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ABSTRACT

This report traces the evolution of 10CFR50, Appendix B, Quality Assurance Criteria for Nuclear g
Powerplants and Fue/ Reprocessing Plants, from November 1966 to currently contemplated amend- E
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 g
built after its issuance. The Report evaluates, in detail, the history of three fuel reprocessing plants. I
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 quality 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 i

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

f 1.0 PURPOSE

This report traces the development of 10CFR50, Appendix B, Quality Assurance Criteria forNuclear
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 will
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 elided in January 1982 with the publication of supplemental OA requirements
based on lessons leamed from a March 1979 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: f) 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. Govemment 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 nuclear 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.8

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 nuclear power plant.

' Refer to page 1 of Supplement V to trus report for further riformation on Expenmental Breeder Reactor (EBR) No.1.

* Jack Holt, Roger Anders. and Ahce Buck, DOEMA4152. Un#ed States Cmlen Nuciser Power PWey 7954 feed A Summary Hsstory U S. Department of
Energy, Wastungton, DC, February 1986, pp. 2 & 35.

I
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Based on its cooperative agreement with the AEC, Duquesne Light Company provided a site for gi
Shippingport, $5 million in construction funding, and plant operating personnel. The AEC provided 3
fuel for the reactor and the remaining $50 million needed to build the plant.' ;

;

i
I

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 plant. 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 proposals submitted in response to its 5

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- g
stration Program (PRDP). The largest plant was Haddam Neck, a 569 MW facility in Connecticut. g
Thet smallest was Piqua, an 11.4 MW facility in Ohio.d*

! Before construction of the PRDP plants could begin, the AEC had to develop regulations goveming
their design, construction, and operation. In January 19,1956,10CFR50 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.*7 A few months later, on May 4, g
Commonwealth Edison and Consolidated Edison received Construction Permits for Dresden 1 and 3
Indian Point 1, respectively.'

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.'''

I
3.2 RECOGNITION OF NEED FOR QUAUTY ASSURANCE

3.2.1 Fermi 1

On August 16,1966, a proposed amendment to 10CFR50 was issued for public comment. The a
amendment required that utilities submit a Preliminary Safety Analysis Report (PSAR) with each |
application for a Construction Permit and a Final Safety Analysis Report (FSAR) with each appli-4

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.

*
Ibid, pp. 3 & 38.

* mlbid. pp.4,3$,36 & 39.

* Rchard Hewlett and Jack Holl. A History of she Uhded States Atome Energy Commese 1952 f 960, U S. Department of Energy, Wastungton, DC,1987, pp.
XVlli-18 through 21

* Federst Register, The Natonal Archsves of the Unned States Washmglan, DC, January 19,1956, pp. 355 360.

' With the amenenent, the title of 10CFM50 changed frcm Controlof Feceos er the Producten of Fisadonsbe Meterfatto LJcenseg of Productson and UDuanon
Facens. The amended regulaten added provisens for Construction Permits and onpanded the scope of Operstm0 Lcenses to cover nuclear power plants
as weil as cyclotrons. test reactors. and radegraptic equipment.

* Refer to pages 3 and 5 of Supplement V of this report for further informaton on Dresden 1 and Indian Pont 1.

* G. Bennett, *The Safety Revww and Approval Process for Space Nuclear Power Sources.* NucJest Sabry. Washington, DC, January March 1991, pp.1 & 2.

" DOEJOSTb8200, Nuedear Reactors Buet. Semp Bulit, or Planned 1989. U S. Department of Energy. Washmgton, DC, June 1990, p. Ill 6, 7 & 8.

" FedPralRegister, August 16,1966, pp.1069210693.

I
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On October 5,1966, an unauthorized design change at the Fermi 1 nuclear power plant resulted in
a partial meltdown of 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.'2 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-
tricity 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 experiencing 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 perplexing 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 baffles; intemal dirt .

and debris; and leaky tubes.''

By the time the report was issued, two of the ten PRDP plants (Hallam and Piqua) had been per-
manently shut down. Within a year, two more would be permanently closed (CVTR and Pathfinder)
and, within another year, two more (Bonus and Elk River).'' The typical plant cost $24.3 million
to design and build and was in operation 2.64 years before being forced 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-
gram." He emphasized the cost of bad quality, need for verification, and importance of traceability
from installed hardware to corresponding inspection and test reports. He wamed, "We cannot afford
to 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 a
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
a three-step approach to quality assurance: 1) establish general performance criteria; 2) develop ;

stanoards and practices for complying with specific cnteria; and 3) conduct reviews, surveillances,
inspections, and audits to verify implementation.''"'*'' Though the AEC hoped that nuclear

" Refer to pages 14 and 15 of Supplement V to ihm report for further information on Formt 1.

* COO 284. Sma# Nuclear Power Plants. Volurne 1. U.S. Atome Energy Comensason. Cheago. IL. October 1966, pp.14.

" Sece PROP plants were supposed to prowde mexpensee electncal power to cwilian populations, their reactors had to be safe and reimbie. To accomphsh this.

PRDP engmeers scanoeup reactors that had been successfully tested at Govemment estallstiona durmg Ihe late 1950s and early 1960s. Botan-5. a 2 6 MW
boelmg-water reactor vnth otogral superheater that began operaten m 1962, was the prototype for Bonus and Pathfinder. SRE. a 5 7 MW sorsum-cooled reactor
started up m 1957, was the prototype for Hallam and Forme 1. EBWR, a 4 0 MW BWR that went operatenelin 1956, was the prototype for Esi Rner, Bg Rock
Pomt. and La Crosse. OMRE, an organc cooled and moderated reactor staned up in 1957. and PRTH, a pressure tube heavy-water reactor started up in 1960
were. respectweiy. prototypes for Pique and CVTR. GCRE, a Gas-cooled reactor that started up m 1960, was the prototype for Peach Bottom 1 and Fort St.
Vram Lastly. Shippogport, a pressunaso-water reactor that began operaten in 1957, was the prototype for Yankee Rows. Hoodam Neck, and San Onofra 1.
Accordagly, the relatwely poor performance of PRDP plants could not be attributed to the esponmental nature of their reactors.

* Refer to Supptement V of Itus report for specife costs and dates these plants were closed.

* Spencer Weart, NucJont Fear, A Ntstory of Amages, Harvard Press. Cambndge, MA,1986, pp. 306-307.

" Momit Langston. *Ouaidy Assurance Standards and Practces,' Nuclear Sa6pfy. U.S. Alome Energy Commason. Wasnegton, DC, Nov Dec.1971, pp. 549 550.

" F966 Wnter Meetop Transactons, Amencan Nuclear Sacety. Hmedse. IL 1966. pp. 407 & 410 O 1966 by Amercan Nuclear Socsety

* Samuel Waiker. Contanmg the Atom. Unwersny of Califome Press. Berkeley. CA. pp.2124 213.
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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 Apollo 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 t

i"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- g'
tractors, originally issued in 1962, was replaced with NHB-5300.4, Quality Assurance Provisions for E
Aeronauticaland Space System Contractors. Sections 1B200 and 18804 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 Apollo accident awakened the AEC to the possibility of a similar disaster. Two weeks after the g
accident, during a hearing on a Construction Permit for Turkey Point 1&2, the Atomic Safety and E '

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 gi
in programs intended to define the standards and quality control procedures" to be used at the plant. g'
Theugh impressed enough to grant the utility a Construction Permit, the ASLB was uneasy about
some of the promises it received. The ASLB wamed the utility that, to obtain an Operating License,
it vould need to have evidence procedures were actually developed and implemented.22

A month later, the AEC Advisory Committee on Reactor Safeguards (ACRS) expressed concem that .

construction of Browns Ferry 1&2 would begin without a commitment from the utility to develop and g'
implement a quality assurance program. Recognizing that Browns Ferry would have the first nuclear E
reactors larger than 1000 MW, the ACRS wrote to Glenn Seaborg, AEC Chairman, that:

The Committee continues to emphas!:e the importance of quality assurance in fabrication of the '

primary system . Because of the higherpower level and advanced thermal conditions in the Browns
Feny Units, these inatters 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.85 Browns Ferry 1&2 were shut down again, respectively, in March 1985 and g
September 1984, because of " safety and quality assurance concems." Though Browns Feny 2 was g
finally restarted during May 1991, Browns Ferry 1 is not expected to restart until 1996.'*"5

* Jorin Wilford,' Apollo Fire Revtew . card Finds 'Many Denciencies'; Calls for Safety Moves.' The New Ybre Times, New York. NY, AprW to.1967. pp.1 & 29

O 1967 by The New Wrk Trnes Company

* NUREG-1055. #nprovrig ouanty and the Assurance of oushry si fhe Cosgi and Constructen d Nucsoar Power Planft Nuclear Regulatory Commissen.
Washrig'an. DC. May 1984, p. D 36.

" AJome Energy Canmtswon Repara volume 3. U S. Govemment Pimtmg Othee Washmgton. DC.1968. p.199 & 214.

" Robert Sawyer and James Elsner. " Cable Fire at .rowns Feny Nuclear Power Piant.' Firo Joums4 Boston. MA. July 1976, p. 5.

|J'
w e_ ,.s_. _ ._es... __o,s ,.ne __1o ,99,. p.
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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.2627 As a resu't, on November
22,1965, the AEC developed and distributed 27 preliminary design criteria for public comment.as

Criterion 1(a), the first of the 27 criteria, required that plant features essential to the prevention of
accidents be designed and constn'cted "to quality standards that reflect the importance of the safety
function to be performed."'8 Dresden 2, which received a Const}uction Permit in January 1966, was
the first nuclear power plant t',at had to comply with the criteda."

In response to 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 second round of public comments
as 10CFR50, Appendix A, General Design Criteria for Nuclear Power Plant Construction Permits.
The proposed Appendix required that each of the criteria be addressed in the applicant's Preliminary
Safety Analysis Report **#7 Criterion 1, " Quality Standards," greatly expanded on old Criterion 1(a)
by requiring that:

Those systems and components ... essentialto the prevention of accidents which could affect the public
health and safety ... shall be identified and then erected to quality standards that reflect the importance
of the safety function to beperformed. Where ... codes andstandards on design, maten'als, fabrication,
and inspection are uced, they shallbe 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
or modified as necessary, Quality assurance programs, test procedures, andinspection acceptance
levels to be used shall be identified. A showing of sufficiency and applicability of codes, standards,
quality assurance programs, test procedures, and inspection acceptance levels used is required. *

3.2.4 ASME Section Ill, Appendix IX

One of the " codes" the AEC had in mind when it wrote Appendix A was ASME Section ill, Code for
Conc!ruction of Nuclear Vessels. In 1955, the American Society of Mechanical Engineers (ASME)
formed a committee to develop a special code for reactor vessels.8' Representatives from the
Atomic Energy Commission, the National Board of Boiler and Pressure Vessel Inspectors, utilities,
and nuclear contractors served on the committee. ASME Section ill was first issued for use on
November 4, 1963.8# Amendments were issued twice a year and Editions, which incorporated
Amendments and other changes, were issued once every three years.

" T L Cramer, 'Standa duatiort one way to break the beensing logsam,' Power, New York, NY. Juh 1967, p. 84. O McGraw-Hill, Inc.

" FederalRegister, The National Archrves of the Unned States, Washrigion, DC, July 11,1967, p.10214.

" AEC Press ReApase H-252. *AEC Sessang PutWe Comment on Proposed Desgn Critene for Nuclear Power Plant Construction Permits,* U S. Atome Energy
Commission. Wasnington, DC, November 22,1965.

" R. J. Bander, * Nuclear Notes.* Power. New York, NY. Factuary 1966, p. 92. O ktcGraw Hill, Inc.

" Wtion finany issued for use on February 20.1971 Critonon 1 was retitled. *OualNy standards and records.* and expanded to require preparation and mar).
tenance of records of soms and actnaties enportant to saiety.

" Robert innng. *Why the ASME code is in a class by aself,* fron Age, Carol Stream,IL. January 17,1977, p. 36.

" Pnor to ASME Section 111. reactor vessels were buin to ASME Section Vill. Pressure %,ssers.

,
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ASME Section lil 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
Controland Nondestructive Examination Methods. Appendix IX required a " Quality (QA) Assurance
Control Program" that included the following 15 basic elements:

1. Organizaffon[lX-221(b}} 9. Testing [lX 240)
2. 04 ControlProgram[lX-221(a)) 10. Calibration [lX-250/260}
3. Description of Procedures [lX-221(d}} 11. Handling, Storage & DeliveryllX-270} g
4. Drawings and Changes (lX-221(c)) 12. Component & Material Repair \lX-223!226(e}} g
S. Receiving Examination \\X 226(d}} 13. Corrective Action (1X 224)
6. Control. Identification & Marking [1X-226/227) 14. Quality Control Records llX-225/226(c))
7. Manufacturing Fabrication Procedures \1X-222) 15. Quality Audits l|X-221(d)4) |
8. Examination [lX-230/240} E

Appendix IX was the nuclear industry's first QA standard. To ensure compliance, Paragraph N-832 g
of ASME Section ill required that 'the Society" review and approve each reactor manufacturer's OA g
Control 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, including QA Control Program require-
ments, were being implemented to on a day-to-day basis.

I
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 intemal 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 developing procedures for conducting compliance inspections."

3.2.6 USS Scorpion

On May 21,1968, the USS 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 systerns. m
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.87

" Refer to Supplement V of tNs report for additenal datads on these and other prot $,ms at the Bag Rock Potit. Oyster Creek, Pathfmde', Elk Rwer, and Grina
nuclear power plants.

" Fact Book er she Jomt Commeee on Atome Energy, U S. Atome Energy Commissen, WasNngton, DC. July 1,1974, pp. E 21 & 22.

" Amuel Report to Congress er f 958, U.S. Atome Energy Ccr-imissen, WaaNngton, DC, January 1988, p.108.

" NUREG 1055, p.1-8. m
#

Marc Meyer, improvrig Desgri Controts on large NucAest Protecta. CER Corporaten, Las Vegas, NV, Septerntner 1990 p.17.

|
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Initial news releases suggested the Scorpion had experienced mechanical problems days prior 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
sank after an on-board torpedo exploded that the crew had been trying to disarm.37.se

3.2.7 ASLB Hearinas

The day after the Scorpion incident, the ASLB concluded hearings on Northem States Power's appli-
cation for Construction Permits for Prairie Island 1&2. The utility received a Construction Permit
because, in part, the ASLB was pleased that:

The Applicant has established an adequate quality assurance program to assure conformance with
recognized codes and good nuclear engineering practice. Under this program, all quality assurance
willbe monitoredby the qualityassuranca section of the Applicant's Construction Department which
will be staffed by a quality assurance engineer, test engineers, metallurgists, and inspectors for
mechanical, electrical, and structural systems. *

The Prairie Island hearing signalled a new position by the ASLB. This position was clarified and
expanded upon daring a hearing in Sacramento, Califomia, on September 17,1968, on a Construc-
tion Permit for Rat.cho Seco.' During the hearing the ASLB ruled that:''

[An Applicant must c.i:'monstrate it is] technically qualified to design and construct the proposed facility
. [It must show it undestands the] undescribed technical aspects of quality control and Inspection

programs, . operating nrocedures, [and) interpretations of the ' state-of-the-art * as weIIas the timely
results to be expected o! research and development.

The ASLB's timing was not purely coincidental. Five days prior to the Rancho Seco hearing, a few
miles to the south, a fire broke out in San Onofre's switchgear room. It was the second switchgear
fire at the plant that year, both the result of faulty wiring. The September fire was the most serious
and closed the plant for six months.*2 The Associate Editor of Power magazine wrote:

In the nuclear scene, then, the peak of activity has shifted from specifying, purchasing and licensing
to building a plant efficiently and economically. It is a matter ofleaming to * live nuclear." The emphasis
has in large part fallen on quality control. Experience of others - San Onofre and Oyster Creek for
example - teaches a hardlesson in light of the potential cost of $30-40,000/ day forlost time. Utilities,
as a result, are in the process of upgrading quality assurance programs in allareas: system and com-
ponent design, fabrication, and plant assembly.'

" John May. The Greenpeace Book of the NucJear Age, Pantheon Books, New York. NY,1990, pp.168171. O 1969 by Greenpeace Communcations ud.

* Atome Energy commesse Reports. Volume 4. U.S. Govemment Prtntog Offme Washmgton, DC,1973, pp.124 & 125.

* FederalRegister. DC, August 3,1968, p.11099.

* Atome Energy Commissa Reports. Volume 4, pp.181 184.

" Refer to pages 16 and 17 of Suppement V of this report for more detads on San Onot's 1.

* Sheldon Strauss. "1968 Energy systems desqn survey Nuclear powered centraf states,* Power, New York, NY, October 1968, p. S-8. O 1968 by McGraw HE,
Inc. [Catatm by permisse of copynght holder)
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g|4.0 DEVELOPMENT OF APPENDIX B
3 4

4.1 REQUEST FOR QA CRITERIA

During a September 19-21,1967, 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 i

or Operating License."d* In November 1967, Edson Case, Director, Division of Reactor Stan- i
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 |

Charleston Shipyard and, from 1963 to 1966, he headed the Atomic Energy Commission's West Mil- 3 |
ton Field Office. While at West Milton, he participated in audits of contractors to verify they were El
complying with MIL-O-9658A, Quality Assurance Program Requirements.*''*** j

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.5 Morrison was given responsibility for finalizing criteria which had been under development
since November 1966. It required resolving review comments from the ACRS, various branches |j

|within the AEC, and outside consultants and U.S. Govemment agencies."#75' E

Between September 1967 and April 1968, new quality problems kept surfacing with Oyster Creek's g
control rod drive housings. Then, in May 1968, further problems surfaced, defects in the plant's g
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.sa For the first few months progress was limited to
tracking down and evaluating quality assurance criteria developed and used elsewhere.

I
4.2 ZION HEARINGS

4.2.1 Prehearina 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

" Tienscrpt of Preheanng Con %ence, lion Statson Unts f 42, Ace Federal Reporters. Wastisigton, DC, September 10,1968, p. 35.

" hriual Reporf to Congress br 1967 U,S. Nuclear Regulatory Commesen. Washaigton, DC,1968, p. 306.

* Based on a Decomeer 4.1992 Interview with Bill Momson.

'' Personal , m.,~.~.-,e from 04 Monison dated December 22, 1992.

* Bd Momson retred in 1986, however, does part.eme consuting from his home in Rockville, MD. Edson Case passed away on September 15, 1991. |

" Based on a December 8,1992, intennow with Bob Minogue, Momson's supennsor dunng1968 1970. Maiogue is now retred and resides vi Temecuta. CA
,

* The need for geologcel sitzig craens was prompted by the cancellatial of Bodega Bay si 1964 and Mahbu in 1968 because of ther prourmty to actrve earthquake W !
faults. Refer to Supplement Vi for ad$tional information on these two piants.

* Samuel Waker, pp.108-111

" Samuel Walker, pp.214,216 & 219 3 |

* Comments on lhe sitmg criteria were not resolved and a final draft completed untJi January 1969. [ Samuel Waker, p.110]

i
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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 acceptable
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 criteria had
been developed and, if not, why not."

4.2.2 First Evidentiary Hearina

An evidentiary hearing was held in Waukegan, Illinois, 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 help from Oliver Butler and Merle Goedgen.57 Commonwealth
Edison did not have a Quality Assurance Department representative at the hearing because no such
department existed at the time.

Hearing highlights were as follows:''''

a) 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
AEC still had not developed comparable criteria. When asked about the possibility of " copying"
the Navy's criteria, the AEC said it did not consider the criteria in MIL-O-9858A, Quality
Assurance Program Requirements, suitable for use on Zion or any other nuclear power plant
without major modification. When asked about its compliance with MIL O-9858A, Commonwealth
Edison told the ASLB that Zion's quality assurance program came close to but did not meet all
of MIL-O-9858A's criteria.

Speaking in the AEC's defense, Commonwealth Edison cautioned the ASLB that:

While criteria may be helpful, we cannot see how they can substitute for a Judgement determination
by the [AEC's] regulatory [ staff] with respect to emerience, competence and good management in
urging the regulatory staff to rush into drafting criteria, we feel there is a possibility the Board may run
the nsk of eliminating from the test of adequacy the professionaljudgement by the [AEC] of the char-
acter of the applicant. We should not lose this in our interest in criteria.

** Transcgr of Preheerrtg Conference, tion State tht#s f A2, Sootember10,1968, pp.13. 32 & 35.

" Atome Energy Comm ssa Reports, Volume 4, pp.199. 200 4 204.

" Though mes qualihed techncally, none of the three had prior quaMy assurante experience.

" sonnke was Anstant to the Presdort, Butler was Assatant Vce Presdent of Ergneenng & Construction, and Goodgen was a Protect Engmeer.

" Transemt of Ententury Neamig,2m Storm (Aids f 42 Ace Federal Reporters. WastWngton, DC, September 25,1968. pp. 336-371.

" Transcnpf of Enfetuary Neerng, lion Stata (# pts 142. Ace Federal Reporters. Washington, DC. September 26,1968, pp. 522-529,

_ _ _ _ _ _ _ _ . _ _ _ _ _
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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 purchase specifications, drawings, and other technical documents; and 3) plans by the utility 3
and key contractors for monitoring and auditing their work. E

c) Concrete Form Failure John Buck asked the AEC whether it had reviewed the utility's noncon-
formance and corrective action procedures. He was told 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 would 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 plant'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 leamed that Commonwealth Edison's 'classifi-
cation system' consisted of a combination of formal and informal practices, neither of which had g
been evaluated by the AEC. The ASLB was less than satisfied. To quote Steward Forbes: -3

I feelin 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 anylevel to assess the adequacies of the program. Itis essentially a * trust me" type of
program. I findit impossible to make even a preliminaryJudgement on this other than a negative one
and I don't understand how the [AEC) staff reached a positivo conclusion on the basis of what has |been submitted. g

d) 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 ASLB then asked, 'Could we have
the benefit of seeing what it looks like?' Behnke responded, 'I 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 g.
wn have started on this task. We do have it in draft form." Further probing revealed that the 3
AEC had not evaluated this aspect of the uti!ity's quality assurance program.

e) Design Reviews The ASLB questioned Commonwealth Edison about the commitment in its
Guide to the QualityAssurance 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.

In its report to the Commission, the ASLB characterized Commonwealth Edison's Guide to the Qual- I

ity Assurance Program as a ' statement of philosophy" rather than a viable quality assurance plan. gI
It concluded that the basis for AEC approval of the Guide "was tenuous in view of the lack of critena 3 i
for its evaluation." When the hearing adjoumed, Commonwealth Edison did not have a Construction |Permit."

|

~ - - - - _ . _

I:,

__ _ __



-11-

4.2.3 Development of 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 involved in upgrading NPC-200-2, Quality Assurance Program Provisions for Space System
Contractors, to incorporate lessons teamed from the Apollo 1 fire.58"

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 OA Program to incorporate
ASLB comments. On October 17, it requested that the ASLB reopen proceedings in order to 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 AEC completed a second draft of its review
criteria.' 85 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 titled, Guide for the Quality Assurance for the Construction of Nuclear Generating
Units and Zion Station Quality Assurance Plan (hereafter called the Zion OA 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 I of this report along with notes on the source of each of the criteria. Six
source documents are cited: 1) ASME Section ill, Appendix IX; 2) MIL-O-9858A; 3) NHB 5300.4;
4) RDT F2-2; 5) 10CFR50, Appendix A; and the 6) Zion OA Plan.

MIL-O-9858A was the source of 63 percent of the criteria's requirements and 33 percent of its sub-
titles. Another important document was RDT F2-2, the source of 19 percent of its requirements and
14 percent of its subtitles. Interestingly, the Zion OA Plan was also an important document. It was
the source of 33 percent of subtitles and, in part, one requirement. The similarity of the Zion OA
Plan to the AEC criteria was not a coincidence. There were several reasons for this:

a) MIL-O-9858A The Zion OA Plan was based on MIL-O-9858A, modified as applicable for the
utility business.e7 The AEC's criteria were also based on MIL-O-9858A, modified as applicable
for the nuclear power industry.

* Milton Shaw charactermed as 'deploracie' the quakty of wor 1t on the AEC's Advanced Test Reactor, completed dunng 1968 at the National Reactor Testing
Stahon near Idaho Faits,10. He ordered the development of RDT F2 2 and wanted 4 to be a quality assurance standard that could be imposed on contractors
woriong on the AEC's new LOFT (Loss 4 Fluid Test) Fachy also located at the National Reactor Testing Statm [ Samuel Waker, pp. 182,183 & 213]

" Based on a January 10.1992, interview with Merritt Larigston.

" Based on a wrmen statement of Memtt Langston's qualtrications provided to the ASLB on December 17, 1968.

" Memtf Longston is currentty employed by Science Apotcates Intemational Corporation (SAIC) m Germantown, MD.

" [Meures off Ousury Assurance Succommarse Meereg. Artvisory Commese on Reactof Safeguards, Wasnmgton, DC. February 5,1969. p.1.

" Federst Register. November 26,1960, p.17668

* Transenpt of Evidentwy Heenng, le State f##s 142. Ace Federal Reporters. Washmgton, DC, December 17.1968, p. 553.
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b) Navy and NASA influence Commonwealth Edison consulted Navy and NASA quality assur- 3
ance experts during development of the Zion OA Plan." The AEC also used Navy and NASA B
quality assurance experts to develop its criteria.

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

d) Precedence The Zion OA 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 OA 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 & tron who was responsible for Zion's containment liner; and 3) Sargent g
& Lundy's engineering offices. The AEC survey team evaluated the Zion quality assurance program 3
against the 15 review criteria contained in Supplement 1.7

The survey team consisted of Langston, Morrison, Paul Check, Charles Long, and Harold Thomburg.
Check, Long, and Thomburg 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 g
being informally implemented while procedures were still being developed or procedures were in E
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 g
Commonwealth Edison that changes would be made to correct identified deficiencies.7' With these g
assurances, the AEC concluded that:

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

I
" Itud, p. 554.

*
ttad, p. 551

* Reputatory Sta# EveJuste of commcmese Essars cuanty Assurance Program Jty me IIon station, U.S. Atomic Erwrgy Commason. Washmgton, DC,
Decemter 17,1968, p.1.

" Based on wrmen statements of the quahlications of Check, Long, and Thomburg as provided to the ASul on December 17,1968.

* Transcept of Endentary Hearmg,la staten Uh#s fAP. December 17,1968, pp. 621 A 622

" Regarding Ctttonon S there were mstances where desagn revews had not been cotiducted or. W conducted, documentation fit the reviews was edher messmg
o, mdsaus. nega,deg C,senon ix = smu. oe c romsve .amn a n. be g trac *ed .nd documenwen o, demene.s d.d na cie.,, desc,ee .ano, |

the adverse condtion or resulteg corrective action. j

'' Regumay sue evaute or common,,eae esson s cuawy Assurara Program er me ze staten, p. 22.

I'
1I
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4.2.5 Second Evidentiary Hearina

A week prior to the second evidentiary hearing, the ASLB announced it would have to reschedule
the hearing for December 17,1968.75 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 concemed 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 scheduled to be issued in a matter of days or weeks.78

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.77

The hearing ended with assurances that the AEC would conduct regular audits of Commonwealth
Edison to verify scheduled procedures were being developed and effectively implemented.78 Nine
days after the hearing, Commonwealth Edison received a Construction Permit for Zion 1&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
1&2, an amendment was issued to 10CFR50 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 PSARcontain a " description and evaluation of the quality assurance
program to be applied to the design, fabrication, construction, and testing of the structures, systems,
and components of the facility.''"

The publication of a regulation requiring a description of nuclear utility quality assurance programs
made it even more important that AEC criteria exist on what constituted an acceptable program. The
need for these criteria was further prompted by the publication of Sheldon Novick's The Careless
Atom and remarks in Forbes by Phillip Spom, former head of American Electric Power.

" FederalRegister. December 3,1968, p.17929.

" Transcrwr of Emdennary Neerrrg, la Stehons f A2 December 17,1968. pp. 625 & 626.

" Ibd, pp. 623 634.

* lbd, pp. 672 & 673.

* NUREG-1350, NucJear Repherary Commess,cn Mrmate Dgest, Volume 2. U S. Nuclear Regulatory Commessen. Westungton, DC. March 1000, p. 88.

" rederst Register, December 17,1968, p.18611.
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In the November 15,1968, issue of Forbes, Phillip Spom said the nuclear industry was moving too g
fast and quality assurance programs, especially inspection and testing practices, were inadequate. 5
He warned utilities that, "We rushed into the Apollo program and incinerated three astronauts. Then
we took some time out and really did an engineering job and had a successful Apollo 7. We are
going to have scrae accidents at atomic plants."''

The Careless Atom was published in January 1969.e243 It was the first anti-nuclear publication
to receive national attention. Sheldon Novick played on the public's fear of the " invisible menace," E
the radioactive isotope. To quote the The New York Times- 5

,

'The Careless Atom' emlores the nature of the public's risk, both from the reactor explosion . . and g
radioactive pollution of the environment. Mr. Novick tells the tale of Bodega Head, Calif., 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- |a

powered generators only become profitable when they are huge; and when they are huge, their mal- g
functioning will have huge consequences.**

4.3.2 Assianment 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 B
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 g
were about eight committee members including Fred Hannon of Union Carbide, Oak Ridge National g
Laboratory, and Jack Norris, Westinghouse, Hanford.a.s2.e5

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

While most within the .AEC agreed on the need for quality assurance, there was considerable debate
over whether the criteria belonged in an intomal AEC staff position paper or the Code of Fedeml

3

Regulations (CFR). If placed in the CFR, the criteria would be " mandatory" whereas, if placed in a a
staff position paper, they would serve as " guidance" to both AEC licensing personnel and nuclear g,

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 OA 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

I
* ' Atoms Acesdents', Forbes. New York, NY, November 15,1968, p. 58. !Emerpt by permissen of Fortes magazzie o Forbes, Inc.1968}

" Sheldon Novck. The Careess Atom. Houghton M4ffin. New York, NY,1969.

" 1969 Sook Seview index, Gale Research Company. Detro,1, MI,1970 p. 439.

" John Leonard 'The invisde Menace,' The New York Trnes, New York, NY, March 10,1969, p. 43. O 1969 by The New York Tsnes Company [ Excerpt by

permusen of The New York Times Company]

" Desed on a January 10,1992,mterview with Jack Norns.

" Minutes of ove8ty Assurance SuDcomm# fee Meehng U.S. Atome Energy Commason, Washstgton DC. Factuary 5.1969, pp.1 & 2.

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

4.3.3 Sources of input

Table 1 of this report identifies various 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

I 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-O-9858A, Quality Assurance Pmpram Requirements.I This military specification had been around since 1963 and, though initially controversial, its require-
ments were being successfully implemented by an enormous network of small manufacturers and
large companies whose existence depended on U.S. Govemment defense contracts. Eventually, it
would become the source of about 29 percent of the criteria in Appendix B.

Indeed, the Federa/ Registerattributed 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 NationalI Aeronautics and Space Administration [ NASA)," and " cooperative Atomic Energy Commission-
industry efforts."*7 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 forI about 8 percent of the criteria in Appendix B. Merritt Langston, who helped write NHB-5300.4,
provided input on those sections of the Regulation that borrowed from NASA requirements.

I The " cooperative effort" mentioned in the Federal Registerwas the assistance provided to the AEC
by the industry advisory committee appointed by Milton Shaw. The nuclear industry had two other
forms of input to the Regulation: f) 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-I ance standard, ASME Section Ill, Appendix IX, Quality Control and Nondestmetive Examination
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 concems with the

I 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.as in addition, its nonconformance control
and corrective action requirements exceeded those currently in use in the industry.'' To ease theI committee's concems, 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

I
* FeaeralRegrster. Aped 17.1969, p 6599.

" As can be seen from Table 1 of this report. the design control requirements M Appenda B were borrowed from ROT F2-2 whch. at the time. was stdl underI devotoprnent anc would not be usued untd June 1960.

* Bin Momson and Bob Minogue told the author that they behoved an organization's quahty assurance program could only be as effective as its nonconformance

Control arid Correctrve sCilon proCodufes. They did not want to compromme what they regarded as the ' heart and soul' of the proposed Regulation.

I
I
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miles south of Washington, DC. Trialimplementation 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

4.4.1 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 (AIF), a professional
society. Seven organizations that provided comments also reviewed the draft Regulation for the AIF,
thus, in effect, commenting on the document twice. These reviewers included American Electric
Power, Babcock & Wilcox, Consolidated Edison, Gilbert Associates, Ralph Parsons Company, Stone g
& Webster, and Westinghouse." Others who participated in the AIF review were Battelle Memorial 3
Institute; Bechtel; Bums & Roe; Ebasco; Murray Joslin, Chairman, ASME N45 Nuclear Standards
Committee; Philadelphia Electric; Southem Nuclear Engineering; and Stoller Associates.

What was surprising were the number of major nuclear utilities and contractors who chose not to
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&2), Tennessee Valley Authority (Sequoyah 1&2 and Browns Ferry 1,2 & 3), Con- !
'

sumers Power (Big Rock Point, Midland 1&2, 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 g )|g
were heavily involved in developing standards used in the nuclear industry. l

|

||4.4.2 Comments

Table 2 of this report shows the distribution of public comments on the proposed new regulation. E
Of 147 comments,51 (35 percent) were incorporated. Westinghouse had the most comments and 5 ,

the most incorporated. Criterion Ill, " 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 11 shows how 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 too
specific. There was no pattem to the other ten generic comments.

.

" Presumably. the change was made to prevent confusion with the general desgn crneria in 10CFR50, Appendu A, whch were identified with Arabc numerals. W

* Samuel WaB6er, p. 220.

" Federe!Repster, April 17,1969, pp. 6599'6602.

w.-.- _ A- _.-r.-t.._.d-.-.- .-r- -P.
of Amerman Eisetnc Power, Sherman Goodman of Geert Associates, Stanley Hettman of Ratih Parsons, and Larry unnck of Yankee Atomic Electnc.

I
I

- -



__
. . . . . _

-17-

Of 14 comments on the Introduction to Appendix B, three were incorporated. The first sentence of
Appendix B was revised to require that PSARs contain a " description" rather than " description and
evaluation" of the 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
the issue to the American Nuclear Society's Subcommittee ANS-3, " Reactor Operations." The Sub-
committee agreed that Appendix B should be applied to operating nuclear power plants.**

The requirement for design reviews received the most comments: four concemed reviewer indepen-
dence; three requested allowing attemate calculations or qualification tests in lieu of design reviews;
and six sought clarification of the level 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 orgroup
that performed the design." Though this particular public comment was not incorporated, Criterion
Ill 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 -

Bemsen, 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 February
1970 meeting, the ACRS accepted the AEC's proposed resolution of its comments.'7"

4.4.3 Trial Use at Surry -

Virginia Electric & Power Company (VEPCO) received a Construction Permit for Surry 1&2 during
June 1968." VEPCO's general contractor, Stone & Webster, immediately began construction 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 1970, 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 GA Supervisor to Surry, and Stone & Webster formed a Quality Assurance Department that
was independent from its Construction and Engineering Departments.' '' "' Based on nine
AEC audits conducted between April 1969 and April 1970, Surry's quality assurance program
appeared to be in general compliance with 10CFR50, Appendix B.' '

" W McCool to Distnbutmn. ' Amendment to 10CFR Part 50: Quality assurance Cotena for Nuclear Power Plants. AEC Memormadum, Acril 28,1970 pp. 3 & 4.

" See Paragraph 5 2.4 for more on Cdterion 111 design verfcation requirements.

" The ASME N45 Ad Hoc Committee on Quahty Assurance (N45-3 70) was formed dunng May 1969. It included representatnre fryn the AEC, utilmes, reactor
suppiers, engmeermg fwms. and construction compan,es. (Stanley Marash, " Quality Assurance Systems Requusments for huchsar Power Planis . Port 1,*
Joumal of Quanty Technoepy. Metwaukee, W1. July 1973. p.132.]

W McCool to Distnbution April 28,1970, m 6 & 7.

" J Rodgers lo H. Hell, A. O'Kally, and J. Hendre, " Summary of the One Hundred-Eighteenth ACRS Meeting. February 5-7,1970,' ACRS Memo andum. February
20,1970, p.16.

" NUREG-1350, pp. 85 & 86.

*
SwoJementat inermsten setore the U S. Atome Energy Commesen (Prepared responses to questions ' rom the ASL8 at a March to,1972. Prehoanng],
Vwgme Electnc & Power Company, Sorry VA, March 1972, p. 26

*
lbid, p 29

70stanony of Appicant's Witnesses beWe Ine U.S. Atome Energy Commsssmn Vwgme Electre & Power Company, Surry, VA, March 20,1972, p. 24.

