and then flooded the place with records withcut having people to take '
cark :f them.) The QA guidelihes had see .Il e$-N: the c:nduct Of assuring~

g

:;uali y and, thus, it was resisted. ,QA, he said, is not a func-icn incapendent.-

;

of the work that one is responsible .for; but is sc=ething that =ust be iningrated
.

into :he team. ~ QA cannot,. function with everycne totally independent.
. . ..

4

'

|10: stations are not verbati=, but'th'ey are believed to convey the meaning intended. -
-

,

.

.

.

. . .

.

- 6 *

I
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IV. CDEP.IC IMPLICATIONS 5 -T @ h.' # ~ ~ '.
'

T.i' 7.F.,. .

Ea' sed en the informaticn reviewed and analyzed by the Case C Study Team,
.

'

several pessible generic implicatiens, Or less:ns,' emerge. Thesearehighi -

lighted for each case study to provide input and to help form overall cenclu -

siens concerning fact:rs which constitute important elements in nuclear plant..
-

. .m . ... .. > .

construction cuality. The,first four 'addre:s Licensee implications; the las,t?.r- - -
. -

. . . . .

. three NRC implicatien's: A.-
'

-
.,' -

.
.

-
.

_____A. Nuclear cower olants are c: . plex facilities, and Licensee sanacement =ust
_

.

_ _ . acm eciate that fact. The eneineerin~o desien and c:nstruction oractices

' ' 7' n u.J.L.
toolied to fossil fueled clants are not adecuate to assure cuality in

_

# '
.

nuclear olants.. Licensees which .have desicned and constru::ed fossill *

.~ ~

fueled power plants only should not expect that that experience and technology
alony will be adecuate for undertak'ine nucleai plant construction under the
present regula' tory climate. One difference may be that the 1.icensce's

,

.
.

.

. . management must be pr: active and knowledgeable about. how;to achieve quality--

in' nuclear plant d,esign and con,stru::i:n. A c:=mitment.to cuality by .::p- -
*

.. . ..

management is necassary, but not sufficient to assure quality. (Akeet
'

.

A cui @ s.:sd 9
.- with:u . exception; top managemen% =. tinta. ins a pro-cuality stance).

.

here g .s
==.

-

Is no-cuestion that the Licensee's =anag,e:ps udengwanted a quality ac'11ity.-
>.. a,-

At '

- the i:ime of the Site C visit, all indications were that it was achieved as'

~ ,
far as construction was concerned a .d, apart fr:m the seismic casi;n error,

,
..

.. - it appeared to have been substantially achieved 'in the design.1 J11 thi.s.: .,
.

.
.

m- - 'ssemsito have been achieved more by ;revicusly learned-gced practices than - .- -~

~ by the ~ application of a formalized a;proach to cuality. Managemen: M --

'

N &lk-
~

M "1 W-.

- -
,

.
s .- i

- ,. . _ _ . _ 1
,~

-It as recorted by the Project C:=pletidn Tea = staff that. the Independen: Des.ign-

Verificatiers Program (IDVP) which has involved about 50 personnel, had examined~

,

the ::ntainment and other syste=s in considerable detail . . Perhaps 40,000 to
5:,~00 different items had been looked at. Only 53 needed a more detai. led analysis
a.nd, of that nu=ber, only 8-10 were classified as legiticate design errors.. All
syst" which included them were judged capable of performing their functions ..

".sa:is fic,t.:rily. .

.

6

'>. .
. .

.

g .

.

. *

*
_-_.-___- - __ ._ - , ., - , . . _ - . . -,
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. ,

. an understanding of how to institute a proactive .aality assurance program i
-

in the design process, even though cr perhaps bec/ause, much of the manage-
. tent came out of the engineering organizaticn.!They knew the design process,

~

had confidence in it, but apparently.Sh=dn't thoucht or expressed how major
quality programs em& . M(W.... 4..e., where tn.e weak poin s were in the .

~

'M |d arise i
.

'

'
design. pro. cess)'. The NR.C Recional office also indicat..ed that there had . . .-

. .
. . ..

been an ongsfng ph:blem in' interpreting 10CFR50 Apteridix B critatig in )
-

2 C&W: ' c.&dC . .. . . .. . ..:.u.eir application to engineering. 4.x . ... . ._ m e 07T1cer noted that-

it was not until the 197,3,-74 period that quality assurance was actively .

.

.considen.d for application to the design process. Sy- that time, much of -
.

; . the ded ;n was cc pleted. Since quality was already th:ught to be part
,

'

of the lesign (and apparently it was) it was considered unnecessary-to ;iutt'

in a :ifferent quality assurance program 'for the remaining work (which -

proved to be far more extensive" tha'n thought at the time). Gne fact that -

the project Ccmpletion Team adopted the A-E's cuality- assurance procram is -

.
- -. ..:. : .

' indicative of the Licensie'_s lack of understanding (or ;erhaps procedures) :.

' - of- how to apolv quality to the desien/ construction process .fot nuclear. --
-

. - plants.Q ._-- hE , 8 b f.-4
' ~

4 -

=:' - -; ~ e.fgg&I:{%Wu{d)|"- r
_ ..E.. _A licensee needs to. understand its c [. E : orate li=itations as .it under-DIM.

~

' ' ~ ' _ . ~ takes a nucIear ' Dower croiect, and/n': w. x 22 : M. The ,{$
-apabilities of i centractors must augment the licensee'sdack U _ .."~

;
. er-

. . . .

experience or engineering, procurement, c:nstruc,tien,- anc. management .::.-.

'
.

.kn%r ^
-

.
-

. . . . .- . . . .

=. _ . a s . the Licensee recognnec -ts .i ac.x c7 exper.nsemans, as .:3-u:
. . . . . . .
- . : r-

. stated, made use of a -large number of consultants (Section liA). 'a'ha: -

-:

. apparently went unrecognized was the evol.ing require =ents for engineering-

H

j sup;crt ever tne life of the project, necassi:a ed i.n. ; art by changing
.

~
- regu14 tory requirements. It appears t' hat a licensee's engineering staff

net involved in the continuing design of additional nuclear plants has' .
,

difficulty staying curYent with the state cf the art in nuclear technology
'

'

and regulation. A licensee's engineering staff involved in a sin'gle plant
is not as likely to assimilata advanced procedures that the industry as a -

wf. ele has developed. As previously stated, the Licensee's.Yice President
or Engineering made the co=nent that the ?rojec: C::ple-ion Team approach

'

,
'

presented a good le'crning experierice for his staff.. -

_ -

: -
..

. .

- - - - - . -,,
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The Project Cc=pletion Manager stated that in his earlier experience in.
..q .: --

.. . .

. ' nuclear projects, engineering staffs (A-E or licensee) did not document
'

j

.the design process such as is done t: day. j.

. The Licensee's practice was.
. more typical of the earlier practices. *;-

The Project Completien Manager said .b.;
.-

t' hat the types of problems e'xperienced in the design of the Licensen's .
.

-

nuclear s.tatien have also occurrec in ether plants in..which the A-E has..n c;..--!
. w m. % .

. . -
-

*
..

,A L.,exbeen involved. 9:
. ..

3 .
L' ureas the A-E's st ff was asle to gain a;;ropriate .. ..

experience becaus,e of, involvement in a variety of plants, the Licensee's. |
-

t. ..
. ,

. engineering staff was,not. j
In the erriy years of nuclear power, it was ._., j

pessible to undertake'aproject with i fairly =inical engineering staff.
_,

i.

As regulatiens continued to develep.tnd recuire:nents were more far-reaching
j
4-

7tw> m .~- .

Lj
.

necessary to add additional ;srsennel witn. .
. .

. ,
.

;reater specialties.Those.organi:
Etiens which were involved in several plants were able to

g
I

l'

staff appr priately.
Those with sin;le plan-EcMbt, and had to rely

;. .

-

. .
i !on censultants or other contractors.

. n.

e
. .

. . .y
, 7*1

.

- s.

.[ .Another- facet of the same problem is the evolving specialized 'ispects' of '' '
. .

1 .

.
. .. .. ; ..

~

' l~engineering,
s an example, 'it was ;ointid cut tha' the ihality assuranIe' ' '

.

:*-
.

language was a new'1anguage to many ef. the older engineers.Laterprojects' l
-

were abig to inc:rporate these require:nents ::re readily with ' staffs which' .(.. .'
.

.
. . . . .

;'

,- understood the process better.
The ; reject C:mpletion Engineering Miriig'e~r"

cc,:::nented that the biggest single c:.ange in nuclear design has been in the'''
_

- giarea of seismic technology.
The Prciect Completi:n' Manager said thit 'there' -

....$c._

, s..

is a cc:::non thread in all projects .a: ~ .. . _._..have';otten 'ihto tr:uble ai far.. .
.. .

.
. .I,'

' ~"

as c.uality assurance is concerned. Tnat co:::=n thread is the length of - ~'
,

the project.
Long exposure opens th! ;:roject to etny potential changesf.- sar.1 delays.and difficulties.

The Li:er.see, he said, had .g:cd.plai;y)n
|-

'

each time frame since the job began in 1955. As each of the new quality
}#,'l

assurance initiatives occurred,'thelicensee respe,nded, but it was more or
.

!~less reaction. During this period, as :G.C (:r AEC/EP.DA) icproved its
.

1 I

j..

N,
-

. ,

'
-

[. . ..

> .

,. .. s

t
.

!
.

-

.

!
-

.

.g . .

.

1
.
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* guidance, the industry evolved also, but it was difficult to keep up "
with the changing picture. The difficulty is ext:erbated by the turnever
cf personnel over a long period of time. Su::essful design activities !

'

- recuire experienced personnel, but ::any cf these are pr==oted, retire,
etc., over the .ccurse of the project, and this introduces the possibil,ity

.
. -

. . . . . . . .

for error,_ because newe,'r~e .ployees are often unaware qi all the)ds
censidera- .-

*

.

. .. ..

tions that went into a decision.
' , ' . .e.i-

~

.- . . .
.

. C. A licensee needs to $anace the nuclear :r: Ject and ensure that interfaces
_ ,,

.

__. _.
. between the croject carticicants *( A-E. c nstructicn centractors 4 etc) are

_.-_ -

_ ._
_ orcoerly maintained and monitored. A t:tal croject system that iccoses . _ . - . _ .

.

'_ _.__ effective centrols and checks over all kev as:ects of the cro$ect is . _ . ' .__.;..___
recuired, including records management ar.d de:umer.:-centrol, as . wall as

...

design, censtruction, precurement c:st, schedule, etc. The system must

be able to aed cn=date change. For exa=ple, the changing regulatory- .

: a.::. ... .

.

en viren=ent has presented.the Licensee's engi. nee'rine staffs.with movin]. .

.
- .-

~ q .caly gets that required, change; but which were,r.ct always recognized;or
-. tar . .

4.

..

. - a.com.4da'ted by them. The' changing regulatory environment. requires .that ~-

. - A- a we .

- ncenses engineering ' staffs keep with wi:5 changir.; ti:es. 'N CMcf - .,._ c.

c, . = = c- % A : .: ..

-

- Ex::ra-tiv:; Offker maintained that the Licensee. hac. an_acequata_ capability -.

Because of large generating facility growth ,- to do its nuclear project. ,
i

~ in thei1950s, it was necessary to use c:nsultants for the everload and. -
. v h, .

. _ . ~ for specialty task.s. , ne arge number of c:nsu).tants. was dif.ferent,ehen~ -[ . -.

~ -- W;ievious projects , however, and v r----d ::. '' r,,ee cgnsulting -rdles . . :-"

'"M 4

. .

- evelopeh aleng, a. co'11eg.ijt1[. wer.e of.. limited scope and ::n., ..~ 0.q: , . _ _ _ . _ _ . -
- - - _ a i

, . .-

relationshi This occurred in part becau'se se=e :f the c:n,sul,tants also -

~- ,

a--t c fer(p.
- ^- :< -. a .a. '

th3 At:mic Energy C :::niss.:r. and i: was assu=ed tha: they knew
i. ~~ wha: .the recuirements were. Thus, It'cre' aas a iac : of formality in -the

.s a
processes for passing 1nfomatien across,,interfacel.. . The geographical -- ,

4
pr5xi=ity of a number'of the' consultants also- hel e'd erede a formal inter-
face centrol system. It was noted that pr:cedural matters would not have

,,.

Ibeen handled wi.th the saniinferEaTity if the sub::ntracters had 'been 50
' '

-

mTies away, rather than across town. ?:r instance, it was. stated that
'

there was much more fermality in pr::ecures with a seismic consultant
-

located aceut .40 miles frem the Licensae'.s offices than with one in the
'

. .. . .

same city. - -

.
-

./
._

* ^
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.

. .u. . . . . . . ...'

There was no requirem,ent.cf reguinti:n for an aud't. se trai The
- *

.-
.

Licensee did not have >^-W.e ....- x:r to review all of the work d:ne !-

by-iks consuitants. 7N we-,f5b nmW kO-

m wg g A,g,i 4r ,,,s 4 6 m g
. .

A /

. -- (|
,

.An c W_.
. . .,

As times changed, licensing 'recul tiens became more ccmplex, but .in-h:u a !

. . 2 .M -eu~ In u *'- "h. * -.

-relationships and precedures cr .t- .nf : thg m c.. s a ecmparison,
. j

during,th's heriod many' archit ctsengineer firms foun) it necessary tu - 8,
'

i *-

- --. .

apply increasingly'large numbers of anpower t: their. nuclear projects. * ',

,

In the early days, th'ebroject Completion Mar.ager (PCh estimated 400,000
'

,,

to 500,000 manhou's of engineering time wculd be recuired for the wholer
.

~ plant (typical of projects started in the mid-1950s). New they are - ;

pro]ecting ten times that a% 'O. fw~.. . 't haye access o ..
-

'
'

, . .. .'.

mount. :..e L1:ensae ci:n
A .' iresources of this magnitude within its suff. (A specific example was.

.

given 'by the PCM of increasing recuira .er.ts. There were three or fcur .

engineers involved in keeping track f items hung off wai.ls in the early- .. ..
..

to mid-1950s projects.
.. .

Today over the life of a project, -there are- ?- ._ . . .

. .

'

, probably 12-15 engineers who. keep trzek of wail icedings). . The , Licensee!s ; -

-
. encineerine staff con'tributed about 25C ar.d 'ihe A-Etadded anothe . 500 to :v .t:-:. . .

~

r:und cut the Project Cc=pletion Te' . -- -- :.- -
-

. . v-
--

.:
--

..

-

..

. . The inteNaces between engineering f::nctichs er c;eratiens_must< be .1
. . ..

- minimi:ed and carefully monitored. nat the Licer.see recognized thiss -
~

"

prbblem was apparent frem e.F.e-CH":f In- -'ve Officer.'s com;ent .that - - : 2.1-7
- :

... .

~ .oving the project C=pletion Team ::;ethar en three:'ficers -in :the A.-E's:-~ r .-. . :
'

- building was irmensely helpful in the esm:unicatien-process'. ie a-iso- - - --.
.

'

sute'd that there was no substitute for ;ced ;recedur.e.$ to.m:nitor inter-

,

, faces. -

..
, ,

,

-. . :,

( ..

. ..
.

.

1
o , 1

- w

..

r !
.

s

.

.
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D'. The Licensee must be cc=nitted to cuality frc= too manace: ent doven. and
it must be effectivelv ce=unicated by ten manacement and manifested in.

~

crecedures and controls. It is helpful when the licensee recognizes that
an assurance of. quality program properly conceptualized, structured, and *

.

imple:nented can. be an effectiv'e' manacement tool that can be c:st effec,tive.
If man, age.knt attemp'ts to 'imple' ment a " canned QA" p'rocram rather than an.

'.

..
~. . . .

assurance-of-t;uality program, it can be seen.as th eatening tiseme, and -

as an artificial l'aying on of another system by others'-- a system with khic'n.

,

one must c:ntend, but one which has r.o useful purp:se er. function. -.

.

; , The problem is complicated by a number of facters if quality assurance is-
seen as a superflous system. For instance, there has been a long history

'

of changing requirements on quality assurance. Am:ng the lessons learned.
'

~

by the Licensee, was that, over a long peried of time, there will be
changing criteria. There;will be changes. in the state-of-the-art and c.,

..- - models, and calculatienal methods will bec:me c:re ccmplicated. . Eventt . -:.

vill eccur during .the constructio., life of a -plant that will mag:iify - -,...n-

J errers, such as the diacram errer, e. 5.w;s.".d hrc: Me =:id . ed m.4e - -
.

----

-
- - -4 d.w. h~ occ W :.eay pre-TMI,-but was c- .:i,p:s =d 2-W,m>.4&y post A. -

r TMt.- The.re is also,an .>-- - .

. . . . v- *wD %d.-

evolving puslic standard that .r.a.r,-n T -- e - perTection cr. :
. . .

-
. - -

- techSlogy and r'isk-free operation, and these all feed the Nuclear - .
- :-'-

p.egulatory Ccmaission's drive toward raised standards. Amid all-this,.the :, ., ,

.

c'c=nitment to quality must be sustained. :. -:- - -

.:- - :*

3,

k <-

.

' Another ccmplicating factor was that :ersennel in N?.C change,-and the . -
+ 1

interpretations applied by.these p.ers:nr:si changed aise. The ce=ent was.

_ made that in 1965, there were 20 safen. gu' des and -they were vague -- n:w -
~ '

.'there are hundreds of regulatory guides ar.d they are written in censiderable~

.

detail. That was the changing envircement that a licensee's engineering '

staff had to deal with' and stil1 sustair, cualicy.
,

,

.

*;...,. .M .. ''..
,,

. *p.
.

.-

. *

.

-.. .
. .

.

* .,
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' '

E. NRC needs to beat OA aha rJanaceme'n' tool. n'ot as iust another recuirement.'
'

As another requirement, the concept of quality is treated as just another
system laid en the licensee. As a manage: tnt tool, the concept of cual.ity

,

assumes a much more important and .use.ful role in the eyes of manacement. -
. . ..

It tells them something abcut the.am:unt cf rework and project cost, ab5ut
the projected reliability and safety cf the eperating plant. NRC needs' to - f2

,
~ '

#U '~~$ tress ,this [spect to better acceptance of i- : 7. ' 't7:ti/=.
~

:

A - h3 Qt- ( w,,
~ *

-
.

-
.

_ _ . _

.R NRC needs to ' cay more attention to ensurine cuality in the desian rocess.
. ..-

~

During the Case C project, there was no effective in-depth evaluation by NRC
+

- of the L4censee's design process. The Vice president ef. Engineering stated

that they were weil through with t'he engineerine in the ear)y 1970s when the
whole quality assurance program of NRC was br ught into the picture. Pa'rt '
cf th'e pr:blem was the imprecise nature cf 10CFR50 Appendix 3, a problem which

~
' continues. This fact:r did not.encourace the Licensee to co back and put in. -

f.a- + oea w a y
*~

a large QA program to handle the remaining work to be done, and NRC-did net'

A
-

. Jnsist- enlit,-etther. - It wasL acmitted that the Licenue was & tm adesm: -
'

"
CyrAre .:e-w..: :

.
- 1

_.
all aspects cf cuality assurance. . A confusing fact:r was Ina-/Ine .early

<. . . . - tm --
. *

" - AEC recuhti:ns on quality assurance s+id u W. . :t ":5. nitti" u
.

.

. . , , .~ . ; ' g .coJ& L J h k opp.lQ O*~

.:. r ... ........, ;c -._4y y . ,, gy ,a
..

... . n.. . . , . . . .. ., . _

G'W)'
_

._ it can be expected that s&rr engineering organi:ations"will resist. the .o ^W~ . ~ ' introduction of cuality assurance into the design pretass for reaschs . .- -

o .

:revicusl.y stated. hurther, the Stucy Team made the
, c:=ent that it appeared to them that the Licensee's engineering organization

1;peared as " prima donnas." This was n:t dis::ted by t5e Licansse's u;:er
, ..,

L-- ,

anage ent.]There is li'ttle acknowle ge. ment by engineering that he.d be ter
- QA. procedures been ado.dted, it would.have avoided the design diagram error.

"

'

| (This attitude does not apply to the ?roject C:mpletion Team).
'

-

1 >

[Ja /
,

-

1 ;..

-
\

. . p. |

.

P

. e .
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7. .,} '. U ,.. C s-, Q- -
. %.. .'

"

-i. *
.-:-

,- ' E. NRC needs to focus more' on the effectiveness cf icolementation of the !
'

!
cuality assurance procram and less on the tra: cines of Licensee procrz.=s; j

. 1

. e.g., less en the QA manual,. organintion char:s, where the QA Manager i
~

I

reports, and p.apencrk per se. 9 m-ps , be QA guidelines for design L".

e.--J w h .4. = ;.

nee'd additional, explanatien. There is a' lack of urderstanding of how to |
. . . .A

-.
..

. effectively apply quali,ty assurance to the day,to-Say, de' sign process.
.

*

..
,

.
Based on the. results of the IDVp i eported by the P.oje.ct Co:pletio.n Tea =,' -

~ ~

-

.
*

ene w:uld not expect to find large nu=bers of quality-'related preble=s *
.. in the design process. Any design-related quality assurance pregram =2st .

deal with this fact.
,

. .

The design prccess may inher:mtly contain a high -

g.
degree of assurance of quality. perhaps for,.this reas,en, it has been -

{

.

difficul- to for:.alize an acceptable QA pregram for design.- ihe Licens'ee's . i.
. .

~former QA Manager stated that the early incle entation of 10CFR50 Appendix B i

was =anufacturino-criented. That f-ientation, tocether with the percentien
*+,- nru + k d|&- ~-> *-~*

that QA-c-a'n't-be. applied to the engineering p+rocess, are barriers, to its
.'

...: - . zy ,,

adoption. He noted that it was very difficult to' instill .QA into the.''

.~- - Oc.aw ,-

._.
.

. ,

. _itngineering pr: cess because it .requ. ires an attitudinal change.. .'iRC: needs: .pk :'..
- _p . -

_ __

. !

- . < :
:to acdress the issue of assurance of quality in the.deisign/engineeri.ng.-

.

+. .--

~ ~ ~ process. * '

- - : . . . ,
.. -..

s . .

.

.
- -.

( (The r.anager of Nuclear power Operatiens highlichted the preblem.this way;.
. . .

.

W i he said~ that the idea was ;crpetuated that, if one had.the paperwork correct, .-y
r .

one had a proper QA program. .
(>.

. .. -. . !~ -- -

t;. .

.

.

.

.

. -

k
* .

.- .
-

.

? *

e

. .

.
.

O
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_
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Y.
IEptICATIONS OF THE CASE STUDY FOR NRC QA INITIATIVES

-

| . , . ~ . .

'Y '
-

.C has underway or under study a number of initiat,ives which are designed,

:: establish additional confidence in the quality of' design and constructio' '

n
activities, to improve the manacemeni; cocrol of quality, and/or to impreys '"
the NRC capability to evaluate the i,mpler' entation of Licensee programs ~.

,

The

initiativ'es are" described ,in the Nd S .aff Paper SECY S2-252, " Assurance ofd - -
' '

'

,

. .

Quality," and sub, sequent correspondence between the Cc:=ission and ths NRC. ~.
.

~

staff.
One of the purposes of this Case Study is to provide feedback regarding .I

.
. . .

the relevanc'e of the various initiatives to the Case C Licensee's nuclearI-

::nstruction project. Subsequent paragraphs take each initiative in turn and .

. - ..

discuss whet,her the initiative, had it been an ongoing activity at the time of |,

-J.e Licensee's design error, would have =2de a difference; i.d., would the' d-
initiative.have prevented or at least mi,tigated the design error that has been

-
. y

'

dis:::ssed. earlier. A more c:=plete discussion of the~ scope an'd details of the
.

'

'' [
.

- varicus NRC QA initiatives 'may be.found in SECY 82-252 ind SECY 83-32,'"First- r
,

. ,

_, "iuarterly Report on Imple=entation of the Ouality Assurance I iti ti
. .

. . . . . . . . . . .

n a ve . "' F. cit ' "
L

' |
of -hese initiatives were discussed with the seni.qrh. a6idb. ment Ef the i.'icebs$e. L'"l.d'.

.

. , m is beti,. . . 1-

~14 +It. % t the ree w1*
. ~

. . - .-gm's evet0Tthr? the
- 7, -

,

T. g:licabil .:y cf t se initia ves to the design'erro~ prcblem.r
~ ,ph4 "

#&fh7 #
.

-

.Measur.es for Near .4erm Oceratine Licadses (NTOL)
.c

~m J: -
_

. .
. . -- .=" .

---

1. Licensee self evaluation - maybe ~ . 4
'

f
- ..

~

This initiative applies to action tnat would take place when the ~ ~ ,.

-

L.. .

"~"

Licensee is in the process of re:eiving its operating lica'nse.. '

It
'

re'uires that the Licensee examine selected portions, of.:he engineeringe

! .
,

' design or constructi,cn., Had this been a recuiri sh:;-it-it ci:he p:ssible - "

~ that ene of the design , areas audi ed w:uld have related to seismic .

-
.

considerations, since that has been such a majo'r censideration in the F
i desien and const~ Men of this particular nuclear station.

,

7 .:- u w e N. C~ Mi+ d#g.'i

freviewg e identified.the error that actually occurred', eM- u# ' '

should have 1centified the general prchlem of design document control. . .
1

licensee self-evaluationa ~ J-;ermi$an evaluation of the project
-

I 11
frc:a Seginning to end and would ;e mit the Chief Executive Officer to

:

state that the station had been built according to its c:=mitments. ~ l
;. - 1.

.

.
-

.

a ll.
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. ;- 1. . - . ..- x.- - - .
.

.- -
.

. .

. . ., :a .. . :. . . z: u. . , a :.a..y.y.... r.. . . . . . .
.

i' ..2. Regional evaluation''- no' . -

.-
'

- .- - -

The Licensee regional evaluation is an acti,on that would take place-
'

- when the Licensee is in the prociss of receiving its operating
license. The effect of the re'gicnal evaluation could be 'similar to

,

. that described in (1) a,bove The scope of the regional evaluation.
.

. .
. . . .. ,

.,. ..

