REPORT ON REVIEW OF ISSUES RAISED BY CONGPESSMAN MARKEY,
LETTER OF NOVEMBER 1, 1983

This report is responsive to a request from the Commission that EDO review the
issiues 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 r=asons for the staff's not conducting the
quality assurance case studies as part of our normal regulatory programs such
as licensing, inspectien and enforcement. It also provided some information
ragarding 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 let*ter 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 publiz, licensees of
nuclear powerplants, the Advisory Committee on Reactor Safeguards, and organi-
zations comprised of professionzls 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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action because of concern over the appearance of impropriety, even though this
was a special, non-regulatory, program development effort. <Consequently, no
licensee comments we=2 requested for or utilized 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

tudy. 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 Markgy's second concern was that "the final report
contains few of the draft ~eport'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

manner, but the substance of the findings, cunclusions, and overall
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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

team members.
G CONCLUSICN

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

[ agree that the staff must be assiduous in preventing even the appearance of
impropriety in all aspects of its work. [ have already requested staff to
develop specific direction on handling draft regulatory papers covering

licensing, inspection, and enforcement matters.

L

Williams, " Dircks
Executive Director for (perations

Enclosures:
See next page
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Enclosures:
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Chronological Listing of NRC Staff
Consultation and Interaction with
the Public, Licensees, The Advisory
Committee on Reactor Safeguards,
Associations of Professionals, and
Others

Case Study Purpose and Process

Major Findings and Conclusions

Revision of July 19 Draft Case
Study C Working Paper



October 1982

November 1982

November 1982

November 198¢

Nuvemper 1982

December 1982

Cecember 1982

January 1983

January 1983

February 1983

Chronological Listing of NRC Staff Consultations and
Interaction with the Public, Licensees, the Advisory
Committee on Reactor Safeguards, Associations of
Professionals, and Others

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

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

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

Visit to Georgia Power Company in Atlanta to discuss
Congressional Study and to request Georgia Power to
participate in Case Study.

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.

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.

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

Presentation on NRC's initiatives and Congressional
Amendment Study to Edison Electric Institute Quality
Assurance Committee.

Case Study of Diablo Canyon conducted. Entrance
discussions with Pacific Gas & Electric (PG&E) management
cn Congressional Amendment Study, Case Study, and NRC QA
initiatives. Interviews/discussions with PG&E and
contractor employees.

Visit to Management Analysis Corporation (MAC) San Diego,

to discuss Congressional Amerdment Study and solicit
MAC ‘nput and comments.

ENCLOSURE 1



February 1983

February 18383

March 1583

March 1983

March-April 1983

March 1983

April 1983

April 1983

April 1983

Visit to Bechtel Power Corporation, San Franciscd to
discuss Congressional Amendment Study and to solicit
Bechtel input and comments.

Diablo Canyon Case Study exit discussion with PGAE
management on Congressional Study, Case Study, and NRC QA
initiatives.

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 quaiity assurance studies required by the
NRC Authorization Act."

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

Sent letters to several groups, including croups of pro-
fessionals and nuclear insurers, enclosing 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.

Visit to Marble Hi1l to discuss Congressional Anendment
Study, QA initiatives, Construction Appraisal Team (CAT)
inspections, and to ask PSI to participate in the Con-
gressional Amendment pilot program.

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

Discussions with staff and officers of EEI QA Comsrittee
on Congressional Amendment Study and NRC QA initiatives.

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.



April 1983

April 1983

May

May

May

May

May

May

May

May

May

1983

1983

1983

1983
1983
1983

1983

1983

1983

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

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

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.

Meeting with FAA HQS officials to discuss NRC QA study
and o request FAA cooperation in coaducting review of
FAA's QA programs for aircraft design and production a.
part of review of alternative QA programs.

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

Visit to Boston to monitor INPO audit of Stone and Webster
design activities for Beaver Valley 2.

Visit to Duquesene Power & Light to monitor INPO audit of
construction activities at the Beaver Valley 2 nuclear plant.

Meeting with FAA officials and staff to discuss FAA QA
programs as part of review of alternative QA programs,

Meeting with FAA-Seattle office and Boeing personnel to
discuss NRC QA study and FAA QA programs for commerciai
transport aircraft.

Meeting with Arizona Public Service (APS) in Phoerix to discuss
Congressional Amendment pilot program and Torrey Pines
Technology (7°T) review of Palo Verde.

Meeting with DOE-FFTF headquarters management to discuss
Congressicnal Amendment Study anc NRC review of QA applied
on FFTF project.

Meeting with DOE-Richland QA and FFTF project staff and
Westinghouse Hanford FFTF project staff to discuss
Congressional Amendient Study and to review DOE QA
programs applied to FFTF,



May 1983

June 1983

June 1983

June 1683

June 1983

June-July 1983

June 1983

July 1983

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

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.

Review group meeting in Washingten, 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 & of this enclosure.)

Visit to Marble Hill to discuss Congressional QA Study,

toc perform follow-up work on some areas identified by case
study, to check on progress of pilot program and to provide
feeuback to PSI on study. PSI given copy of Case A final
working paper for information. No comments solicited.

(See further expianation of this on page 9 of this
enclosure.)

Visit to TERA's Bethesda office to wrawiaw TEDA Ancumant
files on Midland IDCVP as part of pilot program.

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.

Meeting with Torrey Pines Technology (TPT) to discuss scope
of Marble Hi1l pilot program and past TPT review of Palo
Verde as part of pilot program.

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



August

August

egister Notic shed notifying the public of
meeting of th Subcommittee on Quality
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to menitor TPT construction verifica-
Marble Hill as part of pil

v
pilot program.
Arizona Public Service to review Torrey Pines
gy audit of Palo Verde as part of pilot program.

Meeting with DOE-Oak Ridge QA and GCEP project staff and
supporting contractors (Union Carbide anﬁ SOC) to discuss
Congressioral Amendment study and to review DOE QA

rese

programs applied to FF1F.

Briefed the ACRS Subcommittee on Quality Assurance During
Construction on NRC's QA initiatives and the Congressionz!
Study on QA. Meeting was open to public attendance. Staff
received oral comments on C"nrros<1ona1 Study from sub-
committee members.

Meeting with NASA HQS officials to discuss NRC QA study
and to request NASA cooperaticn in conducting a review
of NASA programs for QA as part of review of alternative
QA programs.

Visit to Midland to meet TERA IDCVP review team and
monitor their field review activities as part of pilot
program,

eet,, h NASA HQS QA, Safety and Reliability managers
d u NASA's approach to QA as part of review of
ernative QA programs.

Attended public meeting on TERA IDCVP in Bethesda.
Observed TERA IDCVP activities in Bethesda in connection
with Midland plant review as part of pilot program.

to Torrey Pines Technology to monitor TPT's
ruction verification activities of Marble Hill

ttend potential findings resclution meeting as part
program.




August 1983

August 1983

August-September
1983

September 1983

September 1983

September 1983

September 1983

September 1983

September 19&2
September 1983
October 1983

October 1983

Cae Study of Palo Verde conducted. Entrance and exit
discussions with Arizona Public Service (APS) on
Congressiona' Study, Case Study, and NRC QA initiatives.
Interviews/discussions with APS and contractor employees.

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

Visit to Houston Lighting and Power offices in Houston and
South Texas Project to monitor Gilbert/Commonwealth
Associates audit of South Texas Project as part of pilot
program.

Review group 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 interaction.)

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

Discussions with INPO on INPO Construction Program
Evaluation and NRC inspection programs and the Congressicnal
Study. INPO staff provided copies of case study working
papers for INPO evaluation program development purpose.

(See page 10 of this enclosure for additional details on
this interaction.)

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

Presentations on Congressional Amendment Study, NRC QA
initiatives, and case studies at American Society for
Quality Cantro1 meeting in San Diego.

Meeting with FAA HQS officials to discuss FAA designated
representative program.

Meeting with FAA Seattle to discuss FAA designated
representative program.

Meeting with FAA KQS officials to discuss FAA designated
representative program.

Meeting with DOE “QS QA management to discuss NRC QA
study, review of outside QA programs, and evolution
of QA in AEC,



October 1983

October 1933

October 1983

November 1983

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

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

Minutes of July meeting of ACRS Subcommittee cn Quality
Assurance Ouring Construction wer2 issued by ACRS and
placed in Public Document Room.

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
Subcommittee 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 pudblic wishing to make oral statements at
meeting.



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 for
soliciting expert input to the study, 2 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
pertinent to a complete understanding of the quality assurance study
preparation process.

June 1983

Public Law 97-415 requires that "in coaducting the study, the Commission shall
obtain the comments of the public, licensees of nuclear powerplants, the
Advisory Committee on Reactor 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 comments, 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 brcad spectrum of expert comment on the
study's progress and direction, NRC staff established a review group of
distinguished outside professionals of varied background and experience, which
would periodically review the study's progress and provide individual comments.
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 Wcshington, 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.

u Spencer Bush Consultant, Battelle Pacific Northwest Laboratories.
Member, Advisory Committee on Reactor Safeguards,
1966-77 (Chairman 1971). Manhattan Project.

v 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.



° John Gray President, International Energy Asscciates Limited.
Chairman, Energy Policy Committee, Atlantic Council
of U.S. Farmer Manager, Shippingport. General
Electric, Westinghouse.

. John Hansel Project Manager, Gaseous Centrifuge Enrichment
Plant, System Development Corporation. Former
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 0'Rourke* General Manager, Domestic Boiling Wate Reactor
Projects Department, General Electric Company.
Former Vice-President, High Temperature Gas
Cooled Reactor Projects, fGeneral Atomic Company.
Manhattan Project.

*Leland S. Bohl Manager of Quality Assurance and Reliability for
the General Electric NucTear Energy Group.
Mr. Bohl attended both review group meetings as &
— substitute for Mr. 0'Rourke. ‘

Although there is no 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).

June 1983

Prior to the August 2, 1983 letters to the three licensees transmitting to them
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 Jevelopment nature of the study and the necessity for cooperation
betweer Ni~ and licensees to obtain and verify Lackground information necessary
for the Co. cressional Report. Requesting licensee comments on the staff case
study repor.s 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
comnleteness and Case C had not.



AnA

In late June of 1983, during a visit to the Marble Hill site in support of
several tasks re2lated to the Congressional Study, including the pilot program,
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 & result of providing the
working paper to PSI. The Case A working paper sent to PSI on August 2 and
C""gressman 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
:rov ide Case 8 to Georgia Power Company. They also p1anng‘ to provide Case C

c PGSE for information when the Case C working paper had reached a sufficient
poin: 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 sutrficient level of completeness to
provige 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
cpinion 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
ceen noted in Enclosure 1 of the October 7 letters to Congressman Markey and
Senator Ford. -

September 1883

Ouring the formation of the review group in the spring of 1983, INPC had been
asked to provide a cognizant staff member to participate as a member of the
review group. INPO had refused such full participation in the review group
activities due to the heavy level of their workload.

However, INPC did accept an invitation to participate in the second review
group meeting in Seattle on September 7 and 8, 1983, and senior officials of
INPO (Mr. Wilkinson and Mr. Smith) presented a briefing September 8 on the
overall INPO program and on the INPC Construction Project Evaluation Program.
Messrs. Wilkinson and Smith had been invited to, but did not attend, staff
briefings en September 7 and 8 on various study activities for the Congres-
sioral Report, including the case studies.

Subsz2guent to this review group meeting and as a result of NRC-INPO discussions
at tie meeting, INPO staff contacted NRC staff and requested copies of the case
study working papers for their background and use in development of INPO
evaluation programs. In response to this request, copies of the case studies
were provided to INPO 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/INPO Cecrdination Plan, providing
copies of the case studies to INPC staff for evaluation program development
purposes is not inconsistent with the underlying assumptions of appendix number
twc of the Plan, which include the following:



NRC desires to recognize INPO evaluation activities to the extent that
these activities are effective in helping meet NRC's responsibilities as
well 2s lessen the burden imposed on the industry by duplicative appraisal
activities.




CASE STUDY PURPOSE AND PROCESS

Purpcse

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 others have
not. To assist in obtaining this understanding, the NRT initiated a series of
case studies of individual projects to determine retrospectively the root
causes of their success or lack of suzcess 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 under our normal regulatory processes of
licensing, inspection, or enforcement.

The purpose of studying Diablo Canyon (or Marble Hill or Vogtle) as a case
wa: to see what generic lessons might be learned from their experience,
not to assess or appraise their specific programs as part of the normal
regulatory process of licensing, inspection, or enforcement. In this
respect, we are trying to understand the process that leads to qualit;
success or problems, nut to rate or grade individual programs. The NRC
nopes 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 anaiysis. Data is
collectea 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 stucies are not audits, insgections, or investigations.
In the case study process, cooperation and candor is sought from the licensee;
a heavy emphasis is placed on information 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
publicatien; instead the team prepared working papers for their use in
developing a composite, ceneric-level report on the series of cases studied.
This composite report is intended to be part of the NRC report to Congress on
OA required by P.L. 97-415, Each case study report is in effect a collection
of data to be juxtaposed ag2inst the similar findings from the other case
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.




Case Study Working Paper

After the field work for a case is compieted, the team prepares a draft working
paper which details the experience of the licensee with their nuclear nroject,
the root causes of their quality success or lack of success, and the possible
generic implications suggested by the case. The root causes comprise the major
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 alternative approaches to QA
described in P.L. 97-415. One team member is assigned the role of collecting
and assimilatino input from the team members and preparing the draft working
paper and subseguent revisions. Ncrmally 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 2 variety of
reasons: for completeness, for flow of logic, for clarification, for
sharpening of meaning, to reduce or eliminate recundancy, and to enhance the
overal: 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 ic speculative, conjectural,
inaccurate, unsupportable, or irrelevant to the point being made is corrected,
rewritten, dropped, or otherwise medified.

Case C Working Paper

The Septgﬁber 19 revision of the July 19 draft working papér for Case C was
an example of the process described above.

Case Study C team members were as follows: e

W. D. Altman NRC Team Leader

H..Harty Battelle Pacific Northwest Laboratories

M. G. Patrick Battelle Pacific Northwes£~Lahorator1es

K. C. Carroll Idaho National Engineering Laboratory, EGAG Idaho
A. E. Bradford Idaho National Engineering Laboratory, EG&G Idaho

R. M. Kleckner N. C. Kiet and Associates



y 19 Draft

uage

Primary Root Cause

The primary root cause’ of the design-
related quality problem was the Licensee's
failure to plan, establish, and effectively
mplement a management system whjch pro-

vided adequate control and overglght over
all aspects of the project. [P. 5]

Secondary Root Cause

a. Failure to understand and appreciate
the potential merit of a formal
institutionalized QA program. [P. 7,
P. 14] *

b. NRC's failure to sell QA as a manage-
ment tool. [P. 8, P. 15)

£ Long period of time between inception of
the progect and operation. [P. 8,
P. 13) ™

Generic Implications

A. Nuclear power plants are camplex
facilities, and Licensee management
must appreciate that fact. The
engineering design and construction
practices applied to fossil fueled
p . ts are not adequate Lo assure
quality in ruclear plants. [P. 18]

MAJOR FINDINGS AND CONCLUSIONS IN DRAFT AND FIMAL
CASE STuby C REPORTS

Sept. 19 Fina!l
Language

3

Primary Root Cause

The primary root cau<e of the design-
related quality p so.ewm was the Licensee's
failure to plan, estabiish, and effectively
implement a managemei:l system which pro-
vided adequate control and oversight over
all aspects of the project. [P. 5, P. 9]

Secondary Root Cause

a. Failure to understand and appreciatle
the potential merit of a formal
institutionalized QA program. [P. 7,
. 13) ¢

b. NRC's failure to sell QA as a manage-
ment tool. [P. 8, P. 14]

c. Long period of time between inception of
the project and operation. [P. 8,
P. 14] **

Generic {mplications

A. Nuciear power plants are complex
facilities, and Licensee management
must appreciate that fact. Design
and construction practices normally
applied to fossii fueled plants are not

adequate to assure quality in nuclear
plants. [P. 17]

1 ENCLOSURE 3

Comments

No Change

No Change

No Change

No Change

Slight Rewording
for clarifica-
tion; no change
in meaning.



y 19 Draft

A Licensee needs to understand its
own corporate limitations as 1t
undertakes a nuclear power project,
and not overstep its capabilities.

[p. 19]

A Licensee needs to manage the
nuclear project and ensure that
interfaces between the project
participants (A/E, construction
contractors, etc.) are properly
maintained and monitored. A total
project system that imposes
effective controls and checks

over all key aspects of the project

is required. [P. 21]

The Licensee must be committed to
quality from top management down,

and it must be effectively communi-
cated by top management and manifested
in procedures and controls. [P.. 23]

NRC needs to treat QA as a management
tool, not as just another requirement.

[p. 2a]

’ w\.!

Sept. 19 Finil

Language

B.

A Licensee needs to understand its

own corporate limitations as it
undertakes a nuclear power project,

and set up a project management

structure in which its role 1s consistent
with its capabilities and complements

the roles of its contractors. [P. 18]

A Licensee needs to manage the
nuclear project and ensure that
interfaces between the project
participants (A/E construction
contractors, etc.) are properly
maintained and monitored. A total
project system that imposes
effective controls and checks

over a:l key aspects of the project

is required. [P. 19]

The 'icensee must be commitied to
quality from top management down

and 1t must be effectively communi-
cated by top management and manifasted
Tn procedures and controls. [P. 20]

ydC needs to treat QA as a management
tool, not as just another requirement.

[?. 21]

2 ENCLOSURE 3

Comments

Expanded to
clarify
meaning

No Change

No Change

No Change



ly 19 Draft Sept. 19 Final

Language Comments

F. NRC needs to pay more attention to F. NRC needs to pay more attention to N¢ Change

ensuring quality in the design ensuring quality in the design

process. [P. 24] process. [P. 21]
G. NRC needs to focus more on Lhe 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

and less on the trappings of and less on the trappings of

licensee programs; [P. 2 licensee programs; ig. g?l

* In both 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" for "long period".

3 © ENCLOSURE 3



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,
Harty, Kleckner, &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

pace 8, with Mr. Harty serving as the recorder. Following the meeting, the
team members then individually completed their markups over the next several
days and transmitted them to Mr. Harty who had been assigned to prepare a
revisior based on the markups. At the team meeting in Seattle, the team
discussed the conjectural, speculative, and subjective 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 anc he did not provice
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 -
handlina_of their comments on the July 19 draft, nor with his exercise of
editorial license in the revision. It will be apparent from-a study of the
marked-up drafts that diversities of opinion among team members were not
uncommon. 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 or detailed points did not affect the nature of the generic
findings and conclusions that were the go2i 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 September 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 avaiiable the PGZE comments on the
July 19 draft in .preparing the September 19 revision, nor were PG&E's comments
communicated to them during the revision process.

The remainder of tiis enclosure consists of a point Ly point discussion of each
change cited in th2 enclosure to Congressman Markey's November 1 letter
(Attachment A) anc¢ 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



POINT BY POINT DISCUSSION OF CHANGES CITED
IN ENCLOSURE TO NOVEMBER 1 LETTER
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POINT BY POINT DISCUSSION OF CHANGES CITED
IN ENCLOSURE TO NOVEMBER 1 LETTER

Page

Referred

in PG&E
Draft Language Final Language Letter
1. The Licensee had devel- Deleted (p. 6) 1

cped a false sense of
security with respect to its
engineering capabilities.
[P. 6]

i=- - =9The SUmmary paragraph 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. [t 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, Tess 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 ascurance 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 reguired
by the nuclear process.
(p.6]

The five *eam 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, middie of the
second paragraph. The page 11 passage reads:



.

"These considerations, plus the fact that the Licensee's engineering
organization was very independent, contributed to their resisting
<gpptication of and/or understanding of formal quality assurance

procedures. There also seems to have been a tendency to require, or at
least receive, more stringent quality assurance from contractors than was

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 controls

that were required elsewhere in the company or for contractors.
management personnel had come from the engineering function; they

Many

= - _appreciated its capability, had been part of its good performance, and had
not seen a need tu enforce additional, more stringent quality controls

e

over it."

Draft Langquage Final Language

3.

Further, and as previously Deleted (p. 6)
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 differen* 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
term. (P. 6)

Page
Referred
in PG&E

letter

2

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

was made for accuracy and to reduce redundancy ‘n the revised report.



e

. report,- however. -

The paragraph on page & of the draft which contained this passage was totally
rewritten in the revision. This thought was not dropped from the r_.vised
It appears in the last paragraph on page 9:

"The large amcunt 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 comnlete the facility. As a facility nears completion or is
in a prestartup conditior (as the Licensee's station was in the
mid-1870's) and new or changed requirements arise, there is a tendency
to accomplisn the activity and to formalize action later. Such
conditions, coupled with informal interface procecdures, increase the
possibility of error."

o T2 _;am substituted for the word "shortcuts" the more definitive statement

tendency ‘to accomplish the activity and to formalize action later".

Page

Referred

in PGRE
Draft Language Final Lanquage Letter
4. Control of Purchased Control of Service 8

Contracts [was
deficient]. (p. 8)

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

This change was a corre.tion 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 retrospectively to the Licensee's
control of service contracts.

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

These factors include -
. « . the resistance

5. These factors include
. . . an atmosphere of

contention between
engineering and quality
assurance. (p. 9)

by engine_.ring of the
application of formal
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".

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




‘Page
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6. As a facility nears com- As a facility nears 3
pletion or is in a pre- completion cr is in a
startup condition (as the prestartup condition
Licensee's station was (as the Licensee's
e in the mid-1970's) and station was in the
new or changed require- mid 1970's) a~d new or
ments arise, there is an changed requirements
ever present tendency to arise, there is a
shortcut procedures and tendency to accomplish
e~ - _t0 fOrmalize action the activity and to
. “"Tater. Such conditions formalize action later.
increase the possibility Such conditions, coupled
of error. (p. 9) with informal interface

T .

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

The substance of both paragraphs is the same. The team substituted more
definitive languac2 in place of the word "shortcut".

Messrs. Altman, Carroli, and Kleckner provided comments on this passage.
Mr. Harty concurred and expanded on Mr. Kleckner's suggested wording and
Mr. Altman's comments.

7.

This sentence was dropped to reduce redundancy in the revision.

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)

The thought in

the sentence was not dropped, however, It appears in expanded form 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 immediate area (city and suburbs)
developed; however, in some cases, the distance was probably great enough
that the level of communication required to reach full understanding of
key points was probably not achieved."

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



. -
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Draft Language

8. While the Case Study Team
was unable to establish

the attitudes and relation-

ships between engineering
and the rew quality
assurance director in
1977, it is suspected
that the relationship was
something less than con-

| ~—nem-. _Structive (The new quality

"Tassurance director was
reassigned in February
1979). (p. 12)

Page

Referred

in PGAE
Final lanquage Letter
The case study team was B

unabie tc establish the
attitudes and relation-
ships between engineerine
and the new quality
assurance director during
those years [late 1976 and
1977]. (p. 12)

The thrust of the deleted portion in the draft was a conjecture which the team

was not able to support.
could support.

The draft was reworded to ianguage which the team
See also the discussion under change 23.

Mr. Patrick, Mr. Altman, and Mr. Kleckner made comments on thic 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
sense of security with
respect to its engineering
capability. (p. 12)

The passages are taken out of context.
The main pcint is retained:

also.

The Licensee had a hiok 3
degree of confidence with

respect to its enoineer-

ing capability. (p. i2)

The comment on change 1 applies here
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 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.




'w e o that project completion
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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

“would 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 1n the passage was retzined in the revision, however. It appears
on page 9, last paragragh. See the excerpt quoted in the comment under
change 3.

Mr. Altman and Mr. Kleckner provided comments on this material. Mr, Harty
concur=2d in and adopted Mr. Kleckner's suc ~sted change.

11. The Licensee's past exper- Deleted (p. 13) .-
ience with construction
enablad them to proceed with
the necessary controis in
piace 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
accommrdated [referring to
the Licensee's "failure to’
understand and appreciate
the potential merit of a
formal GA program]. (p. 14)

This passage is not necessary to the paragraph in which it appeared in the
draft, the subject c¢f 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.



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

--¢. -—
e Page :
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yo— 12. There was no great exper- Deleted (p. 15) -

ience in seiemic matters
in the licensee's organi-
zation, and there was no
getailed scope of the work
_.. that the Licensee specified
" s R -t
e for its consultants. (p. 15)

This excerpt appeared in the draft in a passage describing how the long length
of time between inception and completicn of the preject 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 prcdlem was the need for
additional expertise, especially in the seismic area, resulting in
greater use of consultants and engineering service contractors than
?gd ?eﬁn customary on the Licensee's other generating projects.”

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

project is completed.

(He commented on a numbher
of problems, mostiy per-
sonnel related, that had
arisen as a result 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.

L 1 o T g i o e P



T Jyhee1 reinventing. They

Mr. Altman, Mr. Carroll, and Mr. Kleckner provided comments on the material
*hat was deleted. Mr, Altman and ¥r. Carroll questioned its relevancy and

Kleckner suggested it be deleted. Mr. Harty concurred in the comments
and deleted the parenthetical expression.

Page

Referred

in PG&E
Draft Larguage Final Language Letter
14. In the past, he [the Deleted (p. 16) 7

Licensee's Manager of
Nuclear Power Operations)
said, there had been much

started with a few of the
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 corrert (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 ~¥ which
the above deletion was a part. Mr., Harty acopted 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 &f the judgment that the
understanding (or perhaps Licensee's methods of

i procedures) of how to apply applying QA to the design
gquality to the design/ process for nuclear plants
construction process for needed improvement.

——eems- - _DUClear-plants. (p. 19) (p. 18).

These passages have similar meaning. The sentence was revised to reflect
that this is an inference being drawn and 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. 18) -

Completion Engineering
Manager] said, had good
quality in each time frame
since the job began in
1966. As each of the new
quality assurance initia-

X 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. Kieckner's suggestion, including
the deletion of this material. :

-
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17. It was admitted that the Deleted (p. 21) 2

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

This sentence appeared 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
germane to the subject matter of the paragraph, and it was dropped from the

ragrach in_the. rewrite. However, the thought embodied in this sentence
was not dropped from the revised report. The following excerpts from the
revisicn make the same or similar point:

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

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

", . . and the resistance by engineering ¢¥ the application of formal
quality assurance procedures." ([P. ¢]

“A11 this (referring to the level of quality in construction and design)
seems 1o 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
assurance program for the remaining design work (which proved to be far
more extensive than thought at the time)." [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 s'ow 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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ppeared in a discussion explaining ore of the

generic implication) which is that NRC needs to

iring quality in the design process. This excerpt

the discussion of this pcint, so it was dropped in the
embodied in this excerpt was not dropped from the

-

owever. The following excerpt from the revision illustrates

found that design and
ors' organizations were
ing organization. It is
difference in the Licensee's
requirements Ff nce i i . NRC inspectors made the
' "tougher on its contractors than on
cp may “cve contributed to the apparent success in
quality in the construction efforts, since essentially all of
dorie by contractors.
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ificance attached to this ‘*ndir; is the possible reflection of
tude in engineering -- an attitude of reflecting some degree of
ional arrogance 'ha "we do no wrong, but we sure have to watch
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 des gn docuwen* contral
shculd have prevented the error that occurred.” [PP. 11-12
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Mr. Carrﬁ??, and Mr. Kleckrer provided comments on this passage.
|tman suggested deleting it, saying it was not relevant to the poi n‘

made. Mr. Carroil's comment was "may want to reconsider saying t
(leckner suggested the statment b Mr. Harty deleted thws
age.

S
De reworded.
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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)

4= his Sénténce anpeared in the draft in the discussion explaining one of the

team's major conciusions (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 trapgings of license2 programs, such as the QA menual,
organization charts, where the (A manager reports, and paperwork per se. This
sentence was not germane to the discussion and it was drcpped 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
icea was perpetuated that,
if one had the paperwork
correct, one had a proper
QA progam. (p. 25)

This sentence apoeared 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 neca2ssary 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. Kleckne:'s suggestion.
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21. whiie some of the top Deleted (p. 26) --
quality control managers
felt that Licensee employed
[sic] may have been less
aggressive than desired,
it is doubtful that
certification of these
[quality assurance/ quality
control] personnel wou'd

. .. have changed the situa-
P 9

- Fiens (p. 30) o

This sentence apoeared in the draft in @ 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 doth conjectural and unnecessary
to explaining why qualificatior/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.

o
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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

. e _the Project. Completion Team
= under an architect-
engineer's direction
reflects this attitude;
however, the extent to
which these changes reflect
a real commitment to as-
suring quality rather than
oroviding "cosmetics" is
not totally clear. The
apparent imbalance between
"construction" and "engin-
eering” in assuring quality
is considered to reflect
some lack of commitment at
the top levels of corporate
management. (p. A-1l)

- This passage was contained in a discussion of the Ticensee'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

- mid-1970's) and new or changed requirements arise, there is a tendency
to accomplish the activity and to formalize action later. Such
zonditions, coupled with informal interface procedures, increase the
possibility of error.”

- —



In addition, the issue of licensee management commitment to quality is

retained 1n_the revision on page A-1:
“’his Licensee through its construction organization, appears to nave
supported a good QA/QC effort in the on-site construction activities;
however, this diligence has not, in all cases, extended to service
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 {eficiency in management follow-up that allowed

- the violations of procedures and inadeyuate management reviews in 1977

to remain undetected for four years."

Mr. Patrick and Mr. Altman provided comments on this material. Mr. Patrick
suggested deleting the last haif of the excerpt. Mr. Altman suggested
...h_igglet1ng‘*he entire passage. Mr. Harty adopted Mr. Altman's suggestion.

Page

Referred

in PG&E
Draft Language Firnal Language Letter
23. There is evidence that Deleted (p. A-1) 10

when the Licensee initially
set up its QA/QC pregram,
they appointed an oid line
construction engineer to the
Manager position. Also,

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 the licensee's
commitment 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
commitment 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 or greater stature.
However, this reassianment did not definitively reflect on the licensee’'s
commitment 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.

2 -
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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
e management would indicate be the same attention
that they would not see the given to engineerin
need to audit from a man- activities. (p. A-1

agement standpoint. There
was much talk about
o T _engineering- taking care =
of its own problems as
they arose, but did not
indicate a forma! program
for corrective action;
mainiy a personnel function.
(p. A-2)

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 apparently rigorously
- applied to the construction of the project in guestion (and growing
in strength as NRC requirements and guidance evolved) the Licensee
did not implement NRC quaiity requirements for engineering as intensely
as they did for construction. Their attitude seemed to be that the
engineering organization was comprised of professionals capable of
doing what is right without overlaying a stringent formal quality
assurance prcgram 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.

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

e o 2
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25. Compary perscnnel 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 management. They required by regulations...

don't see any benefit/ (p. A-1)

reason. They do not under-
stand the concept. "QA" is
a temm used to describe
the organization that they
... were required to organize,
" But really didn't need.

(p. A-2)

The passage was rewritten because of i%ts 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 ccnsidered the comments and provided the final wording.

26. In the early days, cost/ Deletad (p. A-1) 11
schedule did override
QA/QC functions. The
Licensee had much pride
in their abilities, how-
ever, and fe't that they
were doing evarything
correctly. There is much
evidence to indicate that
they were willing to admit
their 1imitations and seek
help 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 apove). The underlying thought

is not dropped from the revision, however. It appears cn 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
passage in which it was contained, which was part of a discussion of

the licensee's commitiment t¢ 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:

17



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

P — - -

= My, Patrick, Mr. Altman and Mr, Carrcll provided comments on thnis passage as
i did Mr. Harty. Mr. Harty considered the ccmments and deletad the passage.
Page
Referred
in FG&E
- Oraft Lancuage Final Lanquage Letter
" 27. There is evidence that There are no observa- 11
this is one area [clearly tions for the present
g defined and properly organization; the
a ~——e=- - __1TP 1 emented- responsibility licensee is aware that
- and authority] that was engineering QA 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 2 general con-
census. Everybody sup-
posedly understands the
requirements, but chose to
take care of nis 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 engireering organiza-
tion with respect to quality assurance, wnich is included in the revised
report as discussed under change 2.

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

L



Page

Referred
Lot e mmae T in PGAE o
-_;' Draft Language Final Language Letter
28. The Licensee did not The Licensee apparently 11

ungerstand the need for did not fully appreciate

trained quality people the importance of staff-

in the beginning. Many ing with experienced QA
S people were put int) personnel in the beginning.

quality functions without (p. A-3)
training. The Engineering |
Manager's philoscrchy is |
t?gtfthe people responsi-
————- D1@ for.the. task are the
A= " “onTy 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 quaiity manage-
ment seems to have happened.
The Corporate QA Manager
does not a' ear to be
very dynamic, and the
former QA manager, who
appears to be very know-
ledoeable, 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.

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.

1
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29.

Many changes [presently]
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)

Fane

Referred
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Final Language Letter
Deleted (p. A-4) 12

= ™This Passage was dropsed because it could 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
reporting ¢f QA program
deficiencies] seems to

be strongly and effectively
supported at the construc-

tion site. There is a
concern, however, about
the effectiveness of
earlier inspections and
avdits of materials
suppliers, notably one
supplier of electrical

system supports. (p. A-6)

This factor seems to 12
be strongly and effec-

tively supported at the

construction site. (p. A-4)

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 supplier,

Mr. Patrick on this passage.
the change shown above.

Mr. Altman commented on this passage. Mr. Hariy sought verbal comments from
Mr. Harty synthesized {heir comments and made

&/‘
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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)

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
sentenck in the preceding paragraph.
Mr. Altman commented 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 lLicensee seems to
Justify this by the fact
that QC people are
encineers, and are often
the people who did the
design. Therefore, they
are capabie/justified.
Many instances refect
that early-on engineers
c¢id not have the'r 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 review activities
detect and resolve design deficiencies. The first three sentences were
dropped because trey did not apply to the subject under discussion. The
next two sentences were dropped because they could not be substantiated.

Mr. Patrick anu Mr. Altman provided commerits 6n thic material. Mr. Harty

cancurred with both Mr. Patrick's and Mr. Altman's comments and made the
indicated change.

21
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33. QC functions are peirformed
by the departments respon-
sible for the task. This
can work, but it is not a
common practice in most
organizations and is not
in compliance with the
intent of 10 C.F.R, 50
Appendix 8. (p. A-7)

Page

Referred

in PG&E
Firnal Language Letter
QC functions are per- 12

formed by the departments
responsible for the task.
(p. A-5)

- ¥his pasiage was part of a discussion of the conduciveness of the licensee's

——

ocrganizational 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
of "haste makes waste."
The engineering problems
which have been so costly
apoear to héve resulted
at least in part from
very heavy schedule
pressures. This was
extended to the initial
efforts at design
verification program
which produces an acdi-
tional set of problems.
There were no indications
of lack of resources cur-
rently. (p. A-8)

The engineering problems --
which have beer so costly
are suspected tc have
resulted, at least in
part, from very heavy
schedule rressures,
Whether these pressure
[sic] were real or felt
was ncc established.
There was no indication
of lack or resources
applied to the proiect.
(p. A-5)

The passace 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 retaired 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.
in Mr. Altman's comments and provided the final language.

Mr. Harty concurred

22
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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
o within the Licensee that
this was a bad mistake.
Present-day practices not
reviewed. (p. A-10)

. —eelhis _passage, as.written, could not be substantiated.
——— L - . " - - .
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 cecntr)l procedure

strengthened during tne deficiency wiuld 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-Bg

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

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

e
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37. In the early days, audit
activities were probably
nct performed. The
licensee had a quality
program, but the problems
they have experienced
would indicate that a
continued system to verify
img1ementation was non-

. _existant. Jhere is also

" Tevidence that early NRC
audit reports geve the
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)

Page

Referred

in PGAE
Final Language Letter
The Licensee had a QA/QC 12

program, but the problems
they have experienced would
indicate that they did not
have an aggressive system
to verify impiementation
in the design control
area. NRC audit reports
gave the licensee good
reports on construction
quaTity program implemen-
tation. (p. A-B)

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.
because it was incorrect as stated in the draft.

The second sentence was reworded
The last sentence was

reworded tc make it a more accurate statement.

Mr. Patrick, Mr. Altman, ang Mr, Carrcll ali commented on this material as did

Mr. Harty.
passage as indicated above.

Mr. Harty synthesized the different comments and rewrote the

24




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.

ATTACHMENT B
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I. SUMMARY OF FINDINGS

-
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.

Introcuction

The Nuclear Regulatory Commission (NRC) has undertaken a study of s¢ ected
nuclear reactor construction projects to determine *he imoortant factors X
or roct causes that underiie effective and fneffective assurarce-of-quality :
prograzs. Several nuclear projects which have experienced major quality-
related probiems 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 formulation of generic policies and programs related to
assurance of quality, and in responding %o the Congress (Ford Amerdnent

-m 9

C 1982-83 Authorizatien). This working paper summarizes the findings from
the third Case Study.

Sackground

The Lizensee of the Case C Study had sstablished its own in-house engineering
anc construction management capability in the 1830s. Quring the late 1940s
and esrly 1950s, outside architect-engineer (A-E) firms were utilized L
secause of unusually Targe (pest-wWIl) system expansicn recuirements. In

the mid-1350s, the Licensee's earlier practice of ceing its own ergineering
and construstion management was resured. |

curing tne late 1530s and early 1960s, the Licensae plarned an amsitious
srogran To construct several nuclear cower staticns. fuclear power was
recigniiec 2s a new technology and tr: Licensee =ack ac=icns *o orecare
itsel’ “or entry into this field, inc’ucing naving :Sse-vers at tne
sonstruction sites ofT:::f; nuclear Fiwer plants, participating in the:
design of a test reactor, and studying A-£'s designs of proposed nuclear
plants. The Licensee decided to buiic its “irst nuclear plant «- 2 small
(<100Mse) power reactor -- through a “turn-key” contract for design and
construction. The plant was comrletas in the early 1850s, and the Licensee
coeratec 1T successfully for about 15 years until it was retired. The
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Licensee c2pitalized on the turn-key Zesign and construction activity to
22 . 3 = " 4 “[‘ Gt‘.
familiarize its staff with nuclear ac:ivities to to
encineer and construct subsequent nucliear plants. The Licensee had been
successtul in engineering and construction activities on a variety of

generating technclogies, and related electrical transmission systems.

Curing the early and mid-1960s, the Licensee announced plans for sayori1 -
nuclear p?anfs. gnvirnnncntai and/or seisunic problems, coupled with

intanse intervention, political factors, load growth changes, and other
considerations, resulted in all but tne Case C nuclear station being
cancelied. Many of these factors were 2150 present in the Case C project,
resulting in significant delays and cast increases.

The Case C nuclear station is comorised of two large (>1000MWe) units.

The Licensee announced Units 1 and 2 in 1366 and 1568, respectively.
Construction permits were issued in 1588 and 1970. Unit 1 of the nuclear
station was largely complated by the =id-1670s and fuel was recsived onsi<e
for botn units in 1875 and 1975. ]
Then occurred a series of required mesificaticns o the nublcar station
which'delayea its completion. Inciuced in these were NRC regulations
related 0 pipe-break-outside-contain=ant whicn necessitated, ameng other
shings, reiccation of a number of consuits (1873.7%); identification and/or
reconsicerziion of a seismic fault whiss resuired such modifications as
column sti“fening, tank bracing, upgrzding pive hangars and setsmic
supperts, ciaphragm stiffening, buttress and foundation modifications
167872, ; wne Brown's Ferry incident «ricn recuires megifications relavrea
T cabie sireading, inerting atmesghers, rew cecking, and extensiva concrete
ancher beolt instaliation (1580); the T“I accident which required instaliation
cf extensive additional wiring, sub-csaled monitors, hydrogen recombiners,
ang cther madifications (1981).
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t 1s impcrtant <o note that, over the time span of about eignt years,

at least one of the two units had been within a few months of being
coupleted on a number of occasions. Thus far, Unit 1 has undergone three
hot functicnal tests and three conta® nsent leak tests. Unit 2 has undergone
one containment leak test.
In September 1981, the Licensee received operating 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 area were in error.

. Bf1¢f1y. the error occurred as follows: The Licensee had transmitted to its

' seismic consyltant a sketch of the vertical loadings from which the consultant

was to determine the seismic response sper+ra. There was no indication on
the sketch which unit the lcadings ac2iiec to, though the consultant under-
stood (correctly) that they were for Unit 2. The consultant thought that
Unft T was a slidealong unit (instead of & mirror-image unit) and perfcrmed

( /; : the enz?ysfs cn Unit 1 based on that assurstion. The information returned
/ t0 the Licensee was marked as "Unit 1" (in fact, the analysis applied to
o, ) 2 unit g. not Unit 1). The Licensee accepted the data at face value as Seing _
:E:::ieb for Unit 1 and, because it knew the plants to be mirror-image plants,
LvREG flippec the data so as to be applicadle to Unit 2 (in fact, the data in the
(;::;;43~PF‘* flippec condition were correct for Unit 1, not Unit 2). The seismic response
| soectrz were now incorrect for both Units 1 and 2.
s, iy tlot

Upon cenfirmation that wrong diagrams were used in the develcpment of Unit |
cesign requirements, the Licensee re:nalyzed the design.requirements for
vnit 1 using the appropriate containrsns 2~nylus frame orientation

ciagrazs and determined that, as a rssuit of the error, medificaticns were
recuired to be made on 31 Unit 1 pipe supsarts. These modifications
invoived such actions as acding snubters, changing the snubber size, adding
braces, replacing structural members, and stiffening base plates.

~ NRAET uWNAKING DROED
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In an inspection report of seismic-related  rrors, the Nuclear Regulatory
Commission stated that the basic cause of this problem appeared 22 be the
informal minner in which the subject dat: vere developed by the Licensee and
transmitted to its seismic consultant, and the lack of independent review of
the data within the Licensee's or'gar.ization prior to submittal to thaz
consultant.

The Licensee had been the architect-engineer/construction manager for the
Case C nuclear power station. One of the major acticns that the Licenses
T s a resylt of the aforementioned error was the formation of a
. Project Lempletion Team comprisad of the Licensee's engineering/constructicn
perscnnel and perscnnel from a newly aired architect-engineering firm.

n extensive Independent Design Verification Program (IDVP) was initiated
in eariy 1362 in response to the seismic errors discovered in 1981. The

Project Cempletion Team is also conducting a concurrent desicn verification
( srogran.

Aas oF 1t wes repoviéed tla &

“ At-Sre—present—time4{lanuary 1983’, A2n estimated 90% of the design and &J%~—-
of the construction required for modifications as a result of 2 wide range
of reviews spawned by discovery of the seismic diagram error Kise been
completed. The Licensee has applied for reinstatement of the cperating
1icenses.

At the time of the Case Study visit, neither the Independent Design Veri<ica-
] tion Program nor the Licensee's desizn verification program had revezliec
ad significant Turther deficiencies in :e design or constructicn of the
-

- - nuclear s2ation. < 7A® desws eriove whicl weve /dewivied

¢ b — rdovenet have voricted the oFFfactboed

A{'g; cheocH

o etvrical,
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! 'The Case C Study Team was comprised ¢f six personnel; two “ﬁcentra‘ug.
' on the project engineering/design aspects, two on constryction, and twe
L\.___ en qual?‘v assurance programs. ¢ Pricr to, durxng. and follewing the sita
visit, the Team reviewed several dozen docaments and reporets related to
this plant and fts- history, including 1icensing correspeoncence, inspecticr
‘nvestigition reporss, and third-party reviews of the Licensee's QA, design,*
and constructica programs. The Team spent three and cne-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 Teax spent a day with the regicnal sta#f,

Hhe—me o et e et R T R RIS TIsosed-ss=a—anasp.  The site

£ f@ene ol
visit culminated (at a later time) in a briering for ‘3&;33;:;21;..3& "

-
which the findings of the Team were raviewed and the Licensee st2¥¢ had an

cpportunity tc comnent on them.