'"
Transcrpt of Heanng si the Matter of Surry Power Starmn, Unst f, Ace Federal Reporters, Washmgron DC, March 20,1972. p.163.

*
SuppementatInsbemat,an Delore ene United States Atome Energy Commissen, pp 29 & 30.
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4.4.4 issuance for Use i

On June 16,1970, Harold Price prenented the final proposed Regulation to Commissioners Glenn ;

Seaborg, James Ramey, Theders Thompson, and Clarence Larson for their approval. Thompson I

asked about the reasonableness of the requirement in Criterion Vil that, before installing material !
I

| or equipment, documentary evidence of acceptability had to be available at the nuclear power plant
l 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 i

the publication of 10CFR50, Appendix B.*

On June 27,1970, Appendix B to 10CFR50 was issued for use. To accommodate the change, Sec- g
tion 50.34 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 )
IOn July 6,1970, Carl Houston, who resigned from Stone & Webster in late April, wrote to the AEC 3

about defects in safety-related piping welds at Surry 1. In February 1971, VEPCO hired Southwest
Research institute (SWI) to re-examine 650 questionable welds in seven different piping systems. g ;
Six months later, SWI reported that 15 percent of the welds contained defects requiring repairs. gi
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 g
committed to examine selected welds at three times the frequency required by ASME Section XI, g
Rules forIn-service Inspection of Nuclear Reactor Coolant Systems. The ASLB was impressed by
VEPCO's commitment and thorough investigation of welding allegations. Having received the a
requisite assur-ancos that Surry 1 would be operatod in a safe manner, the ASLB issued VEPCO Ea License along with the fo!!owing 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. E
vides a graphic illustration of inadequate implementation of an effective quality assurance . . program
during the early but vitalphase of plant construction and it should serve as an object lesson for all
appilcants, the nuclear industry and the Atomic Energy Commission.

*
IMovies c/] Reputatory Meetog 281 June fd. f 970 U S. Atome Energy Commassen, Bethesda, MD, undated, p. 6.

*
Federal Register. June 27,1970. pp.1049810501.

*
Transervt of Henmg M the Matter of Sarry Power Statmn, LM 1, p 175.

*
(Med Sates Alcme Energy Commona Report M Ihe Marner of Surry 1 Nuchner Power Staten, U.S. Atome Energy Commessen, wasnmgton, DC, M
February 23,1972, pp.17 & 18.

*
Fles:gneten letter from Mr. Houston to C L Bradford of Stone & Websier, Apra 20,1970

*
Transcret of Henrog m the Marner of Surry Power Staten, Une f , p.102. g

*
Atome Energy Commissen Reports, Volume 4. U.S. Govemment Pmir.g Ofhce, Washington. DC,1973. pp. 825m

I
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4.5 AMENDMENTS

4.5.1 Fuel Reprocessino 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, Morris and Bamwell, 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."8

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 Bamwell was terminated in 1977, with the
plant about half completed, because of President Carter's new nuclear policies. Further information
on these three plants, the only fuel reprocessing plants to advance beyond engineering to construc-
tion, is contained in Supplement 111. 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 I, "Org-
anization," of 10CFR50, Appendix B. The amendment was in response to concems 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."4 At both plants, site quality
control personnel reported to a resident construction superintendent."5 The ASLAB ruled this was
inconsistent with Criterion I 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 I that defined the
terms " safety related functions" and ' quality assurance functions." With these changes, the amend-
ment was issued for use on January 20,1975, and compliance with its provisions became mandatory
on February 19,1975."5

What was most surprising about the outcome was, if anything, the amendment seemed to legitimize
rather than prohibit the type of organizational structures that had been in place at LaSulle 1&2 and
Midland 1&2. The eighth sentence of the amended Criterion I 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 assuranco program may take on many forms provided that the persons and organizations
assigned quality assurance functions have [the] required authority and organizational freedom.

FederalRegester, Aprd10,1971,pp.69034 6904-

*
Federal Repester. September 11,1971. p.18301.

Federst Regrafer. Aptd19,1974, pp.13974 413975.

"
Feoprs! Regester, January 20,1975 pp. 3210C-3211D.

*
Atome Energy Cmimessen Asparts, Volume 6. U S. Govemment Pnntmg Offce, Washogton. DC,1974, pp. 816-820.
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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.'7"'
Though the amendment relaxed the organizationalindependence requirements of Criterion I, nuclear
utilities and suppliers continued establishing separate QA departments. This growth in separate OA
departments resulted f rom guidance that appeared in the Federal Registerwith the new amendment.
The Federa/ Register referenced the AEC's " Rainbow Books' which recommended that quality assur- ,

ance directors report to the same level of management es directors of the company's engineering, |
manufacturing, or construction departments, as applicable. Consequently, the OA director usually ,

ended up reporting to either the company president or a ser ior vice president.us

4.5.3 Three Mile Island 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 Regulatory Commission (NRC)''' immediately
stopped evaluating seven pending Construction Permits including 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, NRC Action Plan Developed as a Result of the TMI-2 Accident. Four months g
later, the NRC announced it would be changing its licensing requirements.' ' E

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 '

10CFR50.34, ' Contents of applications; technical information," were new QA requiroments ' 8
Forty-three (43) reviewers commented on the draft Regulation. Five reviewers (ASME, Bechtel,
Gilbert, Stone & 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
requirements.''#' It was applicable to all nuclear power plants licensed after February 16,1982,
and contained 149 words of new quality assurance requirements.' 5 The text of the OA 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, Federal Register (p. 3210C), B4 Momeon wrote,'The greater the Mdependence or separation, for example, the more difAcut it
may be h some instances to mantam ines of communcaten in identifymg qualty probioms and initiating correcove action.'

The AEC's *Rambow Books' included the *0 ray Book,' WASH 1283, Gudsnos cri Quakry Assurance Requhaments Dunng the Desgn and Procurement""

Phase of NucJear Poner Plants, June 7,1973, and Revisen 1. May 24,1974,' Orange Book,* WASH-1284, Gudence on QuaAry Assurance Reguarements
Durmg me Opersoons Phase of NucJeer Power Planta October 26,1973; and * Green Book,* WASH-1309. Gudence on Qua#fy Assurance Requirements
Dunna the Constructen Phase of NucAser Power Plants, May 10,1974. The color of ther covers were grey, orange, and green, respectivey

*
Refer to Paragrapn 6.3.5 and Supplement Vi for further informahon on Three Mile island 2.

The Energy Reorganizaten Act of 1974 abokshed the Atomm Energy Commessen (AEC). On January 19,1975, the Nuclear Regulatory Commassen was W*

established and took over the AEC's regulatory responsulebes. The Energy Resenroh and Development Admewstianon (ERDA) was estabhshed to handle
the AEC's other work, in 1977, ERDA became the Department of Energy.

*
Federal Regoster, October 2,1980, pp. 66247 L 65248.

*
Federal Regrster, March 23.1981, pp 18045,18046 & 18048.

*
Federal Repsster, January IS,1982, pp. 2289,2290 and 2296-2298.

*
It*f, p 2288.

*
These 149 woros represent about 5.3% of the 5 7 pages of new tout m 10CFR50.34(f).
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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 (10CFR60), spent fuel
shipping casks (10CFR71), and independent spent fuel storage facilities (10CFR72), the NRC
passed over the OA requirements in 10CFR50.34.

b) Codes & Standards Over a decade later, nuclear 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 utilities 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 Counterfeit 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 7
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 recommenoa-
tion that it " conduct an immediate and sweeping investigation of all bolts in bonded warehouses and
in transit or at various ports of entry."'87

News of substandard bolts and othor parts eventually reached the NRC. The NRC requested that
utilities physically test a small sample of fasteners in their inventories. About 10 percent of the

,

1 tested fasteners failed to meet specifications. During 1988 and 1989, the NRC issued ten bulletins
j 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-
I 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.'88
s
4

| 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 III, IV, Vil, and XV to
j Appendix B, to prevent the inadvertent use of counterfeit and fraudulently marked parts.529

|

|
' *

Raymond Klempm, ' imported bolts come under attack * Houstan Busmess .louma( Houston, TX, January 21.1985. pp.1,10 & 11.

*
Research Rooort on falso Grade 8 Engmeermg Portbrmance Marks on Boltog and Wpecoor Markmg of Grade 8 Nuts, Industraf Festeners Inst |tute,

j Cleve>and. OH. Apri 4.1986, pp 1-5.

*
GACVRCD91-6. Counterfmf and Substandarty Products Are a Govemmentwop Concem. U.S. Govemment Accountog Othce. Washmgton. DC. October
16.1990, pp.13,18.19,26 & 41.

*
Federal Regrster. Marcri 6.1989, pp. 9229-9233.
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1
The NRC received 64 sets of comments on its notice. Most of the comments strongly opposed gi
additional regulations and, instead, recommended that the NRC endorse nuclear industry codes and 5
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 E
inadvertent use of counterfeit and fraudulent parts. The first EPRI guideline contained recommenda- g!

<
- tions for using commercial-grade hardware and the second contained recommendations for purchas-

Ing and receiving nuclear hardware." By January 1990, all nuclear utilities were i aplementing
Ithe 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." 1

4.5.5 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 administrative details and paperwork). Nuclear utilities want
changes to codes, standards, and regulations that encourage or require performance-based quality
assurance programs. In theory, this would result 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 E
projects, and sees nothing in the current Appendix B that stops utilities from factoring performance- g
based concepts into their quality assurance programs."'

4.6 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, g
together they form phrases that are requirements. In general, lengthy criteria tend to be more impor- g
tant and difficult to satisfy 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 OA manuals and pro-
cedures designed to address requirements within these codes and standards. Thirty (30) words in
a criterion can translate 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 E
and trigger extensive changes to thousands of OA manuals and procedures. E

*
The two gu,dehnes were EPRI NP $652. Gudeme W me Utezeten of Commemst Grade tems si Nucsear Sabfy Releasd Systems, Palo AAo, CA, March
1981, and EPRI NP-4629 GudeMes & me Procurement and Recept of thems & Nuedear Power Ptsnts. Palo Ako CA, January 1990. EPRI NP 4629
incorporates by reference EPRI NP 6630 Gurdeanes & Perbmance Sased $@pher Aucnts, Pato Alto, CA, January 1990.

*
GAO/RCE0w014. pp. 27 & 28.

*
Based on discussions durrig September 1992 and January 1993 with NRC and industry representatsves wortung on nuclear quality assurance codes, stan. W
dards. and gudehnen.

On March 26,1992, the Nuclear Management and Resources Council (NUMARC) wrote to the NRC recommending that 10CFR$C Appendix B, be ' updated
for consistency with periormance based regulatsons and with new quaMy concepts.'

|
*

Monti Dey NURECVCP 0129, Workshop p Progre n & Ehmslasm of Requirements Marpnello Sabry. U.S. Nuclear Regulatory Commission, Washmgton. |
D C, September it,93 pp. 7-19,119, and B-9

I
|
.
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4.6.2 1968 -1969

As can be seen from Table 3, criteria used by the AEC to evaluate the Zion OA Plan did not include
requirements later contained in Criteria IX, XI, and XIV. These criteria were added before 10CFR50,
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-O-9858A, the primary source document used during
development of QA criteria for Zion. Also, though the Zion OA Plan did not cover Criterion XIV, it
thoroughly addressed the requirements of Criteria IX 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 detail in 10CFR50, Appendix B, much closer to but still short of that in MIL-O-9858A and
NHB 5300.4, the other two Govemment 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 lit and its share of Appendix B requirements jumped from
6.7 to 12.1 percent. Because the totallength 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 1970 -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 I which lost 43 words. This resulted from relocating the last two
sentences of Criterion I, regarding management assessments, to Criterion ll. The 94-word increase
in Criterion ill was due to a combination of factors including: 1) public comments requesting altemate
design verification methods; 2)the need to establish a tie to 10CFR50, Appendix A, by mentioning
something about quality standards; and 3) lessons leamod during the Zion hearings about tho noc-
essity of controlling interfaces between the utility, architect / engineer, reactor manufacturer, and other

'

organizations with design responsibility.

Another shift in requirements took place in January 1975, upon issuance of a second amendment
to 10CFR50, Appendix B. The change added 170 words to Criterion I, more than doubling its length,
and made it 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 I, ll, and Ill, the three longest Criterion in
Appendix B. Most importantly and as discussed in Paragraph 4.5.3, burying the new OA require-
ments in 10CFR50.34 made the requirements far too easy to overlook and ignore.*

f' '"
zu sr ron ou.w 4,,ur.nce aan common =.m edi.on, chesso, n No.meer i2. in. pp. as, m n

'"
rhove u a4 r.qu..mene. m iocrRsom aniy . ope o.nt, mi oetam.d constnetion rerma on or ener roeru.,y is. m2. more n.. esen wiu.9r
no movement ey seer the NRC or nuclear ut%es and supphers to embrace the requvernents. Normah the NRC encourages voluntary Comphince and
mdustry codes and standard. are updated to mcorporate and eterp,et the requvements.
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5.0 WEAKNESSES

5.1 INTRODUCTION

5.1.1 General

The nuclear industry has had considerable difficulty trying to interpret 10CFR50, Appendix B, and
establish OA 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,'8' requested a study of how effec-
tively the criteria of Appendix B were being implemented by nuclear utilities.' 8 The study, com-
pleted in June 1973, three years after the Appendix B was issued for use, found the Regulation was E
poorly understood and implementation was inadequate.''' E

To improve implementation, Muntzing announced that the AEC would begin: 1) considering an inade- g
quate OA program description as, by itself, grounds for rejecting an application for a Construction g
Permit; 2) requiring that utilities successfully demonstrate their QA pregrams during start-up testing
to obtain an Operating License; and 3) holding 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 OA 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 OA prac-
tices in the nuclear industry. A final report, NUREG-0321, A Study of the Nuclear Regulatory Com- g
mission Quality Assurance Program, was issued in August 1977. Though the study found numerous g
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
part, 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 Concemed 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

I
*

Durmg January 1973, Mannmg Muntzog replaced Haroid Price as AEC Dwector of negulatiort

*
Mannmg Mtotzmg was concemed about a dochne e the performance of operateg nuclear power plants and increase in violat ons of regulations. During
1973. AEC inspectors reponed 298 violations of regulatens with about 25 percent representmg devahens from Qudty assurance requirements. fNuclear
Plent Avadabihty a Dwedimg. says Montimg.' Nucaponcs Woo 4, New York, NY May16,1974, pp.1 &2} O McGraw-Hall. Inc. ,

*
Annual Report to Cmgress & 1971 U.S. Atomic Energy Commason, Washmgton, DC,1974. pp. 67 & 68. |

*
Fact Sock for me Jont Commaree m Atome Energy. U.S. Atomic Energy Commssen. Washogton, DC. July,1.1974, pp. E-48, 5 t & 55.

*
NUREGCl21, A Study of ee Nuclear Regulatory Commesen Qual #y Assurance Program U.S. Nuclear Regulatory Commassen, Washogton, DC, August
1977, biblegraphic data sneet and pp. 7 10, 12 & 17.
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Three Mile Island 2 followed by a rash of significant quality assurance problems at the Diablo
Canyon, Marble Hill, Midland, South Texas and Zimmer nuclear power plants.ua

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 qualityproblems in the nuclear industry was shortcomings in management.
Realimprovements to address this root cause must come from industry itself. The NRC cannot write
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, 5.4.4, and 5.5.2, below. e

5.1.3 Industry Codes and Standards

NOA 1, Quality Assurance Program Requirements for Nuclear Facilities, was initially published by
ASME in August 1979. It consolidated eight GA standards developed between 1971 and 1978 and
was endorsed by the NRC during August 1985."*"5 NOA-1 is updated annually and represents ,

the nuclear industry's attempt to expand on and interpret the requirements of Appendix B. NOA-1
,

Basic Requirements 1 through 18, parallel, respectively, Criteria l through XVill of Appendix B.
NOA-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 NOA-1 or whether,
in clarifying the intent of Appendix B, NOA-1 managed to neutralize the weakness. The Subsections
will also sometimes reference three other widely-recognized quality standards, ISO 9001, Quality
Systems - Model for Quality Assurance in Design / Development, Production, Installation, and Ser-
vicing, March 1987; ISO 9004, Quality Management and Quality System Elements - Guidelines,
March 1987; and DOE Order 5700.6, Quality Assurance, Revision C, August 1991. . - - - - -

ISO 9001 and 9004 are international quality standards. ISO 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,

*
Public Law 97-415. NRC Aumortista Act kr Fiscal years 1982 and f 983. United States Congress. Washesgion, DC. January 4,1983.

*
This recutted a 1978 Govemment Accountog Offee (GAO) recommendaten that the NRC increase its presence et nuclear power plants in order to mapact
quality oto plants. It was followed. a year later, by a GAO recommendaten that the coehng on NRC fines be greatly mcreased. Both -~.. -.J aons

were acted on. Refer to E MO-76 80. The Nuclear Regulatory Commessen Needs To Aggressnery Monotor And Independently Eve}unte Nucenar Powerplant
Cestructen, dated September 7.1976. and EMD 79-9. Nyer Pena #ws Coudcf Deter Viodetona Of NucJost Repudstens, dated February 16. 1979.

NOA 1 coneohdated N45 2, Quahty Assurance Program Regurements & Nuchser Fac#ft,es,1977. and seven 'N45.2 Osughter Standards.* These standards
were N45.2 6. Quahtenten of Inspecten, Exammeren, and Testmg Personnet kr NucJear Power Plants,1978; NAS 2.9, Requwements kr the Conectron,
Storage. and Mantenance of Records kr Nucasar Power Plants,1974, N45.2.10; Quakty Assurance Terms and Onnnirens.1973; N45.2.11. Quanty Assur-
anCe ReQuwements kr the Desy of NucJear Power Plants,1974. N45,2.12, Requaements & Audrtmg of Quahty Assurance Programs kr Nucenar Power
Plants,1977; N45 213, Quanty Assurance Requwements br Procuremmt ofItmsa and Seneces & NucJear Power Pnants.1976; and N45.2,23. Qualdicaban
of Quakty Assurance Program Ausst Personnel Mr NucJear Power PJants,1976. O Amercan Socsety of Mechancal Engsneers

Regulatory Queos 1.28. Ovahfy Assurance Program Regurements (Desgn and Constructen. U.S. Nuclear Regulatory Commissen, Wasnogton, DC, RevL
son 3. August 1975.

*

|
* EUROPE 1992 Its Effect on intomational Standards.* Qun#ty Progress. M.fwaukee, W1. June 1990, p. 31.
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and production reactors. The Order currently applies to all DOE-funded programs, nuclear and non- g
nuclear, that are do not fall under the NRC's jurisdiction. Also, the current Order departs from earlier 5
versions by replacing reference to NOA 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 g
criteria in Appendix B, the danger exists that different approaches will be taken to satisfy the same 3
or closely related requirements. Examples of this redundancy and problems are provided below.

5.2.2 Organization

The third sentence of Criterion I reads:

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

The third sentence of Criterion 11 reads:

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

NOA-1 eliminated the redundancy in Appendix B by: f) requiring in Basic Requirement 1 documenta- g
tion of each organization's " functional responsibilities [and] levels of authority," and 2) avoiding men- E
tion in Basic Requirement 2 of organizational responsibilities. Though not specifically required, most
companies document the functional responsibilities of both their intemal organizational units and prin-
cipal contractors, especia!!y direct-support contractors.

5.2.3 Special Processes

The seventh sentence of Criterion 11 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 specialprocesses, including welding . . , are controlled
and accomplished by qualified personnel using quahtied procedures ...

This redundancy also appears in NOA-1 Basic Requirements 2 and 9. "Special controls' are con-
" trols that require qualified procedures. According to NOA 1 Supplement S-1, 'special processes'

are those requiring special equipment or skills. In actual practice, most GA programs focus on
Criterion IX and pay little attention to the special process requirements in Criterion 11.

I
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5.2.4 Desian Verification

The sixth sentence of Criterion ill reads:

; The design controlmeasures shallprovide for verifying or checking the adequacy of design, such as
by the use of design reviews, by the use of attemate or simplified calculations, or by the performance
of a suitable testing program.

The second sentence 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 NOA Interpretation OAB6-Of2. 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 andapproval ofindividual design analyses
andcalculations satisfythe requirements [of NQA 1 Supplement 3S.1], an additional verification 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 NOA Interpretation 0485-009. The explanation read:

*[V]en'fication and * checking * are intended to be synonymous terms which represent the same require-
ment. If the checkingprocess complies with allIne 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 eitherbe supplemented by appropriate actions so that the aggregate pro-

, cess does accomplish the above, or the design verification must be accomplished by other appropriate
means such as . . performance of a suitable testing program.

$ The authors of Appendix B never foresaw or intended to permit the use one review to satisfy both
Criteria Ill and VI. The design review requirements in Appendix B were based on Paragraph 3.5 of
RDT F2-2 and, to a lesser extent, Paragraph 18301 of NHB 5300.4. These two source documents,

required formal design reviews and document reviews. Formal design reviews were conducted to
" qualify" 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."'
Document 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,
unless 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 verification using altemate calculations."

Because of the above NOA 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 AEC requred mat tem desgi and quamy assurance personnel partopate in formal cosgi rewows.

l

..
.
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Requirements 3 and 6."8 NOA-1 Supplement 3S-1 requires that personnel engaged in such g
reviews verify that: 1) design documents and procedures address all applicable organizational 5
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 Et

|
4) appropriate design methods were used and output is reasonable compared to input. 5

|
! 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 B

assumptions that must be reverified at a later date. Because interface controls already exist in g'

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.

I 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. NOA-1 Supplement 6S-1

requires checking the " correctness" of information in documents. A " reasonableness" review only
makes sense if documents have already been reviewed for correctness.

c) Acceptance Criteria Supplement 3S-1 does not require verifying that output documents contain
,

! test and inspection acceptance criteria. This information is required by Criteria Ili and V."'
NOA-1 Supplement 6S-1 requires evaluating the " completeness" of information in documents. E
Not looking for omissions during design reviews only makes sense if this was already done E
during earlier reviews.

Between 60 and 80 percent of the cost of a project is fixed during design, and up to 40 percent of
all quality problems can be attributed to desian deficiencies. A 1986 study found that errors in ongi-
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 I

accident at Three Mile Island 2 and a major effort by the NRC and utilities to reevaluate the technical i

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 totaldesign process on a selected system, from formuleting design and
A&E criteria through development and translating the design to actually performing site construction.

f
*

For a detaded discussion of " formal desp reviews * as concoeved by the authors of Appendx B and "desp verthcation rewows* as currently practiced in
the nuclear power industry refer to: John Burgess. Desgn Assurance er Engneers and Afanagers. Marcel Dekker, Inc, New York, NY,1984, pp.167100.

*
See Paragrapn S.2.5 for related weaknessoa.

*
Marc Meyer, pp 3 and 30. 3

*
NUREG 10$$. p. 7-13 & 14

; I
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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 NOA-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 intemal NRC study and one industry
study has resulted in similar a recommendation.is2.isa Design reviews are inherently subjective
and, compared to qualification tests, the quality of design reviews are far more difficult to control.

I 5.2.5 Acceptance Criteria

The ninth sentence of Criterion ||| requires:

Design control measures shall 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 XI which read:

Instructions, procedures, and drawings shallinclude appropriate ... acceptance criteria for determining
that important activities have been satisfied \ Criterion V}. A testprogram shallbe 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 lil, V, and XI is confusing both here and in NOA-1. One possible
interpretation is that Cnteria Ill and XI apply to the acceptance of items while Criterion V applies to
the acceptance of activities. This requires some stretching, however, since the ' drawings" mentioned
in Criterion V usually depict items and seldom contain criteria for accepting activities,

in actual practice, most companies focus on Criterion V and apply it to both items and activities. In
doing so, there is a tendency to overlook the Criterion til requirement that design controis be applied
to the development of test and inspection acceptance criteria. This can be attributed to the following:

,

a) NQA 1 Basic Requirement 3 and Supplement 3S-1 do not require including acceptance criteria
in design documents. An addenda to 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 placed 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 qualitypolicies
andprocedures. Clarification is needed in Appendix B and NOA-1 of the type of criteria that needs
to be included in design documents versus procedures and purchase orders.

*
NUREG@2i, pp. 35-37.

*
Thomas H. Lee, Ben C. Bat and Rchard D. Tabcws, Energy Memiath. Harvard Busness School Press, Boston, MA,1990, pp.126 & 127.

|
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5.2.6 Document Changes

The last sentence of Criterion lil reads:

Design changes ... shall be subject to design control measures commensurate with those applied to
mthe originaldesign andshallbe approved by the organization thatperformed the originaldesign un! ass

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 appmval unless the applicant designates another responsible organization.

Criteria Ill 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 g
offer little in the way of clarification. 3

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 procedures 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 controls
over the design process . . [T]he NRC should examine the change management process itself, both
within the NRC and nuclearindustry, to evaluate the impact of changes on the ... regulatory and project
management stincture. 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 following controls:

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 5
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 g
and money needed to process and implement the change. N

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 planned change be tracked until issued.'55"'

*
NUREG-1055. pp. 24 & 6-8.

* Typscelly a Change Notre would be issued with the specacaten that k5entmed and placed a * Hoed' on effected pot 1ms al interfecog documents. A
computer dets base would track all the identmed Holds. Procedures would requve that OC personnel access the computer and check the status of Holds
before uomg a oacumens as a base for inspecten or teatry

I.
I
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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 NOA-1."' Nevertheless,
ASME is slowly moving forward with a new NOA-1 Supplement 3S-2, " Supplemental Requirements
for Configuration Management..ua ISO 9004, Subsection 8.8, already requires the application of
configuration management principles 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 ofincorrect or defective
materials, parts, or components. [ Criterion Vill, last sentence)

These measures shallprovide for the identification ofitems which have satisfactorily passed required
inspections and tests, where necessary to preclude inadvertent 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 orinstallation. (Criterion XV, first sentence)

The above requirements, which also appear in corresponding NOA-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
items, the last sentence in Criterion Vill could be rewritten to read, "These identification and control
measures shall be designed to prevent inadvertently using the wrong items."

5.3 TERMINOLOGY

5.3.1 General

In como casos, Appendix B terms are used that need to be defined; in others, terms are used incor-
rectly or the same term is used two different ways. Terms used in Appendix B are not defined in
Appendix B or elsewhere in the Regulation. Though NOA-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 Items

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

*
A good ' emergency change' procedure reduces noncordormances by reduceg Ihe temptatiori to knowngly violate an obsolete requirement in order to avoid
shuttog down operahans untd the requirement can be revised.

#
Marc Meyer, p. 6.

*
Based on mformaton obtamed by the author as a rnamber of ASME's NOA Standaros Coordmatog Subcommntee.
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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 criteria, the next sentence also contains the word measures.
Supplement S-1 does not define " measures," and NOA 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 criteria start
off requiring a program or system. This suggests a measure is something similar, specifically, "a
procedure, courso of action, or step."

In the initial drafts of Appendix B, the word " system" appeared wherever " measures" now appears. E
The ACRS objected to using the term in two different ways, that is, to mean either "an established E
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.*7

I
5.3.4 Instructions

IaThe term " instructions" appears in Criteria 11,111, V, XIll, and X. Though NOA-1 Basic Requirements
use the word " instructions" in the same manner, it is not defined in NOA-1 Supplement S 1.

Criterion XI requires test procedures, and Criterion Xill 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 ||| con-
tains the phrase " specifications, drawings, procedures, and instructions." Ruling out specifications g
creates a significant terminology problem because Criterion V requires that " instructions, procedures, E
and drawings" contain acceptance criteria. At least in theory, placing acceptance criteria in specifica-
tions, which is normal industry practice, would not satisfy the requirements of Criterion V.

!

l

5.3.5 Equipment

E|Criteria Vill and XIV use the phrase " materials, parts, and components," Criterion ill uses the phrase
" materials, parts, and equipment," and Critoria IV, Vil, Xill, and XVI opt for " materials and equipment"
without mentioning " parts." Though these same terms are used in NOA-1 Basic Requirements they g
are not defined in Supplement S-1. 3

Based on the above, it is logical to assume that equipment means permanetF/ !=talled component. g
Unfortunately, Appendix B and NOA-1 confuses matters by in%aucing the term test equipmentin ICriterion 11 and Basic Requirement 2, respectively. To further confuse matters, Appendix B also uses
test instrumentation in Criterion il and testing devices in Criterion Xil.''

I
*

Webster's New Workf Octonary of the Amencan Language. Senon and Schuster, New York, NY,1980, p. 880

*
Vafwes and otner types of plant 64usroent are '#emt that must be purchased in accordance w,th Cruena IV and Vil Mcrometers and other types of host g
egupment, used to evaluate and accept plant equement, are not '#emt and do not need to be purchased ki accordance w,th Cntena IV and Vtt However,
all test equement, regardless of how purchased or othenese obtamed, must be controred in accordance wth Criterion Xil

I
I
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5.3.6 Audit Procedures

Though the second sentence of Criterion XVill clearly states procedures are unnecessary if audit
checklists are used, according to Bill Morrison, this is no!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
use procedures came from Paragraph 7.9 of Commonwealth Edison's 27on OA Plan.

NOA-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.

5.4 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 '8 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

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

a) Criterion V, instructions Procedures, and Drawings Combining Criteria IV and V would con-
solidate requirements related to establishing criteria for the acceptance of items and services,

b) 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 NOA-1 Supple-
ment 4S-1, their distribution is seldom controlled. Procurement documents should be subject to
controlled distribution. This is the approach used in DOE Order 5700.6.'s2

c) Criterion Vll, Purchased items and Services This would place all of the procurement control
requirements of Appendix B under a single criterion. This is the approach used in ISO 9004.'8

*
Another exampio a intematur.al Atome Energy Agoney Standard IAEA $4C4A. Code on dhe Salery o/ Nucwr Power Pfants- Quaaty Assurance.1978.
By consoldatog Cmena 18 and V. IV and Vll. Vill and Xill, and X XI and Xil of Appen::A B. the authors of the LAEA Code emved at 12 Cmera Page 27
of the IAEA Coor cantifies Bdl Momson as one of as cc suthors.

*
Refer to Paragraph 4(a)2 of Attachment t. *Gudance for Developsy and Implemommg Qualdy Assurance Programs.' to DOE Order 5700.6.

*
Re'er to Section 9. "Quattty m Procurement.' of ISO 9004

i
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5.4.3 Criterion Xill, Handiina, Shippina, and Storace

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 11, " Quality Assurance Program," contain related but slightly
different requirements. They require controls that include ' suitable environmental conditions for
accomplishing the activity, such as adequate cleanness."

Criterion Xill applies to the cleaning and protection of hardware. Criterion il 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 plant 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 11 seem out of place because, unlike other sentences in g
Criterion ll, they do not contain general administrative requirements. For example, their requirements 3
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 XIll E
would help people better understand the intent of their requirements. g

5.4.4 Criterion XV, Nonconformina 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 E
and XVI would place all rules for controlling nonconformances under a single criterion. g

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 materialand equipment and nonconformances. As such, Criterion
XVI 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. CApenmg of Fluid Systems and Assocrated Components br Nucisar Power Plants, was coveloped to cover cleenm0 the lnsde and outade
surfaces of pipeg systems.

*
The housekeepmg requirernents of ANSI N45 2.3 are now m Part 2.3 of NOA-2. The housekeepmg requirements of ANS-3.2 are in Paragraph 5.2.10 of
the current. April 1969, revision of the standard. !

*
Refer to Requwements 6(b)and (c) and also Paragraphs 3(e) and (g) of Attachment I to the Order.

I|
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d) Trending The Ford Amendment Study found that:"'

In the past, neither utilities nor the NRC have done wellin analyzing the root causes of quality
problems. [Uti|ities] should develop trend analysis capabilities of their own, improve their ability
to determine the root cause ofidentifiedproblems, and do more of both of these in a timely man-
ner. One cause of.his slowness has been [an] inability to synthesize scatteredbits ciinformation
into a comprehendve picture..

Appendix B is silent on trendmg. Though NOA-1 Basic Requirements and Supplements are also
silent on the subject, in an April 1991 addendum, limited guidance on trending was included in
a new NOA-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 vignifi-
cance of identified trends should be classified ...

In classifying 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.

5.5 BALANCE

5.5.1 General

Table 3 shows that 41 percent of Appendix B is devoted to requirements relating to program admini-
stration. Next are requirements related to construction and manufacturing processes,30 percent;
design activities,14 percent; procurement activities,11 percent; and corrective action,4 percent.
Closer scrutirr, 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 quality 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

*
NUREG 1055. m 2,42 and 7-8

*
NUAEG-1055 m 2-7. 2-8 and 2-41.

|
|
t
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management and the workers, are primarily responsible for quality. Past NRC reviews of CP[Construc-
tion Permit] applicants did not deal substantively with management experience or capability eitherin an
overall sense or in the context of QA program effectiveness. The study found that deficiencies in utility
andproject management were root causes of the major quality-relatedproblems experienced and that
in such projects, problems in the qualityprogram were often accompanied by deliciencies in otherman-
agement aspects including planning, scheduling, procurement, and oversight over contractors. The
study estabilshed a strong correlation between the effectiveness of the QA program and the
effectiveness of overallproject management. This study recommends that future CP applicants be
required to meet this criterion.

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

| In addition to the " management assessments" required by Criterion 11 of Appendix B, ISO 9001
requires that management " define and document its policy and objectives for, and commitment to,'

quality." This requirement is elaborated on in ISO 9004. Criterion I of Appendix B and NOA-1 Basic
Requirement 1 should be amended to incorporate NUREG-1055 recommendations by emphasizing
management's quality assurance responsibilities.

5.5.3 Deslan Control

Appendix B needs to expanded to place more emphasis on controlling 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 follows:

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
should include requirements for collecting site data that will be used as: 1) a basis for selecting
a suitable plant site, or 2) final technical input during the design of permanent plant hardware.

NOA-1 Basic Requirement 11 requires that tests "to collect data, such as for siting or design
input, shall be planned, executed, documented, and evaluated." This requirement is not elabo-
rated on in NOA-1 Supplements and Appendices." *

b) Computers Appendix B never mentions the terms computercode, computerprogram, or com-
puter software. Computers are now an essontial, integral part of the design process and the

~

This includes the tonowing standards: f) Sectm 10 of DOE Ordet 5700.6; 2)Socnon 4.0 ofISO 9004 Queaty Management and Quahry System Elements *
'"

Guaselmer J) Section 5.0 of ASME MCS-1. Management ControlSystem, dets1 May 1990 and 4) Criterion 1.1 of the U.S. Department of Commerce's,

1992 Makoms BaMnge Natenal Quahty Awan1 Caens. cated December 1991.

*
Geolog, cal artmg actndtes sto covered by Part 2.20 of NOA2. ousary Assurance Requuemenes er NucJear Power Planta However, Part 2.20 does not

-

cover other admg actwates such as topographic surveys. collecten of meteorological data, and charactonzahon of rivers and bodies of water on or adjacent
to the proposed plant s:10

*
Consideraten should be gwen to morgog NQA2 Part 2.20 wdh NCA3, Ousary Assurance Program Heguirements br lhe Consetert of Scentrac and Techrs-
catinformaten er Site Charactenraten of HWeveIN.a: Jeer Waste Rapos# ores, and then expanding NOA3 to cover the samg of nuclear power piants,
mdependent spent fuel storage facddes, and high4evel waste reposeones.