,
- .

would.have to be' expan~ded to i.nclude detailed design review. -

,.
_. . . .

.
- . .

. . . . .

-. ..

~3. Independent Design Verification Program (IDVP) - yes
. . . .

..: . .. .

The Licensee IDVP ~is~ an actior) that takes place when the Licensee is . :-
'

- in the process of receiving its perating license. The IDVP would
,

have applied in the case of this Licensee's plant in.which the design' ..

and constructicn are essential'ly co=pleted. Design verifications can
'

be' performed at any stage in the design, but the most pr:ductive period .

.

i's when the design is essentially cc=pleted.

. .
O H&. .. ., r 9-.. , -.

.w..--
..

-- ~It is likely that an IDVP would address one or = ore of the sensitive . . - '-

~

- issues rela' ting to the .p1' ant under review. This would haveMincluded : .- i : -
~ ' "

* '

-
-- Me seismic problem as stated, under (1) above and, since anrIDVP h- 5 M

u.. - 4w w -
.-

="-My more thercugh than either of the evaluations.;in (1) or-(2) L, ._ - .--,'
''

,

4

~ ~~ >cve', there is an increased pro': ability that the diagram err:ir anda :3 .

'
'

design document control deficiencies would have been.found.; ..-: :.-- - .--

- - Tesign audits can be very sensitive issues; **e.g., crie. A-E may. audit. f
'

~ '

. vr-

- another's work. Care would have .o be taken i:: airing highly technicz :'
.

..

'

; issues befora non-technical audisnces. y) u- % $~ a.sk--

.

. .

. r
*

- .
'

'.: ..
-

s.

-
q.

- -
. . .

.

.

.

,

-

.. .
.

..
-

.

[

.

.

~

|
- .-

.
.

,

-
.
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3.- Industry Initiatives 6 '" "-
- - - -

.

'1. INFO "Censtruction" audits .y:ee- %4,
-

. .

The phase 2 part of INFO "Constniction" audits new considers design.
~~

i* . . s ._ _ '
"'

e. .. . -- . . . . _ ,=_ _ * . . . . . .-r = . ...... a u..........--
- w ....... . ._ .m my. .t.. , M,~ s _: __ .

-
_

It is W'essible ,that an INFO " construction" audit would..
er.l N

-
..

W- p J.-% . s- Mm p. n s -- -

. have detected the problem tdt. occurred in t. is L 'censee's plan,t; W, tArW
- - ' 'f, it would have identified the design decud'ent centro'1( C L . j/

r' .. _ w.

b'
M S~ deficiency. -

-*-W"-a-

. . :. . - e,f
M, L__.
. . . .q

O*Utility Evaluation Using INFO Method --:e:s- v~h--2.-

- m
|This'ceasure is basically a self-evaluation using the INFO methodology- J m J~i. n +. + r\' 7
devised above. It is a design audi devised by INp0 using self-

. .

evaluation review teams. This rsiriew is estimated to recuire up to
.-

15,000 manheurs of effert by the Licensee. The review. teams are often ,

n. .

-lead by representatives frem the '-E, but who were not involved ein the: c-
-

r. .

: - criginal design. The team incitides Licensee persennel. Such;an - - -

. ..

~ - - -evaluation wbuld h' ave identified' decur. int control deficiencies that M ---
~

,

--?- -- cccurred,_ and possibly could have identified the actual-errer, . . ..- ~~.
'

.

.
. ~

C.. N?.C Ccnstruction Insoection Proc' ram --
-- -

_

1. Revised procedures and increased resecrees - yes (if included d.esign) -

,. .

"
. .- - - - J-This particular initiative applies to the cens: uc.tien program.. :The - - -

.

'

:
- deficiency found in the Licensee's ;ia .t raiated te. design and no.t to --

. .

construction. If this initiative were expanded to include design, then
it would probably have detected --* '"ign decu ant':ent ci deficiency.

,
- -. . .

|
.

.-
*

.. . .

", 2. Construction Appraisal Team (CAT). Inspection - no - -

.
'

This initiative applies to the construction phase; the Licensee's
quality problems occurred in.the design phase.

.

.
**

|

* -
*

. ,.

. ..

.

.

.
* .*

e

$
.- , -- -
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3. Integrated Design Inspection - }er wg 2---
'

-

The intecrated design inspection is an action that would take place -
'

when the Licensee is in the process of rsceiving its operating
'

license, though it 'could be done before. For the same reasons given
^

. for the effectiveness cf measures for' Near-Ter: Operating Licenses,
- t!)e integrated desikinspection would likely have..u overed the d sic,n -~

'' '

y4 vnau., w + n g-.
.

document deficiency;ed ca-d have detected the e :.or. .

_
> . . .

. .

4. Evaluation of Reported Informatica - not likely *

,

This initiative would c::r.puterize 10CFR50.55e and Part 21 reports,
facilitating trend and other analyses of 'these event reports. This.'.

analysis provides an additional' cross-check on the cuality and cperations .
at the Licensee's site. The type of cuality failure that occurred at

'
~

the Licensee's site is not unlik'e errcrs that resu'lt from lack of
'

' interface centrol. Possib'ly, the reporting of. similar- probler.is in other .~

. piants wculd have been Qseful to either the NRC Inspecticn and Enforce :- ..
.:" " ment staff or to the Licensee's er.gineerim; staff indeckidfor errors _ :.~.;

~
- -- of this nature. . _.

-,-. --

, ,
.

.

D. Desicnated Recresentatives - maybe -

"t the time of this Case Study, it was unclear how the-designated represen a-
#

,ive -system might be implemented by the NRC. Generally,.it has- been
.

*

t-

' '' -con'sidered tsapply to the constructi:n pr: cess, and:no::to the.de< sign process. :---.

. .

' Hokever,' the FAA uses designated engir.eering representatives-(DER) who are
'

: - -

emolcyees cf manufacturers, but are ds;"tized by the-FAA to review and
'

.<erify :ertain elements of' design. Chere are also designated manufacturing
repres,entatives (DME) who verify that 6.5e assembly or fabrication process'

_-

isacceptable.) The DER ceuld be used to spot check the desien pr dg.. ,.. % Aesic.a..e; r- -

process. Hewever, there is , reason to believe _that this initiative,
L. n < c.~~~ r4 +'+ * f.f. ec+t, would have unt:vered tn.e des 1gn cocument control

% .A .
. .

had it been in e
n
deficiency that the Licensee experien:ed, and..n y. possibly tF2 a:ror itsel.f,..

;,

had seismic analyses been subject to :ER review. ;.

..

|,.. .

,

.. .

'
.

.- .
.

. . 1
,_. _ ._ , __
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. .. .

Manace ,ent Initiatives,'2-e . .. o ~ .''. \5 '. ,'% . '. Q.'g.. .. . . ,- -Qa
,

. . ' _* .
.

.
. .. ..r .

E .'
'' t'--

. .

.

1. Seminars - yes .
. ,

. ,
. .. . , .

Seminars similar to those that the NRC C :..issicners conducted in years

past, ah weli as'seminahs by d.eshed utility executives who
'

design-
. . > . ..

related problems would probabiy have been helpful in bringing the M;.,.
-

* * . .
- .,

r _
_

.. ;, g .~. .. -

. License _e s management to an increased awareness of the importance of _, ,
.

s"qualh r control measures in the design process.
.

,
.

-

' ~

- 2. Qualifications / Certifications of Quality Assurance / Quality Control *

personnei - no
.

.

The.crob em that the Licensee ex:trienced did not relate to/se4ker the
-- -

"Va /. , u.a / cuality ssurance/qua11ty contro1 personnei u=-- -- " = ' -- =t. It .

A >o A ' ,

.-

' A

~
~

related to the institution of adequate quality assurance control pro'cedures
iVi the desi.gn process. {'hile sete of the top quality c:ntrol mrnagers fa1t '

~

,

- that-the Licensee e= ployed may have been less aggressive than desired,.it
:is-doubtful that certification of these personnel would;have changed ther- ..

situation.) 4%/.;AL ' ' J' -
" *' * -- *

: :..- -- ~,?-

--
.

.~ .

3. Craftsmanship - no- --^ -

- .- -

.
,

.
. .

. . The quality problem experienced by the Licensee did not have to do with'
the training or skill level of craftsmen. --- -

.- .
-

. .

- .g ,

.,

.

D

-

. .

.
.

. . . - -
. .. .

. . .
* r- -

..*
.

.

. .

.

# e
4

.

. .

J*
.

.

.

*

.
-.

* m .
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. .

.

.s... v.. , . . .

. ,: ::. ::.. im.; . ::.- c. . .:.. .

F. Certification o[bS/bc P'recr$m' (SEU 82-25) 7 ff.d*
~ '

- yes

fHad the NRC initiative related to certificatien of QA/QC programs been in -

\ '~

; effect, it is likely that the review of i=lementation of the program would i

have addressed.the' design process and, more particularly, the. interfaces
between the Licensee's engineering etaff and its censultants. The result

. .. .
. 1

would' bave _been a recc:=lendation for mere form:lized transmittal.cf
-

,. s, .. .. '

infomatien b.etwee'n the two, and such an action coujd'have prevented the
-

.

t,
~

problem that the 'L'1cen.see experienced .re: occurring.
-. . .

.g
% ..

-..: :1 x

G'.[ManacementAudits-maybe * '

f,

Management audits could have easily identified the lack of femality in ,,

transferring infor ation between censultan s and the Licensee's engineering
',. , yu staff.. Having highlighted the deficiency, it is likely that the Licensee

*1V - 'would have cort,ected it by putting into effect impr:ved procedures. However,
>/

had the engineering organization resisted the impositien of timproved ...,
.m

precedures, it might have prevailed.
-

- - --:- . - ;.

. . . ... *
.

~

pp ,. J--

.- . ,, ,

. 72. D?LICATIONS OF THIS CASE STUDY FOR THE MPU.'-ENDP.ENT. ALTERNATIVES ~ :. ~ -
-

-
. g. .

- ap . .
i"' Section 13 to NRC s FY 1953 Authorization bill recu. ires NRC to' .cenduct a -

.
.

study of exisiing and altirnative programs for i=prov.ir.g quality assuran:e and- .
~~ cualiti control at n.uclear power. plants under construction. This Section, .- -

W,a .

caliad the e,:( Amendment, requires NRC to icek in piirticular ati. -the feasibility ,.< -

c ..
.

-.

";~. and efficacy of five specific alternative ;regra: :;ncepts. . As a part .of :thise - . . - ,
', analysis, each alternative concept was evalua:ad with respect to whether it wou-id-----

'

:. ave :.ade i difference in the Licensee's ::nst uction prc{; ram, had it be:n in
~

:iac 'at the -ime of the Licensee'sgenst ucti:n pe mit. *: : :.; .22- . . . . .

-' --= -..q .::ur- n emti.m@_ch cf-he % CL e na:ives was ciscussed. -.

cr-=
.

~~ ]with senice utility personnel, a C n m: .. . .. .2 : . m T .' .
' -

.|.

,
.

* .. . .

.

.

O

%

. . - >.: . .

+ .

.
g

. .

e

.

.W .

.

t
, ,-. _ ,. .

-



- - : -- - -. . - - --
-

.
.

. .
.. . . .

.
..

DkAFT 1(ORKING. PAPER
'

' ~

;
. . -

| -,
'

. .

.-
32

.
* . . .:. .c-

. ::... c. .. c .;.- : . - -

-.x* %.y .., .:4,q.;f :: a
-

. r.- *

.
. a - .. , , .

._ . .-

A. More prescrictive Architectural and Encineerine Criteria - maybe
: - .; -

|

-
.

. The Authorization 5ct requires NRC to evaluate the folicwing alternative :
1-3(b)1 - adopting a rcre prescriptive approach t6 defining principal '

'

architectural and engineering criterik for the constructicn of cc=arcial
,

~

nuclear power plants that w:uld serve as a basis for quality assurance arid-.

;-. . .. .- . . -
.- . . . .. squali'ty control inspection .and enforcement actions. q'In the case of the .,' .p- -

'

t itenses's design errer, m:re prescriptive architectural' and engineering -

hy.M w G *-
. ,

-

criterTa w:uld net have affected the, Licensee's prebler.. NsA q ene c:uld have3
er

foreseen the seismic c:=plications. However, if this criterii were expanded
tETh'e desien procefs7then a r e ----- '-''

-

' "%umd=. .= . n -
s - - "-

. the design docu:ent tentrol deficiency $f -- d- b-.*'"M'"' ;
'-

,
-

.
.

'

- 3. C:nditionine the Ccnstruction per=it en tha A:olicant's Dem:nstra-ion of- -

- g hAbility to .v.anace an Effective Ovality Assurance-Procram -mayoe - - ..- -

7y- -
.

,

The. Authorization Act requires NRC to evaluate the following alternative: ~
-

;

.
.

-

13(b)2_- requiring as a condition of, the issuance of construction permits
. .

.' . . _ .
. .

- - .. . for.c:cercial nuciear. plants that the Licensee dem:nstrate the capability .
.

-- -
. -

. . _ . . . cf independently managing the effective perfomance cf il-i"cuality .. ; . .-
2 ..

- '

~

. assurance and, quality control responsibilities for the plant. M should bs- ~

-'-

.. '

noted that, at the time the Licensee received its c:nstruction per=it, it ' '

" was.a= ng the better cualified utilities for undertakininucleai plaiit~ '
_ --

construction. At the time the construction permit sh-issued,10CFR50-

.

'
Appendix 3 was not a requirement. At that time, tae: Licensee could have - -

~~
. ...

_

. . - ::inted to its excellent record in the constructici:;of ethe? 'typ'es of poweF m'''
~

~

- plants,. It could ha.ve also pointed to its parformance ~in' the ~op'eration of.

a small nuclear plant. It is unlikelv that the Lic
i's :r:cedures sufficiently to ;fre.w.hr u J.id.f a.ensee wo0ld have changedsn. . .

a~

- ven :ne type of casign error frcm oc:urrin.e,

s .

: hat resulted in the withdrawal o$ its cperatino license; h: wever, the
(

'

requirement for a de:x.nstratien of ability, if one today, would byI -

" r : -I _W 6 4T S the transTer or inicrmaklon across interfaces 3

y i... m q id, s &_ [L-;- ''
o

F5K .M.,a. .a.!ff & ) M a, - .

s-
.

.

.

.

.

g .

. .

*
._ __ . . _ _
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. . .. . .... . ..

~ C: Audits. Instections, or Evaluations by Asscciations of Professionals
Havinc Excertise in Accrecriate Areas - Minacemen: Audits - yes j

..
.

. the Authori:ation Act requires NRC to evaluate "the follcwing alternative:
13(b)3 - encouraging. and.obti.ining. ::re effective evaluations, inspectiens,

. . .

er audits of c:=mercial nuclear power plant const uction by independent
'

- industry or institutic5al c'ganizaticas based en best exphrie ce and
-fIf dene,a-t 'u- m.we : /,,L h w , dent. or, ',E- Q M ~-a n:~ ,:. -. .

practices.
.

- --- " t- audits By indepen -

.prefessional organizati:ns looking at the desien pr: cess would have |
* -

identified the quality as,surance deficiency that was inherent in the .

transmittal of informatica between the engineering Orcanization and its-
b6 Y W'*? W ''~ consultants. U M h & S' 4 -"' 's . A,

~

4,x,;, 7,-, x x r._, e .y ;# #4 Lry C..

k; ' , 9 & k ~.a. h -,, c4 wJ.
D. I=:rovement of NRC's OA procram - yes

. . . .-

"

. .
.

-The Acthori:ati,cn Act require.s liRC t: evaluate the following activities: -
13(b)? - reexamining the.._.C.c=nission's organization and.ceth:d for-quality . -

.. ..

- assurance development, review, and inspection with the cbje:tive of: . - -

deriving i=provements .in the Agency's prcgram. - -- -.- ..- - -f . . .-
.,

. .

.

.

T- It is clear from previous sections of this Report that fiSC. was part ch y-
. ..

~

the prebie=. The following changes t: S?.C's prograts would have mitigated
'

- Ynd ~pessibly prevented the development of the design-quality:prchlams - -

discussed earlier:
.