(
< C. Swumary -
o S Py Y -t gt o Kdre Bl AR B PRGN ATV |, L 1 O ) S e T
.-~ The Case £ Study Team identified the foilowing factors which it consicerede...
s1;n°f1can: 1 contributing to the cueliity problem experienced by i
L1c¢nsee:

1. The srimarv root c3usefp;f the degicn-~elated cualitv orobiem was the

izerses's “ailure to olan, estaziisn, and effecsivelv ‘=clerass & -
zanacement svstem which provided adecuate control and gversicht gver
271 sscects of <he croject. The Licensee ‘ailed ts cd"*cl the flow
2¥ {nformation ecross‘tﬁe inter€:ies innerant 1n t*: engineering/cesicn

srocess %%W%d provice

apprepriate reviews of the information transmitsed.

—— a -

”

- 2 ) '.S-/l_'
(\ % ol R e 5;@7,7;7—’4_&4@_@“ 4
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.here appear 0 be several factors wnich contributed to this failure.

\\__

%emmmmmwﬁ—

WWS previously stated, the Licensee had good

success with various ./:esLo.‘ generating projects it had engineered and

managed over the years. X&gT <
v o ;-
£ . the "mv;‘proaect ns fitted
M I (A | ] | AGDv (A p;J ~ ,m ?’M uaé‘“
1r‘.:,\ .;'1 ea'equateléy meditied 9 -,
e N v daian éua—- cmmvad Q@B D 11 ot fumy PR ET,

-t
handTe.{mc ear work, A

o . 2 -
e v -
;..—_! b

attituce seemed to be that the engineering orgenization was comprised of
professionals capable of doing wmt is right without overlaying a efriaee«l

Lo I gquali ty assyrance pr?nm é.vmd bhe roviva] cerivel=
Cot S | A rvameSt s oo SP T S OWT Ly //44#7“

MAriodh or . N . {/ n‘/m_" D@ sensy
Mwmg facwer ﬂ.ﬁe’w
WNCY v P —y
"““":tyl WWWW
é" /197T0s ., =t

in r.: Chat #ceVirgey

W bereen the hte 19605 and eSOy Ihememwetdateiivre
- séfdo bh e o o o ot
anmv-to ccmpietely understand the impiications of

the changes as they occurred. 4 K¢ -

,,,.M #v - | into cperatior.
::: ":;;”?fxf | are often taken.
| have L4 i Would be differgnt than those taken when it appe
4-::*::‘;:‘(‘::‘ ") wouid be comp

pases LBEL ) plannec. As
Scrvtnm Y Inths |

late |215's, | Nuclear ger .
eniy nucléar capability in the near term.

re?t

(&Zf

) Licensee was frequegtly within a zatter of menths of Fringing the plant
pressure mounss o comlete 2 priject, snertouts
ticns that the Licsnsee might yake over a longer run
ed that the project
ted in a short tims, or if additfonz’ nuclear ciants were

, - &RA

-

time went on, the Licernsee 2panagred pians for acditional

rating capacity. The Case C nyflezr station would be its

hon bwore )
Prove d-évfu(é “ @ iy L&A ‘Yo tihe

{ s < ooy vele ¥+ , /

ﬂfﬁlﬂﬁ“"f «d IWCCOSTS Ficret &c 4/, Pt Pt /"{"""7;) =]
,r_'c Lecaom Seo® Loond {lis fo be {lfe come , L es LFreri: LA am
g2yt l rieerds gy (,,.f/‘,‘.:" s Fre 4’{‘-"1.'7(:""‘—"’1-‘ ef Lo - ‘a’"‘
I questrort (e Tiew g stidinsl, a5 LELC regih eur "o @
dr:dau/l‘ Wv’l’/cd } b/ie [i1censer S o iiotm i p)/Erndet bfé ?7‘."/“""7
e P, i Me (e mmll az Al o ia oy .
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. 2. Secondary root causes included the “ollowing:

2. Faflure to understand and appreciate the potential merit of
formal institutionalized QA program. This is m
by the fact that the Project Completion Team adopted the A-E's
quality assurance program, even though they were concerned about
imposing a new systam on the project at a late date (the Licensee's
Cwrrm gl
cnginurinq procedures wvere zaintained, however). M
Sbwtens program deficnncns‘wﬁ&h had oicumd during the project
and the key indications of these deficiencies were as follows?™

" o Design Contrel

alweays
e The Licensee's enginesring staff ¢id not,document

important data transzitted to subcontractors

; Word—sk-mewth trinsfer of des ign »‘5’«-“4‘2?'} scontraciors
. -
:4 ;U;u:‘ S occurred
& i :
WHTC. o Assigned cognizant engineers vere séses bypassed in the
information or appreval processes
S
. internal comrunicztions among the disciplines o ass
. w/wee> existalF within the Licensee's organization -
@ /oo o /v
. e Regquirsments for indesencent reviews were not, wssessasex

e Control of Instructions, *rccecurss, 2nd Drawings/Document

Control

atd [ov 1w plowient
. e The Licensee's enginesr<nz dic ns T develos, formalizec
el WREG o3, ¢ 8 sagimpwmbee. Drocecures 12 comply with early QA program -
o Kl requirements

S ovge oo o
80~dlulﬁ drawings wer: .s22 2 essinli sh seismic zrizaria

/ VIS om B
o , @lagrams In liey of reieise drawings were usec -- a
contributing factor ¢ <he seismic problem
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e Control of Aysehased—tatesialfquipmens, 4nd =
Servitey=—

B vicon contracts
e Proceduralized activities wmere lacking to control

ail interfaces with, subcsntraciors
soie

e Infocrmal "letter-type* contracts and documents were
used

e Service contracts were not treated 3s formally as
* hardware contracts

e Formal quality requirements were not placed on some
subcontractors until the late 1970s

. NRC's failyre to Sell QA as & ¥anzgement Tcoi

pabpnss-the=iitsnserxa s—conoganed, tNe L3 requirement for
oo ead +o cove " )
quality assurance Game-acrcss 2s Just another requirement. The
» emphasis from NRC seemed to be cn externals; the trappings of 2
ﬂA . - i
QA program, rather tfm‘gs gt‘g‘sance develor a A&g:s.&}‘.“ S e ¢
set up a QA organization, , NRC tended to lcse sTeht of wnat it t:i::*g
was trying to achieve and failec %2 provide adeguate guidance on
what 2 quality assurance program should be. MZE€ Fa/s/ad fo Imuspeci

SR s € L reccivanvievtS v ke NG HES iy Ay &4

b e sxfweié 4 mopeci{ed @gortst. aA OGS
v EPVE Y Lt e, ¢

€. Long Period of Time Between I=cedtion of the Project and Operation
As greviously stated, the period of time between the issuance of

2 construction permit and the present has been 2bout 15 years. This
long period of time greatly iscrsased the excos.re o changes in
technology, to changing reguiitsry requiremants, anc $0 changing
state of the art in technicai matiers with the zttendant oppor-
tunities for gquality failure.

drimary and sesondary root causes, the
0 Generic Indicaturs of Quality. This
in Appendix A.

In adgition to the asses
Case Study Team's evalu
evalyation is conta
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L]
»

—

DRAFT WORKI!G PAPER
g

200T CAUSES OF THE LICENSEE'S PROBLEMS WITH QUALITY IN JZSIGH

3ased on the Study Team's evaluation of RC's files a-‘ other decumentation
e A

regarding the Case C Projact and discussions with and 1nterv1¢ws of cognizant
42C, Licensee, and contractor personnal, the following are croposed as the
primary and secondary root causes of the Licensee's quality problems in the
design and construction of its nuclear station:

o ve i Do rmwple e wialimineda, oo oy the
.:\. p!‘im&r’y Roct Cause ) SamL e - 4iea d 4 - "> Ll ' &’C v g
- : as d4ha lonl 0 oramgedom oyt -

The primary root cause emerged out of severa! factors wnich, taken together,
increased the likelihood of a design error. These factors include the
pressure (whether real or felt) to complete the nucle2r station, informal
communications across imco-:ant 1n,e"aces an inzcsquaze a:alicasion o‘

[ P o w,.

au411tv assurance/quality c3£2r014i§-.he cesign presess, anc an—timesphere-*—
P e I ‘J [t e €revt @F Sovmnial Boalifey aveoe co
eileoﬂ%en%+en between e ng~neer1ng nd-guality assyvrince.a— 7
ﬂrr:fewﬂ/ﬂwe‘i
Reviews and 2udits of the project indicate that <ne st2zticn, 2s it existed
in 1875, had been properly and correc:ly designed :~¢ cinstricted, The
seismic and other analyses (at the then state-of-%tha-ar:) had been performed
to the correct configurations and bases. [t was in the reanalysis after -
the essential comoletion of Unit 1 in 1975, premstes Sy new saismic
assumptions, that the design error previously described sccurred.

eem the issuance of construction permits for the _icarsze's nuclear station
%2 tne present time was agproximateir 13-13 years, -ici-3 tris s:t2tion cne
of the longest, if not the jongest. in the construcsicn Srocass. The large

X c lha WA vEL e emy
amsunt of rework resylting from eensesﬁgﬁz—:heng+-? rec.ira™ints, coudled
, Lias, 3 -.:-.¢ ok i LA st peried, cud
«1%a surnover in persannel ind increises Taciiity .:s:sk Pz zagez tne -~ea)

(or “elt) pressure %o complete the facility. As 2 “acility nears ccmpletion

or is in a prestartup condition (2s the Licensee's station wis in the mid-
. - » » "
1870s) and new or changed requirements arise, tners is sA-Quar-present—

A C oL | [P the QA v
tendency .o shor%cailéﬁaeeéeres’an§1 ‘faﬁjuiize action later. Such

lao ol tee T U it ay ant )/ l»l/ﬂ:d»/‘. /s "'""JW“‘:—

c,ndatxons “increase the possibility ¢f error. s

A
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Another factor which contriduted tS :he problem was :ho grestar use of
censultants and angineering service c.:rl) rla‘sttg:sﬁ _th(t; ha‘d“beil‘c‘uj‘tgpxa\r o
on the "consu s other gcnent‘ng pra*;c..s. ;«wmi&ioi—fo«intcr‘au

Cive LA @ Trev e costovmary Spevatieve &
sroblems. ‘ Mﬁ—hﬂedﬂfou% cxsertise came with-the nucledrrequire—s—
LS, and this imposed 2 change- ia-hew the Licensee's enginsering s taff was—=—-
mummHo -operate:; There seens %0 have been 2 tondcncy to cxund the
1r*om11ty cemmen in close-knit engineering organutuons te thm outside _
groups. Customary controls and review processes ‘or dealing with them '
were not effectively applied. These insarfacing problems wers increased by
the Wproximu of the-consultants and engineering service
cant-ac.ors ( gru't::?uunc. might have required mere formelization of
c:::-.-..:nicv‘ons). Tre LTTEnseeand-fts—consuitants and Contractors—were—=©
Sust for encugh removed from-the custsmary-level—of  informaiity—to-promose-—< -
the 20ss4bt 1 4ey-of error_and misunderstanding = -
A wellecevelcped engineering team whizh relies heavily 2n informal communicae
tion ameng fts members has Both advantages and cisadvantages from a gquality
assurance stancpoint. Such close consacs generally contrititas greatly %0
the suality of the engineering work. A% the same time, 1t can create
sractices which are not appropriate in cealing sutside the organizaticn.
Geagresnical separation generally resuires 2 higher degree of formalization
fn cammunication. Gecgraphical proximity (werking {n the same office or
Suilding) can result in {tems being discussed sufficiently that & common

urserstancing is reached between the 'ar.us {nvelved. In the Casa €

Prajecs, the practice of utilizing 4r¢ ‘..-..‘orm. cemmunicaticns with key

csnw1:nn Tocated in tm {mmedfate area (city and sub.srbs) develcped;
Gern g CaDe dva/ af covimertical,
AC AR/ c-. ..'m distance was srobadly greas enough shat the »pﬁﬁ-a-‘vow

Heé / oy,
rezuirec 13 reach full understanding 3f cey peints was drobadly tamtbidtedr

. - - — — — - e e e LR I ‘ - - .. .-
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One of the comments made by tha [icensee’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 protlem of inter-
face contrel cannot be considersd the primary cause of the diagram ‘arrer
that occurred, it was cleamly”2 contrituting factor. The error is indicative
cf less .han adequate procedures for design rev1ews and comunications.

Duri ng much of the progect. the apphcat‘xon of quality assurance/q:.‘uuy i
control (QA/&: to the design process was not we]'l understood FEwas——
praciicec—in the-traditional memner—of cesign asprovalsd” Changing require-
ments resulting in redesign, coupled with turncver in cesign perscnnel not
familiar with all the ramifications of the original design, make the
epplicat'on c® QA/QC to the design process 1ncrus.ng y important. The
mt:er u-?urther complicated by the wolu.-i-o» of .t; 10CFRSO Appendix 8
critera an?"w vaglafassr uring the meetings with the Licensee, its
A-E, and the regional NRC s:taff, there wers repeated comments with respect
to cngoing problems in interpreting 1CCFRSD Append'lx 3 criteria and their
acplication to the engineering :n-oc:ess,"9 " add sncerns 2bout
infringing on "professicnalism" and “creativity", wcn—erpms«” These

consicerations, plus the fact that the Licensee's engineering orz‘aniza*ion

was very independent, ccntributed to .heir 'esistwg mgf#émnw

Proce

and/or understanding o$ ual'lty assurance m—mw There 21s0 seems
t0 have been 2 \.erdency to require, cr e‘ ‘east recsive, mcre siringent

te quality assurance from contractors than wes applied $o in-house efforts.
wov ¢ | hie-was—verified-by—the NRC dumtmg investigaticns in late 1981 and early
le 40 *ags . s el e b Py pin Aoy N0 T Arcrace ;
\ 2L pmwigr2—+a—was “ound that QA praciicss in cons.iting contractars
1 . x W - 4
W= Srgaénizaticns were Detter inan those wsee—ntermsisy in Ine Licensee’'s emgineovivg
-7 .
4 organizatien. [t is not entirely cleir whether this reflected 2 difference

in the Licensee's requirements, or a ciffe-ence in oractices. NRC inspectors
made the observation that the License¢ is “tougher on its contractors than
on itself." This attitude may have contributed to the 22parent success in
assuring quality in the construction efforts, since essentizily all of that

DRAFT WORKING PAPER
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work was done Dy contractors. <howeyar . 3h slization-of—quatsit vS:L"
assurance $o construction 2ctivitigs-has—oeen quita well-understood—-andee—

fas-Deen .implemented mucn~easier). The signivicance attached to this

finding is the possible refiection of an attituy e2icyd in
engineering -- an attitude reflecting scme degree of professicnal arrggance

that "we do nc wrong, but we sure have watch out for those other guys."”
: 1ity problems identified tc date have been within that

The engineering deficiencies discoversd in September 1981 occurred during

a time, ironically, when quality assurance appeared to be undergoing
icint strengthening within the Licensee's organization. In Septamber
the Licensee hired a new corperate director of QA who was

vied, knowledgeable, and aggressive. DQuring late 1976 and 1977
,,,\ @ sbu b (1oluact
rar ~as-overhau$ec and a new QA menuad=o® program was +ssued In
whire the Case Study Team was unzdle to establish the attitudes anég=— |
= ‘ , ' 4
relalionships between engineering ana tha new cuality assurance director s ;“é"
1977, W4s—suspeciad-that Jhe—relitionship-was—something—aess—than  ° =
senstrucTive, (The new qualfty-assur*nc--***et:cr~~aS'?eass*~ﬂeﬂ-1ﬁ—‘~—-‘:._
Ftcruz*v-Lg:?iiﬂf sedi—cigar that the 2pplication of ewem rudimentary

“1’5327‘0. assyrance practices for design cocument cantrol as—ehat-time should
|

\\;iiz_::::E:-e: the error that occurred.

the primary root cause »as tne ‘2ilyre %0 manage camnletely 2

-

large and compliex, ind tne faiiure to plan and effectively
management system embodying al! of the zontrols-necessary to
ansu~e Isresct compietion of such a proiecs. Thsrs were severa! “igcors cnit
_ - fglh do yvve
tentrisutec o tnis primary root cause. Tie Litensze nhad A Aesse=terise O
éQcar§:9 with respect to its engineering capabiiity. A9—90944ou54y-5%a%eéf*v
she Licensee -‘s“?ug=;§§7u with varicus type- of cenerating projects.
~hat nad worked far those projects was assumed to work for its first (ine
heuse) nuclear project and, thus, the project was fitted into an existing

structure which carried with it practices not appropriate te nuciear work,

DRAFT WORKING PAPER
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The engineering function in the Licensee's organizaticn was very strong;
strong enough politically to resist &uecoss#u44§/ihe imposition of management
contrels that were required elsewhere in the company or for contractors.
Fyrther,—since many ef-the management hz?c?;e ’:‘ﬁ? engineering
functiong tney appreciated 11:s capabﬂity)ud_’_’ﬁag been rrt of its good &
Evmbory @ s MEVE Y e

per'or?ancg) 7hey'had not seen a need theft to insosl—:%r4e%-qua11ty .
controls over’it.’ l4—is-also—<clear—that the atmosphers and regulations
for construction of a nuclear power plant changed tremendously since the
late 1960s. ’-waann—the—th Licensee temway wot
completely underst&nd the implications of the changes as they were occurring.
Further, and,zs previously stated, the in,nsce was within 4
few ﬂong f bringing the plant on léq//bn several cccasiens. Thus, actiens
that the/Licensee might take in a lonfer run would pe different when it
appeared that preoject completion gcﬁﬂd ce imminent, and no new nuclear plants
wﬁ;z/znticipated in the near term:

7

Seconcdary Root Causes

8ased on a review of referenced materials, discussions and interviews with

“he Licensee, the Regional NRC 0ffice, ana analysis, the sessne Team ™
has identified three secondary root ciuses of the design problems experienced
at th; Licensee's plant. They are: 1) failure to understand and appreciate
the potential merit of a formal instituticnalized JA program, 2) NRC's

failure o0 sell quality assurance as a —2nagement tool, and 3) the long

serizd ¢f time between inception of tne sroject an< ccmpletion. Efach is

discussed in more detail:

DRAFT WORKING 2APER
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1. Failure to uynderstand and appreciate the sotential merit of a formal

QA _program. h—w-twﬂy—s%&a«" the Licensae had a2 highly capable
Corriple twad mawy

organization MAy successfulw projects, boh-tné—-&heh—ﬂ/

They had, madeof‘orf/to organize a quality assurance Program‘before +

the requirements of 10CFRSO Appendix 3 became mnda.ory ﬂhe Licensee 5
od quality wasg @< evend Lawe v pvoj.r*(s
perception was that Ms—hé—qomﬁ,‘and that. whﬂe the ;
new requiremenWm'ight -hange same things, it would not affect ~
the unde"1y1ng bases for their ¢cac qu aH.y performance. C(onsequentiy,
covid be Ckamcbw.—;-& -
the early program wié-—mere-or—tess 2 Cocumentes or procedurzlized errcevy of
sttempt 2t reeting the requirements. It did not significantly affect
the way thatl the Licensee had been coing its engineering/design work.
: [ The-titERsEe‘s past-experiencewitiTIMSTrUTTicn—enebied—then—te—proceed™—
L) e bl -°~'L' oA with—thenecessary CoMtrulTs T phice ind oz ti<tedpeopletrkeen—them st
do\éi‘“ {\c‘; the t-wey—<Senstructionofpower—otants—wes—ic I d—hatri-and—hey—knew_how ey
= -1
e 10-53a4-out—of—trouble-and—get—tie—tob done T TieW A/ QC TeqUiTEmENt S —were
eeccioUTTEd.  When seismic (or ciher) problems arcse, the Licensee
reacted as any concerned or conscientious organization would. If a
mistake had been made, thay were totally willing to make it rignt.

A ~neriherv of Lthe -
The—new Project Completion m«er {an A-Z employee) said that he had

reviewed the Licensee's gquality assurznce program in great depth prior
to mg»the.froaect Completicn Tea=. ke nc.:f that ’2: Li:"e*see s wuj
p:ogran had «-n-l-y’/weaknesses, bus had mad e rove hre
ve |©ec

{M-Aeﬂﬁ-r He was concerned abo.: ‘mIosing a rew auaH..y assurance
systam (the A-E's) on the projec: 23T such a laste date. [n the end,.
however, the A-E's guality assurincs :-rogram wis adoptaed, even thougn

i ) ’"hop. :m,/qlx,
tng .icensee's engineering proce:.rzs werz =2inz2ineg --

did net Loy matbheby what

'aov'w, that the Licensee's QA progras, racked the-gesth &nd understending &~
the? the A-f considered necessary fzr a nuclear plant.

The Tist of obvious QA program defiziencies §hc the key indicotions
of these deficiencies were descrides in Section I. C.
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- 2. NRC's faiiure %0 sell CA as a menacement tool. As far as the Licerzee
was concerned, the NRE requirement for quality assurance came across
. AN T2C
as just ar.other- requiremnt. The emphasis from NRC seemed to be on the

trazpings of a OA programsrather than {ts subs;ancj:‘devﬂop a GI )

n ’fmnua], set up 2 QA organizationg-/NRC :.cﬂded to lose sight of xha

D il woidd was tﬁfﬁé-to— achieve. NRC inspection emphasis seemed to focus.on e
;Y“‘A‘::::q operationsy, then oa construction, The message canveyed was that the = -
> most imoortant area was not desw:n and engineering, because NRC dig

not effectivel y ‘wr:&ul’a ions or mspe'v.'tb?r'\‘ﬁ\; 30:19!1 and
engineering aresa. NRC faﬂed ‘t0 provide guidancc on wﬁat rquﬁ ty
assurance program should be?’ It did not have ﬁa “Sfnical strength
iasuificient depth to provide eff ec..n)i overs1ght of design and

engineering GA prugrams.

(’b‘

3. L;nc:n of time between inception of the oroject and coeration. s
prowigusty—stated, the period of “ﬂe between the issuance of a
construction pemit and thec&&t ‘gtald about 1: years for Unit 1.
This leng pericd of time greatly increased chcne‘x'p’osun t3 the normal
occurrence of events, to changing r-gulatory recuirmnts. t0 T
changing state-of-the-art in tecknical matters .PoHtf aﬂ“mtu and
P pa.nc percepticn W s-re «—o@—mved»eowbh
TR Mary of these factars contﬁbute'—éo—n«mn Qedesigns may not be 23
e J comle%elfrewcm as originn cest §n ef‘cr*s beca_usc the ,ersonnol he . =
are-so¢- the-seme and the' scope of review is—gehenﬁy less. q? ne of
the major causes of redes1gn was nadﬁg seismic matters.’ Initially,
experss with impressive geo\ogu:-. and seismological experience
costuizted the kinds of earthaud-«ss tnat might c2sur. That Syee—ef—"—
informaticn was given to the Licsnsee’'s consuitants 0 descride the
£ loads and seismic response criteria. umHaHo-gren—euMmt- n
» ;"2: - “seismic- matters’“'tu-the e-Licensee ‘s-organtizationy —
Lo ——scopesof €hB work-that-the-kicensse—specified ‘or 3““‘"“;24“ The

. cl- s (.d 4-\4
e ki seismic field was developing verw ramdlyﬂm)tew data “wére developed cn

N

-

”,
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faults in the plant area. Qata from 2 seismic event in the region
result.d in the Licensee's plant deinrg designed to two different types
of earthquakes; a design earthquake and a doudle-design earthquake.
At—that—time; no one considered-the-emplification-of versical motien—
Evan-in 1976 and- 1977, the earltermethods-were still state-of-the-ars., =~
Thewhoie-concepi-ofplate tactonics came-into-detng-during Shispesicd" -~
Other major causes of redesign were the aforementioned” 3rown’s Ferry -

. ' o D ik o )
fire, the TMI accident, and other charges in NAC rtéﬂlc:teoo. This

al{ecte miover (A wend

frequent retrafitting foorale on the project—— | |
and-¢ifficul ty inbringtngmew ersioyess up to-speed-as-turnover— " -~
ocsurred—Al—of-Shese—factess contributed to 2 zlimate conducive %o
errors and quality failures.

REMZDIAL ACTIONS TAKEN TO CORRECT (TURN AZQUND) QUALITY PRCILEMS

The major remecial acticn taken by the Licenses was the formation of the Project
Cemaletion Team. Approximately 275 of the Licansee's engineers were merged with
ascut §00 of the A-E's engineers to form 2 new project angineering organizasion.
The design and licensing functions were mergec into the Prciect Completion Team.
The project engineer for Unit 1 is a Licersee staff merder; the project enginger-
‘2 Unit 2 is 27 A-E staff member. The Licensse's chie’ engineer's stamp stil)
iprears .- drawings and {ts discipline engineers can ask fur documents %0

‘e~ 4,-,‘4(~l v At Aw S

dgsreve, though they appear to be involves in an overview function., A¥F

wwl

seeviousty TTATES [ The—fegiact CompletionTesr works to-the A-E's-quality-sssurance

WAPS P prArS .
se—sersertstaetory arran “,As the plants become cperational, the A-g's
$229f will chase out and the Licensee's s:a¥f 4117 agai~ resume ~espinsibility

=¢e:z+~1n:‘1ﬁl‘t1cenxtt‘x'!ng+ﬂctr1pqzzun.at. -The &-Z =28 3&;03}c¢~tht—4orcgo4ng—4*-‘
-y e

‘2= angineering.

~  BEAET unp¥iINC OpAED 1 Sl e s, S e et LS )
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. the Licensee's l/mu-ctsaqmmw:amcnt that the transe
{tion tc the Project Completion Team was difficult, but it was a good learning
experience for his staff, which had “beccme kind of hide beund."' New that they
are working with the A-£'s staff, they see & much rcre alive and responsive
erganizaticn, cne in which coc‘s‘ons are made &+ loy .,hve!s. app-cp-‘u%’
management nmwr and werk 18 pushed forward witn cons1d9nb1o aggrusivcnus. :
He said these .M".gs were good for his staff to cxaurﬂncn and 1t will be batur
for 1t when the project is completad. (nHmnMMWHnbmr—i
mertiy -personnel rohturtMMHrﬂwaleroﬂmﬂntmtﬁ-ueﬁr"" -
organtzation—=

AnsEher—cttomwnich the Ln!mrnlrunnn‘ftmtmm
mm;grfor-ﬁmﬁ——-ﬁﬁ&u—aaf‘m Licenses hu,.l etrned that it is
{mper<ant 0 review consuyl tants' work. The Licensee had retained a large
numser of consu?tants -= pernaps 100 or more -- and the Licensee did not have
acecuate manpower ta review a1l of the wark ¢onc by consuhznts. Ihc need for
t1e Licensee (or Projtc. Complation Tw'; o naview cons 1 tnt:' work has now
Sean clearly astablished.

ao—:#eomc—rﬁawcr ot Nuclear Power Opnrte‘rem—cmm«—a%o Liclnua- .
now real bzes thatguality auunnam envelicze of mnu;mn:-cantroﬂod
procasures. h&—u*'.‘—‘m-f/ﬂ thay were 3 s.ar' | new n c1ur plant, they

would ensur that '.ho cngru‘:ynﬂ ugan pluafl *Wd—};% 11 erganiz
s o et Tt oram Y e e o R e
wch—wulormﬂtﬂw—;mr $ 30 PSR- N—e-T 001 Lhe racuiryg——
procecures and then flooded thaplecewith—recoris=wi thout—d puing—peonie—t0-take—
ars 37 .them. . The QA suidelines-had see=ec %2 restrict-tre concuot—of-ssqusing—
AT -ang —30uS, LS was—restated m—0ATTIETITIT T IS IO T Aunttton—ineesensens—
ot work—that-one-{ s-respenstdie~forr—ou t=is-5omesning-Snast-auss-Detatagrass ..
Lgo-ane-team— QA cannot-function-wisth-avervone—toteily—independent —

‘Sustaticns are not versatim, but they are aliaved o convey the meaning insenced. -

Ed
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-V. GENERIC IMPLICATIONS

32sed on the information reviewed and analyzed by the Case C Study Teanm,
several possible generic implications, or lessons, emerge. These are high-
Tignted for each case study to provide input and to help form overall conclu-
sions concerning factors which constitute important alements in nuclear plant
construction quality. The first four address Licensee implications; the last
three NRC 1@91iqations:

A. Nuclear power plants are complex facilities, and kicensee management must o
apn-eciate that fact. The-enaineering’ design and construction practices gy e |l
20plied to fossil fueled plants are nof adeg r itv in
nuclear plants. Licenz2es which have designed and constructec fossil-
fueled power plarts only should not expect that that experience and technoloccy
along will he adequate for undertaking nuclear plant construction under the
present regulatory climate. One difference may be that the {icensee's
management must be preaee+ve-ood’ﬁncwlcd;enble about how to achieve quality

v

in nuclear plant design and constructicn. s—commitment-to-guality by-—top->
cud management 1s necessary;but not sufficient, to assure quality——{almost <~

) without exception, top management m2int2ins a pro-qualit
is no cuesticn that the Licensee's management wanted a gquality facility. At
the time of the Site C visit, all indications were that it was achieved as
\"“5°‘& ko far as construction was concerned and, apart from the seismic cesizn error,
1%t appeared to have been substantially acnieved in the design.! All this
ssems =0 have beer achieved more by srevicusly lez==ed gcoc practices nan

tv the application of a formalized eﬁprcacn to quality.

/The Lt colsce

e st —— —
——— o - —

<17 w~2s reported by the Project Completion Team staff that the Independent Desizn

va~ification Program (IDVP) which has invelvea about 50 personnel, had examined

t=e zontainment and other systems in consicerable detail. Pernaps 40,000 to

32,220 gifferent items had been looked at. Only 33 neecad a more detailez analysis

anc, of that number, only 8-10 were classified as legitimate design errors. i+
syssams which included them were-judged-capabie of performing—thetr functicas—

T saatisfactoritys o0 (he Jegibrmatfe desigin eriers) Honé LSS
(ous’:{e-yc.d te have y)kﬂévu-étsr.l, the oMN{ectad sysisuny
Erapi  Pen {ov titing thamtv Lorretrons Bsatrelacborvi iy,
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o L !
. . unders..ancmg of how to institute a Wauaﬁty assurance program
" ” { A Ll L fL (M‘Vo

3 L e‘b . ..he deﬂf7 n process, even though or perhaps ?ecausi much of the manage-

L v X '

W \ ment came out of the engineering organization. , - kae . . i

Md__nnn‘wonce in it, but-apparently nadn' t—thought-or—expressed -how-maior— -

B/
'Mmld-m“_..i..o..-whero—tho-we&k points. m 4n the—*
he m«lu 20s
design—precess). The NRC Reg1ona’l office alsc indicated that. then had = . .
been 27 sngoiad problem in interpreting 10CFRED Aogendix B Min s
the dasqu proce=s . Licansae v sove |
Mapphcatwq to M Mef—éxecueﬂe-mzar noted that
it was not until the 1973-74 period that quality assurance was actively
considered for application to the design process, 8Yy that time, much of
the design was completed. Since quality .as already thought to be part
the design (and apparentay it was) it was considered unnccessary to put
ove =u8
in 2 difZsrent quahty s'uranco program for the r-maining work (which
proved tc te far more extensive than thought at the time). The fact that
the Project’ CamPIetxon Team adopted the A-E's quality essurance program is = - e
indicative of he “Licensee's ack of understanding (or perhaps procedures) >

QA
-M“‘““-‘Sv of hovﬁ‘;o- epp%y QueHity t0 the des‘ign#eenﬂmetm process for nuciear
plants o ne=mded Vs p rovaneids

/$¢:+' 1T prey o o A aow‘u"
( J‘VJ‘I\)‘ %] nu\(|¢hl - vyvoleée =
\ et w4 w|4h~ (*‘; fqp‘blr‘ei.*

2, A licensee needs %5 understand its own)cor::orne limitations as it under- &:f".”"
taked 2 nuclear power project, and'a ' T e
M -
capabilities of its contractors must augment the licensee's w
lac L ef eoxpes 1 )

A experience or,‘ eng1ne:’fng. procuriment, csnstructicn, and manigement cepelbl ined
lpatibrn Honag, 1 ewenu-s VS C . R
iuucaacjes. The Licensee recognizes 1»:A
ssatee made use of a large number of consultants (Section [IA). What
agparantly went unrecognized ‘wes the evolving requirements for engineering

su2ccrs over the iife of the grajecs, necsssitatac in cart by changing

__.__/'\
regulasory requirsments. S ! *mpa&—emka licensee's engineering staff
o bhes [ace involved in Shes e enat-nuclear p\tntrhu—ﬂ—
. Ste L ' difficulty staying current with the state of the art in nuclear technology
T e

' and reguiatfon,%WﬁnMvﬁ~%ﬂM&&
}.n‘b-, ‘ E is not as likely %o assimilate advanciéd procedures that the industry as a

] whcle has cevelcoped. -Ae-—previsusty—siated ;- theticenses ' sYicePregident—
ci-gnsineering mede the comment that the Project Compietion—ieam-approech—"" /

/\ ;:esontes-agood learning experience fer—nis staff.——— _/ )
,}1; P o A I o e ST e ——

20 ARAET WARKING DABER
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AE pen sovne |

N Wthtateﬂ THAT 1N A aenies experience A~

°": nuclear projects, engineering staffs (5-E or 11cens$_e) did not document
- VML eY

the de.fngn process, suc&u-u—ts-done taday, ‘Ihe Licensee's practice was

mae‘V..vmca} of the earlier practices. The—Preject—Completion Managersaie

that tBe types of problems experienced in the design of the Licensea's

nuclear station have also occﬁ;r‘e&'{nfo';her plants in which the A-E has
[nses € v teen involved., Whereas the A-E's s’*f‘ was able to gain appropriate

S C—

T) L <q experience because of involvement in a variety of slants, the Licensee's
engineering staff was not. Ja-the-eariyyears—of-nuciear power,—it-was—*
possible to undertake ‘mJeet witha fairly-minimal engineering-szaff. < -
As-regulations continued to develop-2nc-requirements were-more-far-reaching, <
+4-was necessary to add additional rsreonnel with-greater specialties. =~
Those organizations which were invoi/ec in several plants were able t
staff appropriately. Those with sirzle plants "&iﬁ&iﬁﬁa ha&"l "1;. ——

on cansultants or other contractors.
avelutrow el the U'uc:‘evcéuwc«.tvﬂ

Heca Dsa vy te incervporate
Another facet c¢f the same problem is th ald

. A Woksey, o docaed)
engineering. As an example, ‘t was zointed cut 'xa. B y-assurence—
1€ CF .50 Appeaw
dhCuece wa D new language to many h-—;-l-e—o-eéer mgi nears. Later projects
appl vy B the desoun cow
were able to reqm-e"ents E‘re "',211

bocn e ~r Seouvne | had o« betier ?tdm VS G LVt et S %
Mﬁﬁm "MAW!' te

Jomnentac - that-the-biggest-singie-cringce—innuctesr-desigrhas—been—in—the
r- area- of snsuﬁc technologyx B o PRSP SE S SR S e el

- LQH GJ - Ty I‘\A

b“‘&:wu ‘1 TS 2 .::r-r~n hhread in all projects t-1: rave jcttsn into trouble as far
<o

Aﬁ(‘* \ as quzlity assurance is concerned. Thee-common—taredd—te—the—tengthrof

a ",

the-oroiect. Long exposure opens t=: sroject to =miny potential changes
inc czlays and difficuities. Fhe—titemses—he ais, had-300d-ay ity is
2sacn_time frame since the job-began in—r$86. " As eich of the -newguaiity
assurance initiatives occurred, the .icensee respcnded, .but-it was-more-or
If less reaction. Quring this period, 2s 'RC (or AEC/ERDA) -improved its--.

!

--wvfcl ’
t() {'Qu tl a{-“llp

- 'Hfb porsane alse stated 4hat th
pto,jof{' cant have 4o-€y¢uneu-{,q( e<{ect ~dvs teo

the trrvuever o€ pm‘bmue( eVEY <t (muj po—wo&

L-c'(- tinme, -

!
|
|
f
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guidanca;-—-the industry evolved-eiso;-but-it was difficult to-keep-up——
+§Ll~r1‘* with the-ghanging picture. . -The gifficully i1s exacerbated Dy the turnover—-
of perscnnel over a long period-of-time. Successful desfgn ac.1z:t1es
dve b= v @A o 4y varionts
require experienced personnel, but ga are. promo%édv—re%4+’r—~»
etc., over the ccu:?e of tne project, 3&4—%&#s—$n%redeees'the possibility
i et ,(- E e A

for errorn_because newer employees are often unawae of a11 thc considcra-
tions that went-1nto F decision. ;

C. A licensee needs to manage the nucleir oroject anc ensure that interfaces
between the project participants (A-£, constructicn contractors, etc) are
croperly maintained and monitored. A total project svstem that imposes
effective controls and checks over &il kev assects of the orcject is
required, inciuding records management and document control, as well 2s
design, construction, procurement, ccst, schedule, etc. The system must «loo
be abie to accommedate change. For~ example, the changing regulatory
en vironment has presented the Licensee's engineering stafff with moving
targets that required change, but which AM‘ ne ™ y e gnized or e s’y

. ~ acrommodated by them. TWW =

oo Lol Hemww P

- Sxacusive-Officer-maintained -that-the-Licensee hac an adequate-czpabiiity-
et ta_dd its nuclear-project—S8ecausear 1ifgs penertingfacttty growt-
ia_the 18605, it was necessary-$o-yse-consuitants—or the” uverload-zmd

a Al

ot
|  ~for—scacialty tasks. The large number of consultants, was dif.erent than S

€0 crevicus projects, howeveer—ml—uf./zhe consulting roles
I Yeovvwg Case S ’
wers of 1.m1~ed scope and & a zollegial
s
reta:zonsnpr +hws accurred in part seczuse some :f the censultants also

corvaul+ad werces “or the Atomic Znergy Commississ &72 it was assumec that they knew

w2t ne PEQJ1reﬂen?i_:g:fi_~ffgf_JE:::; a2s & i2c: of formality 1n-53§)"'/
orocassas for passing 1nforma;jqpﬁac'ossﬁ.nter‘aces " The geographical
srsximity of a number of the consultints 2lsc hel:ed erode a formal inter-

face control system. It was noted tnat procedurzi matiers would not have
been handled with the same informality if the subzontractors had been 30
@iles away, rather than across town. F~or :&1;1336 i+ was stated that
there was much more formality in presezires with @ seismic consultant
located acout 40 miles from the Licensee's offices than with one in the
»same city.

T QAPPSR
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2 “Me veo V.rowou"‘s o
N vo | &met 3&13,@;& bhere werv e
\:):(T:‘a G-\.&ﬂps- i'av Ccovtvel of comutractovs w velh woeuld

pPvevii e ’ \
Ibepe—wes—ne—r-quwrement—o-ccgula;’ca7‘or an auditable trail.

Licensee did not have adéuuaf?qiiﬁvtif¥* g’rnJ1ew all of the work done i
by its consulunts/ contractovs, |

—— i o .

the Pv e e cd J.av&lw-p-<1 delb=i lad aad \'\
As t%mes-ehanged,—licausiag'regu1at1cns became more complcx but 1n-housc /

relationships and procedures, cont1nued—ee—they—ug__,' “As {5
during this seriod many.;;éﬁ;iec.-en~inear firms fou t necessary to .
Oiredd .,4;al apply 1nc-eas.ng1y large numuers of manoower 50 feir nuclear projects.
t4¢5(;,4 In the early days, the Project CompletAo nager (PCM) estimated 400,000
heo to 500,000 manhours of engineering tim3 would be required for the whole
plant (typical of projects started in Ahe mid-156ls). Now they are
projecting ten times that amount. TZe iLicensee cidn't have access to
resources of this magnitude within/its staff. (A specific example was
given by the PCM of increasing péquire—ents. Thers were three or four
engi%eers involved in keeping/Arack of items humg off walls i the early
to mid-156Cs projects. Toddy over the life of a project, there are
probably 12-15 engings;s who keep trick of wall lcadings). The Licensee's
engineering staff/;aﬁtr1butld adout ziC and the A-I acdded another £00 to

| round sut the Project Completion Teas.

————

The interfaces between engineering functicns or ozerations must e
minimized and carefully monitored. That the Licersese recognized this

problem was apparent from tbe—eé4tii-xe€;£?vo—eh“cur*s comment that
moving the Project Completion Team t:gethar cn thrze flgors in the A-E's
building was 1mmensely helpful in the zZormunicaticn process. He alse
stated that there was no substitute “or g20d 2rocedures to menitor inter-
faces.

DRAFT WORKING PAPER
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D. The Licensee must be ccmmitted to gquality ‘*cm tOp manacement down, and
it must be effectively coimunicated Sy tc2 management and manifested in
procedures and controls. It is helpful when the Ticensee recognizes that
an assurance of quality program properly conceptuaiized, structured, and
implemented can dDe an effective management tool that can be caost effective.
If management attempts to implement a “canned QA" program rather than an
assyrance-of-juality program, it can be seen as :h:eatgning to some, and
as an artificial laying on of another systam Dy others -- 2 system with which
ocne must contend; but one which has no useful purpcse or function.

.} The problem is complicated by a number of ‘agézrs if quality assurance is
se-n s arf999ffi°?§.?¥§;5§ '“fqr lnssfnce,/ihere has been a long history
eaeag+n9—req&}rements=en quality assunénce. Among the lessons learned
Wi by the Licensee was that, over a 14ng‘per1ed of time, there will be
ould changing criteria. There will be chahges in thc state-of the-art and
- et e models, and calcylational methcd;1;:ii cecsme u.-o ccmaliEited. Events
> will occur during the construction 1i ‘e‘g‘ a plaﬂt sha. wiIl_Egggi .;:\"ﬁ"‘

! errors, such as the diagrim arror, whieh w:uld have bean-censidenasd  one ,
; an e b el ALy b telve |
& ttewt o wey pre-TMI, but uts»oono#ﬁeeed—cnoeher-«ey post-TMI. There is a]so.an —
| evolving public standard that has something to do with zerfecticn of
{ technblogy and risk-free oberation. and these 211 feed the Nuclear
j Regulatory Commission's drive toward raised standards. Amid all this, the
: cormitment to quality must be sustained. _ -
/
Another cemplicating factor was that zerscnnel in NRC change, and the
interpretations 2pplied by these persanrei changed 2lsc. The comment was
magde tngt in }B66, there were 20U saf:iy zu‘des and thev wers vague == now
‘ there 2are uncreds of reguiatory guices ans they are writien in considerable
detail. /That was the changing envircament that a licensee's engineering
o 1 sti:;/nac to deal with and still suszain cuaiity.
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"stress this aspec. t}a better ecceptance of its QA—WM&-
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NRC needs to treat QA as a management tonl, not as just another reguirement.
As another requirement, the concept cf c:ualityuisv;reatea as just another
svstem l1aid on the 1. ensee. As a management too1. the concept of quatity-QA
assumes a muych more impcrtant and useful role in the eyes of maragement.