I
I
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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 111 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."3

,

5.5.4 Safety Analysis Reports
|
"

10CFR50.55(e) requires that nuclear utilities promptly notify the NRC of major design and anstruc-
tion deficiencies."' Specifically, the NRC needs to hear about any significant depanure from

E " 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 controlled 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 personnel borrowing information from controlled design documents. Ideally,
as design documents are revised, SARs are updated to keep pace with design changes. Whether
this actually happens, changes are correctly incorporated, and happens in a timely manner is usually
off limits during OA 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 11 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 OA Program Manual. Thus, if an item is not on the List, it is very possible 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,thJ NRC shut down frve nuclear power plants (Beaver Valey 1, FitzPatnck, Meme Yankee, and Surty 1&2) due to faulty algebra in
software used to calculate atrosses m pipeg systems. The plants remaced out of service for about three months while stresses were recomputed and pipeg

- systems modified ['Feulty Stress Codes Shut Down Five Reactors for Wnths * NucAeoncs Wee 4, New York, NY, March 16,1979, p.1; and 'No Substantial
Otfr rences Betwoun Old and New Seisme Codes, S&W Says? Nuceance Week, New York, NY, May 24,1979, p.1) O McGraw Hdi, Inc.e

*
Though Appendix 8 cices not menten the need to control computer programs, the nuclear hdustry has numerous standards on this subject. Contrc4 of
computer programs is coveeed M NQA-1 Supplements SS 1 and 11S-2, NQAr2 Part 2.7, and several standards pubhshed by the Arnoncan Nuclear Society
(ANS) and institute of Electncal and Electroncs Engmeers (IEEE) meludeg ANS-10.4. Guidetmes Apr Wntk: sten and WAdahon of SceneAc and Engrneenng~

Computer Programs for me Nuclear Industry, and (EEE 1012, Sotr ere Werticaten and whdnten Plansw

"* Similar requiremeros appear in 10CFR21, whch apphes to nuclear utiitties and to companes supplying hardware to operstmg nuclear power plants or plants
under construction. Though 10CFR21 does not specifcally menhun SARs, a requires lhel the NRC receeve notificaten of any cordtlon "that could contrtpute
to exceedeg of a safety hmil as dehnod in the (SAR's} techncal specificatens ?

10CFR50.9ta) requires Ihat, *kshmaten provsded to the Commossaan by an appkcant tbr a ncense ... be compkte and accurate M an matenal respectr *
The is not the same as requireg that SARs and other documents contamm0 bconsmg aformaton be developed under a Quality assorance program meet' gm
the requirements of 10CFR50. Apperds B.

~ *
The is based en the autnor's own exponence and FSAR inconsistences identified at Mdsnd 1&2 durmg earty 1980. At Mdand 1&2, the utikty's protect
manager told a local newspaper reporter that, 'We installed me (so#tJ matenals wrthow knowng west # aan me FSAR. Our guys ctd na check me spece
Aestons agamst me FSARf[ Paul Rao, ' Consumers dones lyeg to NRC on sosta lasue? Mdand Dasty News. Mdand, MI, January 4,1980, p.1}

"'
As a result of a March 1979 accident al Three Mile islaml 2.10CFR50 34 was amended to require that hcense applicatens contan sufficent mformaton
to ensure * mat me ouakry assu ance (QA) hst requrred by Coronan U . mciudes at systems, structures. and components 6mportant as sakty? Refer to
Paragraphs 4 5 3 and 6 3 5 and Supplement IV for more on the amendment and the O-Ust problem mat contnbuted to the 1979 accident.

-

W
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l
Appendix B should be amended to add to Criterion ill the following sentence which is essentially the E
same as that deleted from Appendix B after it was issued for public comment in April 1969:"' 3r

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 10CFR50.55(e). It would also
I improve the NRC's confidence in technical information in Sa/ofy 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 procurement
documents to intemal controlled 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 buyers order and transferring them to Intemal work orders and similar supplier-controlled
documents. Order-entry documents should be independently reviewed against the buyefs procure-
ment documents before being approved and distributed for intemal use.

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

order-entry requirements."'

5.5.6 OA Proaram Documents

The first sentence of the introduction and second sentence of Criterion 11 read:

Every applicant for a construction permit is required ... to include in its preliminary safety analysis report
a description of the quality assurance program... llntroduction) The program sha!! be documented by
written policies, procedures, or Instructions and shall be carried out . . in accordance with those
policies, procedures, and instructions. (Criterion ||}

"'
nowr to Note 30 m suppa,meni il of as topicai nepon for detaas on eie senience em Mornson ioid et numor eat, mougn not absoiutely cen n. he
deleted the sentence because R obveusly had been misplaced, in he opmen. It belongs m 10CFR50.34 which contams requrements for propering SARA
ff this was the resacn at the time, the sentence was nowr relocated to 10CFR50.34.

The ederit4 cation of customer requtremerits and factormg such requirements Oto htemal specifications is an vnportant part of Total Quality Management.
Malcolm Beidnge Award exammers have 28 entens wore 1000 poets that they consider when evaluateg comparmes competing for the Award. Three
Cntena, havmg a combmed va!ue of 95 poets pertam to identifymg and miprovmg on customer requrements

I
|
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Criterion V requires:
1

Activities affecting quality shall be prescribed by documented Instructions, procedures, or drawings
of a type appropriate to the circumstances and shallbe accomplishedin accordance with these Instruc-
tions, procedures, or drawings. Instructions, procedures, or drawings shallinclude appropriate ,

quantitative or qualitative acceptance criteria for determining that important activities ha ve been satisfac. |
torily accomplished.

NOA-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 NOA 1 contain a definition of policies, instruc-
tions, or drawings. ISO 9001 and ISO 9004 describe the difference between qualitypolicies, quality
procedures, and workinstructions. NOA-1 Supplement S-1 needs ta detine policies and instructions ,

Iif it elects to continue using these two term.s.''
|

Most companies have a " policy statement," signed by the CEO, which identifies the purpose of the
OA Program and management's OA responsibilities. The statement appears in a OA 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 OA Manual, NCA-1
Basic Requirement 2 requires a " documented quality assurance program." NOA 1 Supplements and
Appendices contain na further requirements or guidance on how to document a OA program.

1

i

Appendix B and NOA-1 require that procedures: 1) describe how activities affecting quality are to I

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, NOA 1
contains na 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 concluded that, i

|between January 1984 and July 1988, an inadequate level-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:'''

(T]he procedures that do exist are often of such poor quality that personnel avoid or refuse to use them.
In general, maintenance procedures are poorly written and difficult to follow. The adequacy of existing
procedures constitutes the single largest reason cited by supen'isors for their unwillingness to encour-
age procedure use.

9

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 level-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.s2 AEC contractors had been using surveillances to control
activities at its research and development reactors.is2 His suggestion was not accepted because

*
Refer to Paragraph 5.3 4 tot a rehsted escussion about 'instructxans '

*
Douglas W4nnga. Chnstopher Moore, and Vaiene Bames, Procedure mfrig. Batteh Press. Columbus. OH.1993, pp. 4. 5 & 59.

.

*
Refer to Paragraphs 4 9 and 71 of ROT F2-2.
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surveillances were not used in Admiral Rickover's Naval Reactors Program. Bill Morrison wanted E
to stay with terms and verification methods that he, Edson Case, and others in the AEC Division of E,!

Reactor Standards were personally familiar with and had confidence in.*7 * I

NOA-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 i

predetermined hold or witness points during manufacturing and construction.

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

5.5.8 Operation and Maintenance

The Introduction to Appendix B says it applies to nuclear power plant operation and maintenance.
Criterion XI 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 XVil
requires that nuclear power plant records include " operating logs.' Similar requirements, pertaining
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 3
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 staff 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 QualityAssur-
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
Powerplants. 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 OA during plant operation.''*

*
B4 Mornson and his managers Bob Mmogue and Ed Case, came to the AEC frorn Rckover s Naval Reactors program. They understood MILO9658A
and were famdiar wth Navy vertncation memods such as reviews. sispectens, tests, and audits.

*
ROT F2 2, m 71 through 7 5. W

*
As menDoned m Paragraph 4 4 2, marty utdees and contractors obtected to applyng the Regulation to operatog nuclear power plants. None of those who
commented on the draft Regulation said R needed adcstmalled eclammg as polementatiori durmg plant opershon and mantenance.

*
Be Mor' son bid the author that.m retrospect, he would have mentioned bott activties for n re often had he foreseen the need to do so However, though
he agrees people beve had trouble recognung ts appacabihty to operatog plants, he feate the ,irchlem e chiefly perception. Trammg wil do more le change
lhes perception ihan additional woros e Appen<tm B.

I
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Seven paragraphs of quality assurance requirements in RDT F2-2 were devoted to establishing and
implementing " methods for assuring ... requirements of the maintenance program are fulfilled."
Improper maintenance and premature wear has been the primary reason for reactor scrams and
system failures.'87 Surprisingly,75 percent of unplanned plant shutdowns are due to equipment
failures in poorly maintained balance-of-plant sy.ctsms.""

In July 1992, the MRC added to 10CFR50 a new Section 50.65 which ree;uires 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 equipmnnt will perform as required over the remaining life of our 109 operating nuclear
power plants in a related move, during May 1992, NOA-2 was amended to include a new Part 2.18,
" Quality Assurance Requirements for Maintenance of Nuclear Facilities." Its requirements differed
from those in ANS 't.2, stymieing industry's attempt to standardize maintenance requirements.*
The two stvieties ANS and ASME, need to agree on one maintenance standard.

The latest version of Regulatory Guide 1.33, dated February 1978, endorses ANS-3.2 with five
exceptions. In April 1989, ANS-3.2 was revised to address the NRC's concems. Both documents
are now being updated to incorporate lessons leamed from the accident at Chemobyl* 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 mahtenance. Topics that
should be considered for loclusion in the amendment are training, readiness reviews, preparation
and control of operating pre.edures, security, outages, in-service inspection, emergency planning,
plant modifications, and surveillar ;es of maintenance programs required by 10CFR50.65.*

5.5.9 Decommissionina

Even though Appendix B does not state it applies to decommissioning, the NRC expects compliance
with its requirements.* Unfortunately, Appendix B and NOA-1 have little to offer those looking
for definitive criteria that are clearly arplicable to decommissioning. To fill this vacuum, ASME's :/
Nuclear Quality Assurance Committer,is preparing a new NOA 1 Appendix on dscommissioning."

_.

*
Dean Gano ' Root cause and tw* .o find #/ Nuciser News, La Grange Part IL August 1987, p. 42. O 1987 try Amencan Nuclear Socs'y

*
GAO/RCED 9136, NRC's EP fts to EnsJre Effectne Pla<it Mamtenance Are Jncomodere U.S Govemment Accouning Office, Washmoton, DC. December
1990, pp.18 and 25.

*
Althosia* shts seams to ' eslE weH for the s'ftectweness of Appends B, as discussed in Paragraph 5.5.4, M raises some thought provolung quesnons about
the adequeny of a 7GLMs. For example, iow oftert have defective belaricehof-plant systems over stressed and caused the failure el Q-Lst components 7

*
E. G Si ser, "Recent L evelopmen's? NucAeer Sehrty Washmgton, DC, JanuaryMarch 1992, pp.137 and 145.

''' S sf Paragraphs $17.1 and 5.3 8 of ANS-3.2 contam extensive mantenance regurements, the reqursments in NOA-2 for 'correctwo mamtanunce*
far exceed those m ANS-3.2.

* The NRC published Rs stixty of the Chemabyl accident in April 1989 as NUREG 1251. Amphcabans or the Accident at Chemobyt br Saisfy Repuesta of
Commercal Nucinar Power Plants M me Urutent States in tum. NUREG 1251 refers to NunEG 1250, Report on me Accndent at me Chemobyt Nucanet
Power Statum, January 1990 NUREG 1250 (p.125) discusses quamy contrai pmblems the Sowets had wet $ng the reactor's zirconsum fuel enoments..
NUREG-1251 (pp.1-2 through 14) discusses demanons from approved operatmg procedures just pnor to lhe eccedent

*
10CFR$0 65 does not contam qualty assurance requirements.

The introduction to NOA 1 recogmzes the by statmg. 'The Standard sets forth requrements for the establehment and execulton of quality assurance
progpams for ... decommessonm0 of nucieer facierres.' Also, Page 17.53 of NUREG 0B00. Stanctaret Renew Plan, directs NRC staff personnel to apply
Appends B requwements to cocommesioneg.

o
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in June 1988,10CFR50 was amended to include nuclear power plant decommissioning requirements 3|
in a new Section 50,82.* The Regulation required that, to retire a plant, the utility had to tum g|over to the NRC its Operating License and a Decommissioning Plan. Though the Regulation did not
contain specific QA cnteria, it required that Decommissioning Plans include, "A description of ... l

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 I
years to complete, and result in the removal of 2000 truck-loads of contaminated debris.* One !"

of the more worrisome radionuclides that must be dealt with during decommissioning is Nickel-59 I
'

which has a half-life of 80,000 years.*

Of 20 permanently closed nuc! ear power plants mentioned in Table 4, sixteen (16) have yet to be 4

fully decommissioned." By the year 2010, eight more plants will probably be retired." Due |

to the hugh back'og o,' decammissioning work fac.ng the industry and dangers the work poses to |

clean-up crews and the public, Appendix B should be amended to include quality assurance criter a
applicable to decommissioning. The criteria should be referenced in 10CFR50.82.

5.6 SUMMARY

Many of the weaknesses discussed above are little more than irritants to those who must work with a
legulation's criteria. Some weaknesses, such as those described in Paragraphs 5.2.4,5.5.2, and g
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 I6.1.1 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 W
have been shut down,15 that were licensed prior to and five after July 1970. Thus, a total of 128
plants have received Operating Licenses since the first, Dresden 1, received an Operating License
during September 1959.8

*
Simultaneously, e new Secton 50 75 was added to 10CFR50 contammg detalled requirements on the format and content of cost estenates to be included

m Decommesonm9 Plans

*
John Gaunt and Ned Numark, Decommesenmg of Nuc8eer Power Fac@es, The World Bank, Washngton. DC, April 1990, pp 3,6, and 21.

Achard Worsnop "Will Nuclear Power Get Another Chance?,' Edfronel Researcts Reports, Washmgton, DC, February 22,1991, p.126.

Only EBR-1, Stuppmgport, SL-1, and Eti Rwer have been fup decommissoned.y

*
TweNo nuclear power plants have Operstmg Ucenses that will expre by 2010. The U.S. Department of Energy estimates that seven al these planta w$
be fellred and five will have lhest Licenses entended. Additone9y, it is estimated that Browns Feny 3, whch has been shut down ance March 3,1965, wa
not be restarted. (DOEEIA4527, Assumprens fbr sne AnnualErwrpyOutsoc* 1993, U.S. Department of Energy, Washogion. DC. January 8.1993, p. 90). -

j

"
Refer to page 3 of Suppasmant V tor funher mformaton on Dresden 1

i
I

!
1
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One method of assessing the impact of Appendix B, is to compare the performance of all 21 plants
licensed prior to July 1970 to the performance of all 108 subsequently licensed plants. Table 4
makes such a comparison using the following performance characteristics:

a) Build Time This is an indication of construction problems, in theory, a strong quality assurance
program minimizes delays by reducing rework. Table 4 shows that while plant size almost quad-
rupled after June 1970, the time required to build plants only doubled. This occurred during a
period when utilities were being bombarded with new regulations. Though this improvement may
have been the result of quality assurance, it may also have resulted from " economies-of-scale"
and years of experience building smaller nuclear power plants.

b) Lifetime Capacity Factor This is an indication of problems with plant design and equipment.
2Table 4 shows a 39 percent improvement in Lifetime Capacity Factors ' after July 1970. This

is especially significant considering today's nuclear power planta have more equipment and more
opportunities for things to go wrong. Though this improvement may have been because of better
quality assurance, it may also have resulted from incorporating into designs and maintenance
manuals years of lessons lean ed from operating smaller nuclear plants.

c) Cumulative SALP Rating in theory, utilities that received Operating Licenses prior to July 1970
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.2 2
Not too surprising, Table 4 shows that plants licensed after Appendix B was published have had
superior SALP Ratings. Again, it is not possible 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 Pubtle Citizen's Ranking of Plants

Since the early 1980's, the Public Citizen has been ranking the performance of licensed nuclear
power plants. The Public Citizen is an organization, founded by Ralph Nader in 1974, that is
strong!y opposed to building further nuclear power plants and continuing operation of existing plants.
Table 5 shows Public Citizen's ranking of nine plants licensed before the issuance of Appendix B
and the first four licensed after its issuance. The Table shows that, in general, plants licensed before
Appendix B performed poorer than plants licensed later.

Individual rankings should be only be considered rough indicators of plant performance for reasons
discussed in Notes 6 and 7 of the Table and, more importantly, because they do not consider perfor-
mance prior to 1980. For example, while Table 5 shows San Onofre 1 consistently out-performing
Haddam Neck, the reverse has been actually the case.2 When ranking these and other plants,
the Public Citizen did not look at initial plant cost and the past operating performance of each of the
nino listed plants.

"
A plant's Lifetime Capacity Factor is how much electncity the plant produced divided by how much a could have produced had 11 operated continuously at
fur design power.

"
Cumulative SALP Raimps are based on annual NRC mapoctions performed smco 1960. The natonal average 6s 1.80. Scores over 1.90 are indcattve of
past performance protwems wrvie scores under 1.70 are mdicatwo of superior plant management practces.

"
Both plants beger* operaten m 1967. Though San Onofre 1 e 23% smaller than Haddam Neck, it took 37% longer to build. Its Lifetime Capacity Factor
a 30% lower than that of Haddam Neck. Whereas San Onotre has an medocro Cur'ulatrve SALP Rating. HacMam Neck's Cumulatwo SALP Rating is
ascellent. See Table 6 for details

. _ _ _ _ _ _ _ _ _ _ _ _ _
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6.2 PERFORMANCE MODEL

,

6.2.1 Basis
a

To avoid confusing performance improvements that could be attributed to changes in design, tech-
nology, or plant size with those that could be attributed to 10CFR50, Appendix B, a model was
developed that compared the performance of the last four plants licensed prior to July 197G 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 rela- m
tive impact of Appendix B on their pe;iormance:

a) In'tlal 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
was so sketchy it was impossible to " level" costs to account for inflation, etc.

b) Electrical Output A plant should 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, E
and the public. This included high operating and maintenance costs, regulatory problems, major g
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 g
three characteristics were weighted equally; for example, a plant that cost twice what it should have 3 !
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
included 13 PRDP plants; four utility-financed plants (Dresden 1 Humboldt Bay, Indian Point 1, and
Saxton); two large unlicensed plants (Hanford-N and Shippingoort); a large test reactor (WTR); the
world's first nuclear power plant (EBR-1); and a small military nuclear power plant (SL-1).

I
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 four 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 plants completed prior to the Regulation's issuance.

I
"

DOEKIA-0485. An Analyssa of Nucipar Power Plant Constncten Costs, U.S. Departmerit c4 Energy. WanNngton, DC,1990

I
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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 Millstone 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-
ance, first at an ANS meeting and later at ASLB hearings.20s 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.

This answer prompted yet another question, "Why arid how did issuance of Appendix B improve the
performance of Millstone 1, but not Dresden 2? Construction of both plants began in 1966 and
both began producing electricity during 1970.

Again, tne answer was hidden among events leading up to the Regutation's issuance. When issaed
3

for public comment in April 1969, nearly every major nuclear contractor and utility reviewed the -
Regulation to gauge its impact on their current and future work. This included Ebasco, designer and
builder of Mil | stone 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 acceptable quality
assurance program at Zion 1&2 that accelerated the development of Appendix B. * This is why
and how Millstone 1 benefitted from Appendix B, but not Dresden 2. While some hesitated, others
immediately began implementing the draft Regulation.

6.2.3 Anomalies

The most obvious anomaly in the model's results is the poor performance of San Onofre 1 relative
to Haddam Neck which began genertting electricity a few days after San Onofre 1. Most probably
this can be attributed to differences in Bechtel's and Stone & Webster's QC (quality control)
programs. San Onofre 1 was designed and built by Bechtel, and Haddam Neck was designed and
built oy Stone & Webster.

Dun 1g the mid to late 1960s. Stone & Webster developed a quality program based on naval reactor
QA pi actices. ' According to one AEC Commissioner, "In those days, Stone & Webster had the
reputa'. ion of being the outstanding nuclear architect / engineer. 2 a in part this was because Stone
& Webster's nuclear projects were staffed with personnel who previously worked at Shippingport or
Navy shipyards along the East Coast.no9 Officers from Admiral Rickover's Naval Reactors
Program, renowned for their attention to detail, oversaw work at Shippingport and instilled in
contractors an appreciation for safety and meticulous engineering.''

"
Refer to Paragraphs 3 2.1 and 3.2.2 for further riformation on this subloct.

"
Refer to Subsections 4.2 and 4 4. respectivey Mr further irvformation on Zmrra quality assurance prografii and organaations who commented on the draft
Regutahon. Zmn 1&2 and Dresden 2&3 are currently on the NRC's hat of neie ' problem' piants

"
E. M Merseitt "How ouskty assurance assures quainy in nuclear and other sistallations * Power. New York. NY. 4w41969, pp. 82-84 O McGraw-Hill. Inc.

"
Karen Fargerald and Glenn Zorpette 'The Shorenam Sage.* IEEE Spectrum. New York, NY, November 1987. p. 26. O 1987 by IEEE

"
Based on the author's experances as a Stone & Webster employee from 1969 1974.

"
France Duncan, Eckover and Ine NucAser Navy. Naval Institute Press. Annapohs, MD 1990, pp.196199 and 241245.

_ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ .
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Bechtel's QC program took longer to mature. This is bome out by the problems experienced at 3
EBR-1, Peach Bottom 1, Hallam, and other Bechtel plants built prior to the issuance of Appendix B E
in April 1969.8"8'

6.3 PREMATURELY SHUT DOWN PLANTS

6.3.1 Ceneral

Table 4 shows that 5 percent of the 108 plants licensed after issuance of Appendix B have been pre-
maturely closed as compared to 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 closures 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 | Closure was
mandated by a local public referendum.ria 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 1970. In part, this low Capacity Factor was due to violations of operating procedures
which drew a $375,000 fino and resulted 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 E*

just about everywhere, their most frequent findings were in plant operations, radiological controls, g
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).

*
Bened on TatHe 7. Bechtel plants completed prmt to 4.mf 1969 ave'samt 21.4 points. Stone & Webster plants averaged 17.9 points. i

"
Maior changes have taken place within the nuclear posse . *'t none & Webster and Bechtel Undoutstedly, both compones wdl continue to change
in order lo take advantage of new technologes and mere,,o" W wwepts. Accordingly, these observatens should g be interpreted as charactertZing i

Ieither organization's currett quamy assurance proDram or, for that matter, ther relatwo nuclear capatulet es sace April 1969.

"
The plant had successfully withstand a sanllar rebrendum one year earlier. Dane Gross. * voters to Decido Fate of Nuclear Plant.* The New Yty* Tynes,
New York. NY. May 28.1989, p, 20). O The New York Trnes Company

I
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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.au2is The plant was located close to abundant and relatively cheap sources of hydroelectric
power and high-grade coal

The plant's Lifetime Capacity Factor was 52.0, well below the national average of 64.0. In part, this
low Capacity Factor was the result of lengthy outages to redesign and modify the plant's control
room and overhaul its leaking steam generators. With over $900,000 in NRC finea, Trojan had the
distinction of being one of the most heavily fined plants in the United States. If the Regulation failed,
it was because of its weak design verification requirements (see Paragraph 5.2.4) and poorly-defined
management GA responsibilities (see Paragraph 5.5.2).

6.3.4 Fort St. Vrain

Fort St. Vrain was permanently closed on August 18,1989, after 12 years of operation. It was a
PRDP plant, the second with a gas-cooled reactor.2i6 The reactor was ordered in March 1965,
two years before QA requirements were added to the ASME Section ill Code. The plant was closed
because it was unreliable 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 problems during each of its SALP inspections,
findings were most frequent in plant operations, maintenance, and licensing.

Fort St. Vrain was designed by Sargent & Lundy. " The plant took three times longer to build
than planned and never met design expectations - as borne out by a Lifetime Capacity Factor of
14.7.** Its design problems can only partially be attributed to Appendix B; it was designed prior
to the Regulation's issuance. Where Appendix B failed was its weak management responsibilities
(see Paragraph 5.5.2) and operation and ma!ntenance OA criteria (see Paragraph 5.5.8).

6.3.5 Three Mlle Island 2

Three Mile Island 2 was permanently and unexpectedly shut down on March 28,1979, six months
after it first began operation. It was closed following a partial meltdown of its reactor core, the worst
accident ever at a licensed American nuclear power plant.

*
Durmg the last am years of as operstmg life, three put*c referendums had been placed on the ballut to close the plant. Though opposition was fierce, the
first two were successfully defeated Trojan was permanently closed Nst bebre the there referendum was put to a vote [ Mary O'Dnscoll. 'Troian Closure
Aegnetes Steam Tube Debate? The Energy Davy. Washmgton, DC. January 6.1993, p. 2).

"
Because the plent was a 'margenal' perfo#mer, the nuclear power mdustry did not tally around Tratan and try to prevent its closure. Undoubtedly. Its associa.
tion with the flim The Chma Syndrome and history of Anes and drug protwems further hurt its cause. The nuclear industry felt that, based on this and a lack
of Feoeral, State, and commmty support the piant was not salvageable.

"
The other plant with a gas <:ooled reactor was Peach Bottom 1.

#
As docussed n Paragraph 6.2.2. Sargent & Lundy also happened to be the cessgner of Zion 1&2 end Dresden 2.

"
The plant was orWoe for only 4 6 of the 11.7 years a was in operation.
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The plant was originally planned as Oyster Creek 2 but, in December 1968, the proposed plant was 3
moved to a site near Middletown, PA.''' A Construction Permit was received during November 3
1969, seven months prior to issuance of 10CFR50, 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 OA program that
coverad plant operation, it was seriously deficient. Appropricte OA requirements were not passed
on to equipmer:t suppliers and significant deficiencies were not reported to the NRC. There wem |

,

not enough QC inspectors and, due to errors in classifying plant hardware, the program had not W
been applied to two important components whose failure ultimately resulted in the accident.22c

The Kemeny Commission found longstanding and serious problems with equipment maintenance
that should have been identified and corrected prior to the accident. The problens were not noticed
earlier because NRC and utility inspectors focused on paperwork rather than hardware - as was the

221.222custom throughout the nuclear industry at that time

The Regulation's weak design control and SAR requirements probably explains why the utility did
not notify the NRC of major deficiencies and why plant systems were misclassified (see Paragraphs E
5.2.4 and 5.5,4). A failure to identify management QA responsibilities and QA criteria applicable to 5
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 Long Island during a plant emergency.

The plant experienced horrendous schedule delays, cost overruns, and opposition f rom anti-nuclear
223groups and State and local govemments. Overruns of $5.2 billion were mostly due to lawsuits a

by plant opponents and the utility's slow response to changes in NRC regulations. Few overruns g
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 relief 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, 3
approved by the NRC in April 1973, was its eventual downfall. In the event of a major accident, local g
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 g
than just the NRC of the plant's safety and reasonableness of evacuation plans. g

**
WASH 1208. Status of Central State Nucmar Power Reactors Sgruncant Mestones, Atomic Energy Commesson. Washington, DC, June 1974, p. 3-

*Kameny Commesm Special Transcnpt of the Draft Recott,' Nuctandes m,et, New York, NY. October 29.1979, pp.1 12. O McGraw Hill, Inc.

It*L, pp.1411.

""
Frank Hawkms. NURECVCR 5151, Peribrmance$8esed inspecres U 8. Nuclear Regulatory Commesson, Washaigton, DC, June 1968, pp.1 and 2.

"
At SS 48 tul' ion, Shoreham was the most expensive nuclear plant ever tndit. Its mital estrnated cost was $241 milhon.

I|
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6.3.7 Discussion

Table 8 ranks the performance of the above five plants using the model and performance charac-
teristics described in Subsection 6.2. The plant with the best performance was Trojan, and that with
the worst was Shoreham. If the five plants were added to the 30 plants 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, 9) Fort St. Vrain,16) Rancho Seco, and 22) Trojan. Looking at it
another way, inree of the closed plants would be in the company of the ten worst plants and none
would be with the ten best plants.,

Three of the five closed plants, Trojan, Fort St. Vrain and Three Mile Island 2, had problems that
could be attributed to deficiencies in design. Hewever, Fort St. Vrain and Three Mile !sland 2 had
reactors that were ordered prior to the publication of ASME Section ill quality assurance require-
ments,2' designs that were completed prior to the initial draft of Appendix B,2s and Construction
Permits that were issued prior to the Regulation's final publication. Thus, while loop-holes in the,

Regulation's criteria ma/ 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 of how Criterion til was worded, their initial and continuing focus would have been to
control 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 problems. 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 after
eight years of operation, will probably never be restarted.m22e

6.4 CANCELLED PLANTS

6.4.1 General

Table 4 identifies 21 nuclear power plants licensed prior to June 1970. Another 14 plants never27

made it this far; they were cancelled while their Construction Permits were still under review at the
Atomic Energy Commission. An annotated listing of the 14 plants is contained in Supplement Vll.
Site selection problems were, far and away, the most frequent reason for cancellations. Nine plants
were cancelled because of siting problems and five due to rising costs.

"
As discussed m Paragraph 3.2 4 ASME Secte lil quality esaurence requirements were first putAshed in December 1967.

"
The dose of Fort St. Vram was essenhaNy complete by the trne it recomed a Construction Permit in September 1968. Lakswise, the design of Three Mde
Island 2 was essentally comp 4ete by the time its twn Three Mile Island 1. received Rs Construction Permilin May 1Ofn Though Rancho Seco also received
a Construction Perme pnor to the Regulation's usuance for public comment, as thscussed m Paragraph 3.2.7. the ASLB took a strong interest in the utdaty's
' Quality coritrol and inspection programs "

"
As menhoned an Supplement V. Nme Mas Pont 1 will be closed because of high operstm0 and mantenance costs. As discussed in Paragraph 3.2.2.
Browns Ferry 3 was shut down along with Browns Ferry t&2 because of ' safety and quamy assurance concems?

#

f Suppement vil ksts eteven nuclear power stahons, however, three of these stations were for two plants Thus, a total of fourteen plants were Cancelled

[
durmg the period M question.

._
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Table 9 lists 118 nuclear plants that have been cancelled since Appendix B was published in June g
1970. Utilities had already placed orders for reactors. The NRC authorized work to proceed on 44 g!
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; g I

and WNP 3,76 percent complete.228 Thus, while the NRC issued 107 Operating Licenses after g|
June 1970,121 nuclear power plants have been or will be cancelled before getting this far in the
licensing process.

I||The majority of the 118 cancellations were due to overly optimistic estimates of construction costs
or future electrical needs, a la':k of community support for nuclear power, or a reluctance to continue |

on in a volatile regulatory environment.22' Only five cancellations, Marble Hill 1&2, Midland 1&2, g i
and Zimmer, were due to quality assurance problems. The NRC thoroughly investigated the reason E'
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 Vill, 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 OA personnel and deficiencies in welding
and installed of electrical cable. In November 1982, the NRC halted all construction due a variety
of quality problems including deficiencies in structural steel welds and improper record-keeping. The g
utility dismissed Kaiser and hired Bechtel to take over plant construction. During August 1983, an 3
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 B
procedures, and a lack of documentation. Five months later, the utility decided to convert Zimmer g
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 5
sued Kaiser, Sargent & Lundy, and General Electric (the reactor manufacturer) and recovered a total 3 ,

of $56 million in out-of-court settlements. In tum, stockholders sued the utility and, in 1985, agreed
to an out-of-court settlement of $2.0 million. IIf Appendix B contributed to problems at Zimmer, it was weaknesses in the areas of management's
OA 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-0527. Assurnprens for the Annual Energy Outdoot 1993. U S. Depenment of Energy. Washington. DC. Jannsry 8.1993. p. 90.

DOEKIA 0392. NucApar Power Piant Cancenstmns: Causes, Costs, and Conseguences. U.S. Depanment of Energy. Waarungton. DC. April 1983, p.14. )"

"
wunto.i0ss. pp 3-4. s. and 8. 410 ii. and 1s througn 21; A.7 through 11: A.32 through 38; and B 84. 85. 87. and 88.

~

Il
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6.4.3 Marble Hill 1&2

Construction was terminated on January 16,1984, with Units 1 and 2 about 60 and 37 percent com-
plete, respectively. 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.

Construction had began in April 1978 and was halted by the NRC in August 1979 because of wide-
spread and severe "honeycombing" in concrete, quality problems with installed piping and structural
steel, deficiencies in protective coatings, 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.22' Though construction resumed in December 1981,

"

it was permanently halted three years later when Public Service Indiana ran out of money.

Following cancellation, Pu~olic Service indiana was sued by stockholders and Wabash Valley Power
and settled 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 B could be faulted, it would
be its silence on the subjects of deficiency trending and management's OA 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 complete.
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 OC inspectors.as2
The AEC ordered the utility to "show cause" why all site construction should not be stopped. The
dispute was quickly settled and work allowed to continue; however, between 1973 and 1978, quality
problems were reported with the installation of rebar, tendon systems, and containment liner plate.

In September 1978, 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 settlement problems in order to more thoroughly evaluate the situation and determine appropriate
corrective action. The NRC was concemed that excessive settling had been detected in other plant
buildings, the settlement was cracking walls, and workers were tunneling under buildings to remove
and replace poorly compacted fill materials.

In December 1982, work was halted for a third time and, two months later, Consumers Power was
fined $120,000 following a six-month NRC investigation. The NRC found numerous instances of
unreported deficiencies and an enormous backlog of uninspected work. This backlog was the result
of postponing inspections, without documenting results, if "too many" deficiencies were identified.
Inspections would resume after inspectors were notified that the undocumented deficiencies had
been corrected. Following the NRC fine, all construction stopped except for repairs to previously
completed work.

'"
NUREO-1055, p. A9

"
Refer to Paragraph 4 5 2 lor more about this meident.
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On October 6,1983, work at Midland resumed, however 16 days later was stopped a fourth time 3I
after problems were found with field changes to drawings. Nine months later, on the verge of bank- 3|
ruptcy, Consumers Power cancelled the plant. The cost of Midland 1&2 had risen from an initial esti- i

mate of $267 million to $6.0 billion. !

IAt the time it was cancelled, Consumers Power had spent $4.2 billion on the plant and was engaged 4

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 Midland to a gas-fired g
plant.8 The conversion was successfully completed in April 1990. E

As discussed in Paragraph 4.5.2, a 1973 dispute over the independence of Midland OC inspectors g
prompted an amendment to Appendix B that doubled the length of the Criterion 1. While the amend- E
ment clarified some requirements, its length suggested indeper. dent verification was a comerstone
requirement.8 ' 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 .

faulted for failing to identify the need for deficiency trending, management's OA responsibilities, and
requirements for controlling SARs (see Paragraphs 5.4.4,5.5.2, and 5.5.4).

I
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 morc favorable then, once a Construction Permit was issued,
plants were built and operated with virtually no organized opposition.235

Plant siting issues, a major reason for cancellations during the 1960s, were seldom heard of during
the 1970s and 1980s. Improvements in siting nuclear plants cannot be attributed to the issuance

'

of 10CFR50, Appendix B. They were mainly due to the publication of definitive AEC siting criteria
during the early 1970s. In July 1969, the AEC provided utilities with draft seismic and geological
criteria and, by September 1971, utilities also had draft environmental criteria.8872ae

IDuring 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 E

"
Dow Chemmers portion of the investment was $t 15 million. [*The Mdand Converson Deal.* Nucsear News, La Grange, IL, Mamh 1987, p. 28] O 1967
by Amerman Nuclear Socnety

"
As shows m Supplement IV of the report, adding Paragraph f(3)(iliXA) to 10CFR50.34 further reinforced the notion that personnel responsele for vertfying
truslery must report to a separate and organiza!mnally independent GA Department.

" For example, the 1960 expaoson at SL.1 resulted h three totalites. A smet antknuclear group tormed soon afterwards and unsuccessfully tned to delay
start-up of the Ek River nuclear power plant. Few news organizations covered the accident. On the other hand, the 1979 accident at Three Mlle Island
recenrod worldw'de ettention even though there were no fataillies. The mishap fue:ed a growmg and weibfunded network of antLnuclear organizations.

"
AEC saing regulatons were added as Apperda A,'Semme and Geologcal Selmg Criteria for Nuclear Power Plants.' to 10CFR100. Aeactor S#e Cr#erds. 3
An indtral draft was completed in March 1969. Utilltes received copes for mformat comment durmg a July 1969 mesteg m Bethesda, MD. Issuance for
formal public comment was delayed until November 1971 to give the U.S. Geologic Survey time to compaete supportmg seisme end geologcal research.

On July 23,1971, the U S. Appeals Court in the Deinct of Columbia ruled, in what has boccwne known as the Ca&ert CWs Decisert, that applicatens for
Constructen Permits must incluos an Environmental Raport and the AEC must estabash regulations for revieweg such Reports aganst the requirements
of the Natonal Environmental Poney Act. On September 9,1971, the AEC lasued preiwnmary enterte for properng Ermronmental Reports. The critana
were modthed and issued for formal pudic comment on December 1,1971.