.- ,.
,

. .

~~~ ~~

T.' Medify~ the licensing review precess f:r a c:nst ucti:n per=it to cover. -

,

the Licensee's ability to effecti.>ely anate a ;roject as.ccmplex and~ ~

tech ~nically demanding .as the cens action of a nuclear reacter in.

~ '

acc:rdance with NRC recuirements. ,T.4e c:nstru:: ion permit review w:uldA. w a w a w.-
need to have bessi:n::d 44-the casien pr:cederis that the Licens,ee .

~

-

t .
.

-

proposed to use and. its relationshic with its c:nsultants. A thorough -

audit of the Licerisee's i=plementation pla~n for its proposed , procedures. ,

micht have been sufficient.' ' & [<-w 7 4 ./yp '7. - ' " ' "

{La&
G & %' 4 /n <- ~ o.i%

ra L 1- 4 w 4G WWS*'

- ---

<-

,eJpf w3 , "! a-yx<r y n / Q ' d u L. ,.
.

n.

.
-:o /

4_aw7 4 n . 2. _

- -

_

. .. .

.

Q__._.__. .
. o
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-

.
.

.
. .

f. As part . (a) ab' ave,"yp. :. :Licen'see would haMe de=enstk e it '

., . . .s . h .> :: -. .

b t A
-

j

D# N kcapability to effec).vely manace a gram. Th' is F.eH Alternative
0 WMi .

~

fo - 1 )2.
*

.

.b . -
.. -.....:.... .

.
.:.

.

.

c/. Revise the NRC inspection' pro. dram to 1) fccus mere on the design and.
/ ,. . .

-

engineering aspect of nuclear plant construction, ano 2) increase NRC. . . c. .
-

4 . m ,.s.a.. -
.~

presence and capability in the ' regional offices to review,cesien .'. -

a ^~
practices.' n w w .Part of the reason ftr Np.C's failine to recocni:;e the . .

:..d ;;.t r.c.:.. .r.4 ., 9 p e ,.et .: -M.:. f> ,g e sp-
.

-
problem was the lack of NRC w-=- Cr: *

. . .c u c - . . c.

- '':._^2 % W ji'hj: G , w.: M.i. n....s w g
.^a. . . -. u. .

u-W&n
+ -- * %- . -

.

gExpahd the scope and depth of .the licensing review for the Licensee's
~~

/ cuality/ \hssurance program. While ee ~ Licensee ret all th'd cuality
| -K-

(' .r
"''7

.
.

*83]E"C8"*9"I.re=lents in effec \ ..g at.

.

: / \ / /| / I'
~ .

ice of : sie erry, -
--

g g g.

y .qua ity assurance regram erevieg incluce_c a review or actual . . .

'im ementktion of ghe program wou14 have refeTih a weakness in th'. handline:ey y I / \

.. :of-design W.jta, esp'eci' ally that 'bitween'the Licens'aels eenginaer.ing
-

u .. -. 7 w-. . . .

organization and its consultants. --- ----

. _ -
~

,, .

. . - -
.

... . . ,.

___E_'Conditionino the Construction Permit en the Aeolicant's Co mit=ents 'to-- --

_ __._; S to:i : to TMrd-Party Audits of His 0:aitiv Assuran:e erec am - yes. -- -

The ~ Authorization Act requires NRC to evaluate the -followi.ng alternative: . . .
.

'' : -

".13(b)5~ recuirine as a condition of the issuance of construction per lits.

gw, sm c.Ja Asa e r- .-
.

- -.s . -. .

~=for co=arcial nuclear power plants tha: the L'---- o M - w ear cake other* -

A-

,
. ~ arrangements with an independent inspector for auditing quality assurance -

:
'

~ rr.sponsibilities for the purposes of tarifying cuality assurance per#ct ance.
. An independent inspector,is a third ;ar:y t.o has r.o rss;cnsibilities for

- c
f - the desien or construction of the.pla.a.:. < inis alternative, as it a; plies

to this Case Study, 5 V"-discusse' .under &' ' :M :-t Alternative'._.-

d
- --

,

(C) above. It is believed' that, had this initiative been in place, it
could well have prevented the Ligensee frc= =aking the error that' occurred.
cAA Wh < A .. . . . .

A h, eof the quality assuran.e procecures tnat existed within the. .
?

desica creanization weeM-have revealed .:Pt 2...
& ser,.L., 4y.r .J 4 - d ! 5 *" " ;. .

-

.
~ ~

4 4.~.W

MO t ~ . & .* k.s A 4<.% p r>JM -
...

. ..

: .

* , , , , ,. =
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"IPPENDIX A
' "

".-
...

EVALUATION OF" GENERIC KEY INDICATORS ' 2- -
..

'
FOR CASE C STUDY

.
' ' ' '

.

-
.

. .
.

.

1.0 Licensee is fully ec=iitted to a cro'cria for assurance of cua'lity
.

A. . Project management appears, to; firmly belie.ve that their' plant' has " ;.
, ,

- '

been and 'is being built with adequate quality, maybe' excessive qualitf. '' -
'

-

Cerainly, 'it is their intent to build a cuality facility. - -

.
.

. .

This Licensee, through its construction organization, appears to .have-
supported a good QA/QC effort in the on-site construction activities;

~?-

however, this diligence has not, in al.) cases, extended t : rte: 4s4s- -
,.

ism. Pr'ior to 1982, hN:-i::;:nt-was-d :.:N-lacking with 5# *1-c eJW*@N'/ ~

r '. * ".

|- respect to ,he engineering activities on the project. _lThis is re:1ected - .'. . ... . .

.

in 'the lack of. management follow-up that gw gognsg ,,2g
. procedure,,Qand i&%: management reviews, apparent:in .19Q to remain ;:-t -

r

'

undetected for i m cyears. . . --= 2 - ===- -

-
. .-.. .

.

_.: n . fP.anyefihemanagek.e decisions over the years ir ate an attitude _~" ~--.. .
.

.

c "do anything and eve shing to excedite b . ging- the plant en -line."] --- .

/. The,' current Independent De * n Verifica-' n Program-(~DVP) and e.stablishing
~

t f .- -
/ '' in 1982 the Project Ccmpletion ea: .nder an architect-engineer's-directicn1 --

redect this attitude; however, extent to which these changes reflec,t --

~
- - - .

d_a re=T'co=mitment to assuri cuality a:her than providindhmt..;hs.
~

~ ^ ~ ~ -: '

.%s __
,.

-

. - not tota.ly clear. ;;:.r,:nt L ..:.. cetween "ecastryc7ca. and-
-~

. . .- l g
,

/ _ _ , n c %, , _ .. , _ u/ z i ,; _ .g , .,, , . - - . ,
,

t...,. g - 3 . .. -. \y z ~ -- . u c u f , #, ,,_
.. .

~- ~

, q_ . ...-_ .._cc_ e .. .
.

, ,

'-

f*/!:- . - ,.

&, 0 f" # f.-- @ ,. k.'" W
~~

^p g_/
-

. . . .
-

3c. - -g-
'~

~

,i,<. m ar./.t - n s- + ' 4- & d
.

rq' u /. .c- 4w. .'

u |' q .74 . e p w pr<c. = n
nn n. x. % f,n -. .

.

%.- , 4. ( _ A,<ia-4--
,
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3 L.J M,
\ .

inere is evidence # at when the Licensee initially set us.,its1..

CA/QCprogram,theyappointedan Enbrien !hineer
' "

cer positien. CAlso, the.. individual at the Licenses whoto tha v=a

p gnew the m:is ab:ut quality philese.phy.was transferred to another *,

Fy? , fenction.J Co,rperas or eoes audit facilities en a periedic tasis;.

- @M
-

.

M <' h:weverthecC ..m'm . asia: ;4; m 4 .... .biaci 6 ~

. .

,
- >f ,

t.p - -5.v w,..u - :: :h:

.,
-

,u _. , . . ,... ,,1,.. % ...; ;---- mn g g
There was much talk ab:ut eng,ineering taking care of' its cwn preble=s

,

1

as they arose, but did not indicate a for=al pr: gram for c:rrective.

2 %.&f;'
act.icn; =ainly a personnel functienle The Licensee has taken crest - ws4-.

.
~

,

care to separate quality assuran:e m cuality contro ing W
,

is tha: the QC functicn is the rsssensibilityh'i the :::f . .:.. e .A.. ..

' p t,K A pt d4 <---. +%-

_
. _- .- u - ...e----"'*" :f the orcani:st.on W -- r h e.._Thwa.-.

@ :n A 4-

-- -- y instances where '.he eDeineers did the design _and then went
-

._

.

I^- r . t
the site to oversee.constructi:n anc c.esb1ve pr:bia=s. (C ;:ny

-.
"-

_ =-= t: -- .-
'

A
- - p 4 '. 1=. ....ei se= a % t'-i'd # "= ----**- ' Q f.- G 3c .,,s ,gaisr_~ -

-
.

_ s.it--M ~7W ::; ..r .:;: :-* Day d- '- m $ ay h a - * #d * '-* "-- -.y ..s . . .- c. _

,7 *i -vance u.m <t.] "0A" is a .:erm used :: descri.be the organi:e~. - [
-

m.s
-,.

rM - tien.that they were required to crgani:e, but rat 11y didn't need. At - -

. r- - 'the present time, the Licensee rat 11y has an appreciatien of what they .
..

- have spent because of failure to ic===en- -hair engineering acti:ns... -

. f-y,,,.. > In the early days, c:st/ schedule dic cverr. ice OA/QC func:icn] The. .. . ..
_

fG 71')*-,$'+' '" Licenses had much pride in their thil' ties;--newaver. ar.c-felt that .:- --
.

they were coing everything correctly. There is =uch evidence to - -

indicate that they were willine : ad=it their limita:icas and seek
- n" '

,t-< 4 4/ M W"%- c .elp fer seismic werk. --
- ^^

a/ id ja J . 3 0 d --.- . .

.
,.

. .
,

.

*
-

.
.

b -

.. .. . * *. j.
.

.

- .,

,
. .

-> .. .

l
*

.

l - - - _____4 . _ , , - . . . _ .__ . _ _ _
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2.0 F.es=nsibility and authority are clearly defined and Orc:erly i=elemented ;
,

. .. .

A. At presant, there appears to be clearly defined policy guides .

: . .. -
with.' respect to responsibil.ities for authorities for nuclear, power
plant c:nstruction and cperational cuality. Apparently, goed f-

...,,

.. .

.
exserience in designing, 'censtructing, and cperating other types 3W _* *
o'f power generating facilities led the i.icenses t5 assu=e th'a:

'

. -

- si:nilar preendures would be adequa:e for this nuclear sta:icn. Tnis
*project has.been a long time in .the design and construction phase.

Contracter responsibilities and authorities and changing interfaces
'

fJLiled to keep up with the for= lization of N?.C ng,ulatiens over the._..
. . .

past decade. This failure occurred, at least in part, because. :he
'

project has been en the verge .cf c:=le:icn for about eigh: years.-
and the ,need to change wa ,~n% bryot ,ressing nor, =.-:ugnt necessary.. The

r .
.

'project Ccmpletion Team me:nbers interviewed seemed clear as to:their- ;_
. .. .

--

understancings of responsibilities and authorities. . :;h. - ,.. ; .| " ' ' ~ ' 4 .gg._.
--

_

u +;* L1&w.+ . % ~r / & ,t
_

-k---- ~ : -~ - -
..

- - # m .*,. a kit h n i.~ -- .

~ ~

.
.

- There was s::e[ur:S-in this regard en the par: cf;the residual C.~
. . . . -

' .~~~ -chief enginesrs in the utility rela:ive to their rela-icnsh.ip tm the - _s
..

-

. .
prcject Cc=pletien Team. - - - -

.
,

.

'
.

- Tne Cor90 rate ?.anager of QA exp essed a ciear understanting of-his
res;cnsibilities and authority. -- - -

*
-

, . . . . . . , .
, ,

, ,

- . . - . . . - - . - _ . .

Yy _

.-
.

-
. . f enere is evidence that this *! : .: ;... tha: was- . weak in the ---

A -
.

M d.
h. d early stages, and is one of the ~' as for ne Li.censee's ens _ a-MM *redi.camen/Tnene are no obse.tati=s fer ne presan cr;ani:::icn,

Lu&' y

p-s &&, e:ner than :he*v are aware ttiat -his s;. uld hase been =re fcr .al-in...
.

, p , k.f the early program. Tne Licensee's f:=ar OA anager made the -

rk,, w,.
*

>j.i s m # stateent' that the'early requirsten s er res;:ns-b1:1-,.es were left. . . . . .

, _# ,*5# to the organi:ation responsible fer work. This was a ;aneril f' + e ;,'
'

c:nsensus. Everybedy supposedly understanc's :he requirements, bu: #'' $.3
-Achose to take care of his own rispensibilities. .

4-%
'-

/d M t- a-.

g A Oog.-. .

'
* jfA (- q y J ~41-
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3.0 Oualified work force is utilized ..
,

A. Overall, the werk.f:rce e=picyed en the Licensee' Project appear
' well qual,ified. The. Licensee's en:ineering 1:zff had li ited

'

nuclear ex:erience e.nering int: the Pr: Ject, and t.he staff was n:t..
..

- -

lar[e. (sured 'by p' resent day standards. 'a'here the engineering'
' '

'
"

-

work fbrce was not qualified, lice al use cf ::nsultants or. .- * *

-. .

c:ntract:rs was 3:::plo ed, a parently for the ecst part, cuite ,e < - , -_ 4._

to _,n ::a n y"r
.__...e-.fn-i : -

- successfully.. . . - ~~ : m .4 ma n*" -- ' ' a m a a-- * -'~-- '* --

* :.
*

w ?- *'adecuate cuality assurance pr::edures be in place-and folicwed
, ,

carefully. Tnis does not appear to have been the case with sais ic-

c:nsultants and other early c:ntrac :rs. The c:nstruction work -

,

' forces which were e= ployed a;; ear t: have adhered to cced c:nstr.:cti n
..

practices. Scre reservations evolved relative to the c:rporate QA.
-

- - staff. Tnese came; in part, fr:: i ;ressic.a.s in one .cf the gr:cp -. .

. ee:ines and, in part, fr:: epinicns expressed by a regi:nat . . :- --

inspect:r. - -
*

- -- M . ' = "2 7=- .."

n:: :=.. -
- ,

.~__ u, | :.& e- s. '

.

--

-3.- The'LTcensee'did not derstand the ned cr trained 3 .ril.ity: people
..

- ~

7 .

.

. ' % n the becinn'ineManhople werj(:ut inte :ua' 3:y hunc:ichs with:utii
.

ngTneering hnage '_A:h'iles Ty-is that t_he ;e:pi.
. . . . . . - -

'
, .c.,cd : .#4: trai R . The s

t,

j$ W y hW- . rensible for the task are 5 only e .s ca:able-ef reallfgattini ~
.____ _ _ _ . . _

-

.VM k U ~

p it d:ne. He refuses to accept an : c penden Orcaii?:atica va:chiM . : .. e-

#" p
..E. 4g - ~- ,., 6Tesn't undgfrarhhe c:- e3 fin. fact, the. 7_%.-I_{'is activitie

-

n

' '' Y*-"- Mf ,f . IE %;pesite of quality anage: . ssens to h e happened. ~ ihe Corperate -

,

5 QA Manager does not.Ipee . to he ver/ dynami and F.he fer=er- cA-

-- > y .
. ..~ .4 ~

w

~- ty s> =anager. who appears .: he very . cw.:e:gea::e,.:c._ ransferred. -

.

'
<
.,.

,
4

* - M M [ M hN G*

n.
- p-_-

.

N '=g r ~.

&O W W A &s &1- 4 d, Q efsy.as t. hYs
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4.0 Instructions. crecedures. and draw'ncs are cieer and adecunte
'

A. Instructions, precedures, and d zwings were not reviewed in detail *

apart fm those associated with loadings for the seismic consultant's

analysis. While 'he drawings were inadequate in this one case,- [. ..~~
-

there was nc 'evide.nce of 'p'ervasive inadequacies 1.n l'esica drawines?. . .' .
' .

. . . - -.

Further, the' application cf DA to the engineering . activities was not --

. .
.

clearly underst:cd. It should he n:ted -hat the engineering work
,

.

currently being done by the Pr:fec- C:mpletien Team is guided by
, .

the utility's en'ineering proce5res and the AE's QA mar.ual. Sinceg
i

t.is hybrid tea = has existed for,less than one year, one would be .

' ' '

.s0rprised, indeed, if there have not been c:=nicatiens problers. *

It was not possible to probe det::1y 'enough a identify any such
.

problems, however. -
~

.

-- -

..- . -
_

Presentiyy e quQty organycn revi \:. gs
_\

S. c ut 'ces.not
- j-- signthem,wh'c[ishpa of -he licensa .s ;hi'icsop M 4 -

.
-

l.we ._
. .. . ..

.
- - . -

-\: .a i n., inino s s e res::nst'. iiv .cr ces-

.f ._t. 4 =eng'neer'<s . ; u.'= -" '- w - = n _ _ . _- -
ne~ - -

__W. . _:W. N_-m -= -e : t t' - /' . c i'. i t; d p ' .- . d - M 6 h 6 5. ~~
_~

t t-i -a-

potential p\ \. - - - - -: Wm*- - --.
'"

This ' " -'
-

ra se: with drawina cha'nces, and..a*= --

-

(> c W,
. . . N

'

p. .

. pcssib
-

.

M pg .. ce ign c..ange/ review ; ::. .: =.: -
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5.0 Oualitv/0A Procram deficiencies are soucht cut and re:orted ere=::1y '
.

-. . .

A. This facter seems to be strongly and effectively supported at the
c:nstruction site. There NI[ncern, h: wever, ab ut the effective-

-

ness of earlier inspections and audits cf =aterial . suppliers, nosbg.

'
.

.cne'supplie,r of electrical system su; orts. 3 .-pfM N D'
* ~

, '

.J.: .f Qd,

- .za Jn..
- e ..

Fur ~.her, the "mirr r. image" pr: bien indicazes a weakness in this pl. =e
m.

.

recard in the engineering activities. It mus: be n:ted, however.
- that deficiencies, ence dis'c:vered, have been prc::tiy reported and'

addressed. p ,. p T. h*

.-
'

w L i- h y n "% ,-., ; T e % p. d- T.

-

'

-

_ - g, u,,

5. lIn -he early days, this was not dene) The Licenses fully,

- -
.

understands the need new. -
.

.

. .. - -
.

E.0 Cer ective actien crecram is effeedve .- - - -

.. . ..E 3 A. . Eced, Once dpr:blem'has'heen ida.itified. The 'dicensN :has*MI: ~.
-

c
. -

. - -
-

been very responsive to identified needs for :Orrective 'aciten; --

- - '

. . 8--- - - --
however,L A pr:grza deficiencias :.ay not have been regarded withQ :-- ">

. . - thd same intensity as c:nstructi n deficiencies as far as :c:bectite~ -
-

.

-

_
. - - ' acri:5 was c:ncerned} - Is % ={ ^ ~ % '''*WW JY ~~- ' * * ' '~

Ah y -a L.- e.,
-

- ~ p , , , ,
. 2'_ - q .r + N,,_ ,

s. :f :bserva-tions made. ::: :-'~ . :u
- **

> .

.

.

.

. _ _ . _ _ . . . 7.0 Msien review activities detect and ressive desien deficiencies
,

A. The :r:cedures f:r~ design review a:: eared 0: te similar trth:sec

sue:essfully used by the Li.censas in the test;n an: ::r.strue:ica -

.-
. .~

Of ::her types of .cenert:ing facilities. Am:ng c-her thine.s, the
. .

,

1~ designs,.are review'ed by chief (disci;iinei engineers. :ioOver:

:ata aere obtained on the, numbe s and types of field changes.

. .

. .

| s-

1
*

.
.

i

.- - .

*- .
.

. .. ..

, .

, . , - - .. -. - . . ,-
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10.0 21annine. scheduline, and bud:etine : : vide the resources to do the .ieb
h a. m h-<,- % . "-<-- .[ 7 .h-

,-

n. s sjat: - - ' .s manes vasy The engineering:m

/p # Wie .s which have been so 'c:s:1y appear to have resulted at
~ p'7 , /^ I % least in.part fr:m very heavy.s:hedule ;ressures./ This was extend

'

./ 4 "

b- ]k,[g,J. 6.the initial ef.ferts at a , design verificati n crocram which
'

-

, ,

pr:ducid an' . additional set of ;rthlens. iner;t se. e no indica: ions
~

,~m- .
. .

c- lack ef,rescur:es currently. \
Cy p ',.Z ds Y>~MA %. .

*3. No cbservations made. *
. .

,

'
--

.. .

11.0 Desien centrol crocess
'

- - . . - _

.
-.

'

A. As identified in numerous ear. lier ir. dica::rs, this is the major.

.,

deficien.cy thich occurred on 9.is ? :je:t. Nrine the~P.as vear,
..7 -

this has bee ov ' c6rrected with a very extensive IDVP and an . .-: "
__

- internal "1cok-back program" initiatad by the P:-: ject C:mple:icn Team.: --

--- . .
.. .

. r- 3. In the early days, this was nc d:ne for: ally. Prest ably, the .,

- . ~
' AE should uriderstand the need fer review, bu: it was, not checked. : .- .

'

'

- A y,~ , &' ue .:,,. g z:# - .- ..

' L.t A - (; A ~ w *eJM "h.c.-. , esty/,.r-a+c7,...

12.0 *'erk otekacs 'develoc:r.ent and control ::4 ',(,. -.. .

u

A. Not investigated. -
-,. .

.

.-.
.

.s

,
::s :bservatuns made. . - ;.3. - -

.
,

. .

.

.

% %

:~ -
. .

. .

.

. . ,

.. .

e

O

, 4 .
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1
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13.0 procurererit c:ntrol
.

. .

A. A satisfact:ry evabation of t'.is indicater is difficult because *- '

.of the time period ;/ this prefect. The IDVP consultant auditing '-

the QA pr: gram has c nceded' that the@,, O..ifk ...D ?.
,

~ '' ~

'

defi.ci,encies that, have been identified are defic.ient by t: day's .-
,

standa,rds, but n:t by the standards existing at the time .th.e
-

-

'
.

pr:curements were made. a w-

'

We'.-.

. .
.

B. The eriginal seismic centract did not specify a QA procram, In

fact, the c:nsultant was not required to axplain hish^ bl
'

gram until .

1977, long after much werk was c::.;1e:ed andh pr: ems with
'

-

calculatiens wcre discovered. / There is wMenesh.hrt 33imnra... .

/were asked to -P+ee their QA p. . wM. -r: gram bef:re t'.itime, wh'e
/ ~- u t

-

A hi.f* 'e._... A A
.....,..___1- .....u..

_ . . . . . . . . _ -
e.,..,,, , ,.u . . . . . s .s. . m. _

.....3..._ ... . . . we . . _- -

__ . . . .
_

_ . _ _ _ , , .

J lb!.

~-
_ _ _ . . .

,
'_ 14.0 !!cn::r.f:rmance c:ntrol .- -

: ~ . Jt tJ, ..a
_

.

;- ..
.

. . .

'*

A. !!ct investigated. - -

_

--
,

-

. .. -
. ,-

-

.

'

3. !!o.Observatiens made. .
.

*
.

15.0 5:ecia1 : recess con rcl - -- -

_. .

''A. .No significant QA/QC pr:blems have cccur ed at the construction site.-

,.. .. - r..

.

'
'

- -

- -B. 'Jelders are qualified today and all indicatic.s are that c:nstruc-icn -.

j ira:: ices have always rjcuired weider qualifi:stien. '!:o cbservatiens
' .- .adn.cn c her processes.'

.
. . .

-

''

15.0 Examina:ien. :sst. and inseection c:n rei .

A. This point was not pr: bed in de;th, but'::RC regicnal staff .and ex;ressicr.s

at the site indicated that the c:nstrue:iert site efforts were
..

excelltnt. '~

s
. .

.

5. 'to Observations made.
-

.

. g

.

.

' '

_
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17.0 Calibratien cent el '..
*

-
-

,

A. Not investicated.. - .
-

. . .

5. No ebservatiens made.
' *

.

.
..

.. ..
'

18.0 Re::rds.. **. .. .
. . -

., .
. . .

A. Although majer proble=s have resulted fr:m wAk cocumentation". . .

practices in engineering, the available rec:rds ied to dise:vering
the error about fcur years ,afts it ec:urred. Further, we were

'

advised by an NRC regional inspect:r that the records and traceability
relative to c:nstructic,n (=atarials, het:s ,1:ca:icn, 3:c.) was ' .' ..

unusua11y axiensive and ac: urate. J. + 4 4 ", '- | % ). ,, a2..

f '.a ' + n * ~' &"
-_'j-

:.arly stages syhe desigr!,,,cf the Li:ansee's plan warsh .gg-- , ,

..
_ ,g ;g

e S % ,- recu=Cy There is an understar. ding' within the -Liter.see li:iay ' N-
thatzthis-vas a bad mistake. .? resent-day practices not reviewed o ,- A W

.
-. - **. . . . ..

.. .

.
.

ig' 0 Audits
-

*
.

' ' ~ - -

A. The use of audits in the early yes.rs of the ; : ject 1: pears to have . -
-

*

, bee'n li=i,ted to these typically i: e in ;r:je::s involving. :-her :: -

,

_

types of generating facilities. (~nere a;; ears t: he no der:111:st :-Q
- -- ? !

~~
-

%3 3 " f'"' ' A --s
( " 4 % par n y 90 '.",**>vJ.<du.*. '

- -

; prograEicf audits. 'L. -.

, &- - . j% A W .,t-y- %
- u..s.9 rm ,- - -,. ~. .

N '.[9 * . - The audit program has been very extensively s:.tr.;;hened during the -
.

[ +ast year, "e ~' ec:#"- ' I'' ' '''' ' '. :: d 6: f: ~ :: ' :k'- r "' " ';' x -

^t *(&, ,-cD+"'; "h wptw m uf m. ~ ^.--f e s % - _

'

J n -

.

k-
_.

3._ The presan: progra:6 includes au:':_ a: 'v':'es; h:vever. th+" we not
'

*.
' ver.i fi ed. 3n the early days, .t:[dit ac:'vi:d es wehk$1bly no-

'

v
--

.

a e. cf, Serfer=ed.] Tne Licensee had a ::al'ty pr: ra=,-b;;t the ;r:bie:s they *

& w w <- a e. ec
have experienced wou.d incicate :na: :- : .:;.:. :*4 system o vern.l . y% . A .6.;implementation,w*. w/ - - ..

.

:, Th: : f: : . :: ...--.m t Mt.e.Jrly
.. .

MRC audit re:: rts gave the Licensee ; :d re::-.s :n cuality prIgram
'~

d

i=plementat'en when, in, fact. -J.is was ..:: tr.t case, based err a review
of corresp n=ence. tu M . w h ? N'I '

-| C.& , W.pc~. 4,-x . y> r '&hA f.v- . .

-
-

.

_ _ _ _

.
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20.0 Identification and c:ntrol of mater'al itens
. -

A. Tnis was only superficially investigated; ho ever, a HF.C recional' '

inspect:r specifically c .rishtic -h:.t the utility had Ezen far
,

.
. .yabove average in this regard. . y u 2, ym w -

s+p&,3?ge a w.. .
.

--

.. .,. .

. .

3. The Li.censee had no for:nal proced.:res/dec .e:tztien in the early -

. . .

stages c' plant designy however, -hey had a s:-en; desire to.

gg pfx perferin well and this willingness :s perfer:n caused prehle:s areas
,

be worked cut. (This was a nat::ral functica of these responsibleg p. 77 t:

4M and goes along with their engineerin; .:hilese;hy. - p 4 O;/d-m.,.
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1,PPENDIX .3*

DEFINITION 0[ LEVELS OF QU.A!.ITY FAILURE CAUSES
' FOP. CASE C STUDY

. .

.

.. ..

1.0 The Deeces: Sense of Ouality failure' ~
-

There are basic underlying causes of quality failure,-which clearly tra'nsiend-

Q#. and QA progr'ams. They 'can be characterized as broadly philoscphical. They['
,

are at the extremity.of the chain of causes (e.'g., building a nucleir power
'

pian: without knowing how -- which has as necessary c:nditions 1) the Licensee
dses not know how, and 2) NTsc permits them to build, even thcugh they d'on't *

'

*e.sw how) . It is usually very difficult, if not i= practical, to develop
recc.7.endaticns that address such philesophical issues. - They are, of c:urse.>-

-he r:ot causes. For our purposes, we are defining r:et causes at a more -

~ ~

:;erstive' level . -

.
,.

. .
,

2.- The 0:erative Sense of Ouality Failure . -

__ _ _

Thge are basic underlying causes of cuality failure, which frequently. -

.
. . . ..

' rans:end'QA and QA programs,'but not necessarily. They. can be characterized: _ ..-,

" as general. Th_ey are near the end of the chain of causes, but are li=ited to--

where it'is , practical to ' bring about c:rrective action- (e.g..' lack of' manage- - - .

=an ::o mitment). It is at this level that :orrective- acticns often treat -

=any symptcts of peor quality. It is in this sense _that- the term "rcet causes"-

( 'z; plies in this report There is a third level whi,i::h we have defined .as -,. .
,

' *

s .:,,:::natic/ procedural . .- . . .

*
- -

.

22 he 5.=::::atic/ Procedural Sense ef' Outli y Failure ; .

'

' r.ise are the causes of cuality assurar.:e, f ailures. These :ar trans:end-

'

7
'

;A and QA pr: grams, but it is unliki:1y.' They are characteri ed as detailed
.. ,

and specific.. They are internediate in the chain of causes.and, as such. -

aresubcausesof(2)above. Reccc.endaticns for c:rrective acticns,at this
! invel are relatively easy, but ar'e likely to trea: , individual sy=pt::s withsut
i
! ..

.:uring the disease.I

-

.

D , , .

|
-

. .

i
, . . _ _ _ . _

-- 9
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CASE C
.

I. S'0"MRY OF FINDINGS
i
; A. Intr: duction
, .

j The Nuclear Regulatory Comission (NRC)' has undertaken a study of selected

nuclear reactor construction projects to detemine the important facters , **

1 t. -

j or rect causes that underlie effective and ineffective. assurance-of-quality .),

; programs. Several nuclear projects which have experienced major quality-
related problems and several which have not will c:=crise the study popula- *

tien. Data and findings frem these site-specific studies will be used by
,

the NRC in the formulation of generic policies and programs related to.
,

assurance of quality, and in responding to the Congress.(Ford Amendment
4

to 1982-83 Authorization). This werking paper su=arizes the findings frem
| the third Case Study. -

1
.

4 .

3. Background ...
-,

'

. The Licensee of the Case C Study had established its esn:in-heuseienginearing-
- ? and construction management capability in the 1950s. During-the. late 1940s -

~

|
' - and early 1950s, cutside architect-engineer (A-E) firms were Qtilized 7'.

-- because of unusually large (pest-WII) syste5 expansien reccirements. In
j - . the mic-1950s, the Licensee's earlier practice of doing its owniengineering . .

; and construction management was res.uced. -

p .:. .:-

: . .
.

- hring the late IS50s and early l?S0s, the Licensee planned an-ambitious - -

.

'

pregram to construct several nuclear ;cwer stations. Nuclear power-was
ree:gni:ed as a new technology and the Licensee teck ac5iens to :repa're

itself fer entr.v into tnis field,yinc*ucine. havinc. :bservers at tne.

:.- c:nstruction sites of early, nuclear ;:wer plants, participating in the-
design of a test reactor, and studying A-E's designs of propesed nuclear
plants. The Licensee decided to build its first nuclear plant -- a small-

(<100%'e) power reactor -- through a "tum-key" contract for design and
,

c:nstruction. The plant was c =pleted in the early 1950s, and the Licenses
::erated it sue:essfully for abcut 15 years until 1: was retired. The

..

% *

9

x -9 - ,,
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Licensee capitaliced on the turn-key design and ce
.

familiarize its staff with nuclear ac:ivities to Sr e- competent tonyivity to
engineer and construct subsequent nucisar plants. The Licensee had been

I
successful in engineering and ccnstrue:icn activities on a variety cf
generating technolo'gies, and related electrical transmission systams.

During the eafly and mid-1960s, the Licensee anncunced plans for seyeral -
'

nuclear plants. Envircraental and/or seismic problems, coupled with *

intense intervention, political facters, load growth changes, and other
considerations, resulted in all but the Case C nuclear station being
cancelled.

Many of these facters were also present in;the Case C pro,1ect,
,

resultin*g in significant delays and ces: increases.

The Case C nuclear station is co'mprised of two large (>1000We) units.
The Licensee an'nounced Units 1 and 2 in 1956 and 1968, respectively.
Constructicn permits were issued in 1968 and 1970. Unit l of the nuclear" ~

' ~

- ' '

. station was largely ce=pleted. by the ::fd-1970s and fuel 5is' received'chsitf~ - ~.
.

.

for both units in 1975 and 1976.
.. ... . ...

" '
-

Then occuired a series of required mcdificatiens s the n';cleir station
-

. .. .. . ..y~
..

'

which* delayed its completion.
Includec in these were NkC resul&tions

related to pipe-break-outside-centair ent which necessitated', a=cng c'her ~'

-
' , hings, relocation of a number of conduits (197'i-75); ideni:ification and/or

, . reconsideration of a seismic fault which required such'medi'ichtens as ~
''

