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ABSTRACT

This report traces the evoiution of 10CFR50, Appendix B, Quality Assurance Criteria for Nuclear
Power Plants and Fuel Reprocessing Plants, from November 1966 to currently contemplated amend-
ments to the Regulation. The Report assesses the impact of Appendix B on the nuclear industry
by comparing the performance of nuclear plants built prior to the Regulation’s publication to those
built after its issuance. The Report evaluates, in detail, the history of three fuel reprocessing plants,
26 nuclear plants built prior Appendix B, nine plants licensed since the Regulation's publication, and
five partially constructed plants that were cancelled due to quality assurance problems. it concludes
that, though Appendix B had a significant positive impact on plant performance, the Regulation con-
tains several weaknesses. Section 6.0 of the Report evaluates the effect each of the weaknesses
has had on past nuclear work, looks at comparable passages in other quaiity standards, and sug-
gests changes to Appendix B and corresponding nuclear standards. Ten of the 22 weaknesses are
considered minor, little more than irritants to those who must work with its criteria. However, five of
the remaining 12 weaknesses are considered major and are singled out for further discussion in
Section 7.0 of the Report. .
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A CER TOPICAL REPORT

HISTORY OF 10CFR50, APPENDIX B, AND ITS
IMPACT ON NUCLEAR POWER PLANT PERFORMANCE

1.0 PURPOSE

This report traces the development of 10CFRS50, Appendix B, Quality Assurance Criteria for Nuclear
Power Plants and Fuel Reprocessing Plants, to provide readers with an insight into the rationale
behind the regulation. This report also looks into the question, "Did 10CFR50, Appendix B, improve
the quality of nuclear facilities or simply delay completion of construction and drive up costs?" To
answer the question, the report examines the performance of nuclear facilities licensed before and
after the Regulation’s issuance in June 1970. It is hoped that a better understanding of events lead-
ing up to the Regulation, the basis for its criteria, and 23 years of experience with the Regulation wiil
lead to further improvements in codes, standards, and quality assurance programs developed and
used within the nuclear industry

2.0 SCOPE

The evolution of 10CFR50, Appendix B, began during an American Nuclear Society conference in
November 1966 and ended in January 1982 with the publication of supplemental QA requirements
based on lessons leamed from a March 1978 accident at Three Mile island 2. This report assesses
the impact of Appendix B on the nuclear industry by comparing the performance of plants built prior
to the Regulation's publication to those built after its issuance. It also looks into: 1) the impact of
Appendix B on quality at fuel reprocessing plants; 2) possible links between nuclear power plant
cancellations and Appendix B; and 3) whether the permanent closure of plants licensed after June
1970 can be traced to problems with Appendix B

3.0 BACKGROUND
3.1 BIRTH OF NUCLEAR POWER INDUSTRY

On December 20, 1951, at a U.S. Government nuclear reactor test site near Idaho Falls, Idaho, the
Atomic Energy Commission's (AEC’s) 0.15 MW Experimental Breeder Reactor No. 1 demonstrated
that nuciear energy could be used to generate electricity.” Fifteen months later at the same test
site, the AEC's S1W test reactor, a Nautilus prototype, successfully demonstrated that nuclear
energy could be used to power submarines.”

On December 8, 1953, President Eisenhower challenged the world to use nuclear energy for peace
ful, rather than military, purposes in his famous "Atoms-for-Peace" speech before the United Nations
General Assembly. The next year, on August 30, Eisenhower signed the Atomic Energy Act of 1954
and, six days later, led ground-breaking ceremonies for the 60 MW Shippingport nuciear power plant
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Based on its cooperative agreement with the AEC, Duquesne Light Company provided a site for
Shippingport, $5 miliion in construction funding, and plant operating personnel. The AEC provided
fuel for the reactor and the remaining $50 million needed to build the plant.’

On January 10, 1955, to further expand Eisenhower’s Atoms-for-Peace policies, the AEC announced
it would provide funding and other assistance to utilities interested in constructing a demonstration
nuclear power piant. The plant could use any of seven types of reactors. Interested utilities were
invited to submit proposals on how they would build and operate their plant and what type of assis-
tance they needed from the AEC. The AEC accepted three proposais submitted in response to its
January 10 invitation. Requests for additional proposals were solicited during September 1955, Jan-
uary 1957 and August 1962. In all, 14 plants were built under the AEC's Power Reactor Demon-
stration rogram (PRDP). The largest plant was Haddam Neck, a 569 MW facility in Connecticut.
The smallest was Piqua, an 11.4 MW facility in Ohio.**

Before construction of the PRDP piants could begin, the AEC had to develop regulations governing
their design, construction, and operation. In January 19, 1856, 10CFR50 was amended to include
rules for obtaining permits to build and licenses to operate nuclear power plants. Nothing in the new
rules required that applicants have a quality assurance program.®” A few months later, on May 4,
Commonwealth Edison and Consolidated Edison received Construction Permits for Dresden 1 and
Indian Point 1, respectiveiy.®

The AEC also pursued using nuclear energy to power spacecraft. During 1959, it successfully tested
a 50 MW(t) Space Nuclear Auxiliary Power reactor. Since then, nuclear reactors up to 600 MW(t)
have been used to power 39 unmanned vehicles to distant planets and into deep space.” "’

3.2 RECOGNITION OF NEED FOR QUALITY ASSURANCE
3.2.1 Fermi1

On August 16, 1966, a proposed amendment to 10CFRS0 was issued for public comment. The
amendment required that utilities submit a Preliminary Safety Analysis Report (PSAR) with each
application for a Construction Permit and a Final Safety Analysis Report (FSAH) with each appii-
cation for an Operating License. A description of the applicant’s quality assurance program was not
required in either the PSAR or FSAR." Within months, there would be second thoughts.

b, po. 3 4 38
' 1ow. pp 4 35 364 39

' Richard Hewiett and Jack Mol A History of the United States Atomic Energy Commission 1952-1960, U S Depanment of Energy, Washington, DC, 1987, pp
XVI18 through 21

Faders! Hegister, The National Archaves of the United States, Washington. DC, January 18, 1956, pp. 3565-360

" Wit the amendment, the titie of 10CFRS0 changed trem Control of Faciities for the Production of Fissionabe Material to Licensmg of Production and (tiization
Faciities. The amended regulation added provisions for Construction Pamits and axpanded the scops of Operating Licensas 10 Cover nuciear powsr plants
A0 weil a8 cyclotrons. 1@s! (eactors, and radiographic squipment

Mw\omon3m50’5mmmvmmuwnonmmmunmtmon0vmvmmﬂm|
G Bannett, “The Satety Review and Approval Process for Space Nuciesr Power Sources,” Nuciear Sefety. Washington, DC. January-March 1991 pp 148 2

“ DOE/OSTI-B200, Nuckear Reactors Buik, Being Bulll, or Planned: 1986, U 5. Departiment of Energy, Washington. DC, June 1990, p. -8, 7 & 8

"' Faderal Register August 18, 1866, pp. 10892- 10893




On October 5, 1966, an unauthorized design change at the Fermi 1 nuclear power plant resuited in
a partial meltdown oi the reactor core, To the plant's owners, it was a particularly tough blow. After
ten years of construction, Fermi 1 was finally beginning to produce electrical power. © The incident
caused utilities to realize that something had to be done to improve nuclear safety and the probability
that, after investing millions in design and construction, they would have a plant that produced elec-
iricity continuously and economically
The need to do something became even more obvious a few weeks later upon issuance of a report
on the status of the AEC's Power Reactor Demonstration Program. The report covered ten small
(under 100 MW) PRDP reactors that had been built or were in the process of being built. Results
were not encouraging. Many of the plants were expenencing problems with their reactor control rod
drive mechanisms. This was either because of deficiencies in the mechanism's design or foreign
objects left in the reactor during construction. The most perpiexing problem was standard, off-the
shelf equipment that did not meet specified requirements. For example, heat exchangers were
frequently shipped from manufacturers with defective welds, tube supports, and baffies; internal dirt
and debris; and leaky tubes
» time the report was issued, two of the ten PRDP plants (Hallarm and Pigua) had been per
anently shut down. Within a year, two more would be permanently closed (CVTR and Pathfinder)
other year, two more (Bonus and Elk River).”* The typical plant cost $24.3 millior
build and was in operation 2.64 years before being forcead to close

Milton Shaw, Director, AEC Reactor Development and Technology Division, and James Ramey, AEC
Commissioner were the featured speakers at the American Nuclear Society's November 1966 Con
ference. Milton Shaw spoke on the "AEC's Views on Quality Assurance in the Civilian Reactor Pro
He emphasized the cost of bad quality, need for verification, and importance of traceability
installed hardware to corresponding inspection and test reports. He warned, "We cannot afford
jeopardize a technology effort because we are unable to procure ... a good heat exchanger, a
good valve, or do a proper welding job." Commissioner Ramey spoke on "Quality Assurance as
Matter of Public Safety." He defined quality assurance as "all actions necessary to provide adequate

confidence that the product, in this case a reactor, will operate satisfactorily in service." He laid out
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utilities, contractors, and manufacturers would establish and implement effective quality programs,
there was still no Federal regulation requiring assurance of quality.

3.2.2 Apolio 1

On January 25, 1967, a fire broke out in NASA's Apollo 1 space capsule during a ground test. The
three astronauts inside were killed instantly. A special NASA inquiry board blamed the tragedy to
*many deficiencies in design and engineering, manufacture and quality control."*® NASA promptly
began overhauling its requirements to clarify the relationship between safety, reliability and quality.”'
By June 1969, NASA Publication NPC-200-2, Quality Assurance Provisions for Space System Con-
tractors, originally issued in 1962, was replaced with NHB-5300.4, Quality Assurance Provisions for
Aeronautical and Space System Contractors. Sections 18200 and 1B804 of NHB-5300.4 required
that quality assurance programs contain provisions for “detection of actual or potential deficiencies,
system incompatibility, marginal quality, and trends ... that could lead to unsatisfactory quality” and
Material Review Boards comprised of NASA and contractor employees.

The Apolio accident awakened the AEC to the possibility of a similar disaster. Two weeks after the
accident, during a hearing on a Construction Permit for Turkey Point 1&2, the Atomic Safety and
Licensing Board (ASLB) quizzed the utility about "methods and standards of quality control” that
would be used by contractors. It complimented the AEC and utility for “participating or cooperating
in programs intended to define the standards and quality control procedures” to be used at the plant.
Theugh impressed enough to grant the utility a Construction Permit, the ASLB was uneasy about
some of the promises it received. The ASLB warned the utility that, to obtain an Operating License,
it viould nead to have evidence procedures were actually developed and implemented.

A month later, the AEC Advisory Committee on Reactor Safeguards (ACRS) expressed concern that
construction of Browns Ferry 182 would begin without a commitment from the utility to develop and
implement a quality assurance program. Recognizing that Browns Ferry would have the first nuclear
reactors larger than 1000 MW, the ACRS wrote to Glenn Seaborg, AEC Chairman, that:

The Committee continues to emphasize the importance of quality assurance in fabrication of the
primary system ... Because of the higher power level and advanced thermal conditions in the Browns
Ferry Units, these rnatters assume even greater importance.™

The Committee's advice and lessons learned from the Apollo 1 fire were not heeded. On March 22,
1975, a major fire occurred at Browns Ferry 1&2. Damage exceeded $10 million and closed the
facility for over a year.”® Browns Ferry 142 were shut down again, respectively, in March 1985 and
September 1984, because of “safety and quality assurance concerns." Though Browne Farry 2 was
finally restarted during May 1991, Browns Ferry 1 is not expected to restart until 1996,

* Jonn Witord *Apolic Fire Review Board Finds ‘Many Deficiencies’, Cals for Satety Moves * The New York Times, New York, MY, Aprl 10, 1967 pp. 1 4 28
® 1967 by The New York Times Company

T

NUREG- 1065, Improving Quaity and the Assurance of Quaitty in the Gesign and Construction of Nuciear Power Plants, Nuctesr Reguiatory Commission
Washington. DC. May 1884 p D36

" Atornic Enargy C ) Reports, Vo 3. U S Government Printing Office. Washington, DC, 1968, p. 199 & 214
"Wamnr\dmsml *Cable Fire at Browns Ferry Nuclear Powsr Plant.” Fire Journal Boston, MA, July 1876 p &
™ Dave Fiessner, *Back in Business.” The Chattancogs Times, Chattancoga, TN, May 20, 1991, p. A1

™ “Brunswick added to ist, Browns Ferry-2 ramoved.* Nuciear News, La Grange Park, 1L August 1992, p. 25 © 1992 by Amencan Nuckear Society




3.2.3 10CFR50, Appendix A

To improve the licensing process, the AEC appointed a seven-member Regulatory Review Panel
chaired by William Mitchell, former AEC general counsel. in July 1965, the Panel completed its
review. One of its recommendations was that the AEC develop, for use during ASLB Construction
Permit hearings, general design criteria for nuclear power plants.**’ As a resu't, on November

22, 1965, the AEC developed and distributed 27 preliminary design critena for public comment.’®

Criterion 1(a), the first of the 27 criteria, required that plant features essential to the prevention of
accidents be designed and constncted "to quality standards that reflect the importance of the safety
K

function to be performed."™™ Dre sden 2, which received a Construction Permit in January 1966, was
the first nuclear power piant ¥'.at had to comply with the criteria

n response 1o public comments, the AEC reorganized and divided the 27 preliminary design criteria
into 70 criteria. On July 11, 1967, the criteria were issued for a ond round of public comments
as 10CFR50, Appendix A, General Design Criteria for Nuclear er Plant Construction Permits
The proposed Appendix reguired that each of the criteria be addressed in the applicant’s Freliminary
Safety Analysis Report***" Criterion 1, "Quality Standards," greatly expanded on old Criterion 1(a)

:‘Iy requinng that

hose systems and components ... essential to the prevention of accidents which could affect the public
heaith and safety .. shall be identified and then erected to qualilty standards that reflect the importance
of the safety funct.on io be performed. Where ... codes and standards on design, matenals, fabncation,
and inspection are uced, they shall be identified. Where adherence to such codes and standards does
not suffice to assure a quality product in keeping with the safety function, they shall be supplemented
ir modified as necessary. Quality assurance programs, test procedures, and inspection acceptance
ievels to be used shall be identified. A showing of sufficiency and applicability of codes, standards
quality assurance programs, test procedures, and inspection acceptance leveis used is required.™

ASME Section lli, Appendix IX
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changes, were issued once every three years
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ASME Section !l did not contain quality assurance requirements when first published. This changed
on December 31, 1967, when an Amendment was issued that contained a new Appendix IX, Quality
Control and Nondestructive Examination Methods. Appendix IX required a "Quality (QA) Assurance
Control Prograrm” that included the following 15 basic elements:

1. Organization {IX-221(b)) 9. Testing [IX-240)

2. QA Control Program [1X-221(a)] 10. Calibration [IX-250/260)

3. Description of Procedures [IX-221(d)] 11. Handling, Storage & Delivery [IX-270]

4. Drawings and Changes [IX-221(c)] 12. Component & Material Repair [1X-223/226(e)]
5. Receiving Examination [1X-226(d)] 13. Corrective Action [IX-224)

6. Control, Identification & Marking [IX-226/227) 14. Quality Control Records [iX-225/226(c))

7. Manutacturing Fabrication Procedures [IX-222]  15. Quality Audits [I1X-221(d)4]

8. Examination [IX-230/240)

Appendix IX was the nuclear industry's first QA standard. To ensure compliance, Paragraph N-832
of ASME Section ill required that “the Society” review and approve each reactor manufacturer's QA
Contro! Program. This had to be done initially and every three years. Additionally, in accordance
with longstanding ASME practices, Paragraph N-832 required that reactor manufacturers enter into
a contract with an independent inspection agency, typically a major insurance company. It was the
inspection agency's job to verify that Section Ill requirements, inciuding QA Control Program require-
ments, were being implemented to on a day-to-day basis.

3.2.5 AEC Compliance Inspections

During 1967, the AEC became aware of defects in fuel assembly welds at Oyster Creek and Big
Rock Point and mechanical problems that permanently closed the Pathfinder and Elk River reactors.
During 1968, cracks were detected in Oyster Creek's reactor core shroud support and Ginna's per-
sonnel and equipment hatch frames buckled while injecting grout behind the frames. ™ To combat
these problems, the AEC established an internal inspector training program and increased compli-
ance inspections by 50 percent. By May 1968, the first AEC inspection team was trained and on
its way to the Big Rock Point nuclear power plant near Charlevoix, MI.** A year later, the AEC
began deveioping procedures for conducting compliance inspections. *

3.2.6 USS Scorpion

On May 21, 1968, the LSS Scorpion, a nuclear submarine, sank in 10,000 feet of water about 400
miles southwest of the Azores. All 99 men on board were lost. The loss was a mystery because
the Scorpion had supposedly just been reinspected and upgraded to incorporate new safety systems.
This work had been ordered by the Navy after it lost the USS Thresher, another nuclear submarine,
on April 10, 1963, due to a faulty design and defective welds.”

'MoloSwobmomvmlharmmamm‘mammmwwmuhhmm,OV"CM.PIM"&M ang Ginna
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= Fact Book for the Joint Committee on Atormic Energy. U §. Atomic Energy Commission, Washington DC. July 1, 1974, gp E-21 & 22
" Annual Report to Congress for 1968, U.S. Atomic Energy Commission, Washington, DC. January 1966, p. 108
* NUREG-1085, p 1-8

= Marc Maeyer. improving Design Controls on Large Nuciear Projects, CER Corporation. Las Vegas, NV, September 1990, p 17




al news releases suggested the Scorpion had experienced mechanical problems days pnor to

its sinking. A few months later, suspicions of quality defects were further fueled by a military Court

of Inquiry that found the Scorpion’s safety systems had never been upgraded. However, in 1985,

a Virginia newspaper obtained several classified documents that pointed to a cause unrelated to

problems with the submarine's mechanical safety systems. The documents indicated that Scorpion
n-board torpedo exploded that the crew had been trying to disarm.’ -
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4.0 DEVELOPMENT OF APPENDIX B

41 REQUEST FOR QA CRITERIA

During a September 19-21, 1987, meeting of the ASLB Panel, the Panel asked and the AEC agreed
to prepare quality assurance criteria that utilities would have to meet to obtain a Construction Permit
or Operating License.** In November 1967, Edson Case, Director, Division of Reactor Stan-
dards, hired Wilbur (Bill) Morrison to write these criteria. Case knew Morrison from post-graduate
naval construction and marine engineering classes they had taken at the Massachusetts Institute of
Technology. During 1966 and 1967, Morrison was Nuclear Power Superintendent at the Navy's
Charieston Shipyard and, from 1963 to 1966, he headed the Atomic Energy Commission's West Mil-
ton Field Office. While at West Milton, he participated in audits of contractors to verify they were
complying with MIL-Q-9858A, Quality Assurance Program Requirements.*** 444

Edson Case assigned Bill Morrison to work with Bob Minogue, Chief, Special Projects Branch. At
the time, Minogue was under intense pressure to complete geological criteria for siting nuclear power
plants.®® Mornson was given responsibility for finalizing criteria which had been under development
since November 1966. It required resolving review comments from the ACRS, various branches
within the AEC, and outside consultants and U.S. Government agencies.***”*'

Between September 1967 and April 1968, new quality problems kept surfacing with Qyster Creek’s
control rod drive housings. Then, in May 1968, further problems surfaced, defects in the plant's
steam separator assemblies and core shroud support. The AEC needed quality assurance criteria
that could be presented to Jersey Central Power & Light, Oyster Creek’s owner.® Bill Morrison
began work on the criteria immediately, however, progress was slow because he was also trying to
finish his geological siting criteria assignment.*® For the first few months progress was limited to
tracking down and evaluating quality assurance criteria developed and used elsewhere,

4.2 ZION HEARINGS

4.2.1 Prehearing Conference

On September 10, 1968, the ASLB held a prehearing conference, in Washington, DC, on an applica-
tion by Commonwealth Edison for a Construction Permit for Zion 1&2. John Buck ( Automation

* Transcript of Prahsanng Conference Zion Staton Units 142, Ace Federa! Reporters, Washingion, DC. September 10, 1968, p. 35

“ Annusi Aeport 1o Congrass for 1967, U.S. Nuciear Flegulatory Commission, Washinglon. DC, 1968, p. 306
“ Based on 8 December 4. 1982 interview with Bill Morrison

.

" Personal correspondence trom Bill Momison datad December 22. 1982

.emuomwunmn1m.m.mm»mmuummmn:m-nmm,m Edson Case p away on Sept 15, 1991

* Based on a December 8, 1992 interview with Bob Minogue. Mormson's supervisor dunng 19681970 Minogue is now retired and resides in Temecula. CA

'rhanmbvo-oloontl-nmcmmm._ pted by the cancel of Bodega Bay n 1964 and Malibu in 1966 because of their proxamity to active santhquake
lautts. Refer to Supplement V! lor additional information on these two plants

*

" Samue! Waker, pp 108-111

* Samuei Waker, pp. 214, 215 & 219

* Comments on the siing criteria were not rescived and a final daft compieted untll January 1969, [Samuel Walker, p 110]




Industries, Los Angeles, CA\) and Steward Forbes (Phillips Petroleum, Idaho Falls, ID) represented
the ASLB. They expressed reservations about the AEC’s ability to conclude Zion had an acceptabie
quality assurance program. They told the AEC that, during the forthcoming evidentiary hearing, they
wanted to hear about the criteria the AEC used to determine the acceptability of the Zion quality
assurance program. John Buck reminded the AEC of the promise it made, during September 1967
to prepare criteria for reviewing quality assurance programs. He wanted to know if the critena had

heen develoned and if not why not -
vee ageve 2Q anad L Wiy )

4.2.2 First Evidentiary Hearing

An evidentiary hearing was held in Waukegan, lllinois, on September 24, 25, and 26, 1968." Buck
and Forbes began questioning Zion's quality assurance program on September 25 and, due to the
nature of the questions and answers, discussions carried over to the next day

ASLB questions directed at the AEC were responded to by Charles Long and Voss Moore with
limited support from Paul Check. All three men were technical specialists from the AEC's Division
of Reactor Licensing.” Questions directed at Commonwealth Edison were responded to by
Wallace Behnke with occasional heip from Oliver Butler and Merle Goedgen Commonwealth
Edison did not have a Quality Assurance Department representative at the hearing because no such
department existed at the time

58 50

Hearing highlights were as follows

QA Criteria The AEC informed the ASLB that it was still months away from having criteria it
could use to review the acceptability of applicant quality assurance programs. John Buck said
he was disturbed that, although NASA and the Navy had stringent quality assurance criteria, the
-C still had not developed comparable criteria. When asked about the possibility of “copying”

e Navy's criteria, the AEC said it did not consider the criteria in MIL-Q-9858A, Quality
ance Program Requirements, suitable for use on Zion or any other nuclear power plan
When asked about its compliance with MIL-Q-8858A, Commonwealtt
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b) Basis for AEC Review of QA Program The AEC told the ASLB that it reviewed the Zion QA

program from three perspectives: 1) the organizational structure of the utility, reactor manufac-
turer, and architect/engineer; 2) quality standards and industry codes that were being factored
into purctiase specifications, drawings, and other technical documents; and 3) plans by the utility
and key contractors for menitoring and auditing their work.

c) Concrete Form Failure John Buck asked the AEC whether it had reviewed the utility's noncon-

d)

e)

In

formance and corrective action procedures. He was toid it had not. Buck tumed to Common-
wealth Edison and asked whether it had such procedures. The utility said procedures existed
and briefly explained how they worked. Buck then informed a rather surprised audience that he
had just visited Commonwealth Edison’'s Dresden 3 plant while concrete was being placed for
the reactor building's foundation. As he approached the building, forms gave way and wet con-
crete poured out over workmen and a wide area of the foundation. Buck wanted to know how
procedures planned for the Zion 1&2 wouid have handled this situation.

Commonwealth Edison said it doubted Zion procedures would have covered this particular situa-
tion in that a formwork failure, in its opinion, could not adversely impact the structural integrity
of the piant's reactor buildings. This led Steward Forbes to ask who within Commonwealth Edi-
son decides what is and isn't important and what type of system was in place that provided
assurance decisions would be correct. The ASLB learned that Commonwealth Edison’s “classifi-
cation system" consisted of a combination of formal and informal practices, neither of which had
been evaluated by the AEC. The ASLB was less than satisfied. To quote Steward Forbes:

| feel in the absence of such a plan that it becomes again an ad hoc procedure for each event and
this depends heavily on the personal skill of the man who makes that decision and doesn't permit
reviewers at any level to assess the adequacies of the program. It is essentially a "trust me" type of
program. | find it impossible to make even a preliminary judgement on this other than a negative one
and | don't understand how the [AEC] staff reached a positive conclusion on the basis of what has
been submitted.

Procurement The ASLB asked Wallace Behnke whether Commonwealth Edison had a checklist
that was used to review procurement packages and specifications before they were issued to
suppliers. Behnke replied, "Yes, we have such a form." The ASLE then asked, "Could we have
the benefit of seeing what it looks like?" Behnke responded, *| am not proud to put this in the
public record as yet because we don't think this represents our completed job in this area, but
we have started on this task. We do have it in draft form." Further probing revealed that the
AEC had not evaluated this aspect of the utility's quality assurance program.

Design Reviews The ASLB questioned Commonwealth Edison about the commitment in its
Guide to the Quality Assurance Program to conduct design reviews. The ASLB asked if reviews
were documented. The utility said they were. Further questioning found the process had not
yet been proceduralized and the need to document reviews was at the reviewer's discretion.

its report to the Commission, the ASLB characterized Commonwealth Edison’s Guide to the Qual-

ity Assurance Program as a "statement of philosophy* rather than a viable quality assurance plan.
It concluded that the basis for AEC approval of the Guide “was tenuous in view of the lack of criteria
for its evaluation." When the hearing adjourned, Commonwealth Edison did not have a Construction
Permit.*

- Atomic Energy Commission Reports, Volume 4, p. 204



4.2.3 Deveiopment ot Zion Criteria

Following the hearing, the AEC assigned Merritt Langston to assist Bill Morrison develop criteria for
evaluating the acceptability of the Zion quality assurance program. Merritt Langston was a quality
assurance engineer with the AEC's Division of Reactor Development and Technology in Washington,
DC. He had recently joined the AEC and had been given lead responsibility for the preparation of
a new internal AEC standard, RDT F2-2, Quality Assurance Program Requirements.®’ Previously
he had been with NASA's Space Nuclear Auxiliary Power Program including a tour of duty as Quality
Assurance Manager at its Lewis Research Center.* During his tenure with NASA, Langston was
also invoived in upgrading NPC-200-2, Quality Assurance Program Prowisions for Space System
Contractors, to incorporate iessons learned from the 220llo 1 fire,*

An initial draft of the criteria was completed on October 3, 1968. The draft contained 16 criteria, A
through P. Simultaneously, Commonwealth Edison began changing its QA Program to incorporate
ASLB comments. On October 17, it requested that the ASLB recpen proceedings in order 10 hear
new evidence regarding its Zion program. The ASLB agreed and scheduled a hearing for Washing
ton, DC, on December 10, 1968. On November 12, the AC completed a second draft of its review
criteria.”™ The next day, Commonwealth Edison sent two new quality assurance documents to
the AEC for consideration at the upcoming December 10 hearing. The documents, dated November
12, 1968, were titied, Guide for the Quality Assurance for the Construction of Nuclear Generating
Units and Zion Station Quality Assurance Flan (hereafter called the Zion QA Plan).*

The AEC updated its review criteria to require a quality assurance program containing 15 criteria and
reviewed Commonwealth Edison’s new program documents against the criteria. These criteria are
contained in Supplement | of this report along with notes on the source of each of the criteria. Six
uments are cited: 7) ASME Section lll, Appendix I1X; 2) MIL-Q-9858A; 3) NHB 5300.4;

5) 10CFR50, Appendix A; and the 6) Zion QA Pian

MIL-Q-9858A was the source of 63 percent of the criteria’s requirements and 33 percent of its sub
tittes. Another important document was RDT F2-2, the source of 19 percent of its requirerments and
14 percent of its subtities. Interestingly, the Zion QA Plan was also an important docurnent. It was

ource of 33 percent of subtities and, in part, one requirement. The similarity of the Zion QA
Plan to the AEC criteria was not a coincidence. There were several reasons for this

MIL-Q-9858A The Zion QA Plan was based on MIL-Q-9858A, modified as applicable for the

ty business.” The AEC's criteria were also based on MIL-Q-9858A, modified as applicable

for the nuclear power industry
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b) Navy and NASA Influence Commonwealth Edison consulted Navy and NASA quality assur-
ance experts during development of the Zion QA Plan® The AEC also used Navy and NASA
quality assurance experts to develop its criteria.

c) ASLB Influence Both the AEC and Commonweaith Edison factored into their respective docu-
ments the quality assurance philosophy that Buck and Forbes expressed at ASLB hearings held
on Sentember 25 and 26, 1968.

d) Precedence The Zion QA Plan had already been accepted by the AEC and was superior to any
other plan previously accepted by the ASLB.** Significantly different criteria would have been
without precedent and led to finding the Zion QA Plan unacceptable. Rather than distance itself
from the Plan, the AEC adopted those portions it considered to be a model for other utilities.

4.2.4 Zion Facility Survey

During December 2, 3, and 4, the AEC visited: 1) the Zion construction site; 2) the fabrication
facilities of Chicago Bridge & iron who was responsible for Zion's containment liner; and 3) Sargent
& Lundy's engineering offices. The AEC survey team evaluated the Zion quality assurance program
against the 15 review criteria contained in Supplement 1.

The survey team consisted of Langston, Morrison, Paul Check, Charles Long, and Harold Thornburg.
Check, Long, and Thornburg were assigned to the team because of their expertise in, respectively,
nuclear, mechanical, and chemical engineering.”' ™

The team found 7 of its 15 quality assurance criteria were being effectively implemented. Of the
remaining eight criteria, evidence existed that six would be effectively implemented in time to support
scheduled design, manufacturing, and construction activities. In most cases, either the criteria were
being informally impiemented while procedures were still being developed or procedures were in
place but work had not yet started. For Criteria 5, "Design Reviews," and 13, "Corrective Action,"
the AEC survey team found implementation unsatisfactory; however, they received assurances from
Commonwealth Edison that changes would be made to corract identified deficiencies.” With these
assurances, the AEC conciuded that:

Commonwealth Edison's Quality Assurance Plan, ... with its emphasis on documentation and verifica-
tion, provides assurance of quality. Adequate control is being exercised for the work now in progress,
although this control in some cases is not fully documented or implcmomod."

-

b, p. 554
-~

od, p. 556

. Reguiatory Stall Evaluaton of Commonwesth Edison's Quaity Assurance Program for the Zion Stanion, U 8. Alomic Energy Commission, Washington. DC,
December 17 1968 p 1

" Based on written statements of the quaifications of Check, Lang, #nd Thomburg 88 provided 1o the ASLE on December 17, 1968
" Transcrpt of Evidentiary Hearing, Zion Station Units 142, December 17, 1968, pp 821 A 822
" Regarding Critencn 5. there wers nstances where design reviews had nol been conductad or, f CONGUCtEd, dOCUMENIANoN Nf the MMViews was Sither Missing

or nadequate.  Regarding Critenon 13, the status of comective action was not Heing and o ntation of geficiencies did not cisany describe ether
he adverse condition Or resulting corrective action

"

Reg y Staff Evai of Commonweatth Edison’s Quaity Assurance Program for the Zion Station, p. 22




4.2.5 Seccnd Evidentiary Hearing

A week prior to the second evidentiary hearing, the ASLB announced it would have to reschedule
the hearing for December 17, 1968.”° Merritt Langston and Bill Morrison attended the hearing as
expert witnesses for the AEC. As before, John Buck and Steward Forbes represented the ASLB

The ASLB was concerned that, even though the AEC survey team found quite a few instances
where procedures and documentation were lacking, somehow it had concluded that the Zion quality
assurance program was adequate. The ASLB asked if the AEC considered procedures and docu-
mentation to be just a good idea or an essential requirement. Langston and Morrison replied that,
where required procedures were lacking, evidence existed that Commonwealth Edison was actively
developing procedures and they were scheduied to be issued in a matter of days or weeks

The ASLB asked the AEC whether it looked into the quality of work done between July 1968, when
work first started, and November 15, 1968, when Commonwealth Edison started imposing quality
assurance program requirements on its contractors. Merritt Langston said both he and Bill Morrison
had looked into this matter, and the only problem they found, of any significance, was a lack of docu-
mentation of design reviews.”

The hearing ended with assurances that the AEC would conduct regular audits of Commonwealth
Edison to verity scheduled procedures were being developed and effectively implemented.™ Nine
days after the hearing, Commonwealth Edison received a Construction Permit for Zion 18&2.7

4.3 ISSUANCE FOR PUBLIC COMMENT
4.3.1 Growing Anti-Nuclear Sentiment

On December 17, 1968, the same day hearings were taking place on a Construction Permit for Zion
142, an amendment was issued to 10CFRS50 requiring that utilities submit a Preliminary Safety
Analysis Report (PSAR) with each application for a Construction Permit. Section 50.34(a)7 of the
amendment required that the PSAR contain a "description and evaluation of the quality assurance
program to be appiied to the design, fabrication, construction, and testing of the structures, systems

and components of the facility, "™

I a reguiation requiring a description of nuclear utility quality assurance programs
ore important that AEC criteria exist on what constituted an acceptable program. The
ase critenia was further prompted by the publication of Sheldon Novick's The Careless

remarks in Forbes by Phillip Sporn, former head of American Electric Power

nission . Washington {
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In the November 15, 1968, issue of Forbes, Phillip Sporn said the nuclear industry was moving too
fast and quality assurance programs, especially inspection and testing practices, were inadequate.
He warned utilities that, "We rushed into the Apollo program and incinerated three astronauts. Then
we tock some time out and really did an engineering job and had a successful Apolio 7. We are
going to have scre accidents at atomic plants. "’

The Careless Atom was published in January 1969.%* It was the first anti-nuclear publication
to receive national attention. Sheidon Novick played on the public's fear of the "invisible menace,"
the radioactive isotope. To quote the The New York Times:

“The Careless Atom" explores the nature of the public’s risk, both from the reactor explosion ... and
radioactive pollution of the environment. Mr. Novick tells the tale of Bodega Head, Callf., where Pacific
Gas and Electric tried to build a nuclear-powered electric generating plant only 1,000 feet from the San
Andreas earthquake fault. He recounts potentially disastrous accidents at Lagoona Beach, Mich.
[Fermi 1), Chalk River, Ont.; Cumberland, England. and elsewhere... He points out that atomic-
powered generators only become profitable when they are huge; and when they are huge, their mal-
functioning will have huge consequences.™

4.3.2 Assignment of Responsibilities

After the Zion hearings, Bill Morrison was assigned the job of upgrading the AEC's quality assurance
criteria to include industry lessons leamed. Milton Shaw appointed an industry advisory committee
to provide Morrison with this input. He had his Assistant Director, Jack Crawford, sit in on committee
meetings which were chaired by Stu Knight of Idaho Nuclear, National Reactor Test Station. There
were about eight commitiee members including Fred Hannon of Union Carbide, Oak Ridge National
Laboratory, and Jack Norris, Westinghouse, Hanford, 655

The criteria went through many revisions. Due to the technical advisory commitiee's desire for more
detail and documentation, the criteria became 'onger and longer.® Each major revision was sent
to the advisory commitiee and Merritt Langston for review and comment.**

While most within the AEC agreed on the need for quality assurance, there was considerable debate
sver whether the criteria belonged in an intemal AEC staff position paper or the Code of Federa/
Regulations (CFR). If placed in the CFR, the criteria would be *mandatory” whereas, if placed in a
staff position paper, they would serve as "guidance" to both AEC licensing personnel and nuclear
utilities. As late as February 5, 1969, the issue was still being debated.* However, due to increas-
ing pressure from the public, ASLB, and his staff, Harold Price, the AEC's Director of Regulation,
finally decided on mandatory QA criteria in the form of a new Appendix B to 10CFR50.*° This would
require more than simply searching out and replacing every "should” in the Zion quality assurance
criteria with a "shall.* For starters, it would mean soliciting and incorporating input from interested

*

" "Atomic Accisents®, Forbes, New York, NY. November 5, 1968, p 58 [Excerpt by permission of Forbes magazine © Forbes, inc, 1968]
® Sheidon Novick, Ths Camiess Atom, Houghton Mifflin, New York, NY, 1969
.

1969 Book Revew index Gale Research Company, Detroit, MI 1870, p 438

" John Leonard. *The Invisibie Menace * The New York Times, New York NY. March 10, 1968, p. 43 © 1969 by The New York Times Company [Excermt by
permission of The New York Times Company)

“ Based or a January 10, 1992, intervew with Jack Norris

. Minutes of Quatity Assurance Subcommittes Meeting, U S Atomic Energy Commession. Washington. DC. February 5, 1088, pp. 1 4 2



members of the public, nuciear power industry, and affected government agencies. Creating a new
regulation would be a lengthy and complicated process

Table 1 of this report identifies vanous documents that influenced the shape of the proposed new
regulation. The most important was RDT F2-2, Quality Assurance Program Requirements, an inter-
nal standard, applicable to AEC development and test reactors, that was being written under Merritt
Langston's direction. It was based on over 20 years of first-hand Commission experience with the
design, construction, and operation of development and test reactors. Over time, RDT F2-2 became
the source of about 38 percent of the requirements in Appendix B

Another important source document was MIL-Q-9858A, Quality Assurance Program Requirements
This military specification had been around since 1963 and, though initially controversial, its require-

1ents were being successfully implemented by an enormous network of small manufacturers and
large companies whose existence depended on U.S. Government defense contracts. Eventually, it
would become the source of about 29 percent of the criteria in Appendix B

Indeed, the Federal Register attributed requirements in Appendix B to experience gained by the AEC
with its own reactors, "work under the cognizance of the Department of Defense and the National
Aeronautics and Space Administration [NASA)]," and "cooperative Atomic Energy Commission-
industry efforts."®’ The NASA work that went into Appendix B included a final draft of NHB-5300.4,
Quality Assurance Provisions for Aeronautical and Space System Contractors. It accounted for
about 8 percent of the criteria in Appendix B. Maerritt Langston, who helped write NHB-5300.4,

provided input on those sections of the Regulation that borrowed from NASA requirements

The "cooperative effort" mentioned in the Federa! Register was the assistance provided to the AEC
by the industry advisory committee appointed by Milton Shaw. The nuciear industry had two other
forms of input to the Regulation: 1) review comments on the Regulation after it was issued for public
comment, as will be discussed in Paragraph 4.4.1, and 2) the nuclear power industry’s quality assur-

Methods. As shown in Table 1, about 8 percent of the requirements in Appendix B were based on
material in Appendix iX of ASME Section Ill. Presumably, this was as a result of suggestions from
the industry advisory committee

The industry advisory committee felt its input was being ignored. Its biggest concerns with the
proposed new Regulation were its requirements for controlling design activities and nonconforming
hardware. The Regulation's proposed design control requirements could not be compared to those
In existing industry standards because there were none.” In addition, its nonconformance control
and corrective action requirements exceeded those currently in use in the industry.*® To ease the
committee’s concerns, an agreement was reached with Clifford Beck, Deputy Director of Regulation,
to implement Appendix B on a trial basis at Surry 1&2, a nuclear plant under construction about 125

T F2-2 which, at the time. was still unde

niy De as aMachve as s nonconformance

{ the proposed Regulatiorn
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miles south of Washington, DC. Trial implementation was to take place following the Regulation’s
release for public comment and prior to its issuance for use,*****

During March 1969, the draft Regulation was presented to and approved by the Commissioners and
the Arabic designators on criteria were changed from Roman numerals.®*** A month later, on
April 17, Appendix B was issued for public comment. Comments were due June 16, 1969.%

4.4. RESOLUTION OF COMMENTS
441 Reviewers

The draft Regulation attracted 147 comments from 18 different reviewers. Table 2 lists reviewers
and summarizes comments. Comments were submitted by five engineer/constructors, five reactor
manufacturers, five utilities, two consultants, and the Atomic Industrial Forum (AlF), a professional
society. Seven organizations that provided comments also reviewed the draft Regulation for the AlF,
thus, in effect, commenting on the document twice. These reviewers included American Electric
Power, Babcock & Wilcox, Consolidated Edison, Gilbert Associates, Ralph Parsons Company, Stone
& Webster, and Westinghouse.” Others who participated in the AIF review were Battelle Memorial
Institute; Bechtel; Burns & Roe; Ebasco; Murray Joslin, Chairman, ASME N45 Nuclear Standards
Committee; Philadeiphia Electric; Southern Nuclear Engineering; and Stoller Associates.

What was surprising were the number of major nuclear utilities and contractors who chose not 10
comment on Appendix B: Sargent & Lundy (Bailly, Elk River, Dresden 2&3, Fermi 2, Fort St. Vrain,
La Crosse, Quad Cities 1&2, and Zion 1&2), Commonwealth Edison (Dresden 1, 2 & 3; Quad Cities
1&2; and Zion 1&42), Tennessee Valley Authority (Sequoyah 1&2 and Browns Ferry 1, 2 & 3), Con-
sumers Power (Big Rock Point, Midland 182, and Palisades), and Duke Power (Oconee 1, 2 & 3).
Conspicuous by their absence were comments from the Edison Electric Institute, American Nuclear
Society, and Institute of Electrical and Electronics Engineers. These three professional organizations
were heavily involved in developing standards used in the nuclear industry.

442 Comments

Table 2 of this report shows the distribution of public comments on the proposed new regulation.
Of 147 comments, 51 (35 percent) were incorporated. Westinghouse had the most comments and
the most incorporated. Criterion 11, "Design Control," received 27 comments, more than any of the
other criterion. Ten of the 27 comments were incorporated, again, more than for any other criterion.
Supplement Il shows haw the AEC factored public comments into the text of the Regulation.

None of the 18 generic comments were incorporated: three bemoaned the amount of documentation
required; three remarked the criteria were too general; and two others complained they were 100
specific. There was no pattern ‘o the other ten generic comments.

- Prasumably the change was made 10 prevent contusion with the general design oriteria in 10CFRS0. Appendix A, which wers identified with Asatic numerais
"' Samue! Walker, p 220
¥ Federn' Register. April 17, 1969, pp. 6599-6602

¥ Four individuals who served on the Alomic Indusirial Forum review 1eam 4180 preparned mview commaents for thelr employer  The four wers Paul Dragoumia
of American Elsctric Power, Sherman Goodman of Gilbert Assocates, Stanley Heliman of Ralph Parsons. and Larry Minnick of Yankee Atomic Elsctric



Of 14 comments on the juction to Appendix B, three were incorporated. The first sentence of
Appendix B was v . in a "description” rather than "description and
@ utility’s quality assurance program. Though 6 of the 14 comments on the Introduc
tion objected to applying the Regulation to operating power plants, the AEC disagreed after referring
e American Nuclear Society's Subcommittee ANS-3, "Reactor Operations.” The Sub
committee agreed that Appendix B should be applied to operating nuclear power plants -

A

revised 1o req

evaluation” of tr

the issue to th

The requirement for design reviews received the mo omments: four concerned reviewer indepen
dence; three requested allowing alternate Laiw.atuims or qualification tests in lieu of design reviews,
and six sought clarification of the leve! of detail expected during design reviews. One individual sent
the AEC a four-page letter on why design reviews should be by "other than the organization or group
that performed the design." Though this particular pubiic comment was not incorporated, Criterion
I1i was modified to permit, in addition to design reviews, other forms of design verification.™

In addition to public comments, the AEC solicited and received comments from the ACRS and Sid
Bernsen, Chairman, ASME N45 Ad Hoc Committee on Quality Assurance.” Bemsen's comments
were mostly favorable. The ACRS's comments were less positive; nevertheless, during a Fet‘fudr‘/
1970 meeting, the ACRS accepted the AEC’s proposed resolution of its comments.”’

4.4.3 Trial Use at Surry

Virginia Ewm:'rvr‘ & Power Company (VEPCQ) received a Construction Permit for Surry 1&2 during

e 1968.™ VEPCO's general contractor, Stone & Webster, immediately began constriation using
a nuclear quality assurance program it had developed a year earlier. After Appendix B was issued
for public comment, Stone & Webster started upgrading its program and, by January 1870, the
program met the intent of the draft Regulation.”™ In February 1970, Stone & Webster hired a
Welding Superintendent, Carl Houston, and began welding. The same month, VEPCO assigned a
resident QA Superviscr to Surry, and Stone & Webster formed a Quality Assurance Department that
was independent from its Construction and Engineering Depaﬂmeﬁ.ts. 101102109 Baged on nine
AEC audits conducted between April 1969 and April 1970, Surry's quality assurance program
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4.4.4 Issuance for Use

On June 16, 1870, Harold Price pres.ented the final proposed Regulation to Commissioners Glenn
Seaborg, James Ramey, The~drrz (hompson, and Clarence Larson for their approval. Thompson
asked about the reasonableness of the requirement in Criterion VIi that, before instaliing material
or equipment, documentary evidence of acceptability had to be available at the nuclear power plant
site. Price replied that a written statement of compliance from the supplier could meet the intent of
this particular requirement. Thompson was satisfied and the four Commissioners voted to approve
the publication of 10CFR50, Appendix B.'”

On June 27, 1970, Appendix B to 10CFR50 was issued for use. To accommodate the change, Sec-
tion 50..\4 of 10CFR50 was simultaneously amended to require that Preliminary and Fina! Safety
Analysis Reports describe how the applicant's quality assurance program satisfies the requireme nts
of Appendix B. Compliance with the Regulation became mandatory on July 27, 1970."%

4.4.5 Epilogue

On July 6, 1970, Carl Houston, who resigned from Stone & Webster in late April, wrote to ine AEC
about defects in safety-related piping welds at Surry 1. In February 1971, VEPCO hired $outhwest
Research Institute (SWI) to re-examine 650 questionable welds in seven different piping systems.
Six months later, SWI reported that 15 percent of the welds contained defects requiring repairs.
Radiographs and other nondestructive examination methods used by SWI found microfissures, a lack
of fusion, and overgrinding of welds.'” '*'®

The adequacy of reactor cooling system welds was the major point of contention during hearings
held in March 1972 on an Operating License for Surry 1. Carl Houston was the main witness for
the Commonwealth of Virginia which was opposed to the License.” VEPCO voluntarily
committed to examine selected welds at three times the frequency required by ASME Section XI,
Rules for In-service Inspection of Nuclear Reactor Cooiant Systems. The ASLB was impressed by
VEPCQ's commitment and thorough investigation of welding allegations. Having received the
requisite assur-ances that Surry 1 would be operated in a safe manner, the ASLB issued VEPCO
a License along with the following sage advice:'"

This proceeding highlights the paramount importance of effective quality assurance ... programs and
the imperative need for such programs from the very inception of a project. The hearing record pro-
vides a graphic illustration of inadequate implementation of an effective quality assurance ... program
during the early but vital phase of plant construction and it should serve as an object iesson for all
applicants, the nuclear industry and the Atomic Energy Commission.

[Minutes of] Regulatory Meeting 285 June 16, 1970, U.S Alomic Eneryy Commssion, Bethesda, M, undated, p. 8

Feders/ Register. June 271970, pp 10488-10501
Trangorpt of Mearng in the Matter of Surry Powsr Station, Unit 1, p 178

Unitea States Atomic Energy Commission Report i the Matter of Surry 1 Nuclesr Powsr Station. U S. Atomic Energy Commission, Washington, DC,
February 23, 1972, pp. 17 & 18

Rasignation letter from Mr Mouston to C.J Beadford of Stone & Websier, April 20, 1870
Transcript of Hearing in the Matier of Surry Power Station, Unit 1, p 102

Atomic Energy Commission Reports, Volume 4, U.S. Government Printing Office, Washington. OC, 1873, pp. 825828



4.5 AMENDMENTS

4.5.1 Fuel Reprocessing Plants

On April 10, 1971, the AEC issued for public comment an amendment that expanded the scope of
10CFR50, Appendix B, to include spent fuel reprocessing plants.' At the time, West Valley was
the nation's only operating fuel reprocessing plant; two others, Morrs and Barnweil, were under con
struction. The amendment was issued for use on September 11, 1971, without any changes, and
compliance with its provisions became mandatory on October 11, 1971."?

West Valley was closed in early 1972 for modernization and, because of rigorous new AEC licensing
regulations, never reopened. The Morris facility was completed in late 1972 but, because of design
deficiencies, never became operational. Construction on Barnwell was terminated in 1877, with the
plant about half completed, because of President Carter's new nuclear policies. Further information
on these three piants, the only fuel reprocessing plants to advance beyond engineering to construc-
tion, is contained in Supplement Ill. At present, no new plants are planned

4.5.2 Organizational Relationships

On April 19, 1974, the AEC issued for public comment a proposed amendment to Criterion |, "Org
anization,” of 10CFR50, Appendix B. The amendment was in response to concerns identified by the
Atomic Safety and Licensing Appeal Board (ASLAB) during October 1973 about organizational rela
tionships at the LaSalle 1&2 and Midland 1&2 nuclear power plants.* At both plants, site quality
control personnel reported to a resident construction superintendent.’” The ASLAB ruled this was

inconsistent with Criterion ! of 10CFR50, Appendix B, which required that personnel responsible for
verifying the quality of work be independent of those responsible for performing the work."

Numerous changes were made to the proposed amendment in response to public comments, the
most significant being the addition of a new fourth and fifth sentence to Criterion | that defined the
terms "safety related functions” and "quality assurance functions.” With these changes, the amend

ment was issued for use on J

lanuarny 20. 1975 and compliance with its nrovisions became mandatory
- Uil JR y &V, 1973, QTG GUITIPHGTLE Veilii o i i SRR I0 ROLaVTY
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on February

What was most surprising about the outcome was, if anything, the amendment seemed 1o legitimize
rather than prohibit the type of organizational structures that had been in place at LaSalie 182 and
Midland 1&2. The eighth sentence of the amended Criterion | reasoned that

Because of the many variables involved, such as number of personnel, the type of activity being per
formed, and the ... locations where activities are performed, the organizational structure for executing
the quality assurance program may take on many forms provided that the persons and organizations
assigned quality assurance functions have [the] required authority and organizational freedom
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The intent of the amendment was to reduce the height of the wall between "quality assurance" and
"production” personnel. Its author, Bill Morrison, wanted quality assurance to be a team effort.” """
Though the amendment relaxed the organizational independence requirements of Criterion |, nuclear
utilities and suppliers continued establishing separate QA departments. This growth in separate QA
departments resulted from guidance that appeared in the Federal Register with the new amendment.
The Federal Register referenced the AEC's "Rainbow Books" which recommended that quality assur-
ance directors report to the same level of management as directors of the company'’s engineering,
manufacturing, or construction departments, as applicable. Consequently, the QA director usually
ended up reporting to either the company president or a senior vice president.”

4.5.3 Three Mile Isiand Accident

On March 28, 1979, Three Mile Island 2 experienced a partial core-melt, the worst accident ever at
a civilian U.S nuclear power plant.””® The Nuclear Reguiatory Commission (NRC)'* immediately
stopped evaluating seven pending Construction Permits inciuding a Permit for eight floating plants.
The next 15 months was spent looking into the cause of the accident. During June 1980, the NRC
issued NUREG-0660, NAC Action Plan Developed as a Result of the TMI-2 Accident. Four months
later, the NRC announced it would be changing its licensing requirements.'’