It tells them something about the-amount of rework and project cost, about

the projected reniaoi‘lity and safety of the cperating plant. NRC needsc to

“RC needs to pay more attention to ensuring quality in the desien orocess.
Curing the Case C project, there was no effective in-depth evaluation by NRC

of the Ldcensee's design process WMW
I'\.\g Licouwuasee ple
M-ei- the en; eering,in th: oar'lx 1970: when the

L1V s @ 10 rfPF2. 50
who-%-e—qua]uy as,uranc;’zaoqame%sa brought into the pic:u:e art

of the prodblem was the imprecise nature of 10CFRSO Appendix B, © e problem-wnici-

("
sentinues—7his factor did not encourage, the Licensee to 4o Back-ane—pus—in—

a<iarge QA program to handle the rem&in.ng *work to be done,- MRC did nct

pevlap bWecavse *"Unit | was al ol proce . S
nsist on it either,” T4 was-acm: 1360 2Act SHA-LICENSER Wes § fow S0 3¢00T-

avcd (8 CFRZ Appen B veguilyeniewts Were

L%y—mu;anct-’ kfcanfv??nr’r:t:rr%mm%—r
ée applied 43 practrcable s S
A regﬂmcns on- quath ssurance satd to appiy—+t-—"as —PPM as

far as Unit 1 was concernes.

A & L /

1+ can be expected that mamy-engineering organizationsﬂwiﬂ resist the

introduction of guality assurance in%2 tne design crocess, fer—redssns.c

- -
o v t

comnent—that R—anma—to—um?’we L1c!nsee" enginesring -orgemtzeties
actedd ok—v-r-uq ey w 4 é eﬁc

3oseared2s “Drime—dennest” | This—was-ass- 2 enseety—upter
=an uom'vt"' }ner- 'S .1t*le ackncwlzzgzment ca“_‘enLgineeHn; that hac Jezter
QA procedures been adoptec, it would have aveided the design diagram error,

(This attitude does not apply to the Project Compietion Team).

~ DRAFT WORKING PAPER
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NRC needs to focus more on the effectiveness of implementation of the

quality assurance program and less on the trappings of Licensee programs;

e.g., less on the QA manual, organization charts, where the QA Manager
reports, and paperwork per se. Fer-axample,—the-Qi—guidetines—for-design-

. . appea.s hfb‘
need acditionat-expianations TnenAn a lack of understanding of how to
effectivel ] 1 2 ce h -to-day design pr ond | .
o t‘!ov:xyl a‘pg.gl.qltftltsy 2&"."‘"643% -eﬁsd:yamghrz'{-lmgw &CA‘S&-AG. A ¢
S8ased on. the sults—cL.:he;mMLwomd-by-the-P_ i .
one-weuid not expect to find-large-numbers of quaiity-related—proplems—-

‘n-the design process. Any design-relatec quality assurance-program must ————.

-deat-witi-this—fzrt. The design process may inherently contain a high

degree of assurance of quality. Perhaps for this reason, it has been
difficult to formalize an acceptable QA program for design. The Licensee’p
f. .'”’“““' stated that the eariy implementation of 10CFRSO Appendix ©
was manufacturing-oriented. That orientation, together with the perception
that QA can't be appliied to the engineering process, are barriers tc its

aception. ~He-noted-that-it was very difficult to-instili-QA-into-the

aagineecing process-decause -it requires -an-attitudinal=changes HRC needs

to aderess the issue of assurance of quality in the design/engineering
process. -

The Manager of Nuclea r Operations highlighted the problem this way;
he said that the idex was perpetuated that, if one had the paperwork correct,

one had a arop/quA program.
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A

. b. As part of (a)y above, the Licensee would have to demonstrate its
capability to effectively manage 2 CA program. This {s Ford Alternative
13(b)2.

0. &. Revise the NRC inspec'ion prodram to 1) focus more on the design and

engineering aspect of nuclear plant construction, and 2) increase NRC
el v avy e

presence and canabi?ity in the regicnal offices to rev1ew design n

vord e ,
~v e 4 ] pract 1ce§A Part of the refgon or hRC's failing to recoqni'e the
A€ A D A AT e A i st Pha IR Bl ‘,,{J”‘
e this.] problem was the lack of NRC
""“ﬁ o rye/ o e P e, reosevreod {Laf womre
tasut-in;o-ehe—de
/,..4, e~ ' ot /’ﬂ//’ ”‘,mky M #@( /rl"//p/ A'/mﬁ” (g P
- lhe Ar = pt P T

d. Expand the scope an:aispfh of the licensing review for the Licensee's
quality assurance pregram while the Licensee met all the quality
assurance requ#ﬂiments in effect 2t the time of the design errcr, a
que’1ey assurance program review ~nizh included a review of actual
implementat)é}ﬁof the program would have revealed & weakness in the handl /.

f :esigp/bata. especially that tetwsen the Licensee's engineering
orgapifation and its consultants.

Conditioglic the Construction Permit 2n the Ppoplicant's Commitments to
SuSmit o ihirg-Party Audits of His C.2.itv Assuraice Procram - yes

The Authorization Act requires NRC to evaluate the following alternative:
13(b)S - requiring as a condition of :ﬁe’;sigf:ee of construction permits
for commercial nuclear power plants t-2< tﬁe Licancea—contrastor meke other
arrangements with an independent irspactor for auditing quality assurance
responsibilities for the purposes of .erifying quality assurance performance.
~An incependent inscector is a third sirsty wno has nd ressonsibilities for
tne cesign or construction of the .plazt. 7’Tnis alternative, as it azplies

to this Case Study, heslﬁe;n discusses .nder-Soré—Aaenemen!’ﬂIternetive

(C) above. It is believed that, had this initiative been in place, it

could well have prevented the Licensee ‘-on makang the error that occurred.

r"ﬂ'ﬂ - .o"‘"(ﬂ‘-"l ¥ 0

A sanv4e-rev1ew of the qualit/ assuyrance procedures that existed within the

(b At w2 A s ire @At pretri )
gesign organ1zat1on’ﬁo¢1¢’heve reveslsg

dobreionrteef 2lnd v ltemct  n tlhe Gemign p&oé/m
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i?LICATIONS OF THE CASE STUDY FOR NRC QA INITIATIVES

MRC has underway or under study a number of initiatives which are designed

t0 establish additional confidence in the quality of design and constructien
ectivities, to improve the management control of guality, and/or to improve

the NRC capability to evaluates the 1mﬁlemsn:atfon of Licensee programs. The
initiatives are described in the NRC Staff Paper SECY 82-352, "Assurance of
Quaiity," and subsequent correspondence batween the Comission and :hg NRC
staff. One of the purposes of this Case Study is tu provice feedback regarding
t=2 relevance of the various initiatives to the Case C Licensee's nuclear
censtruction project. Subsequent paragrichs take each initiative in turn and
siscuss whetper the initiative, had it been an ongoing activity at the time of
=2 Licensee's design error, would have mide 2 difference; i.e., would the
irnitiative have prevented or at least mitigated the design 2arror that has been
cisucssed,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 83-3%, "First
ssarterly Report cn Implementation of the Quality Assurance Initiative." Most
3¥ these initiatives were discussed with the senior management cf the Licensee.
Te—+ts—beltevEtTthat -they-agres—with—the-Study-Team*s evatuation-of.the S—
~assHicability—of the initiatives-to-she cesign-error problem  — Ze—— -~

4. Measures for Near-Term Operating Licenses (NTOL)

1. Licensee self evaluation - maybe

This initiative applies to action trat would tixe place when-the
Licensee is in the process of rec2iving its cperating license. [t
recuires that tha Licensee examine selected portions of. the engineering
cesign or cans.ruc:‘onjd Had thi: been 2 recuirsment, it is quite scssidie

,/”-.1é. cne of the design areas zuciiec wiuld nave reiateg 0 seismic

consicerations, since that has besn such i major consideration in the

des gn and constfu;tion'of tn1s P‘r'ﬂiﬂlﬁf 3uclear station. Fhis

review might have 1dert1f1ed the error that ac.uﬂy occurred, enks o

should have identified the genarz? prcbiem of design document contre’.

3\ of A licensee self-evaluation weese 2ermitsan evaiuation of the project

\‘1 frem beginning to end and would ;ermit the Chie’ Ixecutive Qfficer to
thate that the ¢tation had been bduilt according to its commitments.

Al
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Regional evaluation - no

The Licensee regional evaluaticn 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 detaiied d¢s1gn review,  fov ot bo be -

appls cnbl g o e pvrb‘-w\ e Ca s ¢, -
- * .

Independent Design Vezification 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 stage in the design, but the most productive period
i's when the design is essentially completed.

It is Tikely that an IQVP would iddress one or more of the sensitive
{ssues relating <o the plant under review. This would have included
the seismic problem a3 ‘s;g_teg 'un.g;r_' (‘l')'_azove and, since an IDVP & vhov o e
prebesty more thorough than either of the evaluations in (1) or (2)
2pove, there is an increased pre:ability that the ciagram error and

design document control deficiencies would have been found.

- -

Jesign audité can be very sensitive issues; e.g., gne A-£ may audit

it f
arstner's work. Care woyld have o0 be taxen 1= airing nighly tecnnical
issues befors neon-tpchfical audiences. ol
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8. Industry Initiatives

1. INPQ "Construction" audits - yvess »: vy ot

This (1w *tabive 'S qf'vl‘:aﬁ“ hece:. e
4+ B phase 2 part of INPG "Construction” audits now considers design.

Such an audit should be-as-compiete—ss—a~itcenseeia—selfainitioted J
sudit: [t is quewe possible that an INPO “constructicon" audit woulq//
have detected the problem that occurred in this Licensee's plant; 7

Avehon
énrt:inix. it would havéﬁ1dent1fied the design document control

deficiency.
2. Utility Evaluation Using INPQO Method - yes= /. .. .+p, /' cav /s wed b
clmredy e e,
This"measure is basically a self-evaluat using the INPQ methcdology
devised abcve. [t is a design audit ised by INPQ using self-

evaluation review teams. Thi:ﬂ;:;)(a is estimated %0 regquire up to
15,000 marhours of effort by ;' Licansee. The review teams are often
lead by representatives from/zhe A=Z, Syt who were not involved in the
original design. The teap/#nc1uues -icensee personnel. Such an
evaluation would have jdentified zscurent control deficiencies that

cccurred, and posgjhfy could have icentified the actual errur.

<. HRC Ceonstruction Inspection Program

1. Revised procadures and increased rescurces - yes (if included design)

This particular initiative applies =2 :ne ccnsiructicon crogram. The
deficiency found in the Licensee's =7é& ¢t relatss: tC cesign and not t2
constructien. [f this initiative were expandec t2 include aesign, then
it would probably have detected - :gsign document cantrol deficiency.

2. Construction Appraisal Team (CAT) Imscection - no

This initiative aoplies to the construsticn phase; the Licensee's
quality problems occurred in the cesicn phase.

DRAFT WORKING PAPER |
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3. Integrited Design Inspection - yes- wiwmw 2

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 thne same reasons given
for the effectiveness of measures for Near-Term Operating Licenses,

the integrated design inspectﬁon would Tikely navf uncovered the design

il 4R =i woud

document aef1c1ency and-eee+d-have Jitected the, error. .

&. Evaluation of Repcrted Information - not likely

This initiative would computerize 10CFRS0.55e and Part Z1 reports,
facilitating trend and other analyses of these avent reports. This
enzlysis provides an additional! c¢cross-check on the quality and cperations
2t the Licensee's site. The typ:‘ﬂz‘ggg11ty failure that cccurred 2t

the Licensee's site is not unl1kg~errors that result from lack of
interface control. Possibly, the reporting of similar preblems in other
plants would have been useful to either the NRC Inspection and Enforce-
ment staff or to the Licensee's engineering staff in looking for errors
ef this nature,

Lesicnzted “esoresentatives - maybe

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
consicered o appiy to the constructisn process, and not t0 the design process.
Aowever, tri FAA uses designated eng:aeering representatives (DER) wnho are
em;icyees ¢f manufacturers, but are ciputized by the FAA to review and

veri®y zerizin elements of design. (T-ere ire 2lso designatas manufacturing
=acressntatives (OMZ) who verify tha: tne assembly or faorication process

is accsotatie.) The DER could be usez t3 spot check the design or design
process. rsowever, there ™ this initiative,

had 1% been in effect, §z=151have uncavered the design cocument control
deficiency that the Licensee experienced, and veey-possibly the error itself .~

- -

hae seismic analyses been subject to ZZR review.
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Manacement Initiatives

1.

Seminars - yes

Seminars similar to thoge that the NRC Commissioners conducted in years
past, as well as seminars by trussed utility executives wno “hag design-
related problems would probably have been helpful in br1ng1ng the
Licensee's management to an increased awareness of the importance of
quality control measures in the design process. .

Qualifications/Certifications of Quality Assurance/Quality Control
Fersonnel - no

The orobIen th{}/the Licensee experienced did not relate to -he%hc?/ihe

Iy./ﬂ rad 1P em -
v

cua]ity assurance/quality control perscnnel, werecersifiad-ornet. [t

related to the institution of adecuate quality assurance control procedurea__
oo k

{h the design process. mep cuﬂ—#{y—eomw A

~ha~_zhc-£4etnseE'!nuﬁuyla‘ﬁiy hiV¢‘Si¢"Tl!s*aggr!ss#vv-thtn-deﬁ+r’41—+$—53~

isdoubtful that certificattomof—<hese persommel WOUTE have changed—the->—

situation-——s—"

Craftsmanship - no

l“.-l AO“‘""“"
The guality problem experienced Ly the Licensee éd—aes—have-t0 do with

the training or skill level of craftsmen.
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F. Certification of QA/QC Program (SECY §2-26) - yes

Had the NRC initiative related to ccr:zL1cation of QA/QC programs been in
effect, it is likely that the review implementation of the program would
have addressed the design process any, mere particularly, the interfaces
netween the Licensee's ¢ngin¢¢rfng taff and its consultants. The resuylt
would have been a recommendation For more formelized transmittal of .
1nformation bétween the two, ang/ such an iction couJd have prevented the
problem that the Licensee expgfienced, from-oceurring, —

-

G. Marzoement Audits - mayb

have 015449;129nt1f1ed the lack of formality in

ion between consultants 2nd the Licensee's enginesring
ighted the deficiency, i1t is likely that the Licensee
ted it by putting into effect improved procedures. However,
ering organization resisted the impositicn of improved

, 1t might have prevailed.

“anagement audits coul
transferring infors
staff. Having hig
wculc* have cor
had the engj
srocecur

SRR e = RIA L

IMPLICATIONS OF THIS CASE STUDY FOR THE 8RS- AMZNOVENT ALTERNATIVES

Section 13 tc NRC's FY 1983 Authorization 5111 requires NRC to conduct 2

study of existing and alternative programs for improving quality assurance and
cuaiity cc2§t31’3;¢np;]32:,power plants under construction. This Section,

zalied :he,Font Amendment, requires NRC ¢35 iTcck in sarticular at the feasibility
and efficacy of five specific alternative program concents. As 2 part of this
inaiysis, each alternative concept was eviluatsd with respect to whether it wouid

nzve mace 2 difference in the Licensee's zonstruction program, had it been in

1228 2% the time 3f the Licensee's construgsia:n 2grmie - = ih
."&:::c%ﬁav—n:surcncr*?n#t?ltxsf?. spch C¥ <ne Samp aitarnatives was aiscussed

~#1tn senicr utility personnely, es—well-as-with-their-staffs—=
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More Prescriptive Architectural and Ingineering Criteria - maybe

The Authorization Act requires NRC to avaluate the folleowing a1:nrnlt1vgf{
13(B)1 - adopting a more prescriptive approach to defining principal
architectural and engineering criteria for the constructicn of commercial
nuclear power plants that wouid serve as a basis for gquality assurance and
quality control inspection and enforcement actions.qﬁfn the case of the
Licensee s design err~r, more prescriptive architectural and engineering
crit erwa “would not have affected the Licensee's E:g?l,q;r No onc could have

foreseen the se1sm1c coeplicat1ons. dowever, 1f wne criterfz were expanded
to the design process. then ;4nn:n_a::sc:ip&#vo—o'vvooeh—uou%d—hiuo-uacouoreﬁ

the design document control deficiency . wriehns 1ot lmve sccovved.

Cenditicning the Construction Permit on the Applicant's Demansiration of

lés 38 ADYI1TY to Manage an Effective Cuality Assyrance Program - maybe

sl

A

The Authorization Act requires NRC tc evaluate the following alternative:
13(b)2 - requiring as a condition of the issuence ¢f constructieon permits

for commercial nuclear plants that the Licensee demonstrate the capability

¢f independentiy managing the effective performance of all cuality

assurance and gquality contrel responsibilities for the plant.;?'t should Le--
ncted that, it the time the Licensee recefved its construction pemmit, it

was among the better qualified utilities for undertaking nuclear plant
constructicn. At the time the constructicn permit was issued, 10CFRSO
Acpencdix 3 was not a requirement. At that time, the Licensee could have
sointed to its excellent record in the construction of-cther types of power
giants. It could have also pointed io its performance in the cperztion of

2 small nuclear plant. [t is un1i5’1“'1,2t the :)53 see 22LTd have changed
118 creccecures sufficiently to prevee:hzwe type of ces1gn er~or from occurrine
tnat resulted in the withdrawai of i:§ cperating license; however, the

recu}rement for;l dqmonstration g! 15311 if done today, would
- /s '0‘ ~1 -
' the ~ransfer of informaticn across interfaces. -
be vviamy A 0/.)///1(4nf‘ 2red (€% iR e s s e

oviNe PaAPER. @ -



Professionals
115 = yes

The Aythorization Act requires NRC to evaluate the following alternative:
' mcre effective evaluaticns, inspections,
- -~ bt Ll
D cnstruction Dy
industry or institutional {zation on best experie
R4

- o A Twe »=

practices.” [f dene-at the presant tin@; tudits by independent or

-
professional organizations looking at tne design process would have

identified the quality assurance deficiency that w~2s inherant in the

transmittal of information between the engineering organization and its
consultants, i~ = o ‘h e D Dot Y s AV, [ fRE VS gy
o . - r v & e # o “~ - cr i o Cirer Liae

P ~s r ' » D -

MA

JA Program - yes

ization Act requires NRC t2 evaiuate the following activities:

- reexamining the Commission's organization and method for quality

assurance development, review, and ingcection with the objective of

~

deriving rovemen n the Agency's pro

previcus sections of this Renort that NRC was part of -
ollowing changes ts RC's prograns would have mitigated
nted the development c¢f the desizn quality problems
discussed earl
fcdify the licansing review prociss fir a canssruction permit to cover

v
9 .2
¥/

)
N s L g S TN . ; .

the ¥ecensee-s ability to eff ive.y manage 3 project as compiex and
technicaliy demanding as the consiruztion of a nuclear reactor in

ccordance with NRC reguirements. TRe construction 2ermit review would
veiiecd » AR L @ e reaer E
e to have, been—Focused—omthe cesign procedures that the -
proposed to use and its relaticnsnis with its consultants A thcrougn
A
s b o 4 qe €25 N o
audit of the & ee—5 impiemeniition plem—fer its proposed procedures
might have been sufficient. 7/ st o (b= SLypr . :
s I i oL ,l/,‘/_ PR A ALt P TTI®
’ SR T RF o - e ¥ oV
L P) R, s
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APPENDIX A
EVALUATION -OF GENERIC KEY INDICATCRS
FOR CASE C STUDY

1.0 Licensee is fyliv committed to a program for assurance of quality

A.

Project management appears to firmly believe that their plant has
been and is being buiit with adequate quality, maybe excessive quality.
Certaifly, "It is their intent to build a quality facility.

v

This Licensee, through \ts construction organization, appears to have
supported a good QA/QC effort in the cn-site construction ‘Ct‘vjfgf?29gns‘,«u1
however, this diligence has not. .n all cases, exsended to matcrials
suppliers. Prior to 1982, suoa=1—ccn-1tn¢nt was o&v‘oosly lacking with
resoect t0 the eng1n¢cr1ng activities on the prciect. This is reflected

in the &ack ui‘minaqement follow=up that allowed the violations of

procedyres and inadequate management reviews apperent in 15/7 to remain

undetectad for four years.

Many of the management decisipﬂg over the years indicate an atiitude
of "do anything and everythfng tu expedite bringing the plant on line.®
The.current Independent Pesign Verification Program (IDVFP) and establishing

in 1982 the Proj letion Team under an architect-engineer's direction
reflect this attitu o;’iﬁwevcnv—%he—extent‘tn which-these changes-reflect = -
x real commitnent assuring-qualisy =ather than providing "cosmesics” is =2
not totaily cleaf. The apparent imcaiance between “cznstructicon” and- 2 —
"engineering® in assuring gquality is considered <2 ref1ect some lack of Q..
-commitmept’ at the top levels of corssrits manage-snt. ¢

Se
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2.0 Responsibility and authority are clezr‘.v_ defined and :zroperlv implemented

A.

At present, then appears to de cle-r;'ly defined policy guides
with respect to resporsibilities for authorities for nuclear power
plant construction and operational cuality. Apparently, goecd
exgerience in designing, constructing, and ogerating other types
of power generating facilities lea the Licensee to asiume that
similar procedures would be adezuase for this nuclear station. This
project has been a lgng time in the design and construction phase.
Contractor responsibilities and autnari'.tie‘s’ 59& c‘:':_a'ng‘.nq interfaces
failed %0 keep up with the formal .adon""\’ NRC regulations over the
past decade. This faflure occurred, at le2st in sarz, Decause the
Project has been on the vir'gz '0";"".31&!1&’ far acout eight years,
and the reed To change was not Zrassing nor IfCugnt necessary. The
Project Complation 7eam mbers jiterviewed saemes cleir 2s 0 their
understandings of responsidilitizs »ad authorities,

iradrrntrty #a 4o Shea ro/ea A& {he®
There was somc fyZzizess (n—shis——eserd—on—theoertofthewesidual
cnief engineers in the utility ra2iazive :JJMW
Segject-Gomsistisnlgam~ V7 O T,

The Corporate Manager of QA e resses a clear uyncerstancing of his
respensidilities and authority.

- -

- - . - e

sariy stiges, and—is oneuf—the—resssnsfar—tae—Lidenaes-orasant
Srees cam»?" There are no odsear/«tisns for tne srasant orsanization

o
’
A L Cmnsems - -y { Sow vy Q‘)n <A

a:mmww snouid t2ve ceen =:re formal in
the early program. The-Licensss's Ifarmsr TA sanicer—mdde—the—N\—o

statement that the early aments for ressongidilities were left
t0 :ne orzanization onsible for ~ork. This was a zenerzl
consensus. Everybedy supposedl; uncerstands :tne recyirements, but
zhose %0 take-Zare of his own resccrsidilities.
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3.0 Qualified work force 4s utilized

A.

Overall, the work force employed on the Licensee' Project appear
well gqualified. The Licensee's engineering staff had limited
nuclear experience entering ints the Project, and the stais was not
.Iargo' measured Dy present-day standards. "mn the onginuring
work force was not cualified, liser:] use of c-ns¢1.lnts or
contractors was emnloyed, ap arently for the most part, quite
successfully. d%«%qwn
tdecuate quality assurance procesures Se fn place and followed
carefully. This dces nct appe:r have deen the case with seismic
consultants and other early cantracsiori. The construction werk
forces which were empliyed appesr t2 have adhered
rrastices. Scme reservaticns evoived relative t2
s*a’f, These came, in pars, from imsres
neetings and,
{assector.

that

-
-

t0 geol construction
the corporate QA
sicns in one of the oriuo

in part, from opinions expressed by a regional

jmporimmcs /1% we (4
.

Sxporovend TR poverrine ; L
Ay Red—iuemiay TB0D @

-

Thors-withort—— -
el
Anly ones ca: ab'le of really getsing

£ an indecencen: srzanization
0141 #3¢ L2, e
- [ ol ¥

s s
ses—sa-/a/

4

vl | 4//.1 agprecrate
.- The Licersms d1d nct wRcerstancs

in the boq‘.nmnq vam
trainiag—--T : T

responsible for the task are
13 o€l suspe.
it done. ===

niz ac".vi“ A

@

-

- 4

-
-
“e ching
- - —

=

e 4

m

’ n(a-rt

4

v .'4“/
- B

4(6«/

-

< C B Fare

(>, ﬁ./(‘m-;/

DI

J@M

¢o

3 /l.' o

=

vz/m'/ o fét‘l‘hff; Mot {7;444' 5

Ho 2,

—
e

DRAFT WORKING ¢

SAPER
-



JRAFT WNORKING 2

instructions, - 8CU » anc crawsncs ire clear and acdecuats

Instructio: ' INC Crawings were not reviewed in detail
#part from those assuociated with

icedings for the seismic consylta
analysis. While the drawings were inadequate in this one case,
there was nc evidence of parvasive inadequacies in design drawings.
Further, the application of QA i3 the engineering activities was not

clearly understoed. It should ze ncted that the engineering worx
currently being done by the Preiect Campletion Team is cuided By

the utility's erngineering procezures and the AE's QA manual. Sinca
Nishybrid team has existed for less than one year, cne would be
sirsrised, indeed, 1# there have =2t been communications prodlens.

“wiisile

t was not pessible 20 o CesZ .y enough 0 1dentify dnysaueh —pec

v -

oweyer,

ALY Bt T
Presently, the quality crganizaszien
sign :nem,msa is w*&"{
engineering mintaining sole reszznsidilin
LI-Arde -ttty ra ety
by LIRS FEV TR TV IS N ,4;;;::~4__,_::._4n,..+-A—cr-wwvng—e.- ¢? 7-twc~1‘=-—-
P o : ! revie: - -
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£.0 Cualitv/DA Procram deficiencies ars soucht out and resgried oremotly

in
«©

~¢

A. This factor seems to ‘e stéggqu and lff!c£1v01y supperted at the

construction site. A BT DB i i g LB =

ey t0e "mirror image” prodlem indicates a weakness in this
regard in the engineering activities. [T must be noted, however,
that deficiencies, once d1sbovcrcd. have been promotly reported and

acdcressed.
.12 the sarly saus tidewis— orT .——%he~t4eeﬂsao-$alig~——ia“'
DR i 4 ST AIEY PIETPV I VIS - Sy

»

LRIt ve 3¢t ich procram is effective

A. gn8c, unce :hté’:’prabkr n@? ceen icentifiec. The Licensee has
Seen very resionsive o 1dentified needs for zareczive action:
-3 o Lo Adal o g R 4 i
- Aowever, QA program deficiencies may not nive teen regarded wih
E CA dets Lciom (o1 ; =
TTe same ntansity as construction defdedesesss-:: f2- 25 correctiie

2CTion was concerned.

3. Ne :zoservations made.

cesicn review activities detect anc resslve desicn deficiencies

*. The sricacures for desfgn revisw 2zzeared o ze similar %0 those
$.222837u17y used by the Licensss ‘n sne SO gh 372 ssmgTrugRlan
3f ther tyces of generating facilities. Among ctner things, the
sver:il cesigns are reviewed b caief (discitiine’ enginesrs. o

S272 were cdtzined on the numters anc tyces ¢ Fieid changes.

~ DRAFT WORKINS PAPER
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The "mirror image” and related problems represent 3 unique
deficiency in the area of cesign review. Although the probien

was eventually discovered ana {s being rescived, the discovery

was more fortuitous %ﬂtne result of an orderly process. At

the present time, of cburﬂ. very extensive reviews ars in progress.

8. Changes are made at the facﬂi‘.y/::l.m/t as required, The Licensee
seens to justify this by the fagy that QC people are engineers, anc
are often the people who ¢ e design. Therefore, they are .
capable/justified. Many jfistinces reflect that early-on engineers
¢id not have their desjdns reviewed. Changes are made as regquired
ard appear 2 bo,dpndnfcmi‘ny.

.3 Lasien ¢ inout d2ta {s aceguatelv c*1°--’ ed

- v
e . . - - -~ - ve v/ .l

P Wjﬂdoo (T Y Loms T “4"
PF 1™ it h lAn IR AR

A. . P‘er‘omnce ‘n this area was ;m&b” vfs‘ac..ory aur‘nj ..b!
original plant design crocass. ‘u-z was & Tajor brur.m»qw.
arc5301y -dud—30-schedule-seassuras (0 1877 in the ranc.ing of
Lo v s Aemigy; to & = 14
seismic diagrams. R—i;_mu*.acmu&%uor of‘orts are g Bt
currently deing applisu. especiaily in the IDVP. -

8. No cbservaticns made.

ve 0Qrsanizaticnal structure is csacucive $3 3tcainment oFf cualisty.

-
.
-

e Tault was identified wizn <ne “ormal orsanizatice ssrucsure;
however, the (informal) pcsition of zcwer cn the gart of
engineering is suspected <o “ive ceen 2 f3cesr in =esisting
n¢ acolication of an effsstive cesiin CA Crocess. This Teve’
of informal power now appezrs 2 nave deen significantiy erodea.

"7—0 éﬁuutwn

’ Acpendix 8 ‘*ﬂ——;fmbmw
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.a.

10.0 Planninc, scheduling, and budgetine crovide the resources to 4o the job

-

"

A. MSHH—#&MM%//TM engineering

A wu A deocd
problems which have been so castily W to have resuylted,at

thwtbomy v‘—' ,m‘-s«- Vi S

least in part from very heavy schcduh pressurts.AW raar /

o -l
u—&hﬂm—eﬂom_ua_ana-uﬂ#aﬁoww L7
procuced-an-—additional—sat—of-arsniens Thers x-u-t ne 1m*cuiot\1 m§/4
of lack of resgurces cummently, /it fo Chem wiejort, -

8. No observations made.
Cesicn s3ntrol srocess
A. As identified in numerous eariier indizitzrs. this i35 the major
v .;*7:1';433}' L: ¢h ociurred on this Trgjecs. luring the past year,
this has Deean Jweescorrectsd wich & very ex:iznsive IDVFE and asn
internal "icok-back program” inftiatad by the Project Completion Team .
2 e ot Aoy lrwm v ot cmrrdrg/ JOF & qp B>
8. In tne early cays. Pt wes nos -mn ")"'alfﬁ" icngamadirthe
ncﬁnuwwmm’"'» PRV Y, SULSTTT LAY RN -
1208 » &3 P ,,':4p,.;o~vr/».r* » At - VAT T i AT

AP) Pt 0D P
AGPk 22ckzce develcoment and control

A. Not investicated.

; ::sema:'ﬁ;ns made.
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A. A satisfactory evaluation of this indicator is difficult because
of the time period of this project. The IDVP consultant aud! ting

the QA program has conceded that the numerous, ignificant

s
deficieancies that have been fdentified are defizient by teoday's
standards, but not by the standards existing 2t the time the
srecurements were macde.

o tyec ey

The original sefsnic contract ¢id not specify a CA ‘cgran. In
fact, the emsv+eswt was rot riouirsd o exp! &Yﬂ n-c program unti)

:ng after much werk was :;%:'-.eﬂ_;nc_z*ﬁa*_.:avwanc_.*..Jt-
MMMW“’ Thers is sydgened on

s )

were asiced 2 prove their QA

, Fy - »
prigran befpre this

» ” ]
inticates that samedns understsod Sie-Fequirenent 3t an early tius,

_‘/,
dencordammanca cant-y)
lidioian tu Al 1R

A. Nct fnvestigates.

sbservations made

cccyrred 2T Che construction site.

welcers are qualified today anc a1l indicatiocns are that cansTruc=‘en
sriclices have always recuired we'der cuaiifizasion. o cbservations
T3Z& On Qther processes.

anination, test, and inscecticn canz»si

Tais point was not probed in depth, Sut NRC regicnal sta®f and exsressi
at the s‘te indicated that the cénstrucsticn site efores were
excellent.

He sbservations mace.

DRAFT WORKING PAPER
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bration control

NG clservaticns mace.

{ Shough ma;or probiems have res: tion
practices in engineering, the
the errer (2out four years after it occurred. Further, we were
advised by an NRC regicnal insgector that the records and traceabilit)

to construction (materials, heats, locaticn, etc.) was

/

xtansive and accuraza.

W—— . e Sl I

“ariy stages »f
\

- L Ll
.\‘ 1

docume~tad. Thers/is an unders
4

that this was aMad miscake
4

udits in the early vaare of the roject aopears 5o have

v

+0 those typicaliy <cnrne in prejests invelving cther
-Fhe’ e dpperre—tt—Se-ne—formalized =
program-of-2udits: svde b ofF (hm Aawga prerowS
waz s obhably el £ abrevg Siphkeois oV lhe A
PR Y 4 /,t;.a/f({‘/—.@ d’,t(y(_'/&t!/{/ wwepld e ve by "f“«)/
The augit drogram has been very exzansively ssrengthened during th

i =

past year, reflecting—imaH-Hixiihood—taet—swes—HaTking creviewsiv,

he dresant cragram includes auzis 1e2iv : Aswever, hey wvere 10°

veritiega. Im-% aa - . : Nt ans  gn
serfsgrmed. The Licensee had a =, Syt ihe prasiems they
4 " e et [ A 20 P PF "

ave experienced would indicate t=2: - s/stam to verify
A A e . LIl N V7 0 .V PP - Ve

imDiementationwas=noa-eksstens. - L5 3 e—thet early
’

p '«44»:.. e

recorts gave the Licensee . cn_cuaiity program
T:ZTQ‘EQ:J:'“%wlﬂfiG—‘mWQ gn 4 revied
carrespondence,.. O -~

=
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20.0 lcensification and control of materal {tems

A. This was only superficially investicated; however, a NRC regional
inspector specifically commentsd that the utility had heen far
above average in this regard.

eg/documenzation in the early
e, they had a2 strong desire 0
ingness 3 perform caused problem areas
is was a rmatural functicn of those responsible
th their engineer~ing philescphy.

3. The Licensee had noc formal
s:.asos of plant design; ho
pertorm well and this w
= be worked ocut.
ind geces alen

~ DRAFT WORKING P2APER
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APPENDIX 3
DEFINITION OF LEVELS OF QUALITY FLILURE CAUSES
OBt

'a.( The Deecest Sense of Quality Failurs

There are hasic underlying causes of quality failure, which clearly transcend
QA and QA programs. They can be characterized as broadly philoscghical. They
dre at the-extremity of the chain of causes [e.g., building a nuclear power
2lant without knowing how -- which has as necessary conditions 1) the kicensee
does not know 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
. . - PPvord ha sy
recommendaticns that address such philosorphical issues. ire, of courss, /
: Che S/ o '4’,
Apw root causes. For our purposes, we are cefining root causes a’:" more
sperative leval,

"y
¢

/ The Cuerative Sense of Quality Failure

(‘ itese are basic unceriying causes of quality faflure, which frequently
sranscend JA and QA pregrams, but not racessi=ily. They can e characierized
és general., They are nedr the end of the chain of causes, 5.t are limited te
where it is practical to bring about corrective action (e¢.g., lack of manage-
=ant comnitment). It is at this level that corrective actions often sreat
rany symptoms of poor quality. It is in this sense that <he term "roct causes”

: . > veot snoft
gozlies in this report.” There isa-Sheed Tevel which we have defined as
s/optomatic/procedural. B

1.8 Ths Smotomatic/Procedural Sense of Oualizy Zailure

- oibot Lhe rmmoden b 7 .
"Ese ire eme ciuses of quality asewmense “2°'ures. Thess ci- transcenc

<« and QA programs, but it is unlikely. They are characterized as dezaiisd
anc specific. They are intermediate in the chain of causes and, as such,

ire subcauses of (2) above. Recommendzticnas for corrective actions at this
Tevel are relatively easy, but are Tikely to treat jagiwidwer symptoms without
P e ek ;"t#v/‘!’"y CRr/SOTS -
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I. SUMMARY (OF FINDINES ]
A. latrsducsicn “
2. ZSackgroynd - .
C. Su=ary .

3LE OF C?"T"-'\IS

2I. 00T CAUSZS OF THE LICINSEZZ'S FROBLEME WITH QUALITY IN DESIEN

F

. fFrimary Rc0t Cause
. Se=ssncary Reet .Cause

iel. ADMEDIAL ACTIONS TAKEN 7D ¢

':i

O QUALITY PROELEXS
CINERIC IMPLICATIONS

Yo GMPLICATICES OF THE CASE STUDY FOR MRS CA INITIATIVES

A. Measures for Near-Term Opariting Lizsnsees (WTOL)

3. incustry Inftiatives

C. NRC Construciion Inspecsicn Progma
2. Eesx;"a:ed Rezresantatives ;
I, JMarzcement Initiatives

F. Cerzification ef QA/QC Program

“
.

“znagement Audits

To. JEPLITATIONS OF TAIS CASE STUDY AR DRI

A. Mcre Prescriptive Architsctursi i Zagineering Critaria

3. Cenditicning the Construction Persis 2n the ispiicant'
-emsngtriticn of Mis. Ability to “iraze an S%%eczive
Suglity Assyrince Progrim "

s ALC‘J. Inspecszion, or Zvaluaticns sv Assaciztions of

Frefessionzls Having Ex;cr‘ue in izzraprizte Areas -
‘anacwent Audits.

J. mprovenent ¢f RRC's QA Program

. Ceagiticning the C:nstrur'ion Perzit on the At
Commitments @ Sutmit to Third-2arty Aucits ¢
A Frogram

.
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QUALITY ASSURANCE CASE STUDY RORKI & PAPER
CASE €

]

~RY OF FINDINGS

introcuction

The Nuclear Regulatory Cormission (NAC) has undertzken 2 study of selected

nuclear reactor construction projects to determine the important factors' |
er roct causes that underlie effective and ineffective assurance-gf-quality :
rrograzs. Several nuclear projects which have experienced major qualitye-
related preblems and several which have not will comprise the study popula-
tien. Dz2t2 and findings from these site-specific studies will be used by
the KRC in the formulaticn of generic policies and programs related to
assurance of quality, and in responding to the Congress (Ford Amendment

1822-85 Authorizatien). This working piper. summirizes the findings frem
the third Case ;tudy.

ine Licensee of the Case € Study'had est2bliched its owi. in-house enginesring
end censtruction management ~2pability in the 1830s. ODuring the Jate 1640s
1y 1650s, cutside architect-engineer (A-Z) firms were utilized i
Seczuge of unusually large (post-wWll) system exsansica requirements. In
d-1820s, the Licensee's earlier practice of coing its own engineering
gnd ccnstruction management was resured,

Suring she lzte 1830s and early 1860s, the Licensee planned 2n amditious
cragram to construct several nuclear sower staticns. luciezr power was
*823Cnizec 25 2 new t-cnno1ogy ind tre Licensee Tock aciicns $0 presare
¥ for antry intO this field, inc'ycing having sase-vers &t o
constructicn sites of early muclear sower plants, participating in the-
cesign of & test reactor, and s.udyin; A-=‘s designs of propesad nuclear
slents. The Licensee cdecided to buils its first nuclear piant -- & smail
(<100M~e) power reactor -- through 2 “turn-key' contrict for design and _
construction. The plant was completsd in the early 1680s, 2nd the Licensee
soerates it successfully for about 15 years until it was retired. The
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Licensze capitz1ized en the turn-key Zesign and c.us.ruc.iop ‘vle1”y
familizrize its staff with nuclear 2csivitias 20 as...e.:::;c:s:: to
éngineer and construct subsequent nucliear plants. The Licensee had been
successTul in engineering and construzzion @ “vities on 2 viriety cf
¢nerating technologies, and related electric:’ transmission systems.

“wh

Curing the exrly and mid-1860s, the Licensee announged plans for severél
ruciear p1zn{s. :nv1ronmen.3t and/or seismic probiems, coupled with
intanse in:erven.ion. pelitical facters, load growth changes, 2nd other
censicerations, resulted in a1l but the Case C nuclear staticn being

led, Many of these factors were 2750 present in the Case C project,
resulting in significant delays and c:st increases.

The (2se C n weiear station is cemprissd of two larse (>1000%We) units
Licensee announced Units 1 and 2 in 7686 and 1858, respectively.
Constructicn permits were issued in 1383 2ad 1670. Unit 1 o¢ the ruslesr
station was largely complated by the nic-1570s ind ‘ust was received onsite

for beth units in 1875 and 1976.

Then occurred 2 series of required medifications to the nuciear szation
wnich*deiayed its completion. Inciucad in these were NRC regulations
retated 10 pipe-break-cutside-cont2incant which necessitated, ameng other
shings, relccation of a number of coniuits (1673-7%); fdentificaticn and/or
reconsiderztion of a seismic fault whish recuired such mocificaticns 2s
column s:ff‘ening. tank bracing, upgriding pipe hangars -and seismic
s;:pcr:s, ciephragm stiffening, buttress 2nd Toundztion meditications

Cs - -

1878-78); the Brown's Ferry incicent «nicn recuires mcdifications relates

- —— - — —

TS cadie screacing, inerting atmosphers, new cecking, and extensive concrete
ancher bol1¢ instaliation (1980)'-the I accicdent which required instailation

c? extensive additional wiring, sub-c:aled moniters, hydrogen recsmbiners,
and other madifications (1981).
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I

1t is important to note that, cver the time spzn of zbout eight years,

at lezst one of the two units had beea within ¢ few months of being
ccmpleted on 2 numbe~ of occasions. Thus far, Unit 1 has undergene thres
hot functional tests and three containment lezk tests. Unit 2 has undergone
cne containment JTeak test.

In Septs 3 ber 1881, the Licensee received ciarating 1‘ceﬁses for its two -
units. These were su;pended two months later following notification by the *
Licensee to NRC that the diagrams used to locate the vertical seismic flcor
responsa spectra in the Unit 1 containment annulus 2re2 were in error

T

riefly, the error occurred as follows: The Licensse had transmitted to its
eismic consultant 2 sketch of the verticzl loadings from which the consultant
w2s to0 detarmine the seismic response ¢

the skeizh which unit the loadings a:p)

"

pecira. There was no indication on
jes <o, tnough the consultant.uncer-

wood (correctly) that they were for Urit 2. The consuliant thought thit
Unit T wes 2 siidaziong unit (inste2d of 2 mir~or-image unit) and performed
e ans1ysis en Unit 1 based on that issuration. The information returned

0 whe Licensee was marked 2s “Unit 1" (in fact, the analysiz applied 20
271t 2, net Unit 7). The Licensee 2ccepted the data at face «alue as being
Ffor Unit 1 and, Secause it knew the glants to te mirror-image piants,
Fiippes <he data so as to be appliczbie to Unit 2 (in fact, the data in the
fepeé condition were correct for Usit 1, not Unit 2). The seismic reshonse
trz were now incorrect for both Units 1 and 2.

'
2

0
"

soe
Uson cenfirmation that wrong diagrams were used in the develepment of Unit i
cesicn recuirements, the Licensee reznaly:eq the design.requiremants for
w=it 1 ysing the appropriate containrgns 2rauius Traime orientation

ziagra=s and determined that, as a resyit of the error, mogivicaticns were
~squired to be made on 31 Unit 1 pipe supssrts. These modifications
iavolved such actions as ddding snubiers, changing the snubber size, adding
braces, replacing structural members, and stiffening base plates.
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There 2ppear to be several factors which contributed %0 this failure. ——

bad 4 \
5§ |
engizesring—episiitn  As previsusly stited, the Licensee had good
success with various .ypes of g"er ting projects it had engineered and
/'\~-A—-"' m
managed cver the vears. H:e. had worked for those ProJjects was 2ssumed

would work for nuclear projects ind, thus, the new prodecs
o - r“ ol iy /
inty an extéé;ng eavironment which &= no.,bee.,zdeaua.e1z podifies o -
haﬁdTekwuciear Qark. The Licenses's staff resisted tne imposition of
management controls required for issurance ¢f cuality that were 2pplied
elsewhere in the company and/or cn its contractors, A-Seatmiduiing

+ m n

-

; : )
N i€ 1181 > el oL |
- P
2ausred—by—theTUTTEIT process.  Their
a::i::de seemed to be that the e .1-e-'1ne orgenization was :zomprised cf
,ru.es jonals capadle of doing what is right without overlaying ‘/ﬁ*‘ﬂf?vu¢£l
quality assurance program on then.