, column stiffening, tank bracing, upgrading pipe hangars anf seis5ic' ' '

:upports, diaphragm stiffening, butt ass and fcundatica medi'ications ~~~

'1975-79} ; -he Br wn's Ferry incident <er.ica recuired mecificatiens related
:s cable s: reading, inertinc atmospheie, new cecking, and extensive cenerete e

anchor bolt in:tallation (1980); the TP.I accident which required installation
of extensive additional wiring, sub-ccoled menitors, hydrogen recc=biners..

and other =cdifications (1981).
.

O
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It is important to note that, over the time span of about eight years, j
-

at least one of the two units had been within a few months of being
ce=pleted on a number of occasions. Thus far Unit 1 has undergone three
hot functional tests and three containment leak tests. Unit 2 has undergone
one contain=ent leak test. ,

"

In September 1981,* the Licensee received cperating licenses for its two
|

-

units. These were suspended two months later following notification by the *
Licensee to NRC that the diagrams used to locate the vertical seismic floor .

response spectra in the Unit 1 containment annulus arei.were in error. |

Briefly, the error occurred as follows: The Licensee had transmitted to .its.

saismic consultant a sketch of the vertical loadings frca which the consultant
was to determine the seismic response spectra. There was no indication on
.the s, ketch which unit the loadings acplied to, though the consultant under-
stood (ccrrect1'y) that they were for Unit 2. The consultant thought that
Unit 1 was a slidealong unit (instead of a mirror-image-unit) and. performed -

'
-~ the analyst's on Unit 1 based on that assucotion. The information. returned

.
-

_

to the Licensee was marksd as " Unit 1" (in fact, the analysis applied to.

Unit 2, not Unit 1). The Licensee accepted the de:a at-face yalue .as being..N,
..,

- for Unit 1 and, because it knew the plants to be =irrcr-image plants, 4

flipp'ed the data so as to be applicable to Unit 2 (in fact, the data in .the
~

flipped condition were correct for Unit 1, not Unit 2). The seismic response-

scectra were-now incorrect for both Units 1 and 2. -J- - - --

,
,

-~ '- Upon confirmation that wrong diagrams were used in the develcpment of Unit J- . ,

design recuirenents, the Licensee reanalyzei the design. requirements for
1.!ni: 1 using the appropriate cont;in en: annulus frame orientation

~ efag'rar.s and determined that, as a result of the error, modifications were
,

~

recuired to be made on 31 Unit 1 pipe sup: orts. These modifications

_

involved such actions as adding snubbers, changing the snubbar si:e, adding
braces, repictin; structural members, and stiffening base plates.

.

$
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..
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In an inspection report of seismic-related errors, the Nuclear Regulatory-

Co=ission stated that the basic cause of this problem appeared to be the
informal manner in which the subject data were developed by the Licensee and
transmitted to its seismic consultant, and the lack of independent review of

'

the data within the Licensee's organization prior to submittal to that'
consultant. - -

.
.

. - . .

**. ,
~

The Licensee had been the architect-engineer / construction manager for the
Case C nuclear power station. One of the major actions th' t the Licenseea -

h;d+t99Kasen as a result of the aforementioned error was the formation of a -

Project, Completion Team comprised of the Licensee's engineering / construction -

.

personnel and personnel from a newly hired architect-engineering firm.

'
'

An extensive Independent Design Verification Program (IDVP) was initiated
in early 1982 in response to the seismic errors discovered.in 1981. The . . .

; :.~'- Project Ccmpletion Team is also conducting a concurrent-design . verification
program. -- :-

hA e5 b* y
At the presen;. .yas (January 1983),/an estimated 90t of:the design-and 40%-- . .
of the construction required for modifications as a result of a wide range

- of re' views spawned by discovery of the seismic diagram: error . een. - : :

completed. The Licensee has applied for reinstatement of..the operating
i licenses.*

-
~

-
.

,

.

' - - - ' At the time of the Case Study visit, neither the Independent Design Verifica- -

tion Program nor the Licensee's design verification program' had revealed
significant further deficiencies in the design or constructica of the-

'

_ nuclear station.
. .
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Theg4thlidqlggy@r -ttie case %ugessis det&ttedfleng-Tertricalf ty
,

.

A m
psur-ance Review: Site Ass ~ess::ient4sthdc%gyrNoveQr/8,A98T .

m%
The Case C Study Team was cc= prised of six personnel; twopencentrat
on the project engineering / design aspects, two on construction, and two

'

en quality assurance programs. Prior to, during, and folicwing the site
vis' t, the Team reviewed several dozen documents and r,eports related to'-i

'

..

this plant "and its. history, including licensing correspondence,' inspection' -

investigation reports, and third-party reviews of the Licensee's QA, design,*
and constructica programs. The Team spent three and one-half days with the .

Licensee, including a one-day plant visit. prior to the Licensee discussions,

,
two of the Team spent one day with the NRC regional staff, and during the
Licensee discussions, the entire Team spent a day with the regional staff.*

.

The majority of the Licensee interviews were conducted as a group. The. site
visit culminated (at a later time) in a briefing for cc=pany officers in .

"

which the findings of the Team were reviewed and the Licensee staff;had.an
cpportunity to comment on them. :- -

C. Sumary -

, .

.The Casa C Study Team identified tne following fact:rs which it c:nsidered
.

.

significant in centributing to the ccality pechlem experienced by the ..[-

Licensee: --
'

_.
____ ....._lmThe crimary root causel of the desien-related cuality eroblem-was the-

'1:er.sae's failure to clan, esta::ish, and effectivelv ' ::lexe .: a_ L_ _ _ _ _ .
. _ . _

__ .._._ _ __. ____._hanagemnt system which arovided adecuate control and eyersicht-over- -

The Licensee failed th'nkel the flow
-al.1 as:ects of the oroject.

cf ir.f:rmation acrosshde interft:es' inherent in the engineering /cesign'

;rocess, twee6bc-e6t<5'%1td-6nsMih6 and provide
.

appropriate'r'aviews of'the infor~^.ation transmitted.-
s

-.
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There appear to be several i' actors which contributed to this failure..

~

Tf.a.ticensee 'ha&1fevebped4N(al te -seSe-of'secuW.y-Wi.:hbrespecde-Ms,

engineerinl-efpabil'itya As previously stated, the Licensee had good-

success with various typ og, ger.eratingrejejts it hac.e.njineered a.nd' . .,. f,w, p ,. . e-9.s s-
managed over the years, had worked for th.oseprojects@en---j <! ' ,

w w <a b
would work for nuclear projects and, thus, the new project was fitted ..N'.J % ,

- .

jW .j into an existing environment which had po een, adequately modi,fied to -

.g p handle nuclear work. The Licenrae's staff resisted the imposition of*

y.,gJ, p /, management controls required for assurance of quality that were applied
I /< elsewhere in the company and/or on its contractors. A-cent. Guting

hd k f.ic. tor may have bes: th:t mi.w :f the License:':; t@ man p m.n; h.d e....
- ! y, , ut 'of_.the engineering-fun'etT6n. #-=y w ra''d:::e in R .nd did act
gr j .- impose _the-management-contror1T required by ;h. acciear-process. Their .

-

.n 1 '' tv .' attitude seemed to be that the engineering organization was ccmprised of <

.p' professionals capable of doing what is right without overlaying a . : :. : .

*

quality assurance program on them. .
- - --

/.

. share were other contributing fac. ors to the treakdown'in the. assurance;-- :.

of cuality. ~ Regulations for constr.:ctiongdnuclearconsiderably between the late 19 Os and Iarlyi9b. power plants change.d* TDeMr[
-

.

h M "T.,
i< .

~ : on pha c if the License to c: .pletely understand the implications ofr g
the changes as they occurred. Further, and as previously stated, the- -

Licensee was frequently within a :atter of . months of bringing the plant.;

,

- into operation. As pressure mour.:I to complete a project, shortcuts : :.
- ' ~~~~

.

''are often taken. Actions that the Licensee might take over a;1onger run n
would be different than those taken when it appeared that the project
would be completed in a short time, or if additi:nal nuclear :lants were
planned. As time went on, the d:er.see acander.ed plans for aeditional
nuclear generating capacity. The Case C nuclear station would be its
only nuclear capability in the near term.

-

,

l,.

|.
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.
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i2. Secondary r:ot causes included the following:
|

-

|
a. Failure to understand and appreciate the potential merit of a

formal institutionalized QA program. This is borne out in part
|

by the fact that the Project Ccepletten Team adopted the A-E's }

quality assurance program, even though they were concerned about
imposing a new syste:n en the project at a late- date (the Licensee's " ~
engineering procedures were :sintained, h: wever). Some of the [
obvious program deficiencies which had oc:urred during.the project
and the key indications of these deficiencies were as follows: ''

Design Control- -.

g| .-

The Licensee's engineering staff did not(ocu=ent.

important data transmitted to sub entra tors
:, 2 ~2 (& 4A- - ~ ~ ~

VN f . Wort-of-mouth transfer (&of designQ,riterio subcontractors: - :/ j f* '. | 7.- occurred tn .$cenedL
'

&' . . . .
-

. ji .

Assigned cognizant engineers were .cftE bypassed in the. - :: .. -
. m ''

.k information or_ approval phcesses -i - - ---

[0 -qf- nal cr.:=unications am:ng the disciplinesc//c[4'!
'

-m .

. .1 1 exrbted within the Licensee's organization .v.- -
-

p. b AlltI*f4 Ocrur by , . gy
) Requirements fer independent reviews were notg-tr:=cdg

.1 . .

Control of Instructions, precedures, and Crawings/Decu=ent.

- Control J.
....

-

The Licensee's. engineer'ng did n:t :evelc(/ '.%i'
*

- : . fer ali:ed - .:r.m

7.',Ye'
ges&

enginee -procacwJti_:o c:mply with early~QA program . -- 9 :-

sI r 1rements - -.

()j .

/ Outdated drawines were used :: establish seismic criteria.
*

O
.h &viagrams in lieu of r'elease drawin;s were used -- a ~

-

\
r

.' contributing factor to the seismic problem
,

-

.

_

.

..

. .

..

.
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*Control of Purchased Material, Equipment,. and-
.

Services

Proceduralized activitiespeYe lacking to control. .

interfaces with subc:ntrictors

. Informal " letter-type" contracts and documents were |.

used

.' Service contracts were not treated is hermally as
'

.

harcware contracts- *

Formal quality requirements were not placed on some.
*'sebcontractors until the late 1970s

b. NRC's failure to Sell QA as a Management Tcol |
.,

As-fae-ei Ja i;icenseem: centerredr7+ e NRC requirement for

quality assuranc & Ve egme a, cross as just another requirement. The.
emphasis from NRC seemed to ha on externals; the trappings of a.

,

QA program, rather than its substance -- develop a QA manual. .

set up a QA organization. NRC : ended to lese sight of what.it -:
. . . was trying to achieve and failed to provide adequate guidance on -

. what a quality assurance prog.am should be. //4.C ' 'Yh
. .

~~

*

. 5p} -V / *f @"*% .
~ ~

-

.

c; Long Period of Time Between Inceotion of the project and Operation
- As previously stated, the period of time between the issuance of

. .,

a construction permit and the present has been about 15 years. This -

'
*

- long period of time great 1y increased the exocs:re to changes in . - - -

technology, to changing reguint:ry requiremants, and to changing .

"
--

state of the art in technical mar.ters with the attendant oppor--

tunities for quality failure.
,

.- In addi* on_to the assessment of ;rimary and secondary roo,t.c
Thisase Study T,eam's evaluatey 2Qeneric Inp'cators.cf~ Quality.

evaluatienj8Mned'in Appendix A.-

.

. . . .
,

.
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II. ECOT CAUSES OF THE LICENSEE'S PROBLEMS WITH QUALITY IN DESIGN
*

,.

3ased on the Study Team's evaluation of 3RC's files and other de::=entation
~

regarding the Case C Project and discussions with and interviews of cogni: ant
NRC, Licensee, and contractor personnel, the following are proposed as the
primary and secondary root causes of the Licensee's quality problems in the,
design and cons,truction of its nuclear station: . -

.

~..

- .
*

A. Primary Root Cause
,

The primary root cause emerged out of several fact:rs which, taken together, *
increased the likelihood of a design error. These fact:rs include the
pressure (whether real or felt) to c::plete the nuclear-station, infomal-*

'
.

c:munications across important interfaces, an inadequate-application of
quality assurance / quality control in. the design pr::ess,.and an at=osphere
of contention between engineering and quality assurance: -

- Reviews and audits of the project indicate that the sta-ion..as -it. existed - -'

- - in '1975, had been properly and corre:tly designed .ar.c c:nstrJcted. .The .
seismic and other analyses (at the then state-of-the-art):had been perfor=ed*

:-

to the correct configuration 2 and bases. It was in the reanalysis after
,

.

,

"
- the essential co=cletion of Unit 1 in 1975, pr::: t: by new seismic .---

.- a'ssu=ptions, that the design error previously described.cccurred. -

'

Fec= the issuance of construction pe:-d ts for t'.e '.t:ansee's nuclear station
. .

--,:

:: the present time was approximately 13-15 years, .aki .; :-is stati:n ene -
-

of the longest, if not the longest, in the constructicn ;rc:ess. The large
a :unt of rework resulting free cens.antly changi ; recuire ents, c:uoledI

[
' atta turnover in ;ersonnel and increased facility ::sts, f r.:reased the reel

'

:.- (or felt) pressure to complete the facility. As a 'acility nears c:mpletion
or is in, a prestartup tendition (as the Licensee's station was in the mid-

,

1970s) and new or changed require::ents arise, there is in ever present-

tendency to short:Ut procedures and to formali:e action later. Such
'

cc,nditions increase the possibility Of error.
~ *

| b% en-
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Another factor which contributed t6 de pr:b1em was the greater use of.

censultants and engineering service c:ntractors than had been customary
on the Licensee's other generating projects. These multiplied interface
problems. The need for additional c;ertise came with the nuclear require-
ments, and this imposed a change in how the Licensee's engineering staff was

accustemed to operate. There seems to 'have been a ten,dency to extend the ..

.

informality c:=en in close-knit engineering organi,:ations to these, outside ,
*groups. stemar centrols and review processes for dealing with them

.e v'ely applied. These interfacing problems were increased by- were no.

the geographical proximity of the c:nsultants and engineering service
I c:ntractors (a greater distance might have required more-fermalization of

,

c:=enications) . The Licensee and its c:nsultants and centrac. tors were .

[ just far enough removed frem the custmary level of infer =ality to prem:te
,

the p:ssibility of error and misunderstanding. -

.

'
.

- A well-developed engineering team which relies heavily :n.infor=al cc:m:unica .
- - -" tion am:ng its members has both advar.tages and disadvantages frem a; quality ... .

' ' ~ assurance standpoint. Such close cor.:act generally centributes gr.eatly to ..---

'

the quality of the engineering work. At the sans time,-it.can create - -' - - "

practices'which are not appropriate in dealing outside-the organization. ~' '

---

Geographical separation generally requires a' higher degree-cf formalization - :--

in c:=unication. Geographical proximity (working in the same office or ----

building) can result in items being discussed sufficiently-that a c:=en m
' 'understancing is reached between the :arties involted In .he-Case C: .. :,

: "- - project, the practice of utilizing the informal c:=unicatiens' with key-~~

--

censultants located.in the imediate area (city and suburbs) developed;i

| hcweier, the distance was probably great ancugh that the engeing dialogue

required to reach fu11' understanding gf key peints was probably innibitat.
.

.
.

.

_

.

....- .- .- .......... ....- ....... . . -.- ... . . . .
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One of the cements made by the Licensee's staff was " engineering viewed g_

their consultants as an extension of themselves." (It shculd be noted that Q
- the Licensee's staff assigned to the Project Cempletion Team has been g

'physically relo:ated to the A-E's facility). 'Jhile the preblem cf inter-
b

face control cannot be considered the pricary cause of the diagram error 4

that occurred, it was clearly a' contributing factor. Tne error is indicative. .$
of less tnan adequata procedures for design reviews and cc=unications'. ~

- y
** * e. . .

i
'

During much of th'a project, the applicatic fq y.assur nee /q lit
er* en s kw AL Mcontrol (QA/AC) to the design process wa we dersto t wat - -

practiceo in the traditional manner of design approvals. Changing require-
.

*

ments resulting in redesign, c:upled with turnover in cesign personnel not .

familiar with all the ramifications of the er.iginal design, make the -

application of QA/QC to the design precess increasingly:important. The ,

matter is further c:mplicated by the evolution of the 100FR50 Appendix 3 .-- :;

criteria and its vagueness. During the meetings with theiicensee, tts :. - .

..
- 'A-E, and .the regional NRC staff, there were repeated c::ments.vt.th respect"

. - -
? to ongoing problems in interpreting 10CFR50 Appendix 3: criteria and their -

,

} application to the engineering process. In additien, c:ncerns about - g( : -
infringing on " professionalism" and " creativity" were expressed.: :These .

~

considerations, plus the fact that the Licensee's engineering organization -- :.
was very independent, contributed to their resisting true implementation - - - -

and/or uncerstanding of quality assurance in that area. :There -a:1-so -see .s
..

-

*
~ to have been a tendency to require, er at least receive, scre str.ingent ' :-

quality assurance frcm c:ntractors than.was applied to in-heuse. efforts. - . . - -
This was verified by the NRC during ir.vestigations in late 1981 and early
1952, where it was found that QA prac-ices in ::nsultir.; c:r. tract:rs'
Organi:ations were better than those '. sed internally in-the Licensee's

'~ organi:ation. It is not entirely clear whether this reflected a difference
in the 'ticensee's requirements, or a difference in practicas. NRC inspectors |

~

cade the observation that the Licensee is " tougher en its c:ntractors than
on itself." This attitude may have c:ntributed to the a;;arent success in -

assuring quality in the c:nstruction effor.s. since essentially all of that -

|
-

.

.

~

n swexa.wsuwuver
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work was done by contractors.
(Hodever, the application of quality

,
'

assurance to construction activities has been quite well understcod and
Jasbeenimplementedmucheasier).

The significance attached to this *t
,

finding is the possible reflection of an attitude, particularly in
engineering -- an~ attitude reflectirig some degree of professional arrogancep
that "we do no wrong, but we sure have to watch out for those other guys."
The major quality problems identified to date have been within that. .

/ g rganization.'o#4 -

,

The engineering deficiencies discovered in September 1981 occurred during[
. .

a time, frenically, when quality assurance appearea to be undergoing .
significant strengthening within the Licensee's organi:ation.

,

1976, the Licensee hired a new corporate director of QA who was
In September

qualified, knowledgeable, and aggressive.
During late 1976 and 1977,

the QA program kas overhauled and a new OA manual or program, ..

1978. was issued ,in,,
While the Case Study Team was unable to establish the attitudes and,;

relation hips between engineering and the new quality assurance directo ...
:

..

in 1977, it is suspected that the relationship was something less than-r; e.-

constructive.
(The new quality assurance director was reassigned in

,

Rbruary 1979).
It seems clear that the application of even rudimentary.. ,,

quality assurance practices for design cocument control at that ;ime should
have prevented the error that occurred. .; --.

,

-
.. -.c n ,

-

io sumari:e, the primary root cause was the failure to manage.c:moletely 4
..

_
. . . . .,

,

: project that is large and complex, and :ne failure to plan and effectively.
.

.

;

b ,i imolemen:
demmsh 4 management system embodying all of the controls necessary tof tt-

1g

. e ::r act c moletion of >such a pr:f ect.j

::ntr;;u:ec to tnis primary root causa.V There wers several"ft: fops ~that' ~ -
.

,

p/ .1e Li ansee had a false sense tf
security with respect to its engineering capab lity' .

As previously stated,
the Licensee was successful with various tvf What nad worked for those projects w s of generating projects,

. house) nuclear project and ssemed to work for its first (in-"

structure which carWed , the project was fitted into an existing
t practices not appr oriate :: nuclear work,

.

s n ,ac.; h,~c ,h,#dM~ d avn44im<x 9we.s,a,.<q a c & p4dwas
- --

At-

jr er7,4ma?edso< o ybrW & wM op,-4 a or44/udLDMEmm./ a A Ann AswJ--n HLow.
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The engineering function in the Li'censee's organization was very strong;.

streng enough politically to resist successfully the imposition of management
controls that were required elsewhere in the company or for contractors.

Further, since many of the management had ccme out of the , engineering
function, they appreciated its capability and had been part of its good

'

perforpance. They had not seen' a need then to ingost strict quality -

, ,

controls over*it. ' It is also cle'ar that the atmosp,, herg and regulations ~

* *

for construction ,of a, nuclear power plant changed tremendcusly since the
1 ate 1960s. There was probably a failure on the part of the Licensee to
completely understand the implications of the changes as they were occurring.
Further, and as previously stated, the Licensee was within a,

few months of bringing the plant on line en several occasions. Thus,~ actions -
that the Licensee might take in a longer run'would be different when it,

,

. appeared that project ccmpletion wculd be imminent, and no new nuclear plants.'
were anticipatid in the near term. -

. - . -, .

B. Secondary Root Causes : .-:'..- .. .. . . . .

. -
* Based on a review of referenced materials, discussions and intervim<s idth --

. the Licensee, the Regional NRC Office,' and analysis, the Assessment Team '7
'

-- has identified three secondary root causes of the design problems experte.nced- .

- at the Licensee's plant. They are: 1) failure to understand.and appreciate .
: the potential mer.it of a formal instituticnalized QA program;.2) NRC's - -- -

,

failure to sell quality assurance as a management toc 1..'and 3) .the long.. -
. .

'-
. . - -

paried of time between inception of tha :roject and ccmpletion. Each :is --- -

discussed in more detail:
;

.

..
. -

, .

_

.

'*
... .... . . . . . -. . . . .

,

. *

. 5m

D
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*
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l. Failure to understand and 2coreciate the roten:ial merit of a for al_

0A creerm. As previously stated, the Licensee had a highly capable
organi:ation with many successful engineering projects behind themi
They had made an effort to organi:e a quality assurance program before
the requirements of 10CFR50 A'ppe6 dix B became candatory. The Licinsee's

perception was that they always had good quality a.nd that, while the .

new requirement documents might :hange sete things, it would not affect -

'

the underlying ba.ses for thet_r g:od q0ali:y performance. Consequently,
the early program was more or less a documented or procedurali:ed . .

attempt at meeting the requiremer.ts. It did not significantly affect

the way that the Licensee had been doing its engineering / design work.
,

,

The Licensee's past experience with constructicn enabled them to proceed
with the necessary controls in place and cualified people to keep them
t, hat way. Construction of power plants was "old hat," and they knew how
to stay out of trouble and get the job done. New QA/QC requirements were

accccmodated. When seismic (or cther) problems arcse..the-Licensee
reacted as any concerned or conscientious organi:ation-would. .If.a .: :-

mistake had been made, they were totally willing to make:it right. ..

-

The new Project Completion Manager (an A-E employee) said that he had -' -

Paviewed the Licensee's quality assurance program in great depth prior
to for ning the project Completion Team. He no:ed that.the Licensee's
program had early weaknesses, but had made greet improvements through

.

.

the years. He was concerned abou- it:osir.g a r.ew cuality assurance. . ::

system (the A-E's) on the project a: such a late date. - In:the-end.. -
however, the A-E's quality assurance :rogram was adopted, even thougn -
:ne micensee's engineering proce:.rss wers .zin: tined -- the ic;11 cation
being that the Licensee's QA program lackec the cepth and understanding |

-

,

|~

that the A-E considered necessary f:r a nuclear plant.

.

The list of obvious QA program defi:iencies and the key indications
of these deficiencies were described in Sectica I. C. -

,

"
-. .

.

g &

.
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2. NRC's failure to sell OA as a manacement tool. As far as the Licensee.

was concerned, the NRC requiremer.: for quality assurance came across
' as just another requirement. The emphasis from NRC sesmed to be on the

trappings of a QA program, rather than its substance -- develop a QA

manual, set up a QA organi:ation. NRC tended to lose, sight of what it
was trying to achieve. 'NRC inspection emphasis seemed to fccus on . .

,
. .

operations, then on construction. The message . conveyed was tha,t the
-

.
.

* *most important area was not design and engineering, because URC did
not effectively propagate regulations or inspect in the design and
engineering area. NRC failed to provide guidance on what a quality
assirance program should be. It did not have the technical strength

'. in sufficient depth to provide effective oversight of design and -

*

;

engineering QA programs.
.

..._ _ 3. Lenoth of t'ime between inception ef the orefect and coeration. As -
. ..____.u

previcusly stated, the period of time between the issuance of..a . :..
- -

- construction permit and the present totaled about 15 years .for. . Unit 3. . .

ihis long period of time greatly increased the exposure to the normal -
.

} occurrence of events, to changin; regulatory requirements and.to _.

~ changing state of the art in technical matters. Political: climates and - -3
.poblic perception enanged. Empl:yees retired or moved :to new jobs. .-

"
- --

_,

Many of these factors contributec to redesign.hedesigns may not.be as : - :r
' *

.
-

cocpletely reviewed as original casign efferts, because-the. personnel J
'

- -

/ p re not the same and the scope of review is generallLless]mnon.e .of. . - ....,

t- th'e major causes of redesign was changing seismic matters. :Initi.41.ly,-~

-:&V / experts with impressive geological and seismolegical experience -
'

;ostulated the kinds of earth:;uaias that might cccur. That type of
information was given to the Licirsee's censultants to describe the -

'

loads and seismic response criteria. There was no great experienci in~~

seismic matters in the Licensee't crganization, and there was no detailed
~

scope of the work that the L'icensee specified for its consultants. The
Iseismic field was developing very racidly'. New data were developed en. .

1
r

-

.

. .

|.. .

. .
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. . .