During early 1981, the NRC held public meetings on its proposed new requirements and, on March
23, 1981, issued a draft for public comment. Included in the proposed Regulation, to be added to
10CFRS50.34, "Contents of applications; technical information,” were new QA requiroments.'®
Forty-three (43) reviewers commented on the draft Regulation. Five reviewers (ASME, Bechtel,
Gilbert, Store & Webster, and TVA) commented on its quality assurance requirements. Though
three reviewers recommended placing the proposed new QA requirements in Appendix B, the NRC
declined without explaining the basis for its reluctance.'®

The new Regulation was issued on January 15, 1982, as 10CFR50.34(f), "Additional TMI-related
requirernents.”'** It was applicable to all nuclear power plants licensed after February 16, 1982,
and contained 149 words of new quality assurance requirements.'” The text of the QA require-
ments appear in Supplement IV along with notes explaining the basis for selected requirements and
changes that occurred as a result of public comments.

in the January 20, 1975, Faderal Regster (o 2210C), Bill Morrison wrote, *The grester the independence or separation, for example, the mon difficutt it
may be I S0Me INSLANCES o MaNtam ines of commumcetion 1 [dentifying quality probiems and intiating corTective action.*

™ The AEC's *Rainbow Books' included the *Gray Book." WASH- 1283, Guidance on Quakty Assurarce Requirsmaents During the Design and Procurement
Phase of Nuclenr Power Plants, June 7, 1873, and Revision 1, May 24, 1874, *Orange Book * WASH- 1284, Guidence on Quaity Assurance Requirements
During the Operations Phase of Nucieer Power Plants, October 26, 1973, and *Groen Book,' WASH- 1308 Guidance on Quaity Assurance Requirements
Duning the Construction Phase of Nuclear Powsr Plants, May 10, 1974 The color 0f their GOvers were graly. 0Tange. And green, respectively

Reter 1o Paragraph 6.3.5 and Supplerment Vi for further mformation on Thvee Mile lsiand 2

- The Energy Reorganization Act of 1874 abolished the Atomic Energy Commission (AEC). On January 19, 1675, the Nuclear Regulstory Commission was
ostablishad and took over the AEC's reguiatory responsibiliies. The Enevgy Reseasch and Development Adminstiation (ERDA) was estebished 10 handie
the AEC's other work. In 1877, ERDA became the Departmen:t of Energy

Foowral Register October 2. 1980, pp 65247 & 85248

Federal Register. March 23 1981, pp 18045, 18046 & 18048

Federal Aegister, January 15, 1982, pp. 2280, 2290 and 2296-2208

Iid, p 2266

These 149 words represent about 5 3% of the 5 7 pages of new lext in 10CFRS0.34(1)



21

Placing nuclear power plant QA requirements in a location other than Appendix B was an experiment
that failed. As evidenced by the following, the industry has essentially ignored the QA requirements
contained in 10CFR50.34

a) NRC When developing QA requirements for high-level waste repositories (10CFRB60), spent fuel
shipping casks (10CFR71), and independent spent fue! storage facilities (10CFR72), the NRC
passed over the QA requirements in 10CFR50.34

b) Codes & Standards Over a decade later, nuciear industry codes and standards have not been
revised, nor are revisions pending, to incorporate the QA requirements of 10CFR50.34

c) Utilities Though basically prohibited by 10CFR50.34, nuclear utiiities have been dismantling
their QA Departments and reassigning inspection, testing, and other QC functions to line organi-
zations responsible for the work being performed. This is being done with the NRC's knowledge
and consent in an effort to give line managers the "tools" needed to attain quality

4.5.4 Counierfeit and Fraudulent Parts

In January 1985, a small Houston-based distributor of industrial fasteners publicly questioned the
engineering capability of commercially available fasteners.'” The Industrial Fasteners Institute
investigated the charges by collecting a sample of three-hundred SAE J429, Grade 8, bolts and nuts
from suppliers on the Atlantic, Gulf, and Pacific Coasts; along the Great Lakes; and in the Mississippi
River Basin. Fifty (50) bolts and seven nuts were drawn from this sample and tested during April
1986. Only 11 of the 50 bolts and 2 of the 7 nuts met specifications. The Industrial Fastener Insti-
tute estimated that the United States used about 1.5 billion Grade 8 bolts each year and that millions
of nonconforming bolts were being installed in applications that posed a threat to life and property
The Industrial Fastener institute sent its test report to the U.S. Customs Service with a recommenda-
tion that it "conduct an immediate and sweeping investigation of all bolts in bonded warehouses and
in transit or at various ports of entry,"'?’

of s ndard bolts and other pars eventually reached the NRC. The NRC requested that
utiliies physically test a small sample of fasteners in their inventories. About 10 percent of the

tested fasteners failed to meet specifications. During 1988 and 1989, the NRC issued ten bulletins
covering counterfeit and fraudulent fasteners, pipe fittings, electrical fuses, circuit breakers, structural
steel shapes, and valves. A total of 72 of 113 operating nuclear plants were found to have counter-
feit or fraudulent parts of one type or another. Suppliers were prosecuted and seven utilities were
fined for violations of the procurement control requirements of 10CFR50, Appendix B.'*®

On March 6, 1989, the NRC published an "Advanced Notice of Proposed Rulemaking" in the Federal
Register. The notice requested comments on the need to amend Criteria Hl, IV, VII, and XV to

Appendix B, to prevent the inadvertent use of counterfeit and fraudulently marked parts.'®
. Raymond Klempn, “imponed bolts come under aftack * Houston Business Joumal Mouston, TX, January 21, 1985, pp wan
j He Faise Grage B ¢ eering Forformance Marks on Bolting and improper Marking of Grade 8 Nuts, Industrial Fasteners institute
e'a A 4 1986, 1x
terfern and Substandary F 15 A%¢ a Govermmentwide e sovernment Accoynting Office. Washington, X IO
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The NRC received 64 sets of comments on its notice. Most of the comments strongly opposed
additional regulations and, instead, recommended that the NRC endorse nuclear industry codes and
standards. The Electric Power Research Institute (EPRI) had taken the lead in marshalling a
consensus within the nuclear community and developing guidance documents on how to prevent the
inadvertent use of counterfeit and fraudulent parts. The first EPRI guideline contained recommenda-
tions for using commercial-grade hardware and the second contained recommendations for purchas-
ing and receiving nuciear hardware.'™ By January 1990, all nuclear utilities were i aplementing
the first guideline and, by July 1992, were implementing the second guideline.”’ Based on this
and related industry initiatives, the NRC dropped its plans to amend 10CFR50, Appendix B.'®

455 Performance-Based Requirements

There is pressure on nuclear utilities to lower operating and maintenance costs. This has spawned
a move toward "performance-based” quality assurance, programs that focus on substance (end pro-
duct quality) rather than form (incidental administraiive detaiis and paperwork). Nuclear utilities want
changes to codes, standards, and regulations that encourage or require performance-based quality
assurance programs. In theory, this would resuit in greater assurance of quality and lower operating
and maintenance costs. At least one utility group has asked the NRC to amend Appendix B to make
it more performance-based.™ Though the NRC supports this concept, it is unlikely Appendix B
will be amended before 1997. The NRC is working with limited funds, has many other priority
projects, and sees nothing in the current Appendix B that stops utilities from factoring performance-
based concepts into their quality assurance programs.'

46 SHIFTS IN REQUIREMENTS
4.6.1 General

Table 3 of this report identifies the number of words in each of the 18 criteria in Appendix B at its
inception and with each change up to through January 1982. Though, alone, words are not criteria,
together they form phrases that are requirements. In general, lengthy criteria tend to be more impor-
tant and difficult to satisty than those with few words. Years have been spent studying these words
and writing codes and standards that represent the nuclear industry's understanding of their intent.
Nuclear utilities and suppliers have invested millions of dollars preparing QA manuals and pro-
cedures designed to address requirements within these codes and standards. Thirty (30) words in
a criterion can transiate into 300 words in a corresponding standard and 3000 words in a procedure.
Thus, a slight shift in the wording of a criterion can have a profound impact on codes and standards
and trigger extensive changes to thousands of QA manuals and procedures.

The twe Quidelnes ware EPRI NP 5852 Gudlewne for the (Mzanion of Commercial Grade hems n Nuciear Safety Reiated Systems. Palo Ao, CA, March
1981 ang EFFI NP-8629. Guoeines for the Procurement and Recept of iems for Nuciea: Powsr Plants. Palo Alto, CA. January 1980 EPRI NP.8629
ncorporales by refecence EPRI NP-8630, Guideines for Performance-Based Suppber Auois. Paio Alto, CA, Jenuary 1990

GAORCED-914.pp 2784 28

Based on discy durng Sep 1992 and Januery 1989 with NRC and ndustry rep g on nuciear quality codes, stan-
dards. and guidelines

On March 26 1892, the Nuciear Management and Rasources Council (NUMARC) wrote 10 the NRC recommending that 10CFRSC Appendix B, be ‘updated
fer consistency with perormance Dased reguintions and with néw quaity concepts *

Monti Dey, NUREG/CP-0128, Workshop on Program for Elmination of Requirements Marginal to Safaty. U.S. Nuciear Regulatory Commission. Washington,
D C. September 1683, pp 7-19, 119, and B9




4.6.2 1968 - 1969

As can be seen from Table 3, criteria used by the AEC to evaluate the Zion QA Plan did not include
requirements later contained in Criteria iX, X, and XIV. These criteria were added before 10CFRS50,
Appendix B, was issued for public comment during April 1969, and currently account for 280 of its
648 words on construction and manufacturing controls. This omission is difficult to explain in that
corresponding criteria were contained in MIL-Q-9B58A, the primary source document used during
development of QA criteria for Zion. Also, though the Zion QA Plan did not cover Criterion X1V, it

thoroughly addressed the requirements of Criteria 1X and XI.'™

There was an enormous increase in requirements going from the draft criteria used on Zion to the
draft Regulation issued for public comment in April 1969. The Zion draft contained 450 words
whereas the public comment draft had 1746 words, a 288 percent increase. This increase brought
the level of detai! in 10CFR50, Appendix B, much closer to but still short of that in MIL-Q-9858A and
NHB 5300.4, the other two Government quality assurance regulations

The April 1969 increase in requirements had its greatest impact on Criterion Ill, “Design Control®
Over 180 words were added to Criterion Ill and its share of Appendix B requirements jumped from
6.7 to 12.1 percent. Because the total length of Appendix B grew by 180 words, as a percentage
of the whole, requirements associated with administrative and procurement activities decreased by
5.0 and 2.0 percent, respectively

4.6.3 1870 - 1982

Resolution of public comments resulted in increasing the Regulation by 233 words prior to issuance
in June 1970. Again, the biggest change was in Criterion ill which increased by 94 words. The
largest decrease was in Criterion | which lost 43 words. This resulted from relocating the last two
sentences of Criterion |, regarding management assessments, to Criterion |l. The 94-word increase
in Criterion |l was due to a combination of factors including: 1) public comments requesting alternate
design verification methods; 2) the need to establish a tie to 10CFRS0, Appendix A, by mentioning
something about quality standards; and 3) lessons leamed during the Zion hearings about the nec

ity of controlling intertaces between the utility, architect/engineer, reactor manufacturer, and other

organizatione with design responsibility

Another shift in requirements took place in January 1975, upon issuance of a second amendment
to 10CFRS0, Appendix B. The change added 170 words to Criterion |, more than doubling its length,
and made 't the second longest of the eighteen criteria

The last shift occurred in January 1982 with the addition of a set of new TMi-related requirements
to 10CFR50.34. The new Regulation added 149 words to the body of QA requirements in 10CFR50
At least indirectly, it added 121 words of text to Criteria |, Il, and Ill, the three iongest Criterion in
Appendix B. Most importantly and as discussed in Paragraph 4.5.3, burying the new QA require-
ments in 10CFR50.34 made the requirements far too easy to overlook and ignore. '™
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50 WEAKNESSES
51 INTRODUCTION
5.1.1 General

The nuclear industry has had considerable difficulty trying to interpret 10CFR50, Appendix B, and
establish QA programs that meet its 18 criteria. This has been due to weaknesses in the Regula-
tion's structure and language. These weaknesses include redundancy, undefined terms, illogically
grouped criteria, and poorly balanced or missing requirements. Appendix B was stitched together
out of material borrowed from other documents. Pieces didn't always fit.

5.1.2 Government Studies

Early in 1973, Manning Muntzing, AEC Director of Regulation,'”’ requested a study of how effec-
tively the criteria of Appendix B were being implemented by nuclear utilities.'® The study, com-
pleted in June 1973, three years after the Appendix B was issued for use, found the Regulation was
poorly understood and implementation was inadequate.'®

To improve implementation, Muntzing announced that the AEC would begin: 1) considering an inade-
quate QA program description as, by itself, grounds for rejecting an application for a Construction
Permit; 2) requiring that utilities successfully demonstrate their QA pregrams during start-up testing
to obtain an Operating License; and 3) hoiding conferences in Atlanta, Philadelphia, Denver, Newark,
Chicago, and San Francisco to explain Appendix B to nuclear utilities and contractors.'® During July
16-20, 1973, the QA conferences covered design and procurement, during November 26-29, 1973,
they covered plant operation, and during June 10-13, 1974, they covered construction.'® While
helpful, the conferences did not change the Regulation's inherent weaknesses.

During 1977, the NRC Division of Project Management sponsored a three-month study of QA prac-
tices in the nuclear industry. A final report, NUREG-0321, A Study of the Nuclear Regulatory Com-
mission Quality Assurance Program, was issued in August 1877, Though the study found numerous
weaknesses in Appendix B, industry implementation, and NRC oversight of compliance with the
Regulation, few of its suggestions were adopted. Undoubtedly this cool reception was, at least in
pan, due to the fact that: 1) the study was by a team whose members, collectively, had zero prior
nuclear power plant experience; and 2) findings in the report were based on confidential interviews
including meetings with Dan Ford of the Union of Concerned Scientists.'’

On January 4, 1983, Congress directed the NRC to study how to improve the quality of nuclear
power plant design and construction. The request was in response to a March 1979 accident at

During January 1973, Manning Muntzing replaced Haroid Price as AEC Director of Regulation

Manning Muntzing was concemed sbout @ deciine n tha performance of operaling nuciear power plants and increase i violations of reguiations. During
1973, AEC inspectors reported 208 violations of reguiations with about 25 percent rapresenting deviations from suality assurance requiremants. ["Nuclear
Plent Avalability s Dwindiing, says Muntoing,' Nucieonics Week, New Yok, NY. May 16, 1674, pp 1 42] © McGraw-Hill, Inc

Annual Report to Congress for 1873, U.8. Alomic Energy Commission, Washington, DC, 1974, pp. 67 & 68

Fact Book for the Joint Committee on Atomic Energy. U S Atomic Energy Commission, Washington, DC, July, 1, 1974, pp. E-48, 51 & 58

NUREG-0321. A Study of the Nuciear Regulatory Commussion Quaiity Assurance Program U S Nuciear Reguiatory Commission, Washington, DC, August
1877, biblographic aata sheet and pp. 7-10, 12 & 17



Three Mile Island 2 foliowed by a rash of significant quality assurance problems at the Diablo
Canyon, Marble Hill, Midland, South Texas and Zimmer nuclear power plants.'*

The NRC completed an initial report, NUREG-1055, Improving Quality and the Assurance of Quality
in the Design and Construction of Nuclear Power Plants, and submitted it to Congress on April 4,
1984. NUREG-1055 (p. 2-39), often called "The Ford Amendment Study," concluded that

the primary cause of the quality problems in the nuclear industry was shortcomings in management
Real improvements to address this root cause must come from industry itself. The NRC cannot write

M 143
a regulation that will achieve good utility management [and] ... cannot inspect quality into the plant

NUREG-1055 contained many lesser findings and recommendations, most of which were directed
at the Commission. With a few notable exceptions, its recommendations have been successfully
implemented. Exceptions are discussed in Paragraphs 5.2.4, 5.2.6, 54.4, and 5.5.2, below

5.1.3 Industry Codes and Standards

NQA-1, Quality Assurance Program Requirements for Nuclear Facilities, was initially published by
ASME in August 1979. It consolidated eight QA standards developed between 1971 and 1978 and
was endorsed by the NRC during August 1985."“'* NQA-1 is updated annually and represents
the nuclear industry’s attempt to expand on and interpret the requirements of Appendix B. NQA-1
Basic Requirements 1 through 18, parallel, respectively, Criteria | through XVIIl of Appendix B
NQA-1 Supplements and Appendices contain, respectively, supporting requirements and guidance

Subsections 5.2 through 5.5, below, will discuss specific weaknesses in Appendix B. As appropriate,
the Subsections will mention whether an Appendix B weakness carried over into NQA-1 or whether,
in clarifying the intent of Appendix B, NQA-1 managed to neutralize the weakness. The Subsections
will also sometimes reference three other widely-recognized quality standards, ISO 9001, Quality
Systems - Mode! for Quality Assurance in Design/Development, Production, installation, and Ser
vicing, March 1987, 1SO 9004, Quality Managernent and Quality System Elements - Guidelines,
Varch 1987 and DOE Order 5700 6 Qualitv Assurance, Revision C August 1991

150U 8001 and 9004 are international quality standards. 1S5S0 9001 has been incorporated into the

laws of eighteen European countries.'*® DOE Order 5700.6 was originally written to replace RDT
F2-2 when, in 1977, the U.S. Department of Energy (DOE) inherited the AEC's research, production

Fiscal Yoars 1982 and 1983 United Slates ngress, Washington, OC, January 4 1983

ment Accounting Office (GAC scommendation hat the NRC ncrease 18 preasencs 8! nuciear power plants in order 1o nspect
llowed. & year later. by 8 GAO recommandation tha! the ceiling on NRC fines be greatly ncreased Both recommendations
EMD.78-80. The Nuciear Regulatory Cammisson Needs To Aggressively Montor And Independently Evaluate Nuciear Powerpiant

Hute
jated Septembe 1976 and EMD-79-8, Migner Penates Could Deter Viciations Of Nuclear Reguiations, dated February 16, 1879

NOA nsoldated N4S 2, Quaiity Assurance Program  Nuciear Facilities. 1977, and seven *N45 2 Daughter Standuards * Thase standards
ware NAS 2 8 Quaitficanor 1spection, Examinatx ! Testng Po ¢ Nuciear Power Plants, 1978 NAS 2.9, Requirements for the Coflection

torage. and Martena { Recoros ko Nu P Pant: 4 N45.2 10 Qualty Assurance Terms and Defintions. 1973 N45. 2 11, Quality Assu
1NCe Requirements 2. Requiremaents for Auating of Quaity Assurance Programs for Nuciear Power
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Juaity Assurance Program Audr Nuciear Po Plants, 1978 © Amarcan Society of Mechanical Engineers

S Nuciear Reguiatory mmission, Washington, DC, Rev
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and production reactors. The Order currently applies to all DOE-funded programs, nuclear and non-
nuclear, that are do not fall under the NRC's jurisdiction. Also, the current Order departs from earlier
versions by replacing reference to NQA-1 with “performance-based” criteria.

5.2 REDUNDANCY
5.2.1 General

Quality assurance manuals and procedures are usually organized to acknowledge and satisfy
requirements in the same order they appear in Appendix B. Because of the redundancy between
criteria in Appendix B, the danger exists that different approaches will be taken to satisfy the same
or closely related requirements. Examples of this redundancy and problems are provided below.

5.2.2 Organization

The third sentence of Criterion | reads:

The authority and duties of ... organizations performing activities affecting the safety related functions
of structures, systems, and components shall be clearly established and delineated in writing.

The third sentence of Criterion 1l reads:

The applicant shall identify ... the major organizations participating in the program, together with the
designated functions of these organizations.

NQA-1 eliminated the redundancy in Appendix B by: 1) requiring in Basic Requirement 1 docurnenta-
tion of each organization’s "functional responsibilities [and] levels of authority,” and 2) avoiding men-
tion in Basic Requirement 2 of organizational responsibilities. Though not specifically required, most
companies document the functional responsibilities of both their internal organizational units and prin-
cinal contractors, esnecially diract-support contractors,

5.2.3 Special Processes

The seventh sentence of Criterion |l reads:

The program shall take into account the need for special controls, processes, test equipment, tools,
and skills to attain required quality and the need for verification of quality by inspection or test.

The above requirement seems to cover the same basic topic as Criterion IX which states:

Measures shall be established to assure that special processes, including welding ... , are controlled
and accomplished by qualified personnel using qualified procedures ...

This redundancy also appears in NQA-1 Basic Requirements 2 and 9. "Special controls" are con-
trols that require qualified procedures. According to NQA-1 Supplement S-1, “special processes”
are those requiring special equipment or skills. In actual practice, most QA programs focus on
Criterion IX and pay little attention to the special process requirements in Criterion 11,



5.2.4 Design Verification
The sixth sentence of Criterion Il reads

The design control measures shall provide for verifying or checking the adequacy of design, such as
by the use of design reviews, by the use of altemate or simplified calculations, or by the performance
of a suitable testing program

The second semence of Criterion VI states

These measures shall assure that documents, including changes, are reviewed for adequacy and
approved for release

Similar language appears in Basic Requirements 3 and 6. On July 15, 1986, ASME attempted to
clarify the relationship between the two Requirements in NQA Interpretation QA86-012. The inter-
pretation read:

[V]erification can be accomplished on an individual basis or as part of a broader design verification
activity... It is the responsibility of the design organization to define the requirements for review and
approval of individual design analyses and calculations, and the relationship of these reviews in the
design process to required design verifications. If the review and approval of individual design analyses
and calculations satisfy the requirements [of NQA-1 Supplement 35- 1), an additional venfication of those
design analyses and calculations is not required

A few months later, on September 30, 1986, ASME tried to explain the difference between “verifying"
and "checking" in NQA Interpretation OA85-009. The explanation read:

"[V]enfication and "checking” are intended to be synonymous terms which represent the same require-
ment. If the checking process complies with all ine design verification requirements of NQA-1 Supple-
ment 3S-1 the process qualifies as design verification. To the extent that the process does not
accomplish the above, it must either be supplemented by appropriate actions so that the aggregate pro-
cess does accomplish the above, or the design verification must be accomplished by other appropnate
means such as ... performance of a suitable testing program

-y

ne aulnons of Appehndia B never foresaw of iniended (0 permil ine use one review o saiisfy boin
Criteria Il and VI. The design review requirements in Appendix B were based on Paragraph 3.5 of
RODT F2-2 and, to a lesser extent, Paragraph 1B301 of NHB 5300.4. These two source documents
required formal design reviews and document reviews. Formal design reviews were conducted to
‘quality” a completed design prior to its release for use. To avoid having to "swallow the elephant
in one bite," they were conducted at key design milestones as well as at the end of final design.'"’
Docurnent reviews were performed on individual design documents as they were completed. Their
purpose was to catch errors and omissions as soon as they occurred and prior to using one design
document as input to another. Design errors, like viruses, tend to spread to other documents and,
uniess quickly identified, can be costly and time-consuming to correct. Thus, an important secondary
purpose of document reviews was to minimize the rework necessary to correct problems identified
during design reviews, qualification testing, or verfication using alternate calculations.*

Because of the above NQA Interpretations and tempting schedule and financial incentives, design
organizations often try to use a single review, called a "design verification review," to satisfy Basic

NASA and the AE 8GuIred 1hal Doth design And Quality ASSUraNce PErsoNNel participale In foma! Josign reviews
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Requirements 3 and 6.'* NQA-1 Supplement 35-1 requires that personnel engaged in such
reviews verify that: 1) design documents and procedures address all applicable organizational
interfaces; 2) inputs were correctly selected and incorporated into the design; 3) assumptions are
reasonable and provisions exist for reverifying assumptions, if necessary, as the design matures; and
4) appropriate design methods were used and output is reasonable compared to input.

A “design verification review" in accordance the above requirements invites the following problems
which, if repeated across a range of documents, could be devastating:

a) Assumptions and Organizational interfaces Design organizations usually have a generic
interface control procedure and a technical procedure that requires that originators identify
assumptions that must be reverified at a later date. Because interface controls already exist in
procedures, verification personnel see no need for further requirements in design documents.
Assumptions are rarely reverified. First, document originators seldom require reverification.
Second, even when required, few design organizations have the type of comprehensive configu-
ration management system needed to ensure timely reverification of assumptions. Eliminating
milestone design reviews does away with periodic evaluations of the validity of assumptions and
the impact of organization changes on design interfaces.

b) Math Errors Supplement 3S-1 does not require checking for math errors; it requires looking at
the "reasonableness” of output. Though computers complete most design calculations, there are
still a significant number of *hand" calculations in a plant's design. NQA-1 Supplement 6S-1
requires checking the "correctness” of information in documents. A "reasonableness” review only
makes sense if documents have aiready been reviewed for correctness.

c) Acceptance Criteria Supplement 35-1 does not require verifying that output documents contain
test and inspection acceptance criteria. This information is required by Criteria 1l and V.'*®
NQA-1 Supplement 6S-1 requires evaiuating the "completeness” of information in documents.
Not looking for omissions during design reviews only makes sense if this was already done
during earlier reviews,

Behween 60 and 80 percent of the cost of a pioject is fixed during design, and up to 40 percent of
ali quality problems can be attributed to design deficiencies. A 1986 study found that errors in origi-
nal design documents were the second leading reason for reactor scrams.'™ What is most signifi-
cant about this finding is that it is based on conditions at nuclear power plants seven years after the
accident at Three Mile Island 2 and a major effort by the NRC and utilities to reevaluate the technical
adequacy of plant designs. The Ford Amendment Study concluded that:''

The design area has received little inspection attention in the past, and recent experience has sug-
gested that it should receive greater attention. This design inspection program also uses the team
approach and encompasses the total design process on a selected system, from formuliting design and
A&E criteria through development and translating the design to actually performing site construction.

For & detaled discussion of *formal design reviews' as concened by the authors of Appendix B and *design verfication raviews” as currently practiced in
Ine nuclear power nduatry reter 1o: Jonn Burgess, Design Assurance for Engineers and Managers. Marcel Dekker, Inc, New York, NY, 1884, pp. 187180

See Paragrapn 5.2 5 for related woaknasses
Marc Meye: pp. 3 and 30

NUREG-1088. p 7-13 4 14



Though the NRC has implemented the Ford Amendment Study’s recommended approach to verifying
design adequacy, others have not followed suit. For the most part, formal design reviews are only
conducted when specifically requested by the NRC."®' The requirements of Appendix B and NQA-1
should be amended to: 1) delete reference to “checking;" 2) require both design verification and
document reviews; 3) require that, when used, design reviews take place periodically during original
design and subsequent changes, and 4) place more emphasis on verification of designs using quali-
fication testing. This is by no means a new idea. At least one internal NRC study and one industry
study has resulted in similar a recommendation.”* '™ Design reviews are inherently subjective
and, compared to qualification tests, the quality of design reviews are far more difficult to control

5.2.5 Acceptance Criteria

The ninth sentence of Criterion Il requires

Design control measures shail be applied to items such as the ... delineation of acceptance criteria
for inspections and tests

Reference to acceptance criteria also appears in the second sentence of Criterion V and the first
sentence of Criterion X| which read

Instructions, procedures, and drawings shall include appropriale ... acceptance criteria for determining
that important activities have been satisfied [Criterion V]. A test program shall be established to assure
that all testing [is] in accordance with written test procedures which incorporate the requirements and
acceptance limits contained in applicable design documents [Criterion Xi]

The relationship between Criteria Ill, V, and X! is confusing both here and in NQA-1. One possible
interpretation is that Criteria Il and X| apply to the acceptance of items while Criterion V applies to
the acceptance of activities. This requires some stretching, however, since the "drawings" mentioned
n Criterion V usually depict items and seldom contain criteria for accepting activities

test and inspection acceptance criteria. This can be attributed to the followinag

1) NQA-1 Basic Requirement 3 and Supplement 3S-1 do not require including acceptance criteria
In design documents. An addenda io Supplement 3S-1 is being prepared to correct this

b) Procedures Since tests are usually conducted by QC personnel, companies assign the develop-
ment of test procedures to their quality assurance rather than their engineering department
Accordingly, criteria piaced in test procedures, which are not considered design documents, are

seldom subject to design control

ISO 9004 requires including acceptance and rejection criteria in specifications, drawings, and
purchase orders. These documents are regarded as being separate and distinct from quality policies
and procedures. Clarification is needed in Appendix B and NQA-1 of the type of criteria that needs
to be included in design documents versus procedures and purchase orders




5.2.6 Document Changes
The last sentence of Criterion || reads:

Design changes ... shall be subject to design control measures commensurale with those applied to
the original design and shall be approved by the organization that performed the onginal design unless
the applicant designates another responsible organization.

The last sentence of Criterion VI contains the following requirement:

Changes to documents shall be reviewed and approved by the same organizations that performed
the original review and approval unless the applicant designates another responsible vrganization.

Criteria |1l and VI repeat each other in that both require that changes to documents be approved by
the same organizations that approved the original documents. NQA-1 Supplements 3S-1 and 6S-1
offer littie in the way of clarification.

Small organizations generally have a single procedure, based on the requirements of Criterion VI,
for changing all their documents including design documents. Large organizations sometimes have:
1) one procedure that covers changes to plans and procedures; and 2) one or more configuration
management procadures used to control changes to design documents.

The Ford Amendment Study had the following observations and recommendations on the subject
of controlling and managing change:'®

Quality problems in design were directly attributable to changes in the design basis and inadequate
management oversight of the design process, including implementation of quality assurance controis
over the design process ... [Tlhe NRC should examine the change management process itself, both
within the NRC and nuclear industry, to evaluate the impact of changes on the ... regulatory and project
management structure. The goal of this examination would be to develop and further guidelines for
controlling excessive change and better management of necessary change. The aerospace industry's
apparent successful approach to configuration management should be a principal focus of study ...

Aerospace configuration management (CM) programs usually require the foliowing controis:

a) Prior Approval of Changes In addition to requiring review and approval of completed changes,
CM procedures require review and approval of changes before they are initiated. To proceed
with a change, a change request form must be approved. The form must describe the change,
discuss the reason for the change, identify its impact on other documents, and justify the time
and money needed to process and implement the change.

b) Status Tracking Systems CM procedures require tracking the status of planned changes to
documents until finally issued. For example, a change to a design specification could affect
related details on a shop drawing. CM procedures would permit issuing an "emergency change”
to the specification prior to changing the drawing with the proviso that a "Hold" be placed on
affected portions of the drawing and the pianned change be tracked until issued.'*'*

NUREG-1055, pp 26 & 68

. Typically 8 Change Notioe would be issusd with the specification thal identfied and placed a "Hold® on attected portions of intertacing documents A
computer data base would track all the dentified Molds  Procedures would require that QC personnel access the computer and chack the status of Holds
Detors using a dacument as A bass lor NSpaction or lesting
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Though the NRC completed a study of NASA’s configuration management practices, nine years have
passed without any change to the relevant passages of Appendix B and NQA-1.""" Nevertheless,
ASME is slowly moving forward with a new NQA-1 Supplement 3S-2, "Supplemental Requirements
for Configuration Management “1%¢ 1SO 9004, Subsection 8.8, already requires the application of
configuration management principies to design changes

5.2.7 identification and Control
Appendix B contains the following overlapping requirements

These identification and control measures shall be designed to prevent the use of incorrect or defective
materials, parts, or components. [Criterion Viil, last sentence]

These measures shall provide for the identification of iterns which have satisfactorily passed required
inspections and tests, where necessary to preclude inadvartent bypassing of such inspections and tests
[Criterion XIV, second sentence)]

Measures shall be established to control materials, parts, or components which do not conform to
requirements in order to prevent their inadvertent use or instaliation. [Criterion XV, first sentence]

The above requirements, which also appear in corresponding NQA-1 Basic Requirements and Sup

plements, should be consolidated into a single requirement or be reworded to draw a sharper distinc-
tion between requirements. For example, since Criterion XV already requires controlling defective

o

items, the last sentence in Criterion Vil could be rewritten to read, “These identification and control
sures shall be designed to prevent inadvertently using the wrong items.”

)

5.3 TERMINOLOGY

5.3.1 General

s die used inal need 0 oe deline (8rms are usea inCor-

rectly or the same terrr ised two different ways. Terms used in Appendix B are not defined in
Appendix B or elsewhere in the Regulation. Though NQA-1 Supplement S-1 defines many of the
terms used in Appendix B, the definitions create as many problems as they solve. Examples of
these problems are provided below

5.3.2 ltems
Criteria VIl and XV use the term items to mean materials, parts, or components. This is consistent
with the definition in NQA-1 Supplement S-1. in the ninth sentence of Criterion ll, items is used to
mean design activities and considerations. NQA-1 Basic Requirement 3 does not use the word item
and NQA-1 Supplement 35-1 uses the term correctly

olate an obsoiete requirement « order !




5.3.3 Measures

Eleven of the eighteen Appendix B criteria start with off with the words, "“Measures shall be estab-
lished ..." For seven of these eleven critena, the next sentence also contains the word measures.
Supplement S-1 does not define "measures,” and NQA-1 Basic Requirements do not use the term.
Since Webster's dictionary lists 17 definitions of the term "measure”'™ one has to look to the
remaining seven Appendix B criteria for clues on which definition applies. Five of the critena start
off requiring a program or system. This suggests a measure is something similar, specifically, "a
procedure, course of action, or step.”

In the initial drafts of Appendix B, the word "systen” appeared wherever "measures” now appears.
The ACRS objected to using the term in two different ways, that is, to mean either "an established
way of doing things" and "a group of components acting together to perform a single function.” Bill
Morrison had to find another word to obtain their endorsement of the draft Regulation.**’

5.3.4 Instructions

The term "instructions” appears in Criteria 1!, l1l, V, XIll, and X. Though NQA-1 Basic Requirements
use the word "instructions” in the same manner, it is not defined in NQA-1 Supplement S-1.

Criterion X| requires test procedures, and Criterion XlIl requires inspection instructions. In actual
practice, specifications identify required tests, inspections, methods, and acceptance criteria. Written
procedures are developed to control both inspections and tests. As appropriate, instructions are also
developed to provide further directions on particular requirements in procedures.

The term instructions does not mean either procedures or specifications because Criterion Il con-
tains the phrase "specifications, drawings, procedures, and instructions.” Ruling out specifications
creates a significant terminology problern because Criterion V requires that "instructions, procedures,
and drawings" contain acceptance criteria. At least in theory, placing acceptance criteria in specifica-
tions, which is nermal industry practice, would not satisty the requirements of Criterion V.

5.3.5 Equipment

Criteria VIl and XIV use the phrase "materials, parts, and components,” Criterion |1l uses the phrase
“materials, parts, and equipment,” and Criteria IV, VII, XIII, and XVI opt for “materials and equipment”
without mentioning “parts." Though these same terms are used in NQA-1 Basic Requirements they
are not defined in Supplement S-1.

Based on the above, it is logical to assume that equipment means permananth i==tajiad component.
Unfortunately, Appendix B and NQA-1 confuses matters by int-uaucing the term test equipment in
Criterion Il and Basic Requirement 2, respectively. To further confuse matters, Appendix B also uses
test instrumentation in Criterion |l and testing devices in Criterion XI1.'®

Webster s New Workd Dictionary of the Amencan Language, Simon and Schuster, New York, NY, 1980 p. 880

Valves and other types of plant squpment are *ftems’ that must be purchased in accordance with Crteria IV and VIL Micrometecs and other types of rest
SQuUpMent. USed 10 PVRILATE And ACCeDt PIaNt BgUEMENt, &re NGt *tems” and do rot need 1o be purchased N accordance with Criena IV andg VI Howewer,
all test squipment, regardiess of how purchased or otherwise obtained, must be controbed in accordance with Criterion X1l



5.3.6 Audit Procedures

Though the second sentence of Criterion XVIl clearly states procedures are unnecessary if audit
checklists are used, according to Bill Morrison, this is not what was intended. According to Morrison
a procedure is always required that describes the organization's generic audit process. In addition,
if checklists are not used, a procedure must be developed that takes the place of the checklists.”
The requirement to use audit checklists came from Paragraph 8.2 of RDT F2-2, and the option to

(o ¥ 7

use procedures came from Paragraph 7.9 of Commonwealth Edison's Zion QA Plan

NQA-1 Basic Requirement 18 and Supplement 18S-1 mimic Appendix B by requiring written audit
procedures or checklists without explaining what is meant by “procedures." Furthermore, though
Supplement 18S-1 and ISO 9004 also require the development of "audit plans," ISO 9004 requires
neither checklists nor procedures

54 GROUPING OF REQUIREMENTS
5.4.1 General

The decision to group Appendix B requirements into 18 criteria was somewhat arbitrary. It could
have just as easily been 10, 12, or 24 criteria.* For example, DOE Order 5700.6, which is pat-
terned after Appendix B, contains 10 criteria. Subsection 17.3 of NUREG-0800, Standard Review
Plan, dated August 1990, contains 24 criteria and supplemental guidance to NRC staff personnel
assigned to review QA program descriptions in Safety Analysis Reports.'®'

5.4.2 Criterion IV, Procurement Document Control

13

Criterion IV should be incorporated into Criteria V, VI, or VII. Advantages to this approach would
be as follows

§ sark S ale s il Ts e sien N7 amd Ve L] -~ -
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soildate requirements related to establishing criteria for the acceptance of items and services

Criterion VI, Document Control Combining Criteria IV and VI would eliminate confusion over
whether Criterion V applies to procurement documents. Most feel Criterion VI excludes procure-
ment documents because it uses the phrase "such as instructions, procedures, and drawings"
Though procurement documents are reviewed and approved in accordance with NQA-1 Supple-

S-1, their distribution is seldom controlled. Procurement documents should be subject to
controlled distribution. This is the approach used in DOE Order 5700.6.'%

Criterion VII, Purchased ltems and Services This would place all of the procurement contro!
requirements of Appendix B under a single criterion. This is the approach used in ISO 9004,'®

Muciear Power Plants: Qualty Azsurance. 1978
i the IAEA Coce arrived at 12 critenia.  Page 27
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5.4.3 Criterion Xill, Handiing, Shipping, and Storage

Criterion Xill requires controlling “the handling, storage, shipping, cleaning, and preservation of
material and equipment.” When necessary, it requires providing "special protective environments.”

The fifth and six sentences of Criterion Il, "Quality Assurance Program," contain related but slightly
ditterent requirements. They require controls that include "suitable environmental conditions for
accomplishing the activity, such as acequate cleanness.”

Criterion Xli| applies to the cleaning and protection of hardware. Criterion |l applies to the cleaning
and protection of work areas, in other words, it applies to "housekeeping." The AEC considered this
topic important enough to extract from the nuclear industry a commitment to develop a housekeeping
standard. In 1973, the American Society of Mechanical Engineers published ANSI N45.2.3, House-
keeping During the Construction Phase of Nuclear Power Plants.'"®™ The American Nuclear Society
incorporated operating piant housekeeping requirements into ANS-3.2, Administrative Controls and
Quality Assurance for the Operational Phase of Nuclear Power Plants.'®

The fifth and sixth sentences of Criterion Il seem out of piace because, unlike other sentences in
Criterion I, they do not contain general administrative requirements. For example, their requirements
apply to the cleanliness of shelving in an electrical parts warehouse, but not to the cleanliness of
desks in a design office. Moving the housekeeping requirements in these sentences to Criterion Xl
would help people better understand the intent of their requirements.

5.4.4 Criterion XV, Nonconforming Materials, Parts, and Components

A powerful case can be made for combining Criterion XV and Criterion XVI, "Corrective Action,” as
done in DOE Order 5700.6. Advantages would be as follows:

a) Consolidation Criterion XVI requires establishing measures to assure "defective material and
equipment, and nonconformances are promptly identified and corrected.” Merging Criteria XV
and XVI would place all rules for controlling nonconformances under a single criterion.

b) Terminology Merging Criteria XV and XVI would result in more consistent terminology. For
example, Criterion XV uses the phrase nonconforming materials, parts, and components whereas
Criterion XVI uses defective material and equipment and nonconformances. As such, Criterion
XVl inadvertently implies "defective” items are not "nonconforming" items subject to the require-
ments of Criterion XV,

c) Control Criterion XV applies only to permanent plant materials, parts, and components. The
requirement in Criterion XV to control nonconformances in order to prevent their inadvertent use
should also apply to nonconforming design documents, test instruments, and other “things" that
are not permanent plant items. This is a requirement of DOE Order 5700.6."%

ANSI N45 2 1, Clsaning of Fiu! Sy and A Companents for Nuciear Power Plarts. was 0eveioped 10 cover cisaning the nsids and outsicie
surtaces of piping systems

The housekeeping requirements of ANSI N45.2.3 am now n Part 2.3 of NQA-2  The nousekeeping requirements of ANS-3.2 are in Paragraph 5.2 10 of
e cutrent. April 1889, revision of the standard

Reter 1o Fequirerments B(bjand (c) and aiso Paragraphs 3(e) and (g) of Aitachment | 1o the Order
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d) Trending The Ford Amendment Study found that:'®’

In the past, neither utilities nor the NRC have done well in analyzing the root causes of quality
problems. [Utiities] should develop trend analysis capabilities of their own, improve their ability
to determine the root cause of identified problems, and do more of both of these in a timely man-
ner. One cause of .his slowness has been [an] inability to synthesize scattered bits cf information

InNto a comprenens've picture

Appendix B is silent on trending. Though NQA-1 Basic Requirements and Supplements are also
silent on the subject, in an April 1991 addendum, limited guidance on trending was inciuded in
a new NQA-1 Appendix 16A-1, "Nonmandatory Guidance on Corrective Action.” Respectively,
Subsection 3.1 and Paragraph 3.2.3 read:

Conditions adverse to quality should be reviewed to determine the existence of trends. The Vifi-
cance of identified trends should be classified

In classitying conditions adverse to quality, the review should consider repetition of specific conditions
adverse to quality, as well as the relationship or similarity between different conditions in a manner
and at a frequency that assures significant quality trends are identified and evaluated

Some organizations only trend selected hardware problems, such as weld defects; some only
trend the root cause of deficiencies; some only trend significant adverse conditions; and others
trend all adverse conditions. Combining Criteria XV and XVI| would make it clear that adverse
conditions, whether pertaining to hardware or procedural matters, need to be trended. Also, it
would provide the NRC and nuclear industry with one more chance to decide on a reasonable,
performance-based trending requirement

55 BALANCE
5.5.1 General

fabie 3 shows that 41 percent of Appendix B is devoted to reauirerments reiating to proaram agmini-
stration. Next are reauirements related to construction and nfnrmfar*h,nrmq nrocesses 30 percent
design activities, 14 percent; procurement activities, 11 percent; and corrective action, 4 percent
Cleser scrutin, ndicates the length of requirements are not necessarily commensurate with their
overall importance and, in some cases, requirements are missing. Examples are provided below

5.5.2 Management

The Ford Amendment Study's principal finding concerned shortcomings in utility management. To
quote NUREG-1055:"%

In some organizations, management views QA as being responsible for guality and fires the QA man-
ager if quality is not achieved. This study concluded that too often top management assessed blame
in the wrong place and fired the wrong person(s). Top management, and through them, intermediate




-36-

management and the workers, are primarily responsible for quality. Past NAC reviews of CP [Construc-
tion Permit] applicants did not deal substantively with management experience or capability either in an
overall sense or in the context of QA program effectiveness. The study found that deficiencies in utility
and project management were root causes of the major quality-related problems experienced and that
in such projects, probiems in the quality program were often accompanied by deficiencies in other man-
agement aspects inciuding planning, scheduling, procurement, and oversight over contractors. The
study established a strong correlation between the effectiveness of the QA program and the
effectiveness of overall project management. This study recommends that future CP applicants be
required to meaet this criterion,

Though Criterion | accounts for a third of the program administration requirements in Appendix B,
it says nothing about management’s responsibilities. Every American quality standard published
since the Ford Amendment Study has had a section devoted to management's quality assurance
responsibilities.'*

In addition to the "management assessments” required by Criterion |l of Appendix B, 1ISO 8001
requires that management "define and document its policy and objectives for, and commitment to,
quality.” This requirement is elaborated on in ISO 9004. Criterion | of Appendix B and NQA-1 Basic
Requirement 1 should be amended to incorporate NUREG-1055 recommendations by emphasizing
management'’s quality assurance responsibilities.

5.5.3 Design Control

Appendix B needs to expanded to place more emphasis on controliing the quality of technical data
obtained during the characterization of potential plant sites and to keep pace with the expanding role
of computers in plant design and operation. Specific recommendations are as foliows:

a) Siting Appendix B does not say it applies to the siting of nuclear power plants. Siting criteria
in 10CFR100 and Appendix Q to 10CFR50 say nothing about quality assurance; they are primar-
ily technical in nature. The Introduction to Appendix B should be expanded to say it applies to
“plant siting" in addition to “designing, purchasing, ... refueling, and modifying. Criterion Ill
shouid inciude requirements for coilecting site data that will be used as: 7) a basis for selecting
a suitable plant site or 2) final technical input during the desian of parmanent plant hardware

NQA-1 Basic Requirement 11 requires that tests "to collect data, such as for siting or design
input, shail be planned, executed, documented, and avaluated.”" This requirement is not elabo-
rated on in NQA-1 Supplements and Appendices.' ™'

b) Computers Appendix B never mentions the terms computer code, computer program, or com-
puter software. Computers are now an ess ntial, integral part of the design process and the

This includes the following standards: 1) Section 10 of DOE Order 5700 & 2) Suction 4.0 of 150 9004, Quaity Manager and Quaity Sy Eioments -
Guelnes. 3) Section 5.0 of ASME MCS-1. Manap Control Sy . datad May 1990; and 4) Criterion 1.1 of the U.S. Department of Commerce's
1992 Makoim Bakinge National Quality Award Criteria, dated Decembar 1991

e Gmeummmmoyvmz.maw-z.meuwmwumrmm However, Part 2.20 does not
cover other siting activities such as tOPOYraphic Surveys, of logical data, and charactenzation of rivers and bodies of water on or adjacent
10 the proposed plant site

Considersticn shouid be given o merging NQA-2 Part 2.20 with NGA-2, Quaiity Assurance Program Fequirements for the Caliection of Scientific and Techm-
cal Information for Ste Cheractenzaton of High-Lavel Nuciear Waste Rapostones. and ther expanding NOA-3 1o cover the siting of nuciaar power piants,
ndependent spent tuel storage faciities. and high-level waste repositones
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operation of a nuclear power plant. They are used to store, manipulate and plot technical data;
model complex engineering problems; perform mathematical calculations; produce drawings, and
control operating power plant equipment. The consequences of errors in computer programs
can be enormous.'” Criterion !ll should be expanded to include requirements for controlling
computer programs. The requirements should apply to programs used to design the plant and
programs installed in and used to operate permanent plant equipment.'”

5.5.4 Safety Analysis Reports

10CFR50.55(e) requires that nuclear utilities promptly notify the NRC of major design and onstruc-
tian deficiencies.””* Specifically, the NRC needs to hear about any significant depanure from
“criteria and bases stated in the safety analysis report" To satisfy this requirement, procedures
usually require that deficiency reports be reviewed against the rules of 10CFR50.55(e). This works
if: 1) personnel evaluating deficiency reports have a copy of and are familiar with the Safety Analysis
Report (SAR), and 2) SAR requirements match those in controlied design documents.

SARs fit into a special class of documents known as "licensing documents." Because they are not
"design documents," they escape Appendix B design control requirements.””” SARs are generally
prepared by licensing personne! borrowing information from controlled design documents. Ideally,
as design documents are revised, SAAs are updated to keep pace with design changes. Whether
this actually happens, changes are correctly incurporated, and happens in a timely manner is usually
off-limits during QA audits. Also off-limits are audits to verify that personnel are familiar with require-
ments in SARs and superseded pages in SARs are replaced with updated pages.'™

Criterion 1l requires that the, “The applicant ... [list] the structures, systems, and components to be
covered by the quality assurance program..." This list, known as a "Q-List," appears in the utility’s
SAR, not its QA Program Manual. Thus, if an item is not on the List, it is very possibie that the
design and construction of the item will not be audited, inspected, or otherwise verified. The conse-
quences of using an incomplete or obsolete SAR Q-List can be enormous.'”

On March 13, 1979, tha NRC shut down five nuciear power plants (Beaver Valley 1. FitzPatnck, Maine Yankee, and Sury 182) due to faulty aigebra in
software used (O caloulale stressas In poing systems  The plants remamad out of senvice for about hree months while siresses were recomputed and piping
systems modified [*Faulty Stress Codes Shut Down Five Reactors for Montha,* Nucieonics Week, New York, NY. March 15, 1979, p 1, and *No Substantiel
Diftaronces Between Old and New Sewsmic Codes. SAW Says * Nucleonics Week, New York, NY. May 24, 1879, p. 1] © McGraw-Hill. Inc.

Though Appendix B does nol mention the need 1o control compiter programs. the nuckear ndustry has nuMerous standards on this subject. Control of
computer programs ia covered in NQA-1 Supplements 35-1 and 118-2, NQA-2 Part 2.7, and several standards published by the Amaencan Nuciear Sociaty
(ANS) and institute of Electncal and Elsctronics Engineers (IEEE) ncluaing ANS-10 4. Guigelines for Verification and Vaiidation of Scientific and Engineenng
Computer Programs for the Nuciear industry. and IEEE 1012, Sotware Verffication and Valicktion Plans.

Semidar requirements appear in 1OCFRZ 1 which apphes 10 nuclear utiities ¥nd (0 COMPENes SUDPlYNg hardware 10 OPerating NUCKIA!r POWS! DIants o plants
under construction  Though 10CFR21 does not specifically mention SARS, it requires that the NRC receive notfication of any conartion “that could contribute
10 sxceedng of & safety kmit as defined in the [SAR's) lechnica! spacifications . *

10CFHS0 9(a) requires that, *information proviced 1o the C by an apph for a 80 . be compiets and te i al matenal respects *
This s not the same as requinng hat SARS and other documents contaning keensing Normation be developed uNder & QuAlty ASSUrance Program meeting
the requrements of 10CFRS0. Appendix 8

This 15 based on the author's own expenence and FSAR inconsistencies entified at Midiand 142 during early 1980. At Midiand 142, the utilty’s project
manager 1ol @ loca! Newspape’ reporter that, ' We instalied the [soll] matenals without knowing what it saxd in the FSAR. Our guys did not check iha speck-
foations aganst the FSAR * [Paul Rao, *Consumerns denies iyng to NRC on sods issue,’ Midiand Daily News, Midiand, MI_ January 4. 1980, p 1)

As a resuft of a March 1879 accdent &t Three Mile isiend 2, 10CFRS0 34 was amended to require that license applications contain sutficient nformation
10 ensure “tat the quaity assurance (QA) hst required by Critencon Il . ncivdes ail systems, structres. and components important to sakety’ Reter to
Paragraphs 4.5 3 and 6.3 5 and Suppiement IV for more on s amendmant and the O-List problem that cor 1o the 1879 dent.
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Appendix B should be amended to add to Criterion Iii the foliowing sentence which is essentially the
same as that deleted from Appendix B after it was issued for public comment in April 1969:'™

In addition to verification of the design, the applicant shall be responsible for verifying that the design
is correctly described in the license application and assuring that the Safety Analysis Report is current
and accurately incorporates information from supporting design documents.

The above requirement would improve the current tenuous relationship between plant design docu-
ments, licensing documents, and reports to the NRC required by 10CFRS50.55(e). It would also
improve the NRC's confidence in technical information in Safety Analysis Reports.

5.5.5 Order-Entry

Appendix B was written to impose quality assurance requirements on nuclear utilities. Because of
this perspective, it is silent on some activities performed by contractors that can affect the quality of
materials, equipment, and services they supply to the nuclear industry. The most important of these
is translating pertinent technical and quality assurance requirements from the buyer's procurerment
documents to intemal controlied documents and distributing the documents to all those within the
supplier’'s organization who have responsibility for the quality of the purchased item or service. This
is typically called an order-entry system.

Because they contain labor rates, fees, and sensitive information, procurement documents are nor-
mally not copied and distributed to everyone who needs to comply with their requirements. Instead,
a select group of individuals is charged with the responsibility of gleaning applicable requirements
from the buyer's order and transferring them to internal work orders and similar supplier-controiled
documents. Order-entry documents should be independently reviewed against the buyer’s procure-
ment documents before being approved and distributed for intemal use.

Subsection 4.3 of ISO 9001 has order-entry requirements. NQA-1 Basic Requirements and Supple-
ments do not require that suppliers of items and services have a order-eniry system, Criterion IV
and NQA-1 Basic Requirement 4 should be amended to require that procurement documents contain
order-entry requirements.'”