I
I
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and ne,e training programs were instituted.' * One of the best was an American Welding Society
" Welding Inspector Qualification and Certification Program" that premiered January 26,1985.8 *

,

Three generic quality-related problems played a major role in demise of Zimmer 1, Marble Hill 1&2,
and Midland 1&2: 1) management personnel that did not understand the importance of an effective
quality assurance program; 2)a large number of quality allegations; and 3) recurring deficiencies due
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 '
*

nuclear plants. In addition to drastically reducing reactor scrams,''' it resulted in improved
electrical production.242 Plants that went on line during the 1950s and 1960s were every bit 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
and more rapid without Appendix B. Zimmer, Marble Hill, and Midland serve as grim reminders of
the cost of repetitive nonconformances and rework.

Five (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 plarits 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 tvio
to three of these plants will be prematurely closed - another testament to the positive impact that
Appendix B has had on plant performance.19922ea43

'

Whereas 4 of 26 reactors experienced partial core-melts during the 19 years prior to Appendix B,
only 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 partial core-melt at
Three Mile Island. This would have load to a hugh cry for stronger accumnce of quality in nuclear - ~ - -

power plant design, construction, and operation. Even without a disaster, the nuclear industry would
_

.

have been dragged into the total quality management (TOM) movement of the early 1980s. Nuclear
utilities that chose not to establish a TOM program would have probably been forced to do so by
cost and safety conscience public utility commissions. Appendix B moved the clock ahead on the
inevitable, and the American public greatly benefitted.

"
Personal correncondence from Roger Roses dated May 24,1993

"
4WS OC145 Standarit br Ousarcaraon anct Cerfulcaron of Weking Inspectors. Amerman Weidmg Society, Columbus, OH November Iwe4, pp. 2 & 20.

" Athough the problem with weldmg a:ceptance critena cannot be laid at the doorstep of any one utility.1he fact remams about fhre years etapend before utilmes
recopized the problem's seventy, identifert its tool cause, and mitiated approprote corrective acten.

Whereas the Bonus reactor experenced upwards of $$ scrams /five months, nuclear reectors are now averagog one scramMve months. (Supplement V and
NUREG 1350. Nuclear Repuefory Ankvmaren Dpest. Volume 2 U S. Nuclear Regulatory Commissen, Washngton, DC, March 1990, p. 36 )

"
Table 4 shows plants transed after 1970 had an average Lifetene Capacity Factor almost 40% higher than those beensed pnor to 1970.

"
Arnes Warren. *lvan the Elusive.' Nuclear industry. Washmgton, DC, July-September 1992, p. 27. O U.S. Council for Energy Awareness

***
Plants that have had partial core meits mclude EBR-1 on November 29. t955. WTR on Aoni 3,1960. SL 1 on January 3,1961 Fermi 1 on October 5,1966;
and Three Mile is|and 2 on Marcti 28,1979 See Supplements V and VI for further details.

. .
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7.2 NEEDEDIMPROVEMENTS

7.2.1 General

When issued in 1970, Appendix B was superior to any other QA " standard." Unlike MIL-O-9858, it
recognized the need for material traceability and comprehensive audits. Appendix B leamed from
NASA's NPC-200-2 which was behg revised to incorporate lessons-leamed from the Apollo accident.
Also, it improved on the ASME Section ill, Appendix IX, by greatiy strengthening its design control,
procurement document control, and status indicator rules. For years, Appendix B was looted on as
the world's definitive OA standard and served as a template for many other national and International
quality standards including NOA-1, ISO 9001, ISO 9004, and DOE Order S700.6. However, since g
about 1980, these and other standards have slowly been improving on Appendix B. g

Appendix B has weaknesses that have reduced its effectiveness. The significance of these weak-
nesses, in terms of impact on plant performance, is summarized in Table 10. The most significarn
are weak design verification requirements and management QA responsibilities. Also, significant are
an absence of deficiency trending requiremt nts, confusing requirements for preparing CA 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 Desian 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 annals of our major g;
energy industries to see what lessons could be leamed and what, if anything, could be done to stab- 3 ;
ilize energy prices. Their research included the history of and strategic errors in the nuclear power
industry. Their conclusions were as follows:se |

|

The neglect of the importance of quality by the nuclear industry is not only strategic but also
painfully obvious operationally Although the planning assumption for the capacity factor of nuclear |

'

power plants was 70% in most cases, the actualperformance 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 possibility of stress corrosion cracking, and flow-induced vibration,
and under-estimating the importance of water chemistry were responsible for the lion's share of ther |

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 overlooked, 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.

I
**' Thomas H Lee, Ben C. Ball, and Rchard D. Tabors. Enegy A#erma#t Harvard Business School Press. Boston. MA.1990, pck 125 & 126. (Excerpt wth

permassen of copynght holder,
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Even when performed correctly, design reviews usually fall short of completely " proving' the ade-
quacy of a design. Appendix B and NOA-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 NOA-1 Supplement 2S-3," Qualification of Quality Assurance Audit Personnel." The design
review team leader should be a Registered Professional Engineer. Other team members should be
selected 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
appropriate corrective action. Section 6.0 discussed the consequences of recurring deficiencies at
Rancho Seco, Zimmer, Marble Hill, and Midland.

The only guidance developed thus far on trending is contained in NOA-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 seldom prevents marginal quality prob-
lems from becoming full fledged deficiencies. For example, audit "concems" and " major" design
review comments are indicators of future quality problems. Monitoring these indicators and taking
timely preventative action would be far more beneficial than collecting formal deficiency reports and,
after enough 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
Indicators, not just conditions adverse to quality. Data should be collected that will provide an early
indication of future quality problems. At present, NOA-1 Supplement 16A-1 recommends trending
deficiencies by adverse condition, e.g., document contro! and calibration. It should also recommend
trending the " probable" root cause of deficiencies, e.g., inadequate training, unrealistic schedules,
or a lack of adequate resources.

7.2.4 Management

Section 5.0 reported that the Ford Amendment Study fct i that management apathy was the under-
lying reason for quality problems in the nuclear industry Section 6.0 discussed the consequences
of management-related quality problems at Rancho Seco, Trojan, Fort St. Vrain, Three Mile Island,
Shoreham, Zimmer, Marble Hill, and Midland.

Despite the obvious significance of the Study's principal finding, neither NOA-1 nor Appendix B was
amended to address the finding. Amendments are needed to require more management participa-
tion in establishing and implementing OA programs. At present, management's only responsibility
is to regularly assess the OA Program's adequacy and effectiveness. This assessment is normally
conducted once a year by an independent consultant. Management's participation is limited to hiring
the consultant and reading the assessment report.

_ _ _ _ _ _ _ ____- _ ____ _
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NOA-1 should require that management personnel participate in assessments. Others should assist g
but not replace management. NOA-1 should require that management establish quality policies, 5
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 a
needs to receive on quality, g

7.2.5 QA Proaram Documents

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

The problem is endemic and is not limi*ed to just plant operating procedures. It covers a range of
OA 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 OA Program docurnent hierarchy.*''

Appendix B and NOA-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
NOA-1 Appendix 5A-1 is needed that provides guidance on establishing a OA Program document g
hierarchy, determining appropriate level-of-detail and documentation, incorporating lessons leamed 3
and input from affected organizations and subject matter experts, and integrating procedures with
other documents and training programs. I
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 problems 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.

Aopendix B should be amended to say more about the application of its criteria to plant operation
cnd maintenance, it should mention training of plant personnel, operating procedures, plant security, g
outages, start-up readiness reviews, emergency planning, and maintenance. The scope of ANS-3.2 3
s'rould be limited to administrative requirements. Quality assurance requirements in ANS-3.2 should
b0 transferred to NOA-1 Supplements. The scope of NOA-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.8'' 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.

" This paragrapn es based on the author's 25 years of exponence in the nuclear ridustry.

Graded QA requirements should also be apphed to the d8 Sign end Constructon of selected BOP systems.
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The nuclear industry needs to do a better job applying OA lessons learned from Three Mile Island
(TMI) to plant operation and maintenance. TMl lessons learned incorporated in the 1982 amend-
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,
it would appear that they also apply to operation and maintenance activities:249250

a) Lessons Learned Paragraph f(3)(i) requires evaluating operating lessons leamed and passing
them along to design and construction personnel. They should also be passed along, when
applicable, to responsible plant operation and maintenance personnel.

b) OA/QC Staff Location Paragraph f(3)(iii)(B) requires that, to the extent feasible, OA/OC per-
sonnel be located at construction sites. To the extent feasible, they should also be located at
operating nuclear power plants versus the utility's corporate headquarters.

c) Document Review & Approval Paragraph f(3)(iii)(C) requires that GA personnel review and
approve selected design, construction, and installation procedures. They should also review
and approve selected operating and maintenance procedures.

d) Design & Analysis Activities Paragraph f(3)(iii)(H) requires that QA personnel have a role
in design and analysis activities, e.g, verify the adequacy of test and inspection frequencies in
a 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.

7.3 SUMMARY

The publication of 10CFR50, Appendix B, resulted in major improvements in nuclear power plant
performance. Though 10CFR50 has been amended to incorporate Three Mile Island and other
nuclear industry lessons loamed, Appendix B has not changed since January 20,1975. An amend-
ment is needed to both Appendix B and NOA-1 to correct weaknesses identified in this report.

In addition to correcting weaknesses, the amendments should close the gap with requirements in
ISO 9001. Eighteen (18) European countries, Canada, and Mexico are moving toward requiring
compliance with ISO 9001. Suppliers are showing a reluctance to implementing both Appendix B
and ISO 9001 quality programs without some sort of sign they will receive enough nuclear orders
to warrant the expense. Closing the gap with ISO 9001 would reduce plant coastruction, operating,
and maintenance costs and stem the declining number of suppliers qualified to provide materials,
spare parts, and specialized technical services needed to keep plants on line.

*
All 10 nuclear power plants mentioned m the 1961 amendment to 10CFR50 34 were canconed durm01982 or 1983. As indicated in Table 9, this ecludes
Atiena Creek 1 Black Fou 142, PeDbas Sprmgs 1&2, Perkma 1. 2 & 3, and Skagst 1&2. Also. none of the e,ght floatmg nuclear power p6 sots envasoned by
Offshore Power Systems were over bust

" See Supplement IV tot exact wordmg of 10CFR50 34(f)(3).

'*'

The OA requirementa in 10CFR50.34 sdd another 6syer of amnistratus dotad to onestog Appends B requeements. The may be necessary based on TMI
lessons leamed, however,4 may also be an overreaction to one or moft limeled and unrelated problems The appicaDelity of 10CFR$0.34 requwements should
be feevaluated as part of the performance-based indetwe discussed m Paragraph 4 S.S.

l
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AEC QA CRITERIA NJ TES

1, PLANNING' This no was based m ROT F2-2, Para. 2h.'

The applicant feensee should plan and establish, document, and

implement a rigorous quality assurance prograrn for each phase or activ- 8 ROTF24 Pad
try affecting quality.8 This program plan should describe lhe methods and

procedures to be employed to ensure the adequacy of and compliance

with the applicable codes, standards, criteria, and requirements in order

to provide confidence that the rnatorials, components, and systems of a

nuclear power plant are important to safely perform as required.8 This sentence was based on Ciffenon f d Appencfx A lo 10CFR50.8

*
2. 0RGANIZAT10N' This ne was based on MIL 4905M, Para.S 1.

The applicant licensee should assure that the authority and responsi-
.

bility of persons and organizationnerforming quality assurance functions

are clearly estabfished and delineated in writing and that they have suf.

ficient organizational freedom to identify problems affecting quality and a This sentece was W m ME4965M, Para. 31.
to ensure that solutions are provided.'

3. WORK (NSTRUCTIONS' This ne was based m MIL 4905M, Para. SS*

The appfcantlicensee should assure that al work affecting quality
'

is prescribed by documented instructions.7
This sentsoce was based on MIL 4905M, Para.11

4. CONTROL OF INSTRUCTIONS, PROCEDURES,
SPECIFICATl0NS, AND DRAWlNGS* hs no was bspired by Pars. 54(a)3 dDont QA Plan.*

The applicant 4icensee should establish a system to assure that
instructions, procedures, specifications, and drawings are complete and , p
current and are readily available at the job site,

5. DESIGN REVIEW" Ms ne was based on ROTF2-2, Para.11"

An indepeMont, compivhensive, ducumented assessment of the

adequacy of design should be accomplished for major corrporents and

systems important to safety to assure compliance with cnteria, codes, " Ns ROTR 2, Pn 25
standards, and requirements.

6. PURCHASE SPECIFICATION REVlEW* hs ne was Mlluencedby Pars. 54(c)2 dDm1 QA Plan ant 1 Para.18502(1)*

d NHB 4300A

The applicant-licensee should assure that all applicable criteria,

codes, standards, and requirements which are necessary to assure ade-

quate quality levels and conformance to design characteristes are prop- " aa P 12 WMm5M wpm M d
erty included or referenced in specifcations for the procurement of Zont QA h
matenals, equipment, and services."

7. CONTROL OF PURCHASED MATERIAL,

EQUlPMENT, AND SERVICES" This Me was hikenmdby Secton 5 dML4985M andPara.18500dNH8"

5300.4.

The applicant-Icensee should assure that all purchased material,

equipment, and services conform to the requirements of the purchase ,

specdications.
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8. CONTROL AND IDENT1FICAT10N
"

OF MATERIALS * ms ade was basedcc ASME01 ran IX226

The applicant 4icensee should establish a system to assure that con-

trol and identification of materials are maintahed throughout a9 opera-
" This sentence was based en ASME #I, Pam IX-22d =

tions consistent with the htended use of the material.

9. IN-PROCESS AND FINAL INSPECTION" This ##e was Whmnced by Pas 1.f0 d2km's 04 Plan a9d Paa f.I d RDT"

F22. W
The applicant 4|censee should provide a system for planned, docu-

mented irq;rocess and final hspecton at approprtate stages of fabri-
cation, construction,installahan, and test h accordance with documented . . : rF24 Pam SM&&f,
instructions.

10. CALIBRATION OF MEASUREMENT

AND TEST EQUIPMENT * ms use was based bn ASMERI,Paa IX4M.*

The applicant 4icensee should assure that tools, gages, and other

measuring and testing de' ices are caEbrated b accordance with recog- , y
nized standards and pror.edures.

11. HAND 6 ING, STORAGE, SHIPPING,

ANL' PRESERVAT10N* This noe was based on Para.11.1 togh 11.4 d2knt GA Plan.*

The applicantlicensee at ould assure that a system is established to

provide and use adequate woA and inspection instructions for handling,

storage, shpping, and presenation of materials and equipment to pre- , yg g
vent damage or deterioration.

8 "
12. NONCONFORMING MATERIAL ' This ##e was based on MILOS 6584, Paa di

The applicant 4icensee should establish a system for the control of

material, parts, components, and workmansh which do not conform 1 "
8 ms sanrence was based on M&49858A, Paz Ei

criteria, codes, standards, and requirements.

13.CORRECTrv'E AC110N" Ms ##e we basedon M!Losc534 Paa 21"

The applicantlicenses should assure that conditions adverse to

quality are detected and reported, the cause of each condy is deter.
g, p

mned and corrective action is taken 10 preclude recunence.

14. 0UALTTY CONTPOL RECORDS * This ute was based on ASME III, Para. Dr42$*

The applicant-licensee should assure that complete and reliable
records are maritained sufficient to furnish documentary evidence of

" This sentance was based on MlL496584, Psa ad.
prom qua0ty.m

15. AUDITS * This utte was based on Sectson 7.9 dZiont GA Pfan."

The applicant 4icensee should establish a system of audits to assure

compliance with aB aspects of the quality assurance program and t 18' PmfW W N
determine the effectiveness of the progrant

.

I
I
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10CFR50, APPENDIX B NOTES

INTRODUCTION

Every applicant for a construction permit is required by the provisions

of $ 50.34 to include b its preirninary safety analysis report a desenption

c. d :=!:d:4 of the quality assurance program to be applied to tie i 3, ,oa .and svatanon' wore odered o response m otprsons Imm Wesang.
design, fatncatioA construction, and testing of the structures, systems, house (060969), Babcock & Mcor (o6'iM9), and Generat BecMc (06M59)

and components oi the facility. Every applicant for an operating Icense eo bedeved me spant's guanty asaurence program sixxdd be ovatared by me

is required to include, h its final safety analysis report, information per. AEC ramer man me a# cant.

taining to the rnanageriaand administrative controls to be used to assure

safe operation. Nuclear pc.'er plants and fuel reprocessing plants * Be words 'and W repecessmg W e amed e a Nf ams

" ##8"" Einclude structures, systems, and e,,aponents that prevent or mitigate lhe

consequences of postulated accidents that could cause undue nsk to lhe

health and safety of the public. This appendix establishes quality assur-

ance requirements for the design, construction, and operation of those

structures, systems, and components. These pertinent requirements of
..

M S.y
,

this appendix apply to al activities affecting the safety 4 elated function 6 7 - - *' *

of those structures, systems, and :omponents; these activities lnclude - pf ^ * '

designing, purchasing, fabricating, handhng, shipping, storing, cleaning, Qggy Qg g7
erecting, installing, inspecting, testing, operatag, mabtariing, repainng, 8M 17 A h %
refueling, and modifying, min W h , M W ho n o %

As used in this appendix, * quality assurance * compnses aD those P

lic commente and prior to leeuence of Appendk B for use on
planned and systematic actions necessary to provide adequate confi- } June 27,1970, Shaded entries are worde that were added and >
donce that a structure, system, or component will perform satisfactority ,, g g
in service. Quality assurance includes quality control, which comprises

those quality assurance actions related to the physical characteristics of

a material, structure, component, or system which provide a means to

control the quahty of the material, structure, component, or system to pre-

determined requirements.

L ORGAN!ZATION

The applicant shall be responsible for the dewispestablishment,

sp!=r'd: and execution of the quanty assurance program.' The * This senrana was based on regurements b 10CFA50 Map as puNshed on

applicant may delegate to others r;;:d=": :, such as contractors, 12/fna.

agents, or consultants, the work of establishingmed and executirspwd

ei the quahty assurance program, or any part thereof, but shall retab , p ,
responsibihty therefor. The authority and duties of persons and organi-

zations performing ';d;:=cr= activities affecting the safety related
8 no sentence was based m Paa EM W ASME E

functions of structures, systems, and w y d shall be clearly estab-
lished and delineated in writing.' These activities include both lhe per. ' On 0v1974 a picposed change to Appendx 8 was usued & pse comment.

lormingfunctionsof attainingqualityobjectivesandthequalityassurance newewers rested startng N phrase *guaw assurance Oncems'. De

functions. The quahty assurance functions are those of (a) assuring that eange, ed was puNshed OfM75, was M response e mese mmmenn

an appropriate quality assurance program is established and effectively

executed and (b) vertfying, such as by checkbg, auditing, and inspection' ' Ch 0f275 hs arid me prenous sentence were amed to Apperxsx 8 m
lhat activities affecting the safety-telated functions have been correctly response e puett comments on an prcposed amenenent issued m ovfS74
performed.' Geeb The persons and organizations performing quality newewers asked est rendrements dAppendx 8 be rposed on mose responsbe
assurance functions shall have sufficient authority and organizational & aduewng cusMy and mose responsee & vertng attainment W gua#fy.
freedom to identify quality problems; to initiate, recommend, or provide

soMions; and to verify implementation of solutions.' ' g n:c!, =e his sentence was fxrowed hem Paa a f d Mlbo-98584.8

== :he; :-r = =a=w;: ._--m=== e p=*ihauhe
:1..aa~. . ..a . u. u.. ..n...~

NINY?N ?' - N * has sentenct em came imm Pa12.31 d RDT F2-2. was repland by N

...u.., a. w. ]5NANANIN5Nh' u,.....u. 5:|[- .' . . . . . . . .n
next miee sentences W resdn a dsoute at Mdand 1&2 and LaSne f82 eere.u...a....,,a......,...,.a. . -a.., _. . .

g , 7
e. .

^^ #: ^ ^' f . Such persons and organizations performing quality
1973 me Atomc Safery andlJcensmg Appsat 80s/d ruled Ws strangement repre-f

assurance functions shall report to a management level such that this sented a con #ict Winterest. To etanty rendrements, an amendment e Cirtenon i
required authortty and organizational freedom, hcluding sufficient was issued er pubsc comment on 0c1974. Fonowing comment resoO#on, me
independence from cost and schedule when opposed to safe'y consid- amenonent was pubeshedon orms.
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erstions, are provided. Because of he many verlsbles hvolved, such as

the number of personnel, the type of acHvily being performed, and he ,

location or beations where actMties are being performed, he organi-

zational stncture br executing he qualty assurance program may take

many forms provided het the persono and organizatons assigned he

quality assurance funcuans have his required organizatonal freedom.

irrespechvoof thewpLe istnzture,theindvidual(s)assignedthe
responsbility for assum0 effective snecution of any pobon of me quality

assurance program at any location where actMbes subject b his Appen- .

dix are being performed shall have direct access 2 such levels of mark

agement as may be necessary to perform this fwclion? n- -
- " As sentence was based m Pata.1820f d NHB 53co.4.

-';!! ; ^; mwsw t: :;!r =d M ;- ; d t ;r "; rn r=
" These two sentermes were retcated to be eruf d Cnrenon R > response e a--...u.....-..~..u. - - - u w. . .. w .

C.C.. _:.T- ~u:,,T .C'. m[L '.a ].1.. . s af, 0$D%9 Mter from Wes0ngtlouse hat smied he sentences dd not benang h CrF..w.
tenon Iand should be mmd e other Cetenon II or XVill.::~.|.~. l. .,'.X., . ' ::.,~ ', JL 'E,,,~.T '.:~ L.,.',,'"

~

, . . . . .. . . ,.

B. QUALM ASSURANCE PROGRAM

The appucant shaR es+ablish at the earliest practical time, consistent

with the schedule for accomplishing the achvities, a quality assurance
" Westhg cuse (ostMS), Babcock 4 Wknr (o&f 7a9), and me Alame edus-

program wtiich complies wim the requirements of this appendix. This tiWFam edW *mse memmW
program shall be documented by written policies, procedures, and or ,,,g. or nons e ers ered. Minner, me sourm Wmis une is not h
instructions and shall be carried out troughout plant lifer h co:ordana

with those poDeles,' procedures or instruc6cns.'' The applicant shall " This sentence was based m Pata. 24.f d ADTF2-2 andis very sanilar to me

identify the structures, systems, and components b be covered by the #tstsenenceWCrteenanymAppendirR Wes#nghouse(osoS69)+w.-,an!

quality assurance program and the major organizations participating in mat me senfence be modfied e make # cfearmat, e be acceptable, a OA pnyam

the program, together with theia designated functionse of these organiza. need nor contant periose g procedures g m'
tions." The quality assurance program shaR provide we4 '; r.c;

-

" ks sentera was besed on Para. 2.22 d RDT F2-2.=-" = t-i; . ; '::M ^ L---% ri i==_ ., over

activities affecting the quality of the identified structures, systems, and "m P mWADTFM
components, to an extent consistent with their knportance to safety.
Activities affect!ng quality sha!! be accompEshed rt ti ; . ;x ?
:--- .'r;: d' r;t ;_._, ; _ t ;: 2z;: *:3 eppsep.

neleMeewswme4easesend under suitably controlled conditions. Con-

trolled conditions rictude the use of appropriate equpmenM suitable " The word 'wJrtrig' nos defeted because oStM9 commens ficm Wesang-

wedwig"enwonmentalconditionsof accomplishingtheactivity,stxtas house said me term ' suitable northg enwonrnent" coufd be hierpreted a mean B
@te clean #rmssa and assurance that aR prerequ' sites for the pren **"*'Sh'8 "oruig condras'. m.p
wpwekee activity have been satisfied? The program shall take into um

" N and me W sentence wwp W Para 82 d MM |
account lhe need for special controls, processes, test equipment, tools,

and skills to attain required qualityt, and the need for verification of
quality by espection and test." rd m: =:d The program shaR provkle " Ms sentence was bandm Paa 12 WMM
lor indoctrination and trariing of personnel e :w: 5:;;; n per.
forming activities affecting quality as necessary to assure that suitable " ma sentence nu bosely based on Para 2.12 W ADT F2-2.

proficiency is adi!eved and maintained? The applicant shall regularly

review the status and adequacy of the quality assurance program." " This and me next sentence were based on Paa 31 d M958A. )
Management of other otDanizallons participating h the quality assurance ,

programshallregutartyreviewIhestatusandadequacyof thatpartof the I
" 88* 8 Nd8 H-quality assurance program which lhey are execunng.''

i
!

Ill. DESIGN CONTROL |
!

Measures shaR be estabished to assure that appficable regulatory |
requirements and the design basis, as defined in $ 50.2 and as specified |
in the Econse application, for those systems, structures, and components ;

to which this appendix applies are correctly translated into specifications, !
drawrigs, procedures, and hstructions." These measures shallinclude " hs sentence was based on Paa SJ d ADT F22.

provisions to assure that appropriate quality standards are specified" and

included h design documents and that deviatbns from such standards N regsrennent m M gmay smnh was W fmm Medan i d
###'"d* # " " "" "" #"'d # #"0" ''**"' "" "

are controlled. Measures shall also be estabRshed for the selection and
Appenctx A was pubushed 022071.

I'

I
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review of suitability of the application of materials, parts, equipment, and

processes that are essential to the safety related functions of the struc-

tures, systems,and pu " This sentence was based on Para. 324 d RDT F22. De deosson b create

Measures shall be estab5shed for the Identification and control of tw parapis, Mrst contanung esq basis ewents and me next esign
" "'' *** #' '#''d #Y * N "# *"*8 "'"

design hterfaces and for coordination among participating design organi-

zations." These measures shallinclude the establishment of procedures a 3, ,,,,,, ,,3,,g ,,, Para. 229 d RDT foi
among participating design organizations for the review, approval,
release, distrbution, and revision of documents invoMng design hter-

faces." * ms sentence was cased on Para.1110 d RDT F72.
The design control measures shall provide for verifying or checlung

the adequacy of design, such as by the perfamiance of desip reviews,

by the use of altamate or simplified calculations, or by the performance " ms sents was cased on Para. 25 d RDT F2-2 and exponed 2 pennt use

of a sufbbia testing progratn." The ventying or checking process sha!! d anernate cadaaons and testing dpromtwes. De mange was in esponse e

re@ests from Westanghouse (0609%9), Contusuon Enguieesg (0W1259, andy, - - a w - - ~ ...- u u .~.u u.su -.u - - - _,

[by indrbN[ls or groukother than those o perfobed # # "
d=*

the onginal design, but who may be from the sarne organization." " Dis sentam was based m Para 25 dRDTF72
mere a test program is used to verify the adequacy of a specified
design feature h lieu of other verifybg or checking processes, it shall
include suitable qualification testing of a prototype unit under the most

adverse design conditions." 'n 2dd "- |: ="^": c' 50 d=jn, i: * ms sentem was based m Para. fB704 d NHB 5x0 4

^1:rt 2:!! b; :=pe :tt f:: r r; i t i: d=j- 5 ^ =Sj
a_.m : m m _ _ _ a - u w u. .m ~ _,_ _ ,_ a .u -u

NNN NN5;MN =NNNI-N!:" "NN-N b!-NYDesigt " ** **"'*"" *** ***d '' **P" * * "' 'M & Babmd &
atnee senfena was n t needbecause enents almetcontrol measures shall be appGed to items such as the following: reactor

ameamd e Cntenon M.
physics, stress, thermal, hydraulic, and accident analyses; compatibility

of matenals; accessibility for inservice inspecten, maintenance and
repair; and delineation of acceptance cnteria for inspections and tests." ^ ms was Mefedin me mouest d Babcod A Mcor (o&f749), Cetustion
90p^*2 :! b pm== rd !;=! d=j" '7" 2 '':" b^ *^&.=d by Emneenng l0W1259), and Westinghouse (061%ni9).

rr g^ :-f ! 5: :=p^ :t!: d=j : gr!=t: ''
Design changes, including field changes, shall be subject to design * De ' commensurate' phrase was added e saasty 06'r f49 comments Irrsn an

control measures commensurate with those applied to the originaj tractors at me AEC's Hanbrd fadtry.

design" and shall be approved by the organization that performed the

enginal design unless tha applicant speesea4y designates another
ms smtence, whkh was based on Para 34.2 d RDT F2-2, became part of a

mw aragram mspnse e a seu froni RaWamms mam
responsible organization."

'^^?...~ A. ."" ~A'".N. A. .}}[jf, ...u.. u.. .u . . ~, x-~ ^ ^- "?. S, .
. - . . _

" " - - - - -

menM & Mesq WhW be sepamte & mose %sy changes.
. , . , . ,.

bt.w, rd z ^ = :! tz ': "&g d=:g- &&=:." u agg w nore g

IV, PROCUREMENT DOCUMD4T CONEOL

Measures shall be established to assure that applicable regulatory

requimments, design bases, and other requirements which are necessary

to assure adequate quality are suitably included or referenced ri the
documents for procurement of matenal, equipment, and sennees, wheth- * ms sentence was based on Para 5.2 d M!LO9858A

er purchased by the applicant or by its contractors of subcontractors."

To the erient necessary, procurement documents shall require contrac. " Ms sentence was Desed on Para. fB5dE2(a) of MiB 4300.4. De phrase 'per.

tors or subcontractors to provide a quality assurance program consistent anent psims' was smed Mr Nualg assurance e$nements'er esponse
e a wen suggesp. dated s fWrorn Wednginum a Constmea Dewith the ';;:B; =:cr= m = == pertinent provisions of this

n&' '"*"9' "** '"'*"0'# " *'*9""' '"*' *# '# '"''"* '" ##'"# ' * **Y "*' **'Y
to an contractors and suocontractors.

V,INSBUCTIONS, PROCEDURES, AND DRAWINGS

Activities aMecting quality shall be prescrt)ed by documented instruc-

tions, procedures, or drawings of a type appropnate to the circumstances

and shall be accomplished h accordance w!!h lhese instructions, proced. " ms sentence was based on Para. 6J W MIL 4985SA

ures, and drawings." instructx)ns, procedures, end or drawings shall

include appropriate quantitative or qualitatrve meaAe acceptance criteria ms sentens was Dased m Para. 2.4.f of RDT F72. 'Means' was replaced

for determining that important epe8al+ene activities have been satisfac- wim ' acceptance ptena'ar me m@est d Sene a Webster (06%59) '@erams'

"#* W*# # **V "' * * * * ' ' # ''O ""'I*#*tonly accomplished."
(0&1149), and 'and* wrth *or' at me request d General Bectnc (o62469).

- _ _ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _ _ _ . _ _ _ _ . _
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VL DOCUMENT CONTROL
4

Measures shal be established to control the issuance of documents, I
'

|such as hatructions, procedures, and drawings, hetudrig changes there-

to, which prescree aR activities affecting quality. These measures shaX j
Iassure that documents, incitrJing changes, are reviewed for adequacy '

and approved for release by authonzad personnel and are distributed to

and used at the location where the prescribed actniity is performed. ,

Changes to documents shal be reviewed and approved by the same
organizations that performed the orignal review and approval unless the

applicant speeseeily designates another responsible organization." " TNs paragraph was basedon Para 34dRDTF2-2.

j
Vit CONTROL OF PURCHASED MATERIAL,

EQUIPMENT, AND SERVICES

Measures shal be established to assure that elf' purchased mater. * 'Ar was deletede response e a cStp Wesanghouse brier who agressed

ial, equipment, and services, whether purchased directly or through concom mat 'ar coukt be eferpreted m eduds procurernant or nensabry rwand

contractors and subcontractors, conform to the procurement doctrnentsy M arid servm

These measures shan include provisions, as appropriate, for source ,,

evaluation and selection, objective evidence of quality fumished by the
,

0m
contractor or subcontractor, hspection at the contractor or subcontractor

source, and examination of products upon delivery? Documentary evk

dance that material and equipment confomt to the ymiement requko-

ments shal be available at the nucieer power plant or fuel reprocessing

plant * site prior to hstanation or use of such malertal or equipment TWs * The words 'or bet promssag piant' were acued h e awfim ackbndum to

documentary evidence shall be retained at the nuclear power plant or Appench a The acdonatan mes asued erpuole comment on ovr07f.

fuelreprocencingplant"slieandshaDbesuflicient2identif thespeclincf
requirements such as codes, standards, or speedications, meet by the

, ms and me prms sene owe acbeh asponse e f) a 649
purchased material and equipment." The effectiveness of the control of

Y "" '"# * * " ' ' '

quality by contractors and subcontractors shal be assessed by the appli-

cant or designee at intervals consistent with the knportance, complexity,

and quality of the product or services? '=| m;;":, r ;--"" ^=--d: * TNssanencewascWefedaresponseebriersIromGeners'Dectre(c60059)
e d' L;-?.: : " ..; .,:.d :t = :L:... d ;;2; ?:" 2: :=d " and Wesanghouse W9) wNds argued that Its renwements awe re&nctert.

2 '" '~^:Ci rd ^^T*'" ~ ~"" ?** b; '?:" '^ T '^^"d " WWI Crfteria XVIaridXVllt..

VID. IDENTIFICATION AND CONTROL OF ,

MATERIALS, PARTS, AND COMPONENTS E
I

Measures shall be estabushed for the identscation and control of
materials, parts and components, including partially fabricated assem- ,

blies? These measures shal assure that identification of the Item is * TNs sentonce was based an Para,14 d RDTF2-2. I
'

maintained by heat number, part number, serial number, or by other
means, either on the item or records traceable to the item, as required * hs sentence was W H meanse e buers M W My
throughout fabrication, erection, installation, m; b, r ::difiealeen and

use of the item" These identifical|on and control rneasures shal be
2nrracers @ M, ComhusWneereg @24 and h Asscoams ]

"^# ##**** """'" '#' ' *0"" #
1designed to prevent the use of incorrect or defective material, parts, and

(versus keg d bolts) have a unique Idunttncanon number. .

Icomponents F: :, =d t : ?? 5:= :' == :d ": ;;td
":;^. = rd *.=':? * Thrs and me pre @us sentence nwe based on Part IX 226(a) d ASME III.

^

,

IX. CONTROL OF SPECIAL PROCESSES E
,

,

Measures shan be established to assure that special processes, '

'

includng welding, heat treatsig, and nondestructive testing, are controlled

5 =="= Ha q ^?' =d=, r.d_ d. ; _ 1. : . ;;, |

=d ::hr :; r' C;t nt, and ese accomplished by qualified per-.

sonnel using qualified procedures b accordance with applicable codes,
standards, specifications, criteria, and other special requirements." * CiftenonlX was pnmany basedan Part 61dMIL 0 9858A but was alsoa!#u.

enced by Pars. IX-222(a) d ASME Ill and Pars. $$ d RDT F2-2.

I.

I
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X. INSPECTION

A program for b p::== rd 5'" inspection of activities affecting * 'bfrocess andibal' was deletedin response 2 a oststi9 Wesangnouse letter

quality shall be established and executed by or for the organization per. matgasomadregnmgeprocessmspecem,repartpesso nesdands# cab #4

formbg the actMty to verify eeswe conformance with documented h-
a " Thss sentence was based on Para. 5.3 and $.6. f of ADT FP-2.structions, procedures, and drawings for accomplishhg the activity

Such hspection shaR be performed by hdividuals other than those who '' This and me and v me p serim were inmed frmt me see j

performed the activity being hspected? Exambations, measurements, tence of Cinenon f a response e a car v69 Urvted Engmeets a cms 9uctors etter !
or tests of materials or products processed shall be performed for each mat suggested, regartsess d me ut#ty's bspecem progratn, each organuaDon
work operation where necessary te assure quality. If inspection of pro should be tegnrad to mspect #s owi wort.

cessed material or products is impc.,sible of disadvantageous, indirect

control by monitonng processing methods, equipment, and personnel ,

shall be provided when controlis hadequate witnout both, ilMmarida- j
tory inspection hold points, which require witnessing or inspecting by tho '

applicant's designated representative and beyond which work may not * This sentence was based m Para. 9.c d3crfs M Plan. The need for manda-
proceed without the consent of the designated representative a's re- fory hold poots was relaxed a resporne to requests from Stone a Webster
quired, the specific hold points shall be ndicated in appropriate (osms9). wesanghouse (06tN69). Combusson Engineemg (06/12/59. aN me

documents.* Anmc Md:stnalForum (cW1&59).