:#""“msg.u!" c«aa:.‘-'—.‘:»;:.:g °?.C 0 e mm--'ﬁﬂ“‘hﬁ gIsyrance

fe-hd&-b-—g‘
of quaiity. <REgu1a ians for censtruction ¥ aue rLBSwer plirts cnanged

~—-

sonsiderably between the late 1980s and early 15&03 'SS:EI:ZEfxliailute-~
—P sty - g R $3 ;
on-the—pert—of the Licensee to coopietely understand the implications of
the ‘changes 2s they occurred. Further, and as previously stzted, the
Licensee was freﬂu-ntly within a zatter of months of bringing tbg¥p1ent‘(
ints cperztion. As pressure mounis 3 eraiets 2 prod ‘
| 2re often tzken. Actions that the Licznses micns e over 2 1onger ryn
would be different than those tzken wren Ppezrad that the project
weuid be cﬁﬁpietgd in 2 short i nuciear ciants wers

. - . : §
sianned. As time ::EE>QQ::325-L1:g-seO ddanconss pians for acditionzl
nuclear ceﬁetjfjpg capacity. gase C nuclezr station would be its
| enly nuc1i;r- pebility in the nexr term.

\\-

i

t‘ed _ S
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2. Secencary root causes included the foilowing:

. Faflure to understand and apsrecizte the potential merit of 2
Tormal institutionalized Q;— program. Thie is bs-:-ne—-—--i-n—;m&,g.zﬂs’.__

by the fact that the Project Ce: p1 on Team adopte A-Z's
qu2lity assurance program, even the 'gh they were concerned about
imposing 2 new system on the project at 2 late cate (the Licensee's
en-ineeriﬁg procedures were :intained, however). Sogicz?1§§=: ;
<S<uiees program deficiencies which had cccurred during the project
&nd the key indications of these deficiencies were as follows:

RS
e Design Control

A_.,."—W
¢ notscocument
n

e The Licensee's enginesring staff ¢i
contractors

i
important data transzitted to subcs
' - Werd-of-mouth transfer of desicn emfesis to subcontractors

cccurred

»

o Assigned cognizant engineers were (G bypessed in the
‘ information or approv r

< -
1}
1 ocEsses
"~ o

3/~ - —— :
/. Lack-2f fAinzernal ccuuun.cz:*cns &maong the disc p11ne3 nL_,Jl
exsssed within the Licenssze's ~-ga-1'ation

«U v M{{ - 2- -_— A -
3 s S el Lot -3
posaeragion e Requirements fer indssendent reviews ware not ~

gine
L

v

o Control of Instructions, ?rccedures, zné Drawings/Document

* .Contrc1 . 6‘*2%/;H\ e N

o The Licensee's enginesrng Iic nst ZeveicpaTormalized
aa,—aiea-ag-procec“ret 0 csmpiy with eerly CA program— — -
requirements

s Aar— b B

Noutdated drawings wers .s2s o es+eisld sh seismic sriterda
w.w &

D1agrams in Tieu oF relezss drawings were uses -« 2
‘contributing factor 3 <he seismic zroblem

 NOALT unDYKINE MADTY
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e Control of Purchasecd %ayz— 21, Equipmens, and

Services
—— . ~ -l dad 1 < - T )\»g;-u\
o Procecuralized activities were lacking to co n.rpj 2 &
interfaces with ssttontraciors ol ,
\) b‘\‘ '0-
o InTormal "letter-typs® contracts and documents were
used
o Service contracts were nct treated s ‘formally as .
* hardwere contracis '

e« Formal quality requ1re ents were not placed on some
swcontracters until the late 1970s

b. NRC's failure to Sell QA as & Management Tcol

&£

X &

fTenees moema the N2C recuirement for
, AR s RTE
quality assurance ceme 2Cross @s Just znother recuirement. The
» emphasis from NRC seemed to be on externzls; the trzppings of 2
QA program, rather thag {ts subgtance -- deve]c* 2 g& ugl
r g . 2 %‘F Al - TN h\? /3'\
set up a QA organizas1on. hizis :ended 0 1cse sigh of wna. it
w2s trying to ichieve and faiies %2 provid ace'ue.e gui 4ance e L
wnat & qualisy assuran.e program should de. f“-—Q‘iﬁ‘ ey S 1
\
B -14hﬂ~n4)r G)FN-f&ﬁy — :y—uaaahaug_a__A 1:; sl Sﬁx‘ﬁ:;p& é?Lﬁk

€. Llong Period of Time Between Incection of the Project and (perztion

As previously stated, the period of time between the issuance of

2 construction permit and the prasent has bsen zbout 15 years: This
long period ¢f time ~rea€1v ingrszsed the exdosure to changes in .
tschnolegy, to changing reguiiicry recuirersnts, ané to changing:
state of the art in technical zztters with the attendant oppor-
tunities Tor quality failure.

b ® |

In 2dditiom”
" i
Case S:udng

evelyztion is contzined in Ap

to the assassq

£) of sre

imary and ;g;fndary reot ¢z Ses, the
ard ters of ty. 1nis :
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i b .
CAUSES OF THE LICENSEZ'S PROBLEMS WITH QUALITY IN 22SiGi

the Study Team's evaluaticn of N2C's fi?es arng gther detumentation
) - AR Lf
rding the Case C Project and discussicns with a c,uﬁte views of cognizant v
see, and contractor perscnnel, the following 2r-e sropcsed as the /
ary and secondary reot causes of the Licensea's quaiity pretlems in the
cn and construction of its nuclear stiticn: . o

rimary Root Cause

-
-
.

The primary rcot cause emerged cut of several fectcrs which, taken together,
increased the 1ikelihcod of 2 design grror. These facters inciude the
sressure (whether real or feit) ¢o complete the nuclezr station, informal
ccmnunications across important interfaces, an inacdszuzsze 2gzolicasion of
guality zssurance/quality cortrol in the cesign process, 2ng an 2Tmosphere
¢¥ contenticn between engineering and cuziity assurince.

ws 2nd 2udits of the project indicate that <ne ss2%ion, 2s 1% existed

D

<

b ]
o
o

1872, nad been properiy anc correctly cesigned zn¢ cinstricted. --The

seismic and cther an2lyses (2t the then st2te-of-the-ar:) heé been serformed
0 the corrett contiguraticns and bases. - It was in the rean2lysis after ~-

fe egsential comoietion of Unit 1 in 1673, premstes Sy new seismic

S':: icns, that the design error previously dssarided sccurred.

~em the i{ssuance of construction permits for s=e Lizarsse’s auclear station -

T2 the present time was acsroximetaly 13-13 ye:r

-
"
-
+§
"
N
-t
Al
"

tris stetion one
o7 the longest, i7 not the longest, in the construciicn srocass.

-t
1
.

imount of rework resuiting from conssain:

y shangi=3 re%; sire=znts, coudiss

- - - .- - -
j4ey 22538, ‘rsvsases zae

«ith turnover in personneil and incresses fici s=358.,
(er feit) pressure to complete the fecility. As & “acility nears ccmpleticn
in a prestartup condition (2s the Licensee's station wis in the =id-

) 2nd new or changed requirements arise, tners is in evir present

tandency t0 shertcut procedures and ¢o formalize :ction iater. Such

cenditions increzse the possibility of error.
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Ancther facior which contrituted =5 e problem was she srezter use of
censultants and en;ineer%ng service cansrzctors then had teen customar

srodlems.  The need feor additional ex2ertise came with the nuclear requiree
TENts, and this imposes a change in Row the Licensee's engingering staff was

dccuctomed o cperazte. There seems %o : néve been a .erdewcy 10 extend

grouss. Cusgunary conirdls and review srocesses ‘or dealing with them
- L “*l':

wirs net,efves ..ve1y applied. These interfacing prodlems were increased by

the cecgraphicai proximity of the-censultants and engineering service
ceatraciors (a greater distance might have recuired more fcrmalization

<n the Licensee's other generating prajezss. . These multiplied interface

the
informality cemmen in close-knit engineering orcaw.za.aon t0 these outside 3

o‘

Citmunications). The Licensee and s consultants zad centraciors were

Jjust far €nough removed from the cusimzry level of infermaiity %o promsce

ihe 20ssibility of error and misunderstzncing.-

A well-ceveloped engineering team which relies heavily za informal communica-
tion amsng its memders has Soth sdvarn: *2C8S 2nd c.sacvan.zfes frem 2 qual

éssurance stancpoint. Such close conzzzs ge nerzily cantrisut &8s greatly ¢

ity of the engineering werk. A the same time, it can Create

g2grepnice] separation generaily resuirss 2 higher deg
o

in c::::n1caticn. Gecgraphica)l proxizity (working in

"
i

stancing is resched between the tzrifes invoived. In <he Case ¢

cinsulitants located in the immedizate zrez (city 2né suburs

Alazver, the distancs was-probedly graze ENQueh <h:

ot
r'
"U
o
o 3 V\

2l
rac:fces which are not approprizte in cealing cutside the erganizatien.
ree ¢f formalization

ne szne oTTice or
©ilding) can result in items being ¢iscussed suificiently that a cc“uon

Ty She practice of utilizing t22 imforma} cemunicaticns wizth Key
) develeped;

ity

-

e ———

S—

B e — AL -

B—— T
N ' '
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of the comments made by the Licenses's staff was "engineering viewed
heir consultants 2s an extensien of themselves." (1% should be noted that

ot

-

i

Licensee's staff assigned to the Project.Completion Team has been

nysically relocated to the A-E's Tacility). While the problem of intere

ace control cannct be considered the primary cause of the dizgram ‘error

hat occurred, it was clearly a contributing factor. Tne errer is indicative
le

-t '\l ot

(a4

ess than adequate procedures for design reviews and communications. -
- - »

During much of the préject. the application of quality assurance/quality
control (QA/AC) {o the design process was not well understood. It was
practiced in the traditional manner of cesign apprcvais. Changing requiré-
ments resulting in redesign, coupled with turnover in cesign perscnnel not
vemilier with 211 the ramifications of the cr1guna1 desicn, mazke the
gpplicztion of QA/QC to the design process increz ingly important. The
matte; is further complicated by the evoiuticn of <he 100FR3D Arpendix B
criteria and its vagueness. During the mestings with the Licensee, its
~=Z, and the regional NRC sta?f, there were repeated comments with respect
10 ongoing problems in interpreting 10CFR3) Appendix 3 criteriz and their ' s
2splicztien tc the engineering process. Ia additicn, csncerns 2dcut
infringing on “professionalism" and crea°1vi~y were expressed. These
tnsicerztions, pius the fact that the Licansee's engineering organization
wes very independent, contributed to their resisting true implementztion - -
and/or understanding of quality assurznce in that 2rza. There 21so ssem
<o have been 2 tendency to require, or 2zt ‘sast recsive, more-siringent
guality assurance from contractors than was applied o in-house sfforss.
This was verified by the NRC during i:ves“-a‘*crs in letz 1681 and s2riy
.532. where it was Tound that QA prac:d

e ....S-'oo,. garévipean !
Pl el -So-n-: e e e e

crgenizations were Letier than those .s&s ‘nterna]?y in the Licsnses's
ergenization. It is not entirely cle:r whether this reflected 2 difference
in the Licensee's requirements, or a ¢if¥erence in sractices. NRC inspsctors
mzce the cbservation that the Licenses is “toucher 2n i%s contractors than
cn itself." This attitude may have centriduted tc the 2:-parent success in .

assuring guality in the construction efforss, since essentizily 211 of thet-
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The engineering function in the Licensee's organizaztion was very streong;
strong enouch politically to resist successfully the imposition of management
controls that were required elsewhere in <he cempeny or for contractors.
Further, since many of the management had come out of the engineering
Yunction, they zppreciated its capability and had been part of its good

. . BRI AZDITI2 AN fuske TR
rerformance. They had not seen 2 need then to 4meest §;+4etngua1{ty s .
controls over®it.” It is also clear that the atmosphers, and regulations
for construction cf 2 nuclear power plant changed tremendously since the
late 1950s. There was probably 2 failure on the part of the Licensee %o
completely understand the implications of the changes 2s they were occurring.
Further, and as previously stated, the Licensee wzs within &
Tew months of bringing the plant on line 2on several cccasicns. Thus, actions
that the Licensee might take in a longer run would be different when it
écpeared that project completion would Se imminent, &nd no new nuclear plants
were anticipzted in the near term.

w
N

econgary root Causes

e 22sed on 2 review of referenced materizls, discussions znd interviews with
the License#, tne Regional NRC Office, 2nd analysis, the Assessment Team ™~ .
hzs icentiTied three secondary root ciuses of the cesign problems experienced
t th; Licensee's plant. They are: 1) fzilure to understand and appreciate
the potential merit of a formal 1ns:i::ti:naiized'ik program, 2) NRC's
Teilure 0 s21l quality assurance as 2 =znigen '

w
cr

nt tool, and 3) the long

=ericd ¢? time between inception of the sroject and tompietion: fach is
discussed in more detail:
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1. Failure to understand and 200recizte the :c:en;wa1 merit of 2 formal

Q& procrzm., As previously stated, the Licensee had 2 highly capabie
organization with many successful engineering projects behind then.

They had Feds an effort to crganize 2 quality 2ssurance program befcre \’;7/
the recuirements of 10CFRS0 Appeadix 3 became mandatory. The Licensse's
percepticn was that they always rad good quality and that, while the
new recuirement documents might change same things, it would not affect ~
the ;nderiying bases for their ¢:od quality performance. (consequentiy,
the early program was more or less a documented or procedura]izsd [ g ol

V'é etiampt—t meeting the requirements. It did not significantly affect ¥
the w2y that the Licensee had besan coing its engineering/cesign werk.
The'Licensee's past experience with constructicn enziled then to proceed
with the necessary controls in place and cuzlified peopie to keap them -
that way. Censtruction of power 2iznts wes "cld hat," and they knew how
to stay out of trouble and get the ob cone. hew QA/QC requirements were
accemmodated. When seismic (or ciher) preblems :zrose, the Licensse
reacted zs any concerned or conscientious organization weuld.: If 2

- mistake had been made, they were totaily willing to make it right.

The new Project Completion Manager {an A-Z employee) sazid that e had
reviewed the Licensee's quality assurznce program in -great depth prier ¥
te forming the Project Completicn Tez=. He notad that the-Licensee's
program had early weaknessas, but had made grez: improvesents through
He was concerned 2bou: imzesing 2 raw cuaiity assurznce
system (the A-E's) on the projec: 2= such & late date. In the end,

however, the A-Z's quality assurincs srogram wis adopted, even though

The vears,

tng Licensee's engineerin procsi.res wers mgintzjnes -- the igsiicatien
1 ¢ ’ s,..LA..,/'r i w«-{' _

Seing that the Licensee's QA ,rc"a- - P

et the A-E consi dered necessary ar 2 nuclezar p1anb.

e
The,list/ cbv?aus,sﬂ\q__g:am/ﬂE{\il;ni
: of.Ez;SﬁQEef1t1encwes, € cestrizecAmTezzien 1. C,
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NRC's failure to sell QA 2s a menzcement tool. As far as the Licensee
was concerned, the NRC reguiremest Tcr quality assurance came across
as just ancther requirement. The emphasis from NRC seemed ¢o be on the
trezpings of 2 QA program, rather than its Substﬁgse -= Cevelop 2 QA
manual, set up 2 QA corganization. NRC Genced ¢ lecse sight of what it
was trying to achieve. "NRC inspecticn emphasis seemed to focﬁ?}gn“‘

cperaticns, then on construction. The message c:nveysd was that the
most important arez was not design and engxne-r.nc..because KRC did °
: G n e &
not ef eC»ively prcpacate regulations or 1nspec~ 1n the casign and
engineering area. "NRC failed “to provide guidance on what a2 quality
assurance program should be. It did not have the technical strength
in suiTicient depth to provide effective oversight of design and
engineering QA programs.

Lencth of time between inception of the oroject and coerztion. As
previously stated, the period of time between the issuance of a
construction permit and the pressnt totaled about 13 years for:Unit-t.
This Tong peried of time greatly increased Lhe exposire t2 the normal
occurrence of events, to changing ragulatery resuirements, and to
changing state of the art in technical matiers. Politicz] climetes and
pasiic perception changed. Fmplicyees retired or moved to new jobs.
Many of these factors contributes to redesign. Redesigns mey not be 2s
completely reviewed as original cesign efforts, decause the personnel
2re not the same and the scope of rezview is generzlly less. Cae of

the major causes of redesign was :hznging seismic matters. Initiaily,
exper<s with impressive geolegiczl 2nd seaismological experiance
estuizted the kinds. of earthguduss-that might ¢ssur, That Type oF
information was given to the Licsnsee's consulitints t0 cescride the
loads and seismic response criteriz. There was no great experience in

seismic matters in the Licensee's srganization, ind thers was no cetziled
scope of the work that the Licensze specified for its consultants. The

saismic field was developing very rzpidiy. New dztz were ceveloped ¢n

v
V.

v

-~
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faults in the plant area. ‘Data from 2 seismic event in the region N
resulted in the Licensee's plang tef ng cesigned to two different types ¢
of ezrthquakes; a design earthquzke and cub:e-desigp ezrthquake. WE? \f
At that time, no cne considered the 2= 2lification of vertical moticn. ; 6;°‘
Even in 1976 and 1977, the earflier methods w were still state-of-the-are. .Mng§4

The whole concept cfplate tectonics czme into being during this peried.
:“er m2or causes of redesign were the aforemencicned Brown’s Ferry '
fire. the TMI accident, and cther charges in N33 resulaticns. This
Trecuent retrofitting resulted in the loss of mer2le on the project

&nd difficulty in bringing new emsloyses up t0 speed as turnover
occurred. A1l of these factors contrisutes 0 2 climaze conducive to
errors and quality failures. b

~

'!l

REMIDIAL ACTIONS TAKEN TO CORRECT (TURN 430UMD) QUALITY

RC3LEMS

The majer remedial ac.1on taken by the Licenses wes the farmaticn of <he Preject
Cem2letion Team. Approximately 275 of the Licznses! s engineers wire merged with

on
T S00 of the A-C's engineers to form & new proiect engineering orcanizasion.
The dasign and licensing functions were mergec into the Prcject Coempletion Team.
h2 project engineer for Unit 1 is a Licenses s= :aff memder; the aroject engineer~
fer Pnit 2 is 2n A-E staff member. The Licensze's ca1e‘ igineer's stamo still
gzoezrs - cérawings and its ‘isc1p11ne engineers cin ask .c— cocuzents to
&rErive, though they appear to be invelves in zn overvisw funceica. ~S

.srevicusly stated, the Project Compietion Tezm works-to the A-2's quality assurence -

z2nc2l and the Licensee's engineering manizl. The A-T s2s sssessad the forsgofng
07 2e 2 satisTactory arrangement. As the plaris become sper
1

£3277 will chase out and the Licensee's s=:<< i)

1

z:icaa!, the A-I's
2c2in resume responsibility

o i
neingerin

"
ul
-n
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S2sed on the informaticn reviewed and 2nzlyzed by tne Case £ Study Teza,
severz] poessible generic implications, or lessons, emerge. These are high-
lignted for each case study to prov1de fnput and to *e1p orm overzll cenclu-
sicns concerning factors which constitute important elements in nuclear plant .
onstructicn quality. The first four address Licensee implications; the last

A. Nuclezr cower plants are complex facilities, and Licensee management must .
apnrecizte that fact. The engineering desicn and construction crectices

aoolied to fossil fueled olants are not acdsguate to assure cualitv in

. 8
nuclear olants. Licensees which have designed and constructed fossile
fueled power plants only should not sxpect tihat thit experience znd technoicgy

dlong will be adequate for undertaking nuciezr plant uonstructicn uncer the
present regulatory climate. One differsnce may be that the Licensse's
mznagament must be proactive and knowledgeable about-how to zchieve guaiity
in nuclear plant design and constructicn. A cemmitment to cuality by t2p-

2 managerant is necessary, but not sufficient, to assure quality. (Almest
without exception, tcp management mzintains 2 pro-quality stance). There_ .
is no-cuestion that the Licensee's mznagement wanted 2 quality facility. At
the time of the Site C visit, all indicztions were that it was achiaved 2s
Tar 2s construction was concerned znd, zpirt from the seiscic dcei;n error,

o it zppeared to have been substantialiy achieved. in the cesign.® A1l this
szems 1> have been achieved more by srevicusly lszraed: gc0¢ practd

ey
“°

‘\25 ‘.f.n

A.G.—-_-..-I.Jur
Sy the applicaticn of a formalized azproach to quaiity.- -Management jacked

s reoorted by the Project Completion © e-m staff that the Independent Design
icztion Program (IDVP) which has involved atout :O personnel, had exzmined
snte nmen. ind other systems in consicerzble detzil. Pernaps 40,000 to

’ Terent items had been looked 2t. Only 53 neecec 2 more detailes znaivs:s
¢, of na: number, oniy 8-10 were classified as 1eg1.1rz.e design errors. Al
stens wn1ch included them were judged capable cf perfc erming their Tunctions

b Y |
" ot
1
.y

“ 23 s airv

e oan
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znzﬁnders.¢7d1ng of how to institute @ proactive quality assurance program
in ths dasign precess, even though or perhaps Seczuse, much of the manage-
ment came out of the engineering orgznization. They knew the design process,
hag csnf1‘ence in it, but apparently hadn't thought or expressed how major
quality -‘-feas =5 could arise (i.e., where the weak points were in the
design crocess). The NRC Reg1ona1 of¥ice 2iso indicated thzt there hed
Seen an engoing problem in interpreting 10CFRS0 Apgeridix B criteria 15 -

- their app41caszon t0 engineering The Chief Executive 0Fficer noted that

it was not until the 1873-74 period that guality assurance was actively
consicered for app1icat1cn to the design process. By that time, much of
the design was completed. Since quality was 2lrezdy thought %o Se part

¢f the design (and apparently it was) it was consiiered unnecessary t9 put
in @ different quality assurance program for the remaining werk (which
proved 0 te Tar mere extensive than thought 2t the tize). The fact that

the Project, ~gwa oted the A-I's quaH;y Ess'j-'ance program is
indicztive oF ».ekgwcense. s

Fosdessiindd - )X
f sz aply Gee“*y the design/construction process for nuciezr o
;'nar.:s.« 22 D &-»)9—*-»*'-*—*-&—4',- g,

A

_A licsnses needs to understand its own corporate limitations 2s it under-

t2ke$ 2 nucliear uvower project, and net overstey its cacabilities.. xhe

czpadilities of its contractors must aucment the licensee's :ﬁ:f“of ‘? v
experience or engineering, procuremsnt, censtrueticn, and management Qu_reﬂr$¢ziﬁ
&RCETsee6. 1he Licensee recognizs its%%?am and, as

stzteé. mede use of a large number of consultants (Section IIA). What

dsozren went unrecognized was the evclving requirezents for engineering
supsers cver the 1ife of the project, necassititec in zart oy changing

reguiztery requirements. It appears thzt & licensse's enginearing staff

not invoived in the continuing design of zdditional nuclear plants has
¢ifficulty staying current with the stzs2 of the zr: in nuclear technoiogy
rezuiation. A licensee's enginesring staff invelved in 2 single plant

is not 2s likely to assimilate advanced procecures that the industry 2s 2 -

whole hzs ceveloped. As previously stz<ed, the License2's Vice President -

"
e |
o

¢¥ Znzinsering made the comment that the Project Cempietion Tezm #pproach
sresented & good learning experience for his staff.
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e Licensee must be committed to cuzlity from too manzcement down, and

-
.« iU

hr

oe gffectivelv communicated bv

(&

<es

-

manacement 2nd manifested in

s
rocecures and controls. It is helpfu

when the licensee recognizes that

an assurance of quality program properly conceptualized, structured, and

.mp1e gnted can be an effective management

+001 that c2a be cose e"ec.1ve.

management attempts mp1enent 2 "canned QA" progrim rather than an

assu raﬁca-c.-uual1.y program, it can be

ssen as threatening to some, and = -
s an_ar~1.1c1a1 laying on of another system by cthers -- 2 svstem with which
cne must contend, but one which has no usaful purpose or functior.

ihe preblem is complicated by a number of FTactors if quality assurance is

ssen 2s 2 sups;f];ys systenm.. For inssan
S

mocdels, and calculaticral methods will ¢

errors, such as the diagram error, which
wey pre-TMI, but was considered anotner
evolving pudlic standard that has somathi
;e:nno1ogy and risk-free cperation, 2nd

commitment t0 quality must be sustained.

becsme more complicatad. Events //"f
w111 cccur—during the construction 1ife of 2 plant that will magnify <§;Z:2 |

wouid have been considered one

wey

3

there has bezen 2 Jong history
qua11gy dssurance.
:y the Licensee was that, cver 2 long pericd of
changing criteria. There will be changes in the stzte-of-the-art and

poS
to
trese 211 feed the Nuclear

regulatory Commission's drive toward raises standards. Ami¢ 211 this, the

Among the lesscns learned
time, there will be

L

sy

(j/u‘:l 5

»

\

FS

t-THI. There is 21s0 2n

\§ 

40 with perfecticn of

Another complicating factor was that serscnnel in NRC change, 2nd the

interpretztions 2pplied by these persanre

m2de thet in 18586, there were 20 safsty

i

- .

s8S InC they wers vague -- now

-
-

-~
-

|
hanged 21sc. The comment wes

there 2re huncreds of reguiatory guices ans they are writien in consicerzdle
et2il. That was the changing envircament that a licensee's engineering
7T had to deal with and still susz2in cuality.
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NAC needs to focus more on the effectivenecs of imnlementation of *he

cuality assurance preooram and less on the trapsincs of Licensee programs;

e.g., less cn the QA manual, crganization charts, where the QA Mznager
reperis, and paperwcrk per se. rFor example, the QA guidelines for design
need zcditional explanaticn. There is a lack of understanding of how to
effectively apply quality assurance to the day-to-cay design process.
S2sed on the “results of the IDVP rescrted by the P:ojgg: Completion Téan,
cne weuid not expect Tind large numbers of quaiity-related problems

-

in the design process. Any design-related quality assurance program must
deal with this fact. 'The designprocess may inherently contain a high
degree of assurance of quality. Perhaps for this reason, it has been
¢itvicult to formalize an scceptable QA program for design. The Licensee's
former QA Manager stzted that the e:rly implementztion of 10CFRS0 Appendix B
wis manufacturing-oriented. That orientation, together with the serception
that QA can't be eppiied to the engineering process, are barriers to its
adcption. He noted that it was very difficult ¢0 instill QA into the

inesring process beczuse it requires an attitucinal change. KRC needs
t2 address the issue of assurance of quality in the design/engineering
process. '

The Manager of Nuclear Power Operaticns highlighted the preblem this way;
he said that the idea was perpetuated that, if one had the paperwork correct,
one had a proper QA program.
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. LICATIONS OF THE CASE- STUDY FOR NRC.QA IRITIAT&VES

)2y or under stucy & number ¢f initiatives which are designed
T2 estadlish additional confidence in the quality of design and construction

gctivities, to improve .He maragement control of quality, and/or 10 improve
the NRC capability to eva.ua:e the implementation of Licensee programs. The
initiatives ar

e descrived in the NRC Staff Paper SECY 82-352, "Assurance of

Suziity," and subsequent correspondence en the Cermission and the NRC

. 0One oF the purpeses of this Case $tudy is to provide fesdback regarding

the relevance of the various initiatives to the Case C Licensee's nuclear .

scastruction project. Subsequent paragrz;hs tzke each initiative in turn &nd
siscuss hue;ne* the initiative, had it besn an ongoing activity at the tine of

e -.csnsee s design error, would have =ide ¢ difference; i.e., would the
initiative have prevented or at least mitigated the design error that has been

o
r‘
L
i

Sisucssed, eariier. .A more compliete discussion of the scope and details of the
vericus NRC QA initiatives may be found in SECY 82-252 and SECY 83-32, "First
Zuzrterly Repert on Implementation of the Quality Assurance Initiative." Most

5T these initiztives were discussed with the senior management of the Licenses.
it is believed that they agree with the Stucy Team's evaluztion of the:
irziicalility of the initiatives to the cssign error problem. g —

. Measyres for Near-Term Operating Licenses (NTOL)

1. . Licensee self evaluation - maybe

his initiative applies to action tnzt would tzke place when-the
iceansee is in the preocess of recsiving its cperzting licesnse. It
n

recuires that the Licensee examine sslected porticns of.the engineering
s

re

cesign or construction. Mad thisdssrm e r

B guirgment, % is cuits 308
tnat cne oF the design arezs 2ud it8d would nave relzzsd o seismic
consicerations, since that has besn such a major ccnsideration in the
design and construction of this particular nuclear station. This
review might have identified the error that aciually occurred, and J//
should have identified the semewe: -rcdiem of design document control. . ke
+ A licengee self-evaluztion would sermit 2n evzivaticn of the project

frem beginning to end and weuld

ermit the Chief Zxecutive Officer %0

M

-
tate that the station had been built according to its commitments.
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1

Regional evaluation - no

The Licensee regicnal evaluztion is an acticn that would take place
when the Licensee is in the process of receiving its cperating

license. The effect of the regicnal evaluaticn could be similar o
that described in (1) above. The scope of the regional evaluaticn.

wouid have to be expanded to inciude detailed design FEVieWaf—';JTT\;

Vi e b a«%t ~he {*&*M.’Af:;« (e €

Independent D2sigp Verification Program (IDVP) - yes

‘

The Licensee JDVP'is an action that ta2kes place when the Licsnsae is
in the process of receiving its cperating license. The IDVP would

have 2pplied in the case of this Licensee's plent in which the design

and construction are essentially completed. Design verifications can

oe pertormed 2t any stage in the design, but the most preductive period

i's when the cesign is essentially cempleted.

it is likely that an IDVP would 2écress cne or more of the sensitive

-y

the seismic problem as stated unier (1) above znd, since an IDVP is
re225ly more thorough than either of the evaluztions—in {1) or (2)
ahove, there is an increased pros:bility thzt the diagram errsr and
design document centrol deficiencies would have been found..

Design augi;;—;;;\B!\xsry sensitive issues; e.z., one mey tudit

grother's work., Ci2re woultsaus 30 be zz.e-

u

-t
Wi

issues before non-teghs

ssues re?itﬁng <0 the plant under review. This would hive inciuded -:

-

™ airing highly technical

.

N
/
v
\
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INPQO "Construction" audits - yes

The phase 2 part of INPG "Constructica” audits now considers design. \
Such an audit should be as complete 2s 2 licensee's seif-initiated

udit. It is quite possible that an IIP0 "constructicn” audit would
have detected the problem that cccurred in this Licenses's plant;
Sestainty, it would have identified the design cocument control v/
ceficiency.

tility Evaluaticn Using INPO Metioc - ves

This’measure s basicaliy a self-evaizition using the INPO methedology
devised above. It is 2 design auiit cavised by INPQ using self-
evaluzticn review teams. This review is estimztad <o require up to
1%,000 manhours of effert by the Licsnsee. The review tezms are often

le2d by representatives frem the A-Z, :ut who were not involved in th
criginal design. The team inclucss Litensee personnel. Such an
eveluation would have identified Zccu=snt contral deficiencies that

occurred, and possibly could have icenzified the actual error,

~

Revised procedures and increised rascurces - yes (if included design)
This perticular initiative 2pplies <2 the cecAstruction program. The
ceticiency found in the Licensee's szt reiatss to cesicn and net £2
construction. If this initiative were expandec t2 incluce design, then
it weuld probably have detected tne Zssign cocimant ‘esntrol deficiency.

Construction Appraisal Team (CAT) Inscsction - 70

This initiative appiﬂes t0 the csastrusticn phase; the Licensee's
quality problems occurred in the cesizs phase.

T T R N T W

(:M“ :

o= P S~
lomoivie

$ron

€ Censtruction Inspection Progcram a;f;d e e FCl el T

L
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ecrzted Design Inspection - yes

"~
e |
ct

ne integrated design inspection is an action that would take place
when the Licensee is in the process of réceiving its operating
license, though it could be done befcre. For the same reasons given
Tor the effectiveness o‘ ﬂeaSJres for Near-Term Cperating Licenses,

the integrated design inspec*1on would 1ikely have.uncovered the design

Evaluaticn of nepor.ed Informah1o1 - not likely

This initiztive woqu computerize 10CFR30.55e and Part 21 reports,
Tacilitating trend and other analyses of these event reports. This
anzlysis provides an additional cross-check on the quality and cperztions
&t the Licensee's site. The type of gquality failure that occurred 2t
the Licenses's site is not unlike errors thet result from lack of
{nterface control. Possibly, the reperting of similar preblems in other
piants weuld have been useful to either the NRC Inspection and Snforce-
st2ff or to the Licensee's engineering staff im looking for errors

Desicrzted Seoresentatives - maybe

At the time of this Case Study, it wes unclear how the designzted represent:-

svstez might be implemented by the NBC. Generzlly, it has been

gonsicered to 2pply to the constructiszn process, and not 0 the design process.
“Cwever, the FAA uses designated enginsering representztives (DER) who ere
emslcyzes cf manufacturers, but are csputized by the FAA to review 2nd

vgrify serizin elements of design. (Toere :ire 2iso cesignztad manufacturin

“)

recrzszntzsives (DME) who verify that tnz 2ssembly or fzarication process

czeptatie.) The DER could be useZ o spot check the design or design

srocess.  However, there is every rezson io believe that this initiztive,
-

deTiciency that the Licensee experienzed, and vamy possidiy the error itself,

nazs

it Seen in affect, would have unciversd the design cocument control

seismic analyses been subject to ZZR review.

¥

v/
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ranzcereant Initiatives

Ve

()

Seminars - yes

Seminars similar to those that the NRC Commissicners conducted in years
past, &s well as seminars by trusted utility executives who had design-
related problems would probably have been helpful in bringing the
Licenses's management to an increased 2wareness ¢f the importance of
quality controi measures in the design process.

Qualifications/Certifications of Quality Assurance/Quality Centrol
Perscnnel - no

The o=oblem that the Licensees experiencsd did not relate to whether the
quality assurance/quality control personnel were certified or not. It

reiated o the institution of acesuzte qua)ity 2ssurance contrsl procedures v

%

5 .. 3 - Law i Lo~ " -
ih the design process. While,scmz o7 the top quality control =zn2gers fe:
that the Licensee employed ma2y hive been less 2¢gressive than desirsd, it

is coubtful that certificaticn of these personnel would:have changed the -
situatien.

Craftsmanship - no ol

The quality preblem experienced by the Licensee did fiot have to do with
the tra2ining or skill level of crafismen.
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F. Certification of 0A/OC Procram (SECY 83-25) - ves

Hed the NRC initiative related to certiFicatien of QA/QC programs been in
et

ect, it is 1ikely that the review ¢f implementaticn of the program would
nave acdressed the design process and, meore particularly, the intervaces
cetween the Licensee's enginee*ing staf¥ and its consultants. The result
wnu‘d,?ave.beeﬁ a recommendation for more formalized transmittal of ) (P2
information between the two, and such an zction couJd have prevented the :
preblem that the Licensee experienced froa occurring. g

Menzgesent Audits - maybe

Menagement audits could have easily identified the lack of formality in
transterring information between consultznts and the Licenses's engineerin
stafT.- Having highlighted the deficiency, it is likely that the Licenses
weuld: have corrected it by putting ints effect improved procedures. However,
had the engineering crganization resisted the impositicn of improved

sroce CJr-s, it might have prevailed. "o

- ¥i. IMPLICATIONS OF THIS CASE STUDY FOR THE FORD AMENCMENT ALTEZRNATIVES

Section 13 to NRC's 7Y 1983 Authorizaticn 5§11 recuires NRC $0 conduct 2
study of existing and alternative programe For improving quality assurance and

¢ ty centrol 2t nuclear power piants under consiruction. This Sectien,
c2iied the Ford Amencment, requires NRC to icock in sarticular at the feasibility
ang afficacy ef five specific d'ternative program concesss. (As 2 part of this
-2nziyvsis, each alternative concept was eviiuatsd with raspect t0 whether 1t wouic
hzve mace 2 difference in the Licensee's zenstruction progrim, had it been in

g 2T the time oF lhe Licensee's comstruc<isn permic. As was the c2se with

¢re aizarnatt IVES was giscus

v - wng 2u3Vity assurance initiatives, each ¢f tne 32

with senier ut iity personnel, as well as with their siaffs.
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Audits, Insoections, or Evaluations bv 2ssocciations of Professionals
Faving Zxpertise in Agcrooriate Areas - Miracemsnt Audits - yes

The Authorizztion Act requires NRC to evaluzte the following aiternative:
13(5)3 - enccurzging and obt2ining mere effective evaluations, inspecticns,
or audits of commercial nuclear power plant construction by independen;
industry er .ns:itutiona1 erganizaticns based on best expérience and
practices. I¥ done at the present time, zudits by .nde,-nden
professiona’ crgapiza:1ans leoking &t the cesign process wcuIéﬂheve F“ :
identiTied the qua]it} assurance deficiency that wa2s inherent in the
transmitt2] of information between the angineering crganization and its
consultants.

Imcrovenent of NRC's OA Procram - yes

The Aythorization Act requires ﬁRC te evaivate the following zctivities:
13(b)4 - reexamining the Commission's organization and method for quality
assurance cevelopment, review, and inszection with the cbjective of
ceriving improvements in the Agency's program. : M L Bt

It is clear-from previous sections of this report thzt NRC was part of ——

the prebiem.  The following changes to NRC's prograss would have mitigated
and pessibly prevented the development cf the design quziity probiems
discussed ezrlier:

e

e Licensee's ability to effectivety maznage a ;roject &s compiex and
techn1c=1:y demanding as the cecnsirustion of 2 auclezr reactor in
accorcance with NRC recuiremenss. T Re consstruction sermit review would
need to have been focused on the cesign procadures that the Licensee
propesed to use and its relationshiz with its cpasultants. A therough
dudit of the Licensee's implemenziticn 9i!h—végfits prososed procedures

—~ might nave been sufficient.
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As part of (a) above, the Licenses would have to demonstrate its
capability to effectively manage & QA program. This is Ford Alternative
13(b)2.

c. Revise the NRC inspection program to 1) focus more on the design and
engineering aspect of nuclear plant constructicn, and 2) increase NRC

presencs and czpability in the regional offices to review design -
srzczices. Part of the reason for NRC's failing to reccgnize the

preblem was the lack of NRC inspecters and personnel that had a,direc. .
fnput into the design process.

d. EIxpand the scope and depth of the licensing review for the Licznses's
quality assurance program. While the Licensee met 211 the quaiity
essurance requirements in effect 2zt <he tiﬁe of the cesign errcr, 2
quality assurance program review wnich included a review of actuzt
implementation of the program weuld have revealsd z weakness in the handlirn
of design data, especially that bstween the Licansee’s engineering
organizztion 2nd its consultants.

-

gnditioning *he Construction Permit 2n the Aoplicant's Commitsents %o
2%

h

9_ihirg-Party Augits cf His Cuziity Assura-s e_Fra:ram - yes

m
L L

O

.o ——
- i

ne Autherization Act requires NRC to evaluzte the following 2lternztive:
}3(b)5 - requiring as a conditicn of the issuance'c censtruction permits
for commercial nuclear power plants th2e the Licensee‘c:ntrtctsf meéke other --
arrangements with an indecendent inspzciar for zuditing quality assurance
res:snéibi]ities for the purposes of verifying quality assurance performance.
~n incepencent insgecter is 2 third °a'-z wn0 hés no ressonsibilities for

. tne cesign or construction of the . piast. This 2iternztive, 2s it zppiies
10 this Case Study, has been discusse:z uncer Ford Anencment Altarnztive
(C) above.” It is believed that, had this initiative been in place, it
could well have prevented the Licensee ¥rom making the error that cccurred.

A simple review of the quality assurance procadures that existed within the

gesign organization would have reveaizd this cdeficiency.

B R R N N Sy e
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APPENDIX A
EVALUATION OF "GENERIC KEY INDICATORS
FOR CASE C STUDY

-

Project management appears to firmly believe that their plant has _
been and is b2ing built with adequate gquality, .-.:aybe. excessive quality. -
Certaifily, "it is their intent to build 2 quality facility.

This Licensee, through its construction crganization, appears to have
supported 2 gocd (GA/QC effort in the cn-site censtruction activities;
howsver, this diligence has not, in 211 cases, exiznded to materials
suppliers. Prior to 1982, such a czzmithent was cbviocusly lacking with
respect a e ir_zﬁweenng activities cn the projest. This is rerlected

in the Seo=k of manzgement follow-up thzt 21lowed the violations of v
procedures and inadequate management reviews zss=eat-ir 1977 to remain
uncetected Tor four years.

Many of the management decisions over ths vears indicate an ztiituce 20

e¥ "do uyth'mg and everything tc expedite bringing the plant on line.® 3

The.current Independent Design Verificztion Progria (IDVP) and estzblishing

in 1982 the Project Completion Team uncer an architect-engineer's direction

. reflect this attitudes ; :
e RA

M&Ay.m.p#neﬂparmm. Censorocetoa~and. o
umeer«;c—wwrww*ﬁm*’ﬁzcﬁm
csTmisment at the oo lpvels of copssrss: ganicemess.- L

S
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| -2=
- : : Yold
nere {s evidence that when the Licznsee initieily set up izs R
CA/QC program, they appointed an oid I.ne c-—s‘*uc.wcq.er'1r~-- S vl
ve PRI Lar.)-L._"V"
to the Manager pesition. A1so, e ?‘ﬁ?T‘tetth‘ ne Licensee who
knew :ue most about q;al;za.,b.l~.epa» was transferred 9 ancther

‘unc.zog. Ccr,crafZLQA does aucit facilities cn 2" pericdic basis;s .
however, general understanding by usoer manage@nt would indicate
that they would not see the need 3 2udit from 2 management standpoint.
There was much talk about enginesring taking cire of its cwn problems |
ds they arcse, but did net indicite a formal program for corrsctive
CTionRadAtyma-ponsInE—tanesen.  The Licensee has tiken grezt
care 2 separate quality assurancs From qualiity control. Its feeling
is that the QC functicn is the responsibility of the engineers or
<he respernsibility of the erganizaticn whe wants the werx cone. There
dre many instances where the engineers ¢id the design and then went

= the sita to oversee ¢ .ructf:n‘and sclve zreblens. Comzany
“ c. - - 4
serscanel seem 0 b¢—4~:a+é-a¥ tas soncept ¢F SA or 3C heving accass

% t2p managements.

— - Y- - e

id > &> -&J;:--&h-uh . -

ticn thet they were required to osedaSiel Soa— byl . At
the present time, the Licensze re.Luv has an zgsreciaticon of what they
) & N 2 3

rzve spent because of faddume Sn scdent thedr gngineering 2ctisns.

- 2 wﬁ Q - l ‘ -

:n the early days, cost/schedule :2ic, cverrice <A/0C funced Tne

A?e::
ey were coing everything correctiy. Thers is much evidence =2

Licansee had much pride in their t3<iisies, **“zve'. an

‘ndicate that they were willing == 2czis shefr limitaticns 2nc sask

“2is for seismic werk.

- -

AL
'

snsarssaad-cag soneepl. "QA" s 2 Tarm uzed oo describe ...‘xg Creanizdes—o
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o

nsibility and authority are clezrly defined 22 zraseriv imala=ented

3

-
"
v
-1
n
w
™
s
[

» there appears o be clerly defined poliicy guides
- \ &.‘\

wWith respect to0 responsibilities €5¢ authcrities for nuclear powar

plant construction and cperaticnal quality. Asparently, good

exgerience in designing, constructing, and ozerating cther types

of power generating faci’ ties led the Licensse ¢ assume that

similar procedures would be adesuzss for this nuclear staticn. This

project has been 2 long time in the design 2nd construciion phase.