5.5.6 QA Program Documents

The first sentence of the Introduction and second sentence of Criterion Il read:

Every applicant for a construction permit is required ... to include ir. its preliminary safety analysis report
a description of the quality assurance program... [Introduction] The program shall be documented by
written policies, procedures, or instructions and shall be carried out ... in accordance with those
policies, procedures, and instructions. [Criterion I}

Aeter to Note 30 in Supplement I of this Topical Repor for details on this sentence Bill Mormison (okd the author that, though not absolutely cenain, he
delated the sentance because 1 cvIcualy had been misplaced |n his opmon, it belongs in 1OCFASD. 34 which contans requirements 1o prepering SAHS.
i this was the rasson al the lime, 1he 38nience was never relocated to 10CFRS0 34

The wentification of customer requirements and factonng such requirements Mo iNemal specifications & an imponant pan of Total Quaiity Management
Malcoim Baidrige Award examners nave 26 criteria worth 1000 ponts that they consider when evaluating companies competing for the Award  Three
criens, Naving a combined value of 95 ponts, pertam 1o Wentifying and IMEroving on customer requirements
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Criterion V requires:

Activities affecting quality shall be prescribed by documented instructions, procedures, or drawings
of a type appropnate to the circumstances and shall be accomplished in accordance with these instruc-
tions, procedures, or drawings. Instructions, procedures, or drawings shall include sppropnate
quantitative or qualitative acceptance criteria for determining that important activities have been satisfac-
torily accomplished.

NQA-1 Supplement S-1 defines a procedure as, "A document that specifies or describes how an
activity is to be performed.” Neither Appendix B nor NQA-1 contain a definition of policies, instruc-
tions, or drawings. 1SO 9001 and ISO 9004 describe the difference between quality policies, quality
procedures, and work instructions. NQA-1 Supplement S-1 needs o define policies and instructions
if it elects to continue using these two terms.'®

Most companies have a "policy statement,” signed by the CEO, which identifies the purpose of the
QA Program and management's QA responsibilities. The statement appears in a QA Manual that
describes the company's organization, identifies the scope and purpose of the QA Program, and
serves as a road map to implementing procedures. While ISO 9004 requires a QA Manual, NQA-1
Basic Requirement 2 requires a "documented quality assurance program.” NQA-1 Supplements and
Appendices contain no further requirements or guidance on how to document a QA program.

Appendix B and NQA-1 require that procedures: 1) describe how activities affecting quality are to
be performed; and 2) include criteria for accepting such activities. Despite the historically critical role
procedures have played in successful and unsuccessful nuclear quality assurance programs, NQA-1
contains ne further requirements or guidance on the preparation of procedures. This silence has
had a negative impact on nuclear power plant performance. A recent NRC study conciuded that,
between January 1984 and July 1988, an inadequate levei-of-detail in procedures was the leading
cause of abnormal or unusual operating occurrences at nuclear power plants. This study followed
up on and supported the conclusions of a 1985 NRC study which found that:'®'

[TIhe procedures that do exist are often of such poor quality that personnel avoid or refuse to use them.

In general, maintenance procedures are poorfy written and difficult to follow. The adequacy of existing

proceduires constitutes the single largest reason cited by supervisors for their unwillingness to encour-

age procedure use.

L4

Though further requirements may not necessary, guidance is certainly needed. The guidance should
be similar to that in Paragraph 5.2.5 and Subsection 5.3 of ISO 9004. It should include a discussion
of what is the appropriate ievel-of-detail in implementing procedures.

5.5.7 Surveillances

During the development of 10CFR50, Appendix B, Merritt Langston recommended adding surveil-
lance requirements to the Regulation.* AEC contractors had been using surveillances to control
activities at its research and development reactors.'® His suggestion was not accepted because

"™ Refer to Paragraph 5.3 4 hor a relited discussion about *ir . !

-

Douglas Wierinpa, Christopher Moore and Valene Bames, Procedure Writing, Battelle Prass, Columbus, OH. 1993, pp 4, 54 59

Reter 1o Paragraphs 4 9 and 7 7 of RDT F2.2
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surveillances were not used in Admiral Rickover's Naval Reactors Program. Bili Morrison wanted
to stay with terms and verification methods that he, Edson Case, and others in the AEC Division of
Reactor Standards were personally familiar with and had confidence in.”'*

NQA-1 Supplement S-1 defines surveillance as, "The act of monitoring or observing to verify whether
an item or activity conforms to specified requirements.” In actual practice, surveillances are used
to control processes such as maintenance and document control, and inspections are used to accept
items. Surveillances are conducted at a predetermined frequency. inspections are conducted at
predetermined hold or witness points during manufacturing and construction.

Though NQA-1 defines surveillance, the term is never used in NQA-1 Basic Requirements and, in
NQA-1 Supplements, it is mentioned only briefly in Supplement 7S-1. A new NQA-1 Appendix 2A-5,
“Nonmandatory Guidance on Surveillances,” is being written to correct this situation.” As a mini-
mum, Appendix B shouid recognize surveillances as an imponant verification technique.

5.5.8 Operation and Maintenance

The Introduction to Appendix B says it applies to nuclear power plant operation and maintenance.
Criterion X! requires "preoperational tests and operational tests," Criterion XIV requires that
measures "be established for indicating the operating status of structures, systems, and components
... such as by tagging valves and switches to prevent inadvertent operation;" and Criterion XVIi
requires that nuclear power plant records include "operating logs.” Similar requirements, partaining
to plant “maintenance,” cannot be found within the Regulation’s eighteen criteria.

RDT F2-2, a primary source document during preparation of Appendix B, had five pages of criteria
on the "operation, maintenance, and modification® of AEC reactors."™ It could be argued that
further reference in Appendix B to operation and maintenance could inadvertently lead readers to
believe they require more controls than other activities.'”® For example, though the Introduction
to Appendix B says it applies to fabricating, erecting, and installing, the text of Appendix B criteria
do not mention these activities. This silence has not confused people who had to apply the Regula-
tion to work at manufacturing shops and construction sites, "%

After issuance in 1970, it soon became apparent AEC staft and utility personnel were having lots of
trouble interpreting and applying Appendix B to work at operating nuclear plants. To clarify matters,
in 1972 the American Nuclear Society published ANS-3.2, Administrative Controls and Quality Assur-
ance for the Operating Phase of Nuclear Power Plants. The AEC endorsed ANS-3.2 in Regulatory
Guide 1.33, Quality Assurance Program Requirements (Operations) and, in October 1973, issued
WASH-1284, Guidance on Quality Assurance Requirements During the Operations Phase of Nuclear
Power Plants. WASH-1284 referred to and expanded on Regulatory Guide 1.33. A month later, the
AEC hosted one-day conferences at its regional offices on QA during plant operation.’’'*

Bill Mormnson and his managers, Bod Minogue and Ed Case. came 1o the AEC rom Rickover's Naval Reactors program. They understood MIL-O-9858A
and wers familiac with Navy verification methods such as reviews. inspections, 1ests, and audits

ROT F2-2. pp. 7-1 through 7§

As mentionad n Paragraph 4 4 2. many utitties and contractors objected to applying the Reguiation 10 operating nuciear power plants. None of those who
commaented on the dral Regulation said t needed additonal iex! explanmmng its Implementation dunng diant operation and mantenance

Bl Mor1son 19 the author thal.in retrospect. he would have mentioned botr activites far n <@ ofter had he foresaen the need 10 do 50 However, though
ne EQreas peopk have Had rouble recogniaing 1s appicability 10 LPeLng plants, he feels the roblem 18 chiefly perception. Tramning will do more to change
g perception than asstional words n Appendix B
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Seven paragraphs of guality assurance requirements in RDT F2-2 were devoted to establishing and
mplementing "methods for assuring requirements of the maintenance program are fulfilied.”
Improper maintenance and premature wear has been the primary reason for reactor scrams and
system failures.'”” Surprisingly, 75 percent of unplanned plant shutdowns are due to equipment

86189

fallures in poorly maintained balance-of-plant sys*<ms

in July 1892, tive MRC added to 10CFR50 a new Section 50.65 which reguires that utilities monitor
the maintenance of plant equipment to minimize the likelihood of failures caused by improper
preventive maintenance. ™ The regulation is designed to provide the NRC additional assurance
that aging equipment will perform as required over the remaining life of our 109 operating nuclear
power plants. in a related move, during May 1992, NQA-2 was amended to include a new Part 2.18,
"Quality Assurance Requirements for Maintenance of Nuclear Facilities." Its requirements differed
from those in ANZ-R.2, stymieing industry's attempt to standardize maintenarice requirements
The two so~isties ANS and ASME, need to agree on one maintenance standard

The latest version of Regulatory Guide 1.33, dated Febrvary 1978, endorses ANS-3.2 with five
exceptions. In Apri 1989 ANS-3.2 was revised to address the NRC's concerns. Both documents
are now being updated to incorporate lessons learned from the accident at Chernobyl'™ and oper
ating American nuclear power plant experience since the accident at Three Mile Island 2.'%

The next amendment to Appendix B should say more about operation and mainicnance. Topics that
should be considered for inclusion in the amendment are training, readiness reviews, preparation
and control of operating prooedures, security, outages, in-service inspection, emergency pianning
plant modifications, and surveillar.ces of maintenance programs required by 10CFR50.65.'"

5.5.9 Decommissioning

Even though Appendix B does not state it applies to decommissioning, the NRC expects compliance
tunately, Appendix B and NQA-1 have little to offer those looking
for definitive criteria that are clearly arplicable to decommissioning. To fill this vacuum, ASME's

with its requirements

" anr ! it Aociiranre Cammitar 1o mesmarinm o o AMA 1 Ams o o gn o o oo o g £ o § o o § o 5¢
- Wdaiity ASSUrance Lo o MSRANTIY < GIOW INGEA T APUENHIUIR U GeCUinitniiasiuoning
9e a aAuse & t fnd Nuciear News, La ange Park Augus! 1967 p 4 © 16887 tw Amencan Nuciear Society
- ¢
. NR F 118 to Ens e EMective Plant Maintenance Are Incompiens Jovemment A nhing Office. Washington, DC . Decembe
4 Fa
-
T weoll for the , fectivaness of Appondix 8, as giscussed in Paragraph 5.5 4 1t raises some hought-provoking ques 5 aboy
the Rquas ' f SABMDI w Often Nave defective Dance-of-plan! systems over-siressed and caused the faiure of O-List components
‘Fiece WRIOPT@r Nuciea: Safety Washington, DC. January-March 1992, pp 137 and 145
Paragrapr ane 4 AN . NN edensive mamtanance reguirements the regquirements in NOA-2 for "corrective mantanance
N exoeed 1 AN
. ® NAC publishad s stud f the Che Dy acciden! n Ap P86 as NUREG- 124 Imphications of the Accigen: at Chemaoby! for Satety Regulabon o
mercigl Nuciaar Power Plants i the Urited States I tum NUREG- 1251 relers 1o NUREG- 1250, Heport on the Acciden! at the Chemoby! Nuclea
we Slahor anuary 19 NUKREG- 128 p 3725) discusses quaity problems the Sovets had wellding the reaciors zirconium fusi slements
NURE 28 V4 " gt 4) discusses devidhons om approved operating proceduret st pror to the scoden
FRSO 65 doe " e Qualty ASSUTRNCS regUIreMments
™
he Introduction NCA scognizes this by stating, “This Stance sats forth requirements # the eslabhshment and sxecution ! quahty assurance

wams | HBCOMM IS BIONING nuclear faciities * Alsc, Page 3 of NUREG-OBOO. Standarg Revew Plan, dirscts NRC sta¥t personnal 1o apply
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In June 1988, 10CFR50 was amended to include nuclear power plant decommissioning requirements
in a new Section 50.82." The Regulation required that, to retire a plant, the utility had to tumn
over to the NRC its Operating License and a Decommissioning Plan. Though the Regulation did not
contain specific QA criteria, it required that Decommissioning Plans include, "A description of ...
quality assurance provisions [that will be put] in place during decommissioning.”

Decommissioning a 1000 MW nuclear power plant is estimated to cost about $150 million, take 15
yvars to complete, and result in the removal of 2000 truck-loads of contaminated debns."™ One
of the more worrisome radionuclides that must be dealt with during decommissioning is Nickel-59
which has a half-life of 80,000 y=ars."”

Of 20 permanently closed nuc'ear power plants mentioned in Table 4, sixteen (16) have yet to be
fully decommissioned.'™ By the year 2010, eight more plants will probably be retired." Due
to the hugh backlog o decommissioning work fac.ng the industry and “angers the work poses to
clean-up crews and the public, Appendix B should be amended to include quality assurance critena
applicable to decommissioning. The criteria should be referenced in 10CFR50.82.

56 SUMMARY

Many of the weaknesses discussed above are little more than irritants to those who must work with

.eguiation's criteria. Some weaknesses, such as those described in Paragraphs 5.2.4, 5.5.2, and
5.5.8, are clearly far more serious. With other weaknesses, such as those in Paragraphs 5.2.5 and
5.5.4, it is difficult to gauge their impact on nuclear power plant performance. Section 6.0 looks at
the affect 10CFR50, Appendix B, has had on plant performance and identifies problems that could
have resulted from weaknesses discussed in Section 5.0.

6.0 PLANT PERFORMANCE
6.1 INTRODUCTION

6.1.1 Comparison of Old and New Plants

There are currently 109 licensed nuclear power plants operating in the United States. Six of these
plants were operating at the time Appendix B, went into effect in July 1970. Also, 20 licensed plants
have been shut down, 15 that were licensed prior to and five after July 1870. Thus, a total of 128
plants have received Operating Licenses since the first, Dresden 1, received an Operating License
during September 1959.°%

Simulaneousty, 8 new Section 50 75 was scded to 1OCFRS0 comanng detalled requirements on the format and content of cost estimales 1o be Inchuded
n Decommissioning Plans

. John Gaunt and Neil Numark, Oy W of N Power Faciies. The Workd Bank. Washington, DC. April 1980 pp 3, € and 21

RAichard op, "Wl Nuclear Power Get Anather Chance? * Edtonial Research Reports. Washington, DC. February 22, 1891, p. 126

Only EBR-1. Shippangpont. 511, and Elk Aver have been fully decommissioned

Twetve nuciear pows: plants have Operatng Licenses that will expire by 2010 The U S Depe of Energy that seven of these plants will
be relired and five will have therr Licenses extended  Additionally, 1t is estimated that Browns Ferry 3 which has been shut down since March 3 18685, wil
not be mstarted  (DOE/EIA-0527. Assumptions for the Annual Energy Outiock 1983 U §. Depanment of Energy, Washington. DC_ January 8. 1963, p. 80

Refer 1o page 3 of Supplement V for further nformation on Dresden |
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assessing the impact of Appendix B, is to compare the performance of all 21
ec July 1970 to the performance of ali 108 subsequently licensed plants 'Ta
makes such a comparison using the following performance rrdrar teristics

Build Time This is an indication of constructicn problems. In theory, a strong guality assurance
program minimizes delays by reducing rework TéiDiP 4 shows that while plant size almost quad
r :i\lf‘v:ﬁ after June 1970, the time required to build plants only doubled. This nccurred during a
period when utilities were being bombarded with new regulations. Though this improvement may
have been the result of quality assurance, it may aiso have resulted from "economies-of-scale”
and years of experience building smaller nuclear power plants

Lifetime Capacity Factor This is an indication of problems with plant design and equiprment
Table 4 shows a 39 percent improvement in Lifetime Capacity Factors™' after July 1970. This
s especially sr';-’wfmarn: considering today’s nuclear power plant: have more equipment and more
pportunities for things to go wrong. Though this improvement may have been because of better
quality assurance, it may also ha ve resulted from incorporating into designs and maintenance
manuals years of lessons lean.ed from operating smaller nuclear plants

Cumulative SALP Rating in theory, utilities that received Operating Licenses prior to July 1870
were slow to recognize and embrace the need for formal quality assurance and this manifested
itself in the form of poorer SALP (Systematic Assessment of Licensee Performance) Ratings
Not too surprising, Table 4 shows that plants licensed after Appendix B was published have had
superor SALP Ratings. Again, it is not possibie to prove this difference is due to quality assur
ance because one could argue, with only six old plants, the sample size is too small to have any

statistical validity

6.1.2 Public Citizen's Ranking of Plants

1980's, the Public Citizen has been ranking the performance of licensed nuclear
The Public Citizen is an organization, founded by Ralph Nader in 1974, that is

ol 4o by il i er nuclear power olants and continuing operation of existing nlante
¥ “ SHE RIS Ig Ci€ar POWET PiGnis anc C Wity Wpialild XS g

Citizen's ranking of nine plants licensed before the issuance of Appendix B
icensed after its issuance. The Tabie shows that, in general, plants licensed before

E performed poorer than plants licensed later

nsidered rough indicators of plant performance for reasons

f the Table and, more importantly, because they do not consider perfor
r example, while Table 5 shows San Onofre 1 consistently out-performing
nas peen actually the case.’ When ranking these and other plants,

lant cost and the past operating {7(~‘Ff’,,»"Y.g,{"CF; of each of the

9 The nahonal average

NANAQeMen! Dracltices




6.2 PERFORMANCE MODEL
6.2.1 Basis

To avoid confusing performance improvements that couid be attributed to changes in design, tech-
nology, or plant size with those that could be attributed to 10CFR50, Appendix B, a mode! was
developed that compared the perforrnance of the last four plants licensed prior to July 1970 with the
first four plants licensed after June 1970. The principle behind the model was that, by measuring
the following characteristics for each of these eight plants, it would be possible to determine the rala-
tive impact of Appendix B on their pe.formance:

a) In'tial Expense The time and cost required to build a plant should be proportional to its gene-
rating capacity (MW).** Taking a tip from the old adage “time is money," the model weighted
construction duration and cost equally. This was primarily because information on older plants
wage so sketchy it was impossible to "level" costs to account for inflation, etc.

b) Electrical Output A plant shouid generate electricity at near capacity for its full design life. The
model considered both the operating life of the plant and its Lifetime Capacity Factor in order to
establish its electrical performance.

c) Pain & Agony The model took into consideration the trouble the plant caused the utility, NRC,
and the public. This included high operating and maintenance costs, regulatory problems, major
repairs and modifications, adverse publicity, lawsuits, accidents that threatened health and safety,
and excessive decommissioning costs. So as not to unfairly penalize older plants exposed to
years of potential problems, the model considered the: 1) number and actual or potential impact
of “major problems" and, 2) number of years the plant was in operation.

Each of the above characteristics was graded on a 1 to 10 scale with 1 being an ideal plant. All
three characteristics were weighted equally, for example, a plant that cest twice what it ehouls have
scored the same and was considered equal to one that produced half the electricity it should have.
To create a scoring benchmark, 22 first-generation nuclear plants were added to the database. This
inciuded 13 PROP plants, four utility-financed planis (Dresden 1, Humboidt Bay, indian Point 1, and
Saxton); two large unlicensed plants (Hanford-N and Shippinaport); a large test reactor (WTR); the
world's first nuclear power plant (EBR-1); and a small military nuclear power plant (SL-1).

6.2.2 Results

The history of each of the 30 plants mentioned above was researched and relevant performance
data incorporated into Supplement V of this report. This data is summarized in Table 6. Data from
Table 6 and Supplement V was then applied to the model and plants ranked in order of perfor-
mance, worst to best. Final results appear in Table 7.

Table 7 shows that the first four plants licensed after issuance of Appendix B (Robinson 2, Point
Beach 1, Millstone 1, and Monticello) performed better than all but one of the last tour licensed prior
to its issuance (Oyster Creek, Nine Mile Point 1, Ginna, and Dresden 2). In fact, these first four
plants out-performed 22 of the 26 piants completed prior to the Regulation's issuance.

£

DOE/EIA-0485 An Analysis of Nuciear Power Plant Construction Costs. U.S Department of Energy, Washington, DC, 1890




One of the questions that had to be answered in evaluating results from the model was, "How could
issuance of 10CFR50, Appendix B, have improved the quality of plants licensed after but designed
and built prior to its issuance?” Construction of Oyster Creek, Nine Mile Point 1, Dresden 2. Ginna,
and Milistone 1, was underway at the time of the Apollo 1 fire and a near meltdown at Fermi 1. A
few weeks later, the Atomic Energy Commission starting talking about the need for quality assur-
ince, first at an ANS meeting and later at ASLB hearings.”® Construction on Robinson 2, Point
Beach 1, and Monticello started about this time, just as the nuclear industry was being caught by
the quality assurance movement that led to issuing the draft Regulation in April 1969

; answer prompted yet another question, "Why arnid how did issuance of Appendix B improve the
performance of Millstone 1, but not Dresden 27 Construction of both plants began in 1966 and
both began producing electricity during 1870
Again, the answer was hidden among events leading up to the Reguiation's issuance, When iss.ed
for public comment in April 1969, nearly every major nuciear contractor and utility reviewed the
Regulation to gauge its impact on their current and future work. This included Ebasco, designer and
builder of Milistone 1 and Robinson 2, and Yankee Atomic Electric, the parent utility that owned Mill
stone 1. Absent from the list of reviewers was Sargent & Lundy and Commonwealth Edison, respec
tively, the designer and owner of Dresden 2 and Zion 1&2. It was the lack of an acceptabie quality
\ssurance program at Zion 182 that acceierated the development of Appendix B.**® This is why
ind how Millstone 1 benefitted from Appendix B, but not Dresden 2. While some hesitated, others

mmediately began implementing the draft Regulation

6.2.3 Anomalies

vious anomaly in the model's results is the poor performance of San Onofre 1 relative

Haddam Neck which began generz ting electricity a few days after San Onofre 1. Most probably

§ can be attributed to differences in Bechtel's and Stone & Webster's QC (quality control)

rograms. San Onofre 1 was designec and built by Bechtel, and Haddam Neck was designed and
oy Stone & Webster

ne & Websler developed a quality proaram based on naval reactor

to one AEC Commissioner, "In those days Stone & Webster had the

being the outstanding nuclear architect/engineer In part this was because Stone

nuclear projects were staffed with personnel who previously worked at Shippingport or

ast Coast Officers from Admiral Rickover's Naval Reactors

attention I« jeta OvVersaw work at Cf“{)ﬂ‘f“:}()“” andg instiea in

ity and meticulous engineering
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Bechtel's QC program tock longer to mature. This is borne out by the problems experienced at
EBR-1, Peach Bottom 1, Hallam, and other Bechtel plants built prior to the issuance of Appendix B
in April 1968.%""#'

6.3 PREMATURELY SHUT DOWN PLANTS

6.3.1 Ceneral

Table 4 shows that & percent of the 108 plants licensed after issuance of Appendix B have been pre-
maturely closed as compared 10 71 percent of the 21 plants licensed prior to its issuance. This
speaks well for the impact of 10CFR50, Appendix B, on the nuclear industry.

The longest that any of the closed plants operated was 31 years. The average was 10 years for
plants licensed both before and after issuance of Appendix B. Typically, nuclear power plants are
designed to operate for 40 years.

The five plants licensed and permanently closed after issuance of Appendix B were Rancho Seco,
Trojan, Fort St. Vrain, Three Mile Island 2, and Shoreham. The history of each plant is contained
in Supplement VI. These histories were compiled to determine why the plants were shut down and
whether the root cause of any of the ciosures was inadequate requirements in Appendix B.

6.3.2 Rancho Seco

Rancho Seco was permanently closed on June 7, 1989, after 15 years of operation. Ciosure was
mandated by a local public referendum.*"® The public had lost faith in the ability of the utility to
safely operate the plant.

The plant's Lifetime Capacity Factor was 36.1 compared to an average of 64.0 for plants licensed
after June 1870. In par, this low Capacity Factor was due to violations of operating procedures
which drew a $375,000 fine and resultad in a 27 month outage. The NRC placed Rancho Seco on
its list of problem plants, and the utility unsuccessfully tried to sell the plant. In early 1989, the plant
was restarted and quickly shutdown after experiencing further operating problems. A utility-funded
oversight group urged the NRC to take action that would keep the plant closed until management
reforms could be instituted.

Rancho Seco had a dismal Cumulative SALP Rating of 2.00. Though SALP teams found problems
just about everywhere, their most frequent findings were in plant operations, radiological controls,
and quality programs. Physically, there was nothing to prevent the plant from being operated safely.
If Appendix B failed, it was because it was silent on the subjects of deficiency trending (Paragraph
5.4.4), management QA responsibilities (see Paragraph 5.5.2), and QA criteria applicable to plant
operation (see Paragraph 5.5.8).

Based on Table 7, Bechtel plants compieted prior 1o & W avern 21 4 points. Stone A Webster plants averages 17 8 ponts

Major ctianges have taken place within the nutiear pow: & Wabster and Bechtel  Undoubledly, both companies wiil continue to change
In order to take advantage of new lechnologies and ma’ . copts. Accordingly, these obsarvations should not be PISted as or ']
#ither organizahon s current quality assurance Program or o' al matter, their relative nuciear capabiitties since April 1968

The plant had successtully withstood & similar referendum one year earier  [Jane Gross, *Voters o Decide Fate of Nuclear Plant © The New York Times.
New York. NY, May 28, 1980, p 20 © The New York Times Company




6.3.3 Trojan

Trojan was permanently closed on November 9, 1992, after 16 years of operation. The plant was
closed because studies found it would be cheaper to obtain electricity from other sources than to
replace the plant's steam generators and complete other modifications needed to keep it in opera-
tion.“" The plant was located close to abundant and relatively cheap sources of hydroelactric
power and high-grade coal

e plant's Lifetime Capacity Factor was 52.0, wel! below the national average of 64.0. In par, this
ow Capacity Factor was the result of lengthy outages to redesign and muodify the plant's control
room and overhaul its leaking steam generators. With over $300,000 in NRC fines, Trojan had the
distinction of being one of the most heavily fined plants in the United States. If the Regulation failed
t was because of its weak design verification requirements (see Paragraph 5.2.4) ana poorly-defined

management QA responsibilities (see Paragraph 5.5.2)

6.3.4 Fort St. Vrain

t St Vrain was permanently closed on August 18, 1989, after 12 years of operation. It was a

P plant, the second with a gas-cooled reactor.”"® The reactor was ordered in March 1965

two years before QA requirements were added to the ASME Section |l Code. The plant was closed
because It was unreliabie and had high operating and maintenance costs

The plant was on the NRC's list of 16 "problem plants.” Its Cumulative SALP Rating was 2.07, the
-

worst cited in this report. Though the NRC found probilems during each of its SALP inspections
findings were most frequent in plant operations, maintenance, and licensing

was designed by Sargent & Lundy.*'” The plant took three times longer to build

and never met design expectations - as borne out by a Lifetime Capacity Factor of

design problems can only partially be attributed to Appendix B; it was designed prior

the Regulation's issuance. Where Appendix B failed was its weak management responsibilities

nH Anaratinm and maintananss MA Aritaria oo D swraskh £ £ 0)
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nently and unexpectedly shut down on March 28, 1979, six months
It was closed following a partial meltdown 8 reactor core, the worst

censed American nuclear power plant
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The plant was originaily planned as Oyster Creek 2 but, in December 1968, the proposed plant was
moved to a site near Middletown, PA*"® A Construction Permit was received during November
1969, seven months prior 1o issuance of 10CFRS50, Appendix B.

President Carter appointed a 12-member commission, headed by John Kemeny, to investigate and
determine the reasons for the accident. It found that, though the utility had a QA program that
covar xd plant operation, it was seriously deficient. Appropricte QA requirements were not passed
on to equipment suppliers and significant deficiencies were not reported to the NRC. There wer2
not enough QC inspectors and, due to errors in classifying plant hardware, the prograrm had not
heen applied to two important components whose failure ultimately rosulted in the accident.**

The Kemeny Commission found longstanding and serious problems with equipment maintenance
that should have been identified and corrected prior to the accident. The problen.s were not noticed
earlier because NRC and utility inspectors focused on paperwork rather than hardware - as was the
custom throughout the nuciear industry at that time ' %%

The Regulation's weak design control and SAR requirements probably explains why the utility did
not notity the NRC of major deficiencies and why plant systems were misclassified (see Paragraphs
5.2.4 and 5.5.4). A failure to identity management QA responsibilities and QA criteria applicable to
plant operation and maintenance may have contributed to the poor maintenance and understaffing
that existed prior to the accident (see Paragraph 5.5.2 and 5.5.8).

6.3.6 Shoreham

Shoreham was permanently shut down on May 26, 1989, after four years of operation. It generated
electricity for only about 30 hours. It was shut down because of public opposition to utility plans for
evacuating l.ong island during a plant emergency.

The plant experienced horrendous schedule delays, cost overruns, and opposition from anti-nuclear
groups and State and local governments. Overruns of $5.2 billion®” were mostly due to lawsuits
by plant opponents and the utility's slow response to changes in NRC regulations. Few overruns
were due to design or construction problems. Start-up testing went smoothly and, in April 1989, the
plant received a full-power license. A month later, near bankruptcy, the utility permanently closed
the plant in response to promises of financial reliet from the State of New York.

If Appendix B failed, it was its weak design control requirements, as related to plant siting, and lack
of management responsibilities (see Paragraphs 5.5.2 and 5.5.3). Shoreham's Long Island location,
approved by the NRC in April 1973, was its eventual downfali. In the event of a major accident, local
residents would have had to been evacuated by sea or through the congested streets of Brooklyn
and Manhattan. Utility management did not realize, until too late, that they had to convince more
thar just the NRC of the plant's safety and reasonableness of evacuation plans.

WASH. 1208 Status of Central Station Nuciesr Powsr Reactors Significant Milestones. Atomic Energy Commission, Washington, DC, June 1874, p 3
‘Kamaeny Commission Special, Transcripl of the Draf Repont® Nucleonics Week, New York, NY, October 29, 1978, pp. 1-12. © McGraw-Hill, inc

Ibid., pp. 10-11

Frank Hawkng NUREG/CR 5151 Performance-Based inspections, | 5. Nuclea: Regulatory Commission, Washington, DC, June 1988, pp. 1 and 2

At $5 48 Dilion, Shoreham was (he MOost EXPENsive Nuciear PIant ever buill it inMal extimaled cost was $241 million



6.3.7 Discussion

Table 8 ranks the performance of the above five plants using the model and performance charac
teristics described in Subsection £.2. The plant with the best performance was Trojan, and that with
the worst was Shoreham. If the five plants were added to the 30 nlants listed in Table 7, Shoreham
would appear at the top of the list, the worst of all 35 plants. The other four would rank, worst to
best: 5) Three Mile Island 2, 8) Fort St. Vrain, 16) Rancho Seco, and 22) Trojan. Looking at it
another way, three of the cinsed plants would ve in the company of the ten worst plants and none
would be with the ten best plants

Three of the five ciosed plants, Trojan, Fort St. Vrain and Three Mile Island 2, had problems that
could be attributed to deficiencies in design. However, Fort St. Vrain and Three Mile !sland 2 had
reactors that were ordered prior to the publication of ASME Section !l quality assurance require
ments,*" designs that were completed prior to the initial draft of Appendix B,*** and Construction
Permits that were issued prior to the Regulatior’s final publication. Thus, while loop-holes in the
Regulation's criteria may have allowed "pre-existing” design deficiencies to escape unchallenged,
during 1970 nuclear utilities were hardly ready for even tighter requirements. They had their hands
full trying to understand and staff up to implement the Regulation's new design control requirements
Irrespective ot how Criterion |l was worded, their initial and continuing focus wouid have been to
conirol on-going and new design activities rather than review previously completed work

Shoreham appears to be a special case. Unlike the other four plants, it had few fines and mainten
ance and operating probiems. Had Shoreham been sited in a more suitable location, it may have
been completed years earlier and still be in operation. This problem and operating and maintenance
problems occurred several years after the Regulation's publication for use and appear to be due to

weaknesses in its criteria. Past operating and maintenance deficiencies will most likely continue to
result in high electrical costs and premature plant closings. Nine Mile Point 1 will be permanently
closed during 1995, about 14 years early, and Browns Ferry 3, which shut down during 1985 atter

199.22¢

eight years of operation, will probably never be restarted

CANCELLED PLANTS

s
6.4.1 General

fies 21 nuclear power plants licensed prior to June 1970. Another 14 plants®’ never

 far. they were cancelled while their Construction Permits were still under review at the
Energy Commission. An annotated listing of the 14 plants is contained in Supplement Vi
election problems were, far and away, the most frequent reason for cancellations. Nine plants

'!’\!"""'“"'_2 beéc ause ’7‘1" s Th’l",,' :,( Af"’lf‘"f'"": and ,'v(‘ due ff, ?“7.;’)?:‘] (j'j{',?“-

# reqUIBMmants published n December {967
scotvad @ Construction Permit m Segtember 1968  Likewise, e design of Three Mile

eceved its Construction Permit in May 1068 Though Fancho 5600 aiso receved

860 in Paragraph 3.2 7. the ASLE took a strong interes! in the ylility's

perating and mantenance costs. As discussed in Paragrap

! Quality assurance concems *

5 Ware 107 ae e Thus, & wtal of fountesn plants were canceliec
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Table 9 lists 118 nuclear plants that have been cancelied since Appendix B was published in June
1970. Utilities had already placed orders for reactors. The NRC authorized work to proceed on 44
plants and, on 28 of plants, construction was underway. Additionally, within the next few years, three
more cancellations are expected: Bellefonte 2, 60 percent complete; Perry 2, 57 percent complete;
and WNP 3, 76 percent complete.”® Thus, while the NRC issued 107 Operating Licenses after
June 1970, 121 nuclear power plants have been or will be cancelled before getting this far in the
licensing process.

The majority of the 118 cancellations were due to overly optimistic estimates of construction costs
or future electrical needs, a lack of community support for nuclear power, or a reluctance to continue
on in a volatile regulatory environment.** Only five cancellations, Marble Hill 142, Midland 1&2,
and Zimmer, were due to quality assurance problems. The NRC thoroughly investigated the reason
for quality problems at these three stations during its Ford Amendment Study®™ A chronological
history of problems at Zimmer, Marble Hill, and Midland appears in Supplement Vi, and the follow-
ing paragraphs summarize these histories.

6.4.2 Zimmer 1

Construction of Zimmer 1 was terminated on January 21, 1984, with the plant 97 percent complete.
Cincinnati Gas & Electric was the owner, Sargent & Lundy was the designer, and H.J. Kaiser Corpo-
ration was the builder.

Construction at Zimmer began in January 1972. in November 1982, the utility was fined $200,000
for violations of Appendix B requirements, the largest fine ever of a plant under construction. The
NRC reported that it had found evidence of harassment of QA personnel and deficiencies in welding
and installed of electrical cable. In November 1982, the NRC halted all construction due a varety
of quality problems including deficiencies in structural steel welds and improper record-keeping. The
utility dismissed Kaiser and hired Bechtel to take over plant construction. During August 1983, an
independent management audit concluded that the quality problems at Zimmer were primarily due
to management’s tendency to place cost and schedule considerations ahead of quality, inadequate
procedures, and a lack of documentaiion. Five months laier, the ulility decided to convert Zimmer
to a coal-fired power plant. The conversion was successfully completed in late 1990.

The estimated cost of Zimmer increased from $240 million to $3.1 billion when it was cancelled. Cin-
cinnati Gas & Electric spent $1.72 billion on Zimmer plus another $1.1 billion converting it to a coal-
fired plant. An Ohio Public Utility Commission study determined that utility mismanagement had
resulted in $775 million being wasted on design and construction rework. Cincinnati Gas & Electric
sued Kaiser, Sargent & Lundy, and General Electric (the reactor manufacturer) and recovered a total
of $56 million in out-of-court settlements. In turn, stockholders sued the utility and, in 1985, agreed
to an out-of-court settlement of $2.0 million,

if Appendix B contributed to problems at Zimmer, it was weaknesses in the areas of management's
QA responsibilities (see Paragraph 5.5.2) and, to a lesser extent, design verification (see Paragraph
5.2.4), trending deficiencies (see Paragraph 5.4.4), and procedures (see Paragraph 5.5.6).

"

DOE/EIA-0827, Assumptions for the Annual Energy Outiook 1983, U S Depanment of Energy. Washington, DC. January 8, 1993, p 80

DOE/EIA-0082, Nuclear Power Piant Cancellations: Causes. Costs, ano Consequences. U S. Department of Energy, Washington, DC, April 1983, p. 14

o NUREG-1085, pp 34,5 and 6 4-10 11, and 15 through 21: A7 through 11; A.32 through 38, and B 84, 85, 67, and 88



6.4.3 Marble Hill 1&2

Construction was terminated on January 16, 1984, with Units 1 dnd 2 about 60 and 37 percent com
plete, respeciively. Public Service Indiana was the utility and Sargent & Lundy was the designer
A number of small specialty contractors reported to the utility who was the project’s general construc-
tion manager

nstruction had began in April 1978 and was halted by the NRC in August 1879 because of wide
spread and severe "honeycombing” in concrete, quality problems with installed piping and structural
steel, deficiencies in protective ¢ )atm"' and inadequate staffing and management of construction
activities. During the 16 months that construction was stopped, Marble Hill restructured its project
management, records, and QA programs.”’ Though consiruction resumed in December 1981,
it was permanently halted three years later when Public Service Indiana ran out of money

Following canceliation, Public Service Inciana was sued by stockhoiders and Wabash Valley Power
and settied the suits out of court for a total of $195 million. Both plants were abandoned, and Public
Service indiana wrote off $2.7 billion in construction costs. |If Appendix 8 could be faulted, it would
be its silence on the L,x.m,‘e-”.tﬁ. of deficiency trending and management's QA responsibilities (see
Paragraphs 5.4.4 and 5.5.2)

6.4.4 Midland 1&2

Construction was terminated on July 16, 1984, with Units 1 and 2 each about 85 percent compiete
Consumers Power was the utility and Bechtel was the designer/builder

Construction began in December 1972, Ten months later, Consumers Power was embroiled in a
dispute with the AEC over rebar splice quality and the independence of Bechtel QC inspectors.®
The AEC ordered the utility to “show cause" why all site construction should not be stopped. The
dispute was quickly settied and work allowed to continue; however, between 1973 and 1978, quality
were reported with the installation of rebar, tendon systems, and containment liner plate
ptember !?9)"H work was again halted after Bechtel detected excessive settlement of the plant's
diesel generator building. Fifteen (15) months later the NRC stopped work associated with correcting
the settliement ;»r-':t lems in order to more thoroughly evaluate the situation and determine appropriate
corrective action. The NRC was concerned that excessive settling had been detected in other plant
bulidings, the settlernent was cracking wails, and workers were tunneling under buildings to remove
1 replace poorly compacted fill materials
ember 1982, work was halted for a third time and, two months later, Consumers Power was
fined $120,000 following a six-month NRC hvi"&,'\‘rf;)r'i’l"',"" The NRC found numerous instances of
Jeficiencies and an enormous backlog of uninspected work. This backlog was the result
) Inspections, without documenting results, if "too many” deficiencies were identified

fied that the undocumented deficiencies had

i resume aftter inspectors were not
f

wing the NRC fine, all construction stopped except for repairs 1o previously
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On October 6, 1983, work at Midland resumed, however 16 days later was stopped a fourth time
after problems were found with field changes to drawings. Nine months later, on the verge of bank-
ruptcy, Consumers Power cancelled the plant. The cost of Midland 1&2 had risen from an initial esti-
mate of $267 million to $6.0 billion.

At the time it was cancelled, Consumers Power had spent $4.2 billion on the plant and was engaged
in a $440 million lawsuit with Dow Chemical, a junior partner in the plant. The utility managed to
convince Dow to finance part of an additional $800 million needed to convert Midiand to a gas-fired
plant.** The conversion was successfully completed in April 1980.

As discussed in Paragraph 4.5.2, a 1973 dispute over the independence of Midland QC inspectors
prompted an amendment to Appendix B that doubled the length of the Criterion |. While the amend-
ment clarified some requirements, its length suggested indeper dent verification was a cornerstone
requirement.” Management believed that all it had to do to have quality was establish an inde-
pendent QA Department. Besides over-emphasizing independent verification, Appendix B could be
fauited for failing to identify the need for deficiency trending, management's QA responsibilities, and
requirements for controlling SARs (see Paragraphs 54.4, 5.5.2, and 5.5.4).

6.4.5 Discussion

If one considers Appendix B applicable to the siting of nuclear plants, early plants were as suscep-
tible to quality lapses as those cancelled in the 1970s and 1980s. However, because regulatory,
economic, and political conditions were more favorable then, once a Construction Permit was issued,
plants were built and operated with virtually no organized opposition,

Plant sifing issues, a major reason for canceliations during the 1960s, were seldom heard of during
the 1970s and 1980s. Improvements in siting nuclear plants cannot be aftributed to the issuance
of 10CFR50, Appendix B. They were mainly due to the publication of definitive AEC siting criteria
during the early 1870s. In July 1969, the AEC provided utilities with draft seismic and geological
criteria®® and, by September 1971, utilities also had draft environmental criteria.”’

During the early 1980s, there was a tremendous increase in welding problems. At plant after plant,
including Marble Hill and Zimmer, inspectors were busy rejecting what were later determined to be
acceptable welds. A special Nuclear Construction Issues Group traced the problems to tolerances
in industry codes used by welding inspectors. The problems ceased after the codes were revised

Dow Chemical's portion of the investment was $115 million. ["The Midland Conversion Deal." Nuciear News, La Grange. IL, March 1887, p. 28] © 1987
by Amencan Nuclear Socwety

As shown in Supplement IV of this repon. adding Pamgraph H3)()(A) to 10CFREQ 34 further reinforoed tha notion that parsonne! responsibie for verifying
quality must repon 10 8 Aeparate and organizationalty independent QA Department

L For example, the 1860 explosion al SL-1 resulted m three latalities A smail anti-nuciesr group formed soon afterwards and unsucoessiully tried to delay
start-up of the Elk Rivix nuclear power plani. Few news organizations covered the accident On the other hand, the 1879 acuident at Three Mile lsiand
receved worldwide attention aven thouph there were no fataiies. The mishap fuelad a growing and well-funded network of anti-nuciear organizations

AEC sitng reguiations were added as Appendix A *Semmic and Geological Siting Critenia for Nuciear Power Plants.” 1o 10CFR100. Reactor Site Criteria.
Ar nittal draft was completed in March 1968 Utities received copwes for mformal comment during & July 1968 meeting m Bethesda. MD.  lasuance for
formal public was delayed until A 1971 to give the U S. Geologic Survey time to piate supporting and geological research

On July 231071 the U S Appeals Coun in the Distnet of Columbia nuled. in what has become known as the Caivert Cits Decision, that applications for
Consiruction Permis must include an Environmenta! Ragort and the AEC must establish reguiations for raviewing such Reports aganst the requirements
of the Natonal Environmental Policy Act. On September 9, 1971, the AEC ssued preliminary criteria for prepating Environmental Repons.  The critana
wers modified and issued for formal pubiic comment on December 1, 1671



and ne . training programs were instituted.“® QOne of the best was an American Welding Society

'Welding Inspector Qualification and Cenrtification Program" that premiered January 26, 19854

Three generic quality-related problems played a major role in demise of Zimmer 1, Marble Hill 1&2

i

and Midland 18&2: 1) management personnel that did not understand the importance of an effective

L%

! ssurance program,; 2) a large number of quality allegations, and 3) recurring deficiencies due
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to inadequate corrective action.”™ Lessons leamed are contained in Section 7.0 below

7.0 CONCLUSIONS
7.1 IMPACT ON PLANT PERFORMANCE

As can be seen from Tables 4 and 7, Appendix B had an enormous impact on the performance of
iclear plants, In addition to drastically reducing reactor scrams ‘' it resulted in improved
electrical production “  Plants that went on line during the 19508 and 1660s were every Dit as
expensive and time consuming to build as those completed after issuance of Appendix B. Though
durations and costs sky-rocketed during the 1970s and 1980s, increases would have been sooner
id more rapid without Appendix B. Zimmer, Marble Hill, and Midland serve as grim reminders of

{ of repetitive nonconformances and rework

(5) percent of the plants licensed after issuance of Appendix B have been prematurely closed
as compared to 71 percent of the plants licensed prior to its issuance. For plarts built before and
after the Regulation, the average length of time closed plants operated was ten years. The average
age of plants operating today is 15 years. Experts estimate that over the next 17 years, only two
to three of these piants will be prematurely ciosed - another testament to the positive impact that

Appendix B has had on plant performance, '™ #%4%

Whereas 4 of 26 reactors experienced partial core-melts during the 19 years prior to Appendix B,
nly one of 108 reactors has suffered a similar fate in the 23 years since its issuance.”* Without

the Regulation, a major disaster may have occurred several years before the partiai core-melt at
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Even without a disaster, the nuciear industry would

power piant gesign, construction, and operation

have been dragged into the total quality management (TQM) movement of the early 1980s. Nuclear
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sh a TQM program would have probably been forced to do so by

tility commissions. Appendix B moved the clock ahead on the

greatly benefitted

a0 hoonsed




7.2 NEEDED IMPROVEMENTS
7.2.1 General

When issued in 1970, Appendix B was superior to any other QA "standard.” Unlike MIL-Q-9858, it
recognized the need for material traceability and comprehensive audits. Appendix B learned from
NASA's NPC-200-2 which was being revised to incorporate lessons-learned from the Apolio accident.
Also, it ‘improved on the ASME Section ill, Appendix IX, by greauy strengthening its design control,
procurement document control, and status indicator rules. For years, Appendix B was looled on as
the world's definitive QA standard and served as a template for many other national and international
quality standards including NQA-1, I1SO 9001, ISO 3004, and DOE Qrder 5700.6. However, since
about 1980, these and other standards have slowly been improving on Appendix B.

Appendix B has weaknesses that have reduced its effectiveness. The significance of these weak-
nesses, in terms of imp-ict on plan performance, is summarized in Table 10. The most significam
are weak design verification requirements and management QA responsibilities. Aiso, significant are
an absence of deficiency trending requirements, confusing requirements for preparing QA program
documents, and weak criteria applicable to plant operation and maintenance. To a lesser extent,
weaknesses in Appendix B requirements appiicable to configuration management, plant siting, com-
puter programs, and the control of SARs have also contributed to poor plant performance.

7.2.2 Design Verification

Section 5.0 reported that errors in original design documents were the second leading reason for
reactor scrams. Section 6.0 discussed the conseqiiences of design errors at Trojan, Fort St. Vrain,
Three Mile island, and Zimmer. These findings closely parallel the findings of three professors from
the Massachusetts Institute of Technology (MIT). During 1989, they plumbed the annais of our major
energy industries to see what lessons could be learned and what, if anything, could be done to stab-
ilize energy prices. Their research included the history of and strategic errors in the nuclear power
industry. Their conclusions were as follows:***

The neglect of the importance of quality by the nuclear industry is not only sirategic but also
panfuily obvious operationaily. Although the planning assumption for the capacity factor of nuclear
power plants was 70% in most cases, the actual performance in the 1970s was less than 60%.
Examining the causes of loss in capacity factor ..., we find that most of the causes were ... not
associated with the fission reaction. Failure of "traditional” equipment from inadequate testing of
valves, lack of attention to the possibiiity of stress corrosion cracking, and flow-induced vibration,
and under-estimating the importance of water chemistry were responsible for the lion's share of the
loss in capacity factor. These are problems related to mature technologies. Their failures cannot
be attributed to anything but poor attention to quality.

The MIT professors found that simple errors in original plant design had significantly affected plant
performance. These errors should have been identified and corrected during in-process document
reviews and, if overiooked, should have been identified during later design verification. This did not
happen because design organizations combined document reviews and design verification into a
single "design verification review." This one-step review was inadequate.

" Thomas W Lee Ber: C Ball anc Richard 0 Tabors, Energy Aftermath, Harverd Busineas School Prass, Boston. MA, 1990, pp. 125 & 126 [Excerpt with
permiasion of copyright hoider



Even when performed correctly, design reviews usually fall short of completely “proving® the ade-
quacy of a design. Appendix B and NQA-1 should be amended to explicitly require both in-process
document reviews and design verification. The amendment should make it clear that qualification
testing is the preferred method of verification. If design reviews are used to verify designs, personnel
participating in such reviews should be trained and certified to requirements that are comparable to
those in NQA-1 Supplement 25-3, "Qualification of Quality Assurance Audit Personnel." The design
review team leader should be a Registered Professional Engineer. Other team members should be
elected based on their expertise in design analysis, materials, construction, plant operation and

maintenance, and so forth

7.2.3 Trending Deficiencies

Section 5.0 reported that the Ford Amendment Study found that the nuclear industry had done a
poor job of trending deficiencies, determining the root cause of repetitive deficiencies, and taking

appropniate corrective action. Section 6.0 discussed the cnnsequences of recurring deficiencies at
Hancho Seco, Zimmer, Marble Hill, and Midland

'he only guidance developed thus far on trending is contained in NQA-1 Appendix 16A-1, "Nonman-
datory Guidance on Corrective Action." The guidance is so brief and superficial it is of almost no
value. Typically, the nuclear industry evaluates trends in weld defects and deficiencies identified
during inspections and surveillances. This type of trending seidom prevents marginal quality prob
lems from becoming full-fledged deficiencies. For example, audit "concerns” and “rmajor" design
review comments are indicators of future quality problems. Monitoring these indicators and taking
tirnely preventative action would be far more beneficial than collecting fermal deficiency reports and,
after enougn reports have piled up to show a negative trend, forwarding a recommendation to senior
management. Monitoring quality indicators could stop recurring deficiencies

Appendix B and industry standards should be amended to require establishing and trending quality
icators, not just conditions adverse to quality. Data should be collected that will provide an early

4

ure quality problems. At present, NQA-1 Supplement 16A-1 recommends trending
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7.2.4 Management
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sason for quality problems in the nuclear indust ection 6.0 discussed the conseguences

orted that the Ford Amendment Study f at management apathy was the under
igement-related quality problems at Rancho Se frojan, Fort St. Vrain, Three Mile Island

Zimmer, Marble Hill, and Midland

significance of the Study’s principal finding, neither NQA-1 nor Appendix B was
the finding. Amendments are needed to require more management participa
and implementing QA programs. At present, management's only responsibility
ssess the QA Program’s adequacy and effectiveness. This assessment is normally
© a year by an independent consultant. Management's participation is limited to hiring

ltant and reading the assessment report
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NOA-1 should require that management personnel participate in assessments. Others should assist
but not replace management. NQA-1 should require that management establish quality policies,
objectives, and procedures for handling quality disputes, concerns, and allegations. Management
should participate in establishing quality indicators and identify the type and frequency of reports it
needs to receive on quality.

7.2.5 QA Program Documents

Section 5.0 discussed the generic nature of problems with proced:res at operating nuclear power
plants. Section 6.0 mentioned problems with procedures at Zimmer.

The problem is endemic and is not limited to just plant operating procedures. it covers a range of
QA Program documents and includes conflicts between Program documents and other documents,
within Program documents, and between Program documents. This latter problem is usually due
to a failure to establish a sensible QA Program docurnent hierarchy.**

Appendix B and NQ”-1 should replace reference to “instructions” with “specifications.” It should
explain the relationship between the two documents: 1) specifications are design output documents;
and 2) procedures implement requirements in specifications and quality policy documents. A new
NQA-1 Appendix 5A-1 is needed that provides guidance on establishing a QA Program document
hierarchy, determining appropriate level-of-detail and documentation, incorporating lessons learned
and input from affected organizations and subject matter experts, and integrating procedures with
other documents and training programs.

7.2.6 Operation and Maintenance

Section 5.0 discussed generic problems that have been experienced applying Appendix B criteria
to plant operation and maintenance. Section 6.0 discussed specific probiems at Rancho Seco, Fort
St. Vrain, and Three Mile Island.

Though the Introduction to Appendix B says it applies to plant operation and maintenance, subse-
quent criteria make scant reference to plant operation and zero reference to maintenance. Utilities
have had chronic problems applying Appendix B to operating plants, especially their maintenance.

Anpendix B should be amended to say more about the application of its criteria to plant operation
znd maintenance. It should mention training of plant personnel, operating procedures, plant security,
Jutages, start-up readiness reviews, emergency planning, and maintenance. The scope of ANS-3.2
srould be limited to administrative requirements. Quality assurance requirements in ANS-3.2 should
bo transterred to NQA-1 Supplements. The scope of NQA-1 Supplements should match that of the
amended Regulation. It should require that implementing procedures be developed and apply, in
a graded manner, to selected balance-of-plant (BOP) systems.”” This is especially true of BOP
systems that need to function properly to keep the plant operating. Every time the plant has to be
shut down, safety-related systems have to be activated and with each challenge to these systems
the probability of failure increases.