XL TEST CONTROL

A test program shall be established tS assure fut al feqwed" " 'Regsed' was reiocated 2 me omer mde d 'tesang's respmse to a OStWS9,

testing required to demonstrate that structures, systems, and components letter from Sene a Webster mat asked what was meant Dy 'insrahestng'.

will perforrn satisfactorily h servicesneledes p:=%B;;, ==pt: =
!=tn; =' ^pecir99etingv is identified and performed in accordance " h sentence was boset based on Para. 6.3 of M1498584

with wntten test procedures which beorporate the requirements and " h e 'W m pur4' m m mmm m
acceptance limits contained b applicable design documents. The test M a TWh was tem m m m.
program shall include, as applicable, proof tests prior to Instalation,

preoperational tests, and operational tests during nuclear power plant or * This sentence was adfed and 'cperasonallesang'deferedIcn me previous
fuel reprocessing plant" operation, of structures, systems, and compon- sentence e response to regets from General Escue (o$0059) and itap
ents? De4 Test procedures shalinclude provisions for assunng that all Parsms (06/f659) e clar#)r to rnearwng of '@eranonal lesang".

prerequisites for a given test have been met, that adequate test instru-

mentation is available and used, and that the test is performed under " Tlvs sentence was based m Para. 5.6.f ofIIDT F22.

suitable environmental conditions? Test results shal be documented
and evaluated to assure that test requirements have been satisfied." h sentence was bosat based on Para. R-240 d ASME fil.

Xil.CAMBRADON CONTROL OF

MEASUREMENT AND TEST EQUIPMENT

Measures shall be established to assure that tools, ga2es, instru. * This and the next sentence were based on Para. 4.2 of M149858A The

ments, and other measunng and testing devices used in activities affect- Mf8 'propert om#ofed' were added a resomse to a 06'1f,59 regrest #om

ing quality are property contro"ed, calibrated and prepedy adjusted at Hanbrd facin extracers.

specified periods to maintain accuracy within necessary limits? Calibre-
* h sentence was detered > response to a 0W1259 Jetter from combustonu..-..~.,xa- --.....a.>...ma_..

N.,|A.. .T.C. , |: ..|.J,.. .A_L|.E..si ^'~ ~ ~ ~ ~ Engneemg met noted > some csses national standards inay not exist
~ . - . . . . . . --

Xill. HANDLING, STORAGE AND SHIPPING

AND&RREVADON

Measures shall be established to ptd: :t rd 5:pe-
b:h-'r: Si control the handling, storage, shipping, cleaning, and
preservation of material and equipment h accordance with work and

inspection instructions to prevent damage or detenoration. When neces-

sary for particular products, special environtnents, such as inert gas

atmosphere, specific moisture content levels, and high temperature " Beguirements a mis and me prewous sentence were bonowed from Para. 64

levels, shall be specified and provided =d i " e:'r= =td? of ML49658A

>

i
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XN, INSPECTION, TEST, AND OPERATING STATUS

Measures shal be established to hdicate, by the use of markings
" De w re 'akat spesingplant m am a em amn e

such a stamps, tags, labels, routing cards, or other suitable means, the
#status of hspections and tests performed upon individualitems of the

nuclear power plant or fuel reprocessing planf Od 5 :"?r Of i^." " De sesnce us basem Pat E3dM14N5R me hgsewn wordsT

:;; rg :; 7:# These measures shah provide for identification were defere a response e a om9 Mar hwi Generat Bectre mar notM
of bees items which eeq8eMe have satisfactorfy possed required ' plant' crdt mean a nudearpower pant, rnanufactunng vant or botti
inspections and tests r; L. . ., where necessary to prevent had-
vertent bypassing of sudi hspeckons and lests : - ' --Qilemekall * Thrs setence was tased m Part $6A dROTF2-2. The phrase about mark-

b;:f=t; :t:s b: ^t T^^* '' ' ^ * "T ^^ t*= &~!! b: p mg nonconbimurg items was deleted because # doucated a smlar re@rwnent
_

a Cimon WwdeMes Measures shall also be establehed for indicabng the operathg

status of structures, systems, afd components of tie nuclear power plant " Descuradmesetemtm #waswseehdcsteappghbut
or fuel reprocessing planf such as by tagging :M :":d = valvM one way diden4Mg cperanry sesam So. CaE Edson M2459) and Wesang-
and switches,9;; r===ri o prevent inadvertent operation." house (o6M59) noted me sentence entidad use d omer satsfactory memods.t

XV, NONCONFORMING MATERIALS, PARTS, *

OR COMPONENTS
* Thrs sentence was Mspired by Para. LIO d ROT F22

Measures shad be established to control materials, parts, or com-

ponents which do not conform to requirements h order to prevent their * 'As apropnate' was seed a#er a oms Stom a Webser lecer nomd s#

inadvertent use or instaDation." These measures shall include, as meseisWimm maynaa@ b emyma

appropriate," procedures for ldentification, doctmentation, segregation. * mis and me next sentence were based on Para. 6 5 W M14M58A
disposition, and notification to affected organizations." Nonconforming

*

llems shan be reviewed and accepted, rejected, repaired, or reworked h * The senance was based on Para. fBoo4(3) d NHB 400A. # was'ds(ered
accordancewithdocumentedproceduresf ;tf ; _ :' . : a#er a 060959 wer ham Wesanghouse sad # was more dosety remed e con-

. .; "::: & !! 5: '" . -.. .. ." Ocang ccet man quatlty.*

|

XVL CORRECTNE ACTION

Measures shal be established to assure that allconditions adverse " TNs sentence nas based on Part 61 d M14N581

to quality, such as failures, malfunctions, deficiencies, deviations, defec.

tive material and equipment, and nonconformancee- are promptly identi. " me reWrement e repwt admse ces*=&nanagement, wmch 4 based m I

fied and corrected" r;":d E e.c;;ii:'n%.. . # |n Part 2.6 d RDW2, was ed 2 me b# semimt C#ferbn W 2 Mdcas
1

the casa of significant conditions adverse to quality,,Tlhe measures shat
met onWho adese cmdsons new be W m managernam

else assure that the cause of the conditions ti::: S ; cP; 5: Is * TNssanfenzwasbasedmPart 35dM1425R AtmeroguestofGene-"

. . . . . _Y_ _. _

ral Electnc l0G"JoS9), So. Cat Edson t062459), and Wesmghouse (060959),- **
,..._ . _ . _ . .

w..a .. u a._a._ _ _.... _ N zy, y .._ .. ,_..._.-- # was rewmed e require only me caum W stW Wedes be death. . m.
g

cant'' conditione adverse to quality, the cause of the condition, and the TNs sentence, borrowed frem Para. 61 d #14905&4, was deleted h"

corrective action taken shad be documented and reported to appropriale response lo lerters kom Ralph Parsons (OWf 659) and Stone a Webster (0&M59)
'

levels ofinanagement." wNdi eeressed concem motprewnave a-con coutdlake months and, m writy Ars

compterson, purchasers woukt have N audt work borng &ne kr cthers.

XVil, OUALITY ASSURANCE RECORDS

Sumcient Arecords shall be maintained to fumish evidence of activi-

ties affecting quality != := r te mr:7:" :' te p;:= " The " Reguirements w%n es sentenm we's borrowed from Para.14 d Mio

records shal include, b;' =t 5: .. Of-ler at least the foRowing'som 985dA

:";'- . =d -Operating logsr and the results of reviews, inspections,
tests, audits, monitoring of work, performance, and material analyses.
The records shall also include closely-related data such as the qualifica-

tions of personnel, proceduros, and equipment." Inspection and test
" mmaW me senena edm Part 7Jr WRDTF24

records, shall, as a minimum, identify the inspector or data recorder, the

type of observation, the results, the acceptability, and the action taken h

connection with any deficiencies noted." Records shallbe Identihabio

and retrievable, Consistent with applicable regulatory requirements, the

applicant shall establish requirements concerning record retention, such " Regurements M ms and me next sentence were based m Part fX-225 of

as duration, location, and assigned responsibility." ASMEItt

I
I
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XVill. AUDITS

A comprehensive system of planned and periodic audits shal be

camed out to esewe verify comphance with a8 aspects of Ihe quality
assurance program and to determine the effectiveness of the program." " N sentere nas besef m Pars.18205(f) d NHB 43004.

The audits shall be performed in accordance with the wntien procedures

or check Ests by appropriately quelded trained personnel not having
" The sentere was based m Paa 81 ext 8.3 d ADT FM Tranaf was -

drect responsit@y in the areas being audited." Audit results shad be ""*" #""
documented and reviewed by management having responstMy in the

area audited Follow-up action, h:luding reaudd of deficient areas, shaR

be taken where WW " Dasauf toprWoursevencemorebasedonPaa f8205(JJdMf843004.

i
,

w
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1. WEST VALLEY (Western New York Nuclear Service Center)
General Data
Owner Nuclear Fuel Services (NFS), a W.R. Grace subsidiary. During 1969, the facility was sold to Getty

Oil Company. [ Nuclear Witnesses, pp. xx & xxi]
Location West Valley, NY [AEC Fact Book, p. IX-3]
Capacity 300 metric tons of spent fuel per year [Nuclearindustry,07/00n4, p. 9]
Began Operation 06/00/66. [ Forevermore, p. 78]
Date Closed 03/00/72 [NFS Environmental Report 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
e CP received 04/30/63; OL received 04/19/66 [AEC Fact Book, p. IX-3]
e 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. |e
[SR/CNEAF/92-01, p. 34; and 1978 Annual NRC Report, p. 73] i

e On 09/30/81, the NFC transferred the plant's license to the U.S. Department of Energy (DOE) in
order to allow DOE tJ begin cleaning up the plant. [ Nuclear News, 10/00/83, p. 88]

Operating Sta
'

e The p' ant ran, on average, at about one-third capacity because of chronic equipment breakdowns
'

,

ard accidents involving radioactive contamination. [ Forevermore, p. 79] s

e There were 180 full-time and 1,400 part-time workers at the plant. Part time workers were used to
clean up spills and repair contaminated equipment. [ Nuclear Witnesses, p. 217]

e At the time it was closed,600,000 gallons of liquid radioactiu waste and 640.5 metric tons of spent
fuel was being stored at the plant. [lbid, pp. 239 & 243]

e After Getty bought the plant, NFS continued running it. [ Engineering News-Record, 03/2497, p. 46)
e The plant reprocessed about 630 tons of spent fuel. [ Nuclear News,01/0096, p. 68]
Decommissioning Data As of 12/00/89, about fifty (50) percent of the plant'a liquH waste had been " pre-

irooted" to reduce its volume. Following pretreatmont, the waste '; vill be vitrified, sealed in glass. Vitrification
will begin during 1995 and be completed in 18 months. Decommissioning will cost about $1.1 billion. [Engl-
neenng News Record, 11/30/78, p.19; DOE /S-0078, pp.145 2 392; and Nuclear News, 10/00/80, p. 23]

H_Istorical Summary
01/00/SS During plant construction, water collected in excavations holding concrete radioact've waster

tanks The tanks popped free of the ground and stresses on the floating tanks cracked their floors and roofs.
[% clear News, 05/00/77, p. 82; and EMD-77 27, pp. 9 & 10]

02/00/68 The AEC investigated 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]

03/00/72 The plant was shut down for modemization and to expand its capacity to 750 metric tons of
spent fuel per year. [ 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 Report, describing its plans for
modifying the plant. [ EMS-77-27, p. 2]

07/15/76 NFS decided not to modify or reopen the plant because of new NRC licensing criteria. It was
most concerned with the NRC's new waste solidification and seismic requirements. NFS estimated it would cost
$615 million to meet these requirements. [ Nuclear Industry, 10/00/76, p. 25; and EMD-77-27, p. 2]

10/29#6 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)
02/2598 President Carter signed Public Law 95-238 which directed the U.S. Department of Energy to

determine what should be done to clean up West Valley site. [1978 AnnualNRC Report, p. 75]
09/15/80 Congress passed the West Valley Demonstration Project Act (Public Law 96-368) which

assigned the U.S. Department of Energy responsibility for cleaning up the West Valley site. [ DOE /S-0078, p.
392; and Nuclear News, 10/00/80, p. 23]

1

_ ----



I
Supplement ||\ FUEL REPROCESSING FACILITIES Page 2

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

12/00/83 A trailer retuming spent fuel from West Valley 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 B
Owner General Electric [AEC Fact Book, p. E-19]
Locat'on Morris, IL [lbid]
Capacity 500 metric tons of spent fuel per year [NuclearIndustry,07/00/74, pp. 9-10]
Began Operation Began start-up testing during late 1972; never began commercial operation. [lbid, p.

8; and Nuclear News,01/00/76, p. 68]
Date Closed Never opened as a spent fuel reprocessing facility. [1977 AnnualNRC 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-19] E
Operating Data g

During 1976, the plant was converted to a spent fuel storage facility and received an OL tWora 700e
metric tons of spent fuel. [ Nuclear News,01/00/76, p. 68; and NuclearIndustry,09.00/76, p. 7]
The plant's current licensed storage capacity is 1660 PWR and 3775 BWR spent fuel assemblies.e
[SR/CNEAF/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 $90 to 130 5
million. [ Nuclear Industry,07/00/74, pp. 8-9; and Unacceptable Risk, p.156] g

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. [ Nuclear 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

Atomic Company [ Nuclear News,01/00/76, p. 69]
Location Bamwell, SC [ Nuclear industry,07/00/74, p. 9]
Capacity 1500 metric tons per year of spent fuel [lbid]
Began Operation The facility was never completed nor opened. [1978 AnnualNRC Report, pp. 72-73]
Date Closed Not applicable
Designer Bechtel [AEC Reports, Vol. 4, p. 484]
Builder Daniel Construction. Work began during 03/00/71. [NuclearIndustry,07/00/74, p. 9; and Forever-

more, p. 85]
Cost to Build $362 million was spent before stopping work. [The New York Times, 12/01/81, p. D4]
Licensing Data CP received 12/18/70. Never ieceis ed an OL [NuclearNews,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 5 |

spent nuclear fuel. [ Engineering News-Record. 11/04/76, p. 7]

I
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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 million to
|
|

complete. [lbid; Engineering News-Record, 04!14/77, p. 7, and 1978 Anna V4C Report, pp. 72-73)
12/23/77 in keeping with President Carter's nonproliferation p%cies, 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 awr.rded Bamwell a $13 million fuel

i

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 involvement in the plant by tuming over its 50% ownership to
General Atomic at no cost to General Atomic. [ Nuclear 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 j

inordinately high operat5 e9d maintenance risks. [ Design] and construction is unfortunately no better than that |

of the Nuclear Fuel Services p%nt .7 [ Nuclear News, 04/00/82, pp. 54 & 56; and Forevermore, p. 87) |

03/16/83 AGNS filed suit against the Federal Govemment for more than $500 million in damages. AGNS |
claimed the Govemment induced it to build the plant then passed legislation that barred it from ever operating. |

[ Nuclear 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 Govemment 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 plant was permanently closed. [lbid, p. 87; and Forevermore, p. 89)

1
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Supplement IV TMI-RELATED QA REQUIREMENTS Page 1

10CFRSO.34, CONTENTS OF APPLICAn0NS: TECHNICAL

INFORhfADON

10CFR50.34(f) ADDITIONAL TMI-RELATED
REQUIREMENTS NOTES

'
(3) To satisfy the following requirements, the application shall pro- f0CFR50.34(a)(t/ contmns requirements &descrbng h PSARs ee rWevant

vide sufficient information to demonstrate that the requirement has been surface and suosurface lesanes # a pcposed nudearpowerptant site.

met. This information is of the type customarily required to satisfy 8 ms regsement spands m Caermo #L
""? ?! paragraph (a)(1):W: -' or to address the appfcant's

'

techncal qualifications and management structure and competence.i
mese e conespond m adon; tan nems M MEW 'NRC Aden

wced as a M d es M1W%e m, and
(i) Provide administrative procedures for evaluating operating, cessgn

NUREG 0718,1Joercsu>g Requuemenn for Pendng Apptcanons & Construc.
and construction expenence and for ensuring that applicable important m Peme and MWadunng hm' daw M im ms & ds-
industry exponences will be provided b a timeh manner to those design- cusse b a botnoar e f 0CFR50.34#K

'

bg and constructing the plant.' O.C.Sf

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

II, App. B,10CFR50 includes al stnJctures, systems and components im-t

'portant to safety.' O.F.t] This requirement seat refamnces Cnrenm /l

(iii) Establish a quality assurance (OA) program based on considera-
8

tion of- (A) Ensuring independence of the organization performing check. ms mgsement espands m Cntenm t # was added because d NRC con-

ing functions from the organization responsbie for performing the func. cems abwt a 1act d sumciend hdependence d N ogwaren respmsbe

tions,'(B) per'orming beenWe quality assurance / quality control functions for portmung mecks, m*anons, and especcons.'

at construction sites to the maximum basbie extent,' (C) including QA ms segurement expands m Cirenan #. # was inoamed b response to*

personnel h the documented review of and concurrence h quality related ASME cost-bensor concerns.

procedures associated with design, construction and hstallation;' (D) ' ms expands m h W. # was cW M w m
estabkshing criteria for determining QA progmmmatic requirements for ASME and seerei cmcems about as htent.
specific classes of equipment' (E) establishing amenem qualification

'

requirements for QA and OC personnel;'(F) sizing the QA staff commen- ms mgsenent expands m Cnrenz #. # was c' aimed h respmse e an

surate with its dutiest and responsibilitie:, d Mp:dd 'e W ;''(G) ### "C"'* d'9 ** ""'" * **"*"*"" */
establishing procedures for maintenance of 'as-built' documentation;" This regirement empends on Cisanon # Aarr*)g e the NRC, bnnnum''

and (H) providing a QA role h design and analysis actNites.'' D.F.2] was defered io be consisasnt with Amadr B 2 t0CTR Part 50.'

* Ms reswammt expands on Cittenan t k response m ASME concems about

its retevator to staff site, N phrase inporteico 2 safery' was deJeled

- - -

" This reguvemmt expands on Criterd) W. The NRC noted that Cttterion W

SPECIAL NOTE E inentons mengs, but not 'ae.buer* mengs or eguwalent ctxxnnentaa.

*
Changee shown in the left column are to tfu proposidraft of ms ragsmment spands m Caenm #t # was awed because W NRC em

cems ab ut a mn wiedge de aw e mit a se10CFR50.34(f)3 as it appeared in the Federal Regleter on ''' '''#'# #''"#'##
March 23,1M1. The changes occurred during resolution of

. public commente and prior to issuance of the final Regulation
on January 15, 1982. Shaded entries are words that were .

~

~ dded and strike oute are words that were deleted.a
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NOTES.

1. Documents referenced in this Supplement are listed in Supplement IX.
2. Plants are listed by the date they started producing electricity with the oldest being listed first.
3. Problems followed by a check (/) are " Major Problems" as defined in Paragraph 6.2.1(c) of the -

main body of this report. j
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l

1. EBR-l (Emetimental Breeder Reactor - 1) [12/20f51]
General Data
Owner AEC [ Nuclear Age, p.126]
Location Idaho Falls, ID [ Friends in High Places, p.103)
Reactor 0.15 MWo sodium-potassium cooled fast breeder [lbid)
First Electricity 12/20/51; first electricity produced in U.S. using nuclear energy. [ DOE /NE-0068, p. f 1)
Designer Austin Company (Ninth Semiannual AEC Report, p. 8) 3
Builder Bechtel. Construction began 12/00/49 and was completed in 04/00/51. [ Friends in High Places- E

p.103; and GPO Publication 794 218]
Cost to Build $3.3 million [The New York Times,05/31/51, p. 39]
Licensing Not licensed. |

5Operating Data
e The initial reactor core was refitted with a plutonium-bearing core and the plant restarted and operated

from 11/00/62 through 12/00/63. [ DOE /OSTI-8200, p.111-4]
The plant (Cores 1 and 2) generated 579 MW-hrs of electricity. [ WASH-1203-71, p.10)e
The plant's Lifetime Capacity Factor, estimated from the above data, was 3.7%e

Decommissioning The reactor was dismantled 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. |||-4; and AEC Fact Book, p. D-4]

Problems
00/00/51 Radiation levels around the reactor were too high. An extra 2.5 feet of concrete shielding was

added to protect plant personnel. [ Nuclear Sa/ety,12/00/61, p. 69] / |
06/00/52 The plant was shut down for repairs when sodium-potassium coolant began leaking out of the 3

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 middle third was partially melted. Pressure calculations indicated the reactor was a half-
second from rupturing. [ Nuclear Age, p.126; Cover Up, p. 47; and The Careless Atom, pp. 155-156) / 3

12/00/63 The AEC permanently shut the plant down. The reason is not known [ DOE /OST1-8200, p. III-4; 5
and AEC Fact Book, p. D-3]

* 2. SHIPPINGPORT[12/18/57]
General Data
Owner AEC and Duquesne Ught Company (DOE /MA-0152, p.38]
Location Shippingport, PA [ DOE /OSTi-8200, p.111-2) g
Reactor 60.0 MWe PWR ordered 07/00/53 [ WASH-1208, p.1] E
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 Bums & Roe. "Real" construction began 03/00/55; however, on 09/06/54, Presi- g

dent Eisenhower broke ground with bulldozers started by remote control from Denver. [Rickover and the g
,

Nuclear 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 j

e 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 /OSTl-8200, p. Ill-2; and Rickover and the Nuclear Navy, p. 223) g

e The reactor's second core, rated at 90 MWe, operated from 09/25/65 to 02/04/74 and generated g
3,476,620 MW-hrs of electricity. [ Nucleonics Week, 04/25/74, p.10; DOE /OST1-8200, p.111-2; and
Rickover and the Nuclear Navy, p. 224)

e The reactor's third core, rated at 60 MWe, operated from 08/26/77 on and produced 2,114,039 MW-hrs g
of electricity. These core replacements were part of the plant's original design. [ Nucleonics Week, g

,

12/23/82, p.14; DOE /OSTI-8200, p.111-2; and Rickover and the Nuclear Navy, p. 227]

I
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|

e 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 arrived 04/13/89. It was buried in i

!
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-90-208, p.17; and The Bulletin j
0/ the Atomic Scientists, 10/00/89, p.17}

l

Problems
12/16/57 Initial start-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. !

[lbid, p. 228] |
06/10/58 The plant was shut down because a Navy inspector wanted deficiencies in nuclear instrumenta- i

tion promptly corrected. [lbid)
08/00/61 A second replacement reactor coolant pump failed. The original and a first replacement were of i

a different design. Also, problems with steam generators shut the plant down often enough that they were even- )
tually replaced. [lbid. p. 205; and WASH-1203-73, p.19] /

12/00/64 Work had just been completed 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
Plants, p.192; Nuclear Industry, 01/00/65, p. 5; and WASH-1203-73, p. 20] /

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. Stemglass, a iocal college professor, announced I

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; Bo/ ore Its Too Late, p. 258; The Nation. 08/03/74, p. 78; and
Nucleonics Week,01/11/73, pp. 2 & 3) / |

02/04/74 The plant 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. j
[ DOE News Release R-88-159; and Rickover and the Nuclear Navy, p. 227] / |

|

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

General Data
Owner AEC [ Reactor Accidents, p. 37]
Location Idaho Falls, ID [lbid, p. 31] 1

Reactor 0.30 MWe BWR prototype reactor designed to meet the electrical needs of remote U.S. military |
installations. [ DOE /OSTi-8200, p.111-22; 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-f Report, p. 4]
Cost to Build $2.59 million [ Nucleonics Week,01/05/61, p. 2]
Licensing Not licensed.
Operating Data
e The plant produced 1937 MW-hrs of electricity over its 1.11 yr operating life. [ WASH-1203-71, p.11)
e The plant's Lifetime Capacity Factor, calculated 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.

Decomrnissioning 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 to the reactor's control rods to temporarih' repir.:e missing boron

moderator strips. With control rods fully inserted, only a 2% safety margin existed. [Nector 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 stmeture and 47% El
of its fuel was destroyed. Radiation was contained within the reactor building. Damage was estimated at $4.35
million. [lbid, pp. 37-41; AEC SL-f Report, pp. 25-27; and Cover Up, p. 35] /

4. WTR (Wesunghouse Tesung Reactor)[0W01/59]
General Data
Owner Westinghouse [ DOE /OSTI-8200, p.111-9] |
Location Waltz Mill, PA [lbid] 3
Reactor 60.0 MWt, water cooled and moderated, low pressure and temperature irradiation test reactor.

The reactor was 8'-0" dia. and 32'-6" long. [lbid and AEC Reports, Vol.1, pp.109-110]
Initial Criticality 08/01/59 [ Author's estimate and DOE /OSTI-8200, p. Ill-9]

=Designer /Bullder Westinghouse [AEC Reports, Vol.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] E

Problems
06/19/59 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 deadline. [AEC Reports, Vol.1, pp.186-188]
04/03/60 During a planned increase in power, cladding separated, blocking the transfer of heat to the g

reactor's coolant, and a fuel element melted. Some reactivity was released to the atmosphere and significant g
quantities were discharged into the Youghiogheny River. Pittsburgh's water supply,29 miles downstream from
the plant, was partially contaminated. Studies by Dr. Stemglass, 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. [NuclearAge, p.173; Saga,10/00/73, p. 60; 3
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. [NRC inspection Reporf 50-22/97-01, 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 airenft program. [ Forum,04/00/62, p. 23]

5. DRESDENI[04/15M0]
|General Data

Owner Commonwealth Edison [ DOE /OSTi-8200, p.111-1) W
Location Morris,IL [lbid]
Reactor 200.0 MWe BWR ordered 07/00/55 [ WASH 1208, p.1] g
First Electricity 04/15/60 [lbid] g
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] g
Operating Data The plant had a Lifetime Capacity Factor of 50.56% over the 18.54 yrs it operated. At 3

the time the national average was 53.69%. [The Silent Bomb, p.108; and NUREG-0020,03/00/90, p. 3-6]

I
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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 shut down. [SR/CNEAF/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 stainless rods also cracked
and powdered boron moderator leached into the reactor coolant. Thus, all of the stainless rods were re-replaced
with zircaloy rods. [lbid, 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,
defuelled and the control rod drives shipped to Califomia for modification. [ Forum,01/00/61, p. 6] / 1

00/00/63 The plant was shut down for 36 days to reline the reactor canal. [ Power,05/00/68, p. 73] / |
11/12/65 Tomados 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 se"eral sections of small-diameter piping. Tests were unable to determine i

the reason for the cracks. [1966 Annval AEC Report, p. 413]
00/00/67 The plant was dcwn for 21 days to overhaul the reactor's control rod drive mechanisms. [lbid]
09/23/68 Wa+er 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]
06/19n1 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,06/24N1, pp.1-3] /
08/0001 incomplete grounding of filters in an off-gas system resulted in a gas explosion. [ Nuclear News,

03/00/77, p. 41]
11/00/73 Leaking heat exchangers, faulty valves, turbine problems, and bent and warped control rod.s 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; Nuclear Witnesses, p. 258; and WASH-1203-73, pp. 22-24] /

08/09/74 1130 gallons of liquid radioactive waste was accidently discharged into the Des Plaines River.
[ lime 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
until the utility inspected for similar cracks in its piping. [The New York Times,09/22N4, 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 similar cracks in its piping. [The New York Times,01/30/75, pp.1 & 11] i

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 j
)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]

i6. YANKEE ROWE[11/10/60]
General Data
Owner Yankee Atomic Electric Company [ DOE /OSTI-8200, p.1-3]
Location Rowe, MA [lbid]
Reactor 167.0 MWe PWR ordered 06/00/56 [lbid and WASH-1208, p.1]
First Electricity 11/10/60 [ WASH-1208, p.1]

IDesigner / Builder Stone & Webster [NUREG-0020,03/00/90, p. 2-488]
Cost to Build $52.4 million [ DOE /EIA-0473, p.15] ;

Licensing
e CP received 11/04/57; OL received 12/24/63 [NUREG-1350, p. 86]
e During 1955, the AEC named Yankee Rowe one of three new nuclear power plants eligible for special

U.S. Govemment 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]
e 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]

Decommissioning 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. Costs are expected
to 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
During its first 15 weeks of operation, the plant experienced; a) leakage at reactor coolant pump .

12/30/60
flanges, b) misaligned parts in the reactor head, c) low boron concentrations in cooling water, d) poorfy located
radiation monitors, e) inadequate shielding, and f) valves installed in the wrong place; valves had to be switched

3around. [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 g

to have failed that were supporting the reactor's thermal shield. [1965 Annual AEC Report, p. 316] /
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. [Neeleonics Week,06/2491, pp.1-3] / 5
04/00/73 The utility spent $6 million and 6 months to reexamine and repair defective bolts in the reactor g

core. [The Wall Street ,loumal, 05/03N3, p.1; and WASH-1203-73, p. 27] /
08/27n6 Because actual reactor temperatures were higher than assumed in original design calculations,

the NRC ordered a 2% reduction in power to ensure required safety margins. [ Nuclear News,10/00/76, p. 34] |
M

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 g
and, later, because maintenance personnel initiated a false test signal. ~[Not Worth the Risk, p.11] E

12/31/86 During 1985 and 1986, Yankee Rowe personnel scored the lowest in the nation on NRC tests.
In 1985 only 22% passed the tests and in the next year only 50% passed. (USA Today, 03/21/89, p. SA] /

12/31/87 The NRC changed its rules, it decided to reauire that key plant personnel pass a special |
proficiency test. Thirty-three percent (33%) of Yankee Rowe personnel failed tne test. The industry average 3
was 14%. [lbid; 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 embrittled the reactor it no longer met regulations and could W
rupture at any time. The utility estimated it would have cost $23 million to prove the reactor met regulations.
[ Nuclear News,07/00/91, p. 26; The NuclearMonitor,10/07/91, pp.12; The Washington Post,02/27/92, p. A3;
Nuclear Sa/ety,04/00/92-06/00/92, p. 277; and Nuclear Waste News,1992 Sample Edition, p.1] g

h 3
7. INDIAN POINT 1 [09/1tiV62]

General Data |Owner Consolidated Edison [ DOE /OSTI-8200, p. |||-1)
3Location Buchanan, NY [lbid]

Reactor 265.0 MWe PWR ordered 02/00/55 [ WASH-1208, p.1]
First Electricity 09/16/62 [lbid] g ,

Designer Vitro Engineering [ Atomic Energy Deskbook, p. 237) g
Builder Owner [NUREG-0020,01/00/77, p. 2-50]
Cost to Build $263 million. [AEC Reports, Vol.1, p. 793)

ILicensing CP received 05/04/56; OL received 03/26/62 [ WASH-1208, p.1; AEC Reports, Vol.1, p. 789;
|and Nuclear Sa/ety,01/0091-02/00N1, p. 65) ,

I
I
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Operating Data The plant's Lifetime Capacity Factor was 37.79% over the 12.12 yrs it operated. At the
time, the national average was 51.7% [The Silent Bomb, pp. 107108; NUREG-0020, 03/00/90, p. 3-6]

Decommissioning The reactor was defuelled on 12/30/76. The plant'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 Powerin 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) i

02/00/64 The plant was down 6 months to install a stainless steel liner in its fuel transfer canal. [ ibid) / |

10/00/65 The plant was down 7 months to refuel and repair broken reactor control rod drives. [lbid) /
05/20/70 The plant had been shut down since 03/20#0 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 prob!em 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,06/3090, pp.
1 & 34; The Silent Bomb, p. 354; The New York Times Magazine,02/07#1, 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#1, pp.1-3] /

01/22/74 The plant was restarted 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 Joumal, 01/22/74, p.18; Nuclear News,
09/00/75, pp. 54 & 56; and WASH-1203-73, p. 29] /

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 required 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;

Iand DOE /OSTI-8200, p. Ill-5)
Location Saxton, PA [ DOE /OSTI-8200, p.111-5]
Reactor 3.2 MWe BWR [lbid 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 Repods, Vol.1, p. 289]
Licensing CP received 02/11/60; OL received 10/03/62 [AEC Reports, Vol. 2, p.158; and Nuclear Safety,

01/00#1-02/00/71, p. 66]
Operating Data The plant's Lifetime Capacity Factor was 26.5% [ WASH-12Q3-71, p.14; and WASH-

;
1203-72, p.10]

Decommissioning Phase 1, which included removal of 99% or more of the fr f s contamn Mad 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

i
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] /

03/00n1 The plant was shut down until 11/00/71 for plant modifications. [lbid) /
05/01n2 The plant was closed permanently; the reason is not known. [NRC Report 50-146/66-01, p. 8]

9. BIG ROCK POINT [12108/62]
General Data g i
Owner Consumers Power [ DOE /OSTi-8200, p.11-1] g
Location Charlevoix, MI [NUREG-1350, p. 69]
Reactor 69.0 MWe BWR ordered 12/00/59 [! bid and WASH-1208, p.1]
First Electricity 12/08/62 [ WASH-1208, p.1] |
Designer /Bullder Bechtel (NUREG-0020,03/00/90, p. 2-024] 5
Cost to Build $26.2 million [ COO-284, p.17]
Licensing g
e CP received 05/31/60; OL received 05/01/64 [NUREG-1350, p. 69] I
e During 1957, the AEC named Big Rock Point one of five new nuclear power plants eligible for special -

U.S. Govemment 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 E

(Division of Nuclear Material Safeguards). [AEC Fact Book, p. E 21] g
Operating Data
e On 07/22/77, the plant broke the world record for continuous power generation,343 consecutive days.

[ Nuclear News, 09/00/77, p. 40] |
e As of 06/30/90, the plant had a Cumulative SALP Rating of 1.69. Three Category 3 Findings have been E

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]

e As of 02/28/90, the plant had a Lifetime Capacity Factor of 56.3%, below the national average of 61.9%
Forced outages totalled 12,831 hrs (1.5 yrs) and on-line hrs totalled 167,706 (19.1 yrs). [NUREG-0020, -

03/00/90, p. 2-022; NUREG-1350, p. 31; and Nuclear News, 05/00/91, pp. 44-49]
e During 1987-89, the plant had the highest operating and maintenance costs of the nation's operating g

nuclear power plants. [ Nuclear Lemons, 05/00/89, p. 25, and 04/25/91, p.10] / g
e During 1987-89, the plant released 84,021 curies of radioactive gas, steam, and waterto 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 04/25/91, p. 7) / |

e During 1989-90, the plant experienced no safety system actuations or significant operating events, the E
best record of the nation's 111 operating nuclear power plants. [ Nuclear Lemons,04/25/91, p. A48]

Problems
E05/00/63 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 shielding in the reactor,
c) stuck control rod drive mechanisms, d) a valve that had been malfunctioning for what was determined to be
12 different 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 seal was damaged as a result of flow-induced vibra-
tion. Repairs necessitated a one year outage. [ COO-284, pp. 26,38, & 39; and The Sl/ent Bomb, p. 282] / |

,

10/00/67 After suffering with stress corrosion cracking of stainless steel fuel elements for more than a year, E 4

the plant switched over to zircaloy elements. [The Careless Atom, pp. 125-126; and WASH-1203-73, p. 30] / ;

01/0001 A Strategic Air Command B-52 bomber, heading toward the plant during a routine training flight, E
crashed about 20 seconds short of the reactor building. All nine crew members were killed. [ Normal Accidents, g
p. 41; and The New York Times, 08/14/71, p. 21]

06/1991 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.13] / E

09/21/74 The plant was ordered shut down by the AEC until its reactor coolant (RC) piping could be 5
reexamined. Cracks had been found in Dresden 2 RC piping. [The New York Times,09/22/74, pp.1 & 34]

I
I
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01/17/75 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 Joumal,01/17/75, p. 21]

01/29/75 The plant was ordered shut down by the NRC untilits ECC piping could 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. [1984-1985
Nuclear Power Safety Report, pp. 25-26] / \

10. HUMBOLDT BAY [04/1M63]
General Data
Owner Pacific Gas & Electric [ DOE /OSTI-8200, p. Ill-1] 4

Location Eureka, CA [lbid]
Reactor 65.0 MWe BWR ordered 02/00/58 [ WASH 1208, p.1]
First Electricity 04/18/63 [lbid] l
Designer /Bullder Bechtel [ Power, 10/00/68, p. S-9, 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. 389
assemblies are still in Humboldt Bay's spent fuel storago pool. The reactor is in " dry storage". The plant will j

be decommissioned at an estimated cost of $58 million once a Federal high level waste repository is available j

to receive its remaining spent fuel. [SR/CNEAF/92-01, pp. 23 & 30; and Nucleonics Week,07/30/87, p.15] l
l
'

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] 1

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 zircatoy rods. [lbid
and Nucleonics Week,01/05/67, p. 4]

06/0000 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. [7he Wall Street Joumal, 12/27/71, p. 9; and
USCEA Report, p.1] /

i
'

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, intemal 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] /

i 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 close 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] /
! 06/0( 77 The utility was fined $7500 for permitting employees to receive excessive radiation exposures. g
| Three separa;e violaticas were identified over a 12 month period. [ Nuclear News,07/00/77, p. 38] g

,

| 11. HALLAM[05/2%53]
j General Data

^

| Owner AEC and Consumers Public Power District [ DOE /OSTI-8200, p.111-1]
Location Hallam, NE [lbid]
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 [ COO-284, p.148, and AEC Reports, Vol.1, pp. 375-377]
| Cost to Build $60.3 million [ COO-284, p.17]

Licensing
i e 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]

| e During 1955, the AEC named Hallam one of three new nuclear power plants eligible for special U.S.
Government financing and other assistance. [ DOE /MA-0152, p. 39]

.
Operating Data

| e 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]

e The plant's Lifetime Capacity Factor, calculated using the above data, was 23.25%.
Decommissioning Work began 11/03/67. The reactor was entombed during 1968. [ DOE /OSTI-8200, p. g .