faults in the plant area. Data from a seismic event in the region.

| resulted in the Licensee's plant bein; designed to two different types
of earthquakes; a design earthquake and a double-design earthquake.
At that time, ne one considered the amplificatien of vertical motien.
Even in 1~976 and 1977, th'e eaflier methods were still state-of-the-art. '

'

The whole concept of plate te enics came into being during this period. . .

Other major causes of redesign were the aforementiened Brown's Ferry -

fire' the' TMI accident, and other changes in NR* regulations. This
frequent retrofitting resulted in the loss of :: rale on-the project-

. ,

and difficulty in bringing new e:21oyees up to speed as turnover
1 occurred. All of these factors centributed to a climate conducive to,

errois and quality failures.

I*I. RE!'EDIAL ACTIONS TAKEN TO CORRECT (TURN AROL"0) QUALITY.PR03LEMS

- The major remedial action taken by the Licensee was the for.ation of the Project;
- Cc: slation Team. Approximately 275 of the Licensee's engineers were merged-with

. . ab:ut 500 of the A-E's engineers to form a new project. engineering organi:ation.--

-:-

_ The design and licensing functions were ::erged in:o the Prcject Ccmpletion Team.-

-- The project engineer for Unit 1 is a Licenses staff metser;-the project enginee--.

fer tnit 2 is an A-E staff member. The Licensee's chief engineer's stamp 'still- 't
appears on drawings and its discipline engineers can ask:fer docu=ents to .c .

ap;reve, though they appear to be involved in an overview-f;nction. As
.;reviously stated, the Project Completion Team works te-the A-E's quality assurance --

-=~=1 'and the Licansee's engineering man.al . The A-E-has. sssessedithe .foragoing - +

- :o he a satisfactory arrangement. As the plar.ts beceme operatienal, the-A-E's --

' s:aff will phase out and the Licensee's s aff will again resu=e'respensibility
'c engineerin,.

'
.

. .

w
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The Licensee's Vice Presicent of Engineering made the ce=ent that the tr ans--

ition to the Project Ccmpletien Team was difficult, but it was a good learning
experience for his staff, which had "become kind of hide bound."1 New that they
are working with the A-E's staff, they see a much more alive and respensive
organization, one in which decisions are made a Te~w levels, appropriate

~
*

manage =ent review, and work is pushed ferward with considerable aggressiveness. .
-

. .. .He said tacse thihgs were gecd for his staff to experience and it will,be better-
~ - a

6' ) for it w'ren the project is comoleted.
-

(He cc=ented on a number of problems. *

. dg ,) ~ . . _ _ - _ . *

.~ t y personnel related,'that had arisen as a result of this ~ integrated matrix*

* ,

F crganization1. __
_

-

Another action which the Licensee has taken was identified by the Project-

Manager for Unit 1. He said that the Licenses has learned that it is
important io review consultants' work. The Licensee had retained a large
nu ber of consultants -- perhaps 100 or mere -- and the. Licensee:did not have-
adecuate manpower to review all of the work cene by consultants::-The need for
the Licensee (cr Project Completion Tea:) to review censultantst twork-har new . .:- -

~"been clearly establisheci.
. . .

-

,

.

- -
- The Licensee's Managar of Nuclear Power Operations cc=ented that.the Licensee -

.

/

new realizes .that quality assurance is a total envelope of canagement-controlled ..
precedures. He said that if they were t start a new nuclear plant, they ----

would cnsure :that the erMre system was in place. ,They would-bring all crganita-
'

tiens toge:her with qualified and similar systems. In-the past..he said, tnere .

-

nad been much wneel reinventing. They started with a few of- the.requiried
precedures cnd then f7ccded the place with records without having people tt take
care of tr.e,. The OA guidelines had sea ac to restric: t.e concuct of assuring
quali y anc, nus, i'; was resisted. CA, he said, is nc: a fune:icn inca::enten:

'

of the unrk that ene is responsible .for, but is scmething that :ust be inngrated-

into the team. QA cannot function with everycne totally independent.,

_

-, , , , -_

.

Ruot'ticts are not verbatim, but they are telieved to convey the traning intended. -
#

_.

. .

.. ,

'

''
DRAFT WORKING PAFR r



r - . - . . .

--
' '

;m.
, , , ,

, ,

DRAFT VORKING PAPER.
.

, ,

18,

,

* '

: '.' . GENERIC IMPLICATIONS,

I
Based on the information reviewed and analy:ed by the Case C Study Team, j

several possible generic implications, er lessons, emerge. These are highi
lighted for each case study to provide ti.p st and to help fem overall conclu-
sions concerning factors which constitute important elements in nuclear plant
construction quality. The first four address Licensee implications; the last <

three NRC implications: -

_A. Nuclear ocwer olants are comolex facilities, and Licensee ranagement must .

, aonractate that fact. The enoineerino desien and construction oractices
.

, ,_ _ _ aoolied to fossil fueled olants are not adecuate to assure cuality in _ _ _
nuclear'olants. Licensees which have designed and constructed fossilk

fueled power plants only should not ex;;ect that that experience and technology
along will be adequate for undertaking nuclear plant construction under the
present regula'tery climate. One difference may be that-the Licensee's - --

. management must be proactive and knowledgeable about how-to achieve quality . :
in nuclear plant design and construction. A commitment to quality by top. - .:

-- "

'

management is necessary, but not sufficient, to assure quality.- (Almost . . -.

without exception, top management maintains a pro-quality stance).. There u --.

is no questien that the Licensee's manage:ent wa.nted a quality facility. At
.

. the time of the Site C visit, all indications were that it was achieved as
far as construction was concerned and, apart from the seismic design error,

s. .

it appeared to have been substantially achieved in the design.1 All this :-. -
,

,

!:" - - ~ 'seems tc have been achieved more by previcusly learne'd.gcod practi:ss ;than .-- e e-
-- by the application of a formalized ac'proach to quality. Management lacked

-
.

.

;It was reported by the project Completidn Te'a= s aff that the Independent Design.-

''erification program (IDVP) which has involved about 50 personnel, had examined,

the containment and other systems in considerable detail. Perhaps 40,000 to*

~~,00 different items had been looked at. Only 53 needed a more detailee analysis-

anc, of that number, only 8-10 were classified as.legitir. ate design errors. All
systems which included them were judged capable of performing their functions

,

",s aii s f ac,torily.
'

,

.

*t

g 9 4

4

e
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. an understanding of how to institute a proactive'cuality assurance progra=-

in the design process, even though or perhaps because, much of the manage-
ment came out of the engineering organi:atien. They knew the design process,
had confidence in it, but apparently hadn't thought or expressed how major
quality programs could arise (i.e., where the weak points were in the ,
desigr} process). The NRC kegional effice also indica;ed that there had ..

,

been an ongot'ng problem in interpreting 10CFR50 Apgeridjx B criteria in
-

.

* *

their application to ,engineeririg. The Chief Executive O'fficer noted that
it'was not until the 1973-74 period that quality assurance was actively
considered for application to the' design precess. By that tin.e. much of
the design was completed. Since quality was already thought to be part

'

of the design .(and apparently it was) it was considered unnecessary to put.

in a different quality assurance program for the remaining work (which

proved to be 'far more extensive' tha'n thought at the time).{The fact that:
-

the Project Cch ion Taa adented the A-E's quality assurance program iskQ er h
indicative of.t license ,ack of understanding (or perhaps procedures) .g :

.of:hw to apply quality to t e designA _.. M= p__es :for. nuclear :_ :: ,
-. --e

,, h _ plants. M g,y ~

.

- -
. .

___ _E . A licensee needs to understand its evn corocrate limitations -as- it under- -

, _ _ _ _
__ takes a r.uclear ocwer oroject, and not overstem its caeabilities.- The . --

:

. capabilities of its contractors must augment the licensee'.s lack of :
--- * experience or engineering, procurement, constructicn, and management-

-- - -
.

,

- :-~ inadequacies. The Licensee recognized its lack of expertise .and, as - . . - < :.
' -"

'- ' stated, made use of a tarse number of consultants (3ection IIA). 'What
apparently went unrecognized was the evolving requirements for engineering
su;;crt ceer the life of the oroject, necessi J- =e in urt b.y ww

_

.y- .

regulatory requirements. JIt appears that a licensee'.s engineering staff
,

~

Mot involved in the continutrig design of additional nuclear 35 ants has' (
di"ficulty stayLng. current with the ' state of the art in nuclear technology'

'

and regulation A licensee's engineering staff involved in a single plant - !
-

[- %: as likely to assiEilate advanced procedures that the industry as |
#

wridle has developedhs previous 1y stated, the 1.icensee',s Vice President.

f
~

of Engiratring made the coment that the ?roject Ccmpletion Team approach

presented f good.le'arning experience for his staff.
'

;
.

, ,
.

n .
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The project Cc=pletion Manager stated that i.k his earlier experience in-

nuclear projects, engineering staffs (A-E or licensee) did not document
the design process such as is done t: day. The Licensee's practice was- -

more typical of this earlier practices. The project Cc=pletion Manager said

that the types of pro 61e=s experienced in the design of the Licensee's
nuclear station have 'also occurred in other clants in,wh'ich the A-E has' ..

been involved. Whereas the A-E's staff was able to gain acpropriate -

'

. experience b'ecause of involvement in a variety of plants, the Licensee's
engineering staff was not. In the early years of nuclear power, it was . .

possible to undertake aproject with a fairly minical engineering staff.
As regulations continued to develop and requirements were more.far-reaching. ..

,

it was necessary to add additional pers:nnel with greater specialties. .
Those organizations which were involved in several plants were able to .,

staf,f appropriately. Those with sir.;1e plants could not, and had to . rely -

on consultants' or other contractors. - - - - - - - - -
. .

s

- Another facet of the same problem is the' evolving speciali:ed aspects -cf. : : :

engineering. As an example, it was ;ointed cut that the cuality assurance ..

languaga was a new language to many cf -he older engineers. Later projeca;. .
were able to incorocrate these requirements.=cre readily with staffs which - -

undet stood the process better. The Frcject Cc=pletion. Engineering -Man'ager ; . :: . .
- concented that the biggest single change in nuclear design has been in the m.-

. - are) of seismic technology. The prefect Cetpleti:n Manager said that there -
,

-

-

,

,

is 'a :cc=en thread in all projects : .a: have gotten into trouMe ae -far - - -

~-as cuality assurance is concerned. hat co= on thread is .the length .of -- -:

the project. Long exposure opens th's troject to any ;otential changes
and delays and difficulties. The Li:e .see, he said, had g:od culaity in

~ each :ime frame since the job began in 1966. As each of the new quality
,

~

assurance initiatives occurred, the *.icensee respended, but it was more or .

_

During' this period, as "EC (or AEC/ERDA) improved itsless reaction.

S

.

.

O* ,.

N
_ __ _ _ _ _ _ _ _ ' M- - - - .-
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guidance, the industry eyelved also, but it was difficult t: keep'up-

with the changing picture. The difficulty is exacerbated by the turnover
of personnel over a long period of time. Successful design activities
require experienced persennel, but many of these are prc=oted, retire,
etc., over the course of the project, and this introduces the possibil.ity
for error ,because newer einployees are eften unaware of all the censidera- . .

. ..

* -tiens that we'nt into a decision. ., .. . . .

._ _ _ _ . .
C. TA licensee needs to manage the nuclear :rofect and ensure that interfaces

- ._

. . . ._
between the oroject carticipants '(A-E, constructica contractors, etc) are

_ _ _

_ .._orecerly maintained and monitored. A total croject system that -icoeses. _ _ , _ _ _ .

_ . . . _ _ ' _ effective controls and checks over all key as:ects of the croject is j
'

recuired, including records management ar.d decu=er.: centrol, as well as
design, c:nstruction, procureme'nt, c:st, schedule, etc< :.The system must --

. I

be able to accournodate change. For exa=ple , the changi.ng .r.egulatory.:-- '

' ~ ~ en vironment has presented the Licensee's engineering staffs .with mov.ing: u-

'''' ' targets that required change, but which were net always.: rte:gr.htd. or :. -:: ::--~~
- '- -

.Z ' . ~ 'acccet.cdated by them. The changing regulatory envir:n=ent-requires that -

.

.' licenses engineering staffs keep with eumchanging ti es,. :The Chief . w..:: -
:

Executive Officer maintained that the Licensee had an adequate capabi:lity - :
' to d6 its nuclear project. Because of large generating.facili-ty growth- : t:-

''' -- in the 1960s, it was necessary to use censultants for the-overload and 33.

'': "' for specialty tasks. The large number of consulta .ts was dif.f;er.ent than . ...

' ' ' ''cri :frevious projects, however, and as stated earlier, the-consq1 ting--r:les- :.;

were of limited se:pe and many of these ceveloped along:a collegial : - .
.

-

relationship. This occurred in part be:ause so=a :f the c:nsultants also - --

werk.cd for the At:mic Energy Cc::Inissi:n and it was assu=ec that they knew
,

what the requirements were. Thus, :.ere was a lac.<. of formality .i.n the.
- .

processes for passing information a' cross interfaces. The geographical. ---

'

_
pr:ximity of a number of the consultants also hel:ed erode a formal ir.ter-
face control system. It was noted that procedural matters would not have
been handled with the same informality if the sub::ntracters had been 50 -

dies away, rather than across town. cr instance, it was stated that
''

there was much more fernality in pre:ecures with a seismic consultant
located about 40 miles from the Licensee's offices than with one in the -

..

same city.
, ,

_ ____Imre ManunuwaJ4 -- -



-

. . .- . - .

.

. . . _ _ . . .

;:
-. .. -

. .

:

DRAFT VORKING PAPER ,-.
.

*

~i |72 ,

' /|"

: .
. J4r-

,

There was no require =ent er regulatten for an auditable trail. The [[..

Licensee did not have adequate manpewer to review all of the work done I
by its censultants.

. .

As times changed., licensing regulations beca:e more ce= plex, but in-house
relationships and procedures centinued as they were. , As a ec=parisen,' ..

'

during this period many architect-engineer fir:s found it necessary to -

apply 15crea* singly large numbers of sanpcwer to their nuclear projects.

, In the early days the Project Ccmpletion Mar.ager (PCM) estimated 400,000
. ,

to 500,000 manheurs of engineering time would be required for the whole
. . plant (typical of projects started in the mid-1950s). hcw they are

,

project *ing ten times that amount. The Licensee didn't haye access to
rescurces of this magnitude within its staff. (A specific example was
given by the PCM of increasing requirements. There were three or four

,

engineers involved in keeping track cf items humg eff walls in .the early
- to mid-1950s projects. Today over the life of a project,-there are -

.

. probably 12-15 engineers who keep track of wall leadings);.:The Licensee'r:.
engineering staff contributed about 150 and the A-E added another 600 to . . .,

~

round cu,t the Project Completion Team. -

. . , . , ,

'

The interfaces between engineering functiens er o;srations must-be
minimi:ed and carefully monitored. That the Licensee reccgnized this - -

- problem was apparent from the Chief Executive Officer's ccament.that --

,
'

- - = eying the Project Ccmpletion Team t:gettar en three 'ficers.in -the -A-E's .--:-
- - building was immensely helpful in 'the cc:=unicatica process. -iie also-

stated that there was no substitute for good precadures to.=enitor inter-
faces. .

,

.. .
,
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'D. The Licensee must be cemitted to cuality frcm to: manacement dcwn, and.

it must be effectively c =unicated by t:c manacement and manifested in

crocedures and centrols. It is helpful when the licensee recognizes that
an assurance of quality program preparly conceptualized, structured, and
implemented can. be an effective management teol that can be cost effec,tive.

'

If man,agement attempts to implement a " canned QA" procram rather than an ..

assurance-of-quality program, it can be seen as thr,eatening to some, a'nd ' -

as an artificial laying on of another system by others - a system with whic'n
,

one must contend, but one whien has no useful purpose or function.
.

The problem is complicated by a number of factors if quality assurance -is' ..
,

- seen as a superflous system. For instance, there has been a long history
of. changing requirements on quality assurance. A.:eng the : lessons learned .

,

- by the Licensee, was that, over a' long perted of time, there.will be . .

- changing criteria. There will be chang 9s in the state-of-the-art and- -

--- models, and calculi.tional methods will bec:me more ce= plicated. - Events : --
.

- will occur during the construction life of a plant that will . magnify- - - s: - : - -
errors, such as the diagram error, which w:uld have beert considered one- .

-
. .-

'

way pre-TMI, but was considered another way post-TMI. There.is also,an ..- --

evolving public standard that has secathing to do with perfecticn of :n-

technology and risk-free operation, and these all feed.the Nuclear - - -

- Regulatory Ccmission's drive toward raised standards. Amid all this, ;the
,

cennitment to quality must be sustained. "

.:------ ...

-

.:,

,

Another cceplicating factor was that ersennel in NRC change, and the
.

- -

inter;retations applied by these pers:nrei changed also. The com ent was
made tha<t in 1966, there were 20 safe y ;; ides and they were vague -- n:w

.- there are hundreds of regulatory guides ar.d they are written in censicerable
detail. That was the changing envir:nment that a licensee's engineering -

_. staff had to deal with and still sustain cuality.

.

#*
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,) E. NRC needs to treat GA as a =anacement tool. not as just another recuirement.
. .

1

,

'

As another requirement, the concept of quality is treated as just another
j system laid en the licensee. As a management tool, the concept of quality ,
i assumes a much mere ,impcrtant and useful role in the eyes of management.

- It tells them something abcut the.ac:unt of rework and project cost, about

} the projected reliability and safety of the cperating plant. NRC needs to
! stress this aspect to better ecceptance of its QA init'iatives.
;

--
. ..

. -

k

I F. NRC needs to oay more attention to ensurinc cuality in the desien crecess. * *

. _

; During the Case C project. there was no effective in-depth evaluation by NRC
'

of the L4censee's design process. The Vice Presicent of Engineering stated*

? -

that they were well thrcugh with the engineerinc in the earJv 1970s when the

( whole quality assurance program of NRC was brought into the picture. . Pa'rt
,

~ cf th' problem was the imprecise nature of 10CFR50 Appendix B,- a problem whicire;

| continues. This factor did not enc:urage the Licensee-to-go.back and:put:.in .-

|~ - a large- QA program to handle the remaining work to be doney and.NRC did-not 3 - .

! insist cn it, either. It was admitted that the Licensee:was slow to adapt .

' -

,

f^' all aspects of quality assurance. A confusing factor was that:the early
_ .

-
j AEC regulations on quality assurance said to apply it "as practical" as _.

| far as Unit 1 was concerned. .
.

- -.

..

i

!

j It can be expected that many engineering organi:ations wi11. resist the,
,

.;

E --- - ' introduction of cuality assurance in o the design process fer,reascns :. , .

.

-

gg gevicusly stated. prther the Stu:v Team made the - - - -

|
comment that it appearedJ them tha the Licensee's engineering organi:ation

_

~

-

d g 1:ceared as " prima donnas This was n: dis:uted by the Licensee's up:er
,

!

anagement. There is little acknowleggement by engineering that had be ter '.I '

QA precedures been adopted, it wo61d have avoiced the design diagram error.
,.

[ ,e# (This attitude does not apply to the Project Completion Team). )
i -

.

s . pe . .

o. |

|
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"

G. NRC needs to focus more en the effectiveness of implementation of the.

cuality assurance orecram and less en the traccines of Licensee orecra=s;
e.g., less en the QA manual, organization charts, where the QA Manager
reports, and paperwork per se. For example, the QA guidelines for design

*

need additional. explanation. There is a lack of understanding of how to
,

effectively apply quality issurance to the day-to-day, design process. ..

Based on the results of the IDVP reported by the Project C:=pleticn Team,'! -

one would not expect to find large nwnbers cf quality-related problems * '

,

in the design process. Any design-related quality assurance program must
i

deal with this fact. The design process may inherently centain a high
degree of assurance of quality; Perhaps for this reason, it has been. .,

'

difficult to formali:e an acceptable QA program for design. The Licensee's.

former QA Manager stated that the early implementation of 10CFR50 Appendix B
was .anufacturing-oriented. That drientation, together with the. perception

. that QA can't 'be applied to the engineering process, are. barriers, to its ' . .

-

adoption. He noted that it was very difficult to instill-QA into-the: .- -

engineering process because it requires an attitudinal change -NRC-needs . . .

to address the issue of assurance of quality in the design / engineering. ...,
.

process.. [ , , _ _

The Manager of Nuclear Power Operations highlighted the problem this way; . .:

he said that the idea was perpetuated that, if one had the paperwerk correct,;; .
'

ene had a proper QA program. - - -: -

.

.

e

e
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V. IM7LICATIONS OF THE CASE STUDY FOR NRC QA INITIATIVES,

NRC has underway or under study a number of initiatives which are designed
to establish additional confidence in the quality of design and construction
activities, to i= prove the =ar.agement control of quality, and/cr to improve
the NRC capability to evaluate the implementation of Licensee programs. The,

i

initiatives are described in the NRC Staff Paper SECY 82-352, " Assurance of -

Quality," any sub, sequent correspondence between the Co=ission and the NRC
_

staff. One of the purposes of this Case Study is to previde feedback regarding
the relevance of the various initiatives to the Case C Licensee's nuclear . .

::nstruction project. Subsequent paragraphs take each initiative in turn and
discuss whet,her the initiative, had it been an ongoing: activity at the time of -.

-J.e Licensee's design error, would have made a difference; i.e., would the -

ir.itiative have prevented or at least mitigated the design error that has been
disucssed. earlier. A more cc=plete discussion of the scope and details of the .

-

'

various NRC QA initiatives may be found in SECY 82-252 and SECY 83-32, "First -

5arterly Report on Implementation of the Quality Assurance: Initiative."- Most :- c-
-- -- cf .these initiatives were discussed with the senior manage =ent of the Licensen. .:.:

It is' believed that they agree with the Study Team's evaluation of the -

.--.

-

a;plicability of the initiatives to the design error pr:blem. - --

A. Measures for Near-Term Oceratina Licenses (NTOL) - - - - - - ----

1. Licensee self evaluation - maybe
. . - .-

'
'

This !nitiative applies to action t .at wculd take place when the;-
.

- -

Licensee is in the pr: cess of receiving its operating license. It -- 1.
recuires that the Licensee examine selected portions, of.the engineering
design or construct. ion. Had this beer. a recuire=er.t. it is cui a c:ssible
tha: ene of the design areas auditec w:uld have related to seis=ic *

,,
~

considerations, since that has been such a major consideration in the
design and construction of this particular nuclear station. This

_

review might have identified the error that actually occurred, and
should have identified the general pr:blem of design docusant c:ntrol. . .
A licensee self-evaluation would :ermit an evaluation of the project
fr:m beginning to end and would ;er .it the Chief Executive Officer to
state that the statien had been built ac: rding to its cemit=ents.

'

. ..

____ .. _ n
'
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.

2. Regional evaluation - no.

,

The Licensee regional evaluation is an action that would take place
when the Licensee is in the process of receiving its operating
license. The effect of the regi:nal evaluatien could be similar to

,

that described in (1) above,. The scope of the regional evaluation.
; would have to be expanded to include detailed design review.

, _

- -

, ,
,

** -
. . . .

' 3. Independent Desigo Verification Program (IDVP) - yes .

The Licensee IDVP is an action that takes place when the Licensee is
in the process of receiving its cperating license. The IDVP would

* have applied in the case of this Licensee's plant in which the design.

and construction are essentially ccmpleted. Design verifications can
be' performed at any stage in the design, but the most prcductive period
i's when the design is essentially ec=pleted. - ,- . .

-' It is likely that an IDVP would address one or more of.the :sensi.tive; . . . :
~

,

tissues relating to the plant under review. This would -have. included- -- -

*
- the seismic problem as stated under (1) above and, since .an IDVP is --

.

probabiy more thtrough than either 'of the evaluations in .(1) or-(2) . ?? '- -'

~

above, there is an increased prtbability that the diagram error and - - - -

design document control deficiencies would have been found. - ; .-- . ::- -

'

- - Design audits can be very sensitive issues; e.g. , one A ~ -may .a.udi.t :: ::

'
- another's work. Care would have to be taken in airing. highly technical .; -

issues before non-technical audiences.
.. .

-

! l

.

' . - .

|

|
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5. Industry Initiatisas
.

1. INFO "Constructien" audits - yes

The phase 2 part of INPO " Construction" audits now considers design.
Such an audit sh"culd be as cc.mplece as a licensee's self-initia.ted

audit. It is quite pessible that an INFO " construction" audit would
have detected the prcblem that ocet.rred in this Li"csnsae'c plant; ['
certainly, it would have identified the design document cent.rcl
deficiency.

.

2. Utility Evaluation Using INPO Method - yes
.

This' measure is basically a self-evaluatien using the INFO methcdology
devised above. It is a design audit cavised by INPO using self-
evaluation review teams. This review is estimated to require up to
15,000 manhours of effort by the Licensee. The review teams are often -

- lead by representatives frem the A-E, but who were not involved in the -

- original design. The team includes Licensee personnel.-- Such an. - .:'

.
.

- evaluation would have icentified document cent ci deficiencies that .,

"

occurred, and possibly could have identified the actual ;errer.-

_

C. NP.C Ccnstr$ction Inscection Procrun .
__

l. Revised procedures and increased rescurces - yes (if included design)
'

shis particular initiative applies :: the ccnstrue.tien program. The -
- -

' deficiency fcund in the Licensee's ;iant relatad te design :and not to ..

construction. If this initiative were expandet to include-cesign, then
~

it 'wculd prebably have detected - a dasign decu ant cent ci deficiency.

'

_- 2. Construction Appraisal Team (CAT) Ins;ection .no