* he PAragraph s based on he author's 25 years of expenence in the nuclear ndustry

i Graoed OA requirements should also be apphoed 1o the design and construction of selected BOP systems




The nuclear industry needs to do a better job applying QA lessons learned from Three Mile Island

'MI) to plant operation and maintenance. TMI lessons learned incorporated in the 1982 amend-
i

ment to 10CFR50.34 were primarily imposed on the design and construction phases of yet-to-be built

plants.**® If the following 10CFR50.34 requirements apply to design and construction activities

il ar
10 af

pear that they also apply to operation and maintenance activities "
Lessons Learned Paragraph f(3)(i) requires evaluating operating lessons iearned and passing
them along to design and construction personnel. They should also be passed along, when
applicable, to responsible plant operation and maintenance personnel

QA/QC Staff Location Paragraph 1(3)(iii)(B) requires that, to the extent feasible, QA/QC per
sonnel be located at construction sites. To the extent feasible, they should also be located at

operating nuclear power plants versus the uliity’ s corporate headquarters

Document Review & Approval Paragraph {(3)(1)(C) requires that QA personnel review and
ipprove selected design, construction, and installation procedures Th&_-y should also review

and approve selected operating and maintenance procedures

Design & Analysis Activities Paragraph {(3)(iii)(H) requires that QA personne! have a role
in design and analysis activities, e.g, verify the adequacy of test and inspection frequencies in
1 construction specification. They should also have a role in plant operation and maintenance
activities, e.g, participate in major schedule decisions and readiness reviews conducted prior

to restarting a plant after an extended outage

SUMMARY

10CFR50, Appendix B, resulted in major improvements in nuclear power plant

pertormance. Though 10CFR50 has been amended to incorporate Three Mile Island and other
nuclear industry lessons learned, Appendix B has not changed since January 20, 1975. An amend
"

ment 1s needed to both Appendix B and NQA-1 to correct weaknesses identified in this report

D¢

weaknesses, the amendments should close the gap with requirements in

European countries, Canada, and Mexico are moving toward requiring
suppliers (- g 8 tance o implementing both Appendix B
igrams without some sort of sign they will receive enougn nuciear orgers
sing the gag ISO 9001 would reduce plant construction, operating

the ( ing number of suppliers qualified to provide materials

eaqed ! Keer {/-Fi"" or ine

» Necessary based

i reqQuirement
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AEC QA CRITERIA

1. PLANNING This btie was based on RDT F2-

The apphcant-icansee should plan and esiadist Jment, ang
implement a ngo quaity assurance program for each phase or activ
ty affecting quality.” This program plan should describe the methods and

procedures o be empioyed o ensure the adequacy of and compliance

This sentence was based on RDT F2-&

with the applicable codes, standards, critenia, and requiremants in order
to provide confidence that the matenals, components, and systems of a

uclear power plant are important to safely perform as required This sentence wes based on Critenor
2. ORGANIZATION' This itle was basad on MIL -QO-9858A

The apphicant-icensee should assure that the authority and respons:
bility of persons and organizations nerforming quality assurance functions
are clearty estabisned and delineated n writing and thal they have
ficient organizational freedom to identify problems affecting quality and

- This sentence was based on MIL-Q-9858A, Para
ensure thal solutions are provided

3. WORK INSTRUCTIONS" This itle was based on MIL-Q-98584, Para 3.3

The applicant-icensee should assure that all work affecting quality i ’ )
is prascribad by documented instructions santence was based on MIL-Q-98584, Pars. 3.3
4. CONTROL OF INSTRUCTIONS, PROCEDURES,
SPECIFICATIONS, AND DRAWINGS® This titfe was inspired by Para. 5.4(a)3 of Zion's QA Pian

) Apphcant-icensee should astablish a system 10 assure that

lons, proceduras, specifications, and drawings are compiete and
b . . N ’ his sentence was based on MIL-Q-9858A. Par. 4.1
jrent and are readily avaiable at the job site

5. DESIGN REVIEW

iy

iant to safety 1o assure compliance with criteria

jards, and requirements

6. PURCHASE SPECIFICATION REVIEW

applicant-icensee should ge that all applicable critena

dards, and requiremnents which are necessary to assure ade
Jality levels and conformance 10 design charactenstics are prog 3
" his Senten nfiuenced by Para
included or referenced in specifications for the procurement of

alenals, equipmant, and services

7. CONTROL OF PURCHASED MATERIAL
EQUIPMENT, AND SERVICES" This noad by Secton § of MIL-O- 98584 and

The applicant-icensee should assure that all purchased matena
quipment, and services conform o the requirements of the purchase
e was based on MIL-Q-9056A, Para. 5
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8. CONTROL AND IDENTIFICATION
OF MATERIALS"” *  This it was based on ASME Ill, Fara. IX-226.

The applicant-licansee should establish a system to assure that con-
trol and identification of materials are maintained throughout all opera- »
ions consistent with the intended use of the material.” This sentence wes based on ASME N, Pex. IX-208.

9. IN-PROCESS AND FINAL INSPECTION" " This tile was influenced by Pasa. 710 of Zion's OA Plan and Para. 1.1 of RDT
22
The applicant-licenses shouid provide a system for planned, docu-
mented in-process and final inspection at apprpriate stages of fabri-
caflon, GONSction, stalalon, and 11 accordanc Wi AUMETISS = s semenc was erced by RO F22 Pa. 53 861

10. CALIBRATION OF MEASUREMENT
AND TEST EQUIPMENT® ®  This ttle was based on ASME Ill, Para. IX-270.

measuring and testing de' ices are calibrated in accordance with recog- o ) ‘
nized standards and proradures *’ This sentance wa's based on ML -Q-9858A, Para. 4.2

11. HAND: ING, STORAGE, SHIPPING,
ANL' PRESERVATION® T Thig fitle was based on Pera. 11.1 through 11.4 of Zion's OA Pian.

The applicant-ficensee 8! ould assure that a system is established to
provide and use adequate wo « and inspection instructions for handling,
storage, shipping, and presen ation of materiais and equipment o pre- e
vent damage or deterioration.’’ This sentence was based on MIL-G-96584, Para 6.4

12. NONCONFORMING MATERIAL™ *  This it was based on MIL-QO-98564, Para. 6.5

The applicant-licansee should establish a system for the control of
matenial, parts, components, and workmanshio which de not conform to
ofteris. codes. farce. and » ®  This sentence was based on MIL-Q-9858A, Para. 6.5.

13. CORRECTIVE ACTION™ ®  This o wes based on MiL-C-98584, Pars. 3.5,

The applicant-licansee should assure that conditions adverse to
quality are detected and reporied, the cause of each condition is deter- .

mined and comective action is taken to praciude recumence ” TR AN 00 S A SRR, P 48

14, QUALITY CONTROL RECORDS™ ™ This tile was based on ASME Ill, Para. [X-225

The applicant-ficensee should assure that complete and refiabie
records are maintained sufficient to fumish documentary evidence of -

product quaiity.® This sentence was based o MIL-Q-96584, Para 3.4.

15. AUDITS™ *  This tithe was based on Section 7.9 of Zion's QA Plan
The applicant-licanses should establish a system of audits 10 assure

compliance with all aspects of the quality assurance program and to &
mnmmommmmw." This sentence was based on Para. 18205(1) of NHB 4300.4
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INTRODUCTION
licant for a construction pemit is required by the provisions
iude in its preliminary safety analysis report a descnphion
and-ovalwalien of the quality assurance program to be apphied ¢ the
construction, and test of the structures, systems
for an operating icense

design, fabncatic
and components o, the facility. Every apg
réquired 1o include, M s final salety analysis report, information per
laining to the managena. and admnstrative CoMrots 1o be used (o assure
safe operaticn. Nuclear pou er plants and fuel reprocassing plants
meiude structures, systems, and co.aponents that prevent or mitigate the
sonsequences of postulated accidents that could cause undue nisk to the
haalth and safety of the public. This appendix establishes quality assur
ance raquirements for the design, construction, and operation of those
structures, systems, and components. Theee pertinent requirsments of
this appendix apply to all activities affecting the safety-ralated functions
of those structures, systems, and somponents; these activitias include
designing, purchasing, fabricating, handiing, shipping, storing, cleaning
erecting, instaliing, inspecting, testing, operaing, maintaning, repairing
refueling, and modifying
As usad In this appendix, "quality assurance' comprises all those
o provide adequate confi
dence that a structure, sysiem, or component will perform salistactonty

planned and sysiematic actions necessary

in servica. Quality assurance includes quality control, which comprises
those quality assurance actions relatad 1o the physicai charactenstcs of
a matenal, structure, component, or system which provige a means 10
ontrol the quality of the material, structure, component, or system o pre

detarmined requirements
I ORGANIZATION

The applicant shall be responsible for the develepestablishment
FRplemeniaien and execution of the quaity assurance progran The
applicant may delegate 1o others ergeniaatiens, such as contractors
SIELHSTINNGR dl iU oxe.Ub iR

any part ther but shall retar

agents, Gr consullants, the work <
ot the quality assurance prograrm
ity therefor ' The authority and duties of persens and organi
arforming Guani-asswranee activities affecting the safety related
functions of structures, systems, and components’ shall be clearty estab
ished and delineated in writing.” These activities include both the per
tomning functions of attaining quality objectives and the quality assurance
functions. The quality assurance functions are those of (a) assuring that
an appropriate quality assurance program is established and effactively
axacuted and (b) veritying, such as by chacking, auditing, and inspection
that activities affecting the safety-related functions have been corractly
pariomed.  Sweh The persons and organizations performing quality
assurance functions shall have sufficient authorty and organizationa
freadom 1o identity quality problems; 1o intiate, recommend, or provide
and to verify implementation of solutions.” I-generk-aceus
L e O SR
B e L e e LA
B T T e
gt b i gis g bt aas bt e s brtbobre s bbb doab boerbled Tl by Hiee
sposdia-ackwiy-  Such persons and organizations performing quality
assurance functions shall repont to a management level such that tis
required authority and organizaiional freedom, including sufficient
ndependence from cost and schedule whan opposed to salety consid-

10CFR50, APPENDIX B

NOTES

The words “and evaluation” were deleted In response v obyections from Westing:
house (O6US6Y), Babcock & Wikcox (06/17/69). and Geners! Electric (06/30/88
who bedleved the appiicant's quality asiurance program shoukl be evalualed by the
AEC rather than the appiicant

The words “and fuel reprocessing plants® were adoed i a 08/11/71 aodendum

to Appendx B

SPECIAL NOTE

Changes shown in the left column are to the original toxt of
Appendix 8 as & appeared on April 17, 1968. These changes,
uniess noted otherwise, occurred during the vasolution of pub-
lic commats and prior to issuance of Appendix B for use on
Jume 27, 1670, Shaded entries ave words that wers added and
strike-outs are worda that ware deleted from the original text.

This sentence was based on requirements in |0CFRS0.34(a)7 as published or

12/17/68

21(d) ol ASME Il

n 041974 & Appendix B was issued! for public commer

Reviewars ryueste g the phirase "quality assurance functions’. Th

hange, which was pubiish Wis in response 1o these comments

2075 this and the previous senlence were aodded to Appendx B
BSPONSE 10 public comnents on an proposed amenament issued on (/1974
Reviewers asked tha! requiraments of Appendix B be imposed on those responsibile
for achevng quaity and mose responsible for vanfying attamment of Qualty

Ths sentence was bormowed from Pam. 3.1 of MIL-Q-98584

' This sentence. which came from Para 2.3.1 of RDT F2-2. was replaced by the

next three sentences 1o resoive & dispute at Midland 142 and LaSalle 182 where
ekt QC personnei reported 10 8 resident construction supennfendent  Twice durng
1873 te Alomic Safety and Licensing Appeal Board nuiled this arrangement repre:
santed a conflict of interest darly requirements, an amenoment to Critenon

was 1ssued for pubsc com n 04/1974  Following comment resolution, the

amenamen! was pubsshed or 275
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srations, are provided. Bacause of the many variables invoived, such as
the number of personnel, the type of activity being performad, and ihe
location or locations where activities are being performed, the organi-
zafional structure for exacuting the quality assurance program may take
many forms provided that the persons and organizations assigned the
quality assurance functions have this required organizational freedom.
Irrespective of the arganizational structure, the individual{s) assigned the
responsibility for assuring effactive sxecution of any poticn of the uality
assurance program et any iocation where activities subject to this Appen-
dix are baing performed shall have direct access to such levels of man-
agement as may be necessary 10 perform this function.  Fhe-apeleant

HaF-0L-Io-Guiy-GHOUHRE-HHORRM-WIHIR Oy GHONING-
Il QUALTTY ASSURANCE PROGRAM

The applicant shail establish at the sarfiest practical time, consistent
with the schaduie for accomplishing the activities, a quality assurance
program which comphies with the raquirements of this appendix.” This
program shall be documented by written policies, procedures, and o
instructions and shall be carried out throughout plant life- in eocordance
with these policies, procedures or instructions.” The applicant shail
identify the structures, systems, and components to be covered by the
quality assurance program and the major organizations participating in
the program, togather with thew designated functions- of these organiza-
tions."" The quality assurance program shll provide control-by-means
e sl LAY kst A bsisbbsi s 0 SR e
activities affecting the quality of the identified structures, systems, and
components, to an extent consistent with their importance to safaty.™
Activities affecting quality shat! be accomplished undesw-pragram-n
ek AT S g 1B st 06 P £t st R

trolled conditions nclude the use of appropriate equipment;; suitable
wosng'* environmental conditions of accomplishing the activity, such as
adanuate claaniness.: and assyrance that all nrgraquisitas for the gven
wpeoraken activity nave been saisfied.” The program snail take mto
account ihe need for spacial controls, processes, (st equipment, ols,
and skills to aftain required quality;, and the need for verification of
quality by mspection and test. " ;and-#he-nead The program shall provide
for indoctrination and training of parsonnel e-exeewie-he-progam. par-
forming activities affecting quality as necessary o assure that suitable
proficiency is achieved and maintained.” The applicant shall regularly
raview the status and adequacy of the quality assurance program.”
Managemant of othar organizations participating in the quality assurance
program shall regularty raview the status and adequacy of that part of the
quality assurance program which they are exacuting.”’

Ii. DESIGN CONTROL

Measures shall be established to assure that applicable requlatory
requirements and the design basis, as defined in § 50.2 and as specified
in the license application, for those systams, structures, and components
10 which this appendix applies are corractly translated into specifications,
drawings, procedures, and istructions. # Thase measures shail include
provisions to assure tha! appropriate quality standards are specified” and
included in design documents and that deviations from such standards
are controfied. Measures shall also be established for the selection and

" This santence was based on Para. 18201 of NHB 5300 4.
' Thess two sentences were relocated fo the end of Criterion Il in response (o &

06/0859 letter from Westinghouse that staled the sentences did not belong in Cri-
tenion | and should be moved to edher Critenon Il or XV

" Wesiinghouse (D6/0V/B9), Babcock & Wikcax (06/17/89), and the Atomc Indus-
trial Forum (06’1 8/89) suggestad acding ‘consistant with the scheduled progress of
work’ or words [0 this effect.  However, the source of this sentence s not known
" This sentence was based on Para. 241 of RDT F2-2 and is very similar 1o the
first sentence of Critenon V 1o Appendix B Westinghousa (06/0%/89) recommended
that the sentence be modified fo make it clear that, to be acceptable, a QA program
need not contan poiicies plus Procecires plus Nstnction.

" This sentence was based on Para. 2.2.2 of RDT F2-2.

" This sentence was based on Para. 2.2.0 of RDT F2-2.

" The wort ‘working' was deleted because 060958 comments from Westing-
house said the term “suitable working environment” could be inferprated lo mean
‘eomiontable working conditions

7 This and the pravious sentunce were based on Para 6.2 of MIL 0-98584

" This sentence was based on Pam. 3.2 of MIL-Q-9858A.
" Thig sentence was loosely based on Para. 2.3.2 of RDT F2-2.

® This and the next sentence wers based on Para. 3.1 of MIL-O-9858A.

' Refer to Note 11

¥ This sentence was based on Para 3.3 of RDT F2.2

¥ The raquirement fo identity quality standards was horrowad from Citerion | of
Appendix A to 10CFRE0 which was issued for public conment on 07/11/67.
Appendix A was publishec 022071
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Maasures shall be established for the identification and control of
design ntertaces and for coordination among participating design organ:
zatons. ® These measures shall include the establishment of procedures
among participating design organizations for the raview, appioval
release, distribution, and ravision of documents involving design inter

The design control measures shall provide for vertlying or checking
the adequacy of design, such as by the perfarmance of design raviews
by the altemate or simplified calculations, or by the performance
3 tasting program ©  The venfying or checking process sha.
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Vi. DOCUMENT CONTROL

Maasures shall be established to control the issuance of documants,
such as instructions, procedures, and drawings, ncluding changes there-
to, which prescribe all activities affecting quality. These measures shall
assure thal documents, including changes, are reviewed for adequacy
and approved for release by authorzed personnel and are distributed 1o
and used at the location whare the prescribed activity is performed
Changes to documents shall be reviewed and approved by the same
organizations that performad the onigmal review and approval unless the
applicant speeteatly designales another responsibie organization ™

Vii. CONTROL OF PURCHASED MATERIAL,
EQUIPMENT, AND SERVICES

Measures shall be established to assure that @ purchased mater-
ial, equipment, and services, whether purchased directly or through
contractors and subcontractors, conform 1o the procurement documents.
These measures shall include provisions, as appropniate, for source
evaluation and selection, objective avidence of quality fumished by the
contractor or subcontractor, inspaction at the contractor or subcontractor
source, and examination of products upon delivery.”’ Documentary evi
dance that matenal and aquipmeni contorm to the procurement require-
mants shall be available a! e nuciear power plant or fuel reprocessing
plant site prior to instaliation or use of such maiedal o equipment. This
documentary evidence shall be ratained at the nuclear power plant or
fuel reprocescing plant™ site and shall be sufficient to identify the spacific
raquiraments such as codes, standards, or spacifications, meet by the
purchased matarial and equipment.’ The effectiveness of the control of
quality by contractors and subcontractors shall be assessed by the apph-
cant or designee at intervais consistent with the importance, complexity,
and quality of the product or services.*' TesHapors-Aepackon-+a00e;
B R
B RO - GROBI MG -IROR-SRA-B- Bk Whaso-deos-

VIll. IDENTIFICATION AND CONTROL OF
MATERIALS, PAATS, AND COMPONENTS

Measuies shall Do eswousned 101 he ENGIGATON & CONTol of
matenals, parts and components, including partially fabricated assem-
blies * These measures shall assure that identification of the item is
maintained by heat number, part number, serial number, or by other
means, either on the ftem or rcords traceable to the tam, as roquired
throughout fabrication, erection, nstallation, rapaw-e-medifaates and
use of the flem ™ These identification and control measures shall be
designed to pravent the use of incorract or defective material, parts, and

IX. CONTROL OF SPECIAL PROCESSES

Measures shall be established to assure thal special processes,
including weiding, heat treating, and nondestructive testing, are controlled
BT e St SR IR PSR
AIE-SHRO-Shama-cOmmOments; and am accomplished by qualified per-
sonnal using qualified procedures in accordance with applicable codes,
standards, specifications, criteria, and other special raquirements

* This paragraph was based on Para 34.2 of RDT F2-2.

AR was dedeted in response 10 8 060970 Westinghouse lefter which expressed
concem that "all” couks be interpreted 10 include procurement of nonsaety-relalad
Hams and services.

' Requirements in this and the previous sentence were based on Pam. 5.1 of MIL-
0-9858A

“ The words "or fusl processing plant” were added in a 0/11/71 addendum fo
Appendix B The addendum was 1ssued for public comment on 04/10/771

“ This and e pravious sentence were added in response 1o: 1) @ 06/11/88
request irom Manford faclity contractors; and 2) lessons leamec at Oyster Creek.

* This sentence was deleted In reeponse 1o lefters from Genera’ Electric (06/30/69)
and Westinghouse (06088} which amued tha! its requiremants wers redundant
with Critenia XVI ana XVl

“ This sentonce was basec on Pars. 5.4 of RDT F2-2

“ This sentence was modifiec in response o lefters from Hanrford faclity
contractors (06/11/88), Combustion Engineenng (06/12/69), and Gilbert Associates
(06/16/88) which expressed concem it could be interpretad to require that each boit
(varsus keg of bolts) have a unique identification number.

“ This and the previous sentence were based on Par. 1X-226(a) of ASME 1]

“ Critenon IX was pnmanly biased on Para. 6.2 of MIL-C-9858A but was also influ-
enced by Para. 1X-222(a) of ASME Iii and Para. 5.5 of RDT F2-2
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X. INSPECTION

A program for #-preeese-and-nal™ inspection of activities affecting
quaifty shall be established ard executed by or for the organization per-
forming the activity to verity aeewe conformance with documented in-
structions, procedures, and drawings for accomplishing the activity *
Such inspection shall be performed by individuals other than those who
pertormed the activity being inspacted.”’ Examinations, measurements,
of tests of materials or products processed shall be performed for each
work operation where necessary ic assure quality. if inspection of pro-
cessed material or products is impcisible or disadvantageous, indirect
control by monftonng processing methods, equipment, and personnel
shall be provided when control is inadequate without both * If Mmanda-
tory inspection hoid points, which require witnessing or inspecting by the
applicant's designated representative and beyond which work may not
proceed without the consent of the designated representative 2+e re-
quired, the specific hold pointe shall be indicated in approprate
documents *

XL TEST CONTROL

A lest program shall be established t~ assure that all sequired™
lasting required to demonsirate that structures, sysiems, and components
will parform satistactorily in SEIVICs.+rekid, -HFoSk-te: Wag—a0ptanee
lachng-and-oparatienal lueting: s Identified and parformad in accordance
with written test procedures which incomporate the requirements and
acceptance limits contained in applicable design documents.* The lest
program shail include, as applicable, proof tests prior to instaliation,
preoperational tests, and operational tests during nuclsar power plant o1
tul reprocessing plant™ operation, of structures, systems, and compor:-
onts.” Fhe4Test procedures shal include provisions for assuring that all
preraquisites for a given test have been mel, that adequate test nstru-
mentation is available and used, and that the test is performed under
suttable environmental conditions ™ Test results shall be documented
and evaluated to assure that test requirements have been satisfied *

Xl CALBRATION CONTROL OF
MEASUREMENT AND TEST EQUIPMENT

Measures shail be established to assure that tools, gages, instru-
ments, and other measuring and testing devices used m activities affect-
ing quality are properly contro’ied, calibrated and propedy adjusted at
spacified periods to maintain aceuracy within necessary limits.* Gakbra-
e b e e S abllib s s LIS SR b Eap oo dh
et et b Sl

XM HANDLING, STORAGE, AND SHIPPING
AU HRERERVATION

Measures shall be estabished 10 provwde—work—and-repocken
webushene-dor control the handiing, storage, shipping, cleaning, and
preservation of matenal and aguipmen! in accordance with work and
nspaction instructions to prevent damage or detenoration. When neces-
sary for particular products, spacial environments, such as inert gas
atmosphere, specific moisture content lavels, and high temperature
levels, shall be specified and provided apd-hew-exstence-vertnd.~

“ “In-process and final’ wes deleled in response 1o a 0B/DWE9 Westinghouss letter
that (uestoned requirnng IN-process nspection, regardiess of need and apphcability

* This sentence was based on Para. 5.3 and 5.6 1 o/ RDT F2-2

' This and the end of the previous sentence were moved from the seventh sen-
tance of Criterion | in response 1o a 0671 1/89 United Engineers & Constructors ketter
tha! suggested, regardiess of the utiifty's inspection program, each organizaton
should be required (0 Inspect f1s own work.

® This and the previous sentence were bomowed from Para. 6.2 of MIL-O-9858A.

“ This sentence was based o1 Para. 9.0 of Zion's QA Plan. The need for manda-
tory hoidd points was miaxed in response lo requests from Stone & Wobster
(0609/69), Westinghouse (D6068) Combustion Engineering (06/12/88, ad the
Atomic Incustnal Forum (06/18/69).

¥ "Required” was relocated to the other side of ‘tasting” in msponse fo @ 06089,
lettar from Stune & Webster thal asked what was meani by ‘required lesting”

* This sentence was loosaly based on Pars. 6.3 of Mil-Q-9858A

* The words “or fusl reprocessing piant” were ackled in @ 09/11/71 addencium o
Appandix §  The adoendum was issued for public comment on 04/10/71.

¥ This sentance was added and ‘operational testing* deleted from the previous
sentence i response o mGuests from General Electric (06/30/89) and Raiph
Parsons (06/16/89) to clartly the meaning of ‘operational lesting”

“ This sentence was based on Para. 5.6 1 of ADT F2-2

* This sentance was loosely based on Para. IX-240 of ASME Ili

* This and the next sentence were based on Pam. 4.2 of MIL-Q-98584 The
words ‘propenty controlled” were aoded in response [0 & 06/11/89 reques! from
Hartord facility contractors

"' This sentence was dsietad in response 1o & 06/12/69 lettsr from Combustion
Engneering that noted In some cases nationa! standards may not exist

* Raquirements i this and the previous sentence were borrowed from Para. 6.4
of MIL-Q-9858A
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XIV. INSPECTION, TEST, AND OPERATING STATUS

Maasures shall be established 1o indicate, by the use of markings
such a stamps, tags, labels, routing cards. or other suitable means, the
status of inspections and tests performed upon individual flems of the
WWNNMMMM
operatng-agupment.” These measures shall provide for identification
of these ftems which eeviesme have salistactorlly passed reqguired
inspections and lests sequemants, wharo necossary 10 prevent inad-
mwdmmmﬁm

B e LT e e
wigod-tor Maasures shall also be established for indicating the operating
status of structures, systems, and components of the nuclaar power plant
or fuel raprocessing plant'’ such as by 1aQgIng eaqument-sweh-a6 valvis
and switches, when-Reeeesasy 1o pravent inadvertent operation.*

XV, NONCONFORMING MATERIALS, PARTS,
OR COMPONENTS

Msasures shall be established to control materials, parts, or com-
ponents which do not conform o requirements in order o prevent their
inadvertent use or installation.”¥ These measures shall include, as
appropriate, proceduras for identification, documentation, segregation,
disposition, and notffication to atfected organizations.® Nonconforming
ftems shall be reviewsd and accepted, rejected, repaied, or reworked in
wmmmw‘m
AN S i b GO

XVI. CORRECTIVE ACTION

Maasures shall be established to assure that el conditions adverse
to quality, such as failures, malfunctions, deficiencies, deviations, defec-
tive material and equipment, and noncontormancee: are promptly identi-
fid and comactad’ repedted-io-ampmpralo-iovels-ol-management.” In
the case of significant conditions adverse to quality, Fthe measures shall
oo assure thal the cause of the conditions adverso-te-guaity-5e I8
determined and comectedive action taken to preciude repetition ™ The
mmm

1okr-ane-suboontadion-ae-nessesary- | The identification of the signifi
cant” conditione adverse to quality, the cause of the condition, and the

corrective action taken shall be documentad and reported lo appropriale
lovels of management

XVII. QUALITY ASSURANCE RECORDS

Sufficient Rrecords shall be maintained to fumish evidence of activi-
ties affacting quality ks-wee--ihe-managoment-ot-the-progeam, The
records shall include, buk-aet-be-iked-te- at loast the following: een-
shwoken-and-o0perating logs; and the results of reviews, inspactions,
tests, audits, monitoring of work, performance, and material analyses.
The recards shall also include closely-related data such as the qualifica-
tione of parsonnel, procedures, and equipment™ Inspaction and test
records, shall, as a minimum, identify ths inspector or data recorder, the
type of observation, the results, the acceptabiiity, and the action taken in
connecton with any deficiencies noted. ™ Records shall be klentifiable
and retevable. Consistent with applicable reguiatory requirements, the
applicant shall establish requiremnents conceming record retantion, such
as duration. location, and assigned rasponsibility.”

* The words “or el reprocessing plants were added in a 0%'11/71 addenaum lo
Apperdx 8.

* This sentence was based on Para. 6.7 of MIL-O-9858A. The last seven words
were deletad in response fo 8 063089 letter from General Electric that noied
‘plant’ could mean a nuciear power plani, manufactuning plant, or both.

* This sentence was based on Parm. 5.6.4 of RDT F2-2. The phrase about man-
Ing nonconforming Rems was deleted because if dupiicated a similar requinemen!
in Critenon XV.

® The source of this sentence is unknown. If was revised i indicate tagging is but
one way of ilenifying operating status. 50. Calit. Edison (06/24/89) &nd Westing-
house (06/09839) noted the sentence axchided use o other satisfactory methods

“ This sentence was inspired by Para. 5.10 of RDT F2:2

® ‘As appropriate’ was added afler a 060989 Stone & Webster letter noted all
these requirements may not apply 1o everyone.

*® This and the next sentence were based on Para. 65 of MIL-0-9858A.

™ This sentance was based on Pars. 18804(3) of NMB 4300 4. It was deiated
after & 06/09/88 letior from Westinghouse said if was mone Josedy related o con-
holling cos! than quaifty.

" This sentence was based on Para. 6.2 of MIL-O-8858A

" The requirement o report adverse convitions & management, which is based on
Para. 2.6 of RDT F2-2, was moved fo the last sentence of Criterion XV to indicate
that only significant adverse condifions need be reported to management

" This sentence was based on Para. 3.5 of MIL-O-08584 Al the reques! of Gene-

ral Electne (06/30/89), So. Callf. Edison (06/24/69), and Westinghouse (060989,
It was revised fo require oniy the cause of significant deficiencies be defenmined.

N This sentence, borrowed from Pam. 6.2 of MIL-O-98584, was deleted in
response 1o leftars from Raiph Parsons (06/16/89) and Stone & Webster (0609V69)
which axpressed concem tha! preventive action could take months and, (o vertty its
completion. purchasers would have 1o audit work being done for cthers

"™ Requirements within this sentence were borrowed from Pars. 3.4 of MIL-Q-
98584

™ This and the pravious sentence were based on Para. 7.11 of ROT F2.2

" Requirements in this and the next sentence were based on Para. IX-225 of
ASME It
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XVIL. AUDITS

A comprehensive system of planned and penodic audits shall be
camed out to asewe verfy complance with all aspects of the quality
assurance program and to determine the effectveness of the program.™
The audits shail he performed in accordance with the writian procedures
or check fists by appropriately quakkied rained personnel not having
direct responsibility in the areas being audited. ™ Audit results shall be
documented and raviewed by management having rasponsibility in the
area audited. Follow-up action, including reaudit of deficient areas, shall
be taken where indicated ®

™ This santence was based on Para. 18205(1) of NHB 4300 4

™ This sentence was based on Para 8.2 and 8.3 of RDT F2.2. "Trainex!” was
substituted for ‘qualified” in response 10 8 0609/89 Westinghouse reques! fo carty
the term ‘appropnately quaiiied”.

* This and the previcus sentence wers based on Para. 18206(3) of NMB 4300 4.
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WEST VALLEY (Western New York Nuclear Service Center)
General Data
Owner Nuclear Fuel Services (NF3), a W.R. Grace subsidiary. During 1969, the facility was sold to Getty
Qil Company. [Nuciear Witnesses, pp. xx & xxi|
Location West Valley, NY [AEC Fact Book, p. IX-3]
Capacity 300 metric tons of spent fuel per year [Nuclear Industry, 07/00/74, p. 9]
Began Operation 06/00/66. [Forevermore, p. 78]
Date Closed 03/00/72 [NFS Environmental Repert No. 24, p. 1]
Designer Not known
Builder Bechtel Construction began during 06/00/63. [Power, 07/00/66, p.78; and Forevermore, p. 76]
Cost to Build $32.5 million [Engineerirg News-Record, 11/30/78, p. 19; and Nuclear Stakes, p. 112]
Licensing Data
®© CP received 04/30/83; OL received 04/19/66 [AEC Fact Book, p. IX-3]
L3 The AEC assigned a resident inspector to the plant beginning 00/00/67. [Power, 07/00/67, p. 87)
© West Valley currently holds a OL to store, but not process, 26.8 metric tons of spent fuel
[SR/ICNEAF/92-01, p. 34; and 1978 Annual NRC Report, p. 73)
- On 09/30/81, the NFC transferred the plant's license to the U.S. Department of Energy (DOE) in
order 0 allcw DOE t) begin cleaning up the plant. [Nuclear News, 10/00/83, p. 88]
Operating " a2
o The plant ran, on average, at about one-third capacity because of chronic equipment breakdowns
ard accidents involving radioactive contamination. [Forevermore, p. 79
[ There were 180 full-time and 1,400 part-time workars at the plant. Part-time workers were used to
clean up spills and repair contaminated equipment. [Nuclear Witnesses, p. 217]
At the time it was closed, 600,000 gallons of liquid radicactiv< waste and 640.5 metric tons of spent
fuel was being stored at the plant. [lbid, pp. 239 & 243)
» After Getty bought the plant, NFS continued running it. [Engineering News-FRecord, 03/24/77, p. 46]
o The plant reprocessed about 630 tons of spent fuel. [Nuclear News, 01/00/76, p. 68)
Decommissioning Data As of 12/00/89, about fifty (50) percent of the plant’« linuid waste had been "pre
waoted” to reduce its volume. Foliowing pretreatment, the waste 'vili be vitrified, sealed in giass. Vitrification
will begin during 1995 and be completed in 18 months. Decom aissioning will cost about $1.1 billion. [Engi-
neenng News-Record, 11/30/78, p. 19; DOE/S-0078, pp. 145 & 392; and Nuclear News, 10/00/80, p. 23]

Historical Summary

0 ¥00/865 During plant construction, water collectad in excavations holding concr
The tanks popped free of the ground and stresses on the floating tanks cracked their floors and roofs
ear News, 05/00/77, p. 82; and EMD-77-27, pp. 9 & 10]

02/00/68 The AEC invesligated allegations that radioactive liquids had been discharged into a nearby
creek. Releases were found to have been within limits. [AEC Fact Book, p. E-20]

mbon won llon o abii oo Lasow b
WO faliualilive waddio

03/00/72 The plant was shut down for modernization and to expand its capacity to 750 metric tons of

spent fuel per vear. [Nuclear News, 01/00/76, p. 68; and NFS Environmental Report No. 24, p. 1

10/00/73 NFS submitted, for the AEC's acceptance, a Safety Analysis Repont, describing its plans for

ng the piant. [EMS-77-27, p. 2]

4 &)

07/15/76 NFS decided not to modify or reopen the plant because of new NRC licensing criteria. It was
108t concerned with the NRC's new waste solidification and seismic requiremeants. NFS estimated it would cost

million to meet these requirements. [Nuclear Industry, 10/00/76, p. 25, and EMD-77-27, p. 2]

10/29/76 Ownership of West Valley was transferred to New York State in accordance with an agreement
signed during the 1960s. [Nuclear News, 08/00/76, p. 128] ”

01/04/78 Leaks were found in waste storage tanks. [Nuclear Witnesses, p. xxiv]

02/25/78 President Caner signed Public Law 95-238 which directed the U.S. Department of Energy to
jetermine what should be done to clean up West Valley site. [ 7978 Annual NRC Report, p. 75]

09/15/80 Congress passed the West Valley Demonstration Project Act (Public Law 96-368) which
1ssigned the U.S. Department of Energy responsibility for cleaning up the West Valley site. [DOE/S-0078, p

Nt ar News, 10/00/80, p
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07/00/83 A Federal judge ordered that 740 spent fuel assemblies, stored at the plant, be removed and
retumned to the utilities that shipped the assemblies to the plant. [Nuclear News, 10/00/83, p. 88)

12/00/83 A trailer returning spent fuel from West Vailey to Dresden broke loose from its truck. The driver
backed the truck up, reconnected it to the trailer, and continued the trip without further incident. [Nuclear News,
01/00/84, p. 117; and Nuclear News, 02/00/84, p. 95]

2. MORRIS (Midwest Fuel Recovery Plant)
General Data
Owner General Electric [AEC Fact Book, p. E-19]
Locat'on Morris, IL [Ibid]
Capacity 500 metric tons of spent fuel per year [Nuclear industry, 07/00/74, pp. 9-10]
Began Operation Began start-up testing during late 1972; never began commercial operation. [Ibid, p.
8; and Nuciear News, 01/00/76, p. 68]
Date Closed Never opened as a spent fuel reprocessing facility. [1977 Annual NRC Report, p. 50]
Designer Not known
Builder Not known
Cost to Build $64 million [Nuclear Industry, 07/00/74, p. 8]
Licensing Data CP received 12/28/67. Never received an OL. [AEC Fact Book, p. E-18)
Operating Data
® During 1976, the plant was converted (o a spent fuel storage facility and received an OL t. vore 700
metric tons of spent fuel. [Nuclear News, 01/00/76, p. 68; and Nuclear Industry, 08/00/7b, p. 7)
® The plant's current licensed storage capacity is 1660 PWR and 3775 BWR spent fuel assemblies.
[SR/ICNEAF/92-01, pp. 34 & 164

Historical Summary
04/00/74 General Electric announced the plant was not operable. Pulverized spent fuel clogged piping

and machinery as it made its way through the reprocessing systems. Equipment could not easily be cleaned
and restarted because of high radiation fields. The longest the plant ever operated was 26 hours. General
Electric estimated that redesigning and modifying the plant would take four years and cost another $80 to 130
million. [Nuclear Industry, 07/00/74, pp. 8-8; and Unacceptable Risk, p. 156]

07/00/76 General Electric was sued for $300 million. Two utilities claimed General Electric had mislead
them about the plant's troubles and now they had no place to store the spent fuel that General Electric had con-
tractually agreed to reprocess. [Nuciear News, 08/00/76, pp. 56 & 57]

3. BARNWELL (Barnwell Nuclear Fuel Plant)

General Data

Owner Allied General Nuclear Services (AGNS), a partnership between Allied Chemical and General
Atornic Company [Nuclear News, 01/00/76, p. 69]

Location Bamwell, SC [Nuciear Industry, 07/00/74, p. 9]

Capacity 1500 metric tons per year of spent fuel [Ibid]

Began Operation The facility was never completed nor opened. (7978 Annual NRC Report, pp. 72-73]

Date Ciosed Not applicable

Designer Bechtel [AEC Reports, Voi. 4, p. 484)

Builder Daniel Construction. Work began during 03/00/71. [Nuclear Industry, 07/00/74, p. 9; and Forever-
more, p. 85]

Cost to Bulld $362 million was spent bafore storping work. [The New York Times, 12/01/81, p. D4)

Licensing Data CP received 12/18/70. Never iecei\ ed an OL. [Nuclear News, 01/00/76, p. 69; and AEC
Reports, Vol. 4, p. 523

Operating Data Not applicable

Historical Summary
11/00/76 President Ford told private industry it should not count on always being allowed to reprocess
spent nuclear fuel. [Engineering News-Record, 11/04/76, p. 7]

L
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04/07/77 To curb access by developing nations to material needed to manufacture nuclear weapons,
President Carter called a halt to reprocessing spent fuel. Work on the partially completed plant stopped. At the
time, AGNS estimated the facility was about half finished and would have required another $500 miilion to
complete. [Ibid; Engineering News-Record, 04/14/77, p. 7, and 1978 Ap~_ a/ NIC Report, pp. 72-73)

12/23/77 In keeping with President Carter's nonproliferation p-icies, the NRC decided to stop licensing
spent fuel reprocessing facilities. [1978 Annual NRC Report, p. 72]

01/00/78 To maintain plant staffing levels, the Department of Energy avv..rded Bamwell a $13 million fuel
cycle research contract. Also, Congress tentatively agreed to provide the Department of Energy with another
$13-18 million during 1979 to continue the research. [EMD-78-97, p 4]

10/15/81 Allied Chemical terminated its involvemnent in the plant by tuming over its 50% ownership to
General Atomic at no cost to General Atomic. [Nuciear News, 11/00/81, p. 21)

01/00/82 An Argonne National Laboratory study reported, “Because of fundamental philosophical, dimen-
sional and fabrication details for the design, full scale operation of [Bamwell] would be accompanied... by
inordinately high operatizn 2! maintenance risks. [Design] and constructior is unfortunately no better than that
of the Nuciear Fuel Services ['amt .. [Nuclear News, 04/00/82, pp. 54 & 56; and Forevermore, p. 87]

03/16/83 AGNS filed suit ayainst the Federal Government for more than $500 miliion in damages. AGNS
claimed the Government induced it to build the plant then passed legislation that barred it from ever operating.
[Nuctear News, 04/00/83, p. 25]

07/31/83 The plant received its last Federally-funded research project. [Forevermore, p. 88)

03/28/84 A Government Accounting Office study estimated it would take another ten years and cost an
additional $700 million to complete the plant. [Nuclear News, 06/00/84, pp. 87-88]

12/31/84 The last Federally-funded research project was completed and, with staffing reduced to three
employees, the piant was permanently closed. [Ibid, p. 87; and Forevermore, p. 89)
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10CFR50.34, CONTENTS OF APPLICATIONS: TECHNICAL
INFORMATION

REQUIREMENTS

) To satisty the following requirements, the application shali prc
vide sufficent nformation to demonstrate that the raquirement has beer
met. This information ‘s of the type customanly required to salisfy
$0GRHR0-34 paragraph (a)(1) etiwe-seeken or 10 address the apphicant's
technical qualifications and management structure and competence

Provide administrative prcedures for evaluating operating, desigr
at applicable imponant
industry sxpenences will be provided in a timely manner 1o those desigr
ing and construciing the plant.” [1.C.5]

il) Ensure that the quality assurance (QA) list required by Criterion

App. 8, 10CFRS0 includes all structures, systems and components im
portant to safety.’ [I.F1
Estabiish a quality assurance (QA) program based on considers
tion of: (A) Ensuring independence of the organization performing check
ng functions from the organization responsibie for performing the func
B) performing a-entre quality assurance/quakty control functions
onstruction sites o the maximum feasible extent.” (T) including QA
nnal in the documented review of and concumrence In quality-related
procedy ciated with design, consfruction and installation: (D
establishing criteria for determining QA programmatic requirements for
ffic classes of equipment’ (E) establishing s qualification
requirements for QA and QC personnel;” (F) sizing the QA staff commen
S and rasponsidilihes—and-smpedani-ie-eatety (G

ures for maintenance of “as-built® documentation

and construction expenence and for ensunng

tions

wate with ite it
surate with 1ts a

blishing pro«

and (H) providing a QA role in design and analysis activities ™ [1.F.2

SPECIAL NCTE

Changes shown in the left column are to th: propose draft of
10CFRS0.34{1)3 aa it appeared in the Foderal Register on
March 23, 1881. The changes ocourred during resoiution of
public comments and prior to lasuance of the fingl Regulation
on Januery 15, 1982. Shaded entries are words that were

et e —————————————

added and strike-outs are words that were deleted. |

1OCFRS0 34(a)(1) contains requirements for dascribing in PSARs the reievant
surface and subsurface features of a proposed nuciear power plant site

This requirement axpands on Criteron If

These numbers comespond 10 action plan items in NURES-0880, ‘NRC Acitor
Plan Developed as a Result of the TMI-2 Accident,” cated June 1980, and
NUREG-0718. "Licensing Raquiraments for Pending Appiications for
Licenses, ' deted March 1981 This is dis

onsinK

tion Permits and Manufac

sussed in a footnote in

This requirement directly refarences Cittenan |

This requiremen! axpands an Critenor It was adoed because of NRC con
2ems abou’ 2 "lack of sufficsient indepencence of the organazaton responside
for performing checks. venficalions, and inspections *

This requirement axpands on Cotenion . i was modified in response fo
ASME cosi-Denefit concems

This requirement expands on Critanon VI It was clanfied in mesponse It
ASME and Bachtel concems about its mtent

his requimmeni axpands on Critenon Il It was clanfied in esponse 10 ar
ASME reques! to clanty the term "QA requiremenis. '

This requiremant expanas on Crenon Il According to the NRC. ‘minimum
Part 50

was deletor ‘o be consistent with Appendix 8 It
his requarement axpands on Crtenon | In response 10 ASME concems about
IS relevance [0 stall size, the phrase Imponance 1o safery’ was oelefec

s requiremen! expands on Critenon VI The NRC noted that Ctenion V.

mentions rawengs, dut not "as-Dudt” drawings eqQuivalent documentaion

This raquirement axpands on Critenon il It was acved because of NRC con

cems about the QA/QC imowledpe of indivduals assigned 1o venly the ade
quacy of test, mspection, and related requirements in design documents
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NOTES

Documents referenced in this Supplement are listed in Supplement IX.

Plants are listed by the date they started producing electricity with the oldest being listed first.
Problems followed by a check (#) are "Major Problems" as defined in Paragraph 6.2.1(c) of the
main body of this report.
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1. EBR-I {(Experimental Breeder Reactor - 1) [12/20/51]
| Data

Owner AEC [Nuclear Age, p. 126]

Location I|daho Falls, ID (Friends in High Places, p. 103]

Reactor 0.15 MWe sodium-potassium cooled fast breeder [lbid]

First Electricity 12/20/51; first electricity produced in U.S. using nuclear energy. [DOE/NE-0068, p. *.1]

Designer Austin Company [Ninth Semiannual AEC Report, p. 8]

Builder Bechtel. Construction began 12/00/49 and was completed in 04/00/51. [Friends in High Places,
p. 103; and GPO Publication 794-218]

Cost to Bulld $3.3 million [The New York Times, 05/31/51, p. 39

Licensing Not licensed.

Operating Data

e The initial reactor core was refitted with a plutonium-bearing core and the piant restarted and operated

from 11/00/62 through 12/00/63. {DOE/OSTI-8200, p. li-4]

e The piant (Cores 1 and 2) generated 578 MW-hrs of electricity. [WASH-1203-71, p. 10}

e The plant’s Lifetime Capacity Factor, estimated from the above data, was 3.7%.

Decommissioning The reactor was dismantied and the plant decommissioned in 04/00/64. On 08/26/66,
the facility was dedicated as a national historic landmark. (DOE/OSTI-8200, p. lii-4; and AEC Fact Book, p. D-4]

Problems

00/00/51 Radiation leveis around the reactor were too high. An extra 2.5 feet of concrete shielding was
added to protect plant personnel. [Nuclear Safety, 12/00/61, p. 69] /

08/00/52 The plant was shut down for repairs when sodium-potassium coolant began leaking out of the
reactor's primary heat exchanger. [lbid] &

11/29/55 Tests were being conducted on the reactor's power characteristics. It was supposed to be
scrammed when power started doubling every tenth second. The operator hit the wrong button, one used for
a slow shutdown Core temperatures reached 2000 °F before the scram button was hit. The tcp third of core
completely melted and middie third was partially melted. Pressure caicuiations indicated the reactor was a halt-
second from rupturing. [Nuclear Age, p. 126; Cover Up, p. 47; and The Careless Atom, pp. 155-156] /

12/00/63 The AEC permanently shut the plant down. The reason is not known. [DOE/OSTI-8200, p. Ili-4;
and AEC Fact Book, p. D-3]

2. SHIPPINGPORT [12/18/57]

General Data

Owner AEC and Duquesne Light Company [DOE/MA-0152, p.38]

Location Shippingport, PA [DOE/OSTI-8200, p. 111-2]

Reactor 60.0 MWe PWR ordered 07/00/53 [WASH-1208, p.1]

First Electricity 12/18/57 [Ibid]

Designer Stone & Webster [Power, 10/00/68, p. S-9; and WASH-1208, p. 1]

Builder Dravo Corp. and Bumns & Roe. "Real* construction began 03/00/55; however, on 09/06/54, Presi-
dent Eisenhower broke ground with buiidozers started by remote control from Denver. [Rickover and the
Nuciear Navy, pp. 2 & 199, and Forum, 12/00/57, p. 28]

Cost to Build $74 million [Atomic Energy Deskbook, p. 502, and Forum, 04/00/58, p. 9]

Licensing Not licensed.

Operating Data

@ The reactor's first core, rated at 60.0 MWe, operated to 02/09/64 and generated 1,798,554 MW-hrs of

electricity. [WASH-1203-71, p. 9; DOE/OSTI-8200, p. 11l-2; and Rickover and the Nuclear Navy, p. 223]
® The reactor's second core, rated at 90 MWe, operated from 09/25/65 to 02/04/74 and generated
3,476,620 MW-hrs of electricity. [Nucleonics Week, 04/25/74, p. 10; DOE/OSTI-8200, p. I1I-2; and
Rickover and the Nuclear Navy, p. 224]
@ The reactor's third core, rated at 60 MWe, operated from 08/26/77 on and produced 2,114,03¢ MW-hrs
of eiectricity. These core replacements were part of the plant's original design. [Nucleonics Week,
12/23/82, p. 14; DOE/OSTI-8200, p. II-2; and Rickover and the Nuclear Navy, p. 227)
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@ The plant's Lifetime Capacity Factor, calculated using the above data, was 47.9%.

Decommissioning Decommissioning began during 09/00/85 and was completed in 12/00/89. The reactor
was removed on 12/14/88 and barged to DOE's Hanford facilities where it armved 04/13/88. It was buried in
a 40-foot deep low-level waste pit. The total cost of decommissioning the plant was $91.3 million [DOE News
Release R-88-159; The New York Times, 11/25/86, pp. C1 & C3; GAO/RCED-80-208, p. 17, and The Bulletin
of the Atomic Scientists, 10/00/89, p. 17]

Problems

12/16/57 Initial stant-up was delayed for two days to correct procedural and hardware deficiencies identified
by Navy inspection personnel. [Rickover and the Nuclear Navy, pp. 203-204]

03/15/58 The plant was shut down because a Navy inspector thought the reactor was being cooled too fast.
(ibid, p. 228)

06/10/58 The plant was shut down because a Navy inspector wanted deficiencies in nuclear instrumenta-
tion promptly corrected. [Ibid]

08/00/61 A second replacement reactor coolant pump failed. The original and a first replacement were of
a different design. Also, problems with steam generators shut the plant down often encugh that they were even-
tually replaced. [ibid, p. 205; and WASH-1203-73, p. 18] /

12/00/64 Work had just been compieted on installing four new, heavier steam generators. As the plant was
being readied for start-up, the steam generator supports buckled. The Accident Hazards of Nuclear Power
Flants, p. 192; Nuclear Industry, 01/00/65, p. 5; and WASH-1203-73, p. 20} v

01/00/73 Plant site soil samples, collected by NUS Corporation between 01/00/71 and 03/00/72 had radia-
tion levels 50 to 100 times normal. Levels decreased the further the samples were from the plant. Airbome
radiation levels rose and fell with the plant's power output. Dr. Sternglass, a local coliege profassor, announced
his findings during 01/00/73 and claimed these and earlier releases had resulted in about 200 deaths. NUS and
the scientific community accused Dr. Stemglass of misinterpreting field radiation data. {Saga, 10/00/73, pp. 60
& 62; The War Against the Atom, pp. 125 & 126; Before Its Too Late, p. 258; The Nation, 08/03/74, p. 78; and
Nucileonics Week, 01/11/73, pp. 2 & 3] /

02/04/74 The piant was shut down to replace its vibration-damaged turbine. [Rickover and the Nuclear
Navy, p. 224| /

10/01/82 The plant was permanently shut down due to high operating costs and Federal budget restrictions.
[DOE News Release R-88-159; and Rickover and the Nuclear Navy, p. 227] /

3. SL-1 (Stationary Low Power Reactor = 1) [10/24/58]

General Data

Owner AEC [Reactor Accidents, p. 37)

Location Idaho Falls, ID [lbid, p. 31)

Reactor 0.30 MWe BWR prototype reactor designed to meet the electrical needs of remote U.S. military
instaliations. [DOE/OSTI-8200, p. |11-22; and Reactor Accidents, p. 31]

First Electricity 10/24/58 [Reactor Accidents, p. 41)

Designer Pioneer Service & Engineering [Atomic Energy Deskbook, p. 503]

Builder Fegles Construction [AEC SL-1 Repont, p. 4]

Cost to Build $2.59 million [Nucleonics Week, 01/05/61, p. 2]

Licensing Not licensed.

Operating Data

@ The plant produced 1937 MW-hrs of electricity over its 1.11 yr operating life. [WASH-1203-71, p. 11]

® The plant's Lifetime Capacity Factor, caiculated using the above data, was 66.4%.