Ill-1; AEC Fact Book, p. E-18] g'
Problems
06/22/60 The reactor vessel slipped off the vehicle transporting it to the plant site. It rolled down a hill and

150 feet into a field. Damage to the reactor was minor. [1960 Annual AEC Report, pp. 46-47] / ;

08/03/63 The plant shut down for three months to investigate and repair excessive leakage 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.152] /

09/27/64 The reactor was shut down after it was determined that sodium coolant was attacking the graphite
core. [lbid, p.142; and NUREG-1350, p. 90] /

08/09/65 The AEC rejected the utility's plans to repair the reactor and, citing unresolvable technical prob- |

lems with the reactor, terminated its operating contract with the utility. [ COO-284, p.142; Nucleonics Week, |
12/23/65, p. 3; and AEC Fact Book, p. D-5] j

12. ELK RIVER [08/24/63] h
General Data
owner AEC and Rural Cooperative Power Association [ DOE /OSTi 8200, p.111-1] |
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 [lbid]
Designer Sargent & Lundy [lbid]
Builder Maxon Construction [Nuclearindustry,02/00/77, p. 8] ~

e

Cost to Build $14.4 million [ COO-284, p.17]
Licensing
e CP received 12/18/59; OL received 11/06/62. During June 1970, OL was changed to " possession only".

[NUREG-1350, p. 90; AEC Fact Book, p. E 31; and AEC Reports, Vol. 2, p. 215]

I
I
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e During 1958, 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 Date
| e The plant produced 510,598 MW-brs 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]
e 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 nonles. Repairs took 6 weeks and delayed plant

start-up. [1960 Annual AEC Report, pp. 30 31]
00/00/61 Plant construction personnel chipped and drilled grout out of a thermal expansion gap below the

reactor. Stress analyses 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] /

04/00/62 The reactor's stainless steel cladding was tested and found acceptable after being removed and
I replaced, and reexamined. The reactor had been built in Califomia 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] /

03/25/64 The plant was down until 07/06/64 to modify feedwater piping. Tne piping had been vibrating.
,

'

[lbid, 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 /OSTl-8200, p. til-1; and NUREG- ,

| 1350, p. 90] |

l

13. PlQUA [11/04/63] |

General Data
Owner AEC and City of Piqua [ DOE /OSTI-8200, p. Ill-2]
Location Piqua, OH [lbid]
Reactor 11.4 MWe organically cooled and moderated reactor ordered 06/00/59. Capable of using low-

enrichment uranium. The reactor was 6'-6" dia. and 29'-0* long. [lbid; The New York Times, 09/28/56, p. 40;
and WASH 1208, p.1]

First Electricity 11/04/63 [ WASH 1208, p.1)
Designer Holmes & Narver [lbid]
Builder Atomics international [AEC Reports, Vol. 2, pp. 74-76]
Cost to Build $8.2 million (COO-284, p.17]
Licensing
e 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]
e 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
e 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]

| e The plant's Lifetime Capacity Factor, calculated 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 /OSTl-8200, p. Ill-2; EMD-77-46, p. 9; Decommissioning of
Nuclear Power Facilities, p. 27; and The Decommissioning of Nuclear Plants, p. 8]
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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] | |i

12/00/65 From 01/00/64 to 12/00/65, the plant was shut down three times for repairs and modifications to 55 |

control rod drive systems. [ COO-284, p. 258] /
01/01/66 The plant was shut down to repair malfunctioning control rods and was never restarted. During g

repairs, extensive carbon deposits on fuel elements, and core damage was identified. [lbid, pp. 259-260, E''

WASH-1208, p.1; 1966 Annual AEC Report, p. 415; and NUREG-1350, p. 90] /
12/13/67 The AEC terminated !!s 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 (Carolinas Virginia Tube Reactor)[12/1853]
1General Data

Owner Carolinas Virginia Nuclear Power Associates, a consortium of four utilities. [ DOE /OSTI-8200, p. j

til-1; and AEC Reports, Vol.1, p. 304]
Location Parr, SC [ WASH 1208, p.1]
Reactor 17.0 MWe heavy water reactor ordered 01/00/59. The reactor had 42 U-tubes and was 10*-3'

dia. and 11'-O' high. [lbid; DOE /OSTI-8200, p.111-1; and AEC Reports, Vol. 2, pp. 306-307]
First electricity 12/18/63 [ WASH-1208, p.1] -

Designer Stone & Webster [lbid; and AEC Reports, Vol.1. p. 311]
Builder Daniel Construction [ COO-284, p.103] |
Cost to Build $19.3 million [lbid, p.17] 5,
Licensing
e CP received 05/04/60. OL received 11/27/62, converted to a " possess only' 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 /OSTl-8200, p.111-1]

e 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] g

Operating Data 5
e 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]
e The plant's Ufetime 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 E

were shipped to Wes\ Valley. [The Decommissioning o/ Nuclear Plants, p. 8, and Nuclear Witnesses, p. 239]

Problems
*12/16/63 Numerous problems were experienced during plant start up. The problems were 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] / 3

03/08/66 Stress corrosion cracks were detected in stainless steel piping and mechanical equipment. While g
the plant was shut down for repairs, defective fuel elements were found inside the reactor, removed, and
replaced. | f 966 Annual AEC Report, p. 416] /

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, fuel cladding failures had also been experienced using both stainless and
incaloy rods. [The Careless Atom, pp. 126-127; and DOE /OSTi-8200, p.111-1] /

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 (BOtting water Nuclear Superheater Reactor)[08/14,54]
General Data g
Owner AEC and Puerto Rico Water Resources Authority [ DOE /OSTI-8200, p.111-1] 3
Location Punta Higuera, PR [lbid]

I
,
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Reactor 16.5 MWe BWR with integral superheater. Ordered 12/00/59. [lbid; and WASH-1208, p.1]
First electricity 08/14/64 [ WASH-1208, p.1]
Designer Jackson & Moreland [lbid) |

|Builder Maxon Construction. [AEC Reports, Vol.1, pp. 421-422]
Cost to Build $18.0 million (COO-284, p.17]
Licensing
e CP received 12/23/59; OL issued 04/02/64 The plant's OL was terminated 06/05/72. [lbid, p. 54; AEC

Fact Book, p. IX 4; and NUREG-1350, p. 90]
e During 1956, the AEC named Bonus one of four new nuclear power plants eligible for special U.S.

Govemment financing and other assistance. [ DOE /MA-0152, p. 39]
Operating Data
e The plant produced 68,297 MW-hrs of electricity during the 3.80 yrs it was in operation. [ WASH-1203-73,

lp. 9; and NUREG-0020,03/00/90, p. 3-6]
e The plant's Lifetime Capacity Factor, calculated using the above data, was 12.43%.
Decommissioning On 08/11/69, the AEC ordered the utility to begin dismantling the plant. The reactor .

was entombed and Phase 2 decommissioning completed during 1970. 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 altemate material. [1962 Annual AEC Report, p.150] / j

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. [lbid, pp. 70 & 78] /

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 Nuclear Safety, Fall 1965, pp.113-118] /

j 03/11/65 A valve in the reactor containment spray system failed, flooding the reactor with 3100 gallons of
i untreated water. The reactor had to be cleaned and flushed prior to being restarted. [ COO 284, p. 73] /

04/10/66 Due to hydrogen build-up in the reactor's control rod drive housings, the reactor was shut down
,

and a ventilation system installed in the housings. [1966 Annual AEC Report, p. 417] /
l 08/00/67 The plant was shut down because of core flow restrictions caused by crud budd-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

r major repairs and modifications. Chloride stress corrosion would have required replacing superheater piping.
| The reactor's core and control rod drives would have also required major repairs or modifications. [NUREG-

1350, p. 90; Nuclear News, 07/00/77, p.105; 1967 Annual AEC Report, p. 95; and Power,09/00/68, p.116]

16. HANFORD-N[04/0W66]
General Datai

Owner DOE [ DOE /OSTI-8200, p.11-8)
Location Richland, WA [lbid),

| Reactor 860.0 MWe water-cooled, graphite-moderated reactor ordered 04/00/63 This was a dual purpose
'

reactor, producing both steam for electricity and plutonium for nuclear 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 Bums & 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,05/21/59, p. 5)

:
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Licensing Notlicensed
Operational Data
e The plant was out of senrice 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 agreement with WPPSS |
(Washington Public Power Supply System). It was shut down again 05/12/73 after fulfilling its electrical un

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] g

e The plant generated 67,979,085 MW-hrs of electricity over its life. Based on this, its Lifetime Capacity g
Factor was 43.7% [ Nucleonics Week,03/05/87, p.18]

e 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. A5] / E

Decommissioning On 08/14/91, DOE announced the plant would be decommissioned. [ DOE News g
Release R-91-172]

Problems
00/0C/68 Work began on retubing 10 of the plant's 12 steam generators. About 20 miles of stainless steel a

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 failed. A secondary scram system was g

activated that dumped a hopper full of graphite balls into the reactor it took months to clean the graphite out E
of the reactor. [ Decline and Fall, p.101] /

02/04/71 Dismantling of tha reactor was stopped by the White House. The reactor was shut down on
01/28/71 due to a lack of funds and bocause the reactor was " unreliable and a possible safety hazard'. One
Govemment official said the plaat was subject to frequent breakdowns because of "a sloppy engineering job'
and it would cost millions to bring it up to " acceptable standards". [The Washington Post,02/05/71, p. A05; 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 vahre 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 concems about the
capability of its emergency core cooling system. [NAS Study, p. viii] 3

04/26/86 Because of the Chemobyl accident, Congress asked the National Academy of Sciences (NAS) g
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-
ball scram system, and c) process and cooling water tubes running through the stack. Also, years of irradiation g
had embrittled tubing materia!s embedded in the graphite blocks. [lbid, pp. vil & 20-22] / 3

05/00/86 Six fuel rod failures occurred within three months, partially because of damage from scaling inside
the reactor. [The New York 77mes,05/03/86, p. A5] /

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] / W

10/00/89 DOE decided to defuel and drain the reactor. However, work continued on safety enhancements
should it be necessary to restart the plant. [ DOE News Release R-91 172]

17. PATHFINDER [07/25/66]
General Data
Owner Northem States Power [ DOE /OSTi-8200, p.111-2) |
Location Sioux Falls, SD [ COO-284, p. 207] E
Reactor 58.5 MWe BWR with integral superheater; ordered 05/00/57 [lbid and WASH-1208, p.1]
First Electricity 07/25/66 [lbid] g
Designer Pioneer Service & Engineering [lbid] g
Builder Fegles Construction [ COO-284, p. 207]
Cost to Build $25.8 million [lbid, p.17]
Licensing g
e CP received 05/12/60. An OL was received 03/12/64, modified to a " possess only' OL on 05/14/69, and g

terminated on 03/05/73. [lbid, p. 210; WASH-1208, p.1; and AEC Fact Book, pp. IX-4 & E-28]

I
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c During 1957, the AEC named Pathfinder one of five new nuclear power plants eligible for special U.S.
Govemment financing and other assistance. [ DOE /MA-0152, p. 39]

Operating Data
e The plant produced 96,450 MW-brs 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]
e The plant's Lifetime Capacity Factor, calculated using the above data, was 15.82% i

e 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. [ Nuclear 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 08/08/91, the reactor was shipped to
DOE's Hanford facility. As of 01/00/92,1000 tons of low-level radioactive waste had been shipped from the
plant to Hanford. Final decommissioning costs are expected to tch! 523 aulion. [GAO/RCED-90-208, p. 22;

,

|
Nuclear News, 07/00i91, 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; a) design changes to resolve concems ;

j
' erpressed by the Advisory Committee on Reactor Safeguards, b) manufacturing 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 Dovelopment Company, a consortium of 21 utilities and equipment manufacturers.

[ DOE /OSTI-8200, p.111-1; and Reactor Accidents, p. 45]
Location Lagoona Beach, Mi [ DOE /OSTI-8200, p.1111]
Reactor 60.9 MWe sodium-cooled fast-breeder reactor ordered 03/00/57 [lbid; and WASH-1208, p.1]
First electricity 08/05/66 [ WASH-1208, p.1]
Designer Commonwealth Associates [lbid]
Builder United Engineers & Constructors [ Form / f, p.167]
Cost to Build $48.8 million [lbid, p. 91]
Licensing
e 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]

e During 1955, the AEC named Fermi 1 one of three new nuclear power plants eligible for special U. S.
Govemment financing and other assistance. [ DOE /MA-0152, p. 39]

Operating Data
e 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]
e Using the above data, as of 12/31/71 the plant's Lifetime Capacity Factor was 012% There is no reason

to believe it changed much before it was permanently shut down. The plant ontf operated about 30 days
and never more than five days in succession. [ Unacceptable Risk, p. 64]

e To compensate for its poor reliability, a $23 million oil-fired power plant was built alongide Fermi 1. The
plant came on line and produced e!ectricity 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 codium were drained
from the reactor and stored in drums at the plant. [ WASH-1208, p.1; Unacceptable Risk, p. 64; Decommission-
ing of Nuclear Power Facilities, p. 27; and Fermi 1, pp. 293 & 427]
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Problems
08/00/59 Six people were seriously injured when a sodium 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. [lbid) /

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 core. Nothing else was
done because, the temperatures were within specifications. [ Reactor Accidents, pp. 46-47]

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 7he 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] /

09/22/72 The plant was closed because it could not be operated economically. [Formi 1, p. 266] /

19. PEACH BOTTOM 1[01/27/67]
General Deta
Owner Philadelphia Electric [ DOE /OSTI-8200, p. Ill-2] g
Location Peach Bottom, PA [lbid] g
Reactor 40.0 MWe HTGR ordered 11/00/58 [ WASH 1208, p.1]
First electricity 01/27/67 [lbid]
Designer /Bulider Bechtel [AEC Reports, Vol. 2, p. 23] |
Cost to Build $28.1 million [ COO-284, p.17] W
Licensing
e CP received 02/02/62; OL received 01/27/67 [AEC Reports, Vol. 2, p. 25; and NUREG-1350, p. 90]
e During 1957, the AEC named Peach Bottom 1 as one of five new nuclear power plants eligible for special i

U.S. Govemment 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 of 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 Powerin
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 specia!!y fabricated cables could be replaced. [ COO-284, p. 239] /

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 chloride-stress corrosion.

[ Power,02/00/66, p. 93] /

i

|
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02/00/67 The plant was shut down until 06/00/67 for steam generator repairs. - [ WASH-1203-73, p. 34] /
10/00/68 The plant was down until 02/00/69 to remove and replace eleven damaged fuel rods and examine

the reactor core and steam generators. [ ibid; and 1966 Annual AEC Report, 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. [lbid, p. 35] /
10/31/74 The plant was permanently closed because it was too small to be operated economically. [Worfd I

Nuclear Power Plant Directory, p. 739; DOE /OSTi-8200, p. Ill-2 and Unacceptable Risk, pp.19 & 22] /

20. SAN ONOFRE 1 [07/16/|17]
General Data
owner Southem California Edison [ DOE /OSTI-8200, p.11-5] |
Location San Clemente, CA [lbid] |
Reactor 436.0 MWe PWR ordered 01/00/63 [ WASH-1208, p. 2] ;

'

First Electricity 07/16/67 [lbid]
Designer / Builder Bechtel [NUREG-0020,03/00/90, p. 2-380] <

Cost to Build $98.5 million [ DOE /EIA-0473, p.15] ' I
Licensing '

e CP received 03/02/64; OL received 03/27/67 [NUREG-1350, p. 82]
e During 1962, the AEC named San Onofre 1 as one of three new nuclear power plants eligible for special

U.S. Govemment financing and other assistance. [ DOE /MA-0152, p.39]
Operating Data

. _

e As of 02/28/90, the plant's Lifetime Capacity Factor was 51.0%, the worst of the nation's eight oldest
nuclear 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] .

e 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 08/00/81. The Findings pertained to inadequacies in radio-

logical controls, maintenance, and security. [NUREG 1214, p. 2-11]
e 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 to permanently

shut down because of the disruptive affect it would have on these two units. [ Nuclear Powerin Crisis, p. 212]

Problems
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 J
increase its in-service inspection of the system. [ Nucleonics Week,06/24/71, p.1-3] / - 1

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 1

problems were subsequently found with feedwater nczzles at ten other nuclear plants. [NuclearNews,07/00/79,
p. 36; and Nuclear News, 08/00/79, p. 28] /

.
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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 totalloss of cooling water due to inoperable valves. Desic- j

cants had abraded holes through seals in the valve solenoids. [ Nuclear News,01/00/88, p. 51] / I

04/09/80 The plant was down until 06/00/81 for refueling, and resteeving 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 truckloads 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 tum, caused a valve to malfunction which automatically shut down the reactor. [ Nuclear Age, p. 312]

I 07/00/81 An explosion in a radioactive gas holding tank resulted in damage to the tank and a small

i 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 cable 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 resteeving 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 All plant power was lost for four minutes causing severe water hammer in piping systems. Some
systems overheated and others cooled down too fast. The water hammer caused leaks in piping systems and
damaged plant equipment. [1984-1985 Nuclear Power Safety Report, p. 29] /

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,05/00/89, 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] /

10/16/90 The Govemment Accounting Office issued a report on counterfeit hardware in nuclear plants.
It stated San Onofre had counterfeit fastoners, pipe fittings, and circuit breakers. [GAO/RCED-91-6, p.16]

09/00/91 The Ratepayers Advocate Division of the Califomia PUC advised against adding over $100 million
to the ratt, base to bring it into compliance with current licensing requirements. [The Nuclear Monitor,10/07/91,
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 (also called CONNECTICUT YANKEE)[08/07/67]
General Data
Owner Connecticut Yankee Atomic Power Company [ DOE /OST1-8200, p. Il-3]
Location Haddam Neck, CT [lbid]
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 Build $109.3 million [ DOE /EIA-0473, p.15]
Licensing
e 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 plants eligible for special

,

U.S. Govemment financing and other assistanco. [ DOE /MA-0152, p. 39]!

l
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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]

e As of 06/30/90, the plant had a Cumulative SALP Rating of 1.46, the second best of the nation's eight
oldest nuclear 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]

e 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.- 2176 & 178]

e 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 operating 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 /wamings, and maintaining records of exposures. [ Nuclear 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 fined the utility $80,000. [1964-1985 Nuclear Power Safety Report, p. 27; Nuclear
News,10/00/84, p. 46; and Nuclear News, 02/00/85, p. 54] /

03/03/86 During refueling, a fuel assembly fell and lodged among other assemblies in the reactor. Retrieval
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 employee exceeded his maximum quarterly radiation exposure while repairing a steam
generator. The utihty 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 plant out of service
until the spring of 1988. [ Nuclear News,05/00/91, p. 47]

09/00/90 The reactor was restarted after being out of service since 09/00/89 for refueling and additional
repairs to thermal shielding. [ Nuclear News,05/00/91, p. 47; and NUREG-0020,03/00/90, p. 2177] /

12/31/90 During 1989-90, the plant's safety systems failed 27 times, more than any other operating U.S.
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, 08/26/91, p. 7]

22. LA CROSSE (also called DAIRYLAND or GENOA)[04/26f68]
General Data
Owner Dairyland Power Cooperative [ DOE /OSTI-8200, p. |||-2]
Location La Crosse, WI [lbid]
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 [lbid]
Builder Maxon Construction [NUREG-0020,01/00/77, p. 2-58]
Cost to Build $19.1 million [ COO-284, p.17]
Licensing
e CP received 03/29/63; OL received 07/03/67 [NUREG-1305, p. 90; and COO-284, p. 201]
e During 1956, the AEC named La Crosse one of four new nuclear power plants to receive special U.S.

Govemment financing and other assistance. [ DOE /MA-0152, p. 39]

^?
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Operating Data
e 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] ||

5e 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] g |
Decommissioning After shut down, the reactor's fuel was moved to the unit's spent fuel storage pool, g|

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]

II
|

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. [1964 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, c) control rod
drive repairs, d) turbine-condenser repairs, e) malfunctioning containment isolation valves, and (f) cracks in
steam generator feedwater nozzles. [ 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] /

00/00/71 The plant was down until 01/00/72 to repair and replace fuel rods and reactor head studs.
[ WASH-1203-73, pp. 44 & 46] / , g07/00/72 The plant was down for three months to repair pump seals, replace damaged fuel rod assemblies,
and perform other unscheduled maintenance. [lbid) / 3

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 77mes,09/22/74, pp.1 & 34]

01/29/75 After finding cracks in Dresden 2 emergency core cooling (ECC) piping, the NRC ordered La
Crosse shut down untilits 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; World Nuclear Power Plant Directory,
p. 716; 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 Nucleonics Week, 04/30/87, pp. 7-8) /

23. OYSTER CREEK [09/23/69]
General Data g'
Owner GPU Nuclear [ DOE /OSTl-8200, p.11-4] g
Location Toms River, NJ [lbid]
Reactor 620.0 MWo BWR ordered 12/00/63 [lbid; and WASH-1208, p. 2]
First Electricity 09/23/69 [ WASH-1208, p. 2] |3
Designer / Builder Bums & Roe as a subcontractor. General Electric had a "tumkey contract" with the a

utility. [Containing the Atom, p. 30; and NUREG-0020,03/00/90, p. 2-288] l
Cost to Build $91.4 million [ DOE /EIA-0473, p.15] g
Licensing CP received 12/15/64; OL received 08/01/69. The utility received a " provisional" OL on 04/09/69 g'

[AEC Fact Book, p. E-27; and NUREG-1350, p. 79]
Operating Data
e 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 rom. [ Nuclear Lemons,05/00/89, p.19; and 04/25/91, p. 7] /

Il
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e 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] /

e As of 06/30/90, the plant's Cumulative SALP Rating was 2.01, the worst of the nation's eight oldest oper-
"

ating nuclear units. As of 02/00/91, the plant's SALP Rating was 2.14. Category 3 Findings were identi-
fled during seven of last ten SALP inspections. Most pertained to problems with radiological controls and

'

h;plant operating procedures. [NUREG-1214, p. 2-12; and Nuclear Lemons,04/25/91, p. 8]
e As of 02/2&90, the plant's Lifetime Capacity Factor was 51.6%, the second worst of the nation's eight 1A-

oldest nuclear plants. Forced outages totalled 19,040 hrs (2.2 yrs) and on-line hrs totalled 109,337 (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. [ Poisoned 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 can ,

/

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 nozzle welds. Repairs and tests took months and resulted
in costly delays. [Forbes, 11/1968, p. 58] /

02/00/69 The NRC received allegations that substandard piping and valves had been ir stalled in the plant.
A subsequent investigation found some of the allegations to be true. [Containing the Atom, pp. 217 & 218] / - '

.

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 could have prevented. GE settled for $5 million. [Forbes,02/15/70, p. 34; The New
York Times, 07/23N1, p. 41, and 10/25n3, p. 72; and Engineering News-Record, 08/12/71, p. 21] /

01/0003 50,000 gallons 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 77mes,01/2793, 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 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} /

09/00/73 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. 42&43] /

' ~

09/21/74 Because of cracks found in Dresden 2 rer.ctor coolant (RC) piping, the AEC ordered Oyster Creek
shut down to reexamine its RC piping. [The New Yon Times,09/22N4, pp.1 & 34]

01/29/75 Because of cracks found in Dresdon 2 eme gency core cooling (ECC) piping, the NRC ordered
Oyster Creek shut down to reexamine its ECC piping. No cracks were found. [The WaII Street .loumal,
02/1195, p.18; and The New York Times, 01/30/75, pp.1 & 11]

04/00&5 The design of the containment 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] .,

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. [ Nuclear 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 airbome 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; Nuclear 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 tools. [ Nuclear News,09/00/80, p. 35)

04/00/81 The utility was fined $80,000 for blocking the movement of two suppression pool vacuum breakers
with scaffolding. [ Nuclear News, 10/00/81, p. 39] /

: 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 corrosion had reduced the thickness of'

the 1.15 inch thick liner by up to 0.25 inches. The corrosion was attributed to moisture and impurities in sand g
backing the liner. [The New York Times, 12/22/86, p. B6; and NRC Information Notice 66-99, p.1] / g

04/24/87 While the reactor was at 23% power, two vents to the suppression pool were intentiona!!y 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] / 3

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 Ia

the misdeed, the five involved personnel destroyed all associated documentation. The NRC permanently
banned the five from working at Oyster Creek. [ Nuclear 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 Govemment Accounting Office report identified use of counterfeit fasteners at Oyster Creek.
Some of the fasteners were considered a significant safety hazard. [GAO/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 NRC |
Infonnation Notice 93-45, p.1) m

03/29/93 The utility announced that, because its spent fuel pool was near capacity, beginning in 1996, fuel'

removed from the reactor would be placed in dry storage casks. [The Nuclear Monitor,04/12/93, p. 8)

24. NINE MILE POINT 1 [11/0959]
General Data
Owner Niagara Mohawk Power [ DOE /OSTI 8200, p. |l-3]

'

Location Scriba, NY [lbid)
Reactor 610.0 MWe BWR ordered 10/00/63 [lbid; 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 [lbid) um

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

'

e As of 06/30/90, the plant's Cumulative SALP Rating was 1.81. Category 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 I

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] |
e As of 02/28/90, the plant had a Lifetime Capacity Factor of 54.7%, below the national average of 61.9% j

Forced outages totalled 31,464 hrs (3.6 yrs) and on-line hrs totalled 112,103 (12.8 yrs). Forced outages I

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)

e 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 1989-90. [ 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 |

nozzles. While the repairs were taking place, cracks were found in a thermal sleeve in the reactor. [The New 3
York Times,06/30/70, p. 34; Nucleonics Week, 05/14/70, p.1; and WASH-1203-73, p. 47] /

I
I



Supplement V NUCLEAR PLANTS BUILT PRIOR TO 1971 Page 22

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#3 Power was reduced by 10% until a solution could be found to fuel densification problems first
noticed at Ginna during 05/00N2. 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 coolant (RC) piping, the AEC ordered Nine Mile
Point 1 shut down untilits RC piping could be reexamined. [The New York 77mes,09/22/74, pp.1 & 34]

01/29#5 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]

04/0095 The design of the containment 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, 08/00/79, p. 28]
03/00/81 A reactor coolant pump failed and plant operators dumped tons 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 to recheck E
RC pipe at nine other plants. [1983 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 ahegations, the NRC fined the utility $50,000 for recurring QA
violations that it attributed to a complacent management attitude. [ Nuclear Safety, 10/00/8712/00/87, 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 05/00/89, 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-
cemed with bringing Nine Mile Point 2 on line, it neglected 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 Govemment Accounting Office issued a report identifying use of counterfeit f asteners, 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 utility 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] /

11/20/92 The utility announced it may close the plant in earty 1995 because of high operating and mainte-
nance costs. [The Nuclear Monitor, 12/14/92, pp. 4 & 7; and Nuclear News, 01/00/93, p. 21] /

25. GINNA (also called BROOKWOOD) [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.170]

_ _ _ _ _ _ _ _ _ _ _ _ _
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Builder Bechtel [lbid];
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] |,
BOperating Data

e As of 06/30/90, the plant's Cumulative SALP Rating was 1.62. Only one Category 3 Finding, pertaining
to administrative controls, was identified during a 07/00/80 SALP inspection. [NUREG-1214, p. 2-4] g

e As of 02/28/90, the plant's Lifetime Capacity Factor was 73.8%, the best of the nation's eight oldest oper- g
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 steel

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] / 5

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 g

cracked. An investigation found that heat and radiation compressed fuel pellets. As the pellet compressed, they g
slipped down in the fuel rod leaving gaps of several inches between adjacent sections of pellets. [ Popular
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 |
Electne reactors including Dresden 2. Millstone 1, Nine Mile Point 1, and Oyster Creek. [AEC Fact Book, p. 3
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 generator's nozzles. [ Nuclear News, 08/00/79, pp. 28 & 30] e
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 g
a relief valve failed to cicse and some radioactive steam and 5000 gallons of contaminated water leaked out g
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,!oumal,05/25/82, p. 21; Nuclear Age,
pp. 265 & 266; 1983 Nuclear Power Safety Report, p. 6, and The Truth About Chemobyl, p. 71) / |

*

10/16/90 A Govemment Accounting Office report identified counterfeit fasteners, pipe fittings, and circuit 3
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] / W

26. DRESDEN 2 [04f13/70]
General Data
Owner Commonwealth Edison [ DOE /OSTl-8200, p. Il 2)
Location Morris, IL [lbid]

i Reactor 772.0 MWe BWR ordered during 02/00/65. [lbid 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]
Builder United Engineers & Constructors [lbid] g
Cost to Build $101.3 million [ DOE /EIA-0473, p.15] g
Licensing CP issued 01/10/66; OL received 12/22/69 [NUREG-1350, p. 73]
Operating Data
e 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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e As of 12/31/89, Dresden 2 had more spent fuel in its storage pool than any other of the nation's 111
operating nuclear power plants. [ Nuclear Lemons,04/25/91, p.10]

e As of 02/28/90, the plant's Ufetime Capacity Factor was 57.2% whereas the national average was 61.9%.
Forced outages totalled 7,658 brs (0.9 yrs) and on-line hrs totalled 126,171 (14.4 yrs). [NUREG-0020,
03/00/90, p. 2-130]

e 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 pedormed since 11/00/80. Most Findings pertained to problems with
radiological controls and plant operations. [NUREG-1214, p. 2 47]

e in 1992, Dresden 2 was placed on the NRC's list of " problem plants." [ USA Today, 12/02/92, p. 8A] /

Problems
06/05U0 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 for 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,06/00/72, pp. 97 & 98; Popular Science 09/00/73, p. 81; and The Silent Bomb, p.151] /

09/00&O The plant was shut down until 12/00/70 to repair condenser tubes, feedwater pumps, the main
transformer, and control rod drives. [ WASH 1203-71, p. 52]

00/00n1 A defective water-level gauge resulted in over-filling the reactor and blow-down into the drywell.
The resulting transient destroyed most of the core's monitoring cables and may have damaged the reactor sup-
port structure. [The Silent Bomb, pp. 196,291, & 292; and Chemtech,05/0096, p. 309] /

00/00#2 Paint inside the plant's pressure-suppression pool failed and had to be removed and replaced
with an inorganic zinc coating. [ Power Engineering,06/00&4, p. 46] /

08/24#3 Power was reduced by 8% until fuel densification problems similar to those at the Ginna plant
during 05/0002 could be solved. Full power operation resumed 01/03/74. [ Nucleonics Week,08/30/73, p.1;
and AEC Fact Book, pp. E 49 & 52] /

09/21n4 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#4, cracks were found in RC
bypass lines at Dresden 2, Quad Cites 1&2, and Monticello. [The New York 77mes,09/2294, pp.1 and 34;
1975 Annual NRC Report, pp. 75 76; and The Silent Bomb, p.151] /

01/25#5 The wrong control rods were removed from the reactor. [1975 AnnualNRC Report, p. 96] /
01/28n5 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 77mes,01/3095, pp.1 & 11; The Washington Post,03/07#5, p. C6; 1975
Annual NRC Report, p. 97; Nucleonics Week,02/27MS, p. 3; and The Silent Bomb, p.151] /

04/00/75 The design of the containment 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]

05/00#5 A containment isolation valve failed to close because of metal filings and missing insulation in its
electrical components. [ Nugget File, p. 55]

03/25n6 A leak and crack was found in a 14-inch diameter pipe in the plant's high-pressure reactor coolant
system. [ Nuclear News, 05/00n6, p. 41]

08/0037 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
ventitation system modified to prevent the possibility of future recurrences. (Nec! ear News,11/00#8, p. 39] /

10/07/80 The utility was fined $40,000 after, on 08/08/B0, the NRC found two control room operators asleep
while on duty. [ Nuclear News, 10/00/80, p. 38; and Nuclear Nr ws, 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 Illinois River into the plant's |
Efire protection water pumphouse. The waters receded without damaging electrical equipment needed to remove

residual heat from the reactor after it is shut down. [1983 Nuclear Power Safety Report, p. 3] /
12/18/83 The NRC fined the utility $50,000 for quality assurance deficiencies in vacuum breaker seal g

testing and installation. [ Nuclear News, 12/00/83, p.129] g
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] /
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, 10/00/8712/00/87, pp. 566-567] /
12/31/90 During 1989-90, Dresden 2 had five significant operating events, more than any other operating |

Enuclear power plant. "Significant events" are those that are capable of damaging safety equipment. [ Nuclear
Lemons, 04/25/91, p. 8] /

05/17/91 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] /

27. ROBINSON 2[0$V26/70]
|General Data

Owner Carolina Power & Light [ DOE /OSTl.8200, p. |l-3] m
Location Hartsville, SC [lbid]
Reactor 569.0 MWe PWR ordered 01/00/66 [ ibid and WASH-1208, p. 2]
First Electricity 09/26/70 [ WASH-1208, p. 2]
Designer /Bulider Ebasco [NUREG-0020,03/00/90, p. 368]
Cost to Build $76.4 million [ DOE /EIA-0473, p.15]
Licensing CP received 04/13/67; OL received 09/23/70 [NUREG-1305, p. 82]
Operating Data
e 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] |

e As of 02/28/90, the plant's Lifetime Capacity Factor was 60.6% Forced outages totalled 15,384 hours 3
(1.8 yrs) and the plant was on-line a total of 114,262 hours (13.0 yrs). During 1989-90, 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
|

06/19/71. The utility was ordered to reduce the reactor's temperature to 2300*F to meet ncw AEC criteria 3
for emergency core cooling systems. [ Nucleonics Week,06/24/71, pp.1-3] g

08/00/71 The plant was restarted after major turbine repairs. During 03/00/71, a bearing failed that was j

replaced. After restarting, the turbine suffered vibration dar'1 age. [ WASH-1203-73, p. 49] / |j07/00/74 A worker ingested considerable radioactive dust whe''.63 opened a vacuum cleaner that had been |
used to remove dirt from inside the plant's steam generators. If/4ps File, pp. 48&49] / W j

05/02/75 132,500 gallons of contaminated water les4<t % M mactor building when seals failed on a
'

reactor coolant pump. The leak occurred because plant operators activabd a pump that was still out of service
for repairs. [1975 Annual NRC Report, pp. 94-95) /

00/00/79 Cracks were l'aund in the steam generator's feedwater nozzles. [ Nuclear News,08/00/79, p. 28]
05/12/81 The utility wr.s fined $40,000 after three workers receiving excessive radiation exposures due to

the improper placement o'. film badges. [ Nuclear News, 07/00/81, p. 42] g
08/15/81 The utility was fined $50,000 after an employee received an excessive radiation exposure. The g ,

fine considered previous excessive exposures during 1981. [ Nuclear News,01/00/82, p.132]
'

I
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12/03/81 About 1070 (11%) of the plant's stea n ge 1erator tubes were plugged to prevent leaking. While
restarting the plant, a pump gasket failed and 15f4 gallons of water spilled into the plant's auxiliary building.
[NUREG-0886, p.19; and Nuclear News, 01/00'32, p. 54] /

'

10/01/83 The plant was shut down until 04/J9/84 to replace, at a cost of $86.8 million, its steam generators
and stainless steel piping suffering from microbologically 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 plants. [ Nuclear Lemons. 05/00/89, p. 27] /
06/16/88 The NRC fhed the utility $450,000 for extensive failures in documentation and procedures for ;

qualifying plant electricel equipment. The fine was one of the largest ever by the NRC. [NUREG-0940, p. 3;
and Nuclear News, 08/0U88, pp. 36 & 38] /

10/16/90 A Govemment Accounting Office report identified use of counterfeit fasteners at the plant. Some
of the fasteners were considered to pose a significant safety hazard. [GAO/RCED-91-6, pp.16-18] / -

12/17/91 The utility was fined $37,500 because of multiple design control deficiencies including errors in
calculations. [ Nuclear Sa/ety,04/00/92-06/00/92, p. 289]

08/24/92 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 plastic blocked
the flow of water during safety injection pump tests. [NRC information Notice 92-85, pp.1 & 2] .