Contractor respongibilities and aut g;thfgs ind changing 1nterfzcas.
f21led t5 keep up with the formlizzt ogj;ﬁzrgEL;t;ulz icns over the
Past cdecade. This Taflure occurrsd, at lezss in sars, because the
Project has been on the verge cf Tetd Tar a2out eight years,

anc the need o change was not ;ressing ne °hcu;h: necsssiry. The

project Completion Team members interviewed sgemes clear 28 to their
understandings of responsibilities 2ad authorities.

There w2s some fuzziness in this resard sn ¢2s part of the residual
chief engineers in the utility relative 20 their relazicasnis 2o the s
Froject Completion Team.

The Corporzte Manager of QA exsressed & clezr yndsrstanding of his
resconsibilities and authority. o - .

inere is evidence that this 1S sne area that was very weak in th
stiges, and is-cne of the ~gassns for tne Litensze's presant
recicament. There are no odservitisng for ine presant orjanizitien,

szrly

"2

siner thzn they are aware that Tots fhouid Agve seen msre formal in
the early program. Tne Licensess's Tormer CA m2inager m2de the
stitement that the eirly requirsmsnss for ressonsidilizies were left
%o the srganization respensible for work. This was 2 zaneral
consansus. Sverybody suppesedly uncarstancs the regquirsments, but
chose to tzke care of his own rassonsidiiicises.
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3.0 Qualified werk force 4s utilized

A

s

well qualified. The Licenses's engineering sta#f had limited _
nuclezr experience entering ints the Project, and the staff was not
1ar;e|y»we-s red by present-day standards, -.erﬁ the enginegrini. to-
work force was not gsualified, iiteral use of ;:n§;1:znts or LA
contractors was employed, apsarently for <he sost part, quite
successtully. The use of many non-Licensee entities required that
acesuate quality assurance procecures be in piaca and followed _
carefully. This.dces not appeir £2 R2ve besn the case with seismi
consultants and cther early contrzcsors. The conssrucsion werk

forces which were employed appesr 42 have zchered o geod construction

\
Overall, the work force employed on the Licensee' Project appezr
|
|
|
|
|
\
|

practiccs. Some reservations evolived relative to the corgorzte QA
staff, These came, in nart, frem {msressicns in ocne of the group
meetings and, in part, from opinions expresses Sy @ regional

{nszector. L
ke ld ot

o T G
The Licensee did no: enee====m=¢=nh==eé?£er’:r ned Cow==y seople o

in the beginning. HMany pecple were sut into i fgnctions without
training. The Engineering Maniger Q S .v,;s Tzt the secple
resgonsi ible for the task are t5e 2niy ones ca:zbse c¥ rexlly gateing
-4 daﬁeA e :

- -
Wi bhr

-

Nttt i

-

ccoesite of quaiity management seems t0 have racpened. The-Sorpemsie-
~n u].ise_...,e. ‘;. ‘ .cg ,gng.p 0: \. =-.. .

. -
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Instrucsions, srocedures. En€ crawings ire clear :nd idecuate

- - -

Instructions, procedurss, and Srzwings were nst reviewed in detail
dpart from those associated with Tcadings for the seismic consultans's
analysis. While the drawhés were inacdeguats in this one case,

here was no evidence of pervasive iradecuzcies in dest ign drawings.
uriher, the application of QA &2 ==s eﬁ;‘.nee' ing setivities was not -
:’.'ez.-'x; un&crstood. T should 28 nztad het cae engineering work
currently being done by the Preiecs :-:nale-:-.cn Team is guided by

the utility's enginesring procesures and the Af's QA manual. Sincs
Sis hyb=id team has existed for less than one year, one would be
sirzrised, incesd, i# there have n2% been c....“.nicat‘.ons pradlens.

It was not pessible i prode deezly 2 Ju,‘! .c,.d"?;..i Yy '&ny such
sroblems, however,

engineering maintaining sole reszzns: bﬂ..v for design. Yiay—easazes,

i - Vel B, - g .W.
: -:csﬂb-?-e_:;esiqa-c.W -

Ko (4 4*’(

Presently, the quality organizzticn reviews crawings, sus does 20t ff
sign them, which is typical of z2e Licensse's »uigmwi th :

warvh

AP I RS —— N —
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-

ine "mirror ‘mage" and related prcblems resresent 2 unfgue

ceficiency in the arez of Zesisn review. Alshough the prodlen
was eventuzlly discavered and is Seing resclved, the discovery
was more fortuitous ‘“a‘ the resyult of an crderly process., At

Se present time, of course, very extensive reviews are in pregress.

’ fare 4, ..4'
8. Changes are made at the facility/2lagt as_resuired. The Licensee 2;2::&5
seens 2 Jjustify this by the fact that,QC pecole 2re engineers, and YIS i)
dre e the people whe ¢id the design. Therefore, they are .
capeble/justivied. ings ' $
N Sig =32 = . Chang c—ms v tred
TSt peInIs Se-cone—infommay, ; e
2.0 Cesicn incut data is adecuatelv csnsrsited - = b A
A. Periormance in this are2 was prepadiy sazisfactory c"r‘ng the
eriginal plant design procsss. Thers was & zzior .rezkf&":?f:r‘
pretadly due <o schedule pressures in 1877 in the hanéiing of
’ seisnic diagrams. It is ezually obvious tha: majer efforss are
: curTentiy Seing applied, especizity in the IDVP. « .M S
8. No coservations macde.
$.° Qrzanizatioral structure is concducive & atsaimment of cusifsy. - -
. uS fault was identified wizh tng “ormal org tien sTruczurs;
rowever, the (informal) peositien of scwer cn the sart of - - - -
engineering is suspected s ave ceen g kgv figtof in ~esisting
e 22plication of an effective cesizn Ca oritass. This lavel
:" o¥ informal power ncw 20peirs o nave besn significantly ercced.
R
- 8. CS functicns are per‘crﬁe Sy she cearthencs ressonsitie for the t;:;::E?
task. This can work, but it is nct 2 commeon sractice in most ;
ersanizatisns and is not in comi<ance with tne intens ¢f 10CFR30 *
) Ascendix 8. )

L

D RATE A S i INRKINE PAPSR -
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Planning, scheduling, and budcetine srovide she rescurces <o do the ieb

A. This case is & classic of "haste mazkes waste." The enginesring
reblems which have been so costly iz peir to have resulted at
Teas: in pare frea very heavy sch :u1e pressures. This was extanced
.0 the initial efforts at a design verification prograz which -’ . .0
reducdd an additicnal set of problems. Therz were ng incicasions
¥ lack of resgurces currently.

w

O

B. No cbservaticns made.

Cesicn zonerol aracess

. A. -As icentified in numersus eariier indicztors, this is the mejor P
{Attl fepansmn
v esieismey Temey wnich occurred on this Project. CIuring the past yerr,

this has Leen cver-corrected with 2 very exzensive EDV? gnd an
internzl "Tcok-back program” inftiatad by <he Proiecs Camoletion Team.

Werk z2ckice develooment and cantral

Not investicased.

2

. uS ..se-vz‘°-" made, : =y
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17.0 Calibration control
A. hot investizased,
€. No cbservaticns made.
18.0 Recards. . o
A. Although zzjer problems have resulted from welk Cocumentasion . .
rractices in enginecering, the zva{ledle records led 2o discovaring
the error about four years zfier it occurred. Further, we were
advised by an NRC regicnal inspector that the rezords and traceability
b . relative t construction (materials, heats, locaticn, ete.) wae '
i unusually extensive and accuress.
* 18.0 Auciss Y
A. The use of 2udits in the early yezrs of the zroject apoears 2o have
. ~82n limites 5 those typicaily done in srajects invelving sther
types of generating facilities. There zzpezrs to de no formalized
program of 2udits. :
ST progran has been very sxtansiveily strengthensd during the
t it was lacking praviously.
2ot

he aydi
pest year, reflecting in all liki<hood the
2ities: nswever, thev ware
: (,(d

‘es were 2redadiy not
es wer: sresadiy net ”
the sresiems they 41?'1

S. The sresent srogran includes ausis
- ' verified. In the early cays, 2:¢9< zetivite
sertermed. The Licensee had 2 suziity pregram, Sut
nave experienced wou]d inica:E WaT 2 cIntinsed systam to verify ]
impiementaticn was d%ﬁiiiieieae. There {s 2isc evicence thzt ezrly ;;;
NRC sudit recorss gave the Licsnsee good rezarss sn cuziity program
. im>iementation wnen, in fact, tiis wis net the case, basad on & review

of correspendence.




DRAFT WORKINS PAPER
n

igntification and contral of material items

This was only superficially investicated; however, a NBC reciona)

ins;ec or specificaily ccmmentad that the utility had heen fair
tbove average in this regard. '

Loid,

The Licensee had no formal procedures/documens 'ion in the ezrly ,f?§;<

st2ces of plant cdesign; however, they had 2 sirong desire ¢
periorm well and this willingness ¢ perform caused problem areas
tc be worked cut. This was a ratural functics of these respensible
end goes along with their engineering philcseshy.

/g;v’

-~

- ——— e —"
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APPENDIX 3
DEFINITION OF LEVELS OF QUALITY FAILLSE
FOR CASE C STUDY
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APPENDIX 3

DEFINITION OF LEVELS .OF QUALITY FAILURE CAUSES

"o
n
o
mw
[
ot
"
m

FOR CASE C STU2Y

nse of Quality Failure

There are basic underiying causes oF quality failure, which clezrly transcend

e
o

oA and QA programs

. They can be characterized 2s breadly philesephical. They_

gre 2t thee extremity of the chain of causes (8.8, Suiiding & nuclear power

sians Hﬁ.H“Utﬁﬁn W

c:és wos'#aew‘%ew

rscommendadicns th
ThE root czusss.
scerztive level.

a2 (serztive Sense of Quality Failure

ing how -- which has 2s nezessary conditions 1) the Licansee

and ET‘NRC g vl.li"d. even ,;hcugh they don't hawin
i==a=£5:§. 14 is o

usually very dif ficul;. if .og f:;io develop 1 o
—\LG_M w“&'ﬂ-ﬂ . b
ical issues, ‘They are, of colrse,

at address such philesopt
For our purpeses, we are cefining root causes &t & =ore

s

I
™~

"~
b |
"

SC

v

§

enerzl. They

LL8 )

¥

- . -
~EhT oM uﬁﬁnt).

re bzsic underlying causes of cuzliity failure, which freguently
nd QA 2nc QA programs, but not nzcessirily. They can 32 charzcterized

are near the end of the cn&in of causes, but 2re 1izited 0

-

nere it is practical to bring about correc:ive action (e.g., lack of manage-

It is at this level that zorrec:zive 2ctions often trezs

m2ny symptoms of poor quality. It is in this sense-that the term "roct ciuses”
e2zties in this report. There~dgg—thisd leuel wbith ug faug definsds

T-2 Symotomatic/Procecural Sense of Quziizy

sc
-

"W

2-e the czuses of quality assurance “z7iures. Thess ci- transcend

<5 ané QA programs, but it is unlikely. They are charicterized as dezzilad
inc ssecitic. They are intermediate in tha chain of czuses and, 2s such,

ire subczuses of

ievel are relatively easy, but are likely tc treat indivicual sympizms without

(2) above. Recommendz:iicns for corractive astions 2t this

suring the disease.

-

o3
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o SOVARY OF FINDINGS .

a. lIntreducesion...-

The Nuclear Regu]a:cry Commissicn - (NRC) has undertzken 2 study of selected
nuclear rezctor construction pro;ects to determine the important factors = °
or roct causes that underlie effective and ineffective 2ssurance-of-quaiity :
prograz=s. Several nuglear preojects which have experienced mzjor quality-

related prebiems and several which hive nct will comprise the study popula- *
tien. Dat2 and findings from these site-specific studies will be used by

the NRC in the formulation of generic policies and programs related to

gssurznce of quality, and in responding to the (ongress (Fard Amendmenf.

To 1822-82 Authorization). This working peper summarizes the findings frem

the third Case S tudy. '

B -
3. 3ackground |
Tng Licenses of the Case C S‘"dy had sstzbliched %5 cwn in-house-snginesring

27 © ¥n¢ cemstruction management capability in the 1930s.  During the late 1840s
and ezrly 1830s, ocutside arzhitect-engineer (A-Z) #irms were (tilized -
be:zusz et :nusua11y jarge (post-wWII) sysiem exsznsicn recuirements. In

mid-1950s, the Licensee's earlier practice of doing its own engineering

o . &ng csns.ruc.ion menagement was resuzed, prRE el

saring e late 19‘“5 and early 1660s, the Licensee Dianned 2n amditious
sregras T0 construct several nuclear sower staticns. nuciear pOwEr was
rezagnized 2s @ new technology and ths Licsnsse tock acticnms $o prepare

g . 3:5&1‘ for antry into this field, inciycing having sbservers at tne

snstruction sites o$ early nuclear power plants, participating in the:

design o a test reaétor. and studying A-Z's designs of propoesed nuclesr

plants. The Licensee decided to build its first auclear plant -- & smail

(<100%e) power reactor -- through a *turn-key" contract vor design 2nd .

copstruction. The plant was ccwp1et-. in the early 1850s, and the Licensee

sserzies it successfully for about 15 yezrs until it was retired. The
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d on the turn-key Zesicn and cs ns:i?c.1cn ac.1v1.y
T with nuclear activities :a em————————astons i3

nd construct subsequent nucisar planis. The Licensee had Seen

.
by
n
m
= |
w
m
. w
n
"'
.-c
.:.
“h l).

2
successTul in engineering and ceoastruction activities on a variety of
gies lated electrical transmission systems.

2
-

'
o

'u—xﬁg the eaf1y and mid-19580s, the Licensee 2nnounged plans for several =
nuciear ;Tan:s. Envirormental and/cr seismic prodiens, coupled with

ntense interventien, po11~1cai factors, load growth changes, and other
considerations, resulted in all but the Case C nuclear staticn being
canceiied. Many of these factors were 271so present in the Case C sroject,

resuiting in significant delays &nd cast increas:s.

The Case € nuclear station is compriszd of two large (>1000MW2) units.

The Licensee znnounced Units 1 and 2 in 1886 and 1568, respectively.
snstruction permi ts were issued in 1828 2nd 1§70. Unit 1 of the nuclear
stztion was largely completed. by the z=ic-1870s and *uel was recsived onsite

for bath ynits in 1875 and 1978. | Sooien ..
Then occurred @ series of required mesifications to the nucie:r stztion
wnich’delzyes its ¢o naie:%on. Inciucze in these were NRC regulatiens -
relzted to pipe-brezk-cutside-cont2inzant which necessitzted, ameng other
zhings, reiocation of a number of confuits (1673-7%); identificaticn and/or
sicerasionTof 2 seismic fault whish rs:uire: such medifications 2s

¢oiumn stitfening, tank bracing, upgriding pipe hengers 2nd-seismic

susperss, ciepnragm stiffening, buttriss and Toundation a:dificazions
'3C73-7%,; the Brown's Fferry incicent «nicn recuirss msgiTications reiated

=5 czbis screzding, inerting atmosphers, né: cecking, and extensive concret
ancher bolt instaliation (1980); -the T4I accident which required instailztion
c¥ extznsive additional wiring, sub-c:2ied monitecrs, ‘hydrogen reccmbiners,
and cther oadificaticns (1981). - '

* et o
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It is important to note that, over the tirs syan of about e1oﬁ‘ years,
2t least one of the twe units had been within & few months of being .
cempleted on 2 number of occasions. Thus far, Unit 1 has undergene three

hot functional tests and.three containment lezk tests. Unit 2 has undergone

cn2 centainment Teak test.

]981: the Licensee received crerzting licenses Tor its © o: -
units. These were suspended two months lzter folicowing netificztion by the '
Licensze to NRC that the diagrams used to loczte the vertical seismic fleor .
responsa spectra in the Unit 1 centzinment annulus zrea2 were in error.
2riefly, the error occurred as follows: The Licensse had transmitted to its
seismic consultant 2 sketch of the versical loadings frem which the censultant
was to determine the se2ismic responss s:e*‘*a. There was no indicztion.cn
the skstch which unit the loadings 2gpiiec to, though the consylsint under-
stocd (carrec.1y at °“ey were for Unit 2. The consultant thought that

+ 1 wes B slzde=1cng unit (inste2d of & airror-in2ge unit) and perfermed
ne an vs‘s cn-Unit 1 based on that ss::::1cn. The inTormetion returned

u'

t0 the Licensee was narked as "Unit 1" (din fact. the anzlysis zpplied o5 - -

Unit 2, not Unit 1). The Licensee accepted the dztz 2t fece value as being _ |
for Unit 1 2nd, beczuse it knew the 3lants to be mirror-imege plants,

Tiippesd the data so as to be appliczbie to Unit 2 (in fact, the data in the
f1ippes condition were correct for Unit 1, not Unis 2).-- The seismic resochJ
soectrz were now incorrect for both Units i and 2. -.--.

!

Usen confirmation that wrong diagrams were used in the cdevelcpment of Unit &
sesign recuirements, the License- rezazlyzed the design.requirements for

ynit 1 using the aoprocr:abe containssns nnulus frime orienzatiecn

M

{3

(18]
m

(4}

rz=s and determined that, as & resuit of the error, mogiTiczticns were
recuired to be made on 31 Unit 1 pipe supssrts. These modiTications I
inveived such actions 2s adding snubisrs, changing the snubber size, adding
sraces, replacing structural memders, and stifiening base platss.
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In an insp-c ion repor‘ of seismﬁc re:a.e‘ errors, the Nuclear Regulatory
:

‘Commission stated that the basic causs of this prodlem ippedred <0 be the

informal manner in which the subject dzta were ceveloped by the Licenses and
transmitted to its seismic ccnsultant. and the lack of independent review of
the data within the Licensee's er ganizaticn pricr t3 submittal to that

consultant..” > v - e g o .. e

i 1 . .
The Licensee had been,the zrch:‘ec:-engineer/::nsiructicn menzger for th;
Case C nuclear power station. One of the major zcticns that the Licenses
&&ézg;gg} &s 2 result of the aforementioned error was the fcrmation of 2
Froject Lompletion Team comprised of the Licensee's engineering/constructien

perscnnel and personnel from 2 newl nired architect-engineering firm.

an extensive Independent Design Verificzticn Program (IDVP) was initiated
in e2riy 1282 in resgonse to the seismic errors discovered in 1881. The
Project Completion Team is also conducting a concurrent desigm verificasion

miesT2R. ] &L n .
A} o‘-c / /783 s
gas tf ma_,Jaaua¢y-lsaz). e es.xma.ed 02 of the casign 2nd &%~
eTf the copstruct required for modifications &s & result cf 2 wide range

¢t reviews s:awneﬁ by discovery c¢f ths seismic c¢iagram error hfﬁg‘gegn
eted. The Licensee has appiied for reinstztement ¢f the operzting

.Ticensss. .

At the time of the Case Study visit, neither the Independent Design Veri{®icz-
grlﬁ nor the Licensee's desisa verification program had revezlec

o
-
O
-
‘U

ans.further deficiencies in 53¢ design or construcsicn of <the

"

.
"
<3
. l
"0

nuclezr stztion. ’ .
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;(%"ji. occurred  Aa gea canan— .

<eca...ary'-zc. caz.ses inc)uded the ¥ollowing:

" by the fact that the Project Ccr:p?e:'.on Team acdopted the A-E's

.o Design Control

DRAFT WORKING PAPER ' -
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- : -y ‘e . LS
o et BN e . B *
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- "-".- — -

ilure to understand 2nd apsrecziace the petential merit of ¢

rmal instituticnalized QA program. \ This is borne cut in pare

quality assurance program, even though .hey were concernzd 25cut

....posing 2 new system on the sroject &t 2 late da;g]( the Licenses! s _ ’
- Trpe=aitey ST

e'zc:.neer*i..g procedures were maintzined, howevern), | oe——Sne

. ' "

Gl program deficiencies which had cccurred during the projess

and the key ind.czncns of these deficiencies were H ‘o'l'lous. e

’

a\w-L\M Py J—n-c-m-«—n - 2 JRE -.4—:1-‘!""4'1

e The Licensee's enginssring
important data transsitted
L/MM

. e
- sty transTer o7 desicn criles=dz 0 subc*n rzeLors

stafT ¢id no:‘\docmen:
*

o s:tc:ntrac;ors

-

é.u-a'\““'-“\-
rs rareks-'-:-e-n bvgassed in we

Assmned cocnizzn.. engines
_information or approva] processes ) e

L Qg s T :
- ¢ bZow==T internz] comunicaticns an 2ng the disc.p.muw
s existed-within the Licensee's crganization - el
L .

_Requirements for indgpendent reviews were not sadessssed

e Contrel of Instructicns, Procedures, 2nd Drawings/Document

~Centrel -%,/ M}/,... e

o The Licensee's enginez /:*: not developpformalized .
eSSSmebesTy Drocecurss o comdiy with e2riy QA program-.. o
requiraments -

- W‘.’ PR . . et
""Ou T8¢ crawings werz _s2s <o gs=tiblish seismic criteria

arm‘.n:s WEre “USEd == &

M‘.M :
'Dugrams in Tieu-of rejezse
the seismic problem

contributing factor %9
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s Tt S arviw, .C‘—J‘wa’r x5 Pl
o Control of Purches = : .
. .
G s 42 T

e Proceduralized activities were lacking to control
interfaces with subcsnatracisrg A
% e L ovra_

o .Informal "letter-type® contracts znd documents were

PR B TP e ; - ' e
o Service contracts wer: not trested js'formally.as-, ~ -
* hardware contracts '. . .

« Fo ma1'qua11ty requirements were not placed on scme
subcontractors unt{l the lite 1870s

. NRC's failure %o Sell QA 2s ¢ Mznagenent Teol

= et She X requirement for.
[ RN "
guality assuranc ’ across &s just ancther regquirement. The

. emphasi; from NRC seemed to b2 ¢n externals; the trappings of 2
QA program, rather thaﬂtjsgﬁxubstznce -- develop 2 QA.EEﬁ”“’

set up 2 QA crggnizztioqr NRC :sndeg % Tese sfgh: of what it

. - was trying to tchieve ‘and Taiiec <2 provice adesuate guidance on

-

] . " what & quality assurance program sheuld be.  MRC JZaf:f'#-t::“H“‘
—_- . qon sl O A rpwrendt & L Bt { & L Ca B ‘
. "“l“‘:s " ‘;IQJ u‘-f-u..f £ 64 !"«{"“'-‘-wnh.--’5 ; & "-b‘}'ﬂj

- . ,
¢c. Long Period of Time Betwesn Isception of tne Project and Operation

As previously stated, the per{od of timea between the issuance of ‘
2 construction permit and the present has. bsen 2bout 15 years. This
Tong peried of time grea€1y {scrszsed the exresure to -chinges in - -
technology, to changing reguiitcry recuirensnts, and $0 changing
stzte of the art in technical mztiers with the ztilendant oppor- |
tunities for quality failure.

{ In addition to the 2ssessment ¢i-7rimary and setdpe v )rest es,-the
| Case Study Tfig;s’:;a1u!4 0 Generic Indicseters of Quatity. /This ’

eveluation {3 contzined in Appendix A.
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. =COT CAUSES OF THE L3C E SEE S %05!.""5 b.'Z'H QL«.LI‘Y IN JZSIEH

S2sed cn the Study Team's evaluation of f:Tv.C's files 2n¢ cther documentation.
gzarding the Case C ®roject and discussions with and imterviews of cognizant
wC, Licensea, and contractor personnel, the following are propesed 2s the

-1

Frimary and secondary root causes of the Licensee's quelity problems in the

ées‘l_. and constructicn of 1.s nuclear stztion:’ . ~ . . e
o : e slids e Preesy rod ouss bais &f

A. . Primary Reot Cause K/ st St Iy st By '

The primary rcot cause emerged cut of ‘severﬂ factors which, taken together,
increased the 1ikelihood of a design error. Thes2 facters incliude the

. ‘ sressure, (whether real or felt) to complete the nucliezr station, informel
csmmunicaticns acress important 1n terfaces, &n inacdecuese 2pplicition of
guality assurance/guality cc...rﬂ ”'_u...e c-si‘;’n preiess, ant en atmosphere

v
ntention between angmeering and guality assursnce,

Reviews and zudits of ‘he 'pr:,:ec: ir:‘.c.t.:e +het <he scation, 2s 4% existed
n 1878, had been properly and corresily designed in¢ cinstricled. . The .
szismic and cther anzlyses ket the then state-s fethz-2r:) hed bzen ;er'.‘sr-.:eé
to the correct configuratiens and bases. It wer in the-rezn2iysis after >
tae essential coempietion of Unit 1 in 18735, premstes Sy new sgismic -
2ssu=ptions, that the design error previously describes-occurred.

- Frem the issuance ¢of construction perzits for thé Licensae's nuclear staticn

resent time was 2pproximately 13-13 years, Ziging tris steticn fne

0 ’
-t )
LS
e | -
LI |
o -t X3

‘

ongest, if not the longest, in the construgiicn srocsss. The large
\u:. § rework resulting from consintly :“ ~";A:s::€fr§nts, .:2'.":1“‘ ' i i
tn surnover in_cersonnel and incresses Taciiity Iists T¥itiress the c=2) N

e b el

er f21:) pressure to complete the fecility. [As 2 “acil
| . »
or is in a prestartup condition (2as the Licensée's su:‘cn wis in the mid- .

‘

Ty nears cempletion

——

1570s) and new or changed reguirements :rise, thers is zn evar present
tandency to shortcut procedures end forzalize actien la}e'. Suchs
cerditions increase the sossibility of errer. 7 — Yore L";I-W,f-,&...
’ Lausel o "‘W dpeer T Dp was M ‘&“‘)
. 2o Coumd i Ha i jrrecidin b
‘ M—-’ ArApaiis oe»-l—-? > e Fo

' | prard . :.344‘)..%&._.—#@; Oom
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ther fector which cowtr1bu.ed té the preblenm was the grezter use of
c:nsu1tants and engineerang service cintractors than had been customary
cn the Licensee's other generating projects.- These multiplied interface
-‘ﬂ"vk“h—‘? >
pretlems. The need for additional e:-n"use came with the"nucledr rsee—eg-
alefos - vl adt . T
===, an this imposad 2 change 1n “:w the Licensee's enginesring staff was
accustomed to coera.e. There see.s %o have besn 2 .endency extend .h.
. : kot
informality cammon. 1n c:cse-kﬂi encine ing erganizaticns these ou.sﬁde 3
[roT i e At S s e - o .
grouns, G=%==ne-yc_9n~rc1s and review srocesses for dedling wé.h thenm '
were not effectively a;p]aed shese i:er‘aC'n; praoblems were increased by
ke geogrzphical proximity of the-consultants and engineering service

ccntractors (a2 greater distance might have recuired more fermalization cf

ce=municaticns), The Licensee anc {is consultanss 204 r"‘f!"'-sgu:;g_____\
" W /M A
Just Tar encugh reﬂ.vecﬂvaem—:ne-cus::::ry neve1 oFf inTCraaite, L W0 prenet

re possibility of errcr and misunderssanding.

ks

» weil-develcped engineering team which relies heavily sn informal communice-
ameng its members has both advantiges and disadvantages frem 2 quality

b

rt
- ¥
]

O

~,
"
v
o

;rance standpoint. - Such close conuict gemerzily contriutes grestly s

ch
o
w

1ity of the engineering work. A: the same time, it can crezte

Al
"w
n
ch

.
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w

¥

y
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h &re not approprizte in c¢ealing cutside the organization.
rephide) separation generally resuires 2 higher desree ¢f formalizaticn
n cazmunication. Geographica1 proxizity (working in the szae office or
::i1dinc) can result in items deing ciscussed sufficiently that 2 comon
""e-sbznc.rg is rezzhed betwean the zzrties invoived.. -in the Lase C
Prajecs, the practice of utilizing the infermal coomunicaticns with key
consuitanss located in the immediate zrez (city znd suburbs) davelcped; --
newgcgr, the distance was, probadly grezt gnough thit the cngoing ciaiogue

;e-u: rec ¢o reach full understanding ¥ key poinTs was =sSadey innibitez.
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work was dene by Ecntraéibrél (However, the 2ppliciticn of quality
‘assurance 12 construction activities has been quite well understood and

has been implemented much easier). The significance attached to this

Tinding is the possible reflection.of an 2ttitude, jarticularly in

ngineering -- an 2ttitude reflecting scme degree of professicnal arrogance
that *we do_no wrong, but we sure have to watch cut for those other cuys.” i
The major éu;1ity :rcb1é:s identified to date have been within that f T e
srganization. . . , SN '

The engineering defiéiencies discovered in September 1881 occurred cduring
@ time, ircaically, when quality assurince appearec to be undergoing

ificint strengthening within the Licensee's crsinizetion.  In Septecher
1878, the Licensee hirzd 2 new corporite direcier of QA who was Dutas -

jed, knowledgeable, and zggressive. During lite 1876 2nd 1877, coprsid

program-was overhauled and a naw QA manual or program was issued in- = -
1578. Wnile the Case Study Team was unzble to estadlish the attitudes and 5"*%?'
reieticnshizs Detween engineering and the new cuality 2ssurgnce director “"*ﬁf;,
in 1877, it 1s suspected that the relitionship wes semeshing less than amassl T
censtructive. (The new gquality assurince f£irector was reassigned in :;:::ff?ud
February 1579)‘~ It seems clear that the a2pplicaticn of even rudimehtary{?;;;;;,;.
cuziicy assurance practices for cesign cocument conzrol &t that time should -

have prevented the errcr that occurred. : : - -

0 Summ2rize, the primary root cause was the fiilurs t¢ =23nige comdplstsly-2

xrsuce csrrsct complietiom of such 2 prafess. There were severyl frzsors nit
contrisusas o this primary root cause. The Litensse had a “alse sense of
security with respect to its engineering capzbiiity. As previously stated,
the Licensee was successful with varitus types of generztling projects.

what h2d worked for these projects was zssumed to work for its first (in-
souse) nuclear project and, thus, the project was ¥itted ints zn existing

s=suc=ure which carried with it practices not ipsrecriate &¢ nuciear weork.
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The engineeriné thcti;n in the Licensee's organizztion was very strong;
strong enough politically to resist successfully the imposition of menagement
. contrels that were required elsewhere in :he'c:%;any or for contractors.
‘MJ)‘?L,_—Fu?ther, since many of the management had come out of the engineering
i function, they a;;recia;gd jts Fapabi ity and had bgen part of its good ‘
i performance. They had not'seen 2 peed then to impose strict quality F iy .
I controls over’it.” It is also clear that the atmospherg and regulations
for construction cof & nuclear power plant changed tremendocusly since the
/ late 1280s. There was probadly a failure on the part of the Licanses to
. completely uncerstand the implications of the changes 2s they were occurring.

l Further, and as previocusly stated, the Licensee was within &

Lo

few months of bringing the plant on line on several cceasions. Thus, actiens

e =

thet the Licensee might take in 2 longe= run would be differant when it

n

spezred that project completion would be imminent, &nd no new nuclear plants
\ were anticipated in the near term. 5 : g

3. Secongary root Causes

Sz2sed cn 2 review of referenced materials, discussions and interviews with
the Licensee, the Regional NRC 0ffice, 2nd analysis, the Assessment Teax

t th; Licensee's plant. They are: 1) Tzilure t¢ understand and zppreciate
the potential merit of a formal instituticnzlized QA program, 2) NRC's
f2ilure to sell quality assurance 2s & mznzgement tool, 2nd 3) the iong
pericd ¢f tims between inception of the =roject and ccz:?eticn:' tich is
discussed in more detail:

—-—

hzs identivied three secondiry root ciuses of the cdesion problems experienced
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Feﬂure to unders;and and zoarec izte the sstential merit of 2 formal

AA

y;mr_-_m. As previously stated, the Licensee had 2 highly capabie
organizaticn with many success®ul en;ineeri.ng rrojects behind thea.

They had made an effort to organize 2 guality assurance program before

the reguire=ments of 10CFRSD n;‘pez‘.'.x 3 becime mandatory. The'Licénsee's g
perceplicn was that ‘hey aMys n2 lg.od quelity and that, while ghe K 1 I

-~

—

. .
LThe Licensee's past experience with c.ns:‘:'uc:'.:r. enzSied thea to prae

reactad 2s any concerned or conscientious organization wauld. If

new requ‘:remexit documents mgh. change scoe things,.it would not @ .,e:‘ Pt
the underlying bases for their g:oé quzlizy performance. Ccnsequent’ny,{

the eariy program was more or less 2 cecusantes or procsduralized - .
attempt at meeting the requiremeris. It did nst significantly affect

the way that the Licensee had besa coing its enginesring/design work.

with the necessary coeni—~21s in ,a.azs end cualified people to keap them .

that way] Construction of power piznis wes "cld hat,” znd they knew how
< s.ay.ou.. of trouble and get the job cone. kew QA/QC reguirsments were
accommodated. Vhen scismic (or ciher) problesms zrose, she Licemsse

o va LR
mistake had besean made, they were totaily -m‘h .- to-make it right.! ~

\l

The ngw Project Complation Manager {2n A-Z emsisyee) szid that he hed
reviewed the Licensee's quality zssurzr.ce program in great cdepth prior

~ te forming the Project Completic; Tea=. i’.‘ie nctsd that the Licensee's

prograa had early weaknesse’sj but hzd made gre:t improvesents through
the vesrs. He was concerned 2bous imsosing 2 new cuzlity essurznce -
system (the A-E's) on the projecs &= . ~1 ¢ T2z date. In the end,

nowsver, the A-Z's quality assurs-' . gri. wis ac?op:ed. even thoug!
tng Licensee's engineering pro - |  *g mBin2inel oo L_,..e i=slifcacicon

teing that the Licensee's QA pregram leckes the cepth 2nd.understanding
thet the A-E considered necessary for a nuclesr plant. 7] A/,

The hst ef cbvious QA pr gficien c/n-s\zn:. t 2tions
. ‘/ v- -
of. thes efnuenc were desdrioes in Seztien I C
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NRC's .aﬂure t0 aen1 OA 2s 2 m2n ac=-°.ent teal. As far a's. the Licenses

was concerned, the NRC requiremest Tor quality assurance came across
as just another requirement. The emphasis from NRC sesemed 0 be on the

trzppings of 2 QA program, rather ..."zen its substance -- develeop a QA

[l

manual, set up a QA crganization. NRC tenced ¢ 1cse sight sf w..at_ it f"*‘f’:’*

e I

was trying <o achieve. 'NRC inspection emphasis se.emed to focus on

cperat'or}s, then en construction. The message c:nveyed was that the -
most important arez was not desisn and engineering, beczuse KRC did
not e.‘fec.ive‘iy pr~pagaﬁeculafg.¢» or inspect in the dasign and
engines-ing area. NRC failed -to provide guidance on what 2 gqualit
assurance program sheuld be. It ¢ic not have the technical strengt
in sufficient depth to provide eective ¢ \'er§i;ht of design and

-
encineering QA programs. | g

Lencth of time between inception of the project &nd ¢oerztion. As
previously stated, the period of time between the dssuance of 2 -
censtruction per ...1.. &and the presz'.t ‘:sta'la-e- gbeut 13-yesrs -for Unitl.
This lon, pe-wd of time greatly inzrezsed t .*(emsrs to the normal
occurrence of events, to changing rsculatery rs-uire z2nts, &nd ©o e
changing state of the art in tecimical matters. Political climetes and
patiic percepticn' changed. Emplcyees rlmrec er mcv-d to, new jobs.

Many of these factors contrioutes to redesign. ‘b

Qedemgns mey net be as
cozpletely reviewed 2s original cesign efferts, becgyse the jersonnel
are nct the same 2nd \.ne sng of raview is cenzra)ly less. QCne of

o J4 =i 1970 L
the mzjor causes of redesmnhw s shancing seismic matters. Initially,
experts ~ith impressive ceo'lcc'xc.. znd seismological expery

sostuizted the kirnds of earthaudiss <2st =ight c2cur. TRt O

U

g o7
information was given to the-Licaisee's cocasuitznts ©o descride the
lozcs and seismic respense criteriz. There was no great experience in
seismic matters ia the Licensee's .rganiza:ion.'and f‘:hera was no detailed
scope of the work that the-Licensze specified for its ccasultantst The
seismic field was developing verr ragidly. New dat2 wers ceveloped on -

a\;\
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faults in the plznt area. Data .r.m 2 seismic event in .be region '
resulted in the Licensee's plant deing dec..cned to owo different types
of ezrthquakes; a design earthquéike and a dduble-desicn earthquake. -
At that time, no one considered the 2malificaticn of vertical motion.
Even in 1876 and 1577, the eaflier methods were still state-of-the-art..
The »..sle cencept c‘pia.e tectonics czme into being curing this period
Qther m,)m causes of redesign ‘were the aforem z-.twned 2rown’s. rerry :
Pl A B o ooy 8 Syt
Fire, the TMI accident, and other charges in NRD Zeseiecrens. /This ltpg it
frequent retrofit:%’ng resulted in the Joss of csrale on the project
and di¥ficulty in bringing new em=lcyees up to speed as turnover
cccurred. All of these factors c”z..r'nuted to 2 clizzte conducive to
errors 2nd quality failures.

?’?. - "'-D..‘

-
- ~

ONS TAKEN TO CORRECT (TURN AR0UND) QUALITY PRCILEIMS ..

L B

The major remecial action taken by the Licensee was the formztion of the Project
Cemletion Team. Approximately 275 of the Licanses's engingers were merged with
2520t 00 of the A-t's engineers to form 2 new project Mg\ ¢ering organization.:-

7 The design znddx‘censingyunctidns were mergcec into the 9*:,:{.. Com;ﬂe..ion Team.- -

he project engineer for Unit 1 is a Licensee staff mezier; the ;ro:ect engi-nee:-.~
f2r Unit 2 s 2n A-E staff member. The Licensse's chief enginesr's stamp still -
g2poears on drawings and its discipline engineers can ask-for documents to

.,/'a? azzrove, though($he) appear to be involves in 2n overvisw functica. As

s _srevicusly stated, the Project Completion Tezm works ¢ the A-2 's quaiity gssurznce

T =zmia) and the Licensee's engineering mani2i. The A-I =25 gssessed the foregoing -

T2 e 2 s:sisfactory arrangement. As the piants bescme operiticnal, the A-Z's
*¥ will shase ocut and the Licensee's s:2¥¥ will agzin resume respensitility

arcineering.: o’
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The Licensee's Vice ?resxden. of fngineer‘ng nade the ceoment that the trans- 4
tion to the Project Completion Team was difficult, but it was 2 cood learning
g experience for his staff, which had "becsme kind cf_hide bound."! New that they
r2 working with the A-Z's staff, they see a much mere 2live and responsive
erganizatien, cne in which decisions are made 2 low f;ve1ih aCE‘bp ate
. m2nagement rev1ew and woerk is *ushed ferward with considerable aggress .VEﬁ!SS..
' e szid these ~Hwncs were gcod for his staff ¢ ex“e-1ence and it will be better
Tor it when the p-“ge 1s completed, r?ae ccmmented on 2 number of problems, °

rsonnel re.a.a., that had arisen 2s a resuit of this integrated matrix

. -
organization). | . /Qag;,‘;r'?'

Amother zciicn which the Licensee has tzken was icentified Sy the Projecs

o
w
!
<
[
(1]

Manzger Yor Unit 7. He szid that the L1ceﬂse= AEe—2gr=nag thit s
N - @ s~ W-«/J.u" U.Ja— /-‘-'-"ﬁ- i D) rs‘-'-v-_*:/
.;4;;,;:::r:zﬁ;—;s revie ﬁ*ELus~1.a ! w.rk “in€ Licensee had rsszined 2 Jars

v=ber ¢f consultants --|"erth 100 or nore -- 2nd the Licensas ¢id nat have
2dscuzie mnpower o revnew alq of the wark cone y consultznts. The nesd “or

. - . = » - . "” * A‘ Qw r~ ]
the Licenses (or Project Completicn Tezx) toh'- . onsyitants' work has now
been ciezriy established. . P - . .

The Licensee's Manager of Nuclear Power Crerations commentad that the Licansee

ncw rezidzes that quality assurance is & t0:t21 envelicpe of managemant-controliies
procsdures. HKe szig that if they were &3 star: 2 new nuclszr plant, they
o would ensure that the entire system was in place. They weuld bring all sr;zni::~
ticns tsgether with cualified and similer sysizms. “1n the past, he saigd, there

" : . - L W= UR (L, . . .
- had teen zuch whe&l reinventing. |They started with a Yew of the requirad -7

A - 2l 3 - ]
srocecures and then Tiooded the place with records without having pecpis 3 take ’
. o N e e ‘s L addh- " .
care of ::sné} ine QA guidelines has =e*°::4“ resTriCtT She conduet of wssoring
. sualizy 2ng, thus, it was resisted. .CA, b€ sz2id, is not 2 ?un::icn inczpenzans

oF the work that one is responsible for, tut is scmething that must De integratad
into the tezm. QA cannot function with sveryene totaily incependent.

i0ustaticas are not verbatim, but they are b2lisved to convey the memning intended.

-
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2v. GIXERIC IMPLICATIONS ~° f A

!

2zc2d on the informaticn reviewed and enzlyzed by the Case C Stufy Tezn,

severz] possible generic implicaticns, or lessons, emerge. These zre hich-

lighted for each case study to prcv1de input and to help form over2ll cenclu-

sicns concerning factors which co*st‘t te important elements in nuclesr p’a“. -

constructi

W
w

on quality. The first four addre
three NRC implicaticns: -

A

Licensze 1r,|1ca iens; the 1;;;?3;

- .
.

A. Nuclesr power olants are complex facilities, and Licensee mznagement =ust .

onrecizte that fact. The engineering desien and cons4ruciion orzctices

y oo pile 22017ed to fossil fueled plants are not acscuste to assure gualitv inm
« s (

.
nuciear plants. Licensees which have cesigned and consiructed fossil-

fueied power plants only should not sx;ec: that that experience znd tecinoiogy

edione will be adecuate for undertak:n nuciezr plant

construction under the

present regulatory climate. One difference mey be that the Licensse's
mznagement must be preactive and knswledgezble abcut how to zchieve cuzlity
Jin nuclear p-ant design and cunstrusiicn. n c:mm:.nen: to cuality by &=

E nzgement is necessary, but not suificient, to zssure quality. (Amess

uril z"-% JISH""-(

4"f

ne

~h ¢!

ir 2s construction was concerned &nd, gpeart frem ¢

L
fithout exception, top management mzintains 2 pro-suality stapce). Therel. .
A -ty “J.-h.» L/ 3 a
1§ no-cuestion that the Licensee's :zn;:e:en?lwawted 2 quality fecility. At
time of the Site C visit, all indications were that it was 2chieved as

he seismic casisn error,

. it appezred to have been substantiaily zchieved ‘in the design.® X111 this
ssems to have been zchieved more by srevicusly leirned good priciizes shan

ty the zpplicaticn of a formalized ezzproach €0 quil

. - -

-

——

=Tt wus reported by the Project Completion Texm szaff
Varificztion Program (IDVF) which has involved absut
==z zzmtzinment and other systems in consicerzble det

that
50 pe
293 .