Decommissioning Plant cleanup began on 01/08/61. The reactor was shipped from the site on 12/01/61.
Decommissioning was completed during 07/00/62. [Nucleonics Week, 12/07/61, p. 1; Nuclear Age, p. 139; and
Reactor Accidents, pp. 39-40]

Problems
11/11/60 Cadmium strips were added io the reactor's control rods to temporarily repls.ce missing boron
moderator strips. With control rods fully inserted, only a 2% safety margin existed. [M'e7.tor Accidents, p. 38)
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01/03/61 The reactor had been shut down for maintenance on 12/23/60 and was being restarted. A control
rod jammed and, in pulling it free, it was withdrawn 3.3 inches beyond the point needed to achieve criticality.
It and four other control rods blew out of the reactor, impaling a plant operator, and embedded themselves and
the operator in the ceiling. The blast lifted the reactor nine feet off its foundation. Two plant personnel were
killed instantly and another died two hours later. Twenty percent (20%) of the reactor core structure and 47%
of its fuel was destroyed. Radiation was contained within the reactor building. Damage was estimated at $4.35
million. [Ibid, pp. 37-41; AEC SL-1 Report, pp. 25-27, and Cover Up, p. 35] /

4. WTR (Westinghouse Testing Reactor) [08/01/58]

General Data

Owner Westinghouse [DOE/QSTI-8200, p. ili-9]

Location Waltz Miil, PA [ibid]

Reactor 60.0 MW, water cooled and moderated, low pressure and temperature irradiation test reactor.
The reactor was 8'-C" dia. and 32'-6" long. [Ibid and AEC Reports, Vol. 1, pp. 109-110]

Initial Criticality 08/01/59 [Author's estimate and DOE/OSTI-8200, p. 1I-9]

Designer/Builder Westinghouse [AEC Reports, Voi. 1, p. 108-110]

Cost to Build $20 million [Forum, 04/00/62, p. 23]

Licensing CP received 07/03/57; OL received 06/19/59 [AEC Reports, Vol. 1, p. 108; and 1960 Annual
AEC Report, p. 407]

Operating Data No information

Decommissioning On 03/22/62, Westinghouse announced a two-phase decommissioning plan. The first
phase involved removing the reactor’s fuel, selective decontamination, and restricting access to the site, [1962
Annual AEC Repon, p. 423]

Problems

06/19/69 Westinghouse received an OL with the provision that operation of the reactor would begin no later
than 07/07/59. The AEC threatened to revoke the OL when, for unknown reasons, Westinghouse was unable
to meet this deadiine. [AEC Reports, Vol. 1, pp. 186-188)

04/03/60 During a planned increase in power, cladding separated, blocking the transter of heat to the
reactor's coolant, and a fuel element melted. Some reactivity was released to the atmosphere and significant
quantities were discharged into the Youghiogheny River. Pittsburgh's water supply, 29 miles downstream from
the plant, was partially contaminated. Studies by Dr. Sternglass, a local professor, claimed infant mortality rates
increased sharply in those Pittsburgh neighborhoods that used the suspect water. The AEC and others in the
scientific community sharply disagreed with his mortality findings. [Nuclear Age, p. 173; Saga, 10/00/73, p. 60;
Nuclear Witnesses, p. 74; Containing the Atom, p. 335; and Before Its Too Late, p. 258] /

04/13/60 The plant was shut down and never restarted. [NAC Inspection Report 50-22/91-01, p. 1]

06/30/60 Westinghouse was ordered not to restart the plant without specific approval from the AEC . [AEC
Correspondence Log, and 1960 Annual AEC Report, p. 407

03/00/62 Westinghouse said it could not afford the cost of restarting and operating the plant based on
future business prospects. One major program that Westinghouse was counting on that did not materialize was
the AEC's nuclear aircralt program. [Forum, 04/00/82, p. 23]

5. DRESDEN | [04/15/60]
General Data
Owner Commonweaith Edison [DOE/OSTI-8200, ». Iii-1)
Location Morris, IL [Ibid]
Reactor 200.0 MWe BWR ordered 07/00/55 [WASH-1208, p. 1]
First Electricity 04/15/60 [Ibid]
Designer/Constructor Bechtel [NUREG-0020, 01/00/79, p. D-4)
Cost to Build $51 million. [Science News Letter, 10/22/60, p. 265; and Atomic Energy Handbook, p. 129)
Licensing CP received 05/04/56; OL received 09/28/59 [AEC Reports, Vol. 1, pp. 219 & 224)
Operating Data The plant had a Litetime Capacity Factor of 50.56% over the 18.54 yrs it operated. At
the time the national average was 53.69%. [The Silent Bomb, p. 108; and NUREG-0020, 03/00/90, p. 3-6]
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Decommissioning Half the plant's spent fuel was reprocessed at West Valley; the other half remains at
Dresden 1. Chemical cleaning of piping and mothballing began in 1984, Dismantling will begin when Unit 2 is
permanently shui down. [SR/ICNEAF/92-01, pp. 23 & 112; and Nuclear News, 10/00/84, p. 48] /

Problems
12/12/59 A control rod was found in the reactor core, separated from its drive. The first time this happened

was on 11/03/59. A subsequent investigation found the cause of the problem to be control rod drive pins that
were shearing off. [AEC Reports, Vol. 1, pp. 355-356] ¢

05/16/60 50 reactor scrams occurred during the first six months of operation. Due to extensive cracks, all
of the reactor’s zircaloy fuel rods were replaced with stainless steel. However, the stainiess rods also cracked
and powdered boron moderator leached into the reactor coolant. Thus, all of the stainless rods were re-replaced
with zircaioy rods. [Ibid, pp. 355-361; The Silent Bomb, p. 288; and The Careless Atom, p. 125] /

11/15/60 The plant shut down until 06/00/61 to modify all 80 control rod drives. The reactor was drained,
defuelied and the control rod drives shipped to Caiiforia for modification. [Forum, 01/00/61, p. 6] &

00/00/63 The plant was shut down for 36 days to reline the reactor canal. [Power, 05/00/68, p. 73] «

1112/65 Tornados destroyed all five incoming power lines, knocking the plant out of commission until off-
site power could be restored the next day. [Power, 02/00/66, p. 92; and 1965 Annual AEC Report, p. 317)

00/00/66 Cracks were found in seeral sections of small-diameter piping. Tests were unable to determine
the reason for the cracks. [1966 Annual AEC Report, p. 413]

00/00/67 The plant was dcwn for 21 days to overhaul the reactor's control rod drive mechanisms. (Ibid]

09/23/68 Water from a plugged roof drain seeped into a control room electrical panel, knocking out part
of the plant's power supply systern. [Nugget File, p. 9]

06/19/71 The AEC ordered the utility to modify the plant's emergency cere cooling piping system or greatly
increase its in-service inspection of the system. [Nucleonics Week, 06/24/71, pp. 1-3] /

08/00/71 Incomplete grounding of filters in an off-gas system resulted in a gas explosion. [Nuciear News,
03/00/77, p. 41]

11/00/73 Leaking heat exchangers, faulty valves, turbine problems, and bent and warped control rods drove
the cost of operating the plant beyond that of an equivalent fossil plant. A $700,000 study found extensive
contamination throughout the facility. The study estimated decontamination would cost $30 million. (Friends
in High Places, pp. 111, 201 & 202; Nuciear Witnesses, p. 258; and WASH-1203-73, pp. 22-24] /

08/09/74 1130 galions of liquid radioactive waste was accidently discharged into the Des Plaines River.
[Time Bomb, p. 176; and Nuclear Witnesses, p. xxii] ¥

09/21/74 Because of cracks in Dresden 2 reactor coolant piping, the AEC ordered Dresden 1 to shut down
untii the utility inspected for similar cracks in its piping. [The New York Times, 09/22/74, pp. 1 & 34]

01/29/75 Due to cracks in Dresden 2 emergency core cooling piping, the NRC ordered Dresden 1 shut
down until the utility inspected for simiiar cracks in its piping. [The New York Times, 01/30/75, pp. 1 & 11]

10/31/78 The plant was shut down to clean contamination that had built up in the plant’s piping systems
and was not restarted. Because of the plant's size and age, the utility was not willing to meet the NRC's
demands and spend $300 million upgrading its emergency core cooling system. [NUREG-0020, 01/00/79, pp.
D-4 & 5; NUREG-0020, 01/00/81, pp. D-4 & 5; and Nuclear News, 10/00/84, p. 48]

6. YANKEE ROWE [11/10/60]
General Data
Owner Yankee Atomic Electric Company [DOE/OSTI-8200, p. 1-3]
Location Rowe, MA [Ibid]
Reactor 167.0 MWe PWR ordered 06/00/56 [lbid and WASH-1208, p. 1]
First Electricity 11/10/60 [WASH-1208, p. 1]
Designer/Builder Stone & Webster [NUREG-0020, 03/00/90, p. 2-488]
Cost to Build $52.4 million [DOE/EIA-0473, p. 15)
Licensing
® CP received 11/04/57; OL received 12/24/63 [NUREG-1350, p. 86]
@ During 1955, the AEC named Yankee Rowe one of three new nuclear power plants eligible for special
U.8. Government financing and other assistance. [DOE/MA-0152, p. 39)
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Operating Data
e During 1987-89, plant operating and maintenance costs averaged $190.93/kW, the second highest of the
nation's operating nuclear power plants. [Nuclear Lemons, 05/00/89, p. 25, and 04/25/91, p. 10]
@ As of 06/30/90, the plant had a Cumulative SALP Rating of 1.36, the best of the eight oldest operating
plants. It has never received a Category 3 Finding. [NUREG-1214, p 2-21)
e As of 02/28/90, the plant's Lifetime Capacity Factor was 71.5%, well above the national average of
61.9%. Forced outages totalled 9432 hrs (1.1 yrs) and the plant was on-line a total of 202,904 hrs (23.2
yrs), the most of any operating nuclear plant. [NUREG-0020, 03/00/90, p. 2-486)
Decommissicning The plant's spent fuel storage pool holds 533 assemblies. A decommissioning plan
is scheduled to be sent to the NRC during 1994 and decommissioning begin during 1995. Coste are expected
1o total $247 million. [SR/CNEAF/92-01, p. 163; Nuclear News, 07/00/92, p. 27, and Nuclear Waste News, 1992

Sample Edition, pp. 1 & 5]

Problems

12/30/60 During its first 15 weeks of operation, the plant expenenced: a) ieakage at reactor coolant pump
flanges, b) misaligned parts in the reactor head. ¢) low boron concentrations in cooling water, d) poorly located
radiation monitors, e) inadequate shielding, and f) valves installed in the wrong place; valves had to be switched
around. [AEC Reports, Vol. 1, pp. 608-611] /

00/00/65 During refueling, two holes were discovered in the reactor's cladding and several bolts were found
to have failed that were supporting the reactor's thermal shield (1985 Annual AEC Report, p 316) v

06/18/71 The AEC ordered the utility to medify the plant's emergency core cooling piping system or greatly
increase its in-service inspection of the system. [Nucleonics Week 06/24/71, pp. 1-3] ¢/

04/00/73 The utility spent $6 miliion and 6 months to reexamine and repair defective bolts in the reactor
core. [The Wall Street Journal, 05/03/73, p. 1; and WASH-1203-73, p. 27] ¢

08/27/76 Because actual reactor temperatures were higher than assumed in original design calculations,
the NRC ordered a 2% reduction in power to ensure required salety marging [Nuclear News, 10/00/76, p. 34]

02/14/80 A severe crack in a blade caused a turbine failure and an NRC order to 18 utilities to inspect their
turbine blades. [Nuclear News, 04/00/80, p. 123] /

12/00/85 The reactor scrammed twice; initially because the main control board was accidently bumped into
and. later. because maintenance personnel initiated a false test signal. [Nof Worth the Risk, p. 11]

12/31/86 During 1985 and 1986, Yarkee Rowe personnel scored the jowest in the nation on NRC tests
in 1885 only 22% passed the tests and in the next year only 50% passed. [USA Today, 03/21/89, p. 5A] v/

12/31/87 The NRC changed its rules, it decided to require that key plant personnel pass a speciai
proficiency test. Thirty-three percent (33%) of Yankee Rowe personne failed the test. The industry average
was 14%. [Ibid; and Not Worth the Risk, p. 21]

10/01/91 The reactor was permanently shut down in the wake of concems by the NRC and Union of Con-
cemed Scientists that years of operation had so embrittied the reactor it no longer met regulations and could
rupture at any time. The utility estimated it would have cost $23 million to prove the reactor met reguiations
[Nuclear News, 07/00/91, p. 26, The Nuclear Monitor. 10/07/81, pp. 1-2: The Washington Post, 02/27/92, p A3,
Nuclear Safety, 04/00/92-06/00/92, p. 277, and Nuclear Waste News, 1992 Sample Edition, p. 1]

!
7. INDIAN POINT 1 [09/16/62]

General Data

Owner Consolidated Edison [DOE/OSTI-8200, p. li-1]

Location Buchanan, NY [ibid]

Reactor 265.0 MWe PWR ordered 02/00/55 [WASH-1208, p

First Electricity 09/16/62 [lbid]

Designer Vitro Engineering [Atomic Energy Deskbook, p 237]

Builder Owner [NUREG-0020, 01/00/77, p. 2-50]

Cost to Build $263 million. [AEC Reports, Vol. 1, p. 793]

Licensing CP received 05/04/56; OL received 03/26/62 [WASH-1208, p. 1; AEC Reports, Vol. 1, p. 789,
and Nuclear Safety, 01/00/71-02/00/71, p. 65]
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Operating Data The plant’s Lifetime Capacity Factor was 37.78% over the 12.12 yrs it operated. At the
time, the national average was 51.7%. [The Silent Bomb, pp. 107-108; NUREG-0020, 03/00/90, p. 3-6)

Decommissioning The reactor was defuelled on 12/30/76. The piant's spent fuel storage pool current
holds and will continue holding 30.6 metric tons of the spent fuel, because of the disruptive affect further
decommissioning would have on Indian Point 2&3. [NUREG-0020, 01/00/77, p. 2-50; Nuclear Power in Crisis,
p. 212; and SR/CNEAF/92-01, p. 28]

Problems

11/00/62 The plant was down for 6 weeks to install a new type of reactor control rod drive system. WASH-
1203-73, p. 28]

02/00/64 The plant was down 6 months to install a stainless steel liner in its fuei transfer canal. [Ibid] /

10/00/65 The plant was down 7 months to refuel and repair broken reactor control rod dnives. [ibid] /

05/20/70 The piant had been shut down since 03/20/70 for refueling. During start-up on 05/20/70, pieces
of broken thermal sleeve were spotted in the reactor. The reactor was shut-down to retrieve the material.
Closer examination revealed that, after the sleeve failed, another larger pipe cracked that the sleeve was
designed to protect from overheating [refer to similar problem at Nine Mile Point 1]. To complete required
repairs, the utility brought in 700 people to work for a few minutes each prior to receiving their maximum three-
to six-month radiation dose. The plant was not restarted until 02/00/71. [The New York Times, 06/30/70, pp.
1 & 34; The Silent Bomb, p. 354; The New York Times Magazine, 02/07/71, p. 16; Engineering News-Record,
07/16/70, p. 22; and WASH-1203-73, p. 29] /

06/19/71 The AEC ordered the utility to modify the plant's emergency core cooling piping system or greatly
increase its in-service inspection of the system. [Nucleonics Week, 06/24/71, pp. 1-3] /

01/22/74 The plant was rastarted after being out of service since 12/00/72 to repair leaks in its steam gene-
rator feedwater system. Because of high radiation fields, about 1500 persons were sent in for a few minutes
each to repair the system. The cost was $2 million. [The Wall Street Journal, 01/22/74, p. 18; Nuclear News,
09/00/75, pp. 54 & 56, and WASH-1203-73, p. 28] ¢/

10/31/74 The plant was permanently shut down. The utility decided not to spend $20 million to install the
emergency core cooling piping system required by the AEC. Also, eddy current testing of steam generators
found problems that would have reguired additional expenditures. [Nucleonics Week, 11/14/74, p. 8, and
NUREG-1350, p. 90]

8. SAXTON [11/16/62]

General Data

Owner Saxton Nuclear Experimental Corporation, a subsidiary of GPU Nuclear [Forum, 04/00/62, p. 23;
and DOE/QSTI-8200, p. HI-5]

Location Saxton, PA [DOE/OSTI-8200, p. ill-5]

Reactor 3.2 MWe BWR [Ibid and WASH-1203-71, p. 7]

First Electricity 11/16/62 [WASH-1203-71, p. 7]

Designer/Builder Gilbert Associates (Forum, 08/00/61, p. 31]

Cost to Build $6.25 million [AEC Reports, Vol. 1, p. 289]

Licensing CP received 02/11/80; OL received 10/03/62 [AEC Reports, Vol. 2, p. 158; and Nuclear Safety,
01/00/71-02/00/71, p. 66]

Operating Data The plant's Lifetime Capacity Factor was 26.5%. [WASH-1203-71, p. 14 and WASH-
1203-72, p.10]

Decommissioning Phase 1, which included removal of 99% or more of the fa . , s contami %2d items,
was completed during 1973 at a cost of $500,000. Spent fuel and other high-level waste were shipped to
Savannah River. [Decommissioning of Nuclear Power Facilities, p. 27; The Menace of Atomic Energy, p. 140;
and NRC Report 50-146/86-01, p. 8]

Problems
12/01/63 The plant's reactor scrammed 19 times during its first year of operation. [Nuclear Safety, Spring
1964, p. 273) ¢/
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11/00/68 The plant was shut down until 12/00/69 for repairs, maintenance, modifications, and refueling.
[WASH-1203-71, p. 52] v

03/00/71 The plant was shut down until 11/00/71 for plant modifications. [Ibid] v

05/01/72 The plant was closed permanently; the reason is not known. [NRC Report 50-146/86-01, p. 8)

9. BIG ROCK POINT [12/08/62]

General Data

Owner Consumers Power [DOE/OSTI-8200, p. II-1]

Location Charlevoix, Ml [NUREG-1350, p. 69]

Reactor 69.0 MWe BWR orderad 12/00/59 [ibid and WASH-1208, p. 1]

First Electricity 12/08/62 [WASH-1208, p. 1]

Designer/Builder Bechtel [NUREG-0020, 03/00/90, p. 2-024]

Cost to Bulid $26.2 million [COO-284, p. 17]

Licensing

e CP received 05/31/60; OL received 05/01/64 [NUREG-1350, p. 69)]

® During 1957, the AEC named Big Rock Point one of five new nuclear power plants eligible for special
U.S. Government financing and other assistance. [DOE/MA-0152, p. 39]

e During 05/00/68, Big Rock Point became the first plant to be subjected to an AEC compliance inspection
(Division of Nuclear Material Safeguards). [AEC Fact Book, p. E-21]

Operating Data

@ On 07/22/77, the plant broke the world record for continuous power generation, 343 consecutive days.
[Nuclear News, 09/00/77, p. 40]

® As of 06/30/90, the plant had a Cumulative SALP Rating of 1.69. Three Category 3 Findings have been
reported since its first SALP inspection during 02/00/81. One Finding pertained to management of out-
ages; the other two pertained to radiation controls. [NUREG-1214, p. 2-40]

@ As of 02/28/90, the plant had a Lifetime Capacity Factor of 56.3%, below the national average of 61.9%.
Forced outages totalied 12,831 hrs (1.5 yrs) and on-line hrs totalled 167,706 (18.1 yrs). [NUREG-0020,
03/00/90, p. 2-022; NUREG-1350, p. 31; and Nuclear News, 05/00/91, pp. 44-49)

® During 1987-89, the plant had the highest operating and maintenance costs of the nation's operating
nuclear power plants. [Nuclear Lemons, 05/00/88, p. 25, and 04/25/81, p. 10] /

@ During 1987-89, the plant released 84,021 curies of radioactive gas, steam, and water (o the environment.
This was the second highest release of the nation's operating nuclear power plants. The national aver-
age was 2995 curies/yr. (Nuclear Lemons, 05/00/89, p. 19, and 04/25/81, p. 7] ¢/

® During 1989-90, the plant experienced no safety system actuations or significant operating events, the
best record of the nation's 111 operating nuclear power plants. [Nuclear Lemons, 04/25/91, p. A48)

Problems

05/00/63 The plant was shut down to repair the following problems: a) loose screws that had fallen into
and jammed key moving parts, b) seven broken studs that had been supporting thermal shieiding in the reactor,
¢) stuck contro! rod drive mechanisms, d) a valve that had been malfunctioning for what was determined to be
12 ditferent reasons, e) debris lodged between reactor control rods, and f) cracked welds on two different critical
components. (Nuclear Lessons, p. 72, and COO-284, pp. 37-40] /

09/18/64 The core shroud and reactor thermal shield seai was damaged as a result of flow-induced vibra-
tion. Repairs necessitated a one-year outage. [COO-284, pp. 26, 38, & 39; and The Silent Bomb, p. 282] ¢«

10/00/67 Atter sutfering with stress corrosion cracking of stainless steel fuel elements for more than a year,
the plant switched over to zircaloy elements. [The Careless Atom, pp. 125-126; and WASH-1203-73, p. 30]

01/00/71 A Strategic Air Command B-52 bomber, heading toward the plant during a routine training flight,
crashed about 20 seconds short of the reactor building. All nine crew members were killed. [Normal Accidents,
p. 41; and The New York Times, 08/14/71, p. 21]

06/19/71 The AEC ordered the utility to modify the plant's emergency core cooling piping system or greatly
increase its in-service inspection of the system. [Nucleonics Week, 06/24/71, pp. 1-3] /

09/21/74 The piant was ordered shut down by the AEC until its reactor coolant (RC) piping could be
reexamined. Cracks had been found in Dresden 2 RC piping. [The New York Times, (9/22/74, pp. 1 & 34]
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0117775 The plant was shut down for repairs when inspections and tests found its emergency core cooling
(ECC) system switches did not always work properly. The ECC system is supposed to flood the reactor core
in the event regular cooling systems fail. [The Wall Street Journal, 01/17/75, p. 21]

01/29/75 The plant was orderad shut down by the NRC until its ECC piping couid be reexamined. Cracks
had been found in Dresden 2 ECC piping. [The New York Times, 01/30/75, pp. 1 & 11]

02/22/84 Three of four containment isolation valves failed during routine in-service testing. [7984-1985
Nuclear Power Safety Report, pp. 25-26) /

10. HUMBOLDT BAY [04/18/63]

General Data

Owner Pacific Gas & Electric [DOE/OSTI-8200, p. ll1-1]

Location Eureka, CA [Ibid]

Reactor 65.0 MWe BWR ordered 02/00/58 [WASH-1208, p. 1]

First Electricity 04/18/63 [Ibid|

Designer/Builder Bechtel [Power, 10/00/68, p. S-8, and AEC Reports, Vol. 1, p. 530]

Cost to Build $24.2 million [COO-284, p. 17)

Licensing CP received 11/09/60; OL received 08/28/62 [AEC Reports, Vol. 2, p. 144; and NUREG-1350,
p. 90

Operating Data The plant's Lifetime Capacity Factor was 60.6% over the 13.21 yrs it operated. At the

time, the U.S. average was 53.7%. [The Silent Bomb, p. 108; and NUREG-0020, 01/00/77, p. 2-49]

Decommissioning 270 fuel assemblies were sent to West Valley where they were reprocessed. 388
assemblies are still in Humboldt Bay's spent fuel storage pool. The reactor is in “dry storage”. The plant will
be decommissioned at an estimated cost of $58 million once a Federal high level waste repository is available
to receive its remaining spent fuel. [SR/CNEAF/92-01, pp. 23 & 30; and Nucleonics Week, 07/30/87, p. 15]

Problems

10/26/63 The plant was down for a month to repair a leaky reactor head. [COO-284, p. 180; and WASH-
1203-73, p. 32)

09/14/65 The plant was shut down and 25% of its stainless fuel rods were replaced with zircaloy rods.
During 06/00/65, radioactivity in stack gases began to increase and, by 09/00/65, exceeded by 35 curies/second
the AEC's upper limit of 50 curies/second. [The Careless Atom, pp. 111-116] /

12/29/66 The plant achieved full-power for the first time since initial operation. it was shut down from
11/21/66 through 12/20/66 for refueling and to replace another 50% of its stainless rods with zircaloy rods. [ibid
and Nucieonics Week, 01/05/67, p. 4]

06/00/70 A fired plant employee, Robert Rowan, went to the AEC with a list of 49 alleged safety violations
at the plant. The AEC found two of the allegations to be true. [The Wali Street Joumal, 12/27/71, p. 9; and
USCEA Report, p. 1} /

07/17/70 An operator error resulted in an electrical “fireball” that destroyed the plant's 60,000 volt bus and
scrammed the reactor. Valves stuck that should have closed, the wrong valves opened, internal reactor pres-
sure rose rapidly, and several piping connections started to leak. During the confusion, 250 gallons of untreated
(raw) water were introduced into the reactor to prevent uncovering the core. [Nugget File, p. 24; and Normal
Accidents, p. 47) /

09/21/74 The plant was ordered shut down by the AEC until its reactor coolant (RC) piping could be
reexamined. Cracks had been found in Dresden 2 RC piping. [The New York Times, 09/22/74, pp. 1 & 34]

01/29/75 The NRC ordered the plant shut down until its emergency core cooling (ECC) piping could be
reexamined. Cracks had been found in Dresden 2 ECC piping. [The New York Times, 01/30/75, pp. 1 & 11]

03/17/76 A one-inch long crack was discovered in a two-inch diameter pipe in the plant’s reactor coolant
water clean-up system. [Nuclear News, 05/00/76, p. 41]

05/00/76 Plant personnel received excessive radiation exposures. Within the next 12 months, additional
personnel received excessive exposures and the utility was fined $7500. [Nuclear News, 07/00/77, p. 38| ¢/

07/02/76 The plant was shut down to refuel, repair four stuck control rods, and replace a reactor feedwater
sparger and thermal sleeve. Though $21 million had been spent on geologic studies and seismic supports, the
NRC required about $500 million in further seismic upgrades before restarting the plant. The utility decided to
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permanently ciose the plant. [Engineering News-Record, 12/15/77, pp. 20-21; 1976 NRC Annual Report, p. 31,
Nuclear News, 08/00/83, p. 57; and NUREG-0020, 01/00/77, p. 2-48] ¢/

08/0¢ 77 The utility was fined $7500 for permitting employees to receive excessive radiation exposures.
Three separate violatic .3 were identified over a 12 month period. [Nuclear News, 07/00/77, p. 38)

11. HALLAM [05/29/63,
Data
Owner AEC and Consumers Public Power District [DOE/OSTI-8200, p. liI-1]
Location Hallam, NE [Ibid]
Reactor 75.0 MWe sodium-cooled,graphite-moderated reactor ordered 09/00/57 [lbid; AEC Reports, Vol.
1, p. 368; and WASH-1208, p. 1]
First Electricity 05/29/63 [WASH-1208, p. 1]
Designer Bechtel [COO-284, p. 13]
Builder Peter Kiewit & Sons [CO0-284, p. 148, and AEC Reports, Vol. 1, pp. 375-377]
Cost to Build $60.3 million [COO-284, p. 17]
Licensing
@ CP received 06/06/60; OL received 01/02/62. OL terminated 07/20/71 [WASH-1208, p. 1, AEC Fact
Book, p. IX-4; AEC Reports, Vol. 2, p. 94; and NUREG-1350, p. 90]
o During 1955, the AEC named Hallam one of three new nuclear power plants eligible for special UJ.S.
Gevernment financing and other assistance. [DOE/MA-0152, p. 39]
Operating Data
@ The plant produced 192,458 MW-hrs of electricity over the 1.26 years it was in operation. [NUREG-0020,
03/00/90, p. 3-6;, and WASH-1203-71, p. 9]
® The piant's Lifetime Capacity Factor, calculated using the above data, was 23.25%.
Decommissioning Work began 11/03/67. The reactor was entombed during 1868. [DOE/QOSTI-8200, p.
-1, AEC Fact Book, p. E-18]

Problems

06/22/60 The reactor vessel slipped off the vehicle transporting it to the plant site. It rolied down a hill and
150 fest into a field. Damage to the reactor was minor. [1960 Annual AEC Repont, pp. 46-47] &

08/03/63 The plant shut down for three months to investigate and repair axcessive leakag® of helium from

ntrol rod thimbles. [COO-284, p. 151]

04/24/64 The plant was shut down to repair a sodium pump seal and investigate why four graphite moder-
ator elements had failed. [lbid, p. 162] #/

09/27/64 The reactor was shut down after it was determined that sodium coolant was attacking the graphite
core. [Ibid, p. 142; and NUREG-1350, p. 90) v

08/09/65 The AEC rejected the utility's pians to repair the reactor and, citing unresolvabie technical prob-
lems with the reactor, terminated its operating contract with the utility. [COO-284, p. 142, Nucleonics Week,
12/23/85, p. 3; and AEC Fact Book, p. D-5]

12. ELK RIVER [08/24/63]

General Data

Owner AEC and Rural Cooperative Power Association [DOE/OSTI-8200, p. ill-1]

Location Elk River, MN [WASH-1208, p. 1]

Reactor 22.0 MWe BWR, with superheater, ordered 06/00/58 [WASH-1208, p. 1; and 1968 Annual AEC
Report, p. 9]

First Electricity 08/24/63 [lIbid)

Designer Sargent & Lundy [Ibid]

Bullder Maxon Construction [Nuclear industry, 02/00/77, p. 8)

Cost to Build $14.4 milion [COO-284, p. 17]

Licensing

o CP received 12/18/59; OL received 11/06/62. During June 1870, OL was changed to "possession only".

[NUREG-1350, p. 90; AEC Fact Book, p. E-31; and AEC Reports, Vol. 2, p. 215)
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@ During 1956, the AEC named Elk River one of four new nuclear power plants eligible for special U.S.
Govemment financing and other assistance. [DOE/MA-0152, p. 39]
Operating Data
® The plant produced 510,598 MW-hrs of electricity over 4.44 yrs that it was in operation. [NUREG-0020,
03/00/90, p. 3-6; and WASH-1203-71, p. 9]
® The plant's Lifetime Capacity Factor, calculated using the above data, was 59.67%.
Decommissioning During 03/00/71, the AEC and utility reached an agreement to dismantle the reactor.
Work began in 1972 and took two years and $6.2 million to complete. [AEC Fact Book, p. D-9; EMD-77-46,
p. 9; and Nuclear Industry, 02/00/77, pp. 8-9}

Problems

00/00/60 Cracks were discovered in four 17-inch reactor nozzles. Repairs took 6 weeks and delayed plant
start-up. [1960 Annual AEC Report, pp. 30-31]

00/00/61 Plant constructicn personnel chipped and drilled grout out of a thermal expansion gap below the
reactor. Stress anaiyses were conducted to verify that the reactor, which had been heated to 425°F, had not
been damaged when it expanded into the filled-in space. [COO-284, pp. 118 & 127] v

04/00/62 The reactor's stainless steel cladding was tested and found acceptable after being removed and
replaced, and reexamined. The reactor had been built in California between 10/00/58 and 01/00/60. Cracks
were found in the cladding's welds during 03/00/61, after it had been shipped to the power plant. [AEC Reports,
Vol. 2, pp. 226-237; and COO-284, pp. 129-130) /

06/05/62 The Advisory Committee on Reactor Safeguards limited operation of the repaired reactor to five
years or 250 thermal cycles, whichever occurred first. [CCO-284, p. 129] /

032/26/64 The plant was down until 07/06/64 to modify feedwater piping. The piping had been vibrating.
(Ibid, p. 130] ¢

02/01/68 The plant was permanently shut down because of leakage in the reactor coolant piping system
and other unspecified "technical problems". [AEC Fact Book, p. E-31; DOE/OSTI-8200, p. lli-1; and NUREG-
1350, p. 90}

13. PIQUA [11/04/63]
General Data
Owner AEC and City of Piqua [DOE/OSTI-8200, p. I1i-2]
Loecation Piqua, OH [Ibid]
Reactor 11.4 MWe organically cooled and moderated reactor ordered 06/00/59. Capable of using low-
enrichment uranium. The reactor was 6'-8" dia. and 29'-0" long. (Ibid, The New York Times, 09/28/56, p. 40;
and WASH-1208, p. 1]
First Electricity 11/04/63 [WASH-1208, p. 1]
Designer Hoimes & Narver (lbid]
Builder Atomics International [AEC Reports, Vol. 2, pp. 74-76)
Cost to Build $8.2 million [COO-284, p. 17]
Licensing
® CP received 01/28/60; OL received 08/63/62 and terminated 04/24/69. [AEC Reports, Vol. 2, p. 74, AEC
Fact Book, p. E-27; and NUREG-1350, p. 90)

o During 1956, the AEC named Piqua one of four new nuclear power plants eligible for special U.S.
Govemment financing and other assistance. [DOE/MA-0152, p. 39]

Operating Data

@ The plant produced 70,601 MW-hrs of electricity, 20% of Piqua's needs, over the 2.16 yrs it was in opera-
tion. [NUREG-0020, 03/00/90, p. 3-6; WASH-1203-71, p. 9; and Nucleonics Week, 12/23/65, p. 3]

® The piant's Lifetime Capacity Factor, caiculated using the above data, was 32.73%.

Decommissioning Work on entombing the reactor in sand was completed in 02/00/69. The reactor
building was converted to a warehouse. [DOE/OSTI-8200, p. HlI-2; EMD-77-46, p. 9; Decommissioning of
Nuclear Power Facilities, p. 27, and The Decommissioning of Nuclear Plants, p. 8]



Supplement V NUCLEAR PLANTS BUILT PRIOR TO 1971 Page 1

Problems
05/25/63 Defects were found in HVAC equipment during start-up. Because the original builder was no

longer on site, repairs took longer than expected. Due to this and a fire, instead of the one month scheduled,
preoperational testing took sixteen months. (COO-284, pp. 253-254; and 1962 Annual AEC Report, p. 147)

12/00/65 From 01/00/64 to 12/00/65, the plant was shut down three times for repairs and modifications to
control rod drive systems. [COO-284, p. 258] v

01/01/66 The plant was shut down to repair malfunctioning control rods and was never restarted. During
repairs, extensive carbon deposits on fuel elements, and core damage was identified. [Ibid, pp. 259-260;
WASH-1208, p. 1; 1966 Annual AEC Report, p. 415; and NUREG-1350, p. 80] /

12/13/67 The AEC terminated its operating contract with the City of Piqua, presumably because of the
plant's relatively high operating costs. [WASH-1208, p. 1, and 1967 Annual AEC Report, p. 327/

14. CVTR (Carviinas-Virginia Tube Reactor) [12/18/63]
Data
Owner Carolinas Virginia Nuclear Power Associates, a consortium of four utilities. [DOE/OSTI-8200, p.
1lI-1; and AEC Reports, Vol. 1, p. 304]
Location Parr, SC [WASH-1208, p. 1)
Reactor 17.0 MWe heavy water reactor ordered 01/00/58. The reactor had 42 U-tubes and was 10°-3°
dia. and 11"-0" high. [Ibid; DOE/OSTI-8200, p. ill-1; and AEC Reports, Vol. 2, pp. 306-307)
First eiectricity 12/18/63 [WASH-1208, p. 1] .
Designer Stone & Webster [Ibid; and AEC Reports, Vol. 1. p. 311]
Builder Daniel Construction [COO-284, p. 103]
Cost to Build $19.3 million [Ibid, p. 17]
Licensing
® CP received 05/04/60. OL receivad 11/27/62, converted to a "possess anly* OL on 07/14/67, and termi-
nated on 06/25/68. [AEC Reports, Vol. 2, p. 183; AEC Fact Book, p. E-24; NUREG-1350, p. 90; and
DOE/OSTI-8200, p. 1]
@ During 1957, the AEC named CVTR one of five new nuclear power plants eligible for special U.S.
Govemment financing and other assistance. DOE/MA-0152, p. 39]
Operating Data
® The plant produced 212,216 MW-hrs of electricity over the 3.04 yrs it was in operation. [NUREG 0020,
03/00/90, p. 3-6; and WASH-1203-71, p. 9]
® The plant’s Lifetime Capacity Factor, calculated using the above data, was 46.88%.
Decommissioning Decontamination was completed in 1970. About 3.5 metric tons of CVTR spent fuel
were shipped to Wes\ Valley. (The Decommissioning of Nuclear Plants, p. 8, and Nuclear Witnesses, p. 239]

Problems

12/16/63 Numerous problems were experienced during plant start-up. The problems wers due to manufac-
turing defects in off-the-shelf equipment or wear and leakage at locations where tight tolerances were not met
during field installation. [COO-284, p. 103} ¢/

03/08/66 Stress corrosion cracks were detectad in stainless stee! piping and mechanical equipment. While
the plant was shut down for repairs, defective fuel elements were found inside the reactor, removed, and
replaced. [1966 Annual AEC Report, p. 418] /

01/24/67 The plant was shut down and never restarted. The AEC told Congress the reactor's zircaloy fuel
rods had been failing and, earlier, fuei cladding failures had also been experienced using both stainless and
Incaloy rods. [The Careless Atom, pp. 126-127; and DOE/OSTI-8200, p. lli-1] /

06/00/67 The utility formally decided to deactivate the reactor; supposedly because it was unable to find
a suitable solution to its fuel rod problems. [AEC Fact Book, p. D-6]

15. BONUS (BOiing water NUciear Superheater Reactor) [08/14/64]
Genera! Data
Owner AEC and Puerto Rico Water Resources Authority [DOE/OSTI-8200, p. Hii-1]
Location Punta Higuera, PR [Ibid)
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Reactor 16.5 MWe BWR with integral superheater. Ordered 12/00/59. (Ibid; and WASH-1208, p. 1]
First electricity 08/14/64 [WASH-1208, p. 1)
Designer Jackson & Moreland ([Ibid]
Builder Maxon Construction. [AEC Reports, Vol. 1, pp. 421-422]
Cost to Build $18.0 million [COO-284, p. 17]
Licensing
o CP received 12/23/59; OL issued 04/02/64. The plant's OL. was terminated 06/05/72. [ibid, p. 54; AEC
Fact Book, p. I1X-4; and NUREG-1350, p. 90]
@ During 1956, the AEC named Bonus one of four new nuciear power plants eligible for special U.S.
Government financing and other assistance. [DOE/MA-0152, p. 39]
Operating Data
@ The plant produced 68,297 MW-hrs of electricity during the 3.80 yrs it was in operation. [WASH-1203-73,
p. 9; and NUREG-0020, 03/00/90, p. 3-6]
® The plant's Lifetime Capacity Factor, calculated using the abcve data, was 12.43%.
Decommissioning On 08/11/89, the AEC ordered the utility to begin dismantling the plant. The reactor
was entembed and Phase 2 decommissioning completed during 1870. About 5.1 metric tons of spent fuel was
shipped to West Valley. [WASH-1208, p. 1; The Decommissioning of Nuclear Plants, p. 8, EMD-77-46, p. 9,
and Nuclear Witnesses, p. 239)

Problems

00/00/60 The stainless steel cladding on superheater fuel elements failed during tests. Additional tests
were started to find a suitable alternate material. (1962 Annual AEC Report, p. 150] &

02/00/63 Fabrication of the reactor vessel was completed in 29 months, severely delaying plant start-up.
The reactor was originally scheduled to be completed in 12 months. [COO-284, p. 65]

10/00/64 The reactor scrammed 55 times in five months, mostly because of operator errors, voltage dips
during thunderstorms, and instrument failures. [ibid, pp. 70 & 78] v

11/11/64 Plant operators closed the wrong valve, causing a jump in reactor power and pressure. Instead
of scramming the reactor, power was gradually reduced, a procedural violation that could have resulted in a
serious accident. Five fuel rods failed during the incident. An investigation attributed their failure to a variety
of factors including weld defects. [Nuclear Lessons, p. 180; and Nuciear Safety, Fall 1965, pp. 113-118] /

03/11/85 A valve in the reactor containment spray system failed, flooding the reactor with 3100 gallons of
untreated water. The reactor had to be cleaned and flushed prior to being restarted. [COO-284, p. 73] ¢

04/10/66 Dus to hydrogen build-up in the reactor’s control rod drive housings, the reactor was shut down
and a ventilation eystem installed in the housings. (1966 Annual AEC Repert, p. 417) /

08/00/67 The plant was shut down because of core flow restrictions caused by crud buiid-up in the reactor.
[1967 Annual AEC Report, pp. 95 & 327) /

06/01/68 The reactor was permanently shut down because the NRC was not willing to continue funding
maijor repairs and modifications. Chloride stress corrosion would have required replacing superheater piping.
The reactor's core and control rod drives would have also required maijor repairs or modifications. [NUREG-
1350, p. 90; Nuclear News, 07/00/77, p. 105, 1967 Annual AEC Repori, p. 95, and Power, 09/00/68, p. 116)

16. HANFORD-N [04/08/66]

General Data

Owner DOE [DOE/OSTI-8200, p. 11-8]

Location Richland, WA [Ibid]

Reactor 860.0 MWe water-cooled, graphite-mederated reactor ordered 04/00/63 This was a dual purpose
reactor, producing both steam for electricity and plutonium for riuclear weapons [lbid;, and WASH-1208, p. 2)

First Electricity 04/08/66; initial criticality, required for plutonium production, was achieved 12/31/63.
[WASH-1208, p. 2, and AEC Fact Book, p. C-7]

Designer Burns & Roe (lbid]

Builder Kaiser Engineers. Construction began 05/01/59. [AEC Fact Book, p. C-5, and The New York
Times, 05/21/59, p. 5]

Cost to Build $145 million. [The New York Times, 05/21/58, p. 5]
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Licensing Not licensed

Operational Data

@ The plant was out of service for a total of seven months during 1966 and 1967 because of trade council
strikes. It was shut down on 01/28/71 and restarted 07/12/71 under a three-year agreament with WPPSS
(Washington Public Power Supply System). It was shut down again 05/12/73 after fulfilling its electrical
commitments to WPPSS. It resumed operation a few weeks later; however, its operating history after
1974 is rather sketchy. [AEC Fact Book, pp. C-5, 14, 16, & 19; and WASH-1203-73, p. 36]

® The plant generated 67,979,085 MW-hrs of electricity over its life. Based on this, its Lifetime Capacity
Factor was 43.7%. [Nucleonics Week, 03/05/87, p. 18]

@ During the early 1980s, Hanford-N reactor scrams were 10 times more frequent than that of a typical
licensed reactor. [The New York Times, 05/03/86, p. AS] v

Decommissioning On 08/14/91, DOE announced the plant would be decommissioned. [DOE News

Release R-91-172]

Problems

00/00/68 Work began on retubing 10 of the plant's 12 steam generators. About 20 miles of stainless steel
tubes were removed and replaced with Inconel tubes. (1968 Annual AEC Report, p. 36] &

09/30/70 Both the primary and back-up control rod drive systems falled. A secondary scram system was
activated that dumped a hopper full of graphite balls into the reactor. It took months to clean the graphite out
of the reactor. [Decline and Fail, p. 101)/

02/04/71 Dismantling of thi reactor was stopped by the White House. The reactor was shut down on
01/28/71 due to a lack ot funds and bucause the reactor was “unreliable and a possible safety hazard®. One
Government official said the plant was subject to frequent breakdowns because of "z sloppy engineering job"
and it would cost millions to bring it up to “acceptable standards®. [The Washington Post, 02/05/71, p. A0S; and
The New York Times, 02/07/71, p. 61] /

07/08/79 The reactor tripped 3 times in 12 days. Once each when the wrong valve closed, fuel cladding
broke off into the reactor's coolant, and offsite power was lost. [Nuclear News, 08/00/77, p. 40] /

01/06/86 The plant was placed in standby condition in response to Congressional concerns about the
capability of its emergency core cooling system. [NAS Study, p. viii]

04/26/86 Because of the Chernobyl accident, Congress asked the National Academy of Sciences (NAS)
to study the possibility of a similar accident at Hanford-N. The NAS found that swelling of graphite blocks in the
reactor's moderator stack had bent: a) horizontal control rod channels, b) vertical channels for the boron carbide-
bali scram system, and c¢) process and cooling water tubes running through the stack. Also, years of irradiation
had embrittled tubing materials embedded in the graphite blocks. [Ibid, pp. vii & 20-22] /

05/00/86 Six fuel rod failures occurred within three months, partially because of damage trom scaling inside
the reactor. [The New York Times, 05/03/86, p. AS] /

01/07/87 The plant was shut down in order to begin work on a $110 million safety systems modemization
program. [Nuclear Age, p. 302] ¥/

10/00/89 DOE decided to defuel and drain the reactor. However, work continued on safety enhancemnents
should it be necessary to restart the plant. [DOE News Release R-91-172]

17. PATHFINDER [07/25/66]
General Data
Owner Northern States Power [DOE/OSTI-8200, p. 111-2)
Location Sioux Falls, SD [COO-284, p. 207]
Reactor 585 MWe BWR with integral superheater; ordered 05/00/57 [Ibid and WASH-1208, p. 1]
First Electricity 07/25/66 [Ibid]
Designer Pioneer Service & Engineering [ibid]
Buiider Fegles Construction [COO-284, p. 207)
Cost to Build $25.8 million [ibid, p. 17]
Licensing
o CP received 05/12/60. An OL was received 03/12/64, modified to a "possess only” OL on 05/14/69, and
terminated on 03/05/73. [lbid, p. 210; WASH-1208, p. 1; and AEC Fact Book, pp. I1X-4 & E-28]
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¢ During 1957, the AEC named Pathfinder one of five new nuclear power plants eligible for speciai U.s.
Govemment financing and other assistance. [DOE/MA-0152, p. 39]
Operating Data
@ The plant produced 96,450 MW-hrs of electricity during the 1.19 yrs it was in operation. [NUREG-0020,
03/00/90, p. 3-6; and WASH-1203-71, p. 9]
® The plant's Lifetime Capacity Factor, caiculated using the above data, was 15.82%.
@ On 09/09/68, the utility announced it would convert Pathfinder to a gas-fired plant. Work was completed
05/00/69 and the plant is still operating. [Nuciear News, 07/00/91, p. 31; and WASH-1208, p. 1]
Decommissioning Partial decommissioning, which included filling the reactor with gravel and sending 9.6
metric tons of spent fuel to West Valley, was completed 11/00/71. On 06/08/91, the reactor was shipped to
DOE's Hanford facility. As of 01/00/92, 1000 tons of low-level radioactive \vaste had been shipped from the
plant to Hanford. Final decommissioning costs are expecieu iv iuial 32 ~ullion. [GAO/RCED-90-208, p. 22;
Nuclear News, 07/00/91, p. 31; The Nuclear Monitor, 01/27/92, p. 8; and Nuclear Witnesses, p. 239]

Problems
03/24/66 Major delays occurred during construction because of: aj desion changes to resolve concems
erpressed by the Advisory Committee on Reactor Safeguards, b) manufactunng qua.*y control problems delayed
shipment of the reactor and reactor fuel, and c) heat-treatment records could not be found for the control rod
drives. As a precaution, they were heat-treated a “second” time. (COO-284, pp. 221, 224, & 225] /
09/00/67 The reactor was shut down due to serious problems with steam separators inside the reactor and
was never re-started. [GAO/RCED-90-208, p. 22; Nuclear News, 07/00/91, p. 31; and COO-284, p. 230] #

18. FERMI 1 [08/05/66]
General Data
Owner Power Reactor Development Company, a consortium of 21 utilities and equipment manufacturers.
[DOE/OSTI-8200, p. Il-1; and Reactor Accidents, p. 45]

Location Lagoona Beach, MI [DOE/OSTI-8200, p. Ili-1]

Reactor 60.9 MWe sodium-cooled fast-breeder reactor ordered 03/00/57 [ibid; and WASH-1208, p. 1]

First electricity 08/05/66 [WASH-1208, p. 1]

Designer Commonwealth Associates [Ibid]

Builder United Engineers & Constructors [Ferm/ 1, p. 167]

Cost to Build $48.8 million [lbid, p. 91]

Licensing

® CP received 08/04/56; OL received 05/10/63. The OL was modified on 05/10/68 to restrict operation to
activities required to support investigation of the cause of the 10/05/66 accident. On 02/10/70, restrictions
were partially lifted to allow reloading fuel. During 07/00/70, they were further relaxed to allow operating
the reactor, assessing damage, and completing repairs. [AEC Fact Book, pp. E-29, D-8, & E-21; AEC
Reports, Vol. 1, p. 129; and NUREG-1350, p. 90]

® During 1855, the AEC named Fermi 1 one of three new nuclear power plants eligible for special U. S.
Government financing and other assistance. [DOE/MA-0152, p. 39]

Operating Data

@ The plant was in operation 6.32 yrs. As of 12/31/71, it had produced 33,430 MW-hrs of electricity.
[NUREG-0020, 03/00/90, p. 3-6; and WASH-1203-71, p. 9]

® Using the above data, as of 12/31/71 the plant's Lifetime Capacity Factor was 0 12%. There is no reason
to believe it changed much before it was permanently shut down. The plant onl r operated about 30 days
and never more than five days in succession. [Unacceptable Risk, p. 64]

@ To compensate for its poor reliability, a $23 million oil-fired power plant was built alongzide Fermi 1. The
plant came on line and produced electricity whenever the reactor was down. (lbid]

Decommissioning A decision to decommission the plant was announced 11/29/72. Phase 1 work was
completed on 10/31/75 at a cost of $7.2 million. About 77,000 gallons of contaminated sodium were drained
from the reactor and stored in drums at the plant. [WASH-1208, p. 1; Unacceptable Risk, p. 84, Decommission-
ing of Nuclear Power Facilities, p. 27; and Fermi 1, pp. 293 & 427
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08/00/59 Six people were seriously injured when a scdium coolant mixture, planned for the Fermi 1 reactor,
exploded during tests at a gravel pit near the proposed plant. [Nuclear Age, p. 156] /

12/00/59 Lab tests found that sodium coolant eroded fuel rods and, in the process, reduced their life
expectancy by 75%. Additional tests, a few months later, found that sodium caused the fuel rods to swell,
reducing the flow of coolant between the rods. This required increasing the space between rods and accepting
a 50% reduction in the reactor's efficiency. [Ibid] /

01/04/63 During start-up tests, sodium leaked out of a faulty valve. The leak went unnoticed until the vola-
tile sodium burst into flames. [lbid, p. 157]

09/00/66 High temperatures were noticed in 2 of 91 fuel assemblies; these same high temperatures had
been detected 3 months earlier. The assemblies were moved to a “cooler” region of the care. Nothing else was
done because, the temperatures were within specifications. (Reactor Accidents, pp. 45-47]

10/04/66 The plant was restarted after an extended outage during which time its steam generators were
repaired. [Power, 12/00/66, p. 100]

10/05/66 Part of two fuel assemblies melted and two others buckled when two of six metal sheets broke
loose inside the reactor, partially blocking the flow of coolant (liquid sodium). The metal sheets were not
identified on as-built drawings. The cause of the accident was verified a year later when periscopes were
lowered into the reactor. The second sheet was found wedged on the underside of the reactor core support
structure during 10/00/68. [Reactor Accidents, pp. 45 & 49; and The Cereless Atom, pp. 156-165] /

05/00/70 As the reactor coolant system was being refilled with sodium, about 200 pounds of sodium leaked
out of a crack, came into contact with water, and exploded. Though there were no serious injuries to workers
or AEC observers, the building was contaminated. [Nuclear Age, p. 158] ¢

00/00/71 Shut downs occurred throughout the year due to steam generator repairs, pump seal and lubrica-
tion failures, shielding problems, and bowing of reactor core subassemblies. [WASH-1203-71, p. 30] v

09/22/72 The plant was closed because it could not be operated economically. [Fermi 1, p. 266] ¢

19. PEACH BOTTOM 1 [01/27/67]

General Data

Owner Philadelphia Electric [DOE/OSTI-8200, p. 111-2]

Location Peach Bottom, PA [lbid]

Reactor 40.0 MWe HTGR ordered 11/00/58 [WASH-1208, p. 1]

First electricity 01/27/67 (Ibid]

Designer/Builder Bechtel [AEC Reports, Vol. 2, p. 23]

Cost to Build $28.1 million [COO-284, p. 17)

Licensing

o CP received 02/02/62; OL received 01/27/67 [AEC Reports, Vol. 2, p. 25; and NUREG-1350, p. 90]

@ During 1957, the AEC named Peach Bottom 1 as one of five new nuclear power plants eligible for special

U.S. Government financing and other assistance. [DOE/MA-0152, p. 39]

Operating Data The plant's Lifetime Capacity Factor, over the 7.76 yrs it was in operation, was 44.5%.
At the time the national average was about 54%. [The Silent Bomb, p. 108; World Nuclear Power Plant Direc-
tory, p. 739; and WASH-1203-73, p. 8]