.
!

28. POINT BEACH 1 [11ANiWO]
General Data
Owner Wisconsin Electric Power [ DOE /OST1-8200, p.11-4)

Location Two Creeks WI [lbid]
Reector 485.0 MWe PWR ordered 02/00/66 [lbid and WASH-1208, p. 2] ,

First Electricity 11/06,70 [ WASH-1208, p. 2] |
Designer / Builder Bechtel [NUREG-0020,03/00/90, p. 330] |
Cost to Build $60.6 million [ DOE /EIA-0473, p.15] i
Licensing CP received 07/19/67; OL received 10/05/70 [NUREG-1350, p. 81] |
Operating Data I

e As of 06/30/90, the Cumulative SALP Rating was 1.60, one of the best in the nation. Only ona Category j
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]

e 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 yrs) and the plant was on-line a total of 136,955 hours (15.6 yrs).
[NUREG-0020, 03/00/90, p. 2 328]

Problems
03/00/69 The reactor vessel rolled over on its transporter as it was being moved into the reactor building.

Two of its nozzles 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 NuclearNews,

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.1] /
05/03/73 Refueling tumed into a five month outage for turbine and steam generator repairs. [The Wall

Street ,loumal, 05/03/73, p.1] /
02/26/75 The plant was shut down for several weeks after a steam generator tube ruptured. Contaminated I

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.

[ Nuclear 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 coolant E ,

temperature dropped 140*F in one hour,40*F more than permitted. [ Nuclear News, 10/00/92, p. 29] /
10/16/90 The Govemment Accounting Office issued a report identifying counterfeit fasteners at Point

|
Beach. Some of the fasteners were considered a significant safety hazard. [GAO/RCED-91-6, pp.16-18] / |

29. MILLSTONE 1 [11/2W70] .

g|General Data
Owner Northeast Nuclear Energy [ DOE /OSTI-8200, p.11-3] g
Location Waterford, CT [lbid) |

( Reactor 654.0 MWe BWR ordered 09/00/65 [ WASH-1208, p. 2]
First Electricity 11/29/70 [lbid]

| Designer /Bulider Ebasco [NUREG-0020,03/00/90, p. 2 238] |
|

| Cost to Build $92.0 million [ DOE /EIA-0473, p.15] i

| Licensing CP received 05/10/66; OL received 10/31//0 [NUREG-1350, p. 77]
i

| Operating Data
e On 08/13/85, the plant set a U.S. record for continuous operation,374 consecutive days. [NuclearNews,

!
09/00/B5, p.114]

l e During 1989-90, the plant had more significant operating events than any operating nuclear power piant g
except Dresden 2. [ Nuclear Lemons, 04/25/91, p. 8) / g

e During 1984-88, the plant shipped off-site more low-level waste than any other operating nuclear power
plant. [lbid, p.10]

I e As of 12/31/89, the plant was holding 340.6 metric tons of spent fuel, the third most of the nation's
operating nuclear power plants. [lbid]

! e As of 02/28/90, the plant's Lifetime Capacity Factor was 70.6%. Forced outages totalled 6,704 hours (0.8
I yrs) and the plant was on-line a total of 130,493 hours (14.9 yrs). [NUREG-0020,03/00/90, p. 2-236]

e 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 to the plant's

safety systems. [ Nuclear Witnesses, p. xxii; Nugget File, p. 39; and The New York Times, 08/26/72, p. 28]
09/01/12 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 Chemteen,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 g

<r gf 975 NRC Annual Report. p. 97] /
01/29/75 Because of cracks found in Dresden 2 emergency core cooling (ECC) piping, the NRC ordered

Millstone 1 shut down untilits ECC piping could be re-examined. [The New York Times,01/30/75, pp.1 & 11]
03/27/75 1200 personnel workbg on Millstone 2&3 construction were briefly evacuated from the plant when

Millstone 1 operators accidently mixed contaminated water with clean water, [ Unacceptable Risk, p. 39]
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 radioactive steam escaped into the reactor
building and over an acre of land adjacent to the building. [ Nugget File, p. 67] /

11/12/76 The wrong control rods were withdrawn from the reactor while it was being refuelled. 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] /

I
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07/14#7 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,08/00H8, pp. 20 & 135]

10/27#7 Dr. Stemglass, a Pittsburgh college professor, told Congress that, during 1974-75, the plant
!

,

! released 2,970,000 curies of radioactive gas, more radioactivity than ever before released in the history of |
| nuclear energy. His statistics greatly alarmed the NRC and Congress. A subsequent investigation found the ;

|
high readings were due to weapons testing fallout. Nevertheless, the utility installed a new $15 million gas ;

'

i treatment system which became operational on 05/23&8. [ Nuclear Witnesses, p. 75; Nuclear News, 02/00&8,

| p. 34; and Nuclear News, 07/00/78, p. 38] /
12/13&7 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] /
l 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-916, 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, 04/00/92-06/00/92, p. 284] /

04/01/92 NRC inspectors found gaskets and seals missing from barriers that protected electrical switchgear
i from nearby steam pipes. [NRC Information Notice 92-52, p.1]

05/00/93 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,06/07/93] /

30. MOlWiCELLO [03/05/71]
General Data
Owner Northem States Power [ DOE /OST1-8200, p. |l-3]
Location Monticello, MN [lbid]
Reactor 536.0 MWe BWR ordered 04/00/66 [ WASH-1208, p. 2]
First Electricity 03/05N1 [lbid]
Designer / Builder Bechtel [NUREG-0020,03/00/90, 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
e 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]

e 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]

e On 03/31/86, the NRC announced a reduction in oversight of Monticello 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]

I 07/00/74 The plant experienced 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] /

I
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09/21/74 After finding cracks in Dresden 2 reactor coolant piping, the AEC ordered Monticello shut down
untilits 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 Monticello 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 5
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 waterleaked 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] g

12/31/87 During 1983-87, $86.95/kW was spent on major repairs and backfitting, the third most of operating g
nuclear power plants. [ Nuclear Lemons, 05/00/89, p. 27] /

I
I
I
I
I
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|1. RANCHO SECO [10/13/74]
General Data
Owner Sacramento Municipal Utility District [ DOE /OSTI-8200, p.11-5) g
Location Clay Station. CA [lbid] g|Reactor 873.0 MWe PWR ordered 08/00/67 [lbid and WASH-1208, p. 4)
First Electricity 10/13/74 [NUREG-0020,03/00/90, p. 2 358] |
Designer / Builder Bechtel [lbid) i

'

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;public referendum. [NUREG-0020,03/00/90,

|iIp. 2-357)
5Operating Data )

The plant's Cumulative SALP Rating was .2.00. Twelve Category 3 Findings were identified during 'e
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 Je

3the plant was on-line a total of 57,810 hours (6.6 yrs). [NUREG-0020,03/00/90, p. 356)

g|On May 22,1986, the NRC identified the plant as one of 16 of the nation's worst nuclear power plants.e
[The New York Times,07/16/86, p. A11) /

e During 1987-88, the plant was ranked as the nation's ninth worst operating nuclear 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, W !
the utility began transferring fuel from the reactor building to an on-site storage pool. Dismantling the plant, )
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 3 '

69 drive motors overheated. Repairs took three months. [The Silent Bomb, p.196; and Nugget File, p. 58] / 5|
11/00/75 Several containment spray nozzles had been rendered inoperable by a painting contractor who i

placed masking tape over the nozzles and then forgot to remove the tape. [ Nugget File, p. 59] / ;

03/20/77 Plant instrument readings were lost for about 70 minutes due to a short circuit in the main control |l
room panel. During the ensuing black-out, reactor coolant temperatures fell 270*F, nearly cracking the vessel. 5
The short circuit occurred when a plant operator, who was replacing a bumed out light, accidently dropped a |

replacement bulb into the panel. [ Nuclear Age, p. 241; and Normal Accidents, pp. 44 8 45) / a !
07/00/78 The utility was ordered to reduce power by 25% until modifications were made to its Emergency g'

Core Cooling System (ECCS). The NRC found an error in the plant's original analyses. New calculations found i

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) E
10/00/78 Westinghouse was awarded $3.3 million in a lawsuit agair'st the utility. Six months after start-up, g i

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. [ Engineering 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 requirements, the same cable and crane
were used to lift a seven-ton load. [ Nuclear Age, p. 309] / g

04/04/B0 The utility was fined $25,000 for improperly aligned valves in the plant's emergency core cooling g
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. [NuclearNews,
08/00/82, p. 50] / g

10/02/85 The reactor was cooled too rapidly. The plant was shut down for the rest of the month to evaluate 3
the cause and take corrective action. [ Nuclear News,02/00/86, p. 31] /

I
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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 gallons 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 plant was down until
03/30/88. During the 27 month outage,400 plant modificatioris were completed at a cost of $400 million not
including $200 million for replacement electricity. [ Nuclear News, 12/00/86, p. 36; Nuclear News, 07/00/87, p.
38; Nuclear 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 Joumal, 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 Joumal, 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,10/00/07, p. 21; Nuclear News, 02/00/88, p. 36; Nuclear News, 09/00/88, p. 35; and Nuclear News,

'

05/00/89, pp. 27 & 28] /
11/00/87 In two separate incidents, about 10,000 gallons of radioactive 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 Govemment 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 [lbid]
Reactor 1075.0 MWe PWR ordered 11/00/68 [ WASH-120b, p. 5]
First Electricity 05/20/76 [NUREG 1350, p. 85]
Designer / Builder Bechtel [lbid] )
Cost to Bulld $443.1 million [ DOE /EIA-0485, p.109]
Licensing Data

1 e CP received 02/08/71, OL received 11/21/75 [NUREG-1350, p. 85}
e 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.

e As of 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]

e 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 to total $488 million. [The Wall Street Joumal,01/05/93, p. A4] /

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 24 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 system. [ Nuclear News, 12/0006, p. 96]

11/0096 The state of Oregon sued the utility for discharging heated water into the Columbia River without
having a OA Program for controlling and monitoring such thermal discharges. Such a OA Program was agreed
to during a meeting with the state in early 1975. [ Nuclear News, 10/00/76, p. 35] /

10/1097 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] /

05/26/78 The NRC ordered the plant to remain shut down, following refueling, 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. 96A] /

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 largost in
the history of licensed nuclear power. [ Nuclear News,09/00/78, p. 55; 02/00/79, 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. Followir)g the arrests, the NRC began
requiring drug and alcohol addiction testing of nuclear power plant guards. [NuclearNews,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]

09/29/83 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 valve, 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] /
03/00/91 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 operation. [ Nuclear News,09/00/92, p. 25]

11/09/92 The plant was forced to shut down because of new steam generator tube leaks. [The Energy
Daily, 01/06/93, p. 2]

02/17/93 The utility sued Westinghouse claiming the manufacturer knew, as eady 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,04/00/93, p. 27] j

3. FORTST VRAIN[12/11/76]
General Data
Owner Public Service Company of Colorado [ DOE /OSTI-8200, p.111-1]
Location Platteville, CO [lbid]
Reactor 330.0 MWe HTGR ordered 03/00/65 [ WASH-1208, p. 2]
First Electricity 12/11/76 [NUREG-1350, p. 90]

| |!
I!
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Designer Sargent & Lundy [ WASH-1208, p. 2]
Bullder Ebasco [NUREG-0020,09/00/89, p. 2168]
Cost to Build $274.1 million [ DOE /EIA-0473, p.15]
Licensing Data
e CP received 09/00/68; OL received 12/21/73 [ WASH 1208, p. 2; and NUREG-1350, p. 90]

During 1958, the AEC named Fort St. Vrain one of five new nuclear power plants eligible for speciale
U.S. Govemment financing and other assistance. [ DOE /MA-0152, p. 39]

| Date Closed 08/18/89 [SECY-90-421, p. 3]
Operating Data

The plant's Cumulative SALP Rating was 2.07. Category 3 Findings were identified during every onee,

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 1970se
and 1980s. Forced outages totalled 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. 2166; and 1984-85 Nuclear Power Sa/ety Report, p. D2]

e On 05/22/86, the NRC Identified the plant as one of the 16 cf the nation's worst nuclear power plants.

| [The New York 77mes,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/92-01, p.177; Nuclear News, 01/00/93, p. 23; and GAO/RCED-90-208, p. 23] /

Problems
06/0095 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. 67] /
12/11#6 Construction was completed six years behind schedule. General Atomics, the reactor manufac-

turer, paid $52 million in penalties. [ Engineering News-Recorri, 02/02n8, 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 Fifteen 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] /

11/00R8 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, 11/1698, p. 23]

04/02R9 The plant's license was amended limiting operation to 70% of full power. This restriction was lifted
3% years later. To compensate the utility for the power reduction, General Atomics agreed to a settlement of
$180 million and free fuelIor 5 years. [ Nuclear News,05/00/79, p. 58; and Nuclear News, 11/00/82, p. 34] /

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] /

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 associated 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] j

General Data j
'

Owner GPU Nuclear [ DOE /OSTI-8200, p.111-2]
Location Middletown, PA [lbid]
Reactor 906.0 MWe PWR ordered 02/00/67 [lbid 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] l
Licensing Data CP received 11/25/69; OL received 02/08e78 [NUREG-1250, pp. 77 & 109] |
Date Closed 03/28/79 [NUREG-1350, p. 90] j
Operating Data |
e As of 12/31/78, the plant's Cum. Capacity Factor was 85.1% [NUREG-0020,01/00/79, p. T-5) |
e 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 pu!!ed from ser- 1

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, e) over )
52 audible alarms in the control roc 1, all of which went off during the accident, and f) control room !

gauges that were either out-of-service or went off-scale during the accident. Repair tags hanging from I
gauges prevented reading those that were in service. [ Nucleon /cs 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] /

Problems
04/23/78 Plant startup was put on hold until 09/17/78 when main steam isolation valves failed to close. The

problem was due to a design error and all five valves had to be replaced. [NUREG-1250, p.110] / E
11/03/78 A plant mechanic shut down the entire plant by tripping what he thought was a light switch. He g

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. It 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 j
the reactor was brought under control, and it was safe to retum. 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 |
IThe 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 1

to operate Pennsylvania nuclear power plants should not be revoked. [lbid) / )
!04/00/80 About 2000 lawsuits were filed against GPU by local residents and other affected organizations.

In tum, the utility sued B&W, the reactor manufacturer, 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] /

S. SHOREHAM[07/06/85]
General Data
Owner Long Island Ughting [ DOE /OSTi-8200, p. Il-5] |
Location Brookhaven, NY [lbid] 5
Reactor 820.0 MWe BWR ordered 02/00/E7 [ ibid and WASH-1208, p. 3]

| I
| I
|
\
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First Electricity 07/07/85 [The New York Umes,09/17/85, p. 83; and Nuclear News, 08/00/85, p. 45]
Designer Stone & Webster (Spectrum, 11/00/87, p. 30]
Builder 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 to 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 to help
restore the utility's financial health. [The New York Times,07/20/91, p. 22; and Nuclear News,08/00/91, p. 79]

Operating Data
e 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 tumover 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 operation, the NRC cited Shoreham with five NRC violations. [ Spectrum,e
11/00/87, p. 34] /
Shoreham operated at less than 5% of full-power for a total of 30 hours. On 08/26/86, it produced 19e
MW-hrs of commercial power. Over its 3.80 yr operating life, Shoreham had a Lifetime 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]

Problems
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 11 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. [lbid, p. 28] /

00/00/73 Piping systems had to be upgraded to meet ASME 111 requirements. New pipe was ordered to
replace what was already on site, and construction was delayed until the new pipe was delivered. [lbid, 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] /

00/00/80 Electrical cable trays had to be tom out and rerouted to meet new NRC regulations based on
lessons leamed 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. [lbid, 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 emergency 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 torsionalloads they experienced during generator start-up.
Replacing the generators delayed fuel loading by over a year and cost $619 million. [lbid, 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. [lbid, p. 34]

07/00/86 in response to lessons leamed 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 Management Agency
authority to evacuate personnel near nuclear power plants when state and local govemments are unwilling to
do so. The order cleared the way for a 04/21/89 Operating License. [The Washington 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
asking 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 [05/0W58]
Owner Wolverine Electric Cooperative [ Atomic Energy Deskbook, p. 613]
Location Hersey, MI [ Forum, 02/00/56, p.16] 4

Reactor 10.0 MWe aqueous homogeneous reactor. [ ibid) |

Construction Permit Application During 00/00/56, in response to the AEC's "second round" request for
PDRP proposals. [ Atomic Energy Handbook, p. 613] |

l

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] ,

1

2. CHUGACH[02/0W59] \

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. [lbid]
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 [0W00M1]
Owner Florida West Coast Nuclear Group, Inc [1960 Annual AEC Report, p. 406]
Location Tampa, FL [ Atomic Energy Deshbook, p.172] ,

,

'

! Reactor 50.5 MWe HTGR, heavy water moderated [1960 Annual AEC Report, p. 406]
| Construction Permit Application 12/10/59 [lbid]

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. RAVENSWOOO [11/1453]
Owner Consolidated Edison [1963 Annual AEC Report, p. 432]
Location Queens, NY [lbid]
Reactor 100.0 MWe PWR [ Ibid]
Construction Permit Application 12/10/62 [lbid]
Cancelled On 11/14/63, the Application was withdrawn for modification and never resubmitted. The plant

was to be located across the East River from Manhattan's 72nd Street. [lbid, pp. 363 & 432; and Unacceptable |

Risk, p. 65]

I S. BODEGA BAY [11/04M4]
Owner Pacific Gas & Electric [1963 Annual AEC Report, p. 359]
Location Bodega Head, CA [lbid, p. 432]
Reactor 325.0 MWe BWR [lbid]
Construction Permit Application 12/31/62 [lbid]
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 preparation and excavating a 73-foot deep reactor
building foundation. [lbid, p. 359, Containing the Atom, p. 99; and 1964 Annual AEC Report, p. 318]

j 6. MALIBU [07/14/66]
I Owner Los Angeles Water & Power Department [1963 Annual AEC Report, p. 432]

| Location Corral Canyon, CA [lbid]
| Reactor 490.0 MWe PWR [lbid]

Construction Permit Application 11/26/63 [lbid]
Cancelled On 07/14/66, the ASLB ruled the plant must be designed for permanent ground displacement

as a result of an earthquake, a virtual impossibility. [1966 Annual AEC Report, p. 59]

i
i
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'

7. BURLINGTON 1 & 2[08/0G'67]
Owner Public Cervice of New Jersey [1967 Annual AEC Report, p. 336]
Location Burlington, NJ [lbid]
Reactors 1050.0 MWe PWRs [lbid]
Construction Permit Applications 12/13/66 [lbid] |

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 3
(Salem 1 & 2) located 18 miles from Wilmington, DE. [lbid, Power, 10/00/67, p.117; and 1966 Annual AEC g
Report, p.114]

8. CRYSTAL RIVER 4 [03/25/68]
Owner Florida Power [1966 Annual AEC Report, p.114]
Location Crystal River, FL [NUREG-1350, p. 72]
Reactor 825.0 MWe PWR [1966 Annual AEC Report, p.111) g
Construction Permit Application 08/00'67 [ WASH-1208, p. 3] E
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 [lbid]
Reactor 766.0 BWR [lbid) |4
Construction Permit Application 08/(X)/67 [lbid) E
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 g
Park. In 1966, the New York Power Authority took over Niagara Mohawk's reactor contract and used the reactor g
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] W
Location Huntington Beach, CA [lbid]
Reactors 900.0 MWe PWRs [lbid] g
Construction Permit Applications 09/00/67 [lbid] g
Cancelled On 12/30/68, the Applications were withdrawn after the utility determined the plants were not

economically justifiable. Initially, 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. [lbid; 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 [lbid] =

Reactors 838.0 MWe BWRs, Unit 1 reactor ordered 06/00/67 [ Power,10/00/68, p. S-9; and 1967 AEC
Annual Report, p. 339] g

Construction Permit Applications 03/00/69 [1969 Annual AEC Report, p.129] g
Cancelled During 04/00/69, the plants were postponed indefinitely because of local opposition to the

possible thermal pollution of Cayuga Lake. [lbid and AEC Fact Book, p. E-27]

I
I
I
I
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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 [lbid]
Reactor 810 MWe BWR ordered 09/00/69 [lbid and WASH-1208, p. 5]
Designer Sargent & Lundy [ ibid]
Bullder Kaiser [lbid]
Construction Permit Received 10/27/72 [1972 Annual AEC Report, p.15]
Date Cancelled 01/14/84 [Engineen'ng News Record,02/02/84, p.10]
Percent Complete 97% [ Nuclear News,02/00/84, p. 25; and The New York Times,06/17/84, p. D17]
Eventual Fate Zimmer was converted to a 1300 Mwe coal-fired plant. On 12/31/90, the plant began gene-

rating electricity [ Nuclear News,02/00/91, p. 32]
Plant Cost Data

The cost of the plant had risen from an initial estimate of $240 million to $3.1 billion at the time it wase
cancelled. [The New York Times, 01/17/84, p. D17; and The New York Times,01/18/84, p.12] .

$1.72 billion had been spent on design and construction at the time the plant was cancelled. [The Newe
York Times,06/18/84, p. D1]
$1.1 billion was spent converting the plant to a coal-fired unit. [ Nuclear News,02/00/91, p. 32]e

| Problems
04/20/80 The Chicago Sun-7imes 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 damaged pipingl

materials and rubbish fires buming unattended inside the reactor building. [ Nuclear News,06/00/80, ?. 44]
02/00/81 The NRC sent the utility a letter requesting that */mmediate actiorf 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,NO fine for

numerous _ quality assurance deficiencies. It was the largest fine assessed by the NRC against a plant under
construction. An accompanying " Notice of Violation" mentioned harassment of inspectors, including one threat
of physical violence; defective welds; and cable installation nonconformances. [ Nuclear 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 NRC, 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. [lbid]

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 OA 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.1&2]

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 OA 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 to a: 1) fossil power plant mentality and tendency to place QA behind cost and schedule

I
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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 smallgroups.* [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 |
WBechtel'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. 3

The decision was prompted by financial difficulties and a recent study that found conversion would be cheaper 5
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 g
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 Joumal, 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 5

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] g

11/00/87 Two outef-court settlements were reached. In one, General Electric agreed to pay the utility $37 5
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 [01/16f84] |
General 5
Owner Public Service Indiana [ Nuclear News,08/00/83, p. 98)
Location Madison, IN [ Nuclear News,02/00/84, p.135) g
Reactors Two 1130 MWe PWRs [ Nuclear News,08/00/83, p. 98) IDesigner Sargent & Lundy [lbid)
Builder Public Service Indiana [lbid]
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 [lbid, pp. 26 & 135]
Eventual Fate The plant was abandoned [ Nuclear News, 12/00/84, p. 21]
Plant Cost Data |

The cost of the plant had risen from an initial estimate of $1.8 billion to $7.7 billion at the time it was 5e
canceled. [Forbes,02/11/85, p. 95; and The Wall Street Joumal,06/19/84, p. 7]
The utility had spent $2.8 billion on construction at the time it was cancelled. Public Service Indiana.

was able to " write off" $2.7 billion. [ Nuclear News,01/00/86, p. 40; and Time,04/29/91, p. 56]

Problems
00/00/77 The utility was fined $12,500 for beginning construction prior to receiving a Construction Permit. E

[ Nuclear News, 07/00/77, pp. 36 & 38) g
03/00/79 The NRC identified severe cases of honeycomb in concrete. The utility 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 Marble 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 W
Pressure Vessel inspectors identified problems with the quality of installed piping. The NRC began investigating
both allegations. [NUREG-1055, p. A.8; Nuclear News,01/00/80, p. 43; and Nuclear News,09/00/79, p. 22] g

07/20/79 Following discussions with the NRC about recurring problems with the quality of concrete construc- g
tion, the utility agreed to stop further concrete work. [ Nuclear News,09/00/79, 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, g
piping installation, and the application of protective coatings; and serious inadequacies in staffing and managing g
construction activities. Over 500 honeycomb clusters were found, some up to 180 cubic feet in volume. The

I
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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 nuclear power plant problems, the NRC said it had tumed over
to the Justice Department evidence that quality assurance problems at Marble Hill may 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 Joumal,06/19/84, p. 7; and Nuclear News, 12/00/84, p. 21]

07/00/88 in an out-of-court settlement, 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 cash and $90 million in free electricity. [ Nuclear News,03/00/89, p. 36]

3. MIDLAND 1&2[07/16fB4]
General
Owner Consumers Power [ Nuclear News,08/00/83, p. 98]
Location Midland, MI [lbid]
Reactors Two PWRs were ordered during 05/00/68, a 530 MWe reactor for Unit 1 and a 805 MWe reactor |

for Unit 2. [lbid 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 Annual AEC Report, p.15]
Date Cancelled July 16,1984 [ Nuclear News, 08/00/84, p. 37]
Percent Complete 85% for each of the two units [lbid]
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

At the time it was canceled, the cost of the plant had risen to $6.0 billion from its original estimate ofe

$267 million. [ Time,02/13/84, p. 39; and The New York Times,01/17/84, p. D17]
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 quality 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 I 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. [AECinspection Report, 12/14/73, pp.1-15]

12/00/74 Several construction workers told the Ann Arbor Sun that f) 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

l 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]

08/12/77 Columnist Jack Anderson reported that the NRC was investigating the utilit/s ability to finance
Midland and, 'a la Watergate, the utility was; f) trying to block witnesses from testifying; 2) laundering testimony |
that might be damaging; and 3) giving the NRC incomplete information. [ Nuclear News,09/15/77, p.120B] =

09/07/78 Construction was halted after Bechtel discovered excessive setting of the diesel generator 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 3
placed between 1975 and 1977. [ Midland Dally News, 12/02/78, p.1; and Midland Daily News,01 A)4/80, p.1] g

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 almost inree years of deliberations, the utility was ordered to address 9 of her allegations in its Operating g
License Application. [AEC Reports, Vol.16, pp. 2035-2047; and Ms. Magazine,01/00/85, p. 64] 3

12/06/79 The NRC ordered the utility to stop all work associated with correcting settlement 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 15

poorfy 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 installation of HVAC g

systems by the Zack Company. This included deviations from procedures relating to procurement, materials 5
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] g

09/15/81 The Michigan Supreme Court blocked the utility's plan to sell stocks and bonds needed to finance 3
further construction of Midland 1&2. [ Nuclear 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) settlement of the auxiliary building and service water pump structure; 2) settlement
considerations and their impact on seismic models; 3) settlement of the borated water storage tank and a

underground piping; and 4) settlement of the diesel generator building. [ Nuclear News,01/00/82, pp. 55 & 56]
05/03/82 Albert Howard, a QA Supervisor, told the NRC he had been fired by the Zack Company for trying g

to prevent deficiencies in plant HVAC work. He gave the NRC documents that allegedly proved records were g
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 Ill Office devoted to giving increased
attention to the quality assurance problems at Midland 1&2. [AEC Reports, Vol.18, p.1126] g

12/02/82 The utility stopped most construction after an intemalinvestigation revealed that there was insuffi- g
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 OA program. The |
NRC cited: f) multiple instances of failing to follow procedures, drawings, and specifications; 2) supervisors who W

failed 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, also for $60,000, was for 3
instructing QC personnel to suspend inspections if they observed too many deficiencies. [Inside NRC,02/21/83, g
pp.11-13; AEC Reports, Vol.18, p.1126; and Nuclear News,03/00/83, pp. 47 & 50]

02/15/83 The Govemment 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 NRC, E
02/21/83, pp.12 & 13] g

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 property 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] g

10/22/83 The utility issued a "stop work order" because of concems about controls being applied to changes g
to drawings. Bechtel modified its drawing change control process. [ Nuclear News,03/00/84, p. 59]

|
I
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10/25/83 The NP.C ordered the utility to conduct a " management appraisal" into why soll was being exca- f
vated in violation of requirements in a 07/00/82 amendment to the Midland Construction Permit. [lbid] j

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, unless it could negotiate a cost-recovery plan with the Michigan Public Service

Commission by 07/01/84, it would have to cancel the plant. [ Nuclear 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 bankruptcy. [ Nuclear News,08/00/84, p. 37)
s

|

l
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AEC Correspondence Log AEC Correspondence Log for Docket 50-22, U.S. Atomic Energy Commission,
Washington, DC, 1959-1960, unnumbered pages.

AEC Fact Book Fact Book for the Joint Committee on Atomic Energy, U.S. Atomic Energy Commission,
Washington, DC, July 1,1974

AEC Inspection Report RO Inspection Report No. 050-329/73-10 and 050-330/73-10, U.S. Atomic Energy
Commission, Chicago, IL, December 14,1973, pp.1-15

AEC Reports Atomic Energy Commission Reports, U.S. Govemment Printing Office, Washington, DC. Reports
dated 1962, Vol.1; 1966, Vol. 2; 1968, Vol. 3; 1973, Vol. 4; 1974, Vol. 6; 1983, Vol.15; 1983, Vol.16; and
1984, Vol.18

AEC SL 1 Report Curtis Nelson, Report on the SL-1 incident, January 3,1961, U.S. Atomic Energy Commis-
sion, Washington, DC, May 1961

AEC Speech Richard Doan, Ouality Assurance in the Design, Construction, and Operation of Nuclear Power
Plants, U.S. Atomic Energy Commission, speech at the Australian School of Nuclear Technology in Lucas
Heights, Australia, July 1969

Atomic Energy Deskbook John Hogetton, The Atomic Energy Deskbook, Reinhold Publishing Corporation,
New York, NY,1963

Before its Too late Bemard Cohen, Before Its Too Late, Plenum Press, New York, NY,1983
CEP Report D. Wamock, Nuclear Power and Civil Liberties, Citizens Energy Project, Washington, DC,1988
Chemtech " Quote without comment," Chemtech, Washington, DC, May 1976, p. 309
Contaln/ng the Atom Samuel Walker, Containing the Atom, University of Califomia Press, Berkeley, CA,1992
COO-284, SmalI Nuclear Power Plants, U.S. Atomic Energy Commission, Chicago, IL, October 1966

\ Cover Up Karl Grossman, COVER UP, What You Are Not Supposed To Know About Nuclear Power, The Per-
manent Press, Sag Harbor, NY,1980

Decline and Fall Peter Stoler, Decline and Fall, Dodd, Mead & Company, New York, NY,1985

) Decommissioning of Nuclear Power Facilities John Gaunt and Neil Numark, Decommissioning of Nuclear

[ Power Facilities, The World Bank, Washington, DC, April 1990
'

DOE /EIA-0473, Nuclear Power Plant Construction Activity 1988, U.S. Department of Energy, Washington, DC,
June 14,1989

DOEIElA-0485, An Analysis of Nuclear Power Plant Construction Costs, U.S. Department of Energy, Washing-
ton, DC,1990

DOEIEIA-0547, An Analysis of Nuclear Power Plant Operating Costs: A 1991 Update, U.S. Department of
Energy, Washington, DC, May 1991

DOE /MA-0152, Jack Holt, Roger Anders, and Alice Buck, DOE /MA-0152, United States Civilian Nuclear Power
Policy, 1954-1984:A Summary History, U.S. Department of Energy, Washington, DC, February 1986

DOE /NE-0068, The History of Nuclear Energy, U.S. Department of Energy, Washington, DC, August 1985
DOE News Release U.S. Department of Energy, Washington, DC

R-88-159 * Reactor Vessel from First Commercial Nuclear Plant Raised from Ground for Shipment to Dis-
posal Site," December 15,1988

R-91-172 "N-Reactor Enters Next Phase Toward Permanent Shutdown," August 14,1991
DO EIOST|-8200, Nuclear Reactors Built, Being Built, or Planned: 1989, U.S. Department of Energy, Washington,

DC, June 1990
DOEfS-0078, Environmental Restoration and Waste Management, Five-Year Plan, Fiscal Years 1992 - 1996,

U.S. Department of Energy, Washington, DC, June 1990
EMD-77-27, issues Related To The Closing Of The Nuclear Fuel Services, Incorporated, Reprocesting Plant

At West Valley, New York, The General Accounting Office, Washington, DC, March 8,1977
EMD-77-46, Cleaning Up The Remains Of Nuclear Facilities -- A Multibillion Dollar Problem, The General

Accounting Office, Washington, DC, June 16,1977
EMD-78-97, An Evaluation Of Federal Support Of The Bamwell Reprocessing Plant And The Department Of

Energy's Spent Fuel Storage Policy The General Accounting Office, Washington, DC, July 20,1978
Engineering News-Record New York, NY C McGraw-Hill, Inc.
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08/12/71 " Central sues tumkey contractor," p. 21
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01/08/76 ' Nuclear condenser rods need replacing," p. 3
,

11/04/76 " White House last minute shift in nuclear policy," p. 7 1

03/24/77 " Atomic dump is $600 million wony," p. 46
04/14/77 'U.S. allies may not accept Carter's breeder reactor plan," p. 7
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02/02/78 "A-plant releases radioactive gas," p.13
10/05/78 "A-plant repair bills settled out of court for $3.3 million," p. 49
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Fermi f Pauline Alexanderson, Fermi-1, New Age /or Nuclear Power, The American Nuclear Society, La
Grange Park, IL,1979

Forbes New York, NY C Forbes .

11/15/68 " Nuclear Power: Setback?," p. 58
02/15/70 ' Glutton for Punishment," p.34
02/11/85 James Cook, " Nuclear Follies," pp. 90 & 95 g

Forevermore Donald Barlett and James Steele, Forevermore, W. W. Norton & Company, New York, NY,1985 g
Forum Forum Memo, New York, NY C U.S. Council for Energy Awareness

02/00/56 "New PDR Program Bidders," p.16 .
4
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04/00/58 "An AEC Power Summary," p.10
06/00/58 " Wolverine Project Dropped for ' Economic' Reasons," p. 29
03/00/59 "Some Cutbacks,' p.7

.