$2,300 c¢ifferent items had been looked at. Oniy a3 neecsc
&nc, of that number, only 8-10 were classified as legitimz

svste=s which included them were judged czpeble of pervorm
. tz"s‘=c::r11y

ity. Managemen: RE=

“g w1

A e fdas o“/’ ‘

the Indepencent Desisn
rscanel, had exzmined
Parwaps 20,000 ¢o

a2 more de»a.1e* enzliysis
te design errors. All
=ing their functions
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. 2n unuers.ancxnﬂ of how to instttu.e 2 proactiver guality 2ssurance prograa

in the desicn process, even though or perhass belause, much of the manage-

ment came out of the engineering orgznizztion./ They knew the desicn process,

had cenfidence in it, but 2p parent?y‘j;dn'° thought or expressed how major
S 2 o Salmn

quality programs™esuid arise, (1.e., where the wez ;:1n_. were in the

cesign pro ) The hRC n~c1on31 ofTice also 1ndlca;ed that there had

been 2n oing preblem in in.e'pre.inc 10CFRS0 Apgeridix 8 criteriz in -

rad ) g AT M ot P .

their app11ca on to eng1neor1ng Fe—orxe==rve 0FTicer noted that

it was not until the 1573-74 period that guality assurance was actively .

censide .d for application to the design process. Sy that time, such of
the de: ;n was completed., Since gquzlity was 2lready ‘*:u;h. to be part
cT the :ésicn (and 2pparently it was) it was consiZered unnecassiry to put

-
-..'

Y

the remzining werk (which

ed o be Tar more extensive than thought &t the ti:e).<:fhe fact that

the Prajgc: Ccﬁp]et1cn_}5§9 adepted the A-i's cuality zssurance program is
indicative of the Liced§ée‘§ lack of understanding {or perhaps procecures)

o7 how t0 22plv cuality =0 the design/ccnstructicn precass - for nuciedr }u_

plants. )~ AT | Pzrwmsion "o "'AXM ol
Y !
- x /_‘j—““"‘ . ffﬁ olb lhb:":'s &t/ﬁ O

-
v

n 2 :(ifTerent quality assurance program
v

A licensee needs t5.understand its c;K/E:r— erzse liziczsd ons zs it undere e ¢h*”
tzkes 2 nuciear-power oroject, and/n - . The |

Cad - : <.~

zpzbilities of its cantractors must 2ucment the lice 's 1ack of
e ok

: erifnce or enaine-r1ng, procurement, ciastructicn, ind management
44 194 . .
l=—e=e====s. The Licenses recognizes $is lack of expertise and, &s cEttEr o

stzted, made use of a Targe number of consultants (Section IIA). What

gcoarently went unrecocn1zed was the evolving requiremsnts for engineering
gupsert cver tne 1ife of the prajecs, ﬂe'=ssizz:ed in sart by chenging
reculstory requirements. It 2ppezrs ‘ha. ¢ licensze's snginesring stads
not invoived in the continuing design of 22ditisna]l nuclezr plants has
d1"':n]-y staying current with the stzte o7 the zr< in nqc1ear tachnoiogy
and reguiation. A licensee's enginesring sta?’ invelved in 2 single plant
is not 2s likely to assimilate advanced procecures thzt the industry 2s & -

%27e h2s ceveloped. A: previcusly siz<2d, <he Licansee's. Vice President
eT £ ;1n&--*na macde the comnen. that the 7roject Co=pietion Teaim 2pproach
,resenbe‘ & good 1ezrn1ng experxence for his staff.
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gu1dance. the 1nd~s.ty evo?ved a1§o but it was diTficult ¢ .keep up -
with the changing picture. The difficulty is exzzerbzted by the turncver
cf zerscnnel over 2 long period of time. Successul design 2ctivities
require experienced personnel, but many ci these zre promoted, ‘e~1re.
etc., over the course of the project, znd this int tre duces the poss1b111.

Tor error, beczuse newer esployees ire often Lnzware of ax? the c~ﬁside-a-

tions that went into 2 cecision. - 2l iax )
€. A Jicensee needs %o manace the nucle:r oraject znd ensure that interfaces

hetween the project participants "(A-£, coastructica contractors, etc) are

:r:=='1v mzintained and monitored. 2 t2%21 oroiecs svstem that imooses .

gffective controls and checks over 211 kev ascects of the orofect is

reauired, including records nanacan st 2nd desument control, 2s well s
cesign, c:ns.ruc ion, procurement ‘cest, scheculie, etc. The system must
be adie to aces c:wda.e chanoe. For exzmzie, the changing regulatory

en vironment h r-se“,ed the License: s engineeri nc shszs with moving
-tzrgets that required change, but which wezre net 2 wzvs recognized or

2 vl

| -A:é-o-tc:a:ed by them. The chang1ng

Ticenses ng1ne~r1ng staffs ke-p with
Loy

-~

~*-ee—4«~hﬂr+~ﬁrer meintained .hat the Licensee hz an zdequate capebility
to ¢d its nuclear project. Because ¢f 12 rge generzting facility growth
in the 19£0s, it was necessary to usez coasultints for the cvericad agd
; b . - 2
.Tor soecizlty tasks. , |he large numisr o gonsuitints was diTTersnt shen
aaeA: svicus projects, however. and a;-s:a;aé-e—=+a=n, 2 cansua.xng Toles

egulztory eﬂv-ronﬂent requ1res that
with :ﬁangxr; tizes. fﬁ‘—‘ﬁ*ﬁf ol
s

-
were of limited sc aaé—qe-gh—f-ﬂftsﬁ-c5ve1co-d.:1cr~ 2 co]leo1;1
. . )
reiztionship. This oc:urred in part seczose some o tae cohsuliznts 2lse
C’W"-‘l . BPECRE el A o
u::xéeA?:r the Atomic Energy Commissisn 222 1t was 2ssumec That they knew
Wizt zhe resuirements were. Thus, tmers a2s @ i1zcx of forzmality in the
'/'-‘_A - : - 3 b
srccesses for pass1ng 1n.ormas1cn 2CT0ss intervacss. The ceogrzphical
oreximity of & numb-r of the consult t2nts aiso nel:zZ ercde 2 Tormal inter-
_.  face control system. It was noted thatT procecy rz? matiers would not have

besn handled with the same informality i7 the subzantractors had been 3
=%les awazy, rather than across town. For ingiincs, i1 was stated that
thers was much more formality in prosezures with & seismic consultant
loczted 2pout 40 miles from the Licensze's offices than with cne in the

same city.
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Ehere was né requirement or regu'lat:cn Tor an audite=iTe traiﬂ The

Lac--;syee dxd not have u‘_;_.?w'— <o revs iew 211 of the wark cene
.,'-—es c..r.s..ﬂ..an.s. -7 -—-/W Tl iy HALD V2
ww“lﬁw,o“/-w/uw &mb“‘ e
- . Frmt e &

AS t'I 33 c..anced hcenswg remij ticns became more complex, but in-house
J m, .a;-. 'v-&- L ¥OF- G ek il ~ L o
rela ‘rps and procedures Consimes = eret  AS a ccoparisen, 4

e -
duri g_.ms perwd ﬁ.’."ly erchi‘°c. nginesr firms .‘eund 1: necessary tu - e

aznly -.ncrea.s-.ng‘ly large numbers of zanpcwer o thair. nucze=r projects. ’
In the early days, :h'eﬁroject Compisticn Marzger (Pcﬂ estimatad 400,000
t0 300,000 manhours of engineering time would be required for <he whole
’p‘.ax?t (fypica? of pm*ectsﬁa‘:te’d in,the rr'.'ia"_;"fscs) Now they are

-y projecting ten times that w::um. The Licansze cidn't have access 39
resources of this magnitude wi .hm jts sta¥f. (A specific example wes |
given 'by the PCM of incre2sing recuirsmernis. Thers were three or four
engi.nsers invelved in keeping track of items aumg off walls in the early
to mic-1550s projects. Todé'y over the 1i7e of a2 psrojecs, there zre
;:ro.ab'iv 12-13 engineers who keep trick of waﬂ 1s2dings). The Licensee's .

gngineering sta’f ccn..r.bu.ed tbout 230 and The A-I-acded znother 500 o
s rcund cut the Project Completion Tet=.

The interfaces betwesn engineering functicns or o;erations mwust be
minimized ind carefully monitored. Thzt the Licersee recognized this
“rcb'le:n was apparent from ﬁ&‘u&f—k&:.:.‘.ve C7Ticer’'s commant that & -
. =sving the Project Coapletion Team t:zsther on thrae: co:-s in the A=L's. -
building was immensely helpful in th: zommunicaticn process. He ziso
tztad thzt there was no substitute for 230d procssures to-menitor inter-
Tacss.

.
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The Liceﬁsee nus~ be cu=a1 ed to cuality from top minzcement down, and

it must be eftectivelv communicated v <e3 manzt sment and mzniTested in-

v
.'

ccedures and controls. It is helpful when the licensee recoginizes thas

&n assurance of quality program properly conceptualized, structured, and
impiemented can be an effective managemant t00) that ca2z be cost effective.
if maqagemgnt atte:p‘ to 1mp1emens 2 "canned QA" *racraﬁ rathaer than an.

assurance-of-Juality program, it can be ssan 2s .h:eatgnin; << scme, and = -

-2s an artificial laying on of another sysiam by others -- 2 system with which

one must contend, but une which has a9 useful purpsse or Tunction.

-

The problem is complicated by a number of factors if quality assurance is
sesn 2s 2 supertlous system, For instance, there has been & long history
¢T changing requirenents on qual ty 2ssurence. Amcng the lessons Tearned
by the Licensee was that, over 2 Jong pericd of time, there will be
changing criteria. There will be changes in the state-of-the-art and
mocels, and calculaticnal metheds will becime more complicate Events
will eccur curing the constructic~ 1ife cf 2 plant that will ngﬁify
errors, such as the diagranm er-cr, % 5.a*e*4—ia~q»¢en=—csa§$éerzé-cnt

ot g )Mw/"

o“.m.q w2y pre-TMI, -but was consiered sao e -‘e-/_:/os..--?‘u. There is &liso 2n  w==

O

evolving pudblic standard that b&&-‘_——-—dqp-ihﬁﬂ_——vﬁ perfecticn of -
technology and risk-free cperation, and <hese 211 fsed the Nuclear

) RecaIa.ory Cermission's drive toward rzises standards mid 211 this, the

commitoent o quality sust be sustained, "a xS : b=

Another complicating Tictor was that serscnnel in KR ‘angn and the
interpretziions 2pplied by- these persanre’ shanged 'lsc. Pe corment was
mzde thzt in 1868, there were 20 safety. guides and they wers vegus -- naw
there are huncreds of reguiatory cu1c's zns they are writien in consider:bdle
detail. That was the changing envircament that & Ticensee's engineering '
st2ff had to deal with and s.xT} sus2in ,:a:i:y.
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. URC needs o trezt DA 25 2 manacement ¢o0l. not 2s just znother recuirement.’

m

As another regquirement, the concept zf cuality is treated as just znother
system laid on the licensee. As a minagement tcol, the concept of cuality
le in the eves of manzgement.

rework and project cost, abou

g

- C

assum2s 2 much more important and useful
It tells them scmething about the.amount ¢ 3
the projected reliabjlity and safety cf the cperating plant. KRC needs o - =

! . ] _ ; )
;w4 ““giress this aspect to better acceptance

e

B . . DA l . ) . .
A /g . -~ ("W,’ .

F. NRC needs to pav more attention to ensurine cuzlitv in the desion Srocess.

Juring the Case C project, there was no effective in-cCepth evaluztion by NRC
- o7 the licensee's design process. The Vica President ¢ Engineering statec

>

that they were well through with the gngineering in the ezrly 18705 when the
whole quality assurance program of WAL was brought into the picture. rFart '
ef the preblem was th

w

imprecise nature of 10CFRSC Agpendix 3, 2 predlem whic!
continues. This jpct:r did not encourzge the Licensee o go back znd put in

. : Sy Aupinasr ing o %
. ¢ large QA program':o handle the remzining werk to e cone, ind KRC ¢id nct
Insist cn ity either. It was acmitisd that the Lﬁcz3;ee w2s s da o -y
- i - - » » U - ' = K }(’
_ e11 aspects of cuality assurance. A confusing f3cior WES TREy Ihe garly :
-° . wl'“ 'a“‘mb - & L 'o '.‘ " - - I - - 4 N— -
AL reserasieas on quality assurance‘save-ee—z::1~—+¢-2e§—$f==tﬁtzf*-z: i

far—as—Uats D i3 b . - g b o
Tttt C M” be “{- Lo " éf‘r{' by * ~o

V=1, Z:;
T+ can be expected that s=ass enginzering er;ani:gtions;wzii resist the
“‘ntrocuction oﬁ\cua?izy assurznce inty the design process sor rezscas
srevicusly statec, [Eurther. the Stucv Tein mede the ;//7,f"
comment thet it zppeared o them that the Licensee’s engineering org nization

zaceared 2s "primz donnas." This was nct Jistuted By she Licanses's ugser
: _ fa:z;e:en:.’]‘There is 1ittle a2cknowlszgement by enginesring that hag Setler

QA procedures been adopted, it would have avoiced the design diagrzm error.

(This attitude coes not apply to the Project Cempletion Teznm).
ot :
|5 e phas i e ' .
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€. NRC neods to focus more on the e‘fe tiveness ¢f implementat 1on of the

cuzlity assurance srogram and less on the :ra:n nes of Licensee prograzs;

O SRS R

e.g., less on the QA manual, organizztion cnar:s where the QA Manager

e reports, and paperwork per se, <&ooSxampa2, .ne QA gmdehnes for design
o X eod et sz .
need additicnal e:pxanat.c-.ﬂ. rhere is 2 1ack ¢ understanding of how to

Trectively apply quality assurance to" the cay- »o-day._demgn procesls.
’ ' Based on the - results of the IDVP i-gported by the Project Completion Team, -
cne weyld not expest to find large mmbers of uan..y-rﬂa: ¢ prediems © °
in the design prt.:cess. Any design-related quality 2ssurance pregram =ust .
¢e21 with this fact. The design "precess may inherantly contain 2 high
'cfegree oFf assurance of quality. Perhaps:f.a'r this reason, it has been i
i¥¥icuit 1o formaiize an acceptable QA pregrea for design. The Licenses's
Tormer QA Manager stated that the eariy 1-:1e-zn":icn oFf 10CFRS0 Appendix B

w2s mznutacturing- cr*éptﬁ*_ That .ﬁ'lim.a;;on. '}igzther with the percepticn

that QA< 2n't- be apphe! ‘..he engineering process, are oarriers to its
2éoption. He noted that 'if was very ¢ifficult o instill QA into the "yt
) .engineering pracess beczuse it reqm’res an at:i‘-u*‘na'l cmnae..m f"""’
. to 2ccress the issue of assurance cof quahty in the design/engineering : -
BT ;rgcess. oy
v The ranager of -Nuc?eir Fower QOperaticns highlighted the predlem this way;
L he said that the idea was jerpetuated shat, if one had the paperwork correct,
1 ;"/ one had 2 proper QA program. . T




-~ .  DRAFT WORKING PAPER Mg =G
K3

-, -.-‘- - - .ge. -

Y. IMFLICATIONS OF "Hr casE. s*unr o8 ) NRC QA NITIATIVES '

NEC has underway or under study a number of ini tiatives which are designed
=2 esTablish zdditicnal confidence in the quali ty of design and co nstructioh
zc:ﬁviaes. 0 improve the manacemn; control of quzlity, and/or 4o im prove
) ¢ NRC capability to e\.aiuete he mp?e_..ﬂ.a‘un of Liczsnsee proarvs. The
.'I. tiztives are described in the NRC S».z.. Paper SZCY £2-252, "Assurance of;.""t. .
ty," and ev'bset;z.:ent corr espcndence Sttween the Comission and :n;’ NRC -
- One of the purposes of this Case Study is to provice feacdhack regarding .
=22 relevance of the various ini ..ianves the Case C Licensee's nuclezr e .
SSastruction project. Subsequent paragrz.hs t:ke each initietive in turn znd |
SSuss wnetn-r the initiative, had it been an ongoing activity 2t the time of
=8 LS ccnse- S design error, would have mde 2 diTference; i:e.. would the
niziztive hzve prevented cr at le2s: m tigatesd the design error that has Seen
:"Is'.'cssed. eariier. A more co: mplete discussion of the sc °pe and details of tha
vzricus NRC QA ini .n.wes mey be found in SZCY 82-252 znd SICY 83-32, "First
Zuzrterly Report on Impiementztion of +he Cuzlity Assurznce Initfative." Mest

a7 =hese ini a:".ves were ciscussed wit ... she senigr manzgement of the Lac"tse-
-t is 5=13}ve H;—:ﬁsx/eq;:szl;bzi\f—fsg¢y—*4::—;__457:3313ﬂ,—u 5 ;7
222iic25i1TSy of initi the czsign error problen.

. _ . /)-J’“f""’”"

A. Measures for Near-Term Operating Liceases (NTOL) e e e prm S

b

LEFR 3L i LR

1

1. - Licensee self evaluztion - maybe

o 4____.

This inftiative 2pplies 0 zction tnet would tzke plice when the i
Licenses is in the precess of rezziving {ts cperating licanse. It
. rei:;.:'; res that the Licensee examine s2lected portions of.the engineering

« Sesien or cans.ruc:i_o.n. Hed this ss2r ¢ '-vv-arc--'--:_i: is Guize sossisle

shet cne of the dts':gn reas 2uditss wiuld have relzzzd = seismic
consicerztions, since that has besn such 2 major ccnsideratiw in the ;
i2sicn and ¢ S3ien of this particular nuclesr station. maie AMG..-..( !
‘ & identified the error that acsually occurred, swe- o~ ,
should hiVE identified the aenerg Frediem of design cociment contral. l
/A licensee self -avﬂuenon-::::-.e—-..‘s-n evaivetion of the projecs
\ Trea beginning to end and would permit °he Chie® Zxecutive Officer o

state that the station had been ‘.:"I1t according to its commithents.
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regi fonal eveluation = - . 1y

The Licensee regicnal evaluzticn is 2n action that would take place:
when the Licensee is in the process of receiving its operating

Ticense. The effect of the regicnzl evaluzticn could be similar 4o
that cescribed in (1) above. The sccpe of the reg‘lon;'l evaluation.
wWou 1d,bavs to te expanded to i_nchd'e cetziled desicn review. e

o -
- -

< = ]
. - -

Independent Design Verificaticn frogram (IDVP) - yes

. -

The Licensee IDVP is an actio n that t2kes place when the Licznsze is

in the process of receiving its cperzting license. The IDVP would

hazve 2pplied in the case of this Licensee's plent in which the des'ign'.

and constructicn zre essentially completed. Design verifications cia .
be pervormed &t any st2ge in the design, but the mest productive period
is when the design is essentially ccmpletad.

.

— - Pl A, .-
T 2 "8 -
- = i s

It is likely that an IDVP would iddress one or aore of the sensitive:

{csues relating %0 the plant under review. This would have includesd- - -,

the se1smc problem as stated. unier (1) 2bove ind, since an IDVP 4= § Lo’
o Vs -4-‘0- i

F_-::beé-lv more ..hcr*ugh than efther of the evaluztions "in (1) or (2)

2beove’, there is an 1nc*ease" preszhility thas the diagram errsr and

design document control deficiencies would have been ‘ound. - 4o -

/;':?es'ign dudits can be very sensitive issues;"e.:., one A-z may audit “7

\ar.::ther's work. Care would have =5 be tzken in airing highly technicz
iissues before non-technical zudiences. hot e Alifl



- -

DRAFT WORKING PAPER
28 '

. S
> g 5 s - e
- -~ -
A -y e -

3. Industry In1.1at1ves

o wsna

1. INPO "Construction” audits - see- oty frte

The phase 2 par.. of INPG "C.nst ction® 2udits now considers design.

2.8
il v i mvmw

- ' D . . ,'d '

~— o

i - -—-&-—-——I is u&-—pcssdﬂe that an INPO "comstruction" audit would, - 2 iuh
iy Loy, S kA P el

m—q‘. v{.“..hu-l«’a
have de.ec ted the problem thét.occurred in this :T.ewsee S ;127..'£g?4£tgwf‘“+
c=—xi=iv, it would have identified the design docutient control’ L ,b‘__
o ibed

JLoxt-3 . )
deficiency. ; e shih’

o i - - 5 . ) : w
- 2. Utility Evaluation Using INPO Metied -—:::-re-—-"h— Fd T
A / \ Va'{' H—/?'A‘J‘u" - e Lwuns b“":L
. /This':easure is basically a self-svaiuzticn usiag the INPD me.n.do1ogy !
; devised above. It is 2 design avdit csvisec by INPO using self- |
!

timztad ¢c reguire up 0

eveluztion review teams. This review is estimzts
5

13,000 manhours of effert by the Liczansee., The review teims 2re often

the A-Z, Sut who were not invelved in the g

teriginzl design. The »eam includes Licensese perscnnel. Such 2n
Jevaiuatﬁon would have identified sccumsnt contre) ceficiencies that —/
uld have icentified the actuzl errcr. T

lezd by representatives ‘ron

Lgcc:rredl and passibly ¢o

.. NRC Construction Inspection Program ' »

1. Revised procedures 2nd increasec resources - yes (if inciuded design)

the censtructicn srogram. The

This particular initiative 2pplies <2

ceTicienzy found in the Licensee's z72st relatss to gesiga and not ©@

construstion. If this initiative were expandec 5 incluce dasign, then
ted tos Zesign document somtrel deficiency.

it would probazbly have detacted

i 2. Comstruction Appraisal Team (CAT) Inspection - no
This initiative applies to the csussrustion phase; the Licensee's
quality problems occurred in the Zesign phase.
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3. Integrated Design Inspection R

The integrated design faspection is 2n action that would take place
when the Licensee is in the process of réceiving its operating
license, though it could be done defore. For the same reasons given
tor the ef7ec.1veness of neasures for' Near-Term C,era. ng | 1censes.

the integrated design inspection wouid iikely have. upcoy e d the d;s1 R
5a_» ; P « y‘ 5.-

& n"\l- lh'-“
document def1c1ency;&ﬁ§‘2¢u~d have cetected the e ::r. "
A .

&. EZvaluation of Reported Informaticn - not likely

This initiztive would computerize 10C7R30.33e and Part 21 reports,
Taciiitating trend and cther analyses of these svent reports. This .
enzlysis provides an additicnal cross—check on the quality and cperations
gt the Licensee's site. The type of quality failure that occurred 2t
the Licensee's site is not unlike errors thet resuls from lack of
{nterfzce control. Possib]y, the reporting of similer problems in other
sliznts would have been useful to either the NRC Iaspecticn and EInforce-
ment st2ff or t0 the Licensee's enginesring staff 1n<?ocktng for errors.

At the time of this Case Study, it wes unclear how the-designzted represen.a-
tive systez might be implemented by the NRC. Gqural1y, it has been

4 ¢o 2pply to the constructizn process, and-ngt to the design process.
riowever, thz FAA uses designated enginesring representztives (DER) who 2re
ersicyzes of manufrcturers, but are ciprtized by the FAA %o review and
xerify zerzzin elements of design. (Toere zre 2iso cesigneced manufacturing
recressntzsives (DMZ) who verify that ine sssemdly or Tabricaticn process
is aczzptatie.) The DER could be used £9 spot check :he design pr‘;~§igr_
process. However, there is |3=:§ﬁ¢eas:ﬁ t5 believe that 5 this initiztive,

“ hid 1t been in effect, would have uncavered the design cdocument contrel
" .

deficiency that the Licensee experienzed, 2nd us=y possibly t*2 error itself,

ha¢ seismic znalyses bezn subject t0 ZIZ review.
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¥ F.(-E ﬁ'canon of 0A/0C Prccram (S:CY 83-2%) -.,ves W ;;...a::* 'M/
\ . ..‘ . ) . e . e ) M‘Tw
| Rad the NRC initiative related to certificzticn of QA/QC programs been in f

\

eiTect, it is 1ikely that the review of ir=lementation of the program would |
have addressed the design process and, mcre particulariy, the interfaces

between the Licensee's engineering ctaff and iis censultants. The resylt .

i l would have been 2 recormendation for more formaliz ed transmittal -of
o rmaticn bétween the two, and such an zctien coujd hazve prevented the

» P—
em that the L1 ensee experienced fr<z occurring.

0:3D o

E;//hanaeement Audits - maybe

Mznzgement 2udits could have e2sily identified the lack of fermality in
transverring information between consultznis and the Licensee's encineering
st2f.- Having highlighted the deficiency, it is 1itely thet the Licensee

hed the engineering organization resisted the impositien of improved

»

srocecures, it might have prevailed.

7. IMPLICATIONS OF THIS CASZ STUDY FOR THE .:"'?-50\_5.':?\‘0""\"' ALTEPNATIVES

|
|
|
|
/
/
=\\ weuld have corracted it by putting into effect improved procedures. However,

- -

Section 13 NRC s FY 1583 Authorization 5917 recuires NRC =9 conduct 2

tudy of existing and 21térnative programs for imsroving quality assurznze and
guaiity control at nuc1ear power plants unier sonsirucstien. This Sectien,
- cziied the ;a::\AnEFE;er:, requires NRC %5 iock in :ar:icu]zr at the feasibility
and efficacy c$"1ve specific alternative srogrmem ::nce:ts. As & part of this
znzivsis, ezch 2iternative concept was eviiuzizd with respect to whether it wouic
azve mace 3 difference in the Licensee's ssnstruction progria, had it Deen in
Licensee's cons ' :

rusTien PEEm
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A. liore Prescriotive Architectural and En:ineeri. Criteria - maybe

!

The Authorization Act requiras NRC to evaluate the Tollewing aT.erwa.1v-{/T/’
13(2)1 - aceopting a mere prescriptive a;prcach to cefining principal
architectural and engineering c-i" ria for the constructicn of commercial
nuclezr power plants that w:~1d serve 2s 2 sesis for cuality assurance and

quality control ins spection and enforcement acticns. Ia the case of the . .';°
‘1ceﬁse° s design e Tor, tore prescriptive architescsura} and engineering

Ky, Aeedf ) .
criteria would nct have affected the Licensze's presies. ho one csuld have
_ A . . i . X At § ~ (&5
TCreseen the se1sml3 cozplications. However, if t—hgcrxtern were expanded -

M
o, the design ,rocess. then
the ces1cn docuzent :::'.‘..ro'l de‘imen:v m-.u-,....y‘— Lt & ¢ ettrpish

. Lconditionine +he Co: st*uc"on Permit on the Asnlicans's Demonssrztion of
> ===—A5111Tv 0 Manace an Ttective Cvzlitv Assurance PFOCTES - ma2yde

The Authorization Act requires NRC %o evaluzte :he Tollowing 2lternztive: i

13(d)2 - re:diring 2s 2 condition of the issuznce of construcsion permits

Fer commercial nuclear plants that the Licznsse demsnstrzie the casability

¢¥ independently managing the effective periormance of ali cuality

dssurance and quality control responsidilities for she plant. 1+ shovld bs—-e

noted that, &t the time the Licensee received its canstrucien perzit, it '
" was among the better gualified utilities for uncertzking nuclear plant

genstructien. the time the construcsion permit was issued, 10C7RSD

A2pendix 3 was qpt 2 requirement. At that time, tne Licensee could have

s2intad to its excellent record in ¢»

“

"
o

onstructich of siner tvpes of power i
2iznts. It could have 21s0 pointed s i+ periermznce in ihe operatien of 1
2 sm2il nuclear plant. It is unlikelr that the Licsnsee would have chan ged

9&.«43" - /J““J "// -
i%s srocecures sufficiently to 3r=ve" the type ST casign error from ocsurring

That resulted in the withdrawal of ¢ ;oera.wne |1c=nse. htwever, the
requiresmant for a demenstration of zhility, if done ;scay. wWould Sweedy awe

the transfer of informzsion acress interfacas,

s n;w-. 2> :
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APPENDIX A .
EVALUATION :0F "GENERIC KEY INDICATORS =~ -~
~ ' FOR CASZ C STUDY '

1.0 Licenses is fullv committed to 2 srogren for assurance of cuali*v

A..

N | :
Yany c¥ the managemert\decisions cver the years i
. of "do anything and everything to expedite bpifiging the plant on line." |

Project management appears to firmly believe that their plant has o
been and is being built with adequate quality, :.—.aybe"excessive quaHtj. T -
Certaifily, it is their intent to build 2 quality facility.

This Licensee, through its construction organization, 2ppears to have
supported a good QA/QC effort in the cn-site constructiion activities:

" . : : Z
however, this diligence has not, '!:j'lg cases, extznded t .

e -~ STy '../ . Prier to 1882, Sushmg Comd TREAT-WE Sttty J2cking with v

i

respect to the engineering activities on the project. LT-his is reflected .
in the lack of menagement follow-up thzt 21lowed the viclztions of |, o e
procedurg}]end  npseSSe management revwews'apparent in 1877 {0 remain :
uncetected Tor o years,

-

-'14*.:: an atsituce l :

n Prograa (i0VP) 2nd esiablishing
in 1282 the Project Completion\Jean zficer an architect-engineer's dirscticon

reflect this attitude; however, A£ne extent t0 which these changes reflect
¢ rez] commitment to assuripg cather than providing/—sesmestcs” Dis

Mttty St TR
”engine-. - AT - - = =

‘ , CoT=iieat el thelton levelsof comirnaletanas o

- “}/;‘""“"‘
: - ' s

. s ' i
ro-‘-#- F“: vt A - $ : Co—w “""f’&“" A

S o ‘ . - é_] '7’“‘&% # s, 1D P h“_:A‘ //';(CM £

e e play Tl & o Flsn, | Tl Pray Commplatin

; ’ - o '0 Fv’(&
- [, e & e R G
e I ¢ ‘

,\-'-—J-P Llir
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i

. nere is/evidence 1 t when the Licensee initially set up its
H—-/ //—\" e i
CA/QC progrem, they appointed an(®id lize tonsiruction cngineer

5 the Mamacger position. [A1so, the individua) &t the Licensee who
ALrnew the mosD about quality philoscphy was transferred ¢ ancther °

. function,] Corporate QA coes audit Facilities cn 2" pericdic hasis;. -+“"‘"
however, Ceﬁﬁmww -

o bt .

:hfL: *hay ‘r‘(C""‘ Lo Tel “‘—M:':-u ngb. R tm ET;
There was much talk about enginesring taking cire of its cwn problexs

3s they arcse, but did not 'mdu:z e 2 for=al progran for corrective o L
a::;cn;@mly 2 perscnnel funct an7r The Licensee tas tiken grest :,’f:::..
care t separate quality assurance .‘r-;:.-. el ity control /q:;__: gonly ¥
is that the QC functicn is the ressensinitity 27 tne ::a-n-e-.—-s—-.—- '

% ‘Env (_“-p 'fls G-—“\-&“—\
~..a__:s..-.;_...__,-«..a-.-- sonsibilis he or,ani :':cn w-aesé._—u—‘a‘" e, Thare

e ins..anceslwhere - e?‘ne rs €i¢ the design 2nd then want
25 the 118 15 Sverses soastruetiie ang sSlve srobless. [Cemsany

(';- %-I?_':.-s——-. .."‘.I am *a Lwndd ad - ---P.ﬂ- :J— »:“ :. - ‘h: =y
¢ her¥ 23 ceamemsescens IThey dan'c caa any Senesisirasgea, Ty SR

mmrmtj "0A" isa --H used = descripe the orgenistew—e:
ticn.that they were required to crganize, Sut reaily dicda't need. At

the present time, the Licensee rezliy has an zpprecizticn of what they .
have spent beczuse of faflure to dccument shedir anginesring acticnms.

b & Basio - oz [0 the early days, cast/schedule dic cverrice SA/QC funczicns] The
-

" ‘Licensee hac much oride in thedir :iilities, mcwaver. anc fais shas
they were coing everything correctiy. There g much evidence <0
indicate that they were willing == 2czit sheir limizaticns in¢ seex i

> fsr seismic work., - e ey Atrilled o, ‘*/’“““”&’



2;0 resse

.
‘ .
.
.

nsibility and w‘hc-itv are cles-~lv defined and sreoerlv imciemented

At present, ..h-re appears to b' clezrly de‘ired policy suides

with respect 2 responswﬂatus For suthorities for nuclear power

Froject Conpletion Team members intarviewed seemes clez2r 2s 0 .heir

plant censtruction and cperaticnﬂ guality. Apparently, cocd S AT
exserience in designing, constructing, and ozerzting other types - - _
of power cenerzting facilities Jed the Licensze t§ zssime that .

similar procedures would be adesuzze for this nuclear statien. This
project has deen a long time in the design and construction phase.
Contractor responsibilities and authorities 2ad changing interfaces
failed 10 keep up with the formiizztion of XAC razulzticns sver the
pest decade. This failure occuirrsd, &t lezst in zars, because the
rroject has besn on the ver*e o cc==levion Yor alout esight yeirs.’

and the need to change waf not ’rsss‘ng .-.o'-.":‘-:'.: 7t necassary. The

uncerstzndings of responsidilities 2ad aushorities. S i
‘ +£-'z'u~u-» 'TC-«.......-.J‘q"L‘"» "' il
. - ﬂ" H“f’““k’lw -— r‘- /"f‘: . . .
There was s.::e‘z.zz'nes >in this regard 2n the part of the resicual

chief enginesrs in the utility relasive %o tneir re:azicnsh‘:p 0 thev--
Preiect Completion Team.~ - - 1y '

The Corporate Manager of QA exgresses a clezr ynlersiznding of his
respensidilities and authority. )

e is evicence that this -i.s-;ae—t-.-ar thast w2s wer¥ weak in the
sariy staces, and is-one of ‘He re2cans Tor <ne Licensae's ore

L - L ks » y . .
s paainil, ;re:'..camen:,/ There 2re no observztisns Yor ine prasant organilation,
- Le? oo, Stner than they are aware that s shouic have Dean ire formal in
;. - . - i o - i A " —
L/"_‘.,,.f{““; we the e2rly progrzm. The Licensés's Sarmer 2A =znzger Tide The - ol
. ' L% i 7&-& Ce
i wnid i ,M ssztement that the early requirsmencs for regssnsidilities were left ot
kA ' to the organization responsible for work. This wes 2 zaner:) Yo Lo St
~ ) . ~ . - ‘- LH
consensus. cverybedy supposedly uncerstands the requirements, but ﬁ.
- chose %o take care of his own ressomsidilities. 4 -"m-,“"
P “"7" “
. P ara ec | s

47/4 /‘-«-/rs-—o e lndl?
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4.0 Instructicns, orocedures, 2nd drawincs zre clezr ind 2cdecuzts

A. Instructions, procedures, and Erzwings wer:e nat reviewed in det2il
zpart from those associated with Toadings for the seismic consultant's
an2lysis. While ¢he drawd 1gs were inadegquate in this cne case,
there Was no evicence of cervzs':ve inadeguacies in design drawin;'s.: -'-. %
. ' r:.' .her. the applicztion of QA 20 the engineering 2ctivities was not =
clear ¥ uncersidod. It should e nclad that the enginesring werk
currently being done by the Priject lompletion Team is guided by
the utility's enginesring procesurss and the Af's QA manwal. Since
Tiis hybrid te2m has existed for Tess than one year, cne would be
slirprised, inceed, if there have not been communicztions pr:b‘le.:s.

It was not possible to prode cazziy sncugh =2 icentiTy &ny such
prodblems, however. :

/

*Le qua.h,ty organizs -/\nu?#% ges a0t
- S’gﬂ [ wh C_f%/Of ﬁe 1‘,.n'. qn x.soP
m;'*“y%gin‘ 1mng 8 refsomeing |‘:v for aew, caznee
) P““L - d : :

- ol

—

3. rresent)

- - - - -, -
- -

e with drawin/cbanges. inc &

Py W prasies.
: M._‘( 7741'
e /NM -
: e . D Pl o ik el .«J'tér‘-»/v
Laatdt - - </,

.
.
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2.0 Cuzlitv/0A Procram ceficiencies are sayuchs cut 2n¢ resorted promotiv

A. Tnis Tactor seems to be strongly and effectively sup
csastruction site. Ebere ie"i’?r.:e rn, however, zbout the ef¢ e'""ive-

ness of earlier inspections and zudits -of mzterial supphers. not: 7y
-one‘supplier of electrical system supporss. o "__a_" .

4 < [
X X‘{ffr‘“ J“‘ t b uf
. ?" L “"‘ "
" » . - - - M .W
Further, the "nirror image" prsdien indicztes 2 weakness in this e
regar: in the engineering activities. I¢ must be ncted, however,
=2t deficiencies, conce d1s.cve.—=d have deen pre=otly reported an

7
aécressed. J L __._(-o_- . Fe
W Camayvr o~
i bt Ao f'\ ’V“" T i ﬁ*“d—
P sudste
In the early cays, %his was not c:r.’g The Licensze fully
' '-c"s inds the need now.

(L1}

w

Correceive icsion procram is effective .. e

A. 8202, once :he‘..’za",":r:b?em has Szen iiaftifties.. The 's‘.csn-e‘e' Nag-—— ..t
seen very respensive 10 identified needs for torrsctive acticn;

noweyer EA program deficiencies m2y not have been regarded with

thd szme intensity as constructien deficien c.as ts far as correctiy

) o— o
s - ”_A/MJ X
zcTion was csncemed.j s “““: ‘1:“' ' haser o G sy O .

M.f,.-,q— ,-'—C-.u»?
8. Yo zaservations made. : 2 ER RTINS e

7.2 ossien review activities detect znd ressive desica ceficiencies

s. ng sreocedures for design revisw zoseired £ ce simiiar 5o these
:

OIe Lisenses <o A8 dasisn 4 sansavuctian

s¥ sther types of generzting faciiities. AmeRg Cther things, the ;
sver:ll cesigns are reviewed by chie? (cisciziine! engineers. e

szt were cbtained on .he numders 2ns tyces ¢f Fisid changes.
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10.0 Planninz, scheduline, and budsesine crovide the resources to do the job
. iy e . Cast /"_—_—'\
' A. This W The engineering
Lew i —predlems which have been so costTy fzpeir 4o tave resulted 2t
gnmp’T , o8 ,..f Tezst in part from very heavy s:ﬁe-aaeJr-ss.res_J This was ext end?

[, Pt .‘“J—Jz” iy £ the initial efforts at a de.sign verificaticn Srocria whi —,
- A / e af senhlan S o4
produced an additional set of prot ;;ch.e no indicazfons

*"-‘:“’"‘ "l < lack of 13} \
€v lack o7 resgources curcently. & Nz MH*“”““’;‘.

8. No observations made.

1.0 Casien cantrel 2rocess ) R -

. A. -AS icentiftied in numersus eariier indicators, this 1s the mejer
» deficiency which occ ,)“"d on this Project. uring ¢ e jast yesr,
this has be‘r@»cbrrec.ed with 2 very sxzensive ID‘JP and an
internal "leok-back prcg-am” {aftiatad by the Projecs .:.-.:ane ion Tesn.:

n the earily cays, this was nct éone formally, Sresumzdly, the

. - T
- AZ should understand the need for rsview, bus 1‘. was not checked, ==
b Yo s J‘&.«»{ Anh AL, Ve e _&.—Y_'
' B el on o™ el R Chal. C)ﬂ'ﬁr‘.“nﬂ_
V2.0 Wctk deckace develocment and control : —2b T s
" r A. WOt investigated.
\ .

o

“S iservatiing nmede,
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13.0 Procuresent cantra)

A. A satisfactory evaliaticn of this ind‘.ca:.:r is difficult because
of the time perded . this project. The IDVP consultant auditing

the QA progran has conceded that hv@—@ e aiIasa - 4

deficiencies that have been identified are deficient by today's . *
standards, but net by the standards existing 2t the time the -
prIiurements were made. ' <jh-‘:j§ o
8. The criginal seismic contract ¢id not specify a QA program, In
fac:, the consultant was not resuired &0 explain nis grogram until
.
€77, leng after much work was ca=sietes md@ prodiens wi
cz1c;}a.€cns were di;g vered. / Thers i e .S!t‘;.ﬂ!‘v;*usag~_\\
£ ot ,w’gre 2sked t:-,-m .heir QA ;r-;‘{ e‘*rt ™ 13 Time, wn-iﬁ-—
C Pﬁ;-—_- h'%‘ - £ - '.d.’ —— 1) . e = ..

/ {
a8 g B 2 - M‘ =£°' bt P /
+¢.0 Hengondrrmance control PUNRT. 1 Y et =i

A. Net investigated. £
— - .w...
£. No sbservaticns made.
18.9 $cezial orocess contrel -
r . Y " A. Ne significant QA/QC prediems fave cecurred &t the constructien size.
8. wWelcers are cualified today and a1l indizaticns ire that construcsicn
sriztices have always recuired welcer cuaiifizztion. o cbservatiens
. =228 -cn sther processes. .
| 12.0 Zxaminstion, test, and ingdection cansrsi 7 .

Tais point was net prebed in depth, Sut URC T!§1C'lﬂ staff and expressicns
at the sita indicated that the constructicn site effores were
excellens.

=
.

8. No siservaticns mace.
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Icentification and contro) of materia] items

A. Tnis wzs only superficially {nvestigated; howsver, 2 NAC regional’
{nspectsr specifically cc—ne'n.e: 2t the utility had "--n far

above average in this regu-d 4.,«-4»«*1'
- Hopro ool eyt s
3. E:e Liceﬂsee had e forme]) procedures/decimenzation in the early -
ssag¢es ¢” plant desig-s. however, they had @ strong desire t9
FM pervorm well and this willingness © perform caused prehlem aress
—I»JLM““’ ts be worked out. &his was 2 ratural functica of these responsible
..‘,5,., ww‘-ﬂ u:d goces along with the{r engineering philes: hyj — . fe bt~
)M" & , Dot QA Lt K
L asnt ' At
Fr o, & )
,;«J«v—‘- v .
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*  APPENDIX 3
DEFINITION OF LEVELS -OF QUALITY FAILURE CAUSES
FCR CASE C sTupY

-t
(B

Deesest Sense of Qualisty FaiIure

there are basic underlying causes of quality failure, which clezrly transcend
‘. and QA programs. They ‘can be characterized as breadly philoscphical. They
ire 2t the-extremity of the chain of causes [e.g., building @ nucleir power
slant without knowing how == khich hnas 2s necessary canditions 1) the Licenses
dzzs not know how, and 2) NRC permits them %2 Suild, even theugh they den't
oW how) 1t is usually very difficult, if not impractical, to develop
recommendadicns that address such philesophical issues. - They are, of course,

0

Thg =20t czusas. For our purposes, we are cefining reot c2usses at 2 more
:;er;:ive level.

ine Cosrztive Sense of Quality Feilure

[0}

Thare 2re basic underlying causes of cr2iity failure, which frequently

wranszend QA 2n6 QA p}ograms.'bu: nos nece;szriﬁy. They cin >e charzcterized

2s ganerzl. They are near the end of the chain ¢f ceuses, but 2re limited 0

wrere it s :rac‘icaT to bring about corrective 2ction (e.g., lack of manzge-
=znt sormitnent). It is at this level that zorrective acticns ovten treat

many sympicms o‘ poor quality. It is in this sense that <the tarm "rosct causes”

2z21ies in this report. There is 2 third Tevel which we have defined 2s
y=zromatic/procedural. -

.2 The Svmotomatic/Procecura] Sense of Quaiisy ‘ailure -

T-gcs zre the causes of *ua]itv assvran.g filures. Thess o3~ Trenscenc
<~ ané QA pregrams, dut it is unlikely.  They are cheracterized 2s cezailad
angd specific. They are intermediate in the chain of czusas and, as such,
ire suscauses of (2) edove. Recommenditicns for ¢ ceive zctions 2t this

re:t in:ivi:;al sympicns without

Tl

level are relatively easy, but zre likely to

suring the disease.