This initiative applies to-the constructicn phase; the Licensee's
~

quality problems occurred in the desig . phase.
,

l
.

'-

.

.

. _..

.

'
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' '

3. Integrated Design Inspection - yes
1,

1

The integrated design inspection is an action that would take place
when the Licensee is in the process of receiving its cperating'
license, though it could be done before. For the same reasons given

'

for the effectiveness of measures for Near-Ter: Operating Licenses,
the integrated design inspection wculd likely have.. uncovered the design -

document deficiency and could have detected the,er::or.
~

.
.

,

4. Evaluation of Reported Information - not likely

This initiative would computerize 10CFR50.55e and Part 21 repor'a,
facilitating trend and other analyses of these event reports.. This-

.

t 21ysis provides an additional cross-check on the quality and cperations
at the Licensee.'.s site. The type of cuality failure that occurred at

. the Licensas's site is not unlike errors .that result from lack cf.
- interface coni!rol. Possibly, the raporting of similar problems. in: other ..

-
-

- ;:lants would have been useful to either the NRC Inspection and Enforce- - ;

-~ cent staff or to the Licensee's engineering staff in icoking'for errors
- '

of this na'wre. -

..

-- --
.

.

D. Desienated Reoresentatives - maybe - ---
, .

- At the time of this Case Study, it was unclear how the designated representa . -
-

tive syste= might be implemented by the NRC. Generally, it has been - - :-=
-

~

-
- cor.sidered to apply to the constructi:n pr: cess, and not te she- design-process'. = -

However, the FAA uses designated engineering representatives (DER) who are

empicytes cf manufacturers, but are deputized by the FAA to review and
ver13y :er:ain elements of design. (~.ere are also designatad manufacturing

'

re;ruan:atives,(DME) who verify that the assembly or fabrication preciss
,

~

isacceptable.) The DER could be used to spot check the design or ciesign
process. P~ever, there is every reason to celieve that this initiative,

-

had it been in effect, would have unc:vered tne design document control
deficiency that the Licensee experien:ed, and very possibly the error itself,.
had seismic analyses been subject to :ER review.

.
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E. Manacement Initiatives.

1. Seminars - yes i

Seminars similar to these that the NRC C r.issioners conducted in years
past, as well as' seminars by ; rusted utility executives who had design-.

related problems would probably have been helpful in bringing the
Licensee's management to an increased awareness of'the importance of

_

quality control measures in the design peccess. -

_

2. Qualifications / Certifications of Quality Assurance / Quality C:ntrcl- *

personnel - no

The problem that the Licensee experienced did not relate to whether the-

quality assurance / quality centrol personnel were certified or not. It
related to the institution of adequate quality assurance control procedurer.

- ih the desi.gn process. While sete of the top quality c:ntrol . managers: felt
- that the Licensee employed may have been less aggressive:.than desiredrit--

- .is doubtful that certification of these personnel would have: changed.the.- -

situation.
.

.-

3. Craftsmanship - no
_ ",

The quality problem experienced by the Licensee did not have.to'.do-with - :

the training or skill level of craftsmen. - - - -

-

'

.

.

.
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F. Certificatien of OA/0C peceram (SECY 83-25) - yee -

,

Had the NRC initiative related to certificatien of QA/QC programs been in

; effect, it is likely that the review of imple=entation of the program would
! have addressed the design process and, more particularly, the. interfaces

between the Licensee's engineering staff and its consultants. The result
wuld have been a recomendation for more formali:ed transmittal of -

- . .

; information between the two, and such an action cou,)d'h, ave prevented the
-

* *

problem that the Licensee experienced frc: occurring.
,

,

*

G '. Msnacement Audits - maybe

' Management audits could have easily identified the lack of for:ality in-
.

! transferring information between consultants and the Licensee's engineering
I saff. Having highlighted the deficiency, iii is likely .that the Licensee

- wculd' have corrected it by putting into effect improved procedurese - H: wever,
had the engineering organi:ation resisted the imposition of improved . ~-

'"

procedures, it might have prevailed. .:;. .. . _--- -

i ~ 7I. IPJLICATIONS OF THIS CASE STUDY FOR THE FORD AMENCP.ENT ALTERNATIVES ' ' : "
-

' . -

| Section 13 to NRC's FY 1983 Authorization bill requires NRC td conduct :a .

study of existing a'id alternative programs fo'r improving. quality assurance and --
.

[~ quality centrol at nuclear power plants under construction. This .Section, ..:- -

I- ~ca.iled the Ford Amendment, requires NRC to 1cok in particular at the-feasibility -.

:'~~ - and efficacy of five specific alterna.tive program concepts, -- As .a part of this. :- s-: .
- - . anal ~ysis, each alternative concept was evaluatad with respect to whether.eit would :: ::--

have made a difference in the Licensee's const uction program, had it been in
:iacs at the time of the Licensee's const ucti:n ;e: nit. As was the case wi-h
:.e puality assurance initiatives, each cf the Fcre alternatives was ciscussed'

'
- with senior utility personnel, as well as with their staffs. -

.

M'

e
*

as - *
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,

A. More prescriotive Architectural and Encineerine Criteria - maybe,

The Authorization Act requires NRC to evtluate the folicwing alternatives:
13(b)1 - adopting a more prescriptive approach to defining principal

)architectural and engineering criteria for the construction of ce=ercial
nuclear power plants that would serve as a basis fer quality assurance and
i;uality control inspection and enforcement actions. In the case of the -

-

Licensee's de, sign error, more prescriptive architectural and engineering
.

criteria would not have affected the Licensee's prcblem. No one cculd have |
foreseen the seismic ccmplications. However, if the criteria were expanded / . I

to the design process, then a more prescriptive approach would have uncovered
the design document control deficiency.,

,

3. Ccnditienine the Construction pemi' on the Acclicant's Demonstration of -

His Ability to Manace an Effective Quality Assurance Procram - maybe_
_

'

The Authorization Act requires NRC to evaluate the following alternative: .

-

13(b)2 - requiring as a condition of the issuance of construction permits .

. . for cec:.ercial nuclear plants that the Licensee demonstrate:the -capabilitye ---

-n-

. _, . cf independently managing the effective performance of all cuality - -.
-

assurance and quality control responsibilities for the plant. It should be--
- noted that, at the tir.e the Licensee received its c:nstruction pemit, it

- was aheng the better qualified utilities for undertaking nuclear plant - --
-' ~~ construction. At the time the construction permit was issued;-10CFR50 -

- - - . Appendix 5 was not a requirement. At that time, the Licenses could have
... _,

- cointed to its excellent record in the construction of other _ types of power :-- -=
- plants. It could have also pointed to its per#crmance in the operation of

a small nuclear plant. It is unlikely that the Licensee wo01d have changed
its precedures sufficiently to prever.: tne ty;e 'of casign error.frem occurring

.- -hat resulted in the withdrcwal of ici cperating licenser hcwever, the
require. Tent for a demonstration of ability, if done today, would surely have
uncovered any informality in the transfer of infer.atien across interfaces.

_

.

J'
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; C. Audits, Inscections, or Evaluations by Associations of professionals

Havino Excertise in Accrocriate Areas - Manace ent Audits - yes
~

The Authorization Act requires NRC to evaluate the following alternative:

.

13(b)3 - encouraging and obtaining =:re effective evaluations, inspections,
.

or audits of comercial nuclear power plant construction by independent
'

industry or institutional organizaticns based on best experience and ..
,

. .

practices. If done at the present time, audits by independent or -

,

* *professional organizations looking at the design process would have
identified the quality assurance deficiency that was inherent in the -

transmittal of information between the engineering organization and its
consultants.

,
.

.

..

D. I=orevement of NRC's OA Procram - yes
_

The A2thori:ation Act requires NRC to evaluate the following-activities: : -. -

13,(b)4 - reexamining the Ccemisticn's organi:ation and method for.. quality - . .--
~ assurance development, review, and inspection with the.objecti.ve .of . :- ; - --

deriving i=provements in the Agency's progra::t. a-- - --c-+ ,

.

-

'. It is clear from previous sections of this Report that NRC.was .part of - . .

'
- 'the problem. The following changes to NRC's progra:s sculd-have mitigated -

~
' and possibly prevented the development of the design quality. problems : -- . - :

discussed earlier: :..-
-

.

:':~ -
~ '

a. Modify the licensing review process f:r a const uction per. sit' to cover: - - -
the Licensee's ability to effective.iy manage a project as complex and -

tech'nically demanding as the constr:ction of a nuclear reactor in --

'

accordance with NRC recuirements., The construction permit review would' -

need to have been focused on the cesign' procedures thatJ.he Licens,ee. -

.-
'

- proposed to use and its relationship with its c:nsultants. .A thorough -

audit of the Licensee's implementation plan for its proposed procedures_
.

might have been sufficient.

'
_. .

,

-|.

1
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!
1
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b. As part of (a) above, the Licenses would have to demenstrate its.

capability to effectively manage a CA program. This is Ford Alternative

13(b)2. .

..

c. Revise the NRC inspection program to 1) fccus more on the design and
engineering aspect of nuclear plant constructicn, and 2) increase NRC . .

presence and capability in the regicnal offices to review design -

practi ces'. part of the reason for NRC's failing to recognize the
problem was the lack of NRC inspecters and personnel that had a direct . .

input into the design process. -
.

.

. d. Expaiid the scope and depth of the licensing review for the Licensee's
quality assurance program. While the Licensee met all the quality
assurance requirements in effect at the time of the design errer, a -

quality ass' rance program review which included a review of -actual. . ,u -

- implementation of the pregram wculd have revealed a weaknessnin:.the- handlin;
-

. 'of design data, especially that between the Licensee's . engineering. .. :t.

organization and its consultants. - :. .. . , . ...
.

,_[_. _I._.Conditionino the Construction permit en the Acolicant's Comitments to -
-

_ _ _ . . _ _ _ _ . .
Su:=1; cc Thirc-Party Auoits of His ha'. ity Assurance hocram -- yes --'. . . f.]
Tna Authorization Act requires NRC to evaluate the following ; alternative: - -

,13(b)5 - requiring as a condition of the issuance of construction pemits -c.
, ,

"- '- for cc=ercial nuclear power plants that the Licensee centr.ac-tor c.a.ke c.ther. .

-

~ arrangements with an independent inspector for auditing-qual 4fy -assurance.-
responsibilities for the purposes of vs.rifying quality a.ssurance per'ormance.
An ince;endent inspector is a third :ar y wr.o has r.c responsibilities for

- the design or construction of the. plant. This alternative, as it a; plies

to this Case Study, has been discussed under Ford A.andment Alternativ,e

(C) above. It is believed that, had this initiative been in place, it

could well have prevented the Licenses frem making the errer that eccurred.
-

A simple review of the quality assurance precedures that existed within the- -
design organi:ation would have revealed.this deficiency.

|
'
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I APPENDIX A
EVALUATION OF GENERIC KEY INDICATORS

V '
FOR CASE C STUDY

1.0 Licensee is fully committed to a procram for assurance of ouality

A. Project management appears to fimly believe that their plant has
been and is being built with adequate quality, maybe excessive
quality. Certainly, it is their intent to build a qualit.y
facility.

This Licensee, through its construction organization, appears to
have supported a good QA/QC effort in the on-site construction
activities; 'lowever, this diligence has not, in all cases, extended
to materials suppliers. Prior to 1982, such a commitment was

obviously lacking with respect to the engineering activities on the
project. This is reflected in th'e lack of management follow-up
that allowed the violations of procedures and inadequate management:
reviews apparent in 1977 to remain undetected for four years. ~~~

h Many of the management dicisions over the years indicate an attitude
. of "do anything and everything to expedite brir.ging the plant on

line." The current Independent Design Verification Program (IDVP) -

ard establishing in 1982 the Project Completion Team under.an .
architect-engineer's direction reflect this attitude; however, the-
ext 6nt to which these changes reflect a real commitment to assuring
quality rather than providir.g " cosmetics" is not totally clear. -
The apparent imbalance between " construction" and "eng'ineering";in -
assuring quality is considered to reflect some lack of cc:mtitment
at the top levels of corporate management.

-

9 ~

!
. t
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3. There is evidence that when the Licensee initially set up its
QA/QC program, they appointed an old line construction engineer
to the Manager f:osition. Also, the individual at the Licensee who
knew the most about quality philosophy was transferred to another
function. Corporate QA does audit facilities on a periodic basis;

however, general understanding by uppe management would indicate
that they would not see the need to audit from a management standpoint.
There was much talk about engineering taking care of its own problems
as they arose, but did not indicate a formal program for corrective
action; mainly a personnel function. The Licensee has taken great
care to separate quality assurance from quality control. Its feeling

is that the QC function is the responsibility of the engineers or
the responsibility of the organization who wants the work done. There
are many instances where the engineers did the design and then went
to the site to oversee construction and solve problems. Company
personnel seem to be afraid cf the concept of QA or QC having access

. to top management. They don't see any benefit / reason. They do not
understand the concept. "QA" is a term used to describe.the organiza-v

- tion that they were required to organize, but really didn't need. At
the present time, the Licensee really has an appreciation of-what they
have spent because of failure to document their engineering actions.
:^. th c.d A ys,-~ + '^ti- Tm GI/00-fure,td:::ms. -The --

'
-: ..

Licensee had much pride in their abilities, hcwever, and felt that
,

they were doing everything correctly. There is' much evidence to. .

-

indicate that they were willing to admit their limitations end seek

.- -- utib7aYlon o-f N4 Nk<l -help for seismic work. Tk ,

k \nkr M k 4'@c= & NTeab.nQn Qcoyacc Cor M
64 & Lwsw now aamW l45 % m al 4e

|~ apely Q.A C onf,co /6 M h .e., S qlo e c ra n f h ro c e 6 5 ,
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2.0 Resconsibility and authcrity are clearly defined and crecerly imolemented

A. At present, there appears to be clearly defined policy guides
with respect to responsibilities for authorities for nuclear power
plant construction and operational quality. Apparently, good
experience in designing, constructing, and operating other types
of power generating facilities led the Licensee to assume that '

similar procedures would be adequate for this nuclGar station. This

project has been a long time in the design and construction phase.
Contractor responsibilities and authorities and changing interfaces
failed to keep up with the formalization of flRC regulations over the
past decade. This failure occurred, at least in part, because the
Project has been on the verge of completion for about eight years,
and the need to change was not pressing nor thought necessary. The

Project Completion Team members interviewed seemed clear as to their

understandings of responsibilities and authorities.

g There was some fuzziness in this regard on the part of'the-residual
chief engineers in the utility relative to their relationship to the
Project Completion Team.

The Corporate Manager of QA expressed a clear understanding of his
responsibilities and authority.

B. The.re is evidence that this is one area that was very weak in the
early stages, and is one of the reasons for the Licensee's present
predicament. There are no observations for the present organization,
other than they are aware that this should have been more formal in

-

the early program. The Licensee's former QA manager made the.

statement that the early requirements for responsibilities were left
to the organization responsible for work. This was a general
consensus. Everybody supposedly understands the requirements, but
chos? to take care of his own responsibilities.

B
~

_ -mma- - -

-
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3.0 Cualified work force is utilized

A. Overall, the work force employed on the Licensee' Project appear
well qualified. The Licensee's engineering staff had limited
nuclear experience entering into the Project, and the staff was not
largely measured by present-day standards. Where the engineering
work force was not qualified, liberal use of consultants or

contractors was employed, apparently for the most part, quite
successfully. The use of many non-Licensee entities required that
adequate quality assurance procedures be in place and followed
carefully. This does not appear to have been the case with seismic
consultants and other early contractors. The construction work
forces which were employed appear to have adhered to good construction
practices. Some reservations evolved relative to the corporate QA
staff. These came, in part, from impressions in one of the group
meetings and, in part, from opinions expressed by an NRC Region V
inspector.

.T ffFwn]IfB. The Licensee,did notgunderstand tile need for trained q~ality peopl'e'u
~

in the beginning. kah people were put into quality functions without
.

training. The Engineering Manager's philosophy is that the people
responsible for the task are the only ones capable of really getting

ts sht( sapach oC
it done. He rat"eae '- --~; t an--4 ndependent organi za tion watching _________:____z

- -- - his activities. ue " ee''' "''dare'' d t" ::.n.,... I r. f e t , t ": . _ _ - c_.Au 46 senioA o--- - - _.. -openei+n c n-214 y _ m nn- . , - - - m - _ , - _ _ _;; v__ -.----'^e_n

#~
. _ .

- r a k .
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4.0 Instructions, oracedures, and drawines are clear and adecuate

A. Instructions, procedures, and drawings were not reviewed in detail
apart from those associated with loadings for Blume's seismic
analysis. While the drawings were inadequate in this one case,
there was no evidence of pervasive inadequacies in design drawings.
Further, the application of QA to the engineering activities was not
clearly understood. It should be noted that the engineering work
currently being done by the Project Completion Team is guided by
the utility's engineering procedures and tne AE's QA manual. Since
this hybrid team has existed for less than one year, one would be
surprised, indeed, if there have not been ec=munications problems.
It was not possible to probe deeply enough to identify any such
prot,lems , however.

B. Presently, the quality organi:ation reviews drawings, but. does not
sign them, which is typical of the Licensee's philosophy with.

] engineering maintaining sole responsibility for design. Many changes-

. . .

are made at the facility or plant that are not made on drawings.
This indicates a potential problem with drawing changes, and a
possible design change / review problem.

.
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B
5.0 Oualitv/0A Procram deficiencies are soucht out and recorted oromotly

A. This factor seems to be strongly and effectively supported at the
construction site. There is a concern, however, about the effective-

ness of earlier inspections and audits of material suppliers, notably
one supplier of electrical system supports.

Further, the " mirror image" problem indicates a weakness in this
regard in the engineering activities. It must be noted, however,

that deficiencies, once discovered, have been promptly reported and
addressed.

,,

B. In the early days, this was not done. The Licensee fully
understands the need now.

6.0 Corrective action procram is effective
. .

A. Good, once that a problem has been identified. Tne Licensee has

h been very responsive to identified needs for corrective-action;
_ however, QA program deficiencies may not have been regarded with

the same intensity as construction deficiencies as far as corrective
action was concerned.

B. No observations made.
.

7.0 Desian review activities detect and resolve desian deficiencies - - -

A. The procedures for design review appeared to be similar to those
successfully used by the Licensee in the design and construction
of other types of generating facili-ties. Among other things, the

~

- overall cesigns are reviewed by chief (discipline) engineers. No
data were obtained.on the numbers and types of field changes.

D -
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The " mirror image" and related problems represent a unique
deficiency in the area of design review. Although the problem
was eventually discovered and is being resolved, the discovery
was more fortuitous that the result of an orderly process. At
the present time, of course, very extensive reviews are in progress.

1

B. Changes are made at the facility / plant as required. The Licensee

seems to justify this by the fact that QC people are engineers, and
are often the people who did the design. Therefore, they are,

capable / justified. Many instances reflect that early-on engineers
did not have their designs reviewed. Changes are made as required
and appear to be done informally.

8.0 Desian inout data is adecuately controlled
- ..-__ _ _ _ _ _ - -

A. Perfortrance in this area was probably satisfactory during the
original plant design process. There was a major breakthrough,g probably due to schedule pressures in 1977 in the handling of ~

seismic diagrams. It is equally obvious that major effort's are ~ -

-- currently being applied, especially in the IDVP.

B. No observations made. -

9.0 Orcanizational structure is conducive to attainment of cualityi .-- _. .___.- _.__ __.- - - .

A. No fault was identified with the formal organization structure; '

however, the (informal) position of power on the part of '
engineering is suspected to have been a key factor in resisting
the application of arr effective design QA process. This level

, of informal power now appears to have been significantly eroded.
.

B. QC functions are performed by th departments resp nsible f r the
,

task. This can work but E N N b h D M - A *N
0- y n ..cr.; ;g ani2 d,ron A ick .skould.eh* toktty indipement d o d tbsby Ah.c. Q A or

rd- " Mr compliance wfth the .ntent of 10Ch50
Appendix 8 A 5 g edion e.ble.

-
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10.0 Planning, scheduling, and bucgetino provide the resources to de the job

A. This case is a classic of " haste makes waste." The engineering
problems which have been so costly appear to have resulted at
least in part frcm very heavy schedule pressures. This was extended
to the initial efforts at a design verification program which
produced an additional set of problems. There were no indications
of ' lack of resources currently.

B. No observations made,

11.0 Design control orocess
_

A. As identified in numerous earlier indicators, this is the major
deficiency which occurred on this Project. During the past year,
this has been over-corrected with a very extensive IOVP and an
internal 'lcok-back program" initiated by the Project Completion Team.

f) B. In the early days, this was not done formally. Presumably,- the

_

AE should understand the need for review, but it was not checked.

12.0 Work cackage develcoment and control
. . _ _ _ _ . . _ . _ _ _ . . _ . . _ . _

A. Not investigated.

.

B. No observations made.

.

.

.

-

,, . I" *
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13.0 Procurement control

A. A satisfactory evaluation of this indicator is difficult because
of the time period of this project. The IDVP consultant auditing
the QA program has conceded that the numerous, signifkant
deficiencies that have been identified are deficient by today's
standards, but not by the standards existing at the time the '

procurements were made.

B. The original seismic contract did not specify a QA program, In

fact, the consultant was not required to explain his program until
1977, long after much work was completed and after problems with

calculations were discovered. There is evidence that some vendors
were asked to prove their QA program before this time, which
indicates that someone understood the requirement at an early time.

14.0 tionconformance control
_ _ _ _ . _ _ . _ _ _ . . _ _

A. Not investigated.

..

B. No observations made.
.

15.0 Scecial process controi
_ _ _ . _ . _ _ . _ .

A. No significant QA/QC prcblems have occurred at the construction site.

B. Welders are qualified today and all indications are that construction
practices have always required welder qualification. No observatiens
made on other processes.

_

. 16.0 Examination, test, and inscection control-

.. .

A. This point was not probed in depth, but NRC Region V and expressions

at the site indicated that the construction site efforts were
excellent.

B. No observations made.
,

.
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17.0 Calibration control

A. hot irvestigated.

B. No observaticnsa.nde.

18.0 Records

A. Although major problems have resulted from weak documentation

practic'e3 in engineering, the available records led to discovering
the error about i'our years after it oc:urred. Further, we were

adiched by Q:s NRC Region V inspector that the .ecords and traceability
relative to ccnstruction (materials, heat.;, location, etc.) was
utusually extensive and accurate.'

t

B. Early stages cf the design of the Licensae's plant were poorly
- docuriented. There is an understanding within the Licensee today
that this was a bad mistne. Present-day practices not reviewed.

|

19.0 Audits 1
.--

A. Tha use of audits in the early years of the project appears to have

been limited to't|tose typically done in projects involving other'
%Tes of generat'ng facilities. There appears to be no . formalized

.
'

'pr3 gram of ' audits.
.

*g.

Tnc. audit progr3m has't un very extensively strengthened during tne .

;

'

past year, reflecting in all liklihood that it was lacking previously.

~ 8. The present prbgr'am includes audit activities; however, they were not
.- verifled. In the early days, audit activities were probably not

performed. The Licensee had a quality program, but the problems they
* di $lsystemtoverifyhave experienced u

implementation wasgr gatgat4continu
g

nnt. There is also evidence that earlys

NRC audit reports gave the Licensee good reports on quality program
'

"

, implemen[aticn when, in 'act, this was not the case, based on a review

N * of corresC(ndence. .

'

'4 s ,

%
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~
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V
20.0 Identification and centrol of material items

A. This was only superficially investigated; however, a Region V
inspector specifically commented that the utility had been far
above average in this regard.