Decommissioning Removal cf spent fuel and "mothballing” the plant was completed during 02/00/78 at
a cost of $3.5 million. Dismantling the plant may not begin for another 20 years because of the disruptive affect
it would have on Peach Bottom 2&3. [Decommissioning of Nuclear Power Facilities, p. 27, Nuclear Power in
Crisis, p. 212: and GAO/RCED-90-208, p. 24)

Problems

02/03/65 A construction fire in the reactor building destroyed about 1100 electrical cables and a control
board. A heavy layer of soot was deposited over the inside of the building. Completion of construction was
delayed until specially fabricated cables could be replaced. [COO-284, p. 239] v

12/00/65 Cracks were discovered in several steam generator tubes. [1965 Annual AEC Report, p. 311)

02/00/66 Retubing began of the reactor’s superheater which failed as a result of chioride-stress corrosion.
[Power, 02/00/66, p. 93) ¢
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02/00/67 The plant was shut down until 06/00/67 far steam generator repairs. [WASH-1203-73, p. 34) v/

10/00/68 The plant was down until 02/00/69 to remove and repiace eleven damaged fuel rods and examine
the reactor core and steam generators. [Ibid; and 1968 Annual AEC Repont, p. 93] ¢

09/00/69 The plant was down until 07/00/70 to remove 78 damaged fuel rods and place a new core in the
reactor. [WASH-1203-73, p. 34, and 1969 Annual AEC Report, p. 98] ¢/

01/00/72 The plant was down for six months to investigate problems with reactor cooling system instru-
mentation. [Ibid, p. 35] ¢

10/31/74 The plant was paermanently closed because it was too small to be operated economically. [World
Nuclear Power Plant Directory, p. 739; DOE/OSTI-8200, p. lli-2; and Unacceptable Risk, pp. 19 & 22] #

20. SAN ONOFRE 1 [07/16/67]

General Data

Owner Southem California Edison [DOE/OSTI-8200, p. iI-5]

Location San Clemente, CA [Ibid]

Reactor 436.0 MWe PWR ordered 01/00/63 [WASH-1208, p. 2]

First Electricity 07/16/67 [Ibid]

Designer/Builder Bechtel [NUREG-0020, 03/00/90, p. 2-380]

Cost to Build $98.5 milion [DOFE/EIA-0473, p. 15]

Licensing

® CP received 03/02/64; OL received 03/27/67 [NUREG-1350, p. 82)

@ During 1962, the AEC named San Onofre 1 as one of three new nuclear power plants eligible for special
U.S. Govermment financing and other assistance. [DOE/MA-0152, p.39]

Operating Data

® As of 02/28/90, the plant's Lifetime Capacity Factor was 51.0%, the worst of the nation's eight oldest
nuciear units. The plant's 1989-90 Capacity Factor was the eighth worst among operating nuclear power
plants and its 1984 Capacity Factor was the seventh worst. To date, forced outages have totalled 14,509
hrs (1.7 yrs) and on-line hrs totalled 111,099 (12.7 yrs). [NUREG-0020, 03/00/90, p. 2-378; 1984-1985
Nuclear Power Safety Report, p. D3; and Nuclear Lemons, 04/25/91, p. 9]

® As of 06/30/90, the plant had a Cumulative SALP Rating of 1.81. Three Category 3 Findings have been
identified since its first SALP inspection during 08/0C/81. The Findings pertained to inadequacies in radio-
logical controls, maintenance, and security. [NUREG-1214, p. 2-11]

® During 1989-90, the plant had the fourth highest operating and maintenance costs of the nation's 111
operating nuclear power plants. [Nuclear Lemons, 04/25/91, p. 10] /

Decommissioning Final decommissioning will not begin until San Onofre 2&3 are ready 1o permanently

shut down because of the disruptive affect it would have on these two units. [Nuclear Power in Crisis, p. 212]

Probiems

09/08/68 The plant restarted after being down since 03/12/68 due to a major switchgear fire. Faulty wiring
caused the fire. A few months earlier, on 02/07/68, wiring problems resulted in a smaller fire that shut the plant
down for several days. [Nugget File, pp. 7&8; AEC Fact Book, p. E-25; Power, 10/00/68, p. S-8; 1968 Annual
AEC Report, p. 92, and WASH-1203, p. 38.) /

06/19/71 The AEC ordered the utility to modify the plant's emergency core cooling piping system or greatly
increase its in-service inspection of the system. [Nucleonics Week, 08/24/71, p. 1-3] /

00/00/73 Work began on replacing the turbine condenser's tubes. High velocities and turbulence had
eroded the inlet side of the tubes to the point they were beginning to leak. [Nuclear News, 01/00/78, p. 48]

06/00/74 During excavation, geological faults were found under planned foundations for San Onofre 2&3,
raising questions about the adequacy of the San Onofre 1 site. [AEC Fact Book, p. E-56]

07/00/74 Several hundred gallons of water leaked past a bad gasket onto the reactor head and shorted
out its neutron detection system. [Nugget File, p. 48]

06/00/79 While repairing leaks in a steam generator, cracks were found in three feedwater nozzles. Similar
problems were subsequently found with feedwater nczzles at ten other nuclear plants. [Nuclear News, 07/00/79,
p. 36, and Nuciear News, 08/00/79, p. 28] /



Supplement V NUCLEAR PLANTS BUILT PRIOR TO 1971 Page 17

11/00/79 Poor housekeeping and a nest of mice led to an electrical fire and $2 million in damage. [Normal
Accidents, p. 58] ¢/

03/00/80 For one hour, the plant experienced a total loss of cooling water due to inoperable valves. Desic-
cants had abraded holes through seals in the valve solenoids. [Nuciear News, 01/00/88, p. 51] ¢

04/09/80 The plant was down until 06/00/81 for refueling, and resleeving steam generator tubes. During
the outage, 66 workers received excessive radiation doses due to improperty placed film badges, and two others
received excessive exposures due to inadequate training. The utility was fined $150,000, and 50 truckioads of
contaminated sand was hauled from the plant. [Normal Accidents, p. 59, Engineering News-Record, 07/31/80,
p. 17; Nuclear News, 10/00/80, pp. 35-36; 11/00/80, pp. 61-62; 03/00/81, p. 38, and 12/00/82, p. 49, and
NUREG-0523, pp. 14, 15, 23, 37, & 38] ¥

06/09/81 Bamacie build-up in a heat exchanger caused a reduction in flow of reactor coolant water. This,
in turn. caused a valve to malfunction which automaticaily shut down the reactor. Nuclear Age, p. 312)

07/00/81 An explosion in a radioactive gas holding tank resulted in damage to the tank and a small
unplanned release. [Nuclear News, 10/00/81, pp. 40 & 42]

02/00/82 The utility was fined $60,000 for security violations. [Nuclear News, 08/00/82, pp. 50 & 51) ¢/

11/09/82 A power cabie was accidently knocked loose causing the plant to shut down. Once reconnected,
reactor coolant levels rose too fast, “shocking” the reactor’s temperature-sensitive materials. [Nuclear Age,
p. 316) /

03/31/83 The utility filed a $ 250 million suit against Westinghouse to cover the cost of resleeving tubes
in three of the plant's steam generators. The suit claimed the tubes should have been good for the life of the
plant. [Nuclear News, 05/00/83, p. 38] ¥

11/28/84 The plant went back on line after being out of service for two years while $150 million in seismic
modifications were being completed. [Nuclear Safety, 03/00/85-04/00/85, p. 238] /

11/21/85 Ali plant power was lost for four minutes causing severe water hammer in piping systems. Some
systems overheated and others cooled down too fast. T:ie water hammer caused leaks in piping systems and
damaged plant equipment. [1984-1985 Nuclear Power Safety Report, p. 28] /

12/31/87 San Onofre 1 spent $141.17/kw on major repairs and backfits during 1983-1987, more than any
other U.S. nuclear power plant. The average was $30.39/kw. (Nuclear Lemons, 05/00/88, pp. 26-27] /

02/28/90 The plant cut back to 90% of full power because of steam generator tube corrosion problems.
[NUREG-0020, 03/00/90, p. 2-378] /

10/16/80 The Government Accounting Office issued a report on counterfeit hardware in nuclear plants.
It statec San Onofre had counterieit fasteners, pipe fittings, and circuit breakers. [GAO/RCED-91-6, p. 16]

09/00/21 The Ratepayers Advocate Division of the Califomia PUC advised against adding over $100 million
to the rate base 1o bring it intc compiiance with current licensing requirements. [The Nuclear Monitor, 10/07/21,
p. 3; and Nuclear News, 02/00/92, pp. 99-100]

01/00/92 Bowing from pressure from the PUC, the utility decided to close San Onofre 1 by mid-1993. The
PUC considered the plant too old and inefficient to spend $125 million to upgrade. [The Washington Post,
02/27/92, p. A3; The Nuclear Monitor, 01/27/92, pp. 1-2; and Nuclear News, 02/00/92, pp. 99-100]

11/30/92 The plant was permanently shut down. [The Nuclear Monitor, 12/14/92, p. 8, and Nuclear News,
01/00/93, p. 23]

21. HADDAM NECK (aiso called CONNECTICUT YANKEE) [08/07/67]
General Data
Owner Connecticut Yankee Atomic Power Company [DOE/OSTI-8200, p. I1-3]
Location Haddam Neck, CT [Ibid]
Reactor 569.0 MWe PWR ordered 12/00/62 [lbid; and WASH-1208, p. 2]
First Electricity 08/07/67 [WASH-1208, p. 2]
Designer/Builder Stone & Webster (NUREG-0020, 03/00/90, p. 2-178]
Cost to Builld $109.3 million [DOE/EIA-0473, p. 15)
Licensing
o CP received 05/26/64; OL received 12/27/74. [NUREG-1350, p. 75)
e During 1962, the AEC named Haddam Neck one of three new nuclear power piants eligible for special
U.S. Govermment financing and other assistance. [DOE/MA-0152, p. 39)
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Operating Data

e On 08/20/77, the plant broke the world's record for continuous power generation, 344 days. During
09/00/89, it set another new record with a run of 461 continuous days. [Nuclear News, 09/00/77, p. 104,
and Nuclear News, 12/00/89, p. 28]

® As of 06/30/90, the plant had a Cumulative SALP Rating of 1.46, the second best of the nation's eight
oldest nuciear units. Only one Category 3 Finding was identified since its first SALP inspection during
10/00/80. The Finding pertained to the plant’s fire protection systems. [NUREG-1214, p. 2-5]

® As of 02/28/90, the plant's Lifetime Capacity Factor was 72.4%, the second best among the nation’s eight
oldest nuclear units. Forced outages totalled 2,433 hrs (0.3 yrs) the lowest of the oldest nuclear units
On-line hrs totalled 152,100 (17.4 yrs). [NUREG-0020, 03/00/90, pp. 2-176 & 178]

@ During 1987, the operating and maintenance costs were $164.87/kW, the sixth highest of all U.S. nuclear
power plants. The industry average was $72.47. [Nuclear Lemons, 05/00/89, p. 25] ¢

e During 1988-89, the plant was holding 314.7 metric tons of spent fuel in its spent fuel pool. Only four
other oparating nuclear plants were holding more spent fuel. The industry average was 177.8 metric

tons. [Nuclear Lemons, 04/25/91, p. 10]

Problems

07/00/73 A turbine failure shut the plant down for five months. Its Capacity Factor for 1973 was 48.3%
[Engineering News-Record, 01/10/74, p. 11; and WASH-1203-73, pp. 42-43) ¢/

05/00/75 A wiring error caused an alarm system to fail that had been installed on the plant’s steam gene-
rator support bolts. As a consequence, for years, two broken bolts went undetected. [Nugget File, p. 55]

12/00/81 The utility was fined $22,500 for deficiencies associated with radiation surveys, posting radiation
precautions/warnings, and maintaining records of exposures. [Nuciear News, 01/00/80, p. 30]

08/21/84 A refueling pool seal failed, emptying 200,000 gallons of contaminated water onto the reactor
building floor. The NRC finad the utility $80,000. [1984-1985 Nuclear Power Safety Report, p. 27. Nuclear
News, 10/00/84, p. 46; and Nuclear News, 02/00/85, p. 54| &

03/03/86 Dunng refueling, a fuel assembly fell and lodged among other assemblies in the reactor. Retnieval
of the assembly extended refueling by three months. [Nuclear News, 04/00/86, p. 32, and 05/00/91, p. 47] /

07/23/86 A contract empioyee exceeded his maximum quarterly radiation exposure while repainng a steam
generator. The utility was fined $50,000. [The New York Times, 12/13/86, p. 33]

00/00/87 A surveillance found thermal shield bolts had sheared off. Repairs kept the piant cut of service
until the spring of 1988. [Nuclear News, 05/00/91, p. 47]

08/00/90 The reactor was restarted after being out of service since 09/00/89 for refueling and additional

s to thermal shielding. [Nuclear News, 05/00/91, p. 47; and NUREG-0020, 03/00/90, p. 2-177] ¢/

12/31/80 During 1988-80, the plant's safety systems failed 27 times, more than any other operating

nuclear power plant. [Nuclear Lemons, 04/25/91, p. 8] /

08/12/91 Maintenance workers left a reactor coolant system valve open. Twenty (20) minutes later it was
closed but not before 400 gallons of contaminated water had leaked into the reactor building. [The Nuclear
Monitor, 08/26/81, p. 7]

22. LA CROSSE (also called DAIRYLAND or GENOA) [04/26/68)
General Data
Owner Dairyland Power Cooperative [DOE/OSTI-8200
Location La Crosse, WI [ibid]
Reactor 48.0 MWe BWR ordered during 06/00/62 (lbid; and WASH-1208, p. 2]
First Electricity 04/26/68 [WASH-1208, p. 2]
Designer Sargent & Lundy [ibid]
Builder Maxon Construction [NUREG-0020, 01/00/77, p. 2-58]
Cost to Bulld $19.1 million [COO-284, p. 17)
Licensing
@ CP received 03/29/63; OL received 07/03/67 [NUREG-13085, p. 90; and CO0O-284, p. 201]
® During 1858, the AEC named La Crosse one of four new nuclear power plants to receive special U.S
Government financing and other assistance. [DOE/MA-0152, p. 39]
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Operating Data
® As of 06/30/90, the plant had a Cumulative SALP Rating of 2.03. Category 3 Findings were identified
during four of the eight SALP inspections performed since 01/00/81. The most frequent Findings
pertained to plant operations and emergency preparedness. [NUREG-1214, p. 2-51]
® The plant had a Lifetime Capacity Factor of 49.0% over the 19.01 yrs it was in operation; at the time the
national average was 61.6%. Forced outages totalled 10,806 hrs (1.23 yrs) and the plant was on-line
a total of 96,275 hrs (10.99 yrs). [NUREG-0020, 05/00/87, p. 2-200; and NUREG-0020, 03/00/90, p. 3-6]
Decommissioning After shut down, the reactor’s fuel was moved to the unit's spent fue! storage pool,
raising its inventory to 38 metric tons of spent fuel. Decommissioning will begin as soon as a Federal repository
is built to hold the spent fuel. [Nucleonics Week, 04/30/87, pp. 1 & 8; and SR/CNEAF/92-01, p. 27]

Problems
00/00/64 Welding problems were found with the reactor during fabrication. Pitting defects resulted in

rejection of 40% of the reactor containment's liner plate. [71964 Annual AEC Report, p. 92] /

04/26/68 The plant was down virtually all of the first two years it was in operation due to the following prob-
lems: a) construction debris left in piping systems, b) equipment and piping system seal failures, ) control rod
drive repairs, d) turbine-condenser repairs, e) malfunctioning containment isolation valves, and (f) cracks in
steam generator feedwater nozzies. [WASH-1203-73, pp. 44 & 46; Nuclear Industry, 05/00/68. p. 20; Nuclear
Industry, 09/00/68, p. 45, and Nucleonics Week, 05/14/70, pp. 1-2] /

09/00/71 The plant was down until 01/00/72 to repair and replace fuel rods and reactor head studs.
[WASH-1203-73, pp. 44 & 46] / ;

07/00/72 The plant was down for three months to repair pump seals, replace damaged fuel rod assemblies,
and perform other unscheduled maintenance. [lbid] /

09/21/74 After finding cracks in Dresden 2 reactor coolant (RC) piping, the AEC ordered La Crosse shut
down until its RC piping could be reexamined. [The New York Times, 09/22/74, pp. 1 & 34]

01/29/75 Atter finding cracks in Dresden 2 emargency core cooling (ECC) piping, the NRC ordered La
Crosse shut down until its ECC piping could be reexamined, [The New York Times, 01/30/75, pp. 1 & 11]

08/00/75 Repairs were completed on intergranular stress-corrosion cracks in fumace-sensitized stainless
steel used in critical areas of the reactor. [Poisoned Power, p. 168, Worid Nuciear Power Plant Directory,

p. 718; and The Silent Bomb, p. 304) /

10/25/79 La Crosse was briefly shut down after a caller alleged a bomb had been left at the plant. A sub-
sequent investigation traced the call to a mental patient. [Nuclear News, 12/00/79, p. 35]

04/01/81 Emergency core cooling system equipment was removed from service in violation of plant Toch-
nical Specifications. The utility was fined $38,000. [Nuclear News, 12/00/81, pp. 76 & 79|

04/30/87 The plant was permanently closed because the cost of operating La Crosse was expected to
continue increasing and the utility had just negotiated an attractive long-term contract with coal companies.
[NUREG-0020, 05/00/87, p. 2-201; NUREG-1305, p. 90; and Nucieonics Week, 04/30/87, pp. 7-8]

23. OYSTER CREEK [09/23/69]
Genera! Data
Owner GPU Nuclear [DOE/OSTI-8200, p. 11-4]
Location Toms River, NJ [lbid)
Reactor 620.0 MWe BWR ordered 12/00/63 [ibid; and WASH-1208, p. 2]
First Electricity 09/23/69 (WASH-1208, p. 2]
Designer/Builder Bums & Roe as a subcontractor, General Electric had a "turnkey contract® with the
utility. [Containing the Atorn, p. 30; and NUREG-0020, 03/00/90, p. 2-288)
Cost to Build $91.4 million [DOE/EIA-0473, p. 15]
Licensing CP received 12/15/64; OL received 08/01/69. The utility received a “provisionai” OL on 04/09/68
[AEC Fact Book, p. E-27; and NUREG-1350, p. 79]
Operating Data
@ During 1986, radioactive discharges to the environment were the highest of any U.S. nuclear power plant.
During 1988-89, plant workers received exposures totalling 1207 rem, the highest any U.S. power plant.
The U.S. average was 382 rem. [Nuclear Lemons, 05/00/89, p. 19; and 04/25/81, p. 7] /
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@ During 1987-89 the plant had the third highest and eighth highest maintenance and operating costs of
the nation's operating nuclear power plants. [Nuclear Lemons, 05/00/89, p. 25; and 04/25/91, p. 10] ¢

e During 1987-88 and 1989-90, the Public Citizen, an organization founded by Ralph Nader, labelled Oyster
Creek the nation's fifth worst nuclear plant. [Nuclear Lemons, 05/00/89, p. 4; and 04/25/91, p. 5] /

® As of 08/30/90, the plant's Cumulative SALP Rating was 2.01, the worst of the nation’s eight oldest oper-
ating nuciear units. As of 02/00/91, the plant's SALP Rating was 2.14. Category 3 Findings were identi-
fied during seven of last ten SALP inspections. Most pertained to problems with radiological controis and
plant operating procedures. [NUREG-1214, p. 2-12; and Nuclear Lemons, 04/25/91, p. 8]

® As of 02/28/90, the plant's Lifetime Capacity Factor was 51.6%, the second worst of the nation's eight
oldest nuciear piants. Forced outages totalled 19,040 hrs (2.2 yrs) and on-line hrs totalled 100,337 (12.5
yrs). [NUREG-0020, 03/00/90, p. 2-286]

Problems

09/29/67 Defects were discovered in the reactor’s control rod drive housing weids and base material. [The
New York Times, 11/10/67, p. 71, Containing the Atom, pp. 214 & 215; and AEC Fact Book, p. E-18] ¢/

05/00/68 Stress corrosion cracks were detected in the reactor core shroud’'s support structure and steam
separator assemblies. [Poisonied Power, p. 168; Containing the Atom, p. 219; and AEC Fact Book, p. E-22] /

06/00/68 The AEC refused to give the utility a provisional OL until "evidence that the [weld] repair work cari
and will be carried out successfully and that verification of the integrity of the repairs can be achieved". Two
years later the utility received a provisional OL. [Power, 07/00/68, p. 104; and AEC Fact Book, p. E-27)

11/00/68 Cracks were found in reactor vessel's nozzie welds. Repairs and tests took months and resulted
in costly delays. [Forbes, 11/15/68, p. 58] ¢/

02/00/69 The NRC received allegations that substandard piping and valves had been installed in the plant
A subsequent investigation found some of the allegations to be true. [Containing the Atom, pp. 217 & 218] v/

07/22/71 The utility sued General Electric (GE) for $62.8 million in damages caused by a 27 month start-up
delay that GE allegedly couid have prevented. GE settled for $5 million. [Forbes, 02/15/70, p. 34; The New
York Times, C7/23/71, p. 41, and 10/25/73, p. 72; and Engineering News-Record, 08/12/71, p. 21} /

01/00/73 50,000 galions of radioactive water were dumped into the basement of the reactor building due
to an operator error. [Unacceptable Risk, p. 258, and The New York Times, 01/27/73, p. 64] /

08/24/73 Power was reduced by 9% until a solution could be found to fuel densification problems first iden-
tified at Ginna dunng 05/00/72. Full power operation resumed 01/03/74. [Nucleonics Week, 08/30/73, p. 1, and
AEC Fact Book, pp. E-49 & 52] /

08/00/73 The utility found that improper settings on t oth of its emergency generators would have prevented
the generators from starting in the event of a loss of off site power. [Nugget File, pp. 42843] /

09/21/74 Because of cracks found in Dresden 2 res ctor coolant (RC) piping, the AEC ordered Oyster Creek
shut down to reexamine its RC piping. [The New Yon Times, 09/22/74, pp. 1 & 34]

01/28/75 Because of cracks found in Dresden 2 eme:gency core cooling (ECC) piping, the NRC ordered
Oyster Creek shut down to reexamine its ECC piping. No cracks were found. [The Wall Street Joumai
02/11/75, p. 18; and The New York Times, 01/30/75, pp. 1 & 11)

04/00/75 The design of the containment drywell was questioned after testing of a scale model found that
accident lcads were much larger than used in original calculations. [The Silent Bomb, pp. 292-298]

01/00/76 The plant was shut down for $8.5 million in repairs to condenser tubing which was damaged when
seawater leaked into the system. [Engineering News-Record, 01/08/76, p. 3] /

06/00/76 The utility was fined $8000 for allowing an unauthorized individual to pass through the main plant
gate without being challenged. [Nuciear News, 08/00/76, p. 36]

01/00/79 The utility was fined $26,000 for 90 violations of plant procedures over a 3-year period. Violations
included unlocked security doors, failure to monitor airborne releases, and unmarked high-radiation work areas
[Nuclear News, 02/00/79, p. 109] ¢

05/02/79 A faulty electrical system shut down the plant’s recirculating cooling water and feedwater pumps
preventing the removal of decay heat from the reactor. The core had to be cooled using the plant's isolation
condensers. Reactor coolant dropped one foot below the top of the core before malfunctioning valves could be
re-opened. [Cover Up, p. 53, Nuciear News, 06/00/79, p. 148; and Nuclear Age, p. 243] /
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07/00/80 The utility was fined $21,000 for inadequately protecting employees from radiation while cleaning
and examining contaminated iools. [Nuclear News, 09/00/80, p. 35]

04/00/81 The utility was fined $80,000 for blocking the mevement of two suppression pool vacuum breaksrs
with scaffolding. [Nuclear News, 10/00/81, p. 39] v

12/21/86 The plant was restarted after being down since 04/00/86 to refuel and investigate corrosion found
behind the plant's main containment liner. Measurements found that corrcsion had reduced the thickness of
the 1.15 inch thick liner by up to 0.25 inches. The corrosion was aftributed to moisture and impurities in sand
backing the liner. [The New York Times, 12/22/88, p. B6; and NRC Information Notice 86-99, p. 1] /

04/24/87 While the reactor was at 23% power, two vents to the suppression pool were intentionally blocked
open thereby exposing the containment to the possibility of over-pressurization in the event of an accident. The
utility was fined $205,000. The fine took into consideration similar incidents that occurred during 1977 and 1981.
[Nuclear News, 09/15/87, p. 84A] /

09/10/87 The plant was shut down until 11/06/87 to allow the NRC to complete an investigation of missing
records. In order to isolate a pipeline leak, a valve was closed that was supposed to remain open and to hide
the misdeed, the five involved personne! destroyed all associated documentation. The NRC permanently
banned the five from working at Oyster Creek. [Nuciear News, 10/00/87, pp. 11 & 12, and 12/00/87, p. 109] /

12/31/87 During 1983-87, Oyster Creek spent $121.17/kW on major repairs and backfits. This was the
second worst record of the nation’s operating nuclear power plants. [Nuclear Lemons, 05/00/89, p. 27] /

10/16/90 A Government Accounting Office report identified use of counterfeit fasteners at Oyster Creek.
Some of the fasteners were considered a significant safety hazard. [GAQ/RCED-91-6, pp. 16-19] /

01/23/93 During refueling, reactor water temperatures rose 14°F above the maximum permitted by plant
Technical Specifications. The utility was fined $50,000. [The Nuclear Monitor, 06/07/93, p. 3; and NARC
Information Notice 93-45, p. 1]

03/29/93 The utility announced that, because its spent fue! pool was near capacity, beginning in 1996, fuel
removed from the reactor would be placed in dry storage casks. [The Nuclear Monitor, 04/12/83, p. 8]

24. NINE MILE POINT 1 [11/09/69]

General Data

Owner Niagara Mohawk Power [DOE/OSTI-8200, p. 1I-3]

Location Scriba, NY ([ibid]

Reactor 610.0 MWe BWR ordered 10/00/63 [Ibid; and WASH-1208, p. 2]

First Electricity 11/09/69 [WASH-1208, p. 2]

Designer Niagara Mohawk Power [NUREG-0020, 03/00/90, p. 2-254)

Builder Stone & Webster [Ibid]

Cost to Build $150.5 million [DOE/EIA-0473, p. 15)

Licensing CP received 04/12/65; OL received 12/26/74. A "provisional" OL was received 08/22/69.

[NUREG-1350, p. 78; and AEC Fact Book, p. E-28]

Operating Data

@ As of 06/30/90, the plant's Cumulative SALP Rating was 1.81. _ategory 3 Findings were identified during
seven of the nine SALP inspections performed since 05/00/81. As of 02/00/91, its SALP Rating was the
fourth worst of America's operating nuclear power plants. Most of the Findings pertained to plant opera-
tions, maintenance, and QA verification. [NUREG-1214, p. 2-11; and Nuclear Lemons, 04/25/91, p. 8]

® As of 02/28/90, the plant had a Lifetime Capacity Factor of 54.7%, below the national average of 61.9%.
Forced outages totalled 31,464 hrs (3.6 yrs) and on-line hrs totalled 112,103 (12.8 yrs). Forced ocutages
were the worst of the eight oldest operating nuclear plants and, during 1989-1990, the fourth highest
nationally. [NUREG-0020, 03/00/90, p. 2-252; and Nuclear Lemons, 04/25/91, p. 9]

® The Public Citizen, an organization founded by Ralph Nader, identified the plant as the sixth worst of 111
nuclear power plants operating in the U.S. during 1889-80. [Nuclear Lemons, 04/25/91, p. 5] ¢/

Problems

02/00/70 The plant was down until 07/00/70 to repair the generator and cracks in core spray safe end
nozzies. While the repairs were taking place, cracks were found in a thermal sleeve in the reactor. [The New
York Times, 06/30/70, p. 34; Nucleonics Week, 05/14/70, p. 1; and WASH-1203-73, p. 47] /
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03/00/72 The plant was down for two months to replace the reactor control rods and overhaul other plant
equipment. [WASH-1203-73, p. 47]

08/24/73 Power was reduced by 10% until a solution could be found to fuel densification problems first
noticed at Ginna during 05/00/72. Full power operation resumed 01/03/74. [Nucleonics Week, 08/30/73, p. 1
and AEC Fact Book, pp. E-49 & 52] /

09/21/74 Because of cracks found in Dresden 2 reactor cooiant (RC) piping, the AEC orderad Nine Mile
Point 1 shut down until its RC piping could be reexamined. [The New York Times, 09/22/74, pp. 1 & 34)

01/29/75 Because of cracks in Dresden 2 emergency core cooling (ECC) piping, the NRC ordered Nine
Mile Point 1 shut down until its ECC piping could be reexamined. [The New York Times, 01/30/75, pp. 1 & 11}

04/00/75 The design of the conlainment drywell was questioned after testing of a scale model found that
accident loads were much larger than used in original calculations. [The Silent Bomb, pp. 292-298)

03/22/76 Cracks and leaks were found in a six-inch pipe in the plant's reactor coolant water clean-up
system. [Nuclear News, 05/00/76, p. 41]

00/00/79 Cracks were found in the steam generator's feedwater nozzles. [Nuclear News, 08/00/78, p. 28]

03/00/81 A reactor coolant pump failed and plant operators dumped tens of thousands of gallons of con-
taminated water into a room holding 150 barrels of high-level radioactive waste. Repairs to all five reactor
coolant pumps took about one year. The barrels banged into each other and split open. The room was cleaned
up during 1990 at a cost of $2.5 million. [The New York Times, 02/23/90, pp. B1 & B4, The New York Times
02/24/90, p. A28; and Nuclear News, 05/00/82, p. 42] ¢/

09/00/81 The utility was fined $50,000 for removing safety equipment from service on three occasions and,
each time, violating plant Technical Specifications. [Nuclear News, 10/00/81, p. 39]

03/03/82 Cracks in reactor coolant (RC) pipe resulted in replacing all RC pipe and an NRC order o recheck
RC pipe at nine other plants. [71983 Nuclear Power Safety Report, p. 1, and Nuclear News, 12/00/82, p. 43]

06/04/86 A robot, used to conduct surveillances in high-radiation areas of the plant, exploded injuring nine
workers. [Nuclear News, 07/00/86, p. 34| /

04/29/87 After investigating a plant worker's aliegations, the NRC fined the utility $50,000 for recurring QA
violations that it attributed to a complacent management attitude. [Nuciear Safety, 10/00/87-12/00/87, p. 565]

12/00/87 During 1983-87, the plant spent $82.64/kW on major repairs and backfitting, the fifth most of any
of the nation's operating nuclear power plants. Unfortunately, it was not enough Beginning 12/00/87, the plant
was shut down for three years. Initially the problem was excessive vibration in its feedwater system; however
once shut down, other technical and management problems came to light. [Nuclear Lemons, 05/00/88, p. 27
NUREG-0020, 03/00/90, pp. 2-252 & 253; Nuclear News, 09/00/90, pp. 33 & 34; and The New York Times,
02/23/90, p. B1] ¢/

03/00/88 The utility was fined $100,000 for failing to detect weld defects during inservice inspection of
piping. [Nuclear News, 05/00/88, p. 38] #/

09/00/88 The plant was placed on the NRC's list of problem units because utility management was so con-
cerned with bringing Nine Mile Point 2 on line, it negiected Unit 1. The plant was removed from the NRC's list
during 06/00/91. [Nuclear News, 02/00/89, p. 29; and USA Today, 08/14/91, p. A3] /

10/16/90 The Government Accounting Office issued a repert identifying use of counterfeit fasteners, pipe
fittings, circuit breakers, and fuses at Nine Mile Point. Some of the fasteners were considered a significant
safety hazard. [GAO/RCED-91-6, pp. 16-18] ¢

05/22/92 The utiiity was fined $200,000 for recklessly overriding automatic controls and inadequate main-
tenance of safety systems. [Nuclear News, 07/00/92, p. 28; and Nuclear Safety, 10/00/92-12/00/92, p. 608] /

11/20/82 The utility announced it may close the plant in early 1995 because of high operating and mainte-
nance costs. [The Nuclear Monitor, 12/14/92, pp. 4 & 7; and Nuclear News, 01/00/83, p. 21| ¢/

25. GINNA (also called BROCKWOQOD) [12/02/69]
General Data
Owner Rochester Gas & Electric [DOE/OSTI-8200, p. 11-5]
Location Ontario, NY [lbid)
Reactor 470.0 MWe BWR ordered 08/00/65 [lbid and WASH-1208, p. 2]
First Electricity 12/02/69 [WASH-1208, p. 2]
Designer Gilbert Associates [NUREG-0020, 03/00/90, p. 1

s
(4",
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Builder Bechtel [Ibid]

Cost to Build $64.9 million [DOE/EIA-0473, p. 15]

Licensing CP received 04/25/66; OL received 12/10/84. A “provisional® OL was received 09/19/69. [AEC

Fact Book, p. E-29; and NUREG-1350, p. 74)

Operating Data

® As of 06/30/90, the plant's Cumulative SALP Rating was 1.62. Oniy one Category 3 Finding, pertaining
to administrative controls, was identified during a 07/00/80 SALP inspection. [NUREG-1214, p. 2-4]

® As of 02/28/90, the plant’s Lifetime Capacity Factor was 73.8%, the best of the nation's eight oldest oper-
ating nuclear power plants. Forced outages totalled 5,074 hrs (0.6 yrs) and on-line hrs totalled 137,229
(15.7 yrs). Forced outages were the second best of the nation's eight oldest operating nuclear power
plants. [NUREG-0020, 03/00/90, p. 2-168]

Problems

05/00/68 Pressure grouting sections of the reactor containment shell resulted in cracking and buckling steei
frames around both the personnel access and equipment hatch openings. Six months was spent redesigning
and replacing the frames. [AEC Fact Book, p. E-22; and AEC Speech, 07/00/69, p. 15} /

00/00/71 The reactor core suffered flow-induced vibration damage. [The Silent Bomb, pp. 282-283] ¢

05/00/72 During reactor refueling, technicians noticed dozens of fuel rods were partially crushed, bent, or
cracked. An investigation found that heat and radiation compressed fuel pellets. As the pellet compressed, they
slipped down in the fuel rod leaving gaps of several inches between adjacent sections of pellets. [Popuiar
Science, 09/00/73, p. 80; and AEC Fact Book, p. E-40] /

08/24/73 Because of fuel densification problems at Ginna, the AEC placed operating limits on 10 General
Electric reactors including Dresden 2, Millstone 1, Nine Mile Point 1, and Oyster Creek. [AEC Fact Book, p.
E49; and Nucleonics Week, 08/30/73, pp. 1 & 2] ¢/

05/00/78 The NRC imposed a $24,000 fine for 68 instances of noncompliance with nuclear health safety
procedures and regulations. [Nuclear News, 06/00/78, p. 56; and 12/00/78, pp. 31-32] /

07/00/79 Cracks were found in the steam geierator's nozzles. [Nuclear News, 08/00/79, pp. 28 & 30]

01/25/82 The plant was down for 4 months and $10 million in repairs after a debris, left inside a steam
generator during maintenance, severed one of its tubes. Five days later, a plant emergency was declared when
a relief vaive failed to clcse and some radioactive steam and 5000 gallons of contaminated water ieaked out
into the reactor building. This incident is generally considered the most serious at a U.S. nuclear power plant
since the accident at Three Mile Island 2 in 03/00/79. [The Wall Street Journal, 05/25/82, p. 21; Nuclear Age,
pp. 265 & 266, 1983 Nuclear Power Safety Report, p. 6, and The Truth About Chernoby!, p. 71] /

10/16/90 A Govemment Accounting Office report identified counterfeit fasteners, pipe fittings, and circuit
breakers at Ginna. Some of the fittings represented significant safety hazards. (GAO/RCED-91-6, p. 1] /

12/31/90 During 1989-90, the reactor scrammed eight times and other safety systems were activated seven
times. Nationally, the plant had the seventh poorest record on reactor scrams (two/yr was average) and fourth
poorest record on safety system actuations (1.35/yr was average). [Nuclear Lemons, 04/25/91, pp. 6 & 7] /

26. DRESDEN 2 [04/13/70]

General Data

Owner Commonwealth Edison [DOE/OSTI-8200, p. 11-2]

Location Morris, IL [Ibid]

Reactor 772.0 MWe BWR ordered during 02/00/65. [Ibid and WASH-1208, p. 2]

First Electricity 04/13/70 [WASH-1208, p. 2|

Designer Sargent & Lundy [NUREG-0020, 03/00/90, p. 2-132]

Bullder United Engineers & Constructers [lbid]

Cost to Build $101.3 million [DOE/EIA-0473, p. 15]

Licensing CP issued 01/10/66; OL received 12/22/69. [NUREG-1350, p. 73]

Operating Data

® During 1989-1990, the plant was eleventh on the Public Citizen's list of worst U.S. operating nuclear
power plants. The Public Citizen is an organization founded by Ralph Nader. [USA Today, 08/14/91,
p. A3] ¢/
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@ As of 12/31/89, Dresden 2 had more spent fuel in its storage pool than any other of the nation's 111
operating nuciear power plants. [Nuclear Lemons, 04/25/91, p. 10]

® As of 02/28/90, the plant's Lifetime Capacity Factor was 57.2% whereas the national average was 61.9%
Forced outages totalled 7,658 hrs (0.9 yrs) and on-line hrs totalled 126,171 (14.4 yrs). [NUREG-0020,
03/00/90, p. 2-130)
As of 06/30/90, the plant's Cumulative SALP Rating was 1.89. Category 3 Findings were identified during
six of the nine SALP inspections performed since 11/00/80. Most Findings pertained to problems with
radiological controls and plant operations. [NUREG-1214, p. 2-47]

® In 1992, Dresden 2 was placed on the NRC's list of "problem plants." [USA Today, 12/02/92, p. 8A] /

Problems

06/05/70 Designers placed a safety valve in the wrong location. When a defective voltage meter sent out
a bad signal, valves opened that should have closed; instrument cables buckled in overcrowded ducts, and a
water level indicator gave a false reading. Operators allowed the reactor's water level to exceed safety margins
and twice violated operating procedures, once putting ten times as much pressure on a vent as it was designed
for. The emergency core cooling system was called on, however it was down tor repairs For several minutes,
operators lost control of the reactor's cooling water system. Some damage occurred to the reactor core and
contaminated water spilled into the reactor building; however, no radiation escaped the building. Three months
was spent repairing the damage, revising operating procedures, and cleaning up contamination [Reader’s
Digest, 08/00/72, pp. 97 & 98; Popular Science, 09/00/73, p. 81, and The Silent Bomb, p. 151] &/

09/00/70 The plant was shut down untii 12/00/70 to repair condenser tubes, feedwater pumps, the main
transformer, and control rod drives. [WASH-1203-71, p. 52]

00/00/71 A defeciive water-leve! gauge resulted in over-filling the reactor and blow-down into the drywell
The resulting transient destroyed most of the core’'s monitoring cabies and may have damaged the reactor sup-
port structure. [The Silent Bomb, pp. 196, 291, & 292; and Chemtech, 05/00/76, p. 309] /

00/00/72 Paint inside the plant’'s pressure-suppression pool failed and had to be removed and replaced
with an inorganic zinc coating. [Power Engineering, 068/00/74, p. 46] ¢

08/24/73 Power was reduced by 8% until fuel densification problems similar to those at the Ginna plant
during 05/00/72 could be solved. Fuli power operation resumed 01/03/74. [Nucleonics Week, 08/30/73, p. 1
and AEC Fact Book, pp. E-49 & 52] /

09/21/74 Hairline cracks were found in 4-inch bypass lines in the reactor coolant (RC) piping system
Coolant was dripping from the cracks at 5 gallons/minute. Similar cracks had been found in RC bypass lines
at Quad Cities 2 and Millstone 1. The AEC ordered 20 other plants shut down to determine whether they also
had cracked bypass lines. Initially, no cracks were detected; however, in 12/00/74, cracks were found in RC
bypass lines at Dresden 2, Quad Cites 1&2, and Monticello. [The New York Times, 09/22/74, pp. 1 and 34;
1975 Annual NRC Report, pp. 75-76; and The Silent Bomb, p. 151) /

01/25/75 The wrong control rods were removed from the reactor. (1975 Annual NRC Report, p. 96] ¢

01/28/75 Small cracks were found in two 10-inch emergency core cooling (ECC) system lines. Similar
cracks had been found in ECC lines at Quad Cities 2 and Peach Bottom 3. The NRC ordered 23 plants shut
down to determine whether they also had cracked ECC lines. No new cracks were found. The shutdown cost
utilities $30 million. [The New York Times, 01/30/75, pp. 1 & 11; The Washington Post, 03/07/75, p. C6; 1975
Annual NRC Renort, p. 97; Nucleonics Week, 02/27/75, p. 3; and The Silent Bomb, p. 151] /

04/00/75 The design of the containment dryweil was questioned after testing of a scale model found that
accident loads were much larger than used in original calculations. [The Silent Bomb, pp. 292-298|

05/00/75 A containment isolation valve failed to close because of metal filings and missing insulation in its
electrical components, [Nugget File, p. 55]

03/25/76 A leak and crack was found in a 14-inch diameter pipe in the plant’s high-pressure reactor coolant
system. [Nuclear News, 05/00/76, p. 41]

08/00/77 Makeup demineralizer tanks overflowed and acid fumes were drawn into the main control room’'s
ventilation ducts. Operators remained in the control room by donning respirators. The tanks were moved and
ventilation system modified to prevent the possibility of future recurrences. [Nivzlear News, 11/00/78, p. 39] /

10/07/80 The utility was fined $40,000 after, on 08/08/80, the NHC found two control room operators asleep
while on duty. [Nuclear News, 10/00/80, p. 38; and Nuclear News, 11/00/80, pp. 29-30] ¢
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05/05/81 A plant worker received about 21 rems during removal of concrete shielding over the reactor -
the second largest dose ever received at a commercial plant. The utility was fined $75,000. [Nuclear News,
04/00/81, pp. 52 & 53, 10/00/81, p. 39; and 08/00/82, p. 51]

12/03/82 Floodwaters, exceeding the "Maximum Probable Flood", brought the lllinois River into ihe plant's
fire protection water pumphouse. The waters receded without damaging electrical equipment needed to remove
residual heat from the reactor after it is shut down. [71983 Nuclear Power Safety Report, p. 3] /

12/18/83 The NRC fined the utility $50,000 for quality assurance deficiencies in vacuum breaker seal
testing and installation. [Nuclear News, 12/00/83, p. 129]

06/07/84 The utility was fined $140,000 for violating security regulations including an incident involving a
guard who tumed of the plant's security system in order to climb a fence. [Nuclear News, 06/00/84, p. 188] v

02/00/87 Six loose bolts were found on an emergency diesel generator, one on 02/17/87, four on 02/24/87,
and one on 02/25/87. The NRC and FBI were notified of possible sabotage. [Nuclear News, 05/00/87, p. 26)

05/00/87 The utility was fined $50,000 for an unsecured path through a security fence. It had been in use
for seven years. [Nuclear News, 07/00/87, p. 30; and Nuclear Safety, 10/00/87-12/00/87, pp. 566-567]

12/31/80 During 1989-80, Dresden 2 had five significant operating events, more than any other operating
nuclear power plant. "Significant events® are those that are capable of damaging safety equipment. [Nuclear
Lemons, 04/25/21. p. 8] /

0517/91 The utility was fined $100.000 for, over a two year period, failing to check, identify, and repair a
defective containment leak test valve. [Nuclear News, 06/00/91, p. 36 v

27. ROBINSON 2 [09/26/70]

General Data

Owner Carolina Power & Light [DOE/OSTI-8200, p. 1I-3]

Location Hartsville, SC [Ibid]

Reactor 569.0 MWe PWR ordered 01/00/66 [Ibid and WASH-1208, p. 2]

First Electricity 00/26/70 [WASH-1208, p. 2]

Designer/Builder Ebasco [NUREG-0020, 03/00/90, p. 368]

Cost to Build $76.4 milion |[DOE/EIA-0473, p. 15]

Licensing CP received 04/13/67; OL received 09/23/70 [NUREG-1305, p. 82)

Operating Data

® As of 06/30/90, the plant's Cumulative SALP Rating was 1.81. Only one Category 3 Finding was identi-
fied since its first SALP inspection during 01/00/81. The Finding pertained to radiological controls.
[NUREG-1214, p. 2-33]

@ As of 02/28/90, the plant's Lifetime Capacity Factor was 60.6%. Forced outages totailed 15,384 hours
(1.8 yrs) and the plant was on-line a total of 114,262 hours (13.0 yrs). During 1988-90, the plant was
down 23.2% of the time due to forced outages. This was the ninth highest forced outage rate in the
nation. [NUREG-0020, p. 366; and Nuclear Lemons, 04/25/91, p. 10]

Problems

06/18/71 The utility was ordered to reduce the reactor's temperature to 2300°F © meet vicw AEC criteria
for emergency core cooling systems. [Nucleonics Week, 06/24/71, pp. 1-3]

08/00/71 The plant was restarted after major turbine repairs. During 03/00/71, a bearing failed that was
replaced. After restarting, the turbine suffered vibration damage. [WASH-1203-73, p. 49| v

07/00/74 A worker ingested considerable radioactive dust wher %2 opened a vacuum cleaner that had been
used to remove dirt from inside the plant's steam generato’ 2. (/. ¢v. File, pp. 48848) #

05/02/75 132,500 gallons of contaminated water lesks ) ... [ ctor building when seals failed on a
reactor coolant pump. The leak occurred because plant operators active..sd a purnp that was still out of service
for repairs. (1975 Annual NRC Report, pp. 94-95] ¢/

00/00779 Cracks were found in the steam generator's feedwater nozzies. [Nuclear News, 08/00/79, p. 28]

05/12/81 The ulility we.s fined $40,000 after three workers receiving excessive radiation exposures due 10
the improper placement o' film badges. [Nuciear News, 07/00/81, p. 42]

08/15/81 The utility was fined $50,000 after an employee received an excessive radiation exposure. The
fine considered previous excessive exposures during 1981. [Nuclear News, 01/00/82, p. 132]
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12/03/81 About 1070 (11%) of the plant's stea'n ge rerator tubes were plugged to prevent leaking. While
restarting the plant, a pump gasket failed and 1570 gallons of water spilled into the plant's auxiliary building.
[NUREG-0886, p. 19; and Nuclear News, 01/00'32, p. 54) v

10/01/83 The plant was shut down until 04/)9/84 to replace, at a cost of $86.8 million, its steam generators
and stainless steel piping suffering from microt ologically induced corrosion. [Nuclear Age, p. 312; and Nuclear
News, 06/00/83, p. 50] ¢/

11/00/87 The utility was fined $50,000 after the NRC found no evidence of procedures for safely shutting
the reactor down in the event of a fire. [Nuclear News, 01/00/88, p. 30] /

12/31/87 During 1983-87, $80.31/kW was spent on major repairs and backfitting, the sixth most of U.S.
operating nuclear power plan‘s. [Nuclear Lemons, 05/00/88, p. 27] /

06/16/88 The NRC fired e utility $450,000 for extensive failures in documentation and procedures for
qualifying plant electricel eauipment. The fine was one of the largest ever by the NRC. [NUREG-0840, p. 3;
and Nuclear News, 08/00/88, pp. 36 & 38] v/

10/16/90 A Governmeni Accounting Office report identified use of counterfuit fasteners at the plant. Some
of the fasteners were considered to pose a significant safety hazard. [GAO/RCED-91-6, pp. 16-18] /

12/17/81 The utility was fined $37,500 because of multiple design control deficiencies including errors in
calcuiations. [Nuclear Safety, 04/00/92-06/00/92, p. 289]

08/24/82 The plant was briefly shut down to remove pieces of plastic accidently left in safety injection piping
following completion of modifications two months earlier. The problem was discovered when the piastic blocked
the flow of water during safety injection pump tests. [NAC Information Notice 92-85, pp. 1 & 2|

28. POINT BEACH 1 [11/06/70]
D

Owner Wisconsin Electric Power [DOE/OSTI-8200, p. 11-4]

Location Two Creeks, W [Ibid]

Reactor 4850 MWe PWR ordered 02/00/66 [Ibid and WASH-1208, p. 2]

First Electricity 11/06,70 [WASH-1208, p. 2]

Designer/Builder Bechtel [NUREG-0020, 03/00/80, p. 330]

Cost to Build $60.6 million [DOE/EIA-0473, p. 15]

Licensing CP received 07/19/67; OL received 10/05/70 [NUREG-1350, p. 81]

Operating Data

@ As of 06/30/90, the Cumulative SALP Rating was 1.60, one of the best in the nation. Only on: Category
3 Finding was identified during six SALP inspections performed since 09/00/82. The Finding, pertained
to the plant's fire protection systems. [NUREG-1214, p. 2-56)

® As of 02/28/90, the plant's Lifetime Capacity Factor was 72.8%, well above the national average. Forced
outages totalled 2,464 hours (0.3 yre) and the plant was on-line a fotal of 136,955 hours (15.6 yrs).
[NUREG-0020, 03/00/90, p. 2-328]

Probiems

03/00/69 The reactor vessel rolled over on its transporter as it was being moved into the reactor building.
Two of its nozzies were damaged. [Nucleonics Week, 03/06/69, p. 3] /

03/00/70 A pipe bomb, filled with dynamite, was found at the plant. [CEP Report, p. 35; and Nuclear News,
05/00/76, p. 38]

04/00/71 Valves in both containment sumps were installed horizontally instead of vertically. Tests found
the valves would not operate. [Nugget File, p. 30] &/

10/24/72 Seventy (70) collapsed fuel rods were found in the reactor during refueling. [Nucleonics Week,
10/26/72, p. 11 /

05/03/73 Refueling turmed into a five month outage for turbine and steam generator repairs. [The Wall
Street Journal, 05/03/73, p. 1]/

02/26/75 The plant was shut down for several weeks after a steam generator tube ruptured. Contaminated
water leaked into the steam generator at up to 125 gpm for 45 minutes. (7975 Annual NRC Report, pp. 91-92]

10/09/82 The plant shut down for three months to install sleeves in leaking steam generator tubes.
[Nuciear News, 01/00/82, p. 54] /
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05/00/90 The utility was fined $50,000 because, during steam generator repairs, the reactor cootant
temperature dropped 140°F in one hour, 40°F more than permitted. [Nuclear News, 10/00/92, p. 29) /

10/16/80 The Government Accounting Office issued a report identifying counterfeit fasteners at Point
Beach. Some of the fasteners were considered a significant safety hazard. [GAO/RCED-81-8, pp. 16-18] /

29. MILLSTONE 1 [11/29/70]

General Data

Owner Northeast Nuclear Energy [DOE/OSTI-8200, p. iI-3]

Location Watertord, CT [ibid]

Reactor 654 0 MWe BWR ordered 09/00/65 [WASH-1208, p. 2]

First Electricity 11/28/70 [Ibid]

Designer/Buiider Ebasco [NUREG-0020, 03/00/90, p. 2-238]

Cost to Build $92.0 million [DOE/EIA-0473, p. 15]

Licensing CP received 05/19/66; OL received 10/31,70 [NUREG-1350, p. 77]

Operating Data .