"
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QUALITY ASSURANCE CASE STUDY WORKING PAPER
CASE C

SUMYARY OF FINDINGS

-
al)

Intreduction

The Nuclear Regulatory Commission (NRC) has undertaken 2 study of selected
nuclear reactor construction projects to determine the imoortant factors X
or root causes that underlie effective and ineffective assurance-c¥f-quality ?
progrems. Several nuclear projects which nave experienced majer qualitye
related preblems and several which have not will comorise the study popula-
tien. Det: and findings from these sita-specific studies will be used by

the HNRC in the formulation of generic policies and programs related to
assurance of quality, and in responding to the Congress (Ford Amencment

to 1582-83 Authorization). This werking paper summarizes the findings from
the third Case Study.

Sackground : -

The Liczensee of the Case C Study'had sstabiished its cwn. in-house enginesring
anc construction management capability in the 1830s. During the late 1940s
and ezrly 1950s, outside architect-engineer (A-E) firms were utilized
because of unusuaily large (post-wWII) system expansicn recuirements. In
the mig-1920s, the Licensee's earlier practice of deing its own engineering
and construction management was resumed.

-

-uring the late 15950s and early 1260s, the Licenses pianned an amdizfous
orcgram o construct several nuclear cower staticns. luclear power was
recignized 2s 2 new technology and th: Licensee Tock scii:ns t0 oresare
iesel fzr entry into this field, inc’ucing naving sSse~vers at tne
L~ lr

construction sites of ear?yAnuclear power plants, participating in the-
design of a test reactor, and studying A-£'s designs of procosed nuclear
plants. The Licensee decided to build its first nuclear plant -- 2 smail
(<100M~e) power reactor -- through 2 “turn-key" contract for design and
cepstruction. The plant was completed in the early 1880s, and the Licensee
soerates it successfully for abcut 15 years until it was retired. The
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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
completed on a number of occasions. Thus far, Unit 1 has undergone three
hot functional tests and three containment leak tests. Unit 2 has undergone
cne containment leak test.

In September 1981, the Licensee received ccerating licenses for its twe .
units. These were suspended two months ieter following notificaticn by the '
Licensee to NRC that the diagrams used to locate the vertical seismic floor
response spectra in the Unit 1 containment annulus arec were in error.

8riefiy, the error occurred as foliows: The Licensee had transmitted tc its
saismic consultant a sketch of the vertical loadings frem which the consultant
was to determine the seismic response scectra. There was no indication.on

the sketch which unit the loadings 2cziied to, though the consultant under-
stond (ccrrectly) that they were for Unit 2. The consultant thought that

Unit 1 was a slidealong unit (instead of 2 mirror-image -unit) and perfcrmed

the anaIysiS on Unit 1 based on that assumstion. The information returned

t0 the Licensee was markad as "Unit 1" (in fact, the analysis agplied to 2
Unit 2, not Unit 1). The Licensee accested the cita at face value as bn'r\g,,_':“d
for Unit 1 and, because it knew the plants to be mirror-image plants, ;
flipped the data so as to be apgplicable to Unit 2 (in fact, the data in the
f1ippesz condition were correct for Unit 1, not Unit 2). The seismic response
smectrz were now incorrect for both Units 1 and 2. :
Usen cenfirmation that wrong diagrams were used in the develcpment of Unit i
cesign recuirenents, the Licensee reanalyzed the cZesign.requirements for

Unit 1 using the apprepriate contzinmant eénnulus frame orientation

¢iagra=s and determined that, as a resuit of the error, modificaticns were
recuired to be made on 31 Unit 1 pipe supsorts. These modifications
inveived such actions as adding snubizrs, changing the snubber size, acding
braces, replazing structural members, and stiffening base plates.

by
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In an inspection report of seismic-relzted errors, the Nuclear Regulatory
Commission stated that the basic cause cf this problem appeared 5o be the
informal manner in which the subject dat2 were develcped by the Licensee and
transmitted to its seismic consultant, and the lack of independent review of
the data within the Licensee's orbaniza:icn prior to submittal to that
censultant.

The Licensee had been the architect-engineer/construction manager for the
Case C nuclear power station. Cne of the major acticns that the Licensee
bud—ezgzﬁlas a result of the aforementioned error was the formation of 2
Project.psm:IQtfon Team comprised of the Licensee's engineering/constructicn
personnel and personnel from a newly aired architect-engineering firm.

An extensive Independent Des1gn’VQr1f1catfcn Program (I0VP) was initiated
in eariy 1982 in recponse to the seismic errors disccvered in 1981. The
Project Cocmpleticn Team fs also conducting a concurrent design verification
srogran. p
g i Ll e

£t b (January 1983),“an estimated 30% of the design and 0%~
¢f the construction required for modifications as & result of 2 wide range
of reviews spawned by discovery of the seismic diagram error eern
completed. The Licensee has appiied for reinstatement of the cperating

~.1icenses.

At the time of the Case Study visit, neither the Independent Design Veri®ica-
tion Program nor the Licensee's desisn verification program had revezled
significant ‘urther deficiencies in e dasign or constructicn of the
nruclear station. ’
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. Tht\g;zﬁégglggyxtgnftﬂt~case’?2ggips\is.defi?fbcd‘fﬁ\‘Lcng:?crmhougli:y
Assurance ReVﬁii?’—EKtc.AssEssmen:«#c:hcfb+ogy7‘*chemger-8;’1982"(3?‘ tT.

The Case C Study Team was comprised of six personnsl; two}zEEZQGE;:E

en the project engineering/design aspects, two on constructicn, and twe

en quality assurence programs. Priecr t3, during, and following the site
visit, the Team reviewed several dozen documents and reports related to ‘
this plant and its- history, including 1icensing correspendence, inspection” -
1nvestig;tion repor:s, and third-party reviews of the Licensee's QA, design,"*
and constructicn programs. Thz Team spent three and cne-half days with the
Licensee, including a one-day plant visit. Prior to the Licensee discussions,
twe of the Team spent one day with the NRC regional staff, and during the
Licersee 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) tn a briefing for ccmpany officers in
which.the findings of the Team were reviewed and *he Licensae staff hac an
cppertunity to comment on them.

C. Summary

The Cace € Study Team identified the following facters which {t considered...
significant in contributing to the cuality prcblem experienced by the
Licensee:

1.__The srimary root caus¢§ of the desicn-relatec cuality orobiemwas the
_oizerses's failure to slan, estasiisn. and effecsively ‘=ciezens ar
manacement system which orovided adecuats contral and oyersicht over
211 ascects of the oroject. The Licensee failed tﬁt?é%é?ol the flow
2¥ infsrmation acrossy interfices innerent in the engineering/cesign
. srocass, y? as = 3 and provicg

. .

apprepriate reviews of the inforsation transmitsed.

///ﬁ;(gmtﬁﬁj/aqgndgpafb

| DRAFT WORKING PAFER
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There appear %o be several faciors wnich contributed to this failure.
Theticenseehad-Ceveloped-1\false sefde—of Tecurity With respect fo-1€s
engineering-capabilNtyn As previcusly stated, the Licensee had good

success with various types of gc'era*iug rojects it hac engineered and .

o..,~-l‘\ /v.c
managed over the years. gﬁn- had worked for those prcfjects JMesTzssumed /‘~
{ I"“ - / /
,/’ would work for nuclear projects ind, thus, the new project was fitled %
,64”' J ints an existing eavironment which #ed potpE;:;:idcquatn1y nndtfiod o -

f‘/‘» - 4+ handle niclear wark. The Licensae's staff resisted the imposition of
YV ,/ ., management controls required for assurance of quality that were applied
“ﬁ;gf eisewhere in the company arc/or on its contractors. A<contributing
V  taczar zay-n : ne tane .

o ’ IJ,-';5utib£_:h¢_¢nqia¢cr4nq-funt‘T‘n - : t
yt impese_the-management-controtsrauired-ty-thenuciear-process. Their

,; 1’ ll’at:1tudl seemed to be that the enginesring organization was comprised of

professionals capable of doing what is right without overlaying a

quality assurance preogram or them.

There were other contributing factors t0 the Sreakicwn in the assurance
of cquality. Regulations for construction ¢f nuclear power plants changsﬁ .
considerably between the Iatc 1960s and ®ar y’f ’ ruifiliiili:?;:#u 7/
‘ -on-the-paes.of the Licensee t cempietely understand the impiications of
J the changes as they occurrod. Furtner, and as previcusly stated, the
Licensee was frequently within a ma<ter of months ¢f bringing the plant
into cperation. As pressure moun:: =2 comslete 2 project, snortcuts
are o“ten taken. Actions that the Licensee might take over a longer run
would be different than those taken wren it appeared that the project
wouid be compieted in a short tims, or if 2cditisnal nuclear ciants were
>lanned. As time went on, the Licersee 2cinconed plans for acsitional
nuclear generating capacity. The Case C nuclear staticn would be its
only nuclez~ capability in the nezr term.

W S PAP
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e Contrel of Pyrchase¢ Material, Equipmens, and
Services

-
e Proceduralized activities4were lacking to control
interfaces with subceartréciors

e Informal "letter-type" contracts and documents were
used

o Service contracts were not treated js formally as
*  harcware contracts .

e Formal quality requirsments were not placed on some
sgbcontractors until the late 1970s

. . NRC's failure to Sell QA zs 2 Management Tcol

As_fap-estheticenseeas—concersedr—ine i2C requirement for
quality assurancﬁﬂgﬁpc across as just ancther requirement. The

» emphasis from NRC seemed to t2 on externals; the trappings of a
QA program, rather than {ts substance -- develcp a QA manuel,
set up a QA organfzation. NRC tended %o lcse sicht of what it
was trying to achieve and faiiec 2 provide adeguate guiq:ncs on
what a quality assurance program should be. L e 5'-
_A—s.»,?_“/— "7"‘ . /’ ‘.",c/V /—-—‘f‘«.g;.._., : —

¢. Long Period of Time Between Incedtion ¢f the Project and Operation

As zreviously stated, the peripd of time between the {ssuance of

& construction permit and the present has been tbout 15 years. This
long period of time greatly {scr-eised the exdos.re to changes in

technology, to changing reguiitsry recuiremsnts, anc to changing
tate of the art in technical martters with the sttendant oppor-
tunities for gquality failure.

In addigion to the assessment of srimary and sescndary ~cot.¢ the
) )
Ci?;’fQudy Team's evaluatnq,zclfcncric qujclt:rs of Quality., Thise—m—— ">
- ovaIua:1ogﬁﬁs’65;§iinnd in Appendix A.
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2C0T CAUSES OF THE LICENSEE'S PROBLEMS WITH QUALI%Y IN JESIGN

3esed on the Study Team's evaluation of !RC's files an¢ other decumentation
regarding the Case C Project and discussions with and interviews of cognizant
nAC, Licensee, and contractor parsonnel, the following are sroposed as the
primary and secondary root causes of the Licensee's quality problems in the
design and construction of its nuclear stition:

A. Primary Root Cause

The primary root cause emerged out of several faciors which, taken together,
increased the 1ikelihcod of a design error. Thesa factors include the
pressure (whether real or felt) to complete the nucle2r station, informal
cemmunicaticns across important interfaces, an inacaquate 2agplicaticn of
quality assurance/quality control in the design pricess, ané an atmosphere
of contention between engineering and g.uality assurance.

Reviews 2nd audits of the project indicate that <he stiticon, as 1t existad

in 1673, had been properly and corresily designec inc cinstricted. The
seismic and other analyses (2t the then state-of-the-ars:) had been performed
t0 the correct configurations and bases. [t was in the rearaiysis after ~-
the essential completion of Unit 1 in 1875, promstes Sy new seismic -
assumptions, that the design error previously descrited oceurred.

| frem the issuance of construction permits for the Licarsee's nuclear station
%2 the present time was acproximateiy 13-13 years, =2ci=; tris szatizn cne
of the longest, if not the longest, in the construsticn srocess. The large
am2unt of rewerk resulting from consiansly changi~; =ecuire~snts, coudled
«ita surnover in perscnnel ind increises faciifsy ::szs, irzegaged the -3l
(or felt) pressure %o complete the facility. As a “acility nears é:mc]ction'?
cr is in a prestartup zondition (as the Licensee's station wis in the mid-
187Cs) and new or changed requiresments arise, 'hers is in evar present
tendency t0 shortcut procedures and o formalize action later. Such
csnditions increase the possidility of errer. I o
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One of the corments macde by the Licensee's stﬁff uas'"engwneoring 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 relozated to the A-E's facility). Wwhile the prcilem of inter-
face contrel cannot be considered the primary cause of the diagram ‘error

that occurred, it was clearly a contributing factor. The error is indicative
of less than adequate procedures for design rev‘icws. and’ ccmun'icat‘.'ons'. To-

Meek a5 9¢ of Comstructs

During much of the préject. the applicag;tzgé: $1‘%y.:ségg nc‘t‘g‘?‘litz’u >,
control (QA/AC) to the design process was’'not well uhdersts q" t wa
practicea in the traditional manner of cesign approvals. Changing require-
ments resulting in redesign, coupled with turnover in cesign perscnnel not
familiar with all the ramifications of the original design, make the
dpplication of QA/QC to the design process increasingly important. The
mattaL is further complicated by the evolution of the 10CFRE0 Appendix 3
criteria and its vagueness. During the meetings with the Licansee, #ts
A-E, and the regional NRC staff, there were repezted csmments with respect
to ongeing problems in interpreting 10CFRSD Appendix 3 criteria and their
applicaticn to the engineering process. Ia additicn, cencerns about
infringing on "professicnalism" and “creativity" were expressed. These
consicerations, plus the fact that the Licensee's engineering urganization
was very independent, contributed to their resisting true implementation
and/or uncerstanding of quality assurance in that zrea.  There 21so0 seens
TC have Deen 2 tendancy to require, cr 2t Teast recsive, mere giringens
cuality assurance from contractors than was applied %0 in-house efforses.
This was verified by the NRC during investigaticns in late 1881 and eariy
"982, where it was found that QA practises im coasyising canaractors'
crganizations were better than those .sa&s ‘nternaliy in the Licensese's
organization. It {s not entirely cleir whether this reflectad 2 difference
in the Licensee's reguirements, or a ¢ifference in sracticas. NRC inspectors
made the cbservation that the Licensee is "tougher on its ¢ontractors than
on itself." This attitude may have centrituted to the 2sparent success in
assyring gquality in the construction efforts, since essantizily 311 of shat

-
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" work was done by contractsrs. \however. t
assurance to construction activities has b
has been implemens ted much easier). The significance attached to this
finding 1s the poss1ble reflection of an attituce, particularly in
engineering -- an attitude reflecting some degree of professiona)l arrogance

that "we do no wrong, but we sure have to watch out fbr those other guys."
The najor qu111ty probiems icentified

L0 date have bcen within that .—‘—‘;J
grgani atfon '

he application of quality
een quite well unders:n ced and

The engineering deficiencies disc

overed in September 198) occurred during
& time, irenically, when quality

assurance appeares to be undergofng
significing strengthening within the Licenses's erzanization. In September
1876, the Licensee hired a new curperate direcsor of QA who was

quali fed knowledgeable, and aggressive. Ouring late 1976 and 1977,

the QA program was overhauled and 2 new QA manyal or program was issued in
1978. While the Case Study Team was unedle to estadblish the attitudes and
relationchips between enginesring ang the new cvality assurance director

fn 1877, it s Suspected that the relationship was something less than
constructive. (The new quality assurance director was reassigned in

February 1979). It seems clear that the epetice

tion of aeyven rudimentary
quality assurance practices for design cocument control at that sime should ..

have prevented the error that oCCurred,

’o'sum:ari:e. the primary root Cause was trhe “1ilure = Tanége comdletaly a
sroject that s large and complex, and =re failure 2o pian ind efrectively
imdlemant a ﬂanagcntnt System embodying 211 of the :ant:a1s~nccessary to
cjh.t:':;‘!C° compietion of such a I N e e were several “iz<arg ‘“l:
BLEZEE 8C 0 thig primary root Gause. e Likensee hag & ‘alse sense :
security with respec: to it¢s engineering capar iity.
the Licensee was successful with varioys +
wrat nac worked for those projacts w $S.med 0 work for its firse (ine

house) nuclear project and S, the project was fitted into an existing
STructure which carried Wish % practices not ipprooriate 2 nuciear work .,

<€;:—?;:;:;‘;‘U”:J.p¢/‘/ Zpare <u,,~ ,4;7(:0-7 ‘1(' ’!!)kw-i‘;zqﬁzv,c
“w ek Prrey, er.n-/ /na4c4/m~ AhaF e p/m/ wett
//y/ o /u/( o s a it/ a/u,-.é @5 /n/ca/

A“"‘é" Pl e/ r, COLer cEadnal 44 M oesip )t

As previously stas ced,
s of generating projects.
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The engineering function in the Licensee's organization was very strong;
streng encugh politically to resist successfully the impesition of management
controls that were required elsewhere in the company or for contraciors.
Further, since many of the management had ccme out of the engineering
function, they apprecfated its capability ana had been part of its good
performance. They had not seen a need then to fmpose strict quality
controls over®it.’ It is also clear that the atmespherg and regulations
for construction of a nuclear power plant changed tremendcusly since the
late 1960s. There was probably a failure on the part of the Licensee t23
completely understand the implications of the changes as they were occurring.
Further, and as previously stated, the Licensee was within &

few menths of bringing the plant on line on several cccasions. Thus, actions
that the Licensee might take in a longer run would be different when it
appeared that project completicn would Se imminent, and no new nuclear plants
were anticiated in the near term.

Seconcary Root Causes

Sased on a review of referenced materials, discussions and interviews with
the Licensee, the Regional NRC Office, and analysis, the Assessment Team ™~ _
has identifi{ed three secondary rcot causes of the design problems experiencec
t th; Licensee's plant. They are: 1) failure to understand and appreciate
the potential merit of 2 formal instituticnalized JA progras, 2) NRC's
faflure to sell quality assurance as & —znagement tocl, and 3) the long ..
sericd of time between inception of the :-rojec: and cempletion. fach is
discussed in more detail:
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Failure to understand and appreciate the sctential merit of 3 formal

QA program. As previously stated, the Licensee had 2 highly capable
organization with many successful engineering projects behind thenm.

They had made an effort o corganize 2 quality assurance pregram before
the requirements of 10CFRS2 Appendix 3 became mandatory. The Licensee's
perception was that tley always had good cuality and that, while the

new requ‘rement documents might change scrme things, it would not affect ~
the Lnder1y1ng bases for their ;cod qiali:y performance. C(Consequentiy,
the early program was more or less 2 documentes or proceduralized
attempt at meeting the requirements. It did nct signifizantly affect

the way that the Licensee had been 2oing {ts engineering/design work.
Thn'L1ccnse1's past experience with constructicn enabied then to proceed
with the necessary controls in place and cualified peocple to keep them
that way. Construction of power plants was “cld hat,"” and they knew how
to stay out of trouble and get the job cone. lew QA/QC requirements were
tccermodated. When seismic (or cther) problems arcse, the Licensee
reacted as any concerned or conscientious organization would., If 2
mistake had been made, they were totally willing to make 1t rignt.

-

The new Project Compietion Manager [an A-f employee) safd that he had
reviewed the Licensee's quality assurance program in great depth pricr
to forming the Project Completion Teax. Ke noted that the Licensee's
program had early weaknesses, but had made grei:t improvements through
the vears, He was concerned abeu: ‘miosing 2 rew cuality assurance
system (ihc A<E's) on the projec: 2= such a Tate date. [n the end,
however, the A-E's quality assurincs crogram wis adopted, even though
e Jicensae's engineering procez.res wers =2inz2inec -- the imgifcation
seing that the Licensee’s QA progra~ lackes the cesth and understanding
trhat the A-E considered necessary fzr a nuclear plant.

The 1ist of obvious QA program defizfencies ang the key indicaticns
of these deficiencies were describec in Secticz I. C.
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NRC's failure to sell QA 2s a menacement tool, As far as the Licansee
was concerned, the NRC requirement ¥or quality assurance came across

as just another requirement. The emphasis from NRC seemed to be on the
trappings of a Q2 program, rather than {ts substance -- develop 2 QA
manual, set up a QA organfization. NRC tended to lose sight of what it
was trying to achieve. "NRC inspection emphasis seemed to focus on
cperations, then on constructicn. The message son!,yod was that the =~ -
most important area was not design and engineering, because RC did °
not cffcctivciy p}opagato regulations or inspect in the design and
engineering area. NRC failed ‘to provide guidance on what a quality

ass rance program should be. It did not have the technical strength

in sufficient depth to provide effective oversight of design and
engineering QA programs.

L;ncth of time between inceotfon of the oroject and oceration. As
previcusly stated, the period of time between the issuance of 2
construction permit and the present totaled about 13 years-for Unit 1.-
This long period of time greatly increased the exposure to the normal
occurrence of events, to changing resulatory recuirements, and o i
changing state of the art in technical matters. Political climates and
padiic perception cnanged. Emplcyees retired or mcved to new jobs.

Many of these factors contribute: to rtdes1qn.l:5;dtsigns may not be as
completely reviewed as original cesign effores, because the personnel

dre not the same and the scope of raview is generally Iessj Cne of

the major causes of redesign was thanging seismic matters. Initially,
experts with impressive geclegice’ 2nd seismeclegical experience
sostuiated the kinds of earthgud:«as thet =ight casur. That tyoe of
information was given t0 the Licessee's censuitants 0 descride the

loads and seismic response criteria. There was no great experience in
seismic matters in the Licensee'r crganization, and there was no detailed
scope of the work that the Licensse specified for {ts consyltants. The
saismic field ~as developing very raa1d}y1 New data were developed ¢n

ve B4
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faults in the plant area. Data from 2 seismic event in the regicn
resuited in the Licensee's plant :eing designed to two different types
cf earthquakes; a design earthquike and a doubie-design earthquake.

At that time, nc one considared the amplificaticn of vertical motica.
Even in 1976 and 1977, the earlier methods were still state-af-the-art.
The whole concept of plate te~.onics came into being during this peried.
Other major causes of redesign were the afcrementicned 3rown’s Ferry '
fire: the TMI accident, and other changes fn NRC regulations. This
frequent retrofitting resulted in the loss of =sr2le on the project
and difficulty in bringing new emsloyees up t0 speed as turnover
ocsurred. A1l of these factors contrisuted to 2 2limate conducive %2
errors and quality failuces.

i<l. PREMIDIAL ACTIONS TAKEN TO CORRECT (TURN A20UND2) QUALITY PRCILEMS

The major remedial actiun taken by the Licensee was the formation of the Project
Cemoletion Team. Approximately 275 of the Licsnses's engineers were merged with
ascut €00 of the A-E's engineers to form : new project sngineering organizasion.
The design and licensing functions were nerged ints the Project Completion Team.
The project engineer for Unit 1 is a Licensae staff messer; the project engineer-
for Unit 2 is an A-E staff member. The Licensse's chief enginesr's stamp stil)
2pcears on drawings and {ts discipline engineers can ask-for documents to

dzz~cve, though they appear to be involves in 2n overview functicn. As

srevicusly stated, the Project Completion Tear works t2 the A-E's quality assurance
=a7al and the Licensee's engineering man.a’. The A-Z =as :ssessed she foragoing
32 Se 2 satisfactory arrangement. As the piants become cperaticnal, the A-g's
s:2¥f will chase out and the Licensee's $329F 4111 again resume ~esponsibility

42- angireering.
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. The Licensee's Vice Presicent of Engineering made the comment that the trins-
ftion to the Project Completion Team was difficult, but it was a2 good learning
experience for his staff, which had "becsme xind of hide bound."! Now that they
are working with the A-g's staff, they see a much more 2live and responsive
organization, one in which decisions are made ifTEw levels, appropriate ‘
management review, and work 1s'pushad ferward with considerable aggressiveness. .
He said these Ehfhgs were good for his staff to experisnce and it w111,b¢'bcticr

y for it wien the project is completed. [(de commented on a number of problems, \'

., E’ b f tTy perscnnel related, that nad arisen as a result of this integrated matrix
/fyj‘ﬂ' * \organization),

Ancthsr action which the Licensee has tiken was identified by the Project
Manacer for Unit 1. He said that the Licansee has learned that it is
mpertant *u review consultants' work. The Licensee had retained a large
number o? consultants -« perhaps 100 or =cre -- and the Licensees did not have
acecuate mannower to review all of the wark cone by consuliants: The need for
the Licensee (sr Project CompIctian_Tel:) T0 review consyltants' ‘werk has now
been clieariy establishes. N

-

The Licensee's Managar of Nuc]eac,Powar Uperaticns commented that the Licensee
now realizes that quality assurance s & total envelope of management-controlled
Procedures. He said that if they were & start 2 new nuclear plant, they

would gnsure that the enti/e system was in nlace. They would bring all ergantzz-
tions togecther with gualified and simila- sysiems. In-the pass, he s¢id, tuere-
nad Ceen much wneel reinventing. They started with a few of the requirsd
prucedures tnd then ¥Tooded the place with records without having pecple to take
care 0 then. The 22 uidelines had ses~ac 22 restrics 2ne Canmsues ¢ 3s8.ring
Tual®=y ang, thus, 1% was resisted. CA,ne s2id, is ot 2 function incasenzans
of the wark that one is responsibie for, Sut is scmething that =ust e intsgrated
intd the team. QA cannot function with avervene t2%3lly independent.

-
- ——

‘Tuatrticns ére not verdatim, but they ars taliaved i3 convey the mganing intended. -

-
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<V. GENERIC IMPLICATIONS

S2sed on the information reviewed and 2nalyzed by the Case C Study Tezn,

several possible generic implications, cr lessons, emerge. These are high-
lignted for each case study to provide ..t and to help form over2ll conclu-
sfons concerning factors which constitute important elements in nuclear plant
construction quality. The first four address Licensee implications; the last
three NRC implicaticns: )

A. Nuclear power plants are complex facilities, and Licensee ranagement must .
dpnreciate that fact. The engineering desicn and construction oreztices
aoplied to fossi] fueled plants are not adeouate o assure cualitv in
nuclear plants. Licensees which have designed and counstructed fossile
fueled power plants only should not expect that that experience and technolocy
2long will be adequate for undertaking nuclear plant constructicn under the
present regulatory 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 construciicn. A commitment to cuality oy top
management 1s necessary, but not sufficient, to assure quality. (Almost
without exception, top managemert mzintains a pro-quality stance). Thereo .
fs no question that the Licensee's managenent wanted 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, apirt from the seismic desizn error,

1t apreared to have been substantially achieved in the design.: A1 this
seems tC have been achieved more by srevicusly learned good practizes shan
ty the application of a formalized asprocach %o quality. Management lacked

1% w25 reported by the Project Completion Team staff that the independent Qesign
ver{fication Program (IDVP‘ which has involved about 50 personnel, had eximined
t=e zontainment and other systems in consicerable detail. Perhaps 40,000 to
$2,220 gifferent items had beer looked at. Only 43 needed a more detailes analysis
enc, of that number, only 8-10 were classified as legitimate Jdesign errors. All
systems which included them were judged capable of perfcrming their functions
';l&isfac;or11y.
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> - an understanding of how ts institute a2 proactive quality assurance program
in the design process, even though or perhaps beczuse, much of the manage-
ment came out of the engineering organizaticn. They knew the design process,
had confidence in it, but apparently hadn't thought or expressed how majer
quality programs could arise (i.e., where the weak points were in the
design process). The NRC ﬁegidnal cffice also indicased that there had

been an cngofhng probiem in interpreting 10CFREQ Apgendix B8 criteria 16 v
their eppiication to engineering. The Chief fxecutive 0fficer noted that

L was not until the 1873-74 period that gquality assurince was actively
considered for asplication to the design process. By that tine, 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 o put
in 2 different quality assurance program for the remaining werk (which
proved 0 te far more extensive than thought at the time).| The fact that
the Project CompI tio adgpted the A-I's quality zssurance program is
tndicative of .heil:‘ic%r;;z:n%%%gk of unders ..z-x:h-:g (or perhaps procedures)

/
{;av*’;t of how %0 apply quality to design s for nuciear
-

plantsv Mﬂ‘ﬁ/ ’Z?

8. A licsnsee nzeds to understand its cwm coroorate limitations 2s it under-
| e takes 2 nucleir ocwer project, and nct overstes its cacabilities. The
czpadilities of {ts contractors must augment the licensee's lack of
experience or engineering, procurement, canstructicn, and management
inacecuacies. The Licensee rezognized {ts lack of sxpertise and, as
statec, made use of a 'arge number ¢f consultants (Section IIA). What
apparsntly went unrecognized was the evelving recuirenents for engineering
supters Sve the 1ife of the srajec:, necsssizas
~eguiatory requirements. JIt appears that 3 licensse's sngineering staff

not involved in the continuing design of additiconal nuclear plants has \\]
diFficulty staying current with the state of the 2t in nuclear technoiogy
and reguiation.\ A licensee's engineering ;taff ‘nvolived in a single plant

e e

is nnt 2s likely to assimilate advanced procecures that the *"?553:1_55-5—-

/zgz;da- wicie has cevelcped.’ [ Ac previously sszted, the Licensee's Vice President

of Enginaering made the comment that the >roject C:ﬁpne.ion Team approach
presented 1 300d learning experience for nis staff.
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The Project Completion Mazager stated that in his earlier experience in
nuclear projects, engineering staffs (~-f or licensee) did not document
the design process such as is done %2dzy. The Licensee's practice was
mere typical of the earlier practices. 7The Project Completion Manager said
that the types ;f protlems experienced in the design of the Licensee's
nuclear station have also occurred in cther plants in which the A-E has
been involved. Whereas the A-E's staf¥ was 2ble o gain appropriate g
experieﬁcc because of involvement in 2 variety cf plants, the Licensee's
engineering staff was not. In the eiriy yvears of nuclear power, it was
possible to undertake aproject with 2 fa2irly minimal engineering staff.
As regulations continued to develcp 2n¢ requirements were more far-raazching,
T was %ecessary to add additicnal rsrsconnel with greater specialties.
Those crganizations which were inveie< in severz]l plants were able t2
s:aff ppropriately. Thesa with sirzle plants could not, and had %0 rely
on censultants or other contractors.

Another facet of the same problem is the evoiving speciatized aspects ¢f .
engineering. As an example, it was zointed cut that the quality assurance
language was a new language o many cf the oider engineers. Latar projects.
were 2ble to incorporate these requirerents mare readily with staffs which
understood the process better. The Froject Compietion Engineering Manager
commented that the biggest single chingce in nucieir design has been in the
area of seismic technology. The Prciect Completicn Manager said that there
is a cormmon thread in 211 projects t-2: rave jotten ints trouble 2s far

as quality assurance is concerned. That common thread is the length of -
the groject. Long exposure opens tR2 sroject to =iny potential changes

&nc sgldys and difficulties. The Lizensee, he sais, had geod cuiaity in
each time frame since the job began in 1888. ~s eich of the new quality
dssurance initiztives occurred, the .icensee respcnded, but it was more cr
less reaction. Quring this period, 2s RC (or AEC/ERDA) improved its
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There was n¢ regquirement or regulé:icn for eﬁ auditable trail. The ‘)fg]*}
Licensee did not have adequate manpcwer %2 review 211 ¢f the work done ''
by its consultants.

As times changed, licensing regulaticns became more complex, but in-house
relationships and.pracedures continued as they were, _As a comparisen,
during this pericd many architect-engineer firms found it necessary to -
agply iﬁcreisingly large numbers of manpcwer =2 their nuclear projects.

In the early days, the Project Completicn Marnager (PCM) estimated 400,000

to 500,000 manhcurs of engineering time would be required for the whole
plant (typical of projects started in the mid-1550s). Now they are
projec~ing ten times that amcunt. The Licensee ¢isn't have access 9
rescurces of this magnituse within its staff. (A specific example was

given by the PCM of increasing requirements. Thers were three or four
engi%ecrs involved in keeping track of items Aumj off walls in the early

to mid-1560s projects. Today over t=e life ¢f a ;roject, there are
prodably 12-15 engineers who keep trick of wall lczdings).. The Licensee's
engineering staff contributed abecut 23 and the A-Z added znother 800 to
round cut the Project Completion Teax.

The intertaces between engineering functions or cre~ations must de

minimized and carefully monitored. That the Licersee recognized this
problem wes apparent from the Chief Ixecutive C¥¥ficer's comment that

' meving the Project Completion Team i:gethe~ 3n thrze floors in-the A-£'s

building was immensely helpful in ths zcommunicaticn process. He 2lso

stated that there was no substitute for ¢sod procedures t9-monitor inter-

faces.
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The Licensee must be committed to cuality frem toc manacement dewn, and

it must be effectively communicated by t22 manacement and manifested in
procedures and controls. It is helpful when the Ticensee recognizes that

an assurance of quality program properiy conceptue’ ized, structured, and
implemented can be an effective management tool that can be cost effective.
If management attempts to implement a "canned QA" program rather tham an
assurance-of-Juality program, it can be seen as th:eatgning to some, and = -
&s an artificial Iay{pg on of another svstem by others -- 2 system with which
sne must contend: but cne whicn has 20 useful purpese or function.

The problem is complicated by a number of factors if quality assurance is
seen as 2 superflous system. For instance, there has been a long history
of changing requirements on quality tzsurence. Ancng the Tessons learned
by the Licensee was that, cver 2 long period ¢f time, there will be
changing criteria. There will be changes in the state-of-the-art and
models, and czlculational methods will Secsme more complicated. Events
will occur during the construction 1ife of a plant that will magnify
errors, such as the diagram error, which wsuld have been-considered one
way pre-TMI, but was considered another wiy post-TMI. There is alsc an  ~-
evoiving public standard that has scmethirg to do with perfecticn of
techanogy and risk-free operation, and these 211 feed the Nuclear
Regulatory Cemaission's drive toward raised standards. Amid all this, the
 commitment to quality must be sustained. _ : e

Another complicating factor was that serscanel in NRC change, ané the
interpretations applied by these persanrel changed 21sc. The comment was
mzde tnat in 1966, there were 20 safezy su‘des and they wers vagcue -- now
there 2re huncreds of reguiatory guices 2ns they are written in consicerable
detail. That was the changing envircament that 2 licensee's engineering
staff nad to deal with and still sust2inm cuaiity.
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NRC needs to treat QA as a management +onl, not as just another recuirement.

As another requirement, the concest of gquality is treated as just 2nother
svstem laid on the licensee. As z m2nagement tool, the concept of cuality
assumes a much mere impertant and useful role in the eyes of management.

It tells them scmething about the-amsunt of rework and project cost, about

the projected reliability and safety of the cperating plant. NRC needs o
stress this aspect to better zcceptance of its QA initiatives. -

m
.

e
-

F. NRC needs to pay more attenticn to ensuring cuality in the cesicn process.
During the Case C project, there was no effective in-depth evaluation by NRC
of the Ldicensee's design process. The Vice Presicent of Engineering stated
that they were weil through with the engineering in the early 1570s when the
whole quality assurance program of NAC was brought into the picture. Part ‘
¢f the problem was the imprecise natire of 10CFRSC Appendix B, a problem which
continues. This factor did not encsurage the Licensee to-go back and put in
2 large QA nrogram to handle the remzining work to be done, and NRC did nct
insis. cn it, either. It was admittes that the Licensee was slow t0 adopt
211 aspects of quality assurance. A confusing factor was that the early
AEC regulations on quality assurance szid ¢ 2pply it "as practical” as
far 25 Unit ' was concerned. '

-

1+ can Se expected that many engineering crganizations will resist the

o“w

' introcuction of aquality assurance ints the design procass. for rezscns

1004& ;;ev..uslv stated, | Further. the Stucv Team made the : =
”/;11 ‘Vuchcmmen° that it appeared ff them that the Licersee's engineering organizatien

ccearecd 2s "orima donnas This was nst dissuted sy the Licensee's ucser

cég,fzi//q -anagement. There is Tittla ackne wlszgzment By enginesring that nac Jetter
. "“7 R A procedures been adopted, it would nave avoiced the design diagram error.
vé>’,1£uﬂ' (This attitude does not apply to the Project Compieticn Team).

B
- b
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regicnal evaluation - no

The Licensee regional evaluzticn is an action that would take place
when the Licensee is in the process of receiving its operating

license. The effect of the regicnal evaluaticn could be similar to
that described in (1) above. The scope of the regional evaluation.
would havs to be expanded to include detailed desicn review.

. -

Independent Da2sign Verificaticn Program (IDVP) = yes

The Licensee IDVP is an action that ta2kes places when the Licansee is

in the process of receiving its cperating license. The IDVP would

have applied in the case of this Licensee's plint in which the design
and construction are essentially completed. UDesign verifications can
be performed at any stage in the design, Sut the most preductive period
is when the design is essentially complieted.

It is Tikely that an IDVP would idéress one or mecre of the sensitive -
issues relating %o the plant under review. This would have included
the seismic problem as stated unier (1) above and, since an IDVP is
probably more thorough than either of the evaluatiens ‘in (1) or (2)
dpove, there {s an increased prezability that the diagram error and
design document control deficiencies would have been found.

e

Jesign audits can be very sensitive 1ssu=s;'e.;.. cne A-% may audit

another's work. (Care woulc have 0 be tzken in 2iring highly technical
issues bafore non-technical audiences.

> b N
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8. Incdustrvy Initiativas

b

s NRC

INPQ "Construction” audits - yes

The phase 2 part of INPC "Construction” audits now considers design.
Such an aucit should be as complete 2s 2 licensee's self-initiated
audit. It is quite pessible that an INPO "construction" audit would
have detected the problem that oczirred in this Litansze's plant;
certainly, it would have identified the design document contrsl
deficiency.

Utility Evaluation Using INPQ Method - yes

This*measyre is basically a self-svaiization using the INPO methodology
devised above, It is a design audit cavised by INPQ using salf-
gvaluation review teams. This review is estimztad %o reguire up to
15.000 manhours of effert by the Licensee. The review teams are coften
le2d by representatives from the A-Z, ut whe were not involved in the
criginal design. The team inciudes Licensee personnel. Such an
evaluation would have fcentified Zocument control deficiencies that
occurred, and passibly could have icentified the actual error.

Conssruction Inspection Procram

Revised procedures and increased rescurces - yes (if included design)

This particular initiative applies =2 the ccnstiructicn -program. The
ceficiency found in the Licensee's :l&at relatas tc cesign and not ©9
constructicn. If this initiative were expandec to include cesign, then

it would probably have detectad =e sesign document cantrel deficiency.

Censtruction Appraisal Team (CAT) Imscection - no

This initfative applies to the construsticn pheze; the Licensee's
quality problems occurred in the cesign phase.

 BBEAST uUABYIMC BADED
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3. Integrated Design Inspection - yes

The integrated design inspecticon is an action that would take place
when the Licensee {s in the process of receiving its cperating

license, though it could be done before., For the same reasons given
for the effectiveness of meikures for Near-Tera Operating Licenses,
the integrated design fnspection wculd 1ikely fave uncovered the design
document deficiency and could have detected the, ermor.

4. Evaluation of Reported Infornat1on - net likely

This initiative would ccmputerize 10CFRE0.55e and Part 21 reports,
facilitating trend and other analyses of these event reports. This

« ¢lysis provides an additional cross-check on the quality and cperations
&t the Licensee's site. The type of cquality failure that occurred 2t
the Licensee's site is not unlike errors that result from lack cf
inter¥ace control. Possibly, the ra2porting of similar problems in other
plants would have been useful to either the NRC Inspection 2nd Enforce-
ment staff or to the Licensee's engineering staff in looking for errors
of this nature.

Cesicnzted “epresentatives - maybe

At the time of this Case Study, it was unclear how the cdesignated representa-
ive system might be implemented by the NRC. Generally, it has been

consicered :d'a;p1y to the constructisn process, ¢nd not 40 the design- process.

rowever, tr2 FAA uses designated engineering representatives (DER) who are

amoicyzes c¢f manufacturers, but are csputized by the FAA t0 review 2nd

veri®y zarizin elements of design. (T-ere 2re 21so designates manufacturing
~err @ntzsives (OMZ) who verify thas: the assembly or faorication process

is acceptable.) The DER could be uses €2 spot check the design or design

process. : vever, there is every reascn to velieve that this initiative,

had it bSeen in effect, wouid have unccvered the design cocument control

deficiency that the Licensee experienzed, and very possibiy the error itself,

- .-

hae seismic analyses been subject to ZZR review.
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F. Certificaticn of 0A/QC Program (SECY 82-26) - yes

Had the “2C initiative related to certificaticn of QA/QC programs been in
effect, it is 1ikely that the review of implementaticn 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
would have been a recommendation for more formalized transmittal of .
information bétween the two, and such an action cou)d have prevented the
preblem that the Licensee experienced frem occurring. '

6. Minagement fudits - maybe

Management audits could have easily identified the lack of formality in
transferring information between consyltants and the Licensee's engineering
staff. Having highlighted the deficiency, it is likely that the Licensee
wculd have corrected it by putting into effect improved procedures. - Haowever,
had the engineering organization resisted the imposition of improved |
procecures, it might have prevailed. E e _
|
\
|
|

IMPLICATIONS OF THIS CASE STUDY FOR THE FORD AMENCMENT ALTERNATIVES

Section 13 to NRC's FY 1983 Authorizaticn bill requires NRC to conduct 2

study of existing and alternative programs ¥or imsroving quality assurance and
guatlity contrel at nuclear power plants under construction. This Sectien,

c2iled the Ford Amendment, requires NRC to icck in sarticular at the feasibility

and efficacy of five specific alternative prog-am concests. -As 2 part -of this
inaiyvsis, each alternative concept was eviluatasd with respect to0 wnether it wouic ---
nave mace 2 difference in the Licensee's zonstructicn program, had it been in

ci2ce 3T 2ne time of the Licensee's construcstisn 2emmis. As was the case with

wng cudiity assurance initiatives, each ¥ tne Fers aitsrnatives was giscussed
with senicr utility perscnnel, as well as with their staffs.
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Audits, Inspections, or Evaluations by ~ssociations of Professionals

Having Zxpertise in Aporooriate Areas - Minacement Audits - yes

The Authorization Act regquires NRC ¢o evaluate the following alternative:
13(5)3 - encouraging and obtaining mere effective evaluations, inspecticns,
or audits of commercial nuclear power plant construction by independen;
industry or institutional organizaticns based on best experience and
practices. If done at the present time, audits by independent or vt
professional crganizations looking at the desicn proceg; wouid have .
identified the quilit& assuirance deficiency that was inherent in the
transmittal of information between the engineering crganization and its
consultants.

Imorovement of MRC's QA Procram - yes

The Authorization Act requires NRC to evaiuate the following activities:
13(b)4 - reexamining the Commissicn's organizaticn and method -for quality
assurance development, review, and inscection with the ¢bjective of
deriving improvements in the Agency's program. g = oV, gy ta

It is clear from previcus sections of this Report that NRC was part of ~—
the prcbiem. The following changes to NRC's prograzs 'ould-have mitigated ‘
and péssib1y prevented the development ¢f the desisn qualit& problems
discussed earlier:

a. Medify the licensing review procsss ¥ir a construction permit to cover
the Licensee's ability to effective’ly manace a project as compiex and
technically demanding as the ccnstruction of 2 nuclear reactor in
accordance with NRC recuiremenss. The construction permit review would
need to have been Tocused on the cesign procedures that the Licensee
proposed to use and its relaticnshiz with its consultants. A thorough
audit of the Licensee's implemenszticon plan for its proposed procedures
might have been sufficient.
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or
.

As part of (a) above, the Licenses wouid have t2 demcnstrate its
capability to effectively manage 2 QA program. This is Ford Alternative
13(b)2.