G. The Licensee had no formal procedures / documentation in the early i

stages of plant design; however, they had a strong desire to
perform well and this willingness to perform caused problem areas
to be worked out. This was a natural function of those responsible
and'gces along with their engineering philosophy.
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II. ROOT CAUSES OF THE UCENSEE'S PROBLEl*S WITH QUALITY IN DESIGN
i

Based en the Study Team's evaluatien of NP.C's files and other d::u=enta:icn

regarding the Case C Project and discussiens with and interviews of cogni: ant
NRC, Licensee, and centracter persennel, the following are ; rop: sed as the
primary and secondary root causes of the Licensee's quality problems in the
:esign and cons _tructicn of its nuclear station: -

.

.
. -

-
,,

*
A. Primary Rect Cause

,

The primary root cause emerged cut of several fact:rs which, taken together, *
increased the likelihood of a design error. These fact:rs include the

*- pressure (whether real or felt) to c: plete the nuclear station, informal.

c =unica icns across important inter # aces, an inacequa:e a; pit atien cf %aswJ
contic 1 si /cuality assurance /

,d,iMpptA. 4.aO'~qualit'f .. E, . ..d.,.'h{M.n p dejngr::eg, and .1
: s,.r.ce

.

. &..., M.y'31.gc,. .usedw:p ,y--es .yv..
.

.

Reviews. and audits of the project indicate that the s:1-icn, as it .existad
in 1975, had been properly and corre::1y designed a*.c c:nstructed. -The -

'

seismic and other analyses (at the then state-of-the-ar-) had been perfermed*

to the correct configurations cnd bases. It was in the rear,aiysis af.ter -.

the essential comcletion of Unit i in 1975, pr::::s: by new. seismic -

a'ssu=ptions, that the design error previcusly described occurred. -

. r:: the issuance of construction pe--its for -he '.icer.see's nuclear station:

: : .e present tire was a: proxima:ely 13-15 years , :ar.i .; .-is s a-i:n ene .-

of the longest, if not the lancestain the cpnstru::icn precase. The large

of rewcrk resulting free-:CWPC: :: m ,.j . = n ;' ; e:.Iire snts, coucled/am:un

ai:n turnover in persennel and increased facility ::s:s, in:rtasec -he real

L (or felt) pressure to c:=plete the facility. As a 'aci'.ity nears c:cple:ica
j or is in a prestartup condition (as the Licensee's station was in the mid-

1970s) and new or ch nged fecuire;;sn:carise, there is 1.) :':r ; :::::-

cLucw XM C%4% Y?:rt:jt pre::drp anc to').ormali:e action .tendency :: satar. Such
"

c:nditions increase the possibility :f error.
,

.
.

.
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FAnother factor which contributed to the problem was thhgreater use of
| censultants and engineering ser e c:ntractors t

en the Licensee's other cenerati cir)en-cu.e.uk han had been cust:k.r5
a' c CL..ps44da,el jects -The:e

proble:sg m%6._ (S a.~.~u.k*cw-14.f.:^.ev~ $51 Cv.4W.. %i;;i:Tr[b'httriaceU p.nr r:;u}i..:-
''

| r
Cs m4 .A~'

need 'ec sc itiq=1 p :r-dse -> e :th the u "
w

.c:nt:, :nd :hC-* a char.g: t~gh:w the Licensee's engineering staff w
Mc-uc--* -ener+* a . There seens to have been a tendency to extend the

...
,

.

informality c: mon in close knit engineering organi:ations to these, curside _
,

gr:ups. Cust: mary controls and review precesses for dealing with them *

were not effectiv'ely applied. These interfacing problems were increased by
the m - dk'.w-rd"/. proximity of the c:nsultants and engineering service /- emQ
c:ntrac'Icrtf(a greater distance migh; have required more fermalizatien ef.
c:=unice.tions). . :.. Uceanus.W;.n.ai.c5 c.d ..e m.m 2 ,,s r e

:f >.Wr :=:;h :=ved f-~- the - ::: :=. .7 1e se; ;f infeca.e;i-ty-to-pr;;:-:4-
s.h's ;F:Tib'" Taf ec. fe.Cims-- - ding . --

,

e

A well-develeped engineering team which relies heavily :n informal. mn.unica-
tion a::ng its members has both advantage and disadvantager frem a cuality
assurance standpoint. Such close con.ac: generally con:ributes . greatly to ..

.' the puality of the engineering work. At the same time; it can create
|

practices 'wNch are not appropriate in dealing entside the crganizatiert.. ~ l

Geographital separation generally requires a higher degree of formalization
in c:=unication. Gec;raphical proxicity (working in the:same office er ._
building) can result in items being discussed sufficiently hat a c=on
'$r.derstanding is reached between the :arties involved. In the. Case C .

-

- Project, the practice of utili:ing apr informal ec=unicati:ns wi.:h key. - d

censultants located in the imediate area (city and subuhrb )-developed;
-

r x ha mJ ew c.a1.m A V --hexa.Wne cis:ance was probably gras: enough ,na: tne :n;ci ; d'C:;ua
repuire: to reach full understanding :f key peints was erobably '--Oi:::,

. r,ntAQ. v.

__

.

_

.

... _ _ . _.._._. .... ....... . . . . . _ ... . . . .
,

. .

.
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One of the cements made by the Licensee's staff was " engineering viewed.

their censultants as an extension of themselves." (It should be noted that
- the Licensee's staff assigned to the Project C mpletion Team has beer.

physically relocated to the A-E's facility). While the problem of inter-
face c:ntr:1 cannst be considered the primary cause of the diagram' error

~

that occurred, it was glefrlf a contributing factor. . e error is indicative. ,VTh
. .

of less than adequate procedures for design reviews and ccmunicati.ons'.
'

-

. .
. .

During much of th'e' project, the application of quality assurance / quality
| control (QA/(C) to the design process was not well understood. -!: ,;;; vv

5racticed 'a the t adition:1 m:r e Of design :ppr;v:1:. Changing-recuire-
..

~

ments resulting in redesign, coupled with turnover in cesign-personnel not
familiar with all the ramifications of the original design, make the
application of QA/QC to the design prccess increasingly important. The
matterYfurth'er complicated by the evolution of the 10CFR50 Appendix 5 -

criteria,*nd it: .r e r - ,- During the meetings with the: Licensee, its-=W

.

A-E,- and the regional NRC staff, there were repeated c:=ents with respect--

to ongoing problems in interpreting ICCF g g B.:riteria and their
--

,

~

* psication to the engineering process) a.-;.;. . . . _ c- c:ncerns about --

-.,

infringing on " professionalism" and " creativity" wor;m.:. ;..:d. These- -
-- - - - -

'

censiderations, plus the fact that the Licens'ee's engineer,ingM~nizaticn -crea c .

k
-- was very independent, ontt .buted to their re,sisting q_pfA

a. .

i ;1:= nt:ti: . -

.c'
> .d c h /- -. and/or_ understanding . quality ass':rt . = 2- :n%;; :r: . ~here aire m i,

-- -- - - :: hrc; been c :: de.:7 :: eT e , c : 1:a:t :::ica, 7.cc;.;; ring:n- - - n.c
-- - - - u!'# " assu*ance #* - coat-actces ther ::: :;;;ict t: 'n h:::: :##:rts. u. . 222.: _;

This. ,,ii is, i T;cH.y the "oc hing ir.vesticatiens in hte-1991 =M ==*1yr.

M."-~, ...ece .. ae5 f; nd th:.:1A ;r.:-ic:: i' ::n: 'ti.; : r- ? ~ ~-C - -

'

-- -- ce;:ni:. 1:n: .:re better -har th;se .5e;. .a.=n.c;;, . .. ...e '_ n.e..s a e ' s --
.

.- -r:a.i a i . dt is not :ntir:1y cle:r tithe- th's -e#1ected a di#fshawa -

,

in the L1c .' recuirements, or a difference in prac:' eM.. -inspectors -

.' made the observatien that :ne : = i s "' ..er en i s c:ntrac: Ors than.

! ,
on itscif." This attitude ,ay-ha e c:ntributed . * arer.: success in.. .

t assuring t;uali* One c nst-tetion effor s, since essentially aii . eat -.

i

7
.

-

| -

|

'
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_

der & was dcne ay contrac crs. he~ 'he-appl ' cnien-of-qua14ty.

-assurar4e to ;;udruGicn ectivitics-ha-s-been-qu?te well under-stood-and-

ha3:bTch i...J1Tmentec irsc!Fecs ici ) . The significante attached to this
finding is the possible reflection of an attitudegaPMitD4y'in
engineering -- an' attitude reflecting some degree of professional arrogance
that "we do no wrong, but we sure have to watch out for those other guys." . .

The major quality problems identified to date have been within that -

crganirai. ion. %,. --

.

~ _

.

The engineering deficiencies discovered in September 1981 occurred during
a time, ironically, when quality . assurance appeared to be undergoing

.

significint strengthening within the Licensee's crganization. In September -

1976, the Licensee hired a new corporate director of QA who was
cualified, knowledgeable, and aggressive. During late 1976 and 19 g,g - 7
the OA prcgram ' as overhauled and a new QA .arh program was 3ssuec- inw

1978. 44ueThe Case Study Team was unable to es' ablish the attitudes and y
relationshios between engineering and the new cuali y assurance director- (a= -

..

-- _, . _ _. . =i n- 197 7. ~ ~ ' suremd M 2 - 9 ehti;c.. hip a : ::::-h'n; 1 6 e s. . w__.'__;je
7- 7 g . h;. aen gdi ~ y cssv. tric: di c;; . . c s. t en eig- -

.

.leM. [It pem@[,r that the applica:icn of.:esum rudimentary -1 -

quality assurance prabces for design cocumen: con rolM MShshould

_

have-prevented the error that occurred.
.

~

To su- .ari:e, the primary root cause was the failure to manage c: mole ely a - .

-

project that is large and complex, and -he failure o pian and effectively .:--

'molement a management system embodying all of the : antr:ls.necessary to -

er.sure ::rrect completion of such a pr:,'ec . here were several fa :rs .tn

::n ri:utec to :nis, primary rect causa: The Li:ensee nac a false sense cf
-

security wi h respect to its engineering capability. As pr:vi:::1 Ma4c:4, V- --

. %f th . . . . /-
pe Licensee ms. successful with varicus types o. generating projects.

-
,

'n' hat had worked for those projects was assumed o w:rk for its first (in- i

house) nuclear project itnd, thus, the project was fitted into an existing
structure wnich carried with it practices not appre:riate :: nuclear work.

.
-

. ..

'
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The engineering function in the Licensee's organization was very strong;.

streng enough politically to resis' -~ --- ~ ". the imposition of management /
controls that were required elsewhere in -he ccm any or for contractors.

M p. 4<a , s<

J.m 9,: E e/tany .o6=the-manage.fientV6ac c:ime-cut :' the engineeHng 7

functienj they a9preciated its capabilitypad had been part of its good y
'

performanceN had not seen' a need *h to impose . strict quality. -.

controls over*it. * I _ =_ _hs'= :_.:het khe atmospf.eig, and regulations /, ,

for construction of a, nuclear power plant changed tremendcusly since the
late lgs 0s. The ':as-pr4bab1;. ;- f:ilw: : . th: ;a.tc43eLicenseeY

hWL completely understand the implications of the changes as they were occurring.
= -"*-he" Md .a:_;. ::zicu5l.r_weg ,- we L.icensee -was withy ~~

,,

few montns . ~ ' ine- the plant on-line 'en s " occasions. ThusNp -

s act10ns.

p that the LicEri'sEi~rdTght take 1 . ger--run y. auld ~ be different when itp

appeared that pro a ompletied would be i.T .inent, and n s.
'

were- ' . . atedAthe -near-term. ~ ~

,

B. Secondary Root Causes -
- - -.

*

Based on a review of referenced materials, di:::ussions:and inte
-

- the Licensee, the Regional NRC Office, and analysis, the app:.f:.nviews with -' Vn--
'

.

.y..t Team: ' ':
has identified three secondary root causes of.the design pr:blems experienced -
at the Licensee's plant. They are: 1) failure to understand and appreciate
the potential merit of a for=al instituticr.alized QA program,-2)'NRC's - ---

failure to sell quality assurance as a enagement tool, and 3) the long -

...

pericd cf time between inception of the r: ject ard ccmpleti:n. lach .is -. :::--

discussed in more detail: - - -- -

.

.- -

.

.

*
....... . . . - -

s.

. -

.

t .
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I1. Failure to understand and woreciate them.-- 'M merit of a formal |
e

organi:ation vith u , s;;;es, c wY.e L 9 "5 ee had aOA crocram. -As - e via ichiv capable=

A. d .m - -
,

ary successfullW y ng #rojects.thind th:_ma,

Y3
They had made an effort to organi:2 a quality assurance program beforev

,%

'i 2 the requirements of 10CFR50 Appeddix : b
L&necame an(ato The L 'nsee's.

>x o" ~ * .u

4
perception was that ther M=;yMed g od cuality'pyrf w,' wnine :nenat .

@ new recui.rementsdc= = nt: might change scme things, it would not affect -
, .
"

the underlying bases for.the/r c::d.cualigy parformance. Consequently,j n pn tu e. ...-G
the early programh;c 79* < ' ---(E ::cutented eF- =L--M d ..

-- -- --
--

-

N atte' pt at meeting the requiremer.ts. } did not significantly affect,

i

{ the way that the Licensee had been doing its engineering / design work.V
,

% ih: 'Li;;nsee'a r k i. ca er i em.c c;nshtti - aa* M ed ther te prec::di- --e r n . .. .

% xith the necessary ::n:rels '" pVe 2nd -"al'''ed pecph t: kaa; tham .

- - t,h: t '.-::y . C:nstr1: tier of pc.; r ;1:nt: ..:: ":Id hr.t," :nd they-inen--tow - -

h t: 3:2.7 S of troucle anc ge: :.'.a j cb w.c . .h CA/;C re; .ce..e w were- ~

>--- * steds When seismic (or c:her) pr:blems arose,s-therLicen'see
reacted as any concerned or conscientious organization would...If a
mistake had been made, they were :ctally willinc to maketit-richt;:- -.

.

.
,f __ Mahb b hu- b*r --

S t % g M M _ - $ L F M Tj ic.-A-34m-4yee)giaid that- he had J. -# 7

W ewed i e Licensee's quality assurance program in great depth prieb
/ .

.

to ?:"ie Project Completier. Team. He noyd that;'he 4teensee's .m. 3
-

~

~

d.p weaknesses, but had eb,I- ! ;N -
-gg- -

.-

- 'J.; y::, .f He was concerned abou: - ::osing a new cual-i y-assurance :- -

-- system (the A-E's) on the projec: at such a lats date. -In-the end, -

hcwever, the A-E's quality assura .ce ;rogram was acopted, even thougn
:..e Licensee's engineering proce:.res were . air.ained -- the imsiicatier.
being : hat the Licensee's QA program lacked the depth and understancing
: hat the A-E considered necessary f:r a nuclear plant.-

The list of iM$ QA program deficiencies and the key indications
. of. these deficiencies were described in Section I. C. -

,

.

:.
.

'
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2. NRC's failure to sell OA as a menacement tool . As far as the Licensee,.

was concerned, t e)(Ff requireme.t fcr quality assurance came across
as just anothe fiiliuire=ent. The emphasis frem NRC seemed to be on the

trappings of a QA program 4rather than its substancef-- develop a QP/
| (G'1, set.up a QA organizationef.;M-tenosc in Ere=:mm@t

J.m.e. "NRC inspection emphasis seemed to f6cus onac: tqinsw ..

*

Ape $tioq$sthfafgfr construction. The message conveyed was tha,t the |
-

= - 1

m0st important area was not design and engineering, because NRC did |
* *

not effectively propagate regula:fons or insp(acAt iksie design andt
c u +n

engineering area. NRC failed to provide guioance on wnats ity,

assurance program.:hn'! S . It did not hay nical strength
,

'
1 ira'"-W '- th to provide effective oversight of design and -.

engineering QA programs.
j

_ _._3. Lancth of t'ime between inceotion of the oroject and coeration._& _

e dh = SL khe period of t'me between the issuance of-a -

../co,54 56
construction permit and the totaled about 15 years for Unit-1.- ' -

--TMs long period of time greatly increased the exposure to the asemek .* - -:.

--

oc:urrence of events, to changin; regulatory requigaents, . erd .to .
,

changing state of the art in,techni, cal matters [ polit ca cif=ates and - -

Qyjua,we > .
- pctlic p eption

nese factors contrib' :a sAchredyw. c..:. ::4 IImpl;yees red ;p- r moved.to new jobs
- r

p.k ;c w
.

C.f ,$cn a A Of to redes 1gn. Redesigns may not be'as- .-

. cc plete'y revijwed as original cesign efforts, because-the personnel
Me d'MM,w and the scogfy;'eps generally-less.[One-of + -

~

.

- the major causes of redesigrSas ':nemging seismic mattersn Initially, -- -

ex;erts with impressive geological and seismological experience - '-

~

:sstulated the kinds, of earthcuains -hat might ccur. That enemssf /
infor a ion was given to the Licensee's consul ants :o describe the

J' - }- leads and seismic response criteria. Jh;r: was nc great expe.-tence in-

- .J@k# - ss4mk -'ativs 4 the-4icensee's # ;inizE;ien, =ud wa> = au ne ci : d h d-
'

cc:p c.f ;h; -erk th" "- ' '-- speci'#:d f:r it: ::.: o ant:. The

seismic field was developing very rapid].Qew data were developed on .

hw C M p & d o- ~
"

/ ,

.

.

'
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faults in the plant area. Data from a seismic event in the region.

resulted in the Licensee's plant being designed to two different types
of earthquakes; a design earthquake and a double-design earthquake.

.At that time. no one considered the a--14'dca-i: of ve h al e 4".

-Even 4" 197F rd 1977 'ka a = d' 4 a- -=' hods-we re-s'hte <sf4hm v
'

The who4e-concept of ph4e-tecton4c+-car.2- ic. .; !.e!.y, A *og thi: p:ried. ..

Other major causes of redesign were the Weo Brown's Ferry d
'

fire, the' TMI' accident, and other char.;es in N?.; regulations. This
frequent retrofitting =: '' M U " = % -a# ---"*~ P: ;raj::- , ,

/- .ar' ' = ic n t ;' O r4 & , m y - hyeer :p t' : peed : '"-- ~? r
ec = . .J. l'' # thes= 'echs centributed to a climate conducive to,

*errors and quality failures.

! :. ?.EMEDIAL ACTIONS TAKEN TO CORRECT (TURN A:.0L'ND) QUALITY pR05LEMS'

The major remedial action taken by the Licensee was the formatien of the-Project.
Ccmoletion Team. Approximately 275 of the Licensee's engineers sere merged with ~

ab:ut.500 of the A-E's engineers to form a new project:angineering organization. .. -

The design and licensing functions were terged into the Prcject C:mpletion Team-- -- ~

~

The project engineer for Unit 1 is a Licenses staff men:er; the project: engineer-..

f:r Unit 2 is an A-E staff member. The Licensee's chief engineer's sta ;i still --

*

appears on drawings and its discipline engineers can ask for documents to r- ; -

appr:ve, though they appear to be involved in an overview function.- W .::
-

. .. resv.i65;j _ s .2:Ed , the ?r:j::t Compl et4cr T::r.--.a>rh. -- y Wr-"="t" ::: r:nrA . -. -

_ _ . _ . . . . :.;il c.. v.c L!::n::e': :ngiat: ring aru' T- = : : m e- = er=' " a #S*sgeift - - -

- - ::>-be-e-ett4s4ctory a*-engemen. As the plar.ts become operational,:the A-E'sa .

~
- staff will chase out and the Licensee's staff ill agair. resume responsibility-

#: - enci r.eeri ne.
- -

. ..
.

:

.

_

.
-

,

,
.

1

;
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. k<tee' Licensee 4,('i :

, -
.

Tresiueni. m :ng eneerag:=ade=rse ce=nent' that the trans-.

o

ition to the Project Cc=pletien Team was difficult, but it was a good learning
experience for his staff, which had "be::me kind of hide bound."l N:w that they |

are working with the A-E's staff, they see a much mere alive **? ree$p sive
. Q. c w (

crganization, one in which decisions are.made a low levels ,@propriate
'

canagement)retser, and work is" pushed feraard with considerable aggressiveness.
.

He said these thihgs were good for his staff to experienc~e and it will.be better-
.

-

for it when tne project is completed. 4h ;;x.:nt:d :n ; n... tar ;f ,a Z e..i. !

*

. ..

-m ::13 ;c.s;cne; , ciatec, we Led ari::n :: = -x + c' thi: inte;r;;;d ::t-4v !
,

e--> +a tio n L - '
2.. ..

.-
-

-

-A..;;.h:r ::tien * i c'- twlb m aa % s 'o - w e u -te'ied b.y the e c.ie t .-e e

-Maneger fe. Unit--4,---Re-sa44-that Th'e Licensea haidrned that it is

i ;cr: ant to review consultants' werk. ' The Licensee had retained a large
number cf consultants -- perhaps 100 or =cre -- and the~ Licensee did not have
adecuate manpcwer to review all of the w:rk done by consul.tants.- The' need for
the Licensee (or Project Ccmpletion Tea:) to review censultants'-work has new - -

been clearly established.
'
'

- -

.

. no

-
~

- , -
.- -~- - : _ne..;=='4 u.a na g e r e . ..wc*. es c < c,wer ,.ci c . w u w....w . c d ;...e . 16he Licensee - -

-

.
/

new reali:es -hat quality assurance is a total envelope of.canagement-con:rollac
precedures. We raid thEt f they were ts start a ne

n&' c. lear}6> ant,-thev, &--l
s e- tsu

l- dp. as t - de,r +CWef ~ h .cni .1,.
--

x. e).would ensure tha.: 3 e entir.e sy. stem wa i
f :ic" 'ess.'.=i . : ... p .get a &F4 . 5 &plag

Th

:y::edE',..G.eyac.db-incL~ S 4 A &: kop +<7 .w.- d.

"-- = - e - : - n-j q v

- -- hac_ teen _::ue, /neel refwanMnct They e a ed >i-h : f:;. f th; r;: y _ _.c m.

and then flooded the place wi-h records wi-' . .. ving pecple to takeprce.. e

:are :f them. in , - 'delines had s 2 :. .a res:ric: :ne c:ncuct :f assurin;
cuali y and, nus, it was a ' =ic, is nct a func:icn incepen:en:

''

sec. ,

- of :ne work that a is responsible for, but is setething ....- " * be.infecra ed
into the *. m. 0A cannot function with everycne totally indepencent.

_

r
-

Ruota:icns are not verbatim, but they are believed to convey the ceaning intended. -
,

|
-

, .

I ~-

l
i
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~7. GE'iERIC IMPLICATIONS,

Eased on the information reviewed and analyzed by the Case C Study Team,
several 'possible generic implications, er lessons, emerge. These are high-
lighted for each case study to provide input and to help fom overall conclu-
siens concerning factors which constitute important elements in nuclear plant
c:nstruction quality. The first four address Licensee implications; the last <-

three NRC iq.plications: -

A. Nuclear cower olants are ce=olex facilities, and.Ocensee =anagement must .

acnceciate that fact. The/en'b'i'n'eeEiNW desien and construction oractices
|'

_
acolied to fossil fueled olants are not adecuste to assure cuality in

*

nuclear olants. Licensees which nave designed and constructed . fossil-
fueled power plants only should not expect that that experience and technolcgy
along will be adeocate for undertaking nuclear plant construction uncer the

.present regula' tory climate. One differen:e may be that thehicensee's -

.. management must be RMMR knewledgeable about how to achieve cuality
- - in -nuclear plant design and constructicn. "

- 4- ert t: znlit, y top j
_ _ . . -

-: - - manegement-is-necessa y, but ret - suf'ici:nt,-tc - assc; -qum14+y: 41 =st- --
.-

' -d withc"! avammt4m , t_ap ,gn gg;;;ad,, ;o d i.s a pra .wcl iij - stinciL here
*

"

s no cuestion that D Licensee's =anage:ent wanted a quality. facility. cat

Q .the time of the Site C visit, all indications were that it was achieved as
-- L ..far as construction was caricerned and, apert frca the seis=ic cesi:n error,-

.it appeared to have been substantially achieved,in the design.4 A 1 this -

; v[p[, ,-seems th have been ar.hieved more by previcusly learnedigeod practi:es -han -
., ..

.y (:-by the application of a formalized a orcach tqualit anagement lacked ---

h b bCC^6" O T(*'7
m

:

-
II: was reported by the Project Completidn Team staff that tne Indepencent Design,.

7erification Program (IDVP) which has involved about 50 personnel, had examined
. a c:ntainment and other systems in considerable detail. Perhaps 40,000 to

- 5:,;~3 cifferent items had been looked at. Only 53 needed a more detaile: analysis

and, of that number, only 8-10 were classified as legitimate design errors.Ns*W
-

-:y:t=: whid #M"4d ther '.ere f"dyd c8 able Of perf;. .-:ng th:i" funct'O
4.msfwe , ' '

.

Q g }g,,'% da,Ak EAv 4 p.uc"kuy M E,"g
.

h h-c ,o M My Y*/D 8--

fc,k x%kX| - -

e/ J
'
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<kV 'uy, ,

, .

. an understanding of how to institute a 'p,rch<;yty{ cuality assurance program.

-fg the design process, even though or perhaps because, much of the manage-
ment came cut of the engineering organization. .-' hey ''new-the-desgr r& ass ,

g *.:d c:nfidence in it, M apperenti; hidn't th;ught cr ex;re;3ed hcw ;j;r--

...

6 % ~ M i ty p ro gr-ams-::" ' # " (i.e., whcre the week pointsAsce in L - whPlg s4sn p Ocess), The NRC kegional office also indicated tbathnere had u
g n p & ,70'sj-

v 4e
..~

UO J
* *

been aLdrigdi~cs[ pechlem in interpre, ting 10CFR50 Acceridix B criteria in
-

. t

their application to (ev,+nb des, A, vec
ce FH a sc.cude.[n-"3.9util C. . ,

9ec" ' ces noted that.,
,

it was not until the 1973-74 period that quality assurance was actively
considered for application to the design procesh that time, much of*

the design was etmpleted. Since quality was already thought to be part, , ,

~

. of the design (and apparently it was) it was considered unnecessary to put
. in a SNb quality assurance pregra:n for the remainihIfk (which
.

proved to be far more extensive' than thought at the time). The fact that
the project Cei.pletion Team adopted the A-E's cuality assurance program yg;@

- . _ _ _ . indicative of the Licensee's lack of understanding-(: ; rhape ;r::edurc:-)

of how to apply quality gesien/ construction precess for nuclear
_

y _ j ,

piants. .J.W 6% GA.EUAA<' .. -
.

-

.
- - :.

3. A licensee needs to understand its cwn cer:ce:te ifmitatiens as it under .
takes a nuclear cower croject, and not oversteo its cacabilities. The____.._

capabilitiesj i'e gtractors must aug ent the licensee's lack.cf
experience hNine'ering, procurement, constructicn,- and management.um. .-

and
.-= in:i: n :' : s, The Licensee recogni:ed its iack of exper5s'e,s ce,rtaas 7.aesser r

.

- s&bP.ir made use of a large number of consultants (Section IIA). What
como

apparently went unrecognized was the evolving requirements for engineering
su;:crt Over the life c# the croiec- nec.essi:atec in : art by changine

moh.W.t Alicensee's engineering staff
-

3..

regulatory recuirements --e-: _.

A5 /4
lved in e/W1,.tvpl&Q: esq.- 7 g - 1

-

- -net invo. - c _ A donal.r.u:h r p,.:nt.; .k.,ic r-

difficulty stayin current with the state cf the art in nuclear technologyad/.-

| }"
-

and rec.ulationx -A ' d-=-eee's enc.# nee #"c. s"" d veh d in :. Oi .d e phnt ,

, , .

I is not as likely to assimilate advanced precedures that the industry as a
'

|
-

1. p'i t
wf.cle has develcped. As psvi::r h- tts ted , t'.e '.'re-e== ' e 'W e ' n h . L----

t
.

-
-

e w p ee <,g m e s. r - .-. - - -- a ,. 2. w . w up = h

{'
' " - -iu .a..; ax;rient: <-- u< me

-

.
.

\
.

; 9 .
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A{ r& -
-.

a -The prvjen Cv...pletica "anesee- stated -5at in W earlier everdee -' ---

nuclear projects, engi eering staffs (A-E or,11censee) did not document
i m ee w %Uthe' design process _p,_ _.. a: it done t:dayf ane Licensee's practice was

| 9,ee typical of .tfie earlier practices. ~he*cjcc: CompletW Var.ager-saidr
ra -

thet e types of problems experienced in the design of the Licensee's
nuclear station have also occurred in other plants in,which the A-E has ..

3 been involved.y Whereas the A-E's staff was able to gain apprcpriate -

/ experience because of involvement in a variety of plants, the Licensee's'- -

I engineering staff was not. -En-the-e r b ye m of nuclear 70wer, Wwas -

i

s e .

poss4bM--to-under-take a' project w ;h c . c ;ciy .2ia i...sI cuginc: ring :t:ff. 4

i '

-As-repic ;.icas c;ntinued-tWeveleg ud require;r.=..J . :re more lar re=ching,,

_i:-wes-ht:c: ry t: :dd additicnal ;;r; .. el wi h grec => %p00444t4es; -

Those organizations which were involved in several plants were able to
staff appropriately. Those with sin;1e plants could not, and had to rely

.

.on consultants' or other contractors. pqg ,

M, 4
c p4 ./#.#('

#
Another facet of the same problem e '" e -.t.c-s pec G4+zec-F

'
-

!A w~ ..stedac< p g Scf Q g
q . .. _ __ . . t.gijy~um*rtfL -2 eng;.m . :.4 As an example, it was m r. eu cu; 2.. . .ss =...-

- languace was a ngw langua e to many.:f-f 'sr s. ineers. Later projects'

+A'n
'

B " M S)
were a et _ _. equire- ...: ire' rtadily m%.%s" . f'"ichM

Af %W .
ect__ c re*::sc= g W- % oe m , h,g... N.%e- %or q 6 . 9,;

~1 \- --
. . - ,

.._p- -- -
- g = ;; --7

..:n:Ed 04c i. .he biswe= L s inwie ,.. 4 = in c.d. cr drigr 5:: See W 9 - --|--
-

s

. area o. ic technology. The prefect Completi:n Manager sai ' *..c: .-here
. - .

-- is a :ommon threac . *11 projects tu : have go: en trouble a . a i" m .
- -*

- as quality assurance is con ed. Tha- ... an thread is *he-length of- . . .

the project. Long exposure o . :n ~oject to :. potential changes
anc delays and diffi - sles. The Li: art- i, had.g od culai y in-

., u

each time f n. since the job b _an m 19~6. As eacn ' the new quality
-

assur. ce initia ' ccurred, the '.ic2nsee resp:nded, bu': 1. s more or-

-
-less-r-eace n,-Our4ng--t.Ws-perfod . =< *EC (or AEC/ERDA) improved its

.

A-E r & AS" O W Y N/'f ?
f _ _ _ ? n%k&~~ J e'scKu h A9 3