® On 08/13/85, the plant set a U.S. record for continuous operation, 374 consecutive days. [Nuclear News,
09/00/85, p. 114}

® During 1989-980, the piant had more significant operating events than any operating nuclear power pian!
except Dresden 2. [Nuclear Lemons, 04/25/91, p. 8] /

@ During 1984-88, the plant shipped off-site more low-level waste than any other operating nuclear power
plant. [lbid, p. 10}

® As of 12/31/89, the plant was holding 340.6 metric tons of spent fuel, the third mest of the nation's
operating nuciear power plants. [lbid]

® As of 02/28/90, the plant’s Lifetime Capacity Factor was 70.6%. Forced outages totalled 6,704 hours (0.8
yrs) and the plant was on-line a total of 130,483 hours (14.9 yrs). [NUREG-0020, 03/00/90, p. 2-236]

® As of 06/30/90, the plant's Cumulative SALP Rating was 1.37, one of the best in the nation. Three
Category 3 Findings were identified during two of eight SALP inspections performed since 10/00/80. Two
Findings pertained to radiological controls and one to security. [NUREG-1214, p. 2-10]

Problems

12/00/70 A wiring error prevented inserting control rods in the reactor. [Nugget File, p. 27] ¢

08/25/72 A plane crashed 1000 yards short of the reactor. knocking out lines supplying power 1o the plant’s
safety systems. [Nuclear Witnesses, p. xxii; Nugget File, p. 39; and The New York Times, 0B/26/72, p. 28]

08/01/72 The plant shut down until 03/00/73 due to corrosion from seawater that seeped into the reactor,
primary coolant system, and condenser. [Nuclear Age, p. 233; and Chemtech, 05/00/76, p. 309] +

08/24/73 The AEC ordered the plant to keep its reactor temperature below 2300°F in response to fuel
densification problems at Ginna. Power did not need to be reduced. [Nucleonics Week, 08/30/73, p. 1]

09/17/74 Cracks were found in a 4-inch bypass line in the reactor coolant (RC) piping system. Cracks were
also found in RC bypass lines at Dresden 2 and one other plant. This resulted in the AEC ordering 20 other
nuclear power plants to re-examine their RC bypass lines. [The New York Times, 09/22/74, pp. 1 & 34, and
1975 NRC Annual Report, p. 97} / -

01/29/75 Because of cracks found in Dresden 2 emergency core cooling (ECC) piping, the NRC ordered
Milistone 1 shut down until its ECC piping could be re-examined. [The New York Times, 01/30/75, pp. 1 & 11]

03/27/75 1200 personnel working on Millstore 2&3 construction were briefly evacuated from the plant when
Millstone 1 operators accidently mixed contaminated water with clean water. [Unacceptable Risk, p. 38]

02/00/76 The plant's fire water system was accidently activated. Water shorted out the plant's power, trip-
ping the reactor. Defective residual heat removal piping cracked and radioaciive steam escaped into the reactor
building and over an acre of land adjacent to the building. [Nugget File, p. 67] ¢

1112/76 The wrong control rods were withdrawn from the reactor while it was being refuelied. Twice the
reactor started up and then scrammed. The plant was shut down until 12/03/76, the utility was fined $15,000,
and a plant operator temporarily suspended. (1977 Annual NRC Report, p. 99; Nuclear News, 01/00/77, p. 38,
Nuclear Stakes, p. 77, and Nuclear News, 02/00/77, p. 32] ¢/
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07114/77 The NRC ordered the plant shut down to reinforce electrical cable splices to withstand a loss-of-
coolant accident. The work was completed in five days. [Nuclear News, 08/00/78, pp. 20 & 135]

10/27/77 Dr. Stemglass, a Pittsburgh college professor, toid Congress that, during 1974-75, the plant
released 2,970,000 curies of radicactive gas, more radioactivity than ever before released in the history of
nuclear energy. His statistics greatly alarmed the NRC and Congress. A subsaquent investigation found the
high readings were due to weapons testing fallout. Nevertheless, the utility instalied a new $15 million gas
treatment system which became operational on 05/23/78. [Nuclear Witnesses, p. 75, Nuclear News, 02/00/78,
p. 34; and Nuclear News, 07/00/78, p. 38] ¢/

121377 Two off-gas explosions occurred within three hours of each other. One employee required hos-
pitalization after being thrown 40 feet by the blast. Plant repairs took a month. [Nuclear News, 01/00/78, p. 22,
and Nuclear Stakes, p. 77 /

03/30/90 The utility was fined $3,750 for failing to adequately package contaminated tools before shipping
the tools to another utility. [NUREG-0940, pp. 6-7]

10/04/90 Operator error and heavy seas caused three of five circulating water intake screens to collapse
and cavitation damage to two intake pumps. [NRC Information Notice 92-49, p. 3] &

10/16/90 The General Accounting Office issued a report identifying use of counterfeit fasteners, pipe
fittings, and fuses at Millstone. [GAO/RCED-91-6, p 16]

09/31/91 The plant began shutting down after 8 of 20 plant operators failed their NRC requalification
exams. [The Nuclear Monitor, 10/21/91, p. 6; and Nuclear Safety, 04/00/92-06/00/82, p. 284] /

04/01/92 NRC inspectors found gaskets and seals missing from barriers that protected electrical switchgear
from nearby steam pipes. [NRC Information Notice 92-52, p. 1]

05/00/983 The utility was fined $100,000 for harassing Paul Blanch, a supervisor who raised concems about
the reliability of a reactor vessel water indicator. Subsequent tests found readings could be distorted by as much
as 27 feet. [Nuclear News, 06/00/93, p. 31; and The Nuclear Monitor, 06/07/83] ¢

30. MONTICELLO [03/05/71]

General Data

Owner Northern States Power [DOE/OSTI-8200, p. 11-3]

Location Monticelio, MN [ibid]

Reactor 536.0 MWe BWR ordered 04/00/66 [WASH-1208, p. 2]

First Electricity 03/05/71 [Ibid]

Designer/Builder Bechtel [NUREG-0020, 03/00/30. p. 2-250]

Cost to Build $88.8 million [DOE/EIA-0473, p. 15]

Licensing CP received 06/19/67; OL received 09/08/70 [WASH-1208, p. 2; and AEC Fact Book, p. E-31]

Operating Data

® As of 06/30/90, the plant had a Cumulative SALP Rating of 1.52. Three Category 3 Findings were identi-
fied during eight SALP inspections conducted since 01/00/81. The Findings pertained to security, radio-
logical controls, and emergency preparedness. [NUREG-1214, p. 2-53]

® As of 02/28/90, the plant had a Lifetime Capacity Factor of 69.9%. Forced outages totalled 1,651 hrs
(0.2 yrs) and the plant was on-line a total of 126,768 hrs (14.5 yrs). [NUREG-0020, 03/00/90, pp. 2-248]

® On 03/31/86, the NRC announced a reduction in oversight of Monticelio because of the plant's "continuing
record of superior regulatory performance.” [Nuclear News, 04/15/86, p. 22A]

Problems

11/19/71 A radioactive waste storage tank overflowed and 53,000 gallons of contaminated water spilled
into the Mississippi River. Of this, 10,000 gallons entered the City of Minneapolis drinking water system. [The
Truth About Chemobyl, p. 17, and Nucleonics Week, 11/27/71, p. 3] /

08/24/73 The AEC ordered the plant to keep its reactor temperature below 2300°F in response to fuel
densification problems at Ginna. Power did not need to be reduced. [Nucleonics Week, 08/30/73, p. 1]

07/00/74 The plant expearienced its third hydrogen recombiner gas explosion in as many months., The
explosions were attributed to migration of the recombiner’s catalyst and sparks from a faulty inlet flow control
valve. [Nuclear News, 03/00/77, p. 41] &/
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09/21/74 Atter finding cracks in Dresden 2 reactor coolant piping, the AEC ordered Monticello shut down
until its RC piping could be re-examined. No cracks were found. [The New York Times. 09/22/74, pp. 1 & 34;
and 1975 Annual NRC Report, p. 97]

01/29/75 The NRC ordered Monticelic and 22 other plants shut down to look for cracks in emergency core
cooling (ECC) piping. During 12/00/74, cracks had been found in ECC piping at Monticello, Dresden 2, and two
other plants. No new cracks were found during the mandated re-examination. [The New York Times, 01/30/75,
pp. 1 & 11; and 1975 Annual NRC Report, pp. 90 & 97] /

07/30/81 About 1,500 gallons of contaminated water leaked from radioactive waste storage tanks and some
of the waste drained into the Mississippi River. [Nuclear News, 09/00/81, p. 85] /

12/00/81 The utility was fined $20,000 for storing 28 drums of low-level radioactive waste at a truck rental
facility. [Nuclear News, 01/00/82, p. 132]

12/31/87 During 1983-87, $86.95/kW was spent on major repairs and backfitting, the third most of operating
nuclear power plants. [Nuciear Lemons, 05/00/89, p. 27] /
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3.

Problems followed by a check (#) are "Major Problems" as defined in Paragraph 6.2.1(c) of the
main body of this report.
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1. RANCHO SECO [10/13/74]
General Data
Owner Sacramento Municipal Wility District [DOE/QSTI-8200, p. II-5]
Location Clay Station. CA [Ibid]
Reactor 873.0 MWe PWR ordered 08/00/67 [Ibid and WASH-1208, p. 4]
First Electricity 10/13/74 [NUREG-0020, 03/00/80, p. 2-358]
Designer/Builder Bechtel [Ibid]
Cost to Build $338.3 million [DOE/EIA-0473, p. 15)
Licensing Data CP received 10/11/68; OL received 08/16/74 [NUREG-1350, p. 82)
Date Closed 06/07/89 in response to a Sacramento Count; pubiic referendum. [NUREG-0020, 03/00/90,
p. 2-357]
Operating Data
® The plant's Cumulative SALP Rating was 2.00. Twelve Category 3 Findings were identified during
seven SALP inspections, the first of which was performed in 1980. The Findings were spread across
eight of eleven characteristics on the NRC inspection checklist. The most frequently cited Findings
were in plant operations, radiological controls, and quality programs. [NUREG-1214, p. 2-71]
® The plant's Lifetime Capacity Factor was 36.1%. Forced outages totalled 43,288 hours (4.9 yrs) and
the plant was on-iine a total of 57,810 hours (6.6 yrs). [NUREG-0020, 03/00/80, p. 356]
e OnMay 22, 198€, the NRC identified the plant as one of 16 of the nation's worst nuclear power plants.
[The New York Times, 07/16/86, p. A11] /
e During 1987-88, the plant was ranked as the nation's ninth worst operating nuciear power plant by
Public Citizen, an organization founded by Ralph Nader. [Nuclear Lemons, 05/00/89, p. 4] /
Decommissioning The plant's spent fuel storage pool currently holds 4C3 assemblies. During 11/00/89,
the utility began transferring fuel from the reactor building to an on-site storage pool. Dismantiing the piant,
which may not begin for another 50 years, is expected to cost $210 million. [SR/CNEAF/92-01, p. 146; and
GAO/RCED-90-208, p. 24)

Problems

07/00/75 The reactor's control rod drives were energized without activating their cooling water system. All
69 drive motors overheated. Repairs took three months. [The Silent Bomb, p. 196; and Nugget File, p. 58]

11/00/75 Several containment spray nozzies had been rendered inoperable by a painting contractor who
placed masking tape over the nozzles and then forgot to remove the tape. [Mugget File, p. 59] /

03/20/77 Plant instrument readings were lost for about 70 minutes due to a short circuit in the main control
room panel. During the ensuing black-out, reactor coolant temperatures fell 270°F, nearly cracking the vessel.
The short circuit occurred when a plant operator, who was replacing a bumed out light, accidently dropped a
replacement buib into the panel. [Nuclear Age, p. 241; and Normal Accidents, pp. 44 & 45) /

07/00/78 The utility was ordered to reduce power by 25% until modifications were made 1o its Emergency
Core Cooling System (ECCS). The NRC found an error in the plant’s original analyses. New calculations found
a small pipe break would not automatically activate the ECCS. [Nuclear News, 06/00/78, p. 10] /

08/00/78 Serious shutdown problems were experienced following a turbine trip. [Nuclear Age, p. 218]

10/00/78 Westinghouse was awarded $3.3 million in a lawsuit agairst the utility. Six months after start-up,
stress corrosion cracked the turbine. Repairs took until earty 1976. Then, during 03/00/76, the plant shut down
until 10/00/76 because insulation on generator coils melted. The utility failed to pay for $6.7 million in repairs.
Westinghouse sued. [Engineerning News-Record, 10/05/78, p. 49] /

02/00/80 During a lift in the reactor building, a two-ton cask fell when its supporting cable broke. The cask
missed the reactor by inches. Two weeks later, in violation of NRC reguirements, the same cable and crane
were used to lit a seven-ton load. [Nuclear Age, n. 309] /

04/04/80 The utility was fined $25,000 for improperly aligned vaives in the plant's emergency core cooling
system. [Nuclear News, 05/00/80, pp. 34 & 35]

02/00/82 The utility was fined $120,000 for briefly deactivating two principal safety systems. [Nuclear News,
08/00/82, p. 50] ¢

10/02/85 The reactor was cooled too rapidly. The plant was shut down for the rest of the month to evaluate
the cause and take corrective action. [Nuclear News, 02/00/86, p. 31] ¢/
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12/26/85 A station-wide power failure resulted in scramming the reactor. Valves that should have closed
couldn't because they hadn't been lubricated since initially installed. The reactor began cooling off too fast and
operators couldn't figure out how to slow the drop. The control room supervisor took charge and sent workers
into the reactor building to close the valves manually. Eventually the drop was brought under control; however,
not before 1,200 galions of contaminated water spilled into the reactor building basement. A subsequent NRC
study identified five violations contributed to the incident and imposed a $375,000 fine. The piant was down until
03/30/88. During the 27 month outage, 400 plant modifications were completed at a cost of $400 million not
including $200 million for replacement electricity. [Nuclear News, 12/00/86, p. 36, Nuciear News, 07/00/87, p.
38; Nuciear News, 02/00/88, p. 35; Nuclear News, 04/15/88, p. 12A; The New York Times, 06/06/88, p. D7; and
The Wall Street Journal, 10/01/87, p. 6; and Nuclear Safety, 04/00/87-06/00/87, pp. 254-255] #/

00/00/86 Plant personnel were arrested for drug abuse. Studies indicated that workers may have made
serious mistakes while under the influence of drugs. [The Wall Street Journal, 10/01/87, p. 6] /

09/00/87 The utility tried selling the plant. Pacific Gas & Electric proposed buying and then closing the
plant. Duke Power, Quadrex, and a Bechtel/B&W team proposed buying and operating the plant. [Nuclear
News, 10/00/87, p. 21; Nuclear News, 02/00/88, p. 36, Nuclear News, (09/00/88, p. 35; and Nuclear News,
05/00/88, pp. 27 & 28] /

11/00/87 In two separate incidents, about 10,000 gallons of radicactive waste water were accidently dis-
charged into a nearby creek. [Nuclear Age, p. 331] &/

04/07/89 The NRC and utility met to discuss recent incidents including boiling a steam generator dry and
overpressurizing the Auxiliary Feedwater System. Also discussed was an Institute of Nuclear Power Operations
letter urging management reforms prior to restarting the plant. [Nuclear News, 05/00/89, pp. 27 & 28] ¢/

10/16/90 The Government Accounting Office issued a report identifying counterfeit fasteners, pipe fittings,
circuit breakers, and fuses at Rancho Seco. [GAO/RCED-91-6, p. 16]

2. TROJAN [05/20/76]

General Data

Owner Portland General Electric [DOE/OSTI-8200, p. 11-6]

Location Prescott, OR [Ibid)

Reactor 1075.0 MWe PWR ordered 11/00/68 [WASH-120b, p. 5]

First Electricity 05/20/76 [NUREG-1350, p. 85]

Designer/Builder Bechte! [Ibid]

Cost to Build $443.1 million [DOE/EIA-0485, p. 109)

Licensing Data

e CP received 02/08/71, OL received 11/21/75 [NUREG-1350, p. 85)

® Over its operating life, Trojan received about $900,000 in NRC fines -- $200,000 more than the national
average for the time period. [Los Angeles Times, 11/01/92, p. D8; and DOE/EIA-0547, pp. 6 & 8]

Date Closed 11/09/92 [The Energy Daily, 01/06/93, p. 2]

Operating Data

® Asof 06/30/90, the plant's Cumulative SALP Rating was 1.80, about average. Six Category 3 Findings
were identified during the ten SALP inspections performed since 10/00/80. Three Findings pertained
to QA matters. The other three concemed security, fire protection, and operating procedures.
[NUREG-1214, p. 2-73)

® The plant’s Lifetime Capacity Factor was 52%, well below the national average. Over its 16 year oper-
ating life, its forced outage rate was 13.1% (2.16 years). [Nuclear News, 09/00/92, p. 25; and Nuclear
Safety, 04/00/82-06/00/92, p. 274]

Decommissioning Costs are expected 1o total $488 million. [The Wall Street Journal, 01/05/83, p. Ad] /

Problems

10/00/74 During preoperational testing, eleven 48 volt relays were found that had incorrectly been labelled
as 125 volt relays by the manufacturer. [Nugget File, p. 53] /

01/00/76 For three days the plant operated without steam sensors that had inadvertently not been reacti-
vated following maintenance. [Nugget File, p. 59)
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04/00/76 Plant personnel continued operating the reactor for 2% hours following activation of alarms signal-
ling the need to shut the reactor down. [Nugget File, p. 68] ¢+

06/00/76 After being on line for two weeks, the plant was shut down for several weeks to repair a defective
generator grounding systern. (Nuclear News, 12/00/76, p. 96]

11/00/76 The state of Oregon sued the utility for discharging heated water into the Columbia River without
having a QA Program for controlling and monitoring such thermal discharges. Such a QA Program was agreed
to during a meeting with the state in early 1975. [Nuclear News, 10/00/76, p. 35] ¢/

10/10/77 A bomb exploded at the plant's visitor center. Though no one was injured, damage to the building
totalled $13,500. (Nuclear News, 12/00/77, pp. 38 & 39] v/

05/26/78 The NRC ordered the plant to remain shut down, foliowing refueiing, until its control room walls
were reinforced to withstand a design-basis earthquake. The plant retumed to service on 01/02/79. The utility
sued Bechtel, the original designer of the control room, for $75 million in damages. Bechtel counter-sued for
$108 million. The suits were settled out-of-court during 03/00/81. [Nuclear News, 08/00/78, pp. 32 & 33,
Nuclear News, 02/00/79, p. 34; and Nuclear News, 04/15/81, p. 86A] /

07/25/78 The utility was fined $20,500 for a radiation exposure incident. One worker received 27 rem and
the other 17 rem. This was far more than the 3 rem/quarter allowed, and the 27 rem dose was the largest in
the history of licensed nuclear power. [Nuclear News, 08/00/78, p. 55; 02/00/78, p. 46; and 04/00/81, p. 53] /

03/00/79 The utility permitted photographs by a movie studio of the inside of the plant which were then used
to build sets, including a replica control room, for the anti-nuclear hit, The China Syndrome. [Nuclear News,
04/00/79, p. 24; and Nucleonics Week, 01/11/79, p. 8] ¢

11/08/79 Eleven (11) plant guards were arrested for drug trafficking. Following the arrests, the NRC began
requiring drug and aicohol addiction testing of nuclear power plant guards. [Nuciear News, 01/00/80, p. 44, and
The New York Times, 11/24/79, p. 10] /

06/00/82 The NRC imposed a $60,000 for disabling an emergency diesel generator and not testing the oper-
ability of the plant’s two other emergency diesel generators. [Nuclear News, 07/00/82, p. 36]

09/26/83 The utility was fined $100,000 for failure to have required fire protection plans, procedures, and
materials. [Nuclear News, 11/00/83, p. 73] #

03/00/86 The NRC fined the utility $100,000 for closing a Residual Heat Removal System vaive, when it
should have been left open, during plant operation and for improperly inspecting electrical cable splices during
plant maintenance. [Nuclear News, 04/00/86, pp. 38 & 39; and Nuclear News, 12/00/86, p. 36] /

04/09/87 The NRC imposed a $50,000 fine for failing to detect and control the dispersion of highly radio-
active dust throughout the reactor building. [Nuclear News, 08/00/87, p. 35]

05/00/89 The utility was fined $75,000 for failing to control design changes and the quality of materials used
in plant modifications. [Nuclear News, 06/00/89, p. 33] /

08/00/89 NRC inspectors found two of the plant's emergency core cooling sumps clogged with up to 14
years of accumulated debris. The utility was fined $280,000. [Nuclear News, 12/00/89, p. 28] /

03/00/81 The plant was down for 11 months to repair steam generator tubes. The cost was $45 million not
including $67 million for replacement power. [Los Angeles Times, 11/01/92, p. D1] /

08/10/92 The utility announced it would be closing the plant in 1996, because least-cost studies had found
it would be cheaper than spending $200 million to replace its steam generators and complete other modifications
required to keep the plant in coeration. [Nuclear News, 09/00/92, p. 25)

11/09/82 The plant was forced to shut down because of new steam generator tube leaks. [The Energy
Daily, 01/06/93, p. 2]

02/17/83 The utility sued Westinghouse claiming the manufacturer knew, as early as 1968, that its steam
generator tubes were susceptible to corrosion and cracking and would need to be replaced within the 40-year
life of the plant. [Nuclear News, 04/00/83, p. 27]

3. FORT ST. VRAIN [12/11/76]
General Data
Owner Public Service Company of Colorade [DOE/OSTI-8200, p. HI-1]
Location Platteville, CO [ibid]
Reactor 330.0 MWe HTGR ordered 03/00/65 [WASH-1208, p. 2]
First Electricity 12/11/76 [NUREG-1350, p. 90]
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Designer Sargent & Lundy [WASH-1208, p. 2]

Buiider Ebasco [NUREG-0020, 09/00/89, p. 2-168]

Cost to Build $274.1 million [DOE/EIA-0473, p. 15]

Licensing Data

@ CP received 09/00/68; OL received 12/21/73 [WASH-1208, p. 2; and NUREG-1350, p. 90]

e During 1958, the AEC named Fort St. Vrain one of five new nuclear power plants eligibla for special
U.S. Government financing and other assistance. [DOE/MA-0152, p. 39]

Date Closed 08/18/89 [SECY-80-421, p. 3]

Operating Data

® The plant's Cumulative SALP Rating was 2.07. Category 3 Findings were identified during every one
of eight SALP inspections dating back to 10/00/80. The 17 Category 3 Findings covered seven of the
eleven NRC checklist characteristics. The most frequently cited Findings were in plant operations,
maintenance, and licensing. [NUREG-1214, p. 2-64]

@ The plant's Lifetime Capacity Factor was 14.7%, the second worst of plants operating during the 1870s
and 1980s. Forced outages totalied 42,684 hours (4.9 yrs) and the plant was on-line a total cf 40,532
hrs (4.6 yrs). (NUREG-0020, 09/00/89, p. 2-166; and 1984-85 Nuclear Power Safety Repont, p. D2]

e On 05/22/86, the NRC identified the plant as one of the 16 of the nation's worst nuclear power plants.
[The New York Times, 07/16/86, p. A11] /

Decommissioning A total of 726 spent fuel assemblies were sent to Idaho National Engineering Labora-
tory. There are still 1428 assemblies at the plant, 504 in its storage pool and 978 in the reactor. An indepen-
dent spent fuel storage facility is being built at the plant at a cost of $81 million to hold the assemblies pending
a decision on their final disposal. Dismantling the plant is expected to be completed by 1997 and cost $124
million. [SR/CNEAF/82-01, p. 177; Nuclear News, 01/00/93, p. 23; and GAO/RCED-90-208, p. 23] ¢/

<]

06/00/75 Water seeped into the plant's emergency diesel generators during temporary storage. When the
generators were started, the diesel's piston rings, pistons, and cylinders cracked. [Nugget File, p. 57] /

03/00/76 The reactor scrammed seven times in four days because of operator mistakes and design errors.
[Nugget File, p. 87] /

12/11/76 Construction was completed six years behind schedule. General Atomics, the reactor manufac-
turer, paid $52 million in penalties. [Engineering News-Record, 02/02/78, p. 13] /

04/19/77 An NRC inspector passed through the main gate and several guard stations and entered the main
control room without a security badge. The utility was fined $8000. (1977 Annual NRC Report, p. 101; and
Nuclear News, 07/00/77, p. 38]

01/23/78 Fitteen workers were slightly contaminated when a valve failed releasing radioactivity.  Six
operators stayed and 275 other employees evacuated the plant site. The plant was shut down until 02/09/78.
[Engineering News-Record, 02/02/78, p. 13; and Nuclear News, 03/00/78, p. 20] /

11/00/78 100°F variations in core temperature kept the reactor from operating at full power. This problem
was first noticed during 10/00/77. [Engineering News-Record, 11/16/78, p. 23]

04/02/79 The plant's license was amended limiting operation to 70% of tull power. This restriction was lifted
3% years later. To compensate the utility for the power reduction, General Atomics agreed to a settiement of
$180 million and free fuel for 5 years. [Nuclear News, 05/00/79, p. 58; and Nuclear News, 11/00/82, p. 34] v

06/23/84 The plant was shut down because of excessive moisture in the reactor’s helium coolant. During
the shutdown, 6 of 37 control rods failed to operate. The plant did not restart until 04/00/85 and during the
outage the utility was involved in a dispute with the utility commission over whether customers should receive
a $320,000 refund for cach month the plant was out of service, [Nuclear News, 11/00/84, p. 60}/

06/28/89 Personnel opened a series of valves in the wrong order and, in so doing, released gaseous radio-
active waste to the environment. [NUREG-0020, 09/00/89, pp. 2-168, 169, & 170] v

08/18/89 The reactor was shut down following control rod failures. [SECY-90-421, p. 3] /

08/25/89 Numerous cracks were discovered in the main steam ringheaders asscciated with the steam
generators. On 08/29/89, the utility decided repairs would be too extensive to justify continued operation of the
plant. [NUREG-0020, 09/00/89, p. 2-167]
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4. THREE MILE ISLAND 2 [09/18/78]
General Data
Owner GPU Nuclear [DOE/OSTI-8200, p. I1I-2]
Location Middietown, PA [Ibid]
Reactor 906.0 MWe PWR ordered 02/00/67 [ibid and WASH-1208, p. 3]
First Electricity 09/18/78 [NUREG-1250, p. 110}
Designer Bums & Roe [WASH-1208, p. 3]
Builder United Engineers & Constructors [NUREG-0020, 01/00/79, p. T-4]
Cost to Build %714.9 million [DOE/EIA-0485, p. 20]
Licensing Data CP received 11/25/69; OL received 02/08/78 [NUREG-1250, pp. 77 & 108}
Date Closed 03/28/79 [NUREG-1350, p. 90]
Operating Data
@ Asof 12/31/78, the plant's Cum. Capacity Factor was 85.1%. [NUREG-0020, 01/00/79, p. T-5)
® After the 03/28/79 accident, investigators identified the following maintenance and operating problems:
a) foot-long mineral deposits hanging from leaking valves; b) contaminated equipment pulled from ser-
vice and stored in uncontrolled areas of the plant; c) valves in the closed position that should have
been open, d) valves that appeared on drawings but could not be found by station personnel, ) over
52 audible alarms in the control roc 1, all of which went off during the accidant, and f) control room
gauges that were either out-of-service or went off-scale during the accident. Repair tags hanging from
gauges prevented reading those that were in service. [Nucleonics Week, 10/29/79, pp. 7 & 8] #
Decommissioning On 04/15/90, the last of 152 tons of debris was removed from the reactor and sent to
Idaho National Engineering Laboratory for analysis and disposal. $970 million was spent on this and other
decommissioning work. The total cost of decommissioning is expected to be $1.4 billion. [Nucleonics Week,
10/29/79, p. 3; The Washington Post, 03/28/89, p. A8; The New York Times, 07/02/86, p. A10; NUREG-0090,
p. 26; and The New York Times, 04/24/90, pp. C1 & C12] /

Probiems

04/23/78 Plant startup was put on hold until 08/17/78 when main steam isolation vaives failed to close. The
problem was due to a design error and all five valves had to be replaced. [NUREG-1250, p. 110] ¢

11/03/78 A plant mechanic shut down the entire plant by tripping what he thought was a light switch. He
tripped a condensate polisher switch. The utility's corrective action was to put a guard over the condensate
polisher switch. [lbid and Nucleonics Week, 10/29/79, p. 8]

01/15/79 The plant was shut down for two weeks after the reactor scrammed. |t was restarted following
repairs to the atmospheric dump bellows and several pressurizer instrumentation valves. [NUREG-1250, p. 111]

03/28/79 The reactor experienced a partial (52%) core melt-down. 200,000 residents were evacuated until
the reactor was brought under control, and it was sate to return. Though some radioactivity was released, it was
less than 10% of annual background radiation. [Nucleonics Week, 10/29/79, pp. 3-4; Nuclear Age, p. 218, and
The New York Times, 04/24/90, p. C12] ¢

10/25/79 The utility was fined $155,000 for 134 violations of regulations between 10/00/78 and 03/00/79.
[Nuclear News, 12/00/79, pp. 28 & 33] ¢/

11/01/79 The utility was presented with an order to show cause, within 20 calendar days, why its licenses
o operate Pennsyivania nuclear power plants should not be revoked. [Ibid] «

04/00/80 About 2000 lawsuits were filed against GPU by local residents and other affected organizations.
In turn, the utility sued B&W, the reactor manutacturer, and the NRC for $4 billion. The suits alleged a defective
B&W pressurizer relief valve caused the 03/28/79 accident. Also, they claimed that the NRC failed to notify the
utility of a 09/00/77 feedwater transient at Davis-Besse that foreshadowed the 03/28/79 accident. [Nuclear
News, 04/15/80, p. 22A; 01/00/82, p. 49; and 12/00/82, p. 40-42; and Nuclear Age, p. 226) /

5. SHOREHAM [07/06/85]
General Data
Owner Long Island Lighting [DOE/OSTI-8200, p. iI-5]
Location Brookhaven, NY [lbid]
Reactor 820.0 MWe BWH ordered 02/00/€7 [Ibid and WASH-1208, p. 3]
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First Electricity 07/07/85 [The New York Times, 09/17/85, p. B3, and Nuclear News, 08/00/85, p. 45]
Designer Stone & Webster [Spectrum, 11/00/87, p. 30]
Buiider Long Island Lighting {lbid]
Cost to Build $5.48 billion [DOE/EIA-0473, p. 29]
Licensing Data A CP was received 04/14/73. A "low-power" OL was received 02/12/85 and a "full-power”
OL was received 04/21/89. On 07/20/91, the OL was converted 10 a "possess-only” OL. [NUREG-1350, p. 83;
Nuclear News, 03/00/85, p. 31; The New York Times, 07/20/91, p. 22; and Nucleonics Week, 04/27/89, p. 11]

Date Closed 05/26/89; the plant was closed in response to a promise from the State of New York 1o help
restore the utility’s financial health. [The New York Times, 07/20/81, p. 22; and Nuclear News, 08/00/91, p. 79]

Operating Data

® Shoreham's Cumulative SALP rating was 1.73. Three Category 3 Findings were identified during
seven SALP inspections, the first of which was performed in 1981. All three Findings were identified
during 1986. NRC inspectors found that: a) utility management was preoccupied with licensing issues
and not paying attention to procedural details and quality assurance problems; b) personnel training
was poor and tumnover excessive; and c) radiological controls were inadequate. [The New York Times,
07/20/86, pp. XXI-1 & 11; and NUREG-1214, p. 2-17]

® During the two years it was in operatior,, the NAC cited Shoreham with five NRC violations. [ Spectrum,
11/00/87, p. 34 /

& Shoreham operated at less than 5% of full-power for a total of 3¢ hours. On 08/26/86, it produced 19
MW-hrs of commercial power. Over its 3.80 yr operating life, Shoreham had a Litetime Capacity Factor
of 0.0%. [Nucleonics Week, 04/27/89, p. 12; and The New York Times, 08/27/86, p. B3]

Decommissioning The Long Island Power Authority filed a decommissioning plan on 12/20/90. Dismant-

ling the plant, which began 06/17/92, will take about two years and cost $186 million. During the interim, 560
assemblies are still being held in the plant's spent fuel storage pool. [The New York Times, 07/20/91, p. 22;
SR/CNEAF/92-01, p. 131; Nuclear News, 08/00/92, p. 28; and Nucleonics Week, 04/27/89, p. 11]

ms

03/26/69 The utility decided to increase the plant's capacity from 540 to 820 MWe. Stone & Webster told
the utility this would not require increasing the size of the reactor building. Along with this change, the utility
upgraded its order with General Electric to a Mark || reactor, a first-of-its-kind design. [Spectrum, p. 26] &

10/00/71 The utility placed a hold on design activities for one year pending resolution of a 07/23/71 U.S.
Court of Appeals ruling, known as the "Calvert Cliffs Decision”, that resulted in the AEC temporarily stopping
the issuance of Construction Permits. [Ibid, p. 28] ¢

00/00/73 Piping systems had to be upgraded to meet ASME lil requirements. New pipe was crdered to
replace what was already on site, and construction was delayed until the new pipe was delivered. [Ibid, p. 29]

09/07/77 The utility took over responsibility for construction, replacing Stone & Webster. Productivity
continued to decline. Cost overruns of $296 million were attributed to the utility's management of construction
activities. [lbid, pp. 30 & 33] v

00/00/80 Electrical cable trays had to be torn out and rerouted to meet new NRC regulations based on
lessons learned from a 1975 fire at Browns Ferry 1&2. Cost overruns of $105 million were attributed to delays
in responding to changing NRC piping and fire protection regulations. [Ibid, pp. 29 & 33] /

00/00/82 An agreement was reached with the NRC on how to reduce hydrodynamic loads on the suppres-
sion pool below the reactor. Tests conducted by General Electric in 1973 found that loads were higher than
originally assumed. Required changes delayed start-up by two years. [lbid, p. 31]

08/00/83 The crankshaft on one of three erergency diesel generators broke during testing. Cracks were
found in the other two generator crankshafts and in the connecting rod bearings and pistons of all three gene-
rators. The crankshafts were not designed for the torsional loads they experienced during generator start-up.
Replacing the generators delayed fuel loading by over a year and cost $619 million. [Ibid, p. 32] /

10/00/85 The plant completed low-power testing. Three reactor scrams and one manual shutdown occurred
during the three-month testing period. One scram resulted from a valve failure and the other two were due to
operator errors. The manual shutdown was due to a malfunctioning coolant level gauge. [Ibid, p. 34|

07/00/86 In response 1o lessons learned from the accident at Three Mile Island, the utility spent $30 million
to build a special training center for Shoreham control room operators. [lbid, p. 31] /
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08/21/87 A federal court dismissed a $750 million suit by the utility against Stone & Webster for defects in
the plant's three emergency diesel generators. (Nuclear News, 10/00/87, p. 24| /

11/18/88 President Reagan signed an Executive Order giving the Federal Emergency Managemeni Agency
authority to evacuate personnel near nuclear power plants when state and local governments are unwilling to
do so. The order cleared the way for a 04/21/89 Operating License. [The Washingion Post, 11/19/88, p. A1]

10/16/90 The General Accounting Office issued a report identifying use of counterfeit fasteners, circuit
breakers, fuses, and other materials at Shoreham. [GAO/RCED-91-6, p. 16}

06/00/91 General Electric and Long Island Lighting agree to an out-of-court settlement. The utility had been
askirig for $400 million to compensate for damages it incurred using General Electric's allegedly inadequate sup-
pression pool design. [Nuclear News, 08/00/91, p. 34] /

03/05/92 Title to Shoreham was transferred to the Long Island Power Authority whose sole function will be
to decommission the plant. [The Nuclear Monitor, 03/23/92, p. 8]
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1. WOLVERINE [05/00/58]

Owner Wolverine Electric Cooperative [Atomic Energy Deskbook, p. 613]

Location Hersey, M! [Forum, 02/00/586, p. 16]

Reactor 10.0 MWe aqueous homogeneous reactor. (Ibid]

Construction Permit Appiication During 00/00/56, in response to the AEC's "second round” request for
PDRP proposals. [Atomic Energy Handbook, p. 613]

Cancelled During 05/00/58, the plant was cancelled because of "substantial* increases in estimated con-
struction costs. Costs rose from $3.6 million to $14.4 million. [lbid; Forum, 04/00/58, p. 10; and Forum,
06/00/58, p. 29]

2. CHUGACH [02/00/59]

Owner Chugach Electric Association [Atomic Energy Deskbook, p. 99]

Location Anchorage, AK [Ibid]

Reactor 10.0 MWe sodium-cooled heavy-water reactor {lbid]

Construction Permit Application During 00/00/56, in response to the AEC's "second round” request for
PDRP proposals. [Ibid]

Cancelled During 02/00/59, the plant was cancelled because "of the technical complexity of the project
and the remote location of the plant.” [lbid and Forum, 03/00/59, p. 7]

3. FLORIDA WEST COAST [00/00/61]

Owner Florida West Coast Nuclear Group, Inc. [1960 Annual AEC Report, p. 406]

Location Tampa, FL [Atomic Energy Deskbook, p. 172]

Reactor 50.5 MWe HTGR, heavy water moderated [1960 Annual AEC Report, p. 406]

Construction Permit Application 12/10/59 [ibid]

Cancelled During 1960, the Application was withdrawn for modification. The plant was cancelled in early
1961 because of rising technical and economic uncertainties. [Ibid and Atomic Energy Deskbook, p. 172]

4. RAVENSWOOD [11/14/63]

Owner Consolidated Edison [7963 Annual AEC Repon, p. 432]

Location Queens, NY [Ibid)

Reactor 100.0 MWe PWR [ibid]

Construction Permit Application 12/10/62 [ibid]

Cancelled On 11/14/83, the Application was withdrawn for modification and never resubmitted. The plant
was to be located across the East River from Manhattan's 72nd Street. [Ibid, pp. 363 & 432; and Unacceptable
Risk, p. 65)

5. BODEGA BAY [11/04/64]

Owner Pacific Gas & Electric [ 1963 Annual AEC Report, p. 359)

Location Bodega Head, CA [Ibid, p. 432]

Reactor 325.0 MWe BWR [Ibid]

Construction Permit Application 12/31/62 [ibid]

Cancelled On 11/04/64, the Application was withdrawn on advice of AEC staff. The plant was located next
to the San Andreas fault. $4 million had been spent on site nreparation and excavating a 73-foot deep reactor
building foundation. [Ibid, p. 359, Containing the Atom, p. 99; and 1964 Annual AEC Report, p. 318)

6. MALIBU [07/14/66]

Owner Los Angeles Water & Power Department [1963 Annual AEC Report, p. 432]

Location Corral Canyon, CA [Ibid]

Reactor 490.0 MWe PWR [ibid]

Construction Permit Application 11/26/63 [lIbid]

Cancelled On 07/14/6€, the ASLB ruled the plant must be designed for permanent ground displacement
as a result of an earthquake, a viriual impossibility. (1966 Annual AEC Report, p. 59]
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7. BURLINGTON 1 & 2 [08/00/67]

Owner Public Service of New Jersey [1967 Annuai AEC Report, p. 336]

Location Burington, NJ [Ibid)

Reactors 1050.0 MWe PWRs (Ibid]

Construction Permit Applications 12/13/66 [Ibid]

Cancelled During 08/00/67, the Applications were withdrawn because of ACRS and local opposition to
nuclear plants sited 17 miles from Philadelphia. During 01/00/68, the Applications were resubmitted for two units
(Salem 1 & 2) located 18 miles from Wilmington, DE. [Ibid, Power, 10/00/67, p. 117; and 1968 Annual AEC

Report, p. 114

8. CRYSTAL RIVER 4 [03/25/68]

Owner Florida Power [1968 Annual AEC Report, p. 114]

Location Crystal River, FL [NUREG-1350, p. 72)

Reactor 825.0 MWe PWR [1968 Annual AEC Report, p. 111]

Construction Permit Application 08/00/67 [WASH-1208, p. 3]

Cancelled On 03/25/68, the Application was withdrawn because revised load growth projections indicated
the plant would not be a prudent investment in generating capacity. [1968 Annual AEC Report. p. 114]

9. EASTON [08/20/68]

Owner Niagara Mohawk (1967 Annual AEC Report, p. 337

Location Troy, NY [Ibid]

Reactor 766.0 BWR [Ibid]

Construction Permit Application 08/00/867 [Ibid]

Cancelled On 08/20/68, the Application was withdrawn because of difficulties obtaining site approvals from
local goveming bodies. The proposed site was located across the Hudson River from Saratoga National Historic
Park. In 1968, the New York Power Authority took over Niagara Mohawk's reactor contract and used the reactor
at its Fitzpatrick plant. [1968 Annual AEC Report, pp. 113, and WASH-1208, p. 5]

10. BOLSA ISLAND 1 & 2 [12/30/68]

Owner Los Angeles Water & Power Department [1968 Annual AEC Report, p. 114]

Location Huntington Beach, CA [ibid)

Reactors 900.0 MWe PWRs [ibid]

Construction Permit Applications 09/00/67 [lbid]

Cancelled On 12/30/68, the Applications were withdrawn after the utility determined the plants were not
sconomically justifiable. Initiaily, the plants were expected to cost $444 million and both generate electricity and
desalinate water. However, by 08/00/68, the estimated cost had risen to $765 million. [Ibid; AEC Fact Book,
p. E-26; Power, 10/00/66, p. 103; and Power, 08/00/68, p. 108]

11. BELL 1 & 2 (also called MILLIKEN) [04/00/69]

Owner New York State Electric & Gas (1970 Annual AEC Report, p. 84

Location Lansing, NY [ibid]

Reactors 838.0 MWe BWRs, Unit 1 reactor ordered 06/00/67 [Power, 10/00/68, p. $-9, and 1967 AEC
Annual Report, p. 339)

Construction Permit Applications 03/00/69 [1969 Annual AEC Report, p. 129]

Cancelled During 04/00/69, the plants were postponed indefinitely because of locai opposition to the
possible thermal pollution of Cayuga Lake. (Ibid and AEC Fact Book, p. E-27]
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1. ZIMMER 1 [01/14/84)]
General Data
Owner Cincinnati Gas & Electric [Nuclear News, 08/00/83, p. 98]
Location Moscow, OH [Ibid]
Reactor 810 MWe BWR ordered 09/00/69 [lbid and WASH-1208, p. 5]
Designer Sargent & Lundy [Ibid]
Builder Kaiser [Ibid]
Construction Permit Received 10/27/72 (1972 Annual AEC Report, p. 15]
Date Cancelled 01/14/84 [Engineering News Record, 02/02/84, p. 10]
Percent Complete 97% [Nuciear News, 02/00/84, p. 25; and The New York Times, 06/17/84, p. Di7]
Eventual Fate Zimmer was converted to a 1300 Mwe coal-fired plant. On 12/31/80, the plant began gene-
rating electricity [Nuclear News, 02/00/91, p. 32)
Piant Cost Data
e The cost of the plant had risen from an initial estimate of $240 million to $3.1 billion at the time it was
cancelled. [The New York Times, 01/17/84, p. D17; and The New York Times, 01/18/84, p. 12]
e  $1.72 billion had been spent on design and construction at the time the plant was cancelled. [The New
York Times, 06/18/84, p. D1]
e $1.1 billion was spent converting the plant to a coal-fired unit. [Nuclear News, 02/00/91, p. 32]

Problems

04/20/80 The Chicago Sun-Times ran a story about a private detective, hired by the utility to look into
employee time-cheating, who claimed he was fired for also finding quality problems, e.g., use of damage piping
materials and rubbish fires burming unattended inside the reactor building. [Nuclear News, 06/00/80, ». 44]

02/00/81 The NRC sent the utility a letter requesting that "immediate action” be taken to correct recurring
problems with the quality of ongoing construction activities. [NUREG-1055, pp. A.33)

11/24/81 After a nine-month NRC investigation of allegations, the utility received a $200,rJ0 fine for
numerous quality assurance deficiencies. It was the largest fine assessed by the NRC against « plant under
construction. An accompanying "Notice of Violation" mentioned harassment of inspectors, including one threat
of physical violence; defective welds; and cable installation nonconformances. [Nuciear News, 01/00/82, p. 49)

04/08/82 The NRC ordered duplicate inspections of all construction activities. During early 08/00/82, the
NRC permitted a 50% reduction in duplicate inspections. [Nuclear News, 09/00/82, p. 48}

05/27/82 Two reactor building QA inspectors were doused with a bucket of water containing urine. The
bucket was activated by a trip wire. The next day the utility stopped all work at the project site and the NRC
began an investigation of the incident. [Nuclear News, 07/00/82, p. 36]

07/00/82 The utility found that 100 of 450 welders that had completed questionable or defective welds were
not properly qualified. [Inside NAC, 11/01/82, p. 1]

10/19/82 The utility stopped all repairs of past defects by Catalytic, Inc., after NRC inspectors found defects
in the repairs. [ibid]

10/28/82 NRC Commissioners are told that, in addition to a records "mess,"” substantial problems requiring
extensive rework had been found in the areas of "structural steel, weld quality, heat number traceability, and
cable separation.” [lbid)

11/12/82 The NRC ordered all work at Zimmer stopped. In a 10-page order, it cited defects in 70% of
structural steel welds, inadequate documentation and qualification of welders and QA personnel, alteration of
records, and untraceable materials. To restart work, the NRC ordered the utility to hire an independent third-
party to conduct an audit of its QA program and management practices. [Nucleonics Week, 11/18/82, p. 1;
Nuclear News, 12/00/82, pp. 23 & 24; and Nucleonics Week, 12/09/82, p. 2]

11/16/82 Bechtel was hired to replace Kaiser as construction manager. The NRC promptly questioned the
selection since many of the construction problems identified at Midland 1&2, a Bechtel project, were the same
as those at Zimmer. [Nucleonics Week, 12/09/82, pp. 182]

12/00/82 A Federal grand jury was empaneled to hear the results of an FBI investigation of harassment of
Zimmer inspectors and falsification and destruction of QA records. [Inside NRC, 11/15/82, p. 1]

08/22/83 A 491-page independent Zimmer management audit report was presented to the NRC. The report
attributed QA problems 1o a: 7) fossil power plant mentality and tendency to place QA behind cost and schedule
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considerations; and 2) failure to establish an comprehensive set of integrated project procedures. It attributed
problems with the completeness, accuracy, and traceability of QA records to a tendency to rely on "informal
communication within small groups.” [NUREG-1055, p. A.37,; and Nuclear News, 09/00/83, p. 24]

11/00/83 The NRC rejected a request to resume construction with Kaiser construction crews working under
Bechte!'s supervision. Several days later the utility requested permission to use Bechtel versus Kaiser construc-
tion crews. [Nucleonics Week, 11/24/83, p. 2; and The New York Times, 11/24/83, p. D12]

01/21/84 The utility, after consulting with its other partners, decided to convert Zimmer to a coal-fired plant.
The decision was prompted by financial difficuities and a recent study that found conversion would be cheaper
than proceeding ahead in view of "licensing uncertainties’. [Nuclear News, 02/00/84, p. 25]

01/25/84 A Bechtel offer to buy Zimmer was rejected. Bechtel planned to complete the plant and operate
it as a nuclear powered electric generating station. [Engineering News-Record, 02/02/84, p. 10}

06/17/84 A Ohio Public Utility Commission report found utility mismanagement was the reason for $775
million in overruns. It citod “mindboggling” design errors; for example, a main control panel whose waming lights
were spaced so close they either bumed out or had to be disconnected to reduce the risk of fire. [Forbes,
02/11/85, p. 90; The New York Times, 06/18/84, p. D1; and The Wall Street Journal, 06/19/84, p. 1]

05/00/85 Two out-of-court settlements were reached. In one, Kaiser agreed to pay the utility $1.7 million
and voided $2.0 million in bills. In the other, utility directors agreed to pay stockholders $2.0 million. [Nuclear
News, 06/00/85, p. 192)

11/00/87 Two out-of-court settiements were reached. In one, General Electric agreed to pay the utility $37
million and, in the other, Sargent & Lundy agreed to pay the utility $15 million. [Nuclear News, 12/00/87, p. 110]

2. MARBLE HILL 1&2 [01/16/84]

General

Owner Public Service Indiana [Nuclear News, 08/00/83, p. 98]

Location Madison, IN {Nuclear News, 02/00/84, p. 135)

Reactore Two 1130 MWe PWRs [MNuclear News, 08/00/83, p. 98]

Designer Sargent & Lundy [lbid]

Builder Public Service Indiana [Ibid]

Construction Permit Received on 04/04/78 for both units [Nuclear industry, 05/00/78, p. 20]

Date Cancelled 01/16/84 [Nuclear News, 02/00/84, p. 26)

Percent Complete 60% for Unit 1 and 37% for Unit 2 [libid, pp. 26 & 135)

Eventual Fate The plant was abandoned [Nuclear News, 12/00/84, p. 21]

Plant Cost Data

e The cost of the plant had risen from an initial estimate of $1.8 billion to $7.7 billion at the time it was
canceled. [Forbes, 02/11/85, p. 95; and The Wall Street Joumal, 06/19/84, p. 7]

e The utility had spent $2.8 billion on construction at the time it was cancelled. Public Service Indiana
was able to "write ofi* $2.7 billion. [Nuciear News, 01/00/86, p. 40; and Time, 04/28/91, p. 56]

Problems

00/00/77 The utility was fined $12,500 for beginning construction prior to receiving a Construction Permit.
[Nuclear News, 07/00/77, pp. 36 & 38|

03/00/79 The NRC identified severe cases of honeycomb in concrete. The wlility agreed to upgrade its
control of concrete work and retest the quality of previously placed concrete. [NUREG-1055, p. A.8]

04/00/79 Charles Cutshall, a former Marbie Hill construction worker, notified the NRC that honeycomb in
concrete was being patched over rather than chipped out and filled with grout. The National Board of Boiler and
Pressure Vessel Inspectors identified problems with the quality of instalied piping. The NRC began investigating
both aliegations. [NUREG-1055, p. A.8; Nuclear News, 01/00/80, p. 43, and Nuciear News, 09/00/79, p. 22|

07/20/79 Following discussions with the NRC about recurring problems with the quality of concrete construc-
tion, the utility agreed to stop further concrete work. [Nuclear News, 08/00/79, p. 22 & 111]

08/15/79 The NRC ordered the suspension of construction activities. NRC inspectors had, over the previous
five months, identified widespread and severe honeycombing in concrete; problems with structural steel erection,
piping installation, and the application of protective coatings; and serious inadequacies in staffing and managing
construction activities. Over 500 honeycomb clusters were found, some up to 180 cubic feet in volume. The



Supplement VIl NUCLEAR PLANTS CANCELLED DUE TO QA PROBLEMS Page 3

order prohibited the resumption of construction without NRC permission. [Nuclear News, 09/00/79, pp. 22 &
111; and Normal Accidents, p. 36|

11/27/79 During Congressional hearings into nuciear power plant problems, the NRC said it had turned over
to the Justice Department evidence that quality assurance problems at Marble Hill rnay have included criminal
activities. [Nuclear News, 01/00/80, p. 43]

12/00/81 Despite the objections of local citizen groups, the NRC gave the utility permission to resume all
construction activities. [Nuclear News, 12/00/81, p. 69]

03/00/83 Due to quality control problems, the utility suspended all work on electrical and HVAC systems
and, due to design problems, also postponed structural steel shipments to the site. [Forbes, 02/11/85, p. 95]

01/16/84 The utility announced it was financially unable to continue construction. A series of layoffs during
the prior three months had reduced the on-site workforce to about 250 [Nuclear News, 02/00/84, pp. 26 & 135]

06/00/84 The utility rejected as too costly a proposal by Bechtel, Sargent & Lundy, and Westinghouse to
complete the plant. [The Wall Street Journal, 06/19/84, p. 7; and Nuclear News, 12/00/84, p. 21]

07/00/88 In an out-of-court settiement, utility officers and their insurers agreed to pay stockholders $24.55
million. [Nuclear News, 09/00/88, p. 36)

02/00/89 In an out-of-court settlement, the utility agreed to pay Wabash Valley Power, a junior partner in
the Zimmer project, $80 million in ash and $90 million in free electricity. [Nuclear News, 03/00/89, p. 36)

3. MIDLAND 1&2 [07/16/84]
General
Owner Consumers Power [Nuclear News, 08/00/83, p. 98]
Location Midland, Mi [Ibid]
Reactors Two PWRs were ordered during 05/00/68, a 530 MWe reactor for Unit 1 and a 805 MWe reactor
for Unit 2. [Ibid and WASH-1208, p. 4]
Designer/Builder Bechtel [Nuclear News, 08/00/83, p. 98]
Construction Permit Received during 12/15/72 for both units [1972 Annua! AEC Repon, p. 15|
Date Cancelled July 16, 1984 [Nuclear News, 08/00/84, p. 37]
Percent Complete 85% for each of the two units [Ibid)
Eventual Fate The plant was converted to a 1370 MWe gas-fired cogeneration facility. The plant began
operation during 04/00/90. [The Washington Post, 04/10/90, pp. D1 & D2]
Plant Cost Data
e At the time it was canceled, the cost of the plant had risen tc $6.0 billion from its original estimate of
$267 million. [Time, 02/13/84, p. 39; and The New York Times, 01/17/84, p. D17]
e The utility had spent $4.2 billion on the plant up to the time it was cancelled. Another $800,000 was
spent converting it to a cogeneration plant. [The Washington Post, 04/10/90, p. D1]

Problems

03/00/73 The Atomic Safety & Licensing Appeal Board ordered the utility to provide: 1) a comprehensive
report on QA actions that had been taken to assure the quaiity of past construction; and 2) monthly reports on
nonconformances associated with future construction work. [Nucleonics Week, 03/29/73, p. 3]