¢. Revise the NRC inspection prodram to 1) focus 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 -
practicei. Part of the reason for NRC's failing to recognize the
problem was the lack of NRC inspectcrs and personnel that had 2 direct
fnput into the design process.

d. Expand the scope and depth of the l1icensing review ®or the Licensee's
quality assurance program. While the Licensee met 211 the quality
assurance requirements in effect 2t the time of the design errcr, 2
quality assurance program review wnich inclucded a review of astual
implementation of the program would have revealed & wezkness in the handlin:
of design data, especially that tetween the Licensee's engineering -
crganization and its consultants.

~

Conditioning the Construction Permit 2n the Applicant's Commitments to
S.omi: 0 hird-Party AUGITS OF 1S (.2,1ty Assurance 9?6c5;ﬁ - yes -

—-

S p—— —

The Authorization Act requires NRC to evaluate the foltowing alternative:
Jsxb)s - requiring as a conditicn cf the issuance c¢f construction permits
for commearcial nuclear power plants taz< the Licansee contractor make other
arrangements with an independent inspsctor for auditing quali®y assurance
respensibilities for the purposes of /erifying quality assurance performance.
An incependent insgector is a third zerzy wno has nc resgonsibiiities for

tne casign or construction of the.plazt. This alternative, as it appiies

to this Case Study, has been discussesd under Ford Anencment Alternative

(C) above. It is believed that, had this initiative been in place, it

could well have prevented the Licensee ¥rom making the error that cccurred.
A simple review of the quality assurance procedures that existed within the
degign organization would have revealesg this ceficiency.
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There is evidence that when the Licensee initially set up its

QA/QC program, they appoi~ted an old line construction engineer

to the Manager jposition. Alsc, 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 2bout engineering taking care of its own problems
as they arose, but did not indicate a formal program for corrective
action; mainly & 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
perscnnel seem to be afraid c¢f the concept of QA or QC having access
to top management. They don't see iny benefit/reason. They do not
uncerstanc the concept. "QA" is a term used to describe the organiza-
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 ictions.
TAShe—esrty—daysSosilechndut e T UarAee TAAOESFuncITNS, The - -
Licensee had much pride ‘n their abilities, however, and felt that
they were doing everything correctly. There is much evidence to
indicate that they were willing to admit their limitations znd seek

help for seismic work. The . o u-h\\u*‘lon a-c .Hp\t B;LA“(J
A ero:‘ram Cor the lndcﬁ'é"\“‘ b“'ﬁ“V"'Q"‘L"ﬁr\‘x?eJ:Jmcc

+L\AJ' ‘he hicenses Now a:.\:n-:d‘*-d'?“ Ve need 4—c
apply QA Controls o 4&4 Enm"'fcr‘nt; Process,
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3.0 Qualified work force is utilized

A. Overall, the work force empioyed on the Licensee' Project appear
well qualified. The Licensee's engineering staff had limited
nuclear experience entering into the Proisct, and the staff was not
largely measured by present-day standards. Where the engineering
werk force was not qualified, 1iberal 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 cther early contractors. The construction work
forces which were employed appear to have achered to good construction
practices. Some reservations evoived relative to the corporate QA
staff. These came, in part, from impressions in cne of the group
meetings and, in part, from opinions expressed by an NRC Region V
inspector.

4 pu'n‘“

8. The Licensee, did not,understand the need for trained quality people
in the beginning. ? people were put into quality functions withcut
training. The Engvneer1ng Manager's philosophy is that the people
responsible for th? task aggafme only ones capable of really getting )
it done. He v an-4ncependent organization watching. __ _

his activit 1es. ok 2 - p In—#sfew-aﬁau_
' - :ptmm\. o-c

NRE perdonnel + —ormer YA M:ch' wag Mere c\ym-m Howee!
Than Ng Pﬂdctenorr E‘-. ,gccu:or!n i S i Enq\nc.erw,

M&, naje been Successlul 'n 1¢H~m1 (o -\'Yansgrrd ont ok

e, QA -(‘.J.v\cltm\ : !
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4.0 Instructions, procedures, and drawings are clear and adecuate

A

[nstructions, procedures, and drawings were not reviewed in detail
apart from those associfated with lcadings 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 thet the engineering work
currently being done by the Project Complation 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 communications problems.
it was not possible to probe deeply enough to identify any such
protlems, however.

Presently, the quality organization 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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.0 Quality/QA Praogram deficiencies are sought out and reported promptly

h =

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 anc audits of material suppliers, notably
one supplier of electrical system supports.

Further, the "mirror image" problem indicates a weakness in this
regard in the engineeriing activities. It must be noted, however,
that deficiencies, once discovered, have been promptly reported and
addressed.

8. In the early days, this was nct done. The Licensee fully
understands the need now.

8.0 Corrective action program is effective

A. Good, once that a problem has been identified. The Licensee has
been very responsive to identified needs for corrective action;
nowever, QA program deficiencies may not have been regarded with
the s2me intensity as construction deficiencies as far as corrective
action was concerned.

B. No observations made.

7.0 Design revi:w activities detect and resolve desiagn 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 facilfties. Among other things, the
overill designs are reviewed by chief (discipline) engineers. No
Jata were obtained on the numbers and types of field changes.
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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 i: being resolved, the discovery

was more fortuitous that the result of an orderly process. At

the present time, of course, very sxtensive reviews are in progress.

B. Changes are made at the facility/plant as reaquired. The Licensee
seems to Justify this by the fact that QC people are engineers, and
are often the people who did the cesign. 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.

3.0 Desian input data is adeguately controlled

A. Performance in this area was probably satisfactory during the
original rlant design process. There was a major breakthrough,
probably due to schedule pressures in 1977 in the handling of
seismic diagrams. It is equally obvious that major efforts are
currently being «pplied, especially in the IDVP.

8. HNo observations made.

9.0 Organizational structure is conducive to attainment of gquality.

A. Ne fault was identified with the formal organizatior 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 am effective design QA process. This level
of informal power now appears to have been significantly eroded.

8. GC functions are performed by ihi'departments responsibie fqr the

. mu Closcly mon +vred and checked
taslik This can:'c‘:rzk.: but lh Sy g s e PP

er | on \ ould | naepe na v
b’% VLI = cgmplwance with the Yntent of 10CFRSQ

Appendix Bas qu ectionable,

.-y WMIBYIMNS AT 000
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10.0 Planning, scheduling, and buzgeting provide the resources to dc the iob

A. This case is a classic of "haste makes waste." The engineering
problems which have been so costly appear to hive resulted at
least in part from very heavy schedule pressures. This was extended
t0 the initial efforts at 2 design verification program which
produced an additional set of problems. There were no indications
of lack of resocurces currently.

8. No observations made.

11.0 Design control process

A. As identified in numerous earlier indicators, this is the major
seficiency which occurred on this Project. During the past year,
this has been over-corrected with a very extensive IDVP and an
internal 'look-back program" initiated by the Project Completion Team.

8. 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 package development and control

A. Not irvestigated.

No cobservations made.



13.0

14.0

15.0

16.0

Procurement control

A

A satisfactory evaluation of this indicator is difficult because
of the time period of this project. The IDVP consultant auditing
the CA program has conceded that the numerous, signifi_ant
deficiencies that have been identified are deficient by today's
standards, but not by the standards existing at the time the
procurements were made.

The original seismic contract did not specify a QA program, In
fact, the consultant was not required to explain his program unt?l
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 somecne understood the requirement at an early time.

Nenconformance control

A.

B.

Not investigated.

No observations made.

seecial process controi

A.

No significant QA/QC prchlems have occurred at the construction site.

Welders are qualified today and all indications are that construction
practices have always required welder qualification. No observaticns

made on other processes.

Examination, test, and inspection control

A.

8.

This point was not probed in depth, but NRC Region V and expressions

at the site indicated that the construction site efforts were
excellent.

No observations made.
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17.0 Caiibration control

A. ot investiqgated.

B. !o observaticns made.

-
o
o

Records

#. Although major problems have resulted from weak documentation
practices in engingering, the available records led to discovering

the error about four years after it occurred. Further, we were
ady¥sed by »u NRC Region V inspector that the records and traceability
refative to construction (materials, heat:, location, etc.) was
wiusually extensive and accurate.

8. Early stages ¢f the design of the Licens:e's plant were poorly
docuriented. There 15 in understanding within the Licensee today
that this was a bad mistive. Present-day practices not reviewed.

19.0 Audits

A. The use of audits in the early years of the project appears to have
been limited to iiose typically done in projects involving other
o2 of generat ' ng facilities. There appears to be no formalized
priqram of wudits.

Tsig audit program has @ en very extensively strengthened during tne
past year, reflecling in all lik'ihood that it was lacking previously.

w

The present program includes audit-activities; however, they were not
. verified. [n the early days, audit activities were probably not
performed. The Liconsee had a quality program, but the problems they
have 2xperienced wou d ndzjatn t at,a con:wnuei’sys tem to verify

nof arp. ¢ elIE e
impiementation was,sods Liiseand Trore is alsc evidence that early
NRC audit r&poris gave the Licensee good reports on quality program
implemen:ation when, 1n ©act, this was not the case, based on 2 review

of corresgondence.

ORAFT WORKING FAFLE
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20.0 Identification and control of material items

This was only superficially investigated; however, a Region V
inspector specifically commented that the utility had been far

I

above average in this regard.

C. The Licensee had no formal procedures/documentation in the early
stages of plant design; however, they had a strong desire to
perform well and this willingness to perform caused problem areas
to be worked cut. This was a natural function of those responsible
and gees along with their engineering pnilosophy.

""-‘\HV!:.I."‘ o) oh

-
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=007 CAUSES OF THE LICENSEE'S PROBL:HS WiTH C”‘LI IN SESIGN

sased cn the Study Team's evaluation of SRC's files 2n¢ other documentati

regarding the Case C Project and discussions with and interviews of cognizent

nAC, Licensee, and contractor perscnnel, the following sre sropcsed as the
rimary and secondary root ciuses of the Licensee's quziity protlems in the

Sesign and construction of its nuciear station:

A. Primary Root Cause

The primary rcot cause emerged cut of several facicrs which, taken together,
increased the 1ikelihood of a design error. These factors include the
pressure (whether real or felt) to complete the nuclezr station, informel

communicaticns across important interfaces, an inzcsguate a:;l»gaticn 34
g M Al
i . 5 ¢ : - ' \/

/A?ua11 Y asSurance,qualxb _contre} ., ang

: ‘v"..%—w’. AL AA Ce/',\otc_(&w\b Y

v
feviews and 2ucits of the project indicate that <ne st2zéecn, 28 4t exiscad
in 1673, nad been properly and correstly designes :«¢ cinstricted. The

seismic and other analyses (at the then state-~of-thz-2r:) had besn ;erf: mec
0 the correct configurations cnd bases. It w2s in the rearaiysis after ~-

the egsential comsletion of Unit 1 in 1878, promstes Sy new seiz-mic
assumptions, that the design error previously described osccurred.

Frem the fssuance of construction pemits for the .icensee's nuclear st2tion
Ts tne prasent tire was acproximezaly |
of the longest, if not the lorngest,Hin the cpnstrussicn srocass.
amsunt OF rewerk resulting ‘-:m%-e cire~snts, coudled
«i%n tyrnover in personmel and increised faciiisy ::sts, inirsases the -e2)
(or felt) pressure to complete the faeility. As a “a¢cility nears completicn
or is in a prestartup condition (2s the Licensee's stasion wis in the mid-
1870s) and Qe or A ng,cﬁsu“;-’:’i* se, thers is :} even—pesseas
tendency ¢ . 0 /formalize aczior iazar. Such

rci. ons increase the possibility ¢f error.

13-15 years, =ari=; tois st2%isn cne

Tne iirge

o

re
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One of the comments made by the Licensee's s:ﬁff wes‘" ngineering viewed

their consultants as an extension of themselves." (It should be noted that

the Licensee's staff assigned to the Project Cocmpleticn Team has beer

physically relccated to the A-E's facility). While the srotlem of inter-

face contrel cannst be considered the primary cause of the diagram ‘error

that occurred, it was £leérly a contributing factor. The error is indicative “
of 1ess .han edegquate procedures for design reviews and cc.uun1cat1ons. T -
During much of the préjoct. the 2pplication of quality assurance/quality

control (QA/AC) to the design process was not weli understoud. -ls—was- v v
- H—she—L = : o2 . Changing recuire-
ments resuiting in redesizn, coupled with turnover in cesign perscnnel not
familiar with a1l the ramifications of the original design, make the

a”"CEElff ef QA/QC to the destign process increzsingly important. The
matterSe further complicated by the evoluticn of the 10CFRZ0 Appendix 3 «
criteria, snd=itsmvagueasss, [Quring the mestings with the Licensee, its -+
A-Z, &nd the regicnal NRC staff, there were repeates comments with respect
to ongeing problems in interpreting 1CCFRSJ Appencix 3 :riteriz and.their
azpiication to the engineering process ) *Jgk'“i’ cincerns 2bout
infringing on “professicnalism” and "creztivity! weme—espressed- These
censicerations, plus the facz that the Licensee's eng1regdéng

""!fﬂ zatien

I
was very independent, gontrjbuted to their res.s ing Teep—am '
%‘c v2C /
gnd/eor understandmng uelity ass~r?ﬁ€§12¥=!ﬂs¥=$;0i. *aa=0—4~sc_sa=~&

in the LicCB
made the cbservaticn that the L contractors than
arent success in
assuring quality-mche construction efforts, since essentiaily an}

— S ——
S

on its~1f." This attitude pa. e contributed T
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1{(1'..( Lt*u—l—“\ A~ IK: LL:-L )—«.7«—. gyw‘ Lo~ ,
! b :,,!—57‘EbnEFEEIUVS‘-fﬂewuxen._~na-&;pl»c§%4en—o#—qua14ty
= . . en—Gurte-well-undersiood-anc.

fmpTemenced 1 f . The significance attached to this
f{nding is the possible reflection of an attitude, arsidutirly in
engineering == an attitude reflecting some degree of professional arrogence
that "we do no wrong, but we sure have to watch out for these other guys.”
The major quality problems identified to date have been within that -
:r;anizaiionf -

~ . ‘\-_—.—\

The engineering deficiencies discovered in September 1981 occurred during \\

& time, ironically, when quality assurance appeirec to be undergoing \
: significint strengiiening within the Licensee's crganization. In September
y the Licensee hired 2 new corporate direcio~ of QA who was
iTiec, knowledgeable, and aggressive. ODuring late 1976 and 1877
the OA pregram was overhauled and a new JA maiwed=CP progrim was £€§E%%?4 {
1978. g fhe Case Study Team was unadle tc estadiish the attitudes and .|
reiati onsh1 s between engineering and the new cuziity assurance director \

¢ - - - . 2 - -
W ﬁt W that the azplication of ==emwe rudimentary |

Guelicy assurance practices for design cocument conirol sdeehEigwas should v
have prevented the error that occurred,

¢ surmarize, the primary root cause »2s t7e f3ilure to manzze completely 2
sroject that is large and complex, an the faiiure 0 pian and effectively
‘molemant & management system embodying 271 of the zantrsls.necessary to

grsure sorrect compietion of such a proecs. There were severs ‘iciors Tris
centrizutac 0 tnis primary roct causis The Licsnsee nac a faise sense of
security with respect to its engineering cipatiiity. As—previcusiv—stasad,
;:e che:see.uaéfsuccessruI with varicus types of cenerating projects. v

what nac worked for those projects was zssumed 0 werk for its first (in-

house) nuclear project and, thus, the project was fitted into an existing
structure which carried with it practices not &ppresriate ¢ nuciear work.

DRAFT WORKING =aFZR
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The engineering function in the Licensee's organization was very strong;
streng encugh politically to resist seeeessfantw the imposition of management «~
controls that were required elsewhere in the compiny or for contractors.
MALM oé-ﬁn—nr.oe%?%u“ the engineering
functio “’ hey agprec1a.ed 1ts capab17 .:)a-¢ had been part of its good Vs
performance had not seen a need shes to imoose strict quality .
controls over'it, demtmegizo-cisge—thet fne i mospherg and regulations
for construction of 2 nuclear power plant changed tremendously since the
late 1960s. Tk %w%v-a-—fww?e '1censee
hove comyletely understans the implicaticns ¢f the changes as they were occurring.
onE!ffb02-—dad«iG:QfQy40e3+7:ST!I!UT:fﬂ!TCTIiﬁ?i!‘VRS*witqip.Q”'
t ] ' ing the plant-on-line 2n se I occesions. Thus. z2ctiens-
uid pe different when it
mpletion would Se imminent, and no new:

-/

/fnof"/

dppeared that pro lants.

were

Secondary Root Causes

w

32sed on 2 review of referenced materials, discussions and 2£§:£y1ews with - o
the Licensee, the Regicnal NRC Office, and analysis, the Team ™~
nas icentified three secondary roct ciuses of the cesign problems experienced
at th; Licensee's plant. They are: 1) fazilure to understand and appreciate
the potential merit of a formal instituticnalized JA program, 2) NRC's

failure 0 sell quality assurance as & —snigement 001, and 3) the leng

sericd ¢¥ time between inception of t7e =r:jecs ars compietion. Zach is
discussed in more detail: '

DRAFT WORKING =472
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Failyre to understand and rgrec‘a:e the soce=—iack merit of 2 formal

QA orogram. ﬂnffET!V*‘“STT—S‘ttttz e ;1‘5 -e had a hichly capedie
~

Q:w~ A
| S \ organizatien u#%h4=acy successtul rs&sagzzzlag ér:;ects-ﬁen+ne-‘hes»-

..3‘ \ They had made an effort to organiza 2 cuality issurance program before

- \ the recuirements of 10CFRSO Appendix § became r;nda. %nsee s
| é perception was that awwm .na‘. w .
| ) new recu‘lremenﬁm might chance same things, 1t would noct affect ~
| Y the under1y~.ng :jr*'smance. Consequentiy,
'\ ; the early program LEL (Rogmscesnravemad
. \ attempt at meeting the requirements. it did not significantly affect
'g - the uey that the Licensee had been <oing its engineering/design work.
\ ;s " s -

S

%

accs=macated. When seismic (or ciher) predlems zrose, the Licensee

re2cted as any concerned or conscientious organizaticn would. If a
mistake had been made, they were totaily willing to make it

right. B
CL‘z44¥E"-L~th“-1(;f?2 ¢);e" X LU“*#}“}:;“'7141::;J ~--
PR - S T2 ,- - Eer-smo Lyee) 132d 2i¢ that he had
mv‘(:.ewe ﬁ_Licensee S quaH..y dssyrance orogram in great cdepth prior
te’ \ Project Completicn Team. FHe notad

that the Lu:eﬂLsee § 2a
b, LA

pragram had. weaknessas, but had’:;;vf : wﬁ

AL AN ‘ . ! -y

%-ua,é"‘ He was concerned abou: “m2osing 2 rew cualigy-assurince

syztem (the A-E's) on the projec: 2= such 2 1252 date. In the end,

ncwever, the A-t's quality assurincs :crogram wis 2copted, even thougn

-
-

.z
¢ == the impiicasion

-icensee's engineering procei.r2s wers =zirtzines
seing that the Licensee's QA progrz— iackes the cesth 2nd understanaing
that the A-Z considered necessary fsr & nuciear plant.

- . ud ol gk PPIRLoR
The 1ist of ptu(i’oii QA program deficiencies and the key indications
o7 these deficiencies were cescridec in Sesticn I. C.

DRAFT WORKINEG PAPER
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NRC's failure to sell QA 2s a menzcement tonl., As far as the Licensee

was c~r~ceme:. jla; requirement for quality assurance came across
as just anot quirement. The emchasis from NRC seemed to be on the

..ra..p.rgs of 2 QA progrm‘rather than {ts substance. /-- develop 2 QA

@e] ‘set up 2 QA organi.a*wh ‘\m:

"NRC inspecticn emphasis seemed 10 focus on

Ammzh,w,;qr constructicn. The message ‘canveyed was that the

mest important are: was not design and engineering, because KRC did

not ef‘ec..'lve'ly propagatl regulaticns or inspec Msln the desicn and

engineering area. NRC failed "to provide gui on w 2 W‘lty
. >-—~ﬁ"

assurance program shewsd=te. [t did not hev!‘mtf'r/mcal strength

In=sufiicisnt-desth to provide effective oversight of design and

engineering QA programs.

Length of time between incention of the project and cceration, «es—

MTQ period ?{"J me between the issuance of 2

construction permit and the totaled abeut 15 years for Unit 1.

—+his Tong period of time greatly increased the exposure $o the aormes

octurrence of events, to changing regulatory recuirements, esd G
changing state of the art 13{30-1'; mat‘.ers\&'/ﬁ’lﬂjczﬁ cT,-na.es and

pasiig perception, tmp wees repired or mpved to new jabs AN
A i il

g, ‘7"“{
? Sovs ;@-o“}nese factors contri te' to ndes*a‘; Redesigns may not be as

c-piete y reviewed as original cssign efforts, Hecause the jersonnel

Mm and the scagg of review is cenerally less. mne of
the major causes of redesfmr as §.ng seismic matters. Initially,
experts with impressive geolegic:l znd seismclogical experience

o] o
-

information was given to the Licsssee's ceonsultants 0 cescride the

lozds and seismic response criteriz. Jhere—wesnogrest-experience—n

seismic-matiers in the-licenseelsoroenizetiom—anetherewes o cetsiled

- ———

!

‘/

F

tuizted the kinds of earchsus:iss shat mighs ¢2cy That swesss

seope—of—thr work—thet—the-LicenssesoectiledSendss—consuitants. 1he

i

[}

seismic field was developing very rapidiya New data were developed or .
/' - 2 !
/./ x.‘_‘\_\’zj‘,y‘nh /1., Aot el ; )

s v
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faults in the plant area. Desa from 2 seismic event in the region
resulted in the Licensee's plant Seing designed to two different types

of earthquakes; 2 design earthqueke and a double-design earthquzke.
-Ar_that {ime, no one considered the acalificaiisa-dimvangécal motica,
~Evenda 18976 2nd 1877, the sadlier methods-were-stili—stete-cf-thesert, .
+he—whote-concept of plate-tectonics—cane—into-teingduring—this—period.
Other najor causes ¢f redesign were the @fovemeasicred Zrown's Ferry v©
fire. the TMI accident, and other charges in N2 regulations. This
“'equent retrofitting W&e&_mw 3
Sto-speec—as—turnouer v
ﬂmw centriduted to & climate conducive 0

errors and quality failures.

_____ sl bag 1o BV L e et A - |y e W YT ¥4

REMIDIAL ACTIONS TAKEN TO CORRECT (TURN ARCUND) QUALITY PRCZLEMS

The major remedial ac.ion taken by the Licensee was the formaticn cf the Project
Cem>letion Team. Approximately 275 of the Licsnsee's engineers were merged with
ecut S0C of the A-E's engineers to form & new project ingineering organizatisn.
The design and licensing functions were mergec into <he Preciect Completion Team.
The preject engineer for Unit 1 is a Licensee staff merder; the project engineer~
for Unit 2 is an A-E staff member. The Licensse's chie® engineer's stamp s2il}
gpoears on drawings and its discipline engineers can 2sk for documents to-
izzrove, though they appear to be involve:s in ia overvisw function. @

10-de-e-setisTaciory arrangemens. As the pianis become operzticnal, the A-Z's
g227F will chase out and the Licensee's s32¥¥ 4111 zg2i~ rasume -esponsitility

e el
<= argineering.
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DRAFT WORKIXG pAP‘-‘R
17

,,) adar A ‘L
I?! Lxce“see‘t-4+ee—rre31ﬂen1=vf*=ﬁ§” ‘?ngzaadezane comment thét the trans-
1::ou to the Project Completicn Team was difficult, but it was & good leirning

exzerience for his staff, which had “"bessme kind of hide bound."! New that they

ére working with the A-E's staff, they s2e a much more 2liy ¢;0551ve
crganization, one in which decisions are made a low ‘e4e1§£:a:propr*2'é
manageme Fenézw' and werk is pushed ferward with considerable aggressiveﬂess.

re said trese bhfhgs were good for his staff to ex-er1ence and it will be better
or it when tne project is completed. (=

“h

imser<int ¢ review consultants' work. The Licensee had resained a ars
numder oF consultants - perhaps 100 or more -- and the Licensze did no: nave

2cscuate manpower to review all of the wark co by consulitants. The need for
the Licensee (or Project Completion .ea*- T0 review consuitants' work has ncw

Yy

been cieariy establiished.

-

; ¢-thes the Licensee
ncw reai+zes that quality assurance is & totz) enve'*pe of manzgement-controiles
srocedures. Ke—said—thet T they were &3 start 2 ne ]

l/.

ould.ensure 3 ire system was, ins 7 =z
n:w-e—b\-%‘ it o 7 Z.a.p ,..c ~.~'»;k»~g
‘--p”( -

nag.-ceen--muca-whne i 1

o alde
wwel i

of tre work that 1s responsible for, Sut is scmething th integratsc
OA cannot function with zvervene totally incepensent.

"ws9talicns are not verdatim, but they are bzlieved to convey the meining intencec.

”
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- an uncerstanding of how to institute a ‘p\roac:.i\vg quality assurance program
Lﬂp‘:he cesign process, even though or perhaps beczuse, much of the manage-

ment came ocut of the engineering organization. TRey—kRew—theGesioA-Sr0LesS

. . iﬁ at-zpvt‘ene+*ﬂﬂn$r4h4ﬂe~ee*ﬂM~1ﬂF~e*se*ﬁ«nrﬂm*ef-
,"'\Ju_‘vhr\'
4 ))‘-q.&14~y-;;egsams—*;U+¢—4=4sa—4ire11—where—'he~weax-pe+ﬁts=~ere—1n—the'—"“'37“j
%{S‘vti'v“fv eesignprocess) The NRC Regional office alss indicated That)<here 2
LN 7 -
\ 7," been aa drigding predlem 'ci‘n 1nterpr‘-_§‘«ng 10CFRS0 A.:enc c1r11€Fr'fa in r
eV ( - g \.b v a
. their application to %ga-;s o V‘ffa—;me%.:i‘é'}“ noted that
it was not until the 1973-74 period that quality assurance was actively
e considered for application to the design processY By that time, much of

the design was completed. Since quality was already thought to be part

of the cesxgq (and apparently ‘t was) it was considerec unnecessary to put
f‘u‘ S " S a

in 2 &3+fcmens quality assurance program for the rsmmﬂ%&'&‘?k {wnich

Provec o0 Se Tar more extensive than thought &t the time). The fzct that

the Project Completion Team adepted the A-E's cuality assurance srogram =790

/é«_md cative of the Licensee's lack of uncerstanding{srserhiss—procecures)

'/ of how o0 2pply cuality,£o0 the desicn/construction process for nuciear
‘ piants. (dd Aa Vs 2N ) e

o

— -

3. A licensee needs to understand its cwn corscri<e limisztions as it under- B

tzke$ 2 nuclear power project, and not overstsd 1ts cacabilities. The
czpabilities 2 sgtractors must 2ugrent the licensze's lack of
exae"ence%ﬁ ngmeenng, procurement, tructicn, and management,

< ; = A Ceviav ardl aund
SAEteewdses. Tnhe Licensee recognized its lack o 'xaer.ﬁ‘lw
SRAELs made use of a large nurber ¢f consultznts (Section IIA). What
agparentiy went unrecognized we-s “the evolving raquirements for engineering

s.pscrt Sver the 1ife of the graj necs t8c in cert by changing
eguiztory re m_rmmsﬁf_a;t:pttﬂn censse's sngineering stasf
//—'_—'_:‘_-‘R ;V\ {4 1 V’(,\ »

invoived in disional-nuclesr—plante—ies

difficulty s;ay‘xn% current with the state of the 2t ‘n nuclear technoiogy

> : .
i and reguiationyg - i -3 L1
'x_',‘ } is not as likely to assimilate advanced procesures that the industry as a
S 4 wiole nzs cevelcped. ' ' '
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furep<t S O otk vy

TherewasReFecuirenentor regulasies TOr an auditab?e trai1.q_The

icensee ¢id not have adecua te manpcwe? \\9 review 211 of the work dene

. ,J eV ra®
by its consultant 151—47——————--—‘\\_____‘

diging this period many architect-ensinesr fim ?Bund it necessar

as a;;\‘ﬂcgsii;ngly large numbers of manscwer to their nuclesz-Projects.
in the early s, the Project Completicn Marager (P stimated 400,000

to 500,000 manhours engineering time would &
plant (typical of projects
projecling ten Limes that amount:

-1860s). Now they are
Lizens2e cisZn't have access 0

rescurces c¢f this magnitu:;//j~ { s2ff. (A specific example was
given by the PCM of increafing require—sris ™\ Thers were three or four

engineers involved

keeping track ¢f items Aumg
to mid-1580s prefects. Today over tie 1ife of a2 sroje
probabiy 12<€15 engineers who keep trice oFf wall 1cadings).

there are

rodnd out the Project Completicn Tea:=.

The dnterfaces between engineering functicns or crerations must be
minimized and carefully monitored. That the Licensee reccgnized this
problem was apparent from the Chief Ixecusive NFFicar's comment that

meving the Project Completion Team t:zesher cn <hrze floors in the A-E's

building was immensely helpful in ths cammunicaticn pracess. He 2lso

stated thit there was no substitute for g20d 2rocsdures to.menitor inter-

facss.

DRAFT WORKING P2PER

\,cw.ﬁ o’\'

l
& ¢ entn :G,m:f‘_uxo.)\& J'.-\-c wt __ﬁ_/
e ———

’—ctfilﬁax ' R
: regulaticns be:a: more ...pTex. but in-house
\__reiationships and procedures coniinued as they were.” As_a comparitsom;

cuired for the whole

ff wails in the early

lhe Licenses's
en:ig;zf?gg staff contributed about Z3C and the A-I acced znothenm 800 to

N\
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The Licensee must be committed to cuality from too manicement down, and

it must be effectively communicated Sy tc2 manacement and manifested in

procecures anc controls. It {s heipful when the licensee recognizes that

an assurance of quality program properiy conceptualized, structured, and
implementad can be an effective management tool that can be cost effective.
If management attempts to implement a "cinnad JA" program rather than an
assurznce-of-juality orogram, it can be sesen as threatening to scme, and ~ -
as an artificfa7'1aying on of another system by cthers -- a system with which

one must contend, but cne which has 7o useful purpose or function.

seen &s 2 suU For instance, there nhas been 2 long hiStory
oF changing recquir@meqts on quality assurance. Among the | ns learned
by the Licensee was that ~eyer 2 long period of time, 21€re will be
changing criteria. There will chznges in tate-of-the-art and

_ more complicated. CEvents
will eccur during the construction 1/ plant that will magnify

. ‘here is 21s0 an ~—-
evolving pudlic .
technbiogy risk-free operation, and these 211 feed the Wyclear
R::;l;;cFETCcrmission‘s erive toward raised standards. Amid aTRNShis, the
coefnitment to quality must be sustained. o

Angther complicating factor was that zerscnnel in NRC change, znd the
applied by these persanrei changed 21sc. TheTcent was

mede <hat in Loere were 20 safesy suis WG they were vEi.2 == now

there are huncdreds of reg Ces ans they are written in considerzbie
ament that & licens2e's engineering

s"‘: -

-

s
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"y

. NBC needs to treat 0OA 25 a managemen: tool, not as just 2nother recuiresent.

is another regquirement, the concept of cuality is treated as just another
system laid on the licensee. As 2 management tool, the concept of guality
assumes a much more important and usefu 1 role in the eyes of management.

It tells them something about the-amsunt of rework and project cost, about
the projectea reliability and safety of the operating plant. NRC needs to

tress this aspect better acceptance of its NA initiatives.

. -
- .

. HRC needs to pay more attention to ensurins cuality in the desicn process.
“urinc the Case C project, there was no effsctive in-depth evaluztion by NRC

f the Ldcerses's design process. . H ] enT T e e
ﬁ S st h ' ?A-.z
ag{q;ane-nr%') J‘e- ear'lv 1870s when the

- e LM Ve G S
whose Qquélity assurance Mr@rmw t picture. Part

cf the prodblem was the imprecise natire of 10CFRSC Appendix 8

LCOTTTITUES th'ss factor did not enccurage the '1cen§ée 20 ao-ia-ok—-ué—pﬂ-—iﬂ-

"“wys/ Se#c¥ QA program to handle the ren..n‘r\'g*% to be done, sbgUNRC did net
P%—r‘n—mﬁ

A L AL v/ g '\,LJ.c

B i

insist cn it, eithear
ACTALL, Enndl

- -

\“ar as Urn‘ 1 was concerned.

S ———

1t can be expected that many engineering organizations will resist the
introcuction of guality 2ssurancé nta the cesigh processy Ser—ressens
srevicusiy—stated, Rgveneny fre Study Teem made the - . o
ccoment that WW

tae Ligensee's grgineering orcam‘etwn‘f

Sy :I-:e Licansee's uczer
"anég e'-‘m., tner is Tittle acknowleigament b engineering that nad detter

QA procedures been adopted, it would have avoiced zthe design diagram errcr.
{This attitude does not apply t: the Prgject Completion Tezm).
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regional evaluation - no

The Licensee regicnal evaluztion is an action that would take place
when the Licensee is {n the process of receiving its operating
1icense. The effect of the regicnal evaluation could be similar to
that described in (1) above. The sccpe of the regional evzluaticen
would have to Se expanded to include detailed design review.

. -
e

Independent Design Verificaticn Program (IDVP) - yes

The Licensee IDVP is an action that takes places when the Licensee is
in the process of receiving its cpereting license. The IDVP weuld
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 stage in the design, but the most preductive period
i's when the design is essentially ccmpleted.

It is Tikely that an IDVP would zdéress one or mere of ‘the sensitive
issues relating %0 the pliant under review. This would heve incluced
the seismic problem as stated unier {1) above ind, since an IDVP is

prodably more thorough than either of the evaluations—in (1) or-(2)

apeve, there ‘s an increases prezability that the diagram error and

cesign document centrol deficiencies would have been found.

c2sign audits can be very sensitive issues; e.g., one A-Z may zudit

ansther's work. Care woulc have o0 be taken in airing highly tecanical
issues before non-technical aucdiences.

DRAFT WORKINT PAPER
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Industry Initiatives

1. INPO "Construction" audits - yes

The phase 2 part of INPC "Construction” sudits now considers design.
Such an audit should be as complete 25 2 licensee's seif-initiated
audit. It is quite possible that an INPO "construction" audit would
have detected the problem that occurred in this Licensee’s plant;
certainly, it would have identified ihe design document centrol
deficiency.

2. Utility Evaluation Using INPO Method - yves

This"measure is basically a self-evaiizticn using the INPO methcdology
Cevised 2bove. It is a design audit cavised by INPO using self-
evaluation review teams. This review is estimzted %o require up %o
1%,300 manhours of effert by the Licsnsee. The review teams are often
lezd by representatives from the A-Z, but who were not involved n the
criginal design. The team includes L_izensee serscnnel. Such an
evaiuation would have identified zscumsnt contral ceficiencies that
occurred, and possibly could have jcernsified the actual error.

NRC Censtruction Inspection Program

1. Revised procedures and increased rescurces - yes (if inciuded design)

This particular initiative 2pplies <o <he 2onstructicn progrim. The
ceficiency found in the Licensee's z7z2:t relates tc cesign and not %o
censtruction., If this initiative were expandec t2 include design, then
it would probably have detscted ime zssign document contro! Zeficiercy.

Construction Appraisal Team (CAT) Inszection - no

L RS
.

This initiative applies to the constructicn phase: the Licensee's
quelity problems cccurred in the Zesig¢n phase.

DRAFT WORKING B4PER
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£E. Manacerent Initiatives

1. Seminars - yes

Seninars similar to thcse that the NRC Commissisners conducted in years
past, 2s well as seminars by trussed 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 cesign process.

2. Qualificaticns/Certifications of Quality Assurznce/Quality Control i
Personrel - no
The oroblem that the Licensee experienced did not relate to whether ths
cuzlity assurance/quality contrel personnel were cert’?ied o= not. It
related to the institution of adezuate qyalﬁ:%4asiurancg—szntro1 procedures
fh the design process. While scme of theTopyCiality control mznagers Fess
thet the Licensee employed may have been less 2ggressive than desired, it

is coubtful that certification cf these personnel would have changed the -
situation. '

L)

Craftsmanship - no -
had neth:
The quality problem experienced by :the Licensee di:Lau;%—he:Z to do with

the training or skill level of criftsmen.

DRAFT WORKING PAPER
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F. Certification of 0A/QC Program (SECY 83-2f) - jses

Hed the NRC initiative relased to certificaticn of QA/QC programs been in
effect, it is 1ikely that the review of imslementation of the pregram would
have 2ddressed the design process and, mcre particularly, the interfaces
cetween the Licensee's engineering staff and its consultants. The result
would have been a recommendation for more formelized transmittal of .
informaticn bétweén the two, and such an zction covJd have prevented the o
predlem that the Licensee experienced_ﬂtcxtdcchrtjngex.- g

G. Management Audits - maybe

Man: gement audits could have,tﬁ?{ig fcentified the lack of formality in
transferring information betwean zonsultants 2nd the Licensee's engineering
staff. Having highlighted the deficiency, it is 1ikely that the Licensee
would: have corrected it by putting into effect improved procesdures. However,
had the engineering organization resisted <he imposition of improved
srocadures, it might have prevailed.

IMPLICATICONS QF THIS CASE STUDY FOR THE FORD AMENDMENT ALTERRATIVES = - 215 '

-

Secticn 13 to NRC's FY 1983 Authorization 517 reguires NRC to conduct 2
stucy of existing and alternative programs for improving quality assurance and
cuaiity centrol at nuclear power plants under construction. This Section,

calied the Ford Amencmens, requires NRC ¢ lcock in sarticular at the feasibility
anc efficacy of five specific 2ltermative program concests. As 2 part of shis
ingiysis, each alternative concept was eviluassd with respect to . whether it woulc
nive mace 2 difference in the Licensee's 2anstruction prc;rem. had it been in

S2 27 the time Of the Licensee's comstructisn sermis. As was the case wish

“
"

cue’ity assurance ‘nitiatives, 2ach 3f he Toro alisraatives was ciscussec
with senicr utility personnel, as well as with their sta®<s.

DRAFT WORKING PAPER
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A. liore Prescriptive Architectural 2nd Inginesring Criteria - maybe

The Authcrization Act regquires NRC to evaluate the follewing alternatives:
13(5)1 - adopting a more prescriptive aparsach to cefining principal
architectural and engineering criteria for the con tructicn of commercial
nuc’#ar power plants that would serve 2s 2 basis for quality assurance and
quality control inspection and enforcement actions. - In the case of the
Licensee s design error, more prescriptive architecsural and engineering
criteria would not have affe d the Licensee's zreslem. No one could have
foreseen the seismic complications. However, if the criteria were expanded -«
to the cesign process, then a more prescriptive approach weuld have uncovered
. the desfgn cocument control deficiency.

w

Cenditioning the Construction Permit on +he Asslicant's Demanstration of
His Ab1litv to Manace an Effective CuaiizVv ASSUrznce Procras - mayse

The Authorization Act requires NRC to evaiuate the following alternative:
13(b)2 - requiring as a condition of the issuance of construction permits

for cormercial nuclear plants that t:e Licensee de~snstrzte =he capability

o7 incependently managing the effective serformancs of all qualtity

assurance and quality control responsibilities for the plant. I should Eo--
noted that, at the time the Licensee received its cznstruction permit, it

was a&ong the better qualified utilities for undertzking nuclear plant
construction. At the time the constructicn permit was issued, 10CFRSQ
~zrendix 3 was not a requirament. A that time, <h2 Licensse could have
2cinted iz its excellent record in the constructicn of other types of power
2iants. It could have also pointed 2 its performance in :tre cperaticn of

¢ small nuclear plant. It is unlikelr <222 the Licsnsee would have changec
125 Srececures sufficiently to orevert e type of zesign error from occurring
tnat resulted in the withdrawal cof i:s'::ere:ing iicans2; ncwever, the
requirement for & demonstration of ability, if dene today, wculd&dr‘aﬂ’have
Jncovered 2ny informality in the transfer of informiticn across interfaces.

DRAFT WORKING 2arzR



L J

 DRAFT WORKING SAPER
33

Aud®ts, ‘nspections, or Evaluations bv Associations of Professionals

Havisg: eapertise in Aooroprizte Areds - “inagement Audits - ves

The Authorization Act requires NRC to evaluate the follewing alternative:
13(b)3 - encowraging and sbtaining mere effective evaluaticns, inspectiens,
or audits of curnémcial nuclear power plant construction by independen;
industry or institutional organizations based on best experience and
practices.’ "# Jone at the present time, iudits by jndepcndent or o o.
professicna) orgamizaticns looking at the design procegg would have e
ieentified the quaiity assurance deficiency that was inherent in the
transmitla! of infcrmation between the engineering organization and its
consyitar+s.

Imorovenent of NRC's QA Program - yes

The Authorization Act recuires NRC to evaivate tre following activities:
13(b)4& - reexamining the Commission's organization and mathod for quality
assurance development, review, and inspeciion with the objective of
deriving inprovements i1n *ie Agency's program.

t is clear from previous sections of this Reperi that NRC was part of -
the precbiem. The following changes to NRC's prograns would have mitigated
and péssiny prevented the development of the cesign quality problems
discussed earlier:

2. lﬁodify the licensing review preccess #:ir a conssructicn permit to cover
the Licensee's 1bility to effectively ranige 2 project as complex and
technically demanding as the ccons:iruction of a nuclear rezctor in
accordance with NRC recuirements. The construction sermit review would
need to have been focused on the cesign procedures that the Licensee
proposed to use and its relationsnig witn its consul*ants. A thorsugh
gdudit of the Licensee's implementition plan for its propesed procedures
might have been sufficient.

DRAFT WORKING PAPER
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. As part of (a) above, the Licenses would have %0 demonstrate its
capability to effectively manage 2 CA program. This is Ford Alternative
13(b)2.

¢c. Revise the NRC inspection precgram ¢o 1) focus more cn the design and
enginesring aspect of nuclear piant construction, and 2) increzse NRC
presence and capability in the regicnal offices to review design -

srictices. ZRame—of thereason for N2C's failing to-—mecoynTIE e
SEsstenwesthE e tIET virgce

-

¢. Expand the scope and depth of the licensing review for the Licensee's
quality assurance program. While the Licensee mzt 211 the quality
assurance requirements in effect it the time of the design errcr, 2
cuzlity assurance program review which included a review of actual
implementation cf the program would have revealed & weazkness in the handlir:
of design data, especially that tstween the Licensee's engineering
oerganization and its consultanss.

Conditioning the Construction Permit sn the Applicant's Comnitments %o

-

Susmit 5o Tnird-Party Audits OF His C.a2.itv Assurance rrocrem - ves _

The Authorization Act requires NRC tc evaluzte tne following alternative:
13(b)5 - requiring as a condition of the issuance ¢f comstruction permits
for comercial nuclear power plants trzs the Licensee cantractor make otner
drrangemants with an independent inspactor for 2uditing quality assurance
respensibilities for the purposes cf /erifying quality assurince serformance.
~h ingependent inspector is a third sirsy wno has e resseisibilisies for
ne cesign or construction of the.plazt. This zlcernative, as it azpiies
to this Case Study, has been discusses under Ford Azendment Alternative

(C) abeve. It is believed that, had this initiative been in place, it
could well have prevented the Licenses from making tne errur that cccurred.
A §ird)g review of the quality assurance procedures that existed within the
design crganization weuld have reveaisd this ceficiency.

DRAFT WORKING PAPER