. -

y/.

'
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.

W ca;e, 6= ...Gst..r =vvived aisu, m it was d Tfi: tit t: ke:7--up|-

with the M *:da: a 4 c''' e - " e d4###- * y dr exaceW =Lty the turncver-

of personnel over a long period of time.. Successful design 3ctivities
recuire experienced personnel, but-ca c : p%ese :are prd:A eJ.nuci,M. %~ GM L

S :tet -=H -e,
etc., over the course of the project, afethis-introduces the possibility
for eph$gNe imrS$ der employees are often unaware o.f all the censidera . .

tions that we'nt i'nto a decision. * ~

.,, ,,

. . ,

C. A licensee needs to manace the nuclear orefect and ensure that interfaces
. _ _

_ _ _ _
_ _ between the oroject particicants *(A-E constructicn contractors, etc.) are .

-

. _ , . . _ _ crecerly caintained and monitored. A total croject system that iccoses
. _ _ . . .'

effective controls and checks over all key arrects of the oroject is
. _ . _ - .

.

recuired, including records mancgement and documen control, as well as
;

design, ccnstruction, procureme'nt, 'c:st, schedule, etc. Tne system must |

Sk be able to ace' = date change. For example, the changing regulatory-
-

ertyironment has presented the Licensee's engineering- stafg-with moving . .

- targets that reovired change, but which h not alwayNec:gni:ed or . -.
- -

n accomodated by thes. The ch:nging regule;0ry envirai. sus .equires t%t- W -:.

-
-- 1. e

,
ce-o, engineering m##r keep ;ith-with :hangi .; ;i;Es.- Th: Chi:f- ;.- -

- - - - - - EX4c-Uti '/: Offic4r-Mintained that th: L-4Censee-.h # zniadarum-te noability_ .

~~ mv d6_u;s-nuc-reaf==peeject_ 4ec:use aT icree w=ae.itinh facility. grcoth .
_

in th 1:5Cs, it w.; na:assary ta as
- uver'w.wai anu$G$r gie &Nved-er.d--a i-

LM.w Ps.

-ic'srec4alty taus. The large numbar of consultantsr7as dYfferent than
.,.

*n r en :revious projects, howevqt n .: n. m ..; ' w the censulting r:les -

u. Aju cc.4s.& c>
- - were of limi,ted cope and m y or n ue.cevele:cd Mt: collegial -

LLt~ J.' ,
~ relationsn1 inis occurred in part because sc=e :f the c:nsultants also. -)

ef fore:ality in tED --- 'j
w:rke: for the At:mic Energy Co=missi:r. a-d it was assumec that they knew

Thus-,j'E.e' e us a iac::what -he recuirements were. r
,

(processes for passing information across int.erfaces. fthe geographical
'

_
pr:ximity cf a number o'f the consultants also hel:ed er:de a fer=al inter-
face centrol system. It was noted that precedurai catters would not have
been handDj with the same informality if the sub::ntractors had been 50 -

miles away, rather than across town. ForN:M , it was stated that
'

there was much more fennality in pr :ecures with a seismic consul: ant
' .-

located aceut 40 miles frem the Licensee's offices than with one in the
.

same city.

MAfi 3 0RlINr: :A::J L _ _ __ _ _-__- ___- J_
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thei'b m -

- ==#-rmMt cn for an auditable trai1. A Theiw =--, y
',

Licensee did not have adecuate manpewerQc review all of the work done
by its consultahd * kD)
Asti=(s.f

\ & C L C d & d:o.~ J-

: :hcape;.44eensdag regulatiens became = ore .cmplex, but in-house i
relationships and procedures continued as they weref h a comrarison, ~-

..s -

d0 ing this period many architect-engineer firms found it necessar es -

*

acply rea' singly large numbers of canpower to their. nucle =* grejects.
In the early a s, the Project Completien Manager (pCM estimated 400,000

,

to 500,000 manhours engineering tice would b . quired for the whole
plant (typical of projects '=rted in the . d-1950s) . New they are

.

project *ing ten times that amount. ':.. Licensee didn't have access to
resources of this magnitude w'* in 1 s aff. (A specific example was -

given by the PCM of iner ing requiremer.ts. ' There were three or four
engineers invo'lved ' . keeping track cf items hung 4f walls in the early
to mid-1950s pr ects. Today over tne life of a proje there are

~

probably 12 5 engineers who keep track of wall leadings). he Licensee's -
engin ef g staff contributed about 150 and the A-E added anothy to ; -- -

,

. re nd out the Project Completien Team.
_

The interfaces between engineering functicns or o;erations must be
minimi:ed and carefully monitored. Tnat the Licer.see recognized this -- -

problem was apparent from the Chief Executive Officer's cc:r; rent that
'

meving the project Ccmpletion Team ::; ether en thrse floors in the:A-E's
. building was immensely helpful in 'the :::=unicaticn precess. He also - -

stated that there was no substitute for gcod procedures to moniter inter- .

faces.
..

,

.-

.

.

$^

-

.

.
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,

D. The Licensee must be cc=mitted to cuality frem too manacement down, and.

it must be effectively ce==unicated by tec manacement and manifested in

crocedures and controls. It is helpful when the licensee recognizes that
an assurance of quality program properly conceptualized, structured, and
implemented can be an effective management teol that can be cost effective.
If management attempts to implement a " canned CA" program rather than an ..

assurance-of-quality program, it can be seen as threatening to seme, ind ' -
as an artificial laying on of another system by others -- a system with knic'h

, ,

one must contend, but one which has no useful purpose or function.
.

TEE'p * lem is complicatad by a number of factors if quality assurance js-..
,

- seen as a su flous system. For instance, there has been a long toryr

of. changing requir .. ts on quality assurance. Among the 1 ons learned |.

by the Licensee was that, er a long period of time, N ere will be I

changing criteria. There will changes in tha sate-of-the-art and. ~

models, and calculaticnal methods w ,be ..e more c = plicated. Events.- =-

:will occur during the construction ' ~e ' a plant that vill =agnify . :- .
.

errors, such as the diagram er . , which w:u t have been considered :ene -
-

.

way pre-TMI,-but was co dered another way post-i There is alsofan
"

---.

evolving puolic s . dard that has something tp do with - arfection of -

technology 3,~ risk-free operation, and these all feed:the ," clear- -

Regulp6Fy Comission's crive toward raised standards. Amid a . this, the
cocmitment to quality must be sustained. - - - - -

-

~ *ther ccmplicating factor was that :erscnnel in NRC change, and the.- -

interpr._ ' ions apolied by these pers:nrei changed also. ... cc= tent was
made tnat in 1.0c , 'nere were 20 safeW. c..c ney were vag;e -- n:wvc"-

.

there are hundreds of reg ' * ices anc they are written in considarable ..,

cetail. That wa . cnanging en n=ent that a licensee's engineering'

_ s'af ta .o deal with and still sustain , 11ty.
,

s
.

,

.

.
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E. ::RC needs to treat OA as a canacement tool, n'ot as just another recuirement.

As another requirement, the concept cf cuality is treated as just another
system laid on the licensee. As a management tool, the concept of cuality

assumes a much more ,important and useful role in the eyes of management.
- It tells them scmething about the.am:unt of rework and project cost, about

the projected reliability and safety of the operating plant. NRC needs to
stress this aspect'' better acceptance of its QA init'iatives.

'

.

_

c

*

_ _ _ _ _
F. .. !;RC needs to cay more attention to ensurir.c cuality in the desien crocess.

During the Case C project, there was no effective in-depth evaluation by NRC
~

of the Licensee's design process. M-:i /7- ' lice presiden'; of Eagineerina s,.a:d-

,J,J,he.m hasnMr s , <[h{ Eagineerirb n the. early .1970s when theLic a
- *

y 'e e ' ell through t
'-

4 quality assurance cr Q _wa." .cT toc P12d o ty w yAww)
-

>e
f f "TC ,;;s[Yfcvgtt -inw Ine picture. Part

of thia problem was the imprecise nature of 10CFR50 Appendix 5 p;c-! .. WEm

..hhues/ ,this factor did not enc:crace the Licensee to c; i :k .and put i:r

kA program to handl,4 5L<-w %rk t.f $rdone akNRCdidnotetheremainkhfI
#

E b

v o-b Q: , qg.<pM- - u ~

- ] insist en it, ei.ther|fLfO..! y : M M @, y .ss
.

i tt L;::.u::

.: .czy sc.m & :: m::ntt :n:8,Ay W:
- -

G::"
-

accot- _ . -

. 4'c"e . - .us %~ f:;;;c ,.e.i. :.ist th: cady
.-

. 1 p~

6t4Rc3 ':' o.0
cu:. . . .

L M mM " '
- ye --cg"l a t4 c mf e n <s.l * ty a s s ur-:xs-sa i d ::

"
qua apply it ":: ;;rac:. icd." as. _

far a;; Unit 1 was concerned. -

It can be expected that many engineering organizations.will resist the
- " introduction of cuality cssurance in:: the desigh process,4;c w .:;ns

c:. icusi i 5;5:ed. imyTEe Stdy T'eam made the w E----

cc ;: .pnt that #="ma*-*d- ::g-ghge lgnsegergneering organi a_tiong . . ._-{ g ,

0 -< A O : : d .- at ,3 rima donnas 4"/ThisOwas n:$ di e# :y the Licensee's up:er

.a na gement, ,rnere is little ackncwiggement y engineering that had be ter
.- QA procedures been adopted, it wo0ld have avoiced the design diagram errer.

(This attitude does not apply tt the Project Ccmple-ion Team).
_

. .

,

;
1

| . ~

|
|

|
|
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.

a G. NRC needs to focus more on the effectiveness of inclementation of the
|

cuality assurance or: gram and less en the traccings of Licensee :rograms;
e.g., less on the QA manual, organization charts, where the QA Manager
reports, and paperwork per se. -?ce-exe=%e,-thaz CA guidelir,c: ':- des.ignv +)s

-@tu of understanding of how toneed-eddftionai-exp4e-nation. There
u a,

c m y, apply qualit assurance to. the da to-da de n. process # n
..

.ef'ectivel
- m w g n

"M e" 'C . w=e'dts c' the It"' y;r-tad by th. ?,r % . L.y.c:f;n T-m -

-

gn . . .

,, ,s

e h uia not~e%.e. . ##nd hrge numbers :d % ; 4 of i elt.;_ 4 T cc d " '-

, #-,

< .4r cne-ces ;wo ;.,wess. My de:ign r:h ad gelit, usurence ;r:grr -uet
d46uith tL tug- The design process may inherently contain a high-
degree of assurance of quality. Perhaps for this reason, it has been '

.

'

fficuld)h t o formali:e an acceptable QA program for design. TWe LicenseeTS-.c uf
. -6A-Marager stated that the early imolementation of 10CFR50 Apperdix B,

was [.anufacturing-orienttd. That orientation, toge ner with the perception
that QA can't 'be applied to the engineering process, are barriers to its'

- adoption.1; acted :het it wE; ver;Mi'#4cMt te inst?ll- 0A ina Qw- -

-:ngin::ria; pr: cess bact.us: it requiras-ar attitudint.1 change.- -NRC needs 3 - --

-

to address the issue of assurance of ouality in the desi;n/ engineering.. - ;. .. -

- protess. _
.

,.

T .anas r o' uc ear Pc rations hF ighted the pr em this sanr

e aid *. t the idea as perpetu =d .nat, f one h she aperw correct,

one d a propey A program.
.

.

.

-
.

_

.

. . , . . . . . . .. . .

.

... . . . . .

'
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'

V. I'GLICATIONS OF TriE CASE STUDY FOR NRC QA INITIATIVES,

| NF.C has underway cr under study a number of initiatives which are designed

| :o establish additional confidence in the quality of design and construction
activities, to i= prove the management control of quali y, and/or to improve
the NRC capability to evaluate the implementation of Licensee pr: grams. The
initiatives are described in the NRC Staff paper SECY 82-352, " Assurance of. -

hality," and sub, sequent correspondence between the Co=ission and the NRC
'

staff. One of the purposes of this Case study is to provice feedback regarding
the relevance of the various initiatives to the Case C Licensee's nuclear .

::nstruction project. Subsequent paragraphs take each initiative in turn and-

dis:uss whet,her the initiative, had it been an ongoing activity at the time of |
.

1- e Licensee's design error, would have .$dc a difference; i.e., would the '

ir.i:iative have prevented or at least mitigated the design error that nas been
disucssed, earlier. A more cc=plete discussion of the scope and details of the '|'

)various NRC QA initiatives may be found in SECY 82-352. and. SECY 83-32, "First
harterly Esport on Implementation of the Quality Assurance Initiative." Mest- --
:f -hese initiatives were discussed with the senior management of:the Licensee.. . ..
It is believed that they agree with the Study Team's evaluation of the:- - - -

-

- a:clicability of the initiatives to the cesign error problem -

. - - -

1
'A. Measures for Near-Term Oceratine Licenses (NTOL) . .

1. Licensee self evaluation - maybe -

. .. .

'

This initiative applies to action tr.a: would' take place when the-- - .:. ..

Licensee is in the process of receiving its operating. license. -I' -- ~

recuires that the Licensee examine selected portions. of.:he-engineering -

design or construction. Had this beer. a recuirerer.:, it is cuite ::ssible
:na: cne of the design areas audi:sc w:uld have rela:ed o. seismic - -

'

considerations, since that has been su:n a major consideration in-the.
design and construction of this particular nuclear station. This-

_

review cight have identified the error that actually occurred, and
should have identified the general pr:blem of design document c:ntrol. .

- A licensee self-evaluation would :er-.i: an evaluatien of the projec
fr== beginning to end and would ;er-i :ne Chief Exe:ut'ive Officer to
state that the station had been built according to its c:mitments. '

.

.

.
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'

2. Regional evaluaticn - no.

The Licensee regicnal evaluation is an action that would take place
when the Licensee is in the process of receiving its operating
license. The effect of the regi:nal evaluation ceuld be similar to
that described in (1) above. The secpe of the regional ev:1uation.
would have to be expanded to include detailed design review. -

, ,
,

_

-.
, ,

~3, Independent Design Verification program (IDVP) - yes

The Licensee IDVP is an action that takes place when the Licensee is
in the process of receiving its :perating license. The IDVP would

*-
. have applied in the case of this Licensee's plant in which the design

and construction are essenttally completed. Design verifications can
be performed at any stage in the design, but the most productive period
i's when the design is essentially ecmpleted. .

.

It is likely that an IDVP would address one or more of the sensitive
-

- issues relating to the plant under review. This would;have included
*

~
the seismic problem as stated under (1) above and, since an IDVP is --

- probabTy m:re thorough than either of the evaluations in:(1) or:(2) ~
-

a>cve, there is an increased probability that the diagram error ard
design document centrol deficiencies would have b=.en found. ...

-

. .

Design audits can be very sensitive issues; e.e., one Ad.may audit._
~ ~ ar.sther's work. Care would have :o be taken in airing highly technical. -- :

issues before non-technical auciences. ...
- - -

.

.

.

-
|
l
1

l.

1,.

l

|
.. |.

1
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. .

5. Industry Initiatives _,

1. INPO "Censtruction" audits - yes

The phase 2 part of INPO " Construction" audits now considers design.
Such an audit sh'ould be as complete as a licensee's self-initiated
audit. It is quite possible that an INPO " construction" audit would
have detected the problem that occurred in this Li'censee's plant; ['
certainly, it would have identified the design document centrol
deficiency.

.

2. Utility Evaluation Using INPO Method - yes
.

This* measure is basically a self-evalcatien using the~ INPO methodology
devised above. It is a design audit cavised by INPO using self-
evaluation review teams. This review is estima ed to require up to
15,000 manheurs of effort by the Licensee. The review teams are often
lead by representatives frem the A-E, but who were not. involved in the .

'

original design. The team includes ' icensee personnel: .Such an: - -
._

evaluation would have identified decurent centr:1 deficiencies-thac . . .

. occurred, and possibly could have icen-ified the actual . error. -

. ,,; .

.

:. NRC Ccnstruction Insoection Procram -- -

i. Revised procedures and increased rescurces - yes (if included design)- --

This particular initiative acplies to -he cens ruction crogram. .The
.

-

. deficiency found in the Licensee's ;1 int relatec to cesign and not to
2

-

construction. If this initiative were expandec to include design, then-.

it would probably have detacted ..e design document'cantrol deficiency.

. C:nstruction Appraisal Team (CAT) kr.spection - no
'

.
2.

This initiative applies to the constructicn phase; the Licensee's
-

quclity problems occurred in the design phase.

.

-

.
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, , ' 3. Integrated Design Inspection - yes

| The integrated design ~ inspection is an action that would take place
when the Licensee is in the process of receiving its operating

| license, though it could be done before. Fer the same reasons given
,

| for the effectiveness of measures for Near-Term Operating Licenses,

the integrated design inspection would likely have.. uncovered the design -

document deficiency and could have detected the, err.or. .

. . .

. .

4 Evaluation of Reported Infomaticr. - not likely

This initiative would computerize 10CFR50.55e and Part 21 reports,-

facilitating trend and other analyses of these event reports. This-
.

analysis provides an additional cross-check on the quality and~cperations
at the Licensee's site. The type of cuality failure that occurred at
the Licen;ae's site is not un1 D $ b rs that result from. lack of
interfact contirol. Possibly, the reporting of similar problems :in other |

plants would have been useful to either the NRC Inspection.and Enforce-
cent staff or to the Licensee's engineering staff in tooking'for: errors' -- :

.' of this nature. -- -- -

.
- --

.

D. Desicnated Recresentatives - maybe -
-.

_.

At the time of this Case Study, it was unclear how the . designated repressntu .
tive system might be implemented by the NRC. Generally, it has been - -

considered .to apply to the constructi:n ;r: cess, and cc::ta -he design process. _

-

-' However, the FAA uses designated engineering representatives (DER) who are~ ::
- -

em;1cyees cf manufa'cturers, but are caputized by the FAA to review and

veri #y :ertain elements of Mign. Chere are also designated manufacturing
re;ressn a:ives (DME) who verify tha: :ne assembly or facricatien process-

~

is acceptable.) The DER could be used to spot check the. design or design-

process. However, the re A "' 'd ""- - t- ' - mnet. this initiative. - - -.

had it been in effect, h have une:vered the design document control
-

deficiency that the Licensee experien:ed, and very :ossibly the error itself e
hac seismic analyses been subject to :ER review.

-
-

.

~
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E. Manacement Initiatives,

1. Seminars - yes

Seminars similar to these that the NRC Commissioners conducted in years
past, as well as' seminars by trusted utility executives who had design-.

related problems would probably have been helpful in bringing the
Licensee's management to an increased awareness of' the importance of

^

_

quality control measures in the design process.4

2. Qualifications / Certifications of Quality Assurance / Quality Control *

Personnel - no

The problem that the. Licensee experienced did not relate to whether the*

cuality assurance / quality control personnel were certified or:not. It

related to the institution of ade::uate quali ssurance q ntrol pro ~ceduresw~ j
ih the desi.gn process. While sc:e of the' opic,Y;ality c:ntrol :.znagers fest..

that the Licensee employed may have been less aggressive .than desired, it--
is doubtful that certification of these personnel would have changed -the -- ..

~ situation. -.
.

3. Craftsi:ianship - no
'

"~
--

ua. 4.,- *o do wit!t - .
-

The quality problem experienced by the Licensee did aa- "-

the training or skill level of craftsmen. - -
.

>

..

..

A

.

1
.

.
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F. Certification of OA/0C procram (SECY E3-26) - yes,,

Had the NRC initiative related to certificaticn of QA/QC programs been in
effect, it is likely that the review cf implementation of the program would
have addressed the design process and, mere particularly, the interfaces
between the Licensee's engineering staff and its consultants. The result
would have,been a rec =nendation for more formali:ed transmittal of .-

informatien betwee'n the two, and such an action coujd'h,, ave prevented the ' -
problem that the , Licensee experienced,%tmldcchrrJtstA

* *

G '. Manacement Audits - maybe
..

*

Management audits could have /.aM1If identified the lack of for=ality ina.
.

transferring information betwean consultar.ts and the Licensee's engineering
staff. Having highlighted the deficiency, it is likely that the Licensee
wculd' have corr.ected it by putting into effect improved procedures. However,

- had the engineering organization resisted the impositien of-improved -

procedures, it might have prevailed. -

. .

-

"?!." IMPLICATIONS OF THIS CASE STUDY FOR THE FORD AMENDMENT ALTERNATIVES r . : ~" ~ ~

_

Secticn 13 to NRC's FY 1953 Authorization bill requires.NRC to' conduct a
study of existing and alternative programs for improving quality assurance and.
cuality c:ntrol at nuclear power plants under ::nstrue: ion. This-Section,. .
called the Ford Amendment, requires NRC to lock in particular at the feasibility

- '

and efficacy of five specific alternative progra= ::nce ts. As.a part of this -

analysis, each alternative concept was evalua:ed with respect to.whether it wouic.:
.

:

have mace a difference in the Licensee's ::nst uction program, had it:been in- -
:la:a a: the :ime of the Licensee's construe:i:n pe mit. As was the case wf h
: e quali:y assurance initia'tives, each :f the Ferc ai arnatives was ciscussed

- wi:n senicr utility personnel, as well as with their staffs. -

:

. \
1
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A. More prescriotive Architectural and Encineerine Criteria - maybe,

The Autheri:ation Act requires NRC to evaluate the follcwing alternatives:
13(b)'l - adopting a more prescriptive approach to defining principal
architectural and engineering criteria for the ecnstruction of comercial
nuchar power plants that would serve as a basis for quality assurance and
quality control inspection and enforcement actions. In the case of the - -

Licensee's de, sign error, more prescriptive architectural and engineering
-

criteria wculd not have affs 'd the Licensee's prcblem. No one cculd have
foreseen the seismic complications. iiewever, if the criteria were expanded -

to the design proges$, then a more prescriptive approach wculd have uncovered
the design docu=ent centrol deficiency, i,

3. Ccnditienine the Construction permit on the Acolicant's Demenstration of
His Ab11ity to Manace an Effective Ovality Assurance Procram - may::e __,. _. _ ,, _ _[ j, _ _

The Authori:ation Act requires NRC to evaluate the following alternative: .

13(b)2 - requiring as a condition of the issuance cf construction pemits -

. for comercial nuclear plants that the Licenses demonstrate 1:he . capability .

-

of independently managing the effective performance of"all:cuattty-. -:- --

~

assurance and quality control responsibilitics for :he plant. It .should bS- - -
noted that, at the time the Licensee received its censtruction permit,- it-

'

was ahong the better qualified utilities for undertaking nuclear plant-
.

construction. At the time the constructicn permit was issued;-10CFRSO -
-

,- Appendix 3 was not a requirement. At that time,.the Licensee could have -

ceinted t:r its excellent record in the constructid, of other types:of. power -

plants It c:uld have also pointed to its performance in.the operation of.
.

a small nuclear plant. It is unlikely that tne Licensee wo0ld have changed
its prececures sufficiently to prever.t t .e type cf :esign error frem occurring

'

: hat resulted in the withdrawal of i-i eperating license; hewever, the - -

requirement for a demonstration of ability, if cone today, weuldgMG'have -
_ uncovered any informality in the transfer of informatien across interfaces.

.

,.

-
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.- - C. Audits? Jnsoections. or Evaluations by Associations of professionals'

Havfp Excertise in Acerocriate Areas - t'Inacement Audits - yes
x

The Authorization Act requires NRC to evaluate the follcwing alternative:
13(b)3 ' encouraging and obtainina =:re effective evaluations, inspectiens,
or audits of comercial nuclear power plant construction by independent

, ,
.

.

industry or institutional or,ganizations based on best experience and
.,

*

practices. Tf Jone at the present time, audits by independent or '
-

-s

~

iprofessional organigations icoking at the design process would have
* *

ioentified the quality assurance deficiency that was inherent in the
transmittal of infermation between the engineering organization and its
consultar,ts.

,, ,

D. Imorovement of NRC's OA procram - yes
_ . . . . . . . . . . . ._ . _ _ _ . . .

,

The Authori:stion Act recut.res NRC to evaidate the following activities:
13(b)4 - reexamining tne Ccmmission's organization and ethod for quality -

assurance development, ' review, and inspection with the. objective of -

deriving improvements 'in tre Agency's pr:gra.m .:-
-- ''

.

.

~

' It-is clear from previous s2ctions of this Report that lGC. was part of --

the prebiem. The followin(changes to NRC's programs would have mitigated
and'possibly prevented the development of the design quality problems

'discussed earlier: -

a. Modify the licensine review precess f:r a c:ns ructicn permit to cover
,

z the Licensee's ability to effectively rantge a project as. complex and
'

tech'nically demanding as the cens r:ction of a nuclear-reactor in -

; accordance with NRC .recuirements. S e censtruction permit review w:uld

~

need to have been focused on the cesign procedures that the Licens.ee,

proposed to use and its relationship witn its censultants. A thoroughs

audit of sthe Licensee's implemen ation plan for its prepcsed procedures.

might have been sufficient.
.. . .

,.
.

.

-
.

.
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b. As part of (a) above, the Licensee would have to demonstrate its.

capability to effectively manage a CA program. This is Ford Alternative
13(b)2.

.

c. Revise the NRC inspection program to 1) fccus more en the design and
engineering aspect of nuclear plant construction, and 2) increase NRC ..

presence and capability in the regional offices to review design -

- . .

practices. 3:.rt of the e?* #~ ' P 's 'H " .; to .;6:,aize tne

=pr:bhm n J. ind ei |GC in3;;;.m 3 scW serwnnei ses nad a drec:
. .

N'lt d *t0 the NE 7" prOcee6 -
- - -

#

? d. Expand the scope and depth of the licensing review for the Licensee's
cuality assurance program. While the Licensee cet all the quality
assurance requirements in effect at the time of the design error, a
quality ass' rance program review which included a review of actualu;

implementation of the program would have revealed a weakness in the handling
of design data, especially that titween the Licensee's engineering -

# organization and its consultants. ': . .. :. .., ..

- - - '

, _ ,

_ _. _ . 1E Conditionino the Construction permit on the Aeolicant's-Concitments to -

_ _ . _ . . _ SuomiI to inird-Party Audits of His 0;aiitv Assurante Procram _- yes
- ~ ~

The Authori:ation Act requires NRC to evaluate tne following alternative:'

:

,13(b)5 - requiring as a condition of the issuance cf construction pemits,

'

for con.ercial nuclear power plants that the Lic'nsee c:ntractor make . ethere .

- arrangements with an independent inspector for auditing quality assurance --- :

responsibilities for the purposes of verifying quality assurance performance. -

.

Ar. independent inspector is a third ;ar:y wne has no respeasibilities for
t.ne casign or construction of the. plant. This alternative, as it applies .

'

to this Case Study, has been discussed under Ford Amendment Alternative-

(C) above. It is believed that, had this initiative been in place, it
--

could well have prevented the Licenses from making :ne error that occurred.
A fitpM review of the quality assurance procedures that existed within the .

cesign organization would have revealed this ceficiency. '

-
._

- -
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