10/05/73 The Atomic Safety & Licensing Appeal Board found Bechtel's organization violated Criterion | of
10CFR50, Appendix B. It gave Bechtel 45 days to change its organization so that the Project QC Engineer and
his inspectors no longer reported to the Project Superintendent. [AEC Reports, Vol. 6, pp. 816-820|

12/03/73 The NRC ordered the utility to "show cause” why all Midland construction activities should not be
suspended. The order was in response to significant cadwelding deficiencies found during an NRC investigation
of allegations made by two Midland construction workers. The NRC received the allegations during 10/00/73
and completed its investigation during 11/00/73. [AEC Inspection Report, 12/14/73, pp. 1-15]

12/00/74 Several construction workers told the Ann Arbor Sun that 1) soil used in a dike around a cooling
pond had not been tested; 2) concrete aggregate had been used that had failed acceptance tests; 3) rebar was
not being tested at minimum frequencies; 4) concrete slump tests were not being performed; and 5) required
tests were not being performed to avoid paying overtime. [Nucleonics Week, 12/05/74, p. 1]

00/00/76 Reinforcing steel was inadvertently omitted from the wall of a building. (Ms. Magazine, 01/00/85,
p. 108; and AEC Reports, Vol. 18, p. 1125]
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00/00/77 A large bulge occurred in the Unit 2 containment liner and errors were identified in the placement
of post-tensioning system tendon ducts. AEC Reports, Vol. 18, p. 1125; and NUREG-1055, p. B.85]

08112/7T7 Columnist Jack Anderson reported that the NRC was investigating the utility's ability to finance
Midland and, ‘a la Watergate, the utility was: 1) trying to block witnesses trom testifying; 2) laundering testimony
that might be damaging; and 3) giving the NRC incomplete information. [Nuclear News, 09/15/77, p. 1208)

09/07/78 Construction was halted after Bechtel discovered excessive setting of the diesel ganerator building.
By 10/27/78, it had settled 3.5 inches versus the 3.0 inches permitted over the life of the plant. The fill was
placed between 1975 and 1977. [Midiand Daily News, 12/02/78, p. 1; and Midland Daily News, 01/04/80, p. 1]

02/23/79 At a special prehearing conference, the Atomic Safety & Licensing Board (ASLB) agreed to con-
sider 29 allegations by Mary Sinclair, a local freelance writer, pertaining to deficiencies in plant construction.
After aimost three years of deliberations, the utility was ordered to address 9 of her allegations in its Operating
License Application. [AEC Reports, Vol. 16, pp. 2035-2047; and Ms. Magazine, 01/00/85, p. 64]

12/06/79 The NRC ordered the utility to stop all work associated with correcting settiement of the diesel
generator building and other plant structures. Cracks from excessive settlement had been identified in the con-
crete walls of auxiliary building and service water intake structure. Settlement of the diesel generator building
exceeded 7 inches and workers had begun tunneling under the diesel generator building to remove and replace
poorly compacted fill material. [AEC Reports, Vol. 15, pp. 1062-1064; and Midland Daily News, 12/26/79, p. 1]

01/00/81 The NRC fined the utility $38,000 for deviating from procedures during the instaliation of HVAC
systems by the Zack Company. This included deviations from procedures relating to procurernent, materials
selection, welding, and document control. [Nuclear News, 02/00/81, p. 43]

05/00/81 During a special investigation, the NRC identified serious deficiencies in previous QC inspections
of piping supports and restraints and electrical cable installations. [AEC Reports, Vol. 18, pp. 1125 & 1126]

09/15/81 The Michigan Supreme Court blocked the utility's plan to sell stocks and bonds needed to finance
further construction of Midland 182. [Nuciear News, 10/00/81, p. 18]

12/01/81 The Atomic Safety & Licensing Board opened six weeks of special hearings on action taken to
investigate and correct: 1) settiement of the auxiliary building and service water pump structure; 2) settiement
considerations and their impact on seismic models; 3) settlement of the borated water storage tank and
underground piping; and 4) settiement of the diesel generator building. [Nuclear News, 01/00/82, pp. 55 & 56]

05/03/82 Albert Moward, a QA Supervisor, told the NRC he had been fired by the Zack Company for trying
to prevent deficiencies in plant HVAC work. He gave the NRC documents that allegedly proved records were
being altered/forged and Zack knew of serious quality deficiencies. [AEC Reports. Vol. 16, p. 2060]

07/00/82 The NRC formed a special Midland Section within its Region Il Office devoted to giving increased
aftention to the quality assurance problems at Midland 1&2. [AEC Reports, Vol. 18, p. 1126]

12/02/82 The utility stopped most construction after an internal investigation revealed that there was insuffi-
cent evidence that past work was adequate or had been properly inspected. [Nuclear News, 11/00/83, p. 60]

02/08/83 The NRC fined the utility twice for a total $120,000 following an intensive investigation of diesel
generator building construction. The first fine was $60,000 for a breakdown in the utility's QA program. The
NRAC cited: 1) multiple instances of failing to follow procedures, drawings, and specifications; 2) supervisors who
tailed to identify and correct unacceptable work; 3) managers who allowed a backlog of 16,000 inspections to
accumulate; and 4) QA personnel who failed to identify problems. The second fine, aiso for $60,000, was for
instructing QC personnel to suspend inspections if they observed too many deficiencies. [Inside NRC, 02/21/83,
pp. 11-13, AEC Reports, Vol. 18, p. 1126; and Nuclear News, 03/00/83, pp. 47 & 50]

02/15/83 The Government Accountability Office asked the Advisory Committee on Reactor Safeguards to
look into the significance of cracks in structures that had been experiencing excessive settlement. (Inside NAC,
02/21/83, pp. 12 & 13])

07/00/83 Dow Chemical declared as “void" its contract to buy steam from Midland 1 and filed suit for $60
million claiming it was not properly advised of problems during construction. The utility countersued for $440
million. [The New York Times, 08/23/83, p. D4; and The New York Times, 11/10/33, pp. D1 & D4]

10/06/83 The NRC approved the utility's plan to resume construction. It called for reinspecting all acces-
sible, previously completed work; retraining site personnel; revising QC procedures; and independent oversight
by Stone & Webster of the plan’'s implementation. [Nuclear News, 11/00/83, pp. 60 & 61]

10/22/83 The utility issued a "stop work order” because of concerns about controls being applied to changes
to drawings. Bechtel modified its drawing change control process. [Nuclear News, 03/00/84, p. 59]
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10/25/83 The NF.C ordered the utility to conduct a "management appraisal” into why soil was being exca-
vated in violation of requirements in a 07/00/82 amendment to the Midland Construction Permit. [Ibid]

01/17/84 The NRC ordered the utility to map cracks in the concrete of the plant's auxiliary building and
service water pump building. [The New York Times, 01/18/84, p. 12]

06/20/84 The utility said, uniess it could negotiate a cost-recovery pian with the Michigan Public Service
Commission by 07/01/84, it would have to cancel the plant. [Nuciear News, 07/00/84, pp. 27 & 28]

07/16/84 The utility announced it was cancelling the plant and, unless it could recover past construction
costs, it would have to consider bankruptey. [Nuclear News, 08/00/84, p. 37]
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11/00/80 Comm Ed Caught the First of the NRC's Stiffer Fines." pp. 29 & 30
Steam generator tubes given inside ‘sleeves’." pp. 61 & 62
02/00/81 $38,000 Midland citation; second Indian Point fine," p. 43
03/00/81 $150.000 in fines sought for outage mishaps,” p. 38
04/00/81 Faulty reading leads to 21-rem exposure,” pp. 52 & 53
04/15/81 "PG&E and Bechtel Seottled their Trojan Suits,” p. 96A
07/00/81 ‘$40,000 fine levied for exirapolated dosuges,” p. 42
09/00/81 ‘Small leak releases some low-level water," p. 85
10/00/81 “"A Court Order has Blocked Midland," p. 18
Fines sought on CommEd, JCP&L, NMPC units,” p. 39
Bernard Vema, "Explosion in radwaste system,” pp. 40 & 42
11/00/81 "Within Ten Days After the President's Statement,” p. 21
12/00/81 'NRC staff report finds catch-up work sufficient,” p. 69
'‘Dairyland protests $38,000 fine," pp. 76 & 79
01/00/82 GPU takes suit against NRC to federai court,”" p. 49
'$200,000 fine proposed for work, QA problems,” p. 49
Outage Notes," p. 54
ACRS reports on three plants, other actions,” pp. 55 & 56
Fines Were Proposed Against Three Units," p. 132
04/00/82 Barnwell ‘black eye’ piece gives DOE red face," pp. 54 & 56
05/00/82 Outage Notes.” p. 42
07/00/82 NRC to probe Zimmer dousing; other actions,” p. 3€
ysed; at least two protested,” pp. 50 & 51
08/00/82 Bemard Verna, “21-rem exposure during shield plug fit," p. 51

Four fines proj

09/00/82 The NRC has Allowed Zimmer Reinspections to be Reduced.” p. 48
1100/82 The NRC has Okayed Full Power for Fort St. Vrain," p. 34
1 2/00/82 The NRC Called a Halt to Safety Related Work at Zimmer," pp. 23 & 24

GPU suit against B&W goes to trial in N.Y," pp. 40-42
Power Briefs," p. 43

Michael Blake, “The effort to prevent tube deterioration,” pp. 49 & 52
03/00/83 Six-figure fines sought on Midland, Braidwood,” pp. 47 & 5(
04/00/83 AGNS Filed Suit Against the Federal Government," p. 25
05/00/83 Owners sue VV(%?;?!WQ'\DUSG‘ over Unit 1 generators," p. 38
06/00/83 The Price Tag for Point Beach,” p. 50
08/00/83 '"PG&E decides to decommission,” p. 57

World List of Nuclear Power Plants,” p. 98

09/00/83 The Zimmer Management Audit Calls for More Qversight," p. 24
10/00/83 Excavation begun for solidifier building,” p. 88
11/00/83 approves utility's completion plan,” pp. 60 & 61

&) \rr r -~ s Teniarn 1 - ol .
)0 fine proposed on Trojan fire safety," p. 73
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Nuclear News (Cont'd)
12/00/83 "BGA&E Decided to Pay a $60,000 fine," p. 128
01/00/84 “The First of a Series of Spent Fuel Shipments,” p. 117
02/00/84 “Citing ‘Licensing Uncertainties’ as a Major Reason,” p. 25
“Public Service Indiana Withdrew its Support for Marble Hill," pp. 26 & 135
*Spent Fuel Shipments Resumed,” p. 95
03/00/84 “Completion plan put into action,” p. 59
05/00/84 "Point Beach-1 Went on Line with New Steam Generators,” p. 26
06/00/84 “Commercial reprocessing ventures in the US," p. 87
*GAO reports on Barmwell future,” pp. 87 & 88
*A $250,000 Fine was Proposed,” p. 188
07/00/84 “Consumers Power Revised its Offer to Finish Midland-2, pp. 27 & 28
08/00/84 "Consumers Power finally canceled Midland on July 16" p. 37
10/00/84 "Outage Notes,” p. 46
“Unit 1 to be cleaned, but not restarted,” p. 48
11/00/84 "PS Colorado sues state over refund proposal,” p. 60
12/00/84 "PSi Canceled Marble Hill Marble Hill on November 14," p. 21
02/00/85 “Four fines proposed, two licenses amended,” p. 54
03/00/85 “"The NRC Voted in Favor of Shoreham Low-Power," p. 31
06/00/85 “CGAE and Kaiser Have Agreed to Settle Their Zimmer Lawsuits,” p. 192
09/00/85 “A New U.S. BWR Endurance Record,” p. 114
08/00/85 “Low-power license issued; five percent power reached,” p. 45
01/00/86 "PSNM seeks lease-back of Palo Verde-1 share,” p. 40
02/00/86 “NRC takes close look at ICS power loss,” p. 31
04/00/86 "OQutage Notes," p. 32
“Four fines proposed, two others imposed,” pp. 38 & 39
04/15/86 "Three Plants Earned an Inspection Reduction,” p. 22A
07/00/86 “Robot explodes; battery is possible cause,” p. 34
12/00/86 "Three fines proposed, three others imposed,” p. 36
05/00/87 "Six Locse Bolts," p. 26
07/00/87 “Two fines proposed,” p. 30
"Outage work continues at Rancho Seco,” p. 38
08/00/87 "Three fines proposed, two others imposed,” p. 35
09/15/87 "GPUN Was Fined $205,000 by the NRC on Oyster Creek," p. 84A
12/00/87 “The NRC Has Directed that Oyster Creek Remain Off Line,” pp. 11 & 12
"PGAE takeover of SMUD would include shutdown,” p. 21
"Court dismisses Lilco's claims un diesel defects,” p. 24
12/00/87 "The NRC Has Okayed Oyster Creek Restart," p. 109
“The Zimmer Lawsuits Against GE and S&L Were Settied,” p. 110
01/00/88 "Three fines proposed; one reduced, imposed,” p. 30
Bemnard Verna, "Compressed air system problems - Part 1, p. 51
02/00/88 Michael Blake, “Idled plants and their restart hopes,” pp. 35 & 36
04/15/88 "The NRC Approved Restart of Rancho Seco and Sequoyah-2," p. 12A
05/00/88 “Eight fines proposed; one other imposed,” p. 38
08/00/86 "Seven fines proposed, one imposed, one fought," pp. 36 & 38
09/00/88 "Quadrex bids to operate, and later buy, unit," p. 35
“Public Service Indiana has settled two lawsuits," p. 36
02/00/89 “Problem plant list: three on, three off," p. 28
03/00/89 "The Marble Hill Lawsuit Has Been Tentatively Settied," p. 36
05/00/89 Restart allowed again; B&W, Bachiel offer aid,” p. 27
06/00/89 "Six fines proposed,” p. 33
12/00/89 "Outage notes," p. 28

“Four fines proposed, all paid without protest," p. 28
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08/00/90 Unit 1 restarted, three months testing planned,” pp. 33 & 34
02/00/91 'The Zimmer Plant Generated its First Electricity,” p. 32
05/00/91 Michael Blake, "Domestic capacity factors: Stiil more overall improvement.” pp. 44-49
06/00/91 "Two fines proposed, one other imposed,” p. 36
07/00/91 'UCS seeks shutdown over potential embrittiement,” p
'‘Reactor vessel removed from Pathfinder plant,” p. 31
08/00/91 Lilco and GE Have Agreed to a Setllement,” p. 34
Nuclear Power Plants No Longer In Service,” p. 79
02/00/92 A Deal That Would Close San Onofre-1 by Next Year," pp. 99 & 100
07/00/92 Decommissioning cost estimates: $247 million,” p. 27
"Three fines proposed, all paid without fight," p. 28
‘The Decommissioning of Shoreham Began on June
09/00/92 ‘Portland General has Decided to Close Trojar in 1996
10/00/92 'Farley fine settied; one-third to be paid,” p. 29
01/00/93 ‘NiMo banks on Unit 1 until 1995, maybe not later,” p. 21
San Onofre-1 went off-line for the last time," p. 23
"NRC: Decommissioning may g2 ahead as planned," p. 23
04/00/93 PGE sues Westinghouse over steam generators," p. 27
06/00/93 '"Three fines proposed,” p. 31
Nuclear Power in Crisis Andrew Blowers and Daniel Pepper, Nuclear Power in Crisis, Nichols Publishing
Company, New York, NY, 1987
Nuclear Safety U.S. Atomic Energy Commission, Washington, DC
Dec 1961 "EBR-1 Operating Experience," p. 69
Spring 1964 D. E. Howard, "Operating Experience at Saxton," p. 273
Fall 1965 E. M. King and E. L. Long, "BONUS Superheater Failure,” pp. 113-118
Jan - Feb 1971 “Information Pertaining to Operating U.S. Power and Experimental Reactors,” pp. 65 & 66
Mar - Apr 1985 "San Onoire 1 Restarted Ater Two-Year Shutdown,” p. 238
Apr - Jun 1987 "Loss of D-C Power to Integrated Control System at Rancho Seco,” pp. 254 & 255
Oct - Dec 1987 "Management Control Weaknesses at Nine Mile Point 1," p. 565
"Unmonitored Pathway into Protected Area at Dresden,” pp. 566 & 567
'Nine Miie Point: Temporary Loss of Principal Heat Sink and Procedural Violations," p. 608
Apr - Jun 1992 M. D. Muhiheim and E. G. Silver, "Operating U.S. Power Plants," pp. 274-289
Nuclear Stakes Dervela Murphy, Nuclear Stakes, Ticknor & Fields, New Haven, CT, 1982

26

7

Nuciear Waste News Silver Spring, MD, Sample 1992 Edition
Reactor Decommissioning,” p. 1
Yankee Atomic To Be First Utility To Decommission A Nuclear Plant," p. 5
Nuclear Witnesses |eslie Freeman, Nuclear Witnesses, W W. Norton & Company, New York, NY, 1981
Nucleonics Week New York, NY © McGraw-Hill, Inc. [Citations by permission of copyright holder
01/05/61 Explosion at SL-1 Kills Three, First Reactor Fatalities," ¢
12/07/61 SL-1 Ve oved to Mot Cell, Site to be Cleared,” ¢
12/23/65 C is Considering Adopting SRE," p. 3
12/23/65 Pigqua has Chalked Up 10,000 Mwd in 23 Months of Opera
01/05/67 Humboldt Bay Achieved Full Power Last Week," p. 4
03/06/69 The Reactor Vessel for Point Beach - 1 Rolled Partially off the Special Dolly," p. 3
05/14/70 ACRS Looking at Sensitized Steel, NSP Changing Cver at Monticello,”" pp. 1 & 2
06/24/71 Utilities Still in the Dark on What AEC's ECCS Criteria Will Mean,” pp. 1-3
1125771 '‘Not a Burp as Minneapolis Slurps Monticelic Water by Mistake,” p
10/26/72 Collapsed Fuel Rods Found at Point Beach-1," p. 1
0111/73 Pittsburgh in Uproar o
03/29/73 The Midland Appeal Board has Imposed Quality Assurance Conditions,” p
08/03/73 AEC Restrictions on BWRs Mave Little Effect on Operations,”" pp. 1 & 2
04/25/74 Nuclear Electricity Generation for March," p. 10

ver Stemnglass Allegations about Shippingpon,” pp. 2
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Nucleonics Week (Cont'd)

1114/74 "Con Edison Will Decide Early Next Year Whether or Not to Decommission,” p. 8
12/05/74 "Midland Quality Assurance Violations Charged Anonymously by Workers," p. 1

02/27/75  "All But One BWR 10-in. Pipe Inspection Complete, and No New Cracks,” p. 3

01/11/79  "Hollywood's First Major Treatment of Nuclear Power," p. 8

10/29/79 "Kemeny Commission Special, Transcript of the Draft Repont,” pp. 3,4, 7 & 8

12/05/79 "Midland Quality Assurance Violations Charged Anonymously by Workers," p. 1

1118/82 M. Ryan, "Cincinnati G&E Bows to Stop-Work Order; Bringing Bechtel in on Zimmer," p. 1
12/09/82 M. Ryan, "Midiand Problems Spark NRC Scrutiny of Bechtel at Zimmer," pp. 1 & 2
12/23/82 “Nuclear Electricity Generation for November 1882 p. 14

11/24/83 M. Ryan, "NRC Forbids Zimmer Restart While Kaiser Runs Construction,” p. 2

03/05/87 “Nuclear Electricity Generation for January 1987," p. 18

04/30/87 Michael Knapik, "Dairyland Announces Permanent Shutdown of 55-MW LaCrosse," pp. 1 & 8
07/30/87 "U.S.: California lets PG&E recover Humboldt Bay decommissioning costs,” p. 15
04/27/89 "Shoreham Gets Full-Power License but Coveted Go-Ahead Lies Unused," p. 11

Nugget File Robert Pollard, The Nugget File, Union of Concemad Scientists, Cambridge, MA, January 1979
[Excerpts with permission of the Union of Concerned Scientists)

NUREG-0020, Licensed Operating Reactors, Status Summary Report, U.S. Nuclear Regulatory Commission,
Washington, DC. Reports dated January 1977, January 1979, January 1981, May 1987, September 1989,
and March 1990

NUREG-0090, Aeport to Congress on Abnormal Occurrences, U.S. Nuclear Regulatory Commission, Washing-
ton, DC, July 1980

NUREG-0523, Summary of Operating Expenence with Recirculating Steam Generators, U.S. Nuciear Regulatory
Commission, Washington, DC, January 1879

NUREG-0886, Steam Generator Tube Experience, U.S. Nuclear Regulatory Commission, Washington, DC,
February 1982

NUREG-0840, Enforcement Actions: Significant Actions Resolved, U.S. Nuclear Regulatory Commission, Wash-
ington, DC, September 1990

NUREG-1214, Historical Data Summary of the Systematic Assessment of Licensee Performance, U.S. Nuclear
Reguiatory Commission, Washington, DC, August 1990

NUREG-1250 Mitchell Rogovin, NUREG/CR-1250, Three Mile sland, A Report to the Commissioners and to
the Public, Volume !I, U.S. Nuclear Regulatory Commission, Washington, DC, January 1980

NUREG-1350, Nuclear Regulatory Commission Information Digest, Volume 2, U.S. Nuclear Regulatory Commis-
sion, Washington, DC, March 1990

Poisoned Power John Gofman and Arthur Tamplin, Poisoned Power, The Case Against Nuclear Power Plants,
Rodale Press, Emmaus, PA, 1971

Popular Science Edward Edelson, "The Hassle Over Atomic Energy Safety," Popular Science, New York, NY,
p. 80

Power New York, NY © McGraw-Hill, Inc. [Citations by permission of copyright holder]

02/00/66 R. J. Bender, "Nuclear Notes,” pp. 92 & 93

07/00/66 R. J. Bender, "Nuclear Notes," p. 78

10/00/66 R. J. Bender, "Nuciear Notes," p. 102

12/00/66 R. J. Bender, "Nuclear Notes,” p. 100

07/00/67 R. J. Bender, "Nuclear Notes,” p. 87

10/00/67 R. J. Bender, "Nuclear Notes," p. 117

05/00/68 George Redman, "How Dresden experience benefits new plants,” p. 73

07/00/68 R. J. Bender, "Nuciear Notes," p. 104

08/00/68 R. J. Bender, "Nuclear Notes," p. 108

09/00/68 R. J. Bender, "Nuclear Notes,” p. 116

10/00/68 Sheidon Strauss, "1968 Energy-systems design survey: Nuclear-powered central stations,” pp.
S-8&9

Power Engineering F. C. Olds, “The AEC Bears Down on Nuclear Quality Assurance,” Power Engineering,
Barrington IL, June 1974, p. 46
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Reactor Accidents David Mosey, Reactor Accidents, Nuclear Engineering International Special Publications
Sutton, England, 1990

Reader’s Digest James Nuthan Miller, "Just How Safe Is a Nuclear Power Plant?," Reader’s Digest, Pieasant
ville, NY, June 1972, pp. 97 & 98

Rickover and the Nuclear Navy Francis Duncan, Rickover and the Nucicar Navy, Naval Institute Press
Annapolis, MD, 1990

Saga Joel Griffiths, "America’s Biggest Nuclear Power Scandal!," Saga, Brocklyn, NY, October 1873, pp. 60
& 62

Science News Letter "Second SBig Atomic Power Plant Formally Dedicated,” Science News Letter, Washington
DC, October 22, 1960, p. 265

SECY-90-421, James Taylor to The Commission, Decommissioning Criteria for Fort St. Vrain as a Prematurely
Shutdown Plant, U.S. Nuclear Regulatory Commission, Washington, DC, December 27, 1990

Spectrum Karen Fitzgerald and Glenn Zorpette, “The Shoreham Saga,” /EEE Spectrum, New York, NY
November 1987, pp. 26 and 28-34 © 1987 by The Institute of Electrical and Electronics Engineers, Inc

SR/ICNEAF/92-01, Spent Fuel Discharges from U.S. Reactors 1990, U.S. Department of Energy, Washington
DC, March 13, 1992

The Accident Hazards of Nuclear Power Plants Richard Webb, The Accident Hazards of Nuclear Power
Plants, The University of Massachusetts Press, Amherst, MA, 1976

The Bulletin of Atomic Scientists ¥a en Steele, "Hanford: America's Nuclear Graveyard,” The Bulletin of
Atomic Scientists, Chicago, I, October 1989, p. 17

The Careless Atom Sheldon Novick, The Careless Atom, Houghton Miffiin, New York, NY 1969

The Decommissioning of Nuclear Plants, Intemational Atomic Energy Agency, Vienna, Austria, December
1979

The Energy Daily Mary O'Driscoll, “Trojan Closure Reignites Stearn Tube Debate,” The Energy Daily,” Wash-
ington, DC, Ja uary 6, 1993, pp. 1 & 2

The Men“_.e or Atomic Energy Ralph Nader and John Abbots, The Menace of Atomic Energy, W.W. Norton
& Company, New York, NY, 1977

The Nation McKinley Olson, "The Hot River Valley," The Nation, New York, NY, August 3, 1974, p. 78

The New York Times New York, NY © The New York Times Company
05/31/51 Lawrence Davies, "Project 1o ‘Breed’ Atomic-Age Fuels," p. 39
09/28/56 "AE.C. Clears Way for a New Reactor," p. 40
05/21/58 ‘Kaiser Gets A.E.C. Contract," p. 5
1110/67 Gene Smith, "Utility Finds Flaws at Nuclear Station,” p
06/30/70 Lawrence Van Gelder, “Con Ed Plant Out Rest of Summer; Power to be Low," pp. 1 & 3

“Con Ed Shutdown Attrib.table to Defective Pipe,” p. 34

02/07/71  Philip Shabecoff, “Reactor o Coast Called a Hazard," p. 61
07/23/71  Gene Smith, “Jerser Central Power Sues G.E. For a Nuclear Generator Delay,” p. 41
08/14/71 "U.S. to Resume Training Flights Near a Nuclear Plant,” p. 21
08/26/72 "Plane Hits Wire and Crashes Near A-Reactor, Bruising 2," p. 28
01/27/73 Human Error Shuts Off A-Plant Power 11 Days," p. 64
10725/73 "GE to Pay $5-Million ‘n Suit," p. 72
09/22/74 David Burnham, "Power Reactors Face Safety Test." pp. 1 & 34
01/30/75 David Burnham, "De'ect in a Reactor Leads U.S. to Order 23-Plant Shutdown," pp. 1 & 11
1124/79 Wallace Tumer, "Nuclear Officials Jarred by Arrests Of Plant's Guards on Drug Charges,” p

12/01/81 Aliied to Write Off Nuclear Fuel Plant,” p. D4

08/23/83 "Consumers Power Plans Rate Increase,” p. D4

11/10/83 Robert Cole, "2 Nuclear Units to Be Delayed,” pp. D1 & D4

11/24/83 '‘Charges Sought at Zimmer Plant," p. D12

01/17/84 “List of Troubled Reactors Grows," p. D7

01/18/84 John Holusha, "Another Nuclear Plant May be Dropped.” p
Concern Over Cracks in Floor," p. 12

06/18/84 John Holusha, "Audit Calls Ohio Plant Mishandled
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09/17/85 “Shoreham s Shut Down Because of Faulty Gauges,” p. B3
The New York Times (Cont'd)
05/03/86 Stuart Diamond, "9 U.S. Reactors Said to Share Characteristics With One in Ukraine," p. A5
07/02/86 "Three Mile Island Waste to Be Moved,” p. A10
07/16/86 Matthew Wald, “Managenent Cited at 16 'Problem’' Nuclear Plants,” p. A11
07/20/86 Jonn Rather, "U.S. Report Stirs New Shoreham Dispute,” pp. XXi-1 & 11
08/27/86 “"Shoreham Puts Power into Lilco's Network," p. B3
11/25/86  Lindsey Gruson, "Nuclear Power Plant Dismantied,” pp. C1 & C3
12/13/86 "NRC Fines A-Plant for Radiation Level," p. 33
12/2:'%  "Nuclear Power Plant Restarted in Jersey," p. B6
06/06/88 Matthew Wald, "Nuclear Plant Vote Worries Utilities," p. D7
02/23/90 Matthew Waid, “Study Says A-Plant's Handling of Wasie Left Costly Mess,” pp. B1 & B4
02/24/90 Matthew Wald, "Utility Escapes Fine in Handling of A-Plant Waste," p. A28
04/24%0 Matthew Wald, "After the Meitdown, Lessons From a Cleanup,” pp. C1 & C12
07/20/91  Sarah Lyall, “U.S. Appeals Court Clears Way To Dismantie Shoreham A-Plant," pp. 1 & 22

The New York Times Magazine Ralph Lapp, “The Four Big Fears About Nuclear Power,” The New York Times
Magazine, New York, NY, February 7, 1871, p. 16
The Nuciear Monitor Washington, DC

08/26/91
10078

10/21/91
0172792

03/23/92
12/14/92
04/12/93
06/07/93

“Nuclear Notes from the Capitcl City ... and in the States,” p. 7

"Yankee Rowe Shut Down, Perhaps Permanently,” pp. 1 & 2

"PUC Staffers Recommend Closing of San Onofre-1," p. 3

"Nuclear Notes from the Capitol City ... and in the States," p. 6
*California Utilities Agree 1o Permanently Ciose San Onofre-1," pp. 1 & 2
"Nuclear Notes from the Capitol City ... and in the States," p. 8

"Nuclear Notes from the Capitol City ... and in the States,”" p. 8

*Nuclear Notes from the Capitol City ... and in the States," pp. 4, 7 & 8
"Nuciear Notes from the Capitol City ... and in the States," p. 8

“Water Levei Instrumentation Problem Worse than the NRC Realized, Agency Orders New
Fixes,” p. 1

"Nuclear Notes from the Capitol City ... and in the States," p. 3

The Silent Bomb Peter Faulkner, The Silent Bomb, Random House, New York, NY, 1877 © 1976 by Friends
of the Earth International

The Truth About Chernobyl! Grigori Medvedev, The Truth About Chernobyl, HarperCollins, New York, NY,
1891 © 1991 by Basic Books, Inc.

The Wall Street Journal New York, NY

1227
05/03/73
01/22/74
0n7ns
06/19/84
10/01/87
01/05/33

"Grand Jury Recommends AEC Intensify Its Watch On Pacific G&E Plant," p. 9
Thomas Errich, "Atomic Lemons,” p. 1

“Con Edison Indian Point Nuclear Facility Resumes Output on Limited Basis,” p. 18
"Consumers Power Shuis Big Rock Nuclear Piant," p. 21

“PS of indiana Rejects Proposal by Firms To Help Finish Marble Hill Plant," p. 7
Frederick Rose, "Rancho Seco's Fate May Hinge on Buyer," p. 6

Frederick Rose, "Oregon Utility Plans to Close Nuclear Facility," p. A4

The War Against the Atom Samuel McCracken, The War Against the Atom, HarperCollins, 1982 © 1982 by
Basic Books, inc.
The Washington Post Washington, DC © The Washington Post

02/05/71
03/07/75
11/19/88
03/28/89
04/10/90
02/27/92

Elsie Carper, "Dismantling |s Stopped At Hanford," p. AS

"Most Atomic Plants Pass U.S. Test," p. C6

Cass Peterson, "U.S. Acts To Open Atom Plants,” p. A1

Cass Peterson, "The Continuing Cleanup: $1 Billion and Counting,” p. A8

Thomas Lippman, "Rescue of a Failed Nuclear Plant,” pp. D1 & D2

Thomas Lippman, “Yankee Rowe Nuclear Plant, Oldest in Nation, Will Close," p. A3

Time New York, NY
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02/13/84 Peter Stoler, "Pulling the Nuclear Piug," pn. 39 & 42
04/29/91 John Greenwald, “Time to Choose," p. 56
Time Bomb Corinne Browne and Robert Munroe, Time Bomb, William Morrow & Co, New York, NY, 1981
Unacceptable Risk McKiniey Olson, Unacceptable Risk, Bantam Books, Inc, New York, NY, 1876
USA Today Arlington, VA © USA Today
03/21/89 Patrick O'Driscoll, "Industry, foes spar over safety," p. £A
08/14/91 Rae Tyson and Bethany Kandel!, "Nuclear scare rattles residents,” p. 3A
12/02/92 Patricia Edmonds, "Questions after TMI, What if?," p. 8A
USCEA Report Background on the Case of Robert Rowen, U.S. Council for Energy Awareness, Washington
DC, Undated Report [In USCEA File on NUREG-0740)
WASH-1203-71, Operating History, U.S. Nuclear Power Reactors, U.S. Atomic Energy Commission, Washing
ton, DC, 1872
WASH-1203-72, Operating History, U.S. Nuclear Power Reactors, U.S. Atomic Energy Commission, Washing
ton, DC, 1973
WASH-1203-73, Operating History, U.S. Nuclear Power Reactors, U.S. Atomic Energy Commission, Washing
ton, DC, 1974
WASH-1208, Status of Central Station Nuclear Power Reactors - Significant Milestones, U.S. Atomic Energy
Commission, Washington, DC, June 1974
Worid Nuclear Power Plant Directory Haruc Fujii, Directory of Nuclear Power Flants in the World, Japan
Nuclear Energy Information Center, Tokyo, Japan, 1985
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TABLE 3
Shifts 10CFRS50 QA Requirements

REVISION

CRITERIA ZION DRAFT 04/1758 DRAFY 06/27/7C ISSUE " 09/11/71 REVISION 01720775 REVISION WITH TMI REQMTS
T — e —
q
Words Percent Words T Percent Words Percent u Words [ Percent Words Percent Words { Percent

P N———
PROGRAM ADMINISTRATION 198 4“2 392

728 . T8 3.3 1006 83
Organization 43 96 7 10 5 3 6.7 ) 142

QA Program 70 15.8 0 - 12§ 3 19 313 135

instructions, Procedures & Drawings

c£

Document Control 56 £ : - g

5

QA Records é9

Aurits

K 30
{ o DESIGN CONTROL 7

PROCUREMENT

Y Procurement Document Contral
[ -

vil Control of Purchased ftems & Services

CONSTRUCTION & MANUFACTURING

=

Vil identificabon & Control of lems

) { Controf of Special Processes

inspection

Test Controt

Control of Measunng & Tesi Equipment
Handling, Storage & Shipping
inspection, Test & Operating Status

e

XV Nonconiorming tems j

z
[ XVi. CORRECTIVE ACTION l[ 28

[ TOTAL }r %50

|L._..4 -

* These critena also agply to operaling nuciear power plants




TABLE 4
Nuciear Power Plant Performance, Ali Licensed Plants

(e e e
NUMBER | COMPOSITE AVERAGES “

OF
PLANTS

LICENSED BEFORE 07/27/70

Subtotal/Average 6 | 582 37|
LICENSED AFTER 07/27/70
CP Issued Before 04/17/69 40 §19.7 6.1
CP issued Between 04/17/69 and 07/27/70 12 867.6 65
CP Issued After 07/27/70 51 10708 | 10.3
Subtotal/Average 103 949.7 B.2
TOTAL/AVERAGE 109 918.9 7.9
LICENSED BEFORE 07/27/7
Subtotal/Average 15 | e91 | .45 |
LICENSED AFTER 07/27/70
CP Issued Before 04/17/69 (Note 2] 2 §01.5 7.1 25.4 2.03
CP Issued Between 04/17/70 and 07/27/70 [Note 3] 1 906.0 8.8 851 | Note 1
CP issued After 07/27/70 [Note 4] 2 8478 87 27.4 1.76
Subtotal/Average . 800.8 8.1 38.1 1.90
TOTAL/AVERAGE 20 2774 55 36.8 NA
| ALL CAR POWER F ; TR KN j
LICENSED BEFORE 07/27/70
Operating Plants 6 518.2 38 59.6 2.05
Permanently Closed Plants 15 99.1 45 38.9 N/A
All Piants 21 216.8 43 452 N/A
LICENSED AFTER 07/27/70
Operating Plants 103 9487 8.2 64 .1 1.78
Permanently Closed Plants B 800.8 8.1 38.1 NA
Al Plants 108 942.7 82 62.9 1.78
L W—j

NOTES: 1) SALP ratings wers not available, because the NRC did not start performing SALP inspections until after the March 1878 accident
at Three Mile Island.  2) Rancho Seco and Fort St Vrain received CPs during 1988. 3) Three Mile Island 2 received a CP during November
1969. 4) Trojan received a CP during 1971 and Shoreham received a CP during 1973,

REFERENCES: 1) Table 6 was the basis for data on plants licensed before 07/27/70. 2) Supplement Vi was the basis for p'»nts shut down
after 1970. 3} For plants licensed after 07/27/70, MWe and buiid times were based on, NUREG-1350, Nuclear Reguiatory Commmission informa-
tion Digest, U.S. Nuclear Regulatory Commission, Washington, DC, March 1990. 4) For plants licensed after 07/27/70, Lifetime Capacity
Factors were based on *Operating U.S. Power Reactors," Nuclear Safety, U.S. Departmaent of Energy, Washington, DC, Aprilsjune 1991, pp
275-281. §) For plants iicensed ater 07/27/70, Cumulative SALP Ratings were based on NUREG-1214, Mistorical Data Summary of the Sys-
temmatic Assessment of Licensee Performance, U.8. Nuclear Regulatory Commission, Washington, OC, August 1880

L I



TABLE 5
Fublic Citizen’s Ranking of Nuclear Power Plants Built Pricr to 1971

[

PLANT'

FIRST
ELECTRICITY

REACTOR
AGE?
(YEARS)

REACTOR ]
POWER
(MWe) !

ON NRC
PROBLEM
LIST?

RANK (Worst to Best)’

Average

1584-85

1987-88

Oystar Creek

08/23/65

17.76

820

La Crosse

04/26/68

Dresden 2

04/13/70

48

Yes

13

No

a3

No

19

Nine Mile Point 1

11/09/69

Haddam Neck

08/07/67

52

57

Robinson 2

09726/70

San Onofre 1

07/16/67

Millstone 1

11/29/70

|

50

54

Monticelio

03/05/71

Big Rock Point

12/08/62

Ginna

12/02/69

470

Yankea Rowe

1110/60

167

Point Beach 1

11/96/70

.- 3

NOTES

1} Plants in boid hype were started up after 10CFRS0,

Total Operating Plants

Total Attributas/Plant

Appendix B, was issued for use on 06/27/70

2) For

other than La Crosse (see Note 4), reactor agses are as of 07/01/87, midway betwsen

composite !984-90 raporting per'ods. 3) Shaded arsas cover piants that were in the "Poovest 50%" for that reporting period. 4) The Public Citizen did not rank La Crosse ouring 1987-88 anc 1989-90

because the plant was permaner tly closed on D4/30/67

5) The Public Citizen didd not rank Point Beach 1 duning 1987-68
c) 1884-85 SALF (Systematic Assassmeant of Licensee Parformance) Rating, d) 1384 Licenses Event Raports (LERAS)

The raason is not known. 6) Attributes were 3) 15
@) 1885 LERs, 1) 1984 Capaciy Facior (CF), g) 1885 CF. h) and Cum

Scrams, b) 1985 Scrams
CF. Because

g plants were ranked with 32 plants under construction, the 13 listed piants fared befter than they would # only compared to other operating plants. 7} Aftributes ware: &} 1987-88 Scrams

SALP Rating, c) 1987-88 LERs. d) 1987-88 CF, e) 1987-88 Forced Outages, {) 1987-85 Operating & Maintenance Costs, g) 1983-87 Major Repair & Backfit Costs, h) 1987-88 NRC
i) 1986-87 Piant Parsonnel Radi: tion th‘
points if they made one of len
Safety System Actuations, b) Skmnificant ()pevaff.'v; Events, ¢

“vWorst 20

Safety Sysiem Failures, d) Low Level Wasta Shipments, and 6) Spent Fuel in Siorage

Vioiatio

} 1386 Offsite Radiation Releases. Results were somawhal skewsd because overall rankings were based on tofal points and plants only received
8) Attributes were ihe same as for 198788, updatsd for 1989-90, excapt that the Public Citiren dropped "Major Repair & Backfit

Costs” and added a




Performance Data on Nuci:a‘:'a;fw:r Plants Bulit Prior to 1871
a—m
INITIAL EXPENSE ELECT. OUTPUT PAIN & AGONY
FIRST
NO. | PLANT ELECT. | Mwe :‘“: a ’u“: m m s
(Yrs) ($M) (Yrs) Factor Fating | Problems i
| 1 | EBRA% 12/20/51 0.15 2,00 33 12.00 as - 3
2 Shippingport™* 12/18/57 60.0 2.75 74.0 _ﬂ 24.77 479 - 4
3 | s 10/24/58 0.30 2.50 26 1.32 66 4 - 1
4 | WTR 08/01/59 | 60.0 2.15 200 06.70 WA - 1
5 | Dresden 1 04/15/80 | 200.0 386 51.0 18.54 50.8 - 3
6 | Yankee Rowe™ 11/1060 | 167.0 3.02 524 31.14 71.5 1.38 8
7 | Indian Point 1 09/16/82 | 285.0 6.26 263.0 12.12 37.6 - 5
8 | Saxton 11/16/82 32 2.75 8.2 9.38 265 - 3
o | owroapont | tovame | mo || e | o8z | wor | ses || 1ee | 7 |
10 | Humboidt Bay 04/18/83 | 650 236 242 13.21 60.6 - 5
11 | Hallam® 052083 | 750 289 80.3 1.26 232 - 3
12 | Eik River™ 0824183 220 3.60 14.4 4.44 50.7 - 4
13 | Piqua® 11/04/63 1.4 368 8.2 2.16 327 - 3
14 | cvTR® 12/18/63 17.0 3,54 19.3 3.04 46.9 - 3
15 | Bonus™ 08/14/64 18.5 456 18.0 1 3.80 124 - 6
16 | Hanford-N"* 04/08/86 | 860.0 6.85 145.0 20.68 437 - 8
17 | Pathfinde”™ 07/25/66 585 6.12 25.8 1.18 15.8 e 2
18 | Fermi 1** 08/05/66 60.9 10.00 488 6.32 0.1 - 6
18 | Peach Bottom 1% 0172787 40.0 485 28.1 7.78 445 - 7
20 | San Onofre 1% 0716/67 | 436.0 4.28 98.5
21 | Haddam Neck™ o077 | see0 || 312 | 1003
22 | LaCrosse™ 04/26/68 48.0 5.08 19.1
23 | Oyster Creek no2aee | 6200 || 469 914
24 | Nine Mile Point 1 11/08/69 | 6100 449 | 1505
26 | Dresden 2 : oaiaro | 7720 || 417 | 1013
27 | ROBINSON 2 ow2e70 | 5600 |f 398 | 784
26 | POINT BEACH 1 1oere | ess0 | 321 | s0s
29 | MILLSTONE 1 112970 | 6540 || 452 | 920 S : :
30 | MONTICELLO ososr1 | sve0 || 282 sas || 2189 | ens || 182 | s
iR

NOTES: 1) Shaded areas cover nuciear power piant. w1+ cument Operating Licenses. 2 Data is from Supplement V. 3) "Major Probiems*
are high-lighted with a check (/) in Supplement. 4) Plants in capital letters were iicensed alter 10CFR50, Appendix B, was issved for use.
§) Plants marked with a DP-designator were Power Reactor Demonstration Plants and those marked with an UL -designator were uniicensed
piants. 6) Plant iivas are based on the age of the plant at the time it was permanently shut down or, if still operating, s age as of 12/31/82



TABLE 7
Author's Ranking of Nuclear Power Plants Built Prior to 1971

POINTS
FIRST g I

PLANT ELECTRICITY ] initial | Eiectrical
Expense Qutput

(Worst
to Best)

e

==
|

L |

!

|
|

Fermi 1% 08/05/66 60.0 27.8 8.3 10.0

Indian Point 1 09/16/62 25.7 8.2 8.9

|

Bonus™ 08/14/64 9.9

e ——p———a- -

SL-1 10/24/58

9.8

EBR-1° 12/20/51

Pathfinder” 07/05/66

Peach Bofttom 1™

-+ttt

Hallam™

WTR 08/01/59*

-

CVTR" 12/18/63

San Onotre 1% 07/16/67

Pigua™ 11/04/63

Elk River 08/24/63

Saxton 11/16/62

La Crosse™ 04/26/68

Hanford-N 04/08/66

) S seme mocs e gma soca

Dresden 1 04/15/80

|

Shippingport 12/18/57

Nine Mile Point 1 1106/69

|

Oyster Crosk 0972369

Humboldt Bay 04/18/83

Dresden 2 04/13/70 45

MILLSTONE 1 11/29/70 L 48

ROBINSON 2 0926770 4.0 7.1

Ginna 46 42 68

Big Rock Point™ 12/08/82 : 44 55 83

Yankee Rowe”™ 11/10/80 € 48 5.1 A8

Haddam Neck™ 0’077 569.0 as 43 62

-

MONTICELLO CI0S/T1 536.0 48 44 47

- SN = -

-

T

||  POINT BEACH 1 11/068/70 485.0 44 43 4.8

) Shaded areas cover piants wi tve Operating Licenses. 2) Plants in capital letters were licensed after 10CFRS50, Appendix B

yse. 3) Plants witha D ' ar Reactor Demonstration Plants; those with an UL -designator were uniicensed
]

5 a8 600 MW! test r




TABLE 8
Performance of Closed Nuciear Plants Licensed After 1970

iNITIAL EXPENSE ELECTRICAL OUTPUT

Build
Time

{Yrs)

i 4 Three Mils Island 2 09/1878 9060 881 7148 51 055 851 $8 NA 7 99 248
I 5 Shoreham 07/08/85 8200 1224 5480 0 98 380 0o 100 173 8 88 294
NOTES

1. The majority of data in this table is based on information in Supplement Vi.

2. “Initial Expense” points took into consideration plant size and average construction costs and durations during e late 1960s and early 1870s as reported in DOE/EIA-0485, An Analysis of Nuclear Fower Plant
Canstruction Costs, U.S. Department of Energy, Washingion, DC, 1990

3. “Major Problems” e highlighted with a check (/) in Supplement V1.



TARL E‘ 4

Nuclear Power Plants Cancelled Since 1970

——— = —

=

| 1972 (4 PLANTS)
Perryman 1&2
Verplank 182

1974 (7 PLANTS)
Tyrone &
Quanicassee 1&2

Vidal 1&2

Vogtie 3&4 (0%, 0%)

1975 (14 PLANTS)
Fermi 3

=] lgrim 3

Barton 3&4

Fulton 182
Orange 1&2

St Q'v‘saw‘ 1&2
Somerset 182

i 5"
Summit 182

1976 (1 PLANT)

| Allens Creek 2

1977 (10 PLANTS)
Ft. Calhoun Z
Sears Isle
Barton 1&2

glas Point 1&2

ith Dade 182

VUL
Surry 3&4 (0%, 0%)

1978 (14 PLANTS)

| 1978 - CONT'D

Blue Hills 1&2

Sundesert 1&2

| South River1,2& 3
| Atlantic 1,2, 34& 4

1979 (8 PLANTS)

Greene County

[ Tyrone 1 (0%)

New England 1&2

Palo Verde 4&5

Stanislaus 1&2

| 1980 (16 PLANTS)
i Forked River (6%)
: Haven 1

North Anna 4 (4%)
| Sterling (0%)

Davis-Besse 283 (0%, 0%)

Ere 182

Greenwood 2&3

| Jamesport 182 (0%, 0%)
| Montague 2&3
{ New MHaven 1&2

| 1981 (6 PLANTS)

Bailly (1%)
Callaway 2 (1%)
Hope Creek 2 (18%)

{ Pilgrim 2

| Harris 3&4 (1%, 1%)

1982 (18 PLANTS)

Vandalia

Black Fox 182 (0%, 0%)
Cherokee 283 (0%, 0%)
Hartsvilie B1&2 (17%, 7%)

| Pebble Springs 182
| Phipps Bend 283 (25%, 5%)

WNP 445 (24%, 16%)

| Perkins 1,243

1983 (6 PLANTS)

| Cherokee 1 (18%)

Clinch River (1%)

| Clinton 2 (0%)

Harris 2 (4%)

| Skagit 1&2

1984 (10 PLANTS)

| River Bend 2 (0%)

Zimmer 1 (97%)

Hartsville A1&2 (44%, 34%)
Marble Hill 1&2 (60%, 37%)
Midiand 182 (85%, 85%)
Yellow Creek 142 (35%, 3%)

| 1988 (2 PLANTS)
| Carroll 182

Seabrook 2 (23%)

| 1990 (1 PLANT)

Grand Gulf 2 (33%)

Allens Creek 1
| North Anna 3 (9%)

nstruchon CJg.rvv',;'g pnor to can O
1 Work Authorizations (LWAs) prior to cancellation

parenthesis represent construction percent complate at ime of canceliatior

st of the information in this table came from DOE/EIA-0438, Commercial Nuciear Power 1991, U.S. Department of
50

argy, Washington August 1991, pp. 105-110; NUREG-1350, Nuciear Reguiatory Commussion Information Digest
iume 2, U.S. Nuciear Regulatory Commission, Washington, DC, March 1990, pp. 92-94, and Nuclear News biannua
Power Plants." © 1975-1989 by Amaerican Nuclsar Society
mes prior to canceliation, Haven 142 had been called Koshkonong 182, Stanislaus 142 called Mendocino
h Coast 1 called Aguirre, Vandalia called Central lowa, and Hope Creek 2 called Newbold Island 2
plants that have been duferred inc or 82 (85%, 56%), Perry 2 (44%), and WNP 1&3 (63%, 75%)

n DOE/EIA-0438 (pp. 101-102), F and WNP 3 are the most likely to eventually be cancelled




TABLE 10
Significance of Appendix B Weaknesses

No

523 | Special Processes 2 ves

524 | Design Verification 9 Yos Sen Note 1

525 | Acceptance Critena s Yes NQA-1 16 being revised 1o partally comact this weakness
5286 | Document Changes . Vs NQA-1 18 beng revised to parally comact thes weakness
527 | identification & Controd 2 Yos

5.3 TERMINOLOGY

532 | htems i No

523 | Measures 1 No 1
534 | Instructions 3 Yes

535 | Equipment 2 ves

536 | Audit Procedures 2 Yos

54 GROUPING OF REQUIREMENTS

542 | Criterion v 5 Yos The distriution of prucurement documents shoukd be controied
54.3 | Criterion Xl 2 Yos

54.4 | Criterion XV 8 Yos See Nots 2

55 BALANCE

552 | Management 10 Yes See Note 3

55.3 | Design Control ? No See Noto 4

554 | Salety Analysis Reports 8 vos Three Mile Isiand and Midland had SAR problems

555 | Order Entry . Yos Procurement documents shoid require order entry procedures
556 | QA Program Documents | & Yas See Note 5

557 | Survedlances 3 Yes NQA-1 & being revised to comect this weakness

558 | Operation & Maintenance | 8 Yes See Note 6

559 | Decommissioning 4 Yes NQA-1 s being rovised 1o comect s weakness

WEAKNESS SCALE  Major: 10,5, anti 8 Moderste: 7,6, 5 and 4 Minor: 3,2 and |

NOTES

T

2

3

Design errors overlooked c.7ing) mitial design vertfication have been the second leading reason for equipment lailures at operating plants.
Refer to Section 6.0 for design problems at Trojan, Fort St. Vrain, Three Mile Island, and Zimmer

Promptly recognizing potential adverse quality trends was identified 4s a generic nuciear industry problem in NUREG-1055. Refer to
Section 6.0 for trending probiems at Rancho Seco, Zimmer. Marble Hill, and Midlang.

NUREG-1055 identified management apathy to be the biggest reason for quality problems in the nuclear industry. Refer to Section 6.0
for mr 1agement-related problems at Rancho Seco, Trojan, Fort St. Vrain, Three Mile Isiand, Shoreham, Zimmer, Marble Hill, and Midiand.
During March 1979, five plants were shut down for several months after errors were found in a computer program used o calculate seismic
stresses in piping systems. Refer to Section 6.0 for siting problems at Shoreham.

NRC studies identified a lack-ol-detall in proceduras as one of the main reasons for abnormal occumences a! operating plants. Refer to
Section 8.0 for problems with construction procadures at Zimmer.

Improper maintanance has been the main reason for equipment failures at operating plants. Reler to Section 6.0 for operating and main-
tenance problems at Ranche Seco, Fort St Vmin, and Three Mile Island.
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