01/00/61 "Dresden Down Until Spring For Fuel Rod Drive Modification," p. 6
08/00/61 "ACRS Report on Saxton," p. 31
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Friends in High Places Laton McCartney, Friends in High Places, Simon and Schuster, New York, NY,1988 g
GAO/RCED-90-208, Shippingport Decommissioning - How Applicable Are the Lessons Leamed?, U.S. Govem- g

ment Accounting Office, Washington, DC, September 4,1990.
GAOIRCED-91-6, Counterfeit and Substandard Products Are a Govemmentwide Concom, U.S. Govemment

Accounting Office, Washington, DC, October 16,1990
GPO Publication 794-218, EBR-1, Experimental Breeder Reactor Number 1, National Historic Landmark,

.
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Govemment Printing Office, Washington, DC,1990

Inside NRC inside N.R.C., New York, NY C McGraw-Hill, Inc. [ Citations by permission of copyright holder)
11/01/82 M. Ryan, " Work Force Sliced 25% at Zimmer as NRC Weighs Tougher Crackdown," p.1
11/15/82 M. Ryan, " Utility in Eleventh-Hour Bid to Stop 'Stop-Work' Order on Zimmer," p.1
02/21/83 " Consumers Power Does Not Plan to Appeal a $120,000 Fine," pp.11 13

Los Angeles Times Martha Groves,' Bellwether Nuke Vote," Los Angeles Times, Los Angeles, CA, November
1,1992, p. D8
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c FS Environmental Report No. 24 R. T. Smokowski and D. P. Wilcox, NFS Environmental Report No. 24,

Nuclear Fuel Services West Valley, NY, August 29,1988
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Ninth Semlannual AEC Report Ninth SemlannualReport, U.S. Atomic Energy Commission, Washington, DC,
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Books, Inc.
Not Worth the Risk Kenneth Boley, Daniel Borson, Ken Bossong, and Scott Saleska, Not Worth the Risk, *

Public Citizen, Washington, DC, November 1988
NRC Information Not/ces U.S. Nuclear Regulatory Commission, Washington, DC

86-99 " Degradation of Steel Containments," December 8,1986
92-49 *Recent Loss or Severe Degradation of Service Water Systems," July 2,1992
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92-85 " Potential Failures of Emergency Core Cooling Systems Caused by Foreign Material Blockage,"
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NRC Reporf 50-146/86-01, U.S. Nuclear Regulatory Commission, King of Prussia, PA, July 25,1986
Nuclear Age John May, The Greenpeace Book of the Nuclear Age, Pantheon Books, New York, NY,1990
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Nuclearindustry Washington, DC C U.S. Council for Energy Awareness
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07/00/91 'UCS seeks shutdown over potential embrittlement,' p. 26

" Reactor vessel removed from Pathfinder plant," p. 31
08/00/91 "Lilco and GE Have Agreed to a Settlement," 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 17,' p. 28

09/00/92 " Portland General has Decided to Close Trojan in 1996,* p. 25
10/00/92 "Farley fine settled; 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 go ahedd 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 Crfs/s Andrew Blowers and Daniel Pepper Nuclear Power in Crisis, Nichols Publishing
Company, New York, NY,1987

Nuclear Sa/ety 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 Onofre 1 Restarted After 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 Mile Point: Temporary Loss of Principal Heat Sink and Procedural Violations," p. 608

Apr - Jun 1992 M. D. Muhiheim and E. G. Sifver, " Operating U.S. Power Plants," pp. 274-289
Nuclear Stakes Dervela Murphy, Nuclear Stakes, Ticknor & Fields, New Haven, CT,1982
Nuclear 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 Leslie Freeman, Nuclear Witnesses, W.W. Norton & Company, New York, NY,1981
Nucleon /cs Week New York, NY C McGraw-Hill, Inc. [ Citations by permission of copyright holder)

01/05/61 " Explosion at SL-1 Kills Three, First Reactor Fatalities," p. 2
12/07/61 "SL-1 Vessel Removed to Hot Cell, Site to be Cleared," p.1
12/23/65 "AEC is Considering Adopting SRE," p. 3
12/23/65 'Piqua has Chalked Up 10,000 Mwd in 23 Months of Operation,' p. 3
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 Over at Monticello," pp.1 & 2
06/24/71 " Utilities Still in the Dark on What AEC's ECCS Criteria Will Mean," pp.1-3
11/25/71 "Not a Burp as Minneapolis Slurps Monticello Water by Mistake," p. 3
10/26/72 * Collapsed Fuel Rods Found at Point Beach-1," p.1
01/11/73 'Pittsburgh in Uproar over Stemglass Allegations about Shippingport,' pp. 2 & 3
03/29/73 "The Midland Appeal Board has imposed Quality Assurance Conditions," p. 3
08/03/73 'AEC Restrictions on BWRs Have Little Effect on Operations," pp.1 & 2
04/25/74 " Nuclear Electricity Generation for March,' p.10

_ _ _ _ _ _ _ _ _ _ _
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Nucleonics Week (Cont'd)
11/14/74 ' 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 M
10/29/79 'Kemeny Commission Special, Transcript of the Draft Report,' pp. 3,4,7 & 8
12/05/79 ' Midland Quality Assurance Violations Charged Anonymously by Workers," p.1 3
11/18/82 M. Ryan, " Cincinnati G&E Bows to Stop-Work Order; Bringing Bochtel in on Zimmer," p.1 g
12/09/82 M. Ryan, " Midland Problems Spark NRC Scrutiny of Bechtel at Zimmer," pp.1 & 2
12/23/82 " Nuclear Electricity Generation for November 1982,* 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 3
04/30/87 Michael Knapik, "Dairyland Announces Permanent Shutdown of 55-MW Lacrosse," pp.1 & 8
07/30/87 "U.S.: Califomia leta PG&E recover Humboldt Bay decommissioning costs,' p.15
04/27/89 "Shoreham Gets Full-Power Ucense but Coveted Go-Ahead Ues Unused," p.11

Nugget F//e Robert Pollard, The Nugget File, Union of Concemed Scientists, Cambridge, MA, January 1979
[ Excerpts with permission of the Union of Concemed Scientists]

NUREG-0020, Ucensed Operating Reactors, Status Summary Report, U.S. Nuclear Regulatory Commission, g
Washington, DC. Reports dated January 1977, January 1979, January 1981, May 1987, September 1989, g
and March 1990

NUREG-0090, Report to Congress on Abnormal Occurrences, U.S. Nuclear Regulatory Commission, Washing-
ton, DC, July 1990 |

NUREG 05.23, Summary of Operating Experience with Recirculating Steam Generators, U.S. Nuclear Regulatory n
Commission, Washington, DC, January 1979

NUREG-0886, Steam Generator Tube Experience, U.S. Nuclear Regulatory Commission, Washington, DC,
February 1982

NUREG-0940, 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 Ucensee Performance, U.S. Nuclear
Regulatory Commission, Washington, DC, August 1990 '

NUREG-1250 Mitchell Rogovin, NUREGICR-1250, Three Mile |sland, A Report to the Commissioners and to
the Public, Volume !!, 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 g ,

PoisonedPower John Gofman and ArthurTamplin, PoisonedPower, The Case AgainstNuclearPowerPlants,
Rodale Press, Emmaus, PA,1971

Popular Science Edward Edelson, "The Hassle Over Atomic Energy Safety," Popular Science, New York, NY,
i

p.80 |

|l
Power New York, NY C 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 3 ;
10/00/66 R. J. Bender, " Nuclear Notes,* p.103 1

|1
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 up

05/00/68 George Redman, 'How Dresden experience benefits new plants," p. 73
07/00/68 R. J. Bender, " Nuclear Notes," p.104 g I
08/00/68 R. J. Bender, " Nuclear Notes," p.108 gi
09/00/68 R. J. Bender, " Nuclear Notes,* p.116
10/00/68 Sheldon Strauss, "1968 Energy-systems design survey: Nuclear-powered central stations," pp.

S-8 & 9 g
Power Engineering F. C. Olds, "The AEC Bears Down on Nuclear Quality Assurance," Power Engineering, 5

Barrington IL, June 1974, p. 46

I
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Reactor Accidents David Mosey, Reactor Accidents, Nuclear Engineering Intemational Special Publications,
Sutton, England,1990

Reader's Digest James Nathan Miller,"Just How Safe is a Nuclear Power Plant?," Reader's Digest, Pleasant-
ville, NY, June 1972, pp. 97 & 98

Rickover and the Nuclear Navy Francis Duncan, Rickover and the Nucioar Navy, Naval Institute Press,
Annapolis, MD,1990

Saga Joel Griffiths, " America's Biggest Nuclear Power Scandal!," Saga, Brocidyn, NY, October 1973, pp. 60
& 62

Science News Letter "Second Big 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," IEEE Spectrum, New York, NY,
November 1987, pp. 26 and 28-34 C 1987 by The institute of Electrical and Electronics Engineers, Inc.

SR/CNEAF/92-01, Spent Fuel Discharges from U.S. Reactors 1990, U.S. Departrrient 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 Ya:en Steele, *Hanford: America's Nuclear Graveyard," The Bulletin of

Atomic Scientists, Chicago, IL, October 1989, p.17
The Careless Atom Sheldon Novick, The Careless Atom, Houghton Mifflin, 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 Steam Tube Debate," The Energy Daily," Wash-

ington, DC, Jamary 6,1993, pp.1 & 2
The Merme of 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,

7he New York Times New York, NY C The New York Tirres Company
05/31/51 Lawrence Davies, " Project to ' Breed' Atomic-Age Fuels," p. 39
09/28/56 "A.E.C. Clears Way for a New Reactor," p. 40
05/21/59 " Kaiser Gets A.E.C. Contract," p. 5
11/10/67 Gene Smith, " Utility Finds Flaws at Nuclear Station," p. 71
06/30/70 Lawrence Van Gelder," Con Ed Plant Out Rest of Summer, Power to be Low," pp.1 & 34

" Con Ed Shutdown Attribetable to Defective Pipe," p. 34
02/07#1 Philip Shabecoff, " Reactor on Coast Called a Hazard," p. 61
07/23n1 Gene Smith, "Jersei; Central Power Sues G.E. For a Nuclear Generator Delay," p. 41
08/14# 1 "U.S. to Resume Training Flights Near a Nuclear Plant," p. 21
08/26& 2 " Plane Hits Wire and Crashes Near A-Reactor, Bruising 2," p. 28
01/27 # 3 " Human Error Shuts Off A-Plant Power 11 Days," p. 64
10/25n3 "GE to Pay $5-Million in Suit," p. 72
09/2294 David Bumham, '' Power Reactors Face Safety Test," pp.1 & 34
01/30# 5 David Bumham, " Defect in a Reactor Leads U.S. to Order 23-Plant Shutdown," pp.1 & 11
11/24n9 Wallace Tumer, " Nuclear Officials Jarred by Arrests Of Plant's Guards en Drug Charges," p.

10
12/01/31 " Allied 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 " Char.ges 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.12

"Concem Over Cracks in Floor," p.12
06/18/84 John Holusha, " Audit Calls Ohio Plant Mishandled," p. D1

_ _ - _ _ _ _ _ - _ _ _ _ - - _ _ - __
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g4

09/17/85 "Shoreham 1s Shut Down Because of Faulty Gauges," p. B3 5

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, "Managernent Cited at 16 ' Problem' Nuclear Plants," p. A11
07/20/86 John Rather, "U.S. Repoit Stirs New Shoreham Dispute,' pp. XXI-1 & 11 ,

08/27/86 "Shoreham Puts Power into Ulco's Network," p. B3
11/25/86 Lindsey Gruson, " Nuclear Power Plant Dismantled," pp. C1 & C3
12/13/86 "NRC Fines A-Plant for Radiation Level," p. 33 |
12/2:2./96 " Nuclear Power Plant Restarted in Jersey," p. B6
06/06/88 Matthew Wald, " Nuclear Plant Vote Worries Utilities," p. D7
02/23/90 Matthew Wald, * Study Says A-Plant's Handling of Waste Left Costly Mess," pp. 81 & B4

'

02/24/90 Matthew Wald, " Utility Escapes Fine in Handling of A. Plant Waste,' p. A28
04/24/10 Matthew Wald, 'After the Meltdown, 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 7,1971, p.16

The Nuclear Monitor Washington, DC
08/26/91 " Nuclear Notes from the Capitol City . .. and in the States," p. 7
10/07/91 ' Yankee Rowe Shut Down, Perhaps Permanently," pp.1 & 2

"PUC Staffers Recommend Closing of San Onofre-1," p. 3
10/21/91 " Nuclear Notes from the Capitol City . . and in the States," p. 6 |
01/27/92 "Califomia Utilities Agree to Permanently Close San Onofre-1,* pp.1 & 2

" Nuclear Notes from the Capitol City . . and in the States," p. 8
03/23/92 ' Nuclear Notes from the Capitol City . . and in the States," p. 8
12/14/92 " Nuclear Notes from the Capitol City . . and in the States," pp. 4,7 & 8
04/12/93 ' Nuclear Notes from the Capitol City . . and in the States,' p. 8
06/07/93 " Water Level 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,1977 C 1976 by Friends
,

of the Earth intemational
'

The Truth About Chernobyl Grigori Medvedev, The Truth About Chemobyl, HarperCollins, New York, NY,
1991 01991 by Basic Books, Inc. |The Wall Street Journal New York, NY '

12/27/71 " Grand Jury Recommends AEC Intensify its Watch On Pacific G&E Plant," p. 9
05/03/73 Thomas Errich, " Atomic Lemons,' p.1,

: 01/22/74 " Con Edison Indian Point Nuclear Facility Resumes Output on Umited Basis," p.18 j
'

01/17/75 " Consumers Power Shuts Big Rock Nuclear Plant," p. 21
06/19/84 'PS of Indiana Rejects Proposal by Firms To Help Finish Marble Hill Plant," p. 7
10/01/87 Frederick Rose, " Rancho Seco's Fate May Hinge on Buyer,' p. 6

4

01/05/93 Frederick Rose, " Oregon Utility Plans to Close Nuclear Facility," p. A4 - I

The War Against the Atom Samuel McCracken, The War Against the Atom, HarperCollins,1982 01982 by
Basic Books, Inc.

The Washington Post Washington, DC C The Washington Post
02/05/71 Elsie Carper, " Dismantling is Stopped At Hanford," p. AS E
03/07/75 "Most Atomic Plants Pass U.S. Test," p. C6 3
11/19/88 Cass Peterson, "U.S. Acts To Open Atom Plants," p. A1
03/28/89 Cass Peterson, "The Continuing Cleanup: $1 Billion and Counting," p. A8
04/10/90 Thomas Lippman, " Rescue of a Failed Nuclear Plant," pp. D1 & D2
02/27/92 Thomas Lippman, " Yankee Rowe Nuclear Plant, Oldest in Nation, Will Close," p. A3,

Time New York, NY

I'
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02/13/84 Peter Stoler, " Pulling the Nuclear Plug," pp. 39 & 42
04/29/91 John Greenwald, ' Time to Choose," p. 56

T/me Bomb Corinne Browne and Robert Munroe, 77me Bomb, William Morrow & Co, New York, NY,1981
Unacceptable Risk McKinley Olson, Unacceptable Risk, Bantam Books, Inc, New York, NY,1976
USA Today Arlington, VA C USA Today

. ,

03/21/89 Patrick O'Driscoll, ' Industry, foes spar over safety," p. EA
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 Filo on NUREG-0740]
WASH-1203-71, Operating History, U.S. Nuclear Power Reactors, U.S. Atomic Energy Commission, Washing-

ton, DC,1972
|

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

World Nuclear Power Plant Directory Haruo Fujii, Directory of Nuclear Power Plants in the World, Japan
Nuclear Energy Information Center, Tokyo, Japan,1985
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TABLE 3
Shifts 10CFR50 QA Requirements

REV SION

CRITERIA ZION DRAFT 04/1759 DRAFT 06/27/70 ISSUE 09f11/11 REVISION 01/20f75 REYlSION WITH TMt REQMTS

Words Percent Words Percent Words Purcent Words Perconf Words Percerif Words Percent

PROGRAM ADMINISTRATION 199 442 684 39.2 728 36.6 728 36.3 898 4f.3 1006 413

1. Orgaruzation 43 9.6 177 f0.f 134 6.7 134 &7 304 f40 330 f42

11. CA Program 70 f5.6 186 f07 259 f20 259 72 9 259 f f.9 313 715

V. Instructions, Procedures & Drawings 14 3f 39 22 52 26 52 26 52 24 52 22

VL Document Cortrol 26 58 80 46 85 43 85 42 85 39 113 49

XVit. CA Records 19 42 117 67 113 5.7 113 5.6 113 5.2 113 49

XVill Audits 27 6.0 85 49 85 43 85 42 85 39 85 16

|HL | |DESIGN CONTROL 30 &7 212 12f 306 fi4 306 15 3 306 ftf 347 f4.9

PROCUREMENT 59 fif 194 f f.f 232 ff.7 238 ffJ 238 f0.9 238 10.2

IV. Procurement Document Contrd 40 69 74 42 73 17 73 36 73 33 73 af

Vit Contrd d Purchased Rems & Services 19 42 120 6.9 159 8.0 165 8.2 165 7.6 165 7.f

CONSTRUCTION & MANUFACTURING' 134 29.8 565 32.3 639 32.0 648 322 646 29.8 648 27.9

VI!L Iderscation & Contrd d items 27 6.0 69 39 82 4f 82 4f 82 18 82 15

IX. Contrd d Spedal Processes 01 4 i 0.0 t 39 2.2 38 f.9 38 f.9 38 f.7 38 f.6
'

X. hspection 27 60 11 5 6.6 150 7.5 150 75 150 6.9 150 6.5

XL Test Contrd O0- 500? 94 54 125 8.3 128 64 128 5.9 128 5.5

XIL Controld Measumg & Test Equpnent 22 49 47 27 33 f.7 33 f.6 33 f.5 33 f.4

X1tt Haneng. Storage & Shepeng 33 7.3 54 af 55 28 55 27 55 25 55 24

XIV. hspection. Test & Operating Status C0: .-F 0.3 2 83 47 98 49 104 52 104 47 104 4.5

XV. Noncodarming items 25 5.6 64 27 58 29 58 29 58 27 58 2.5

||XVL |CORRECTIVE ACTION 28 12 91 5.2 88 43 86 43 86 to 86 17

|TOTAL 450 f00.0 1746 f0(td 1991 700.0 2006 100.0 2176 foc.0 2325 f00.0

~ c~n, ~ e fo nn

I
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TABLE 4
Nuclear Power Plant Performance, All Licensed Plants

NUMBER COMPOSTTE AVERAGES
OF

Build ufetime Cum.
TIME PERIOD PLANTS

Time Capacity SALP
MWe (Yrs) Factor Rating -

' * *
: OPERA 7MG NUCLEAR POWER PLANTS >* . m

UCENSED BEFORE 07/27#0

Subtotal / Average 6 | 518.2 | 3.7 | 61.0 | 2.09

UCENSED AFTER 07/2Y#0

CP issued Before 04/17/69 40 819.7 6.1 61.4 1.80

CP issued Between 04/17/69 and 07/27#0 12 867.6 6.5 58.2 1.89

CP issued After 07/27#0 51 1070.8 10.3 67.7 1.74
,

Subtotal / Average 103 949.7 8.2 64.1 1.78 w

TOTAUAVERAGE 109 918.9 7.9 64.0 1.79

| PERACANEN7LY CLOSED NUCLEAR POWER PLAN 75 | 2,' < * , , %'
a

UCENSED BEFORE 07/27#0

Subtotal / Average 15 | 99.1 | .4.5 | 38.9 | Note 1
UCENSED AFTER 07/27#0

CP lssued Before 04/17/69 [ Note 2] 2 601.5 7.1 25.4 2.03

CP issued Between 04/17/70 and 07/27#0 [ Note 3] 1 906.0 8.8 85.1 Note 1

CP lssued After 07/27/70 [ Note 4] 2 947.5 8.7 27.4 1.76

Subtotal / Average 5 800.8 8.1 38.1 1.90

TOTAUAVERAGE 20 277.4 5.5 36.8 N/A
' \ )LL ALL NUCLEAR POWER PLAN 75 : . < ,

UCENSED BEFORE 07/27#0

Operating Plants 6 518.2 3.8 59.6 2.05
-

Permanently Closed Plants 15 99.1 4.5 38.9 N/A !

All Plants 21 218.8 4.3 45.2 N/A

UCENSED AFTER 07/27#0

Operating Plants 103 949.7 8.2 64.1 1.78 |
|

Permanently Closed Plants 5 800.8 8.1 38.1 N/A |

All Plants 108 942.7 8.2 62.9 1.78

NOTES: 1) SALP ratings were not available, because the NRC did not start performing SALP inspections until after the March 1979 accident ,

at Three Mde Island. 2) Rancho Seco and Fort St. Vrain received cps duttng 1968. 3) Three Mile Island 2 received a CP during November
1969. 4) Trojan received a CP durtng 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 build times were based on, NUREG 1350, Nuclear Regulatory Commission in/onna-
Don Dgest, U.S. Nuclear Regulatory Commission, Washington, DC, March 1990. 4) For plants licensed after 07/27/70, Ufetime Capacity a

Factors were based on ' Operating U.S. Power Reactors,' Nuclear Safety U.S. Department of Energy, WasNngton, DC, Apriklune 1991, pp.
275-281. 5) For plants licensed after 07/27/70, Cumulative SALP Ratings were based on NUREG-1214, Historica/ Data Summary of the Sys-
femmatic Assessment of Ucensee Perfonnance, U.S. Nuclear Regulatory Commission, WasNngton, DC, August 1990.

I
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TABLE 5
Public Citizen's Ranking of Nuclear Power Plants Built Prior to 1971

REACTOR REACTOR ON NRC RANK (Worst to Best)*
FIRST AGE' POWER PROBLEM

NO. PLANT' ELECTRICITY (YEARS) (MWe) LIST 7 Average 19844 5 198748 1989-90

1 Oyster Creek 09/23/69 17.76 620 Yes >8i- ' 13c 5- ' .N - 1 5:

2 La Crosse 04/26/68 19.01 48 No R 33 : 133L ! Note M Note 4 i
,

3 Dresden 2 04/13/70 17.50 772 No 733L
'

-f19 - 69 J11'
'

4 Nine Mile Point 1 11/09/69 17.63 610 Yes ? 34 ) 52 "|7 I43 V AJ 6i#

5 Haddam Neck 08/07/67 19.89 569 No ? 355 57 :i21 P s E 26 f

6 Robinson 2 09/26/70 16.75 665 No #'2364 50 5 40 ) _ ' 17< ,-

7 San Onofre 1 07/16/67 19.95 436 No i43l 54 46 - ;30

8 Millstone 1 11/29/70 16.57 654 No 49 73 * J.4b ' / 32t>-

9 Monticello 03/05/71 16.31 536 No 51 59 50 1 43 -,

'10 Big Rock Point 12/08/62 24.55 69 No 54 53 :i16 94

11 Ginna 12/02/69 17.56 470 No 62 71 73 - 41 -

12 Yankee Rowe 11/10/60 26.62 167 No 68 68 47 85

13 Point Beach 1 11/06/70 16.64 485 No 90 79 Note 5 101

Total Operating Plants 94 81 89 111

Total Attributes / Plant 11 8' 10' 14'

NOTES
1) Pbnts b boki type were started an after 10CFR50, Apperm$x B, was issued for use on 0627/70. 2) For other than La Crosse (see Note 4), reactor ages are as of 07/01/87, midway between me
composite 1984-90 reporung perbds. 3) Shaded areas coverplants that were b the * Poorest 50%"Wmat reoorting penbd. 4) The Public Cat! zen did not rara t.a Crosse cktrang 1987-88 and 1989-9Q
because the plant was permaner Cy closed on 040W87. 5) The Pubtic Citizen did not rank Point Besch I durMg 1987-88. The reason is not known 6) Attributes were: a) 1984 Scrams, b) 1985 Scrams,
c) 1984-85 SALP(Systernatic As sessment of Licensee Penbemance) Rating, d) 1984 Licensee Event Reports (LERs), e) 1985 LERs t) 1984 Capatty Factor (CF). g) 1985 CR h) and Cum. CF Because
81 cperating prants were ranked wim 32 plants under constmction me 13 Hstedplants hnted better than they would Wonly compared to other operating plants. 7) Attnbutes were: a) 1987-86 Scrams,
b) 1987-88 SALP Rating, c) 1982-88 LERs, d) 198748 CF, e) 1987-88 Forced Cutages, t) 1987,88 Cperating & Maintenance Costs, g) 1983-87 Major Repair & Backt!t Costs, b) 1987,88 NRC Maiations,
1) 1986-47 Plant Personner Radiction Enposures, andD 1986 Otisite Radradon Releases. Results nere somanhat skewedbecause overaR rankings were based on totalpohts andplants only received
points M theyrnade one of ten %forst20'Gsts. 8) Altitutes were the same as Ibr 19874R vpdated not 1989-90, except that the Pubthc Citizen dropped " Major Repair & Backtit Costs *and added: a)
Safety System Actuations, b) Skyttiscant Cperaung Events, c) Safety System Failures, d) Low Lever Waste St@rnents, and e) Spent fuel ks Saorage.

. .. ___ __ ______ _ ____ -
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TABLE 6
Performance Data on Nuclear Power Plants Built Prior to 1971 I

INITIAL EXPENSE ELECT. OUTPUT PAIN & AGONY

FIRST
NO. PLANT ELECT. MWe Build Plant Lifetime Cum.

Time Cost Life Capacity SALP Major

(Yrs) ($M) (Yrs) Factor jeting Problems

1 EBR.1* 12/20/51 0.15 2.00 3.3 - 12.00 3.5 3-

2 Shippingport* 12/18/57 60.0 2.75 74.0 24.77 47.9 - 4

3 SL.1* 10/24/58 0.30 2.50 2.6 1.32 66.4 - 1

4 WTR 08M1/59 60.0 2.15 20.0 0.70 N/A - 1

5 Dresden 1 04/1520 200.0 3.86 51.0 18.54 50.6 - 8

6 Yankee Rowe" 11/1040 167.0 3.02 514 31.14 71.5 1.36 6

7 Indian Point 1 09/1642 265.0 6.26 263.0 12.12 37.8 - 5

38 Saxton 11/1rA2 3.2 2.75 6.2 9.38 26.5 -

9 ' Big Rock Point"Ju t 12/08/62 f80.01 n 2.43 3 L 26.2 4 I 30.079 P56.3 i:- # :1.09 i ?;.F7. J +

10 Humbokft Bay 04/18M3 65.0 2.36 24.2 13.21 60.6 - 5 =

11 Hallam" 05/2943 75.0 2.89 60.3 1.26 23.2 - 3

12 Ein Ruer" 0844/63 22.0 3.60 14.4 4.44 59.7 - 4

313 Piqua" 11/04M3 11.4 3.68 8.2 2.16 32.7 -

314 CVTR" 12/1853 17.0 3.54 19.3 3.04 46.9 -

I
15 Bonus" 08/14M4 18.5 4.56 18.0 3.80 12.4 - 6

16 Hanford-N* 04M M 6 860.0 6.85 145.0 20.66 43.7 8-

17 Pathfinder" 07/25/66 58.5 6.12 25.8 1.19 15.8 - 2

18 Fermi 1" 08/0526 60.9 10.00 48.8 6.32 0.1 - 6
|
|

19 Peach Bottom 1" 01/27M7 40.0 4.85 28.1 7.78 44.5 - 7

20 San Onofre 1" 07/1647 436.0 4.28 98.5 23.89 51.0 1.81 14 1

21 ' Haddam NecP ., > ' J 00M727?; i 569.0; f 3.121 1100.3h- L 25.41T Q 72) P id46% * T6a

22 La Crosse" 04/26/68 48.0 5.08 19.1 19.01 49.0 2.03 6

23 . Oyster Creek ; 09/23/89 1 820.0: D4.89 ( 2. 91M f 23.28 5 l 51.6M # 2.01 6 J207'

24 Nine Mlle Point O 111/09/89 : ',610.0 x i4.49{ 4 U150.5? f 23.15 " f 54.7N 4 L81 4 114
~

(1.82 % G /8J12iO2M9 s 470.0 : 0 3.52 N [64.91 U 23.065 ' 573.825 Ginna '-- 1 t

26 Dresden 2 ? !04/13/70i L 772.0 : , 4.17 $ J 101.3i " 22.72 L T57.2 { Ub 1.800 M17 ?-

27 ? ROBINSON 2 f De|I26/70 | 500.0 T320| f: 7|L4| :|22.27- <00.6 n 11.0t I e ? ( 9? "

28 PONTBEACH 1J I11A>G10 : E486.0* - 2.21 \ | 80.6 L (22.16| ??2.8! | .1.h> D '?$N~

h' Y11/2670| |664.0 i : 4.52 N ) 8t.0 i ? 22.00: ' HDAL O1.37~ L 11%29 MILLS 7ONE t

30 MON 71 CELLO 1 03D5f11a 3 55" 0 3.82 ;- 88.8I U 21.33 I 'I00;0I h 1.St ' + f 6L
m a:.

NOTES: 1) Shaded areas cover nuclear power plana; wt current Operating Ucenses. 2) Data is from Supploment V. 3) * Major Problems * -

are high-lighted with a check (/) M Supplement. 4) Plants in capitalletters were licensed after 10CFR30, Appendix B. was issued for use.
5) Plants marked with a DP4esignator were Power Reactor Demonstration Plants and those anarked with an UL-designator were unlicensed
phnts. 6) Plant Ilves are based on the age of the plant at the time it was permanently shut down or, if still operaung, Ms age as of 1201/92.
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TABLE 7
Author's Ranking of Nuclear Power Plants Built Prior to 1971

RANK POINTS

(Worst FIRST

to Best) PLANT ELECTRICITY MWs toltlal Electrical Pain &
Total Expense Output Agony

1 Fermi 1" 084546 60.0 27.8 8.3 10.0 9.5

2 Indian Point 1 09/16M2 265.0 25.7 9.2 8.9 7.7

3 Bonus" 08/1444 16.5 25.5 7.5 9.9 8.1

4 SL-1* 10/24/58 0.3 24.7 4.9 9.8 10.0

5 EBR.1* 12/20/51 0.15 24.5 5.3 9.9 9.3 .

6 Pathftnder" 0745/66 60.0 24.3 7.3 10.0 7.0

7 Peach Bottom 1" 01/27M7 40.0 24.1 7.4 9.2 7.5

8 Hallam" 05/29/63 75.0 23.9 6.1 9.9 7.9

9 WTR 08/01/59' 60.0* 23.7 4.0 9.9' 9.8

10 CVTR" 12/18/63 17.0 23.1 6.4 9.7 7.0

11 San Onofre 1" 07/16/67 436.0 22.9 6.6 8.2 8.1

12 Piqua" 11/04/63 11.4 22.1 5.1 9.8 7.0

13 Elk River" 08/2443 22.0 21.5 5.0 9.4 7.1

14 Saxton 11/16/62 3.2 21.3 5.5 9.4 6.5

15 La Crosse" 04/26/68 48.0 21.2 6.9 7.8 6.5

16 Hanford.N* 04/08/66 860.0 21.1 6.2 7.9 7.0

17 Dresden 1 04/15/60 200.0 20.3 5.2 7.8 7.3

18 Shippingport* 12/18/57 60.0 19.9 7.3 7.3 5.3

i N09/69/ 610.0 ' 19'.6 r ~d 5.7 : ';25'619 Nine Mile Point 1 L 1

20 -- Oyster Creek i 09/23/69 ; ; 620.0 : 19.4 /4.9 - f6.0 $ 58.5l
~

21 Humboldt Bay 04/18/63 65.0 18.9 4.3 8.1 6.5

22 - Dresden 2 I 04/13/70- 772.0 - "18.6 : : 4.6 n
'

5.4 ? $ 8.6 4i

23 MILLSTONE 1i ~ 11/29/70 ' - 654.0 : ~1LB2 | 4.91 4.4 | | 7.5 ~

Y4.0 ; ' | 5.1| | 7.1|24 L ROBINSON 2 ' 0$@tV10 ^ 66LO* I:16 % *

25 - Ginna ' '12/02/89 ?470.0 ; 15.8 i 4.6 ~: c42 Y * . 6.8 ;:

'
26 Big Rock Point" ~ 12/D842 69.0 i '15.2 -- ' 4.4 . : 5.5 ': ~ 5.3

27 Yankee Rowe" 11/10/60 167.0 14.5 4.8 5.1 4.0

28 Haddam Neck *i- 08/07/C7 i : 569.d i14.35 U3.8 h * 4.3 ' 6.'2 ' :
' #*

29 MONTICELLO 010$/71 ' 53&O ? 13 7 : < 4.'6 ? L4.4i '4.7 n
'

30 POINT BEACH 1 ' 11MV70 485.0 '.13.5 ' ~ 4.4 ' ' 4.3 ? ?4.8 :

NOTES: 1) Shaded areas coverplants with active Operating Licenses. 2) Plants in capitalletters were licensed after 10CFR50, AppendliB,
was issued for use. 3) Plants with a OP<tesgnator were Power Reactor Demonstration Plants; those with an UL-designator were unlicensed.
4) WTR was a 60.D MWt test reactor started up during 1959.
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TABLE 8
Performance of Closed Nuclear Plants Licensed After 1970

INITIAL EXPENSE ELECTRICAL OUTPUT PAIN & AGONY

FIRST TOTAL

NO. PLANT ELECT. MWe Bund Plant ufetime Cum. POINTS
Time Cost ufe Capacity SALP Meier

(Yrs) ($M) Points (Yrs) Factor Points Rating Problems Points

1 Rancho Seco 10/13/74 873.0 6.01 338.3 4.3 14.62 36.1 8.9 2.00 15 8.8 ' 22.0'

2 Trojan 05/20/76 1075.0 529 460.0 3.7 16.47 52.0 8.0 1.80 14 8.3 20D

3 Fort St Vran 12/11/76 330.0 825 274.1 6.6 11.69 14.7 9.4 2.07 to 82 24 2

4 Three Mae lstand 2 09/18'78 906.0 8.81 714.9 5.1 0.55 B5.1 98 N/A 7 9.9 24 3

5 Shoreham 07iO8/85 820.0 1224 5480.0 98 3.80 0.0 10.0 1.73 9 9.6 29.4

NOTES

1. The majority of data in this table is based on Information h Supplemerd VI.
2. 1nitial Expense" points took into consideration plant size and average construchon costs and durations during the late 1960s and earfy 1970s as reported in DOE /EIA4485, An Analysis of Nudsar Power Plant

Construccan Costs, U.S. Department of Energy, Washington, DC,1990.

3. Najor Problems" are highlighted with a check (/) h Supplement VL

M M M M M M M M' M M & M M M M M M M M
_ _ _ . ___ - _ _ _ _ . _ _ _ _ _ _ _ _ _
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TABLE 9
Nuclear Power Plants Cancelled Since 1970

1972 (4 PLANTS) 1978 - CONT'D 1982 - CONT'D
Perryman 1&2 Blue Hills 1&2 Vandalia
Verplank 1&2 Sundesert 1&2 Black Fox f&2 (0%, 0%)

South River 1,2 & 3 Cherokee 2&3 (0%,0%)
1974 (7 PLANTS) Atlantic 1,2,3 & 4 Hartsville B1&2 (17%,7%)
Tyrone 2 Pebble Springs 1&2
Quanicassee 1&2 1979 (8 PLANTS) Phipps Bend 2&3 (25%,5%)
Vidal 1&2 Greene County WNP 4&5 (24%,16%)
Vogtle 3&4 (0%,0%) Tyrone 1 (0%) Perkins 1,2 & 3

New England 1&2
1975 (14 PLANTS) Palo Verde 4&5 1983 (8 PLANTS)
Fermi 3 Stanislaus 1&2 Cherokee 1 (18%)
Pilgrim 3 Clinch River (1%)
Barton 3&4 1980 (16 PLANTS) Clinton 2 (0%) M
Fulton 1&2 Forked River (6%) Harris 2 (4%)
Orange 1&2 Haven 1 Skagit 1&2
St. Rosalie 1&2 North Anna 4 (4%)
Somerset 1&2 Sterling (0%) 1984 (10 PLANTS 1
Summit 1&2 Davis-Besse 2&3 (0%, 0%) River Bend 2 (0%)

Erie 1&2 Zimmer 1 (97%)
1976 (1 PLANT) Greenwood 2&3 Hartsville A1&2 (44%,34%)
Allens Creek 2 Jamesport 1&2 (0%,0%) Marble Hill 1&2 (60%,37%) M

Montague 2&3 Midland 1&2 (85%,85%)
1977 (10 PLANTS) New Haven 1&2 Yellow Creek 1&2 (35%,3%)
Ft. Calhoun 2
Sears Isle 1981 (6 PLANTS) 1988 (2 PLANTS)
Barton 1&2 Bailly (1%) Carroll 1&2
Douglas Point 1&2 Callaway 2 (1%)
South Dade 1&2 Hope Creek 2 (18%) 1989 (1 PLANT)
Surry 3&4 (0%,0%) Pilgrim 2 Seabrook 2 (23%)

Harris 3&4 (1%,1%)
1978 (14 PLANTS) 1990 (1 PLANT)
Haven 2 1982 (18 PLANTS) Grand Gulf 2 (33%)
North Coast 1 Allens Creek 1
Zimmer 2 North Anna 3 (9%)

LEGEND:
1. Plants in bold letters received Construction Permits prior to cancellation.
2. Plants in italics received Limited Work Authorizations (LWAs) prior to cancellation.
3. Numbers in parenthesis represent construction percent complete at time of cancellation.

NOTES:
1. Most of the information in this table came from DOE /EIA-0438, Commercial Nuclear Power 199f, U.S. Department of

Energy, Washington, DC, August 1991, pp.105-110; NUREG-1350, Nuclear Regulatory Commission Information Digest,
Volume 2, U.S. Nuclear Regulatory Commission, Washington, DC, March 1990, pp. 92-94; and Nuclear News biannual
"World List of Nuclear Power Plants." C 1975-1989 by American Nuclear Society

2. At various times prior to cancellation, Haven 1&2 had been called Koshkonong 1&2, Stanislaus 1&2 called Mendocino
1&2, North Coast 1 called Aguirre, Vandalia called Central towa, and Hope Creek 2 called Newbold Island 2.

3. Nuclear plants that have been deferred include Bellefonte 1&2 (85%,56%), Perry 2 (44%), and WNP 1&3 (63%,75%).
Based on DOEKIA-0438 (pp.101-102), Perry 2 and WNP 3 are the rnost likely to eventuaHy be cancelled.
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TABLE 10

Significance of Appendix B Weaknesses

WEAKNESS SIGNIFICANCE WEAKNESS
CARRIED DVER REMARKS

Para Title @ N h INTO NCA-17

5.2 REDUNDANCY

5.2.2 | Organaation 1 No

513 Special Processee 2 Yes

5.2.4 Desgn Verification 9 Yes See Note 1

515 Acceptance Crtteria 4 Yes NOA 1 is being revised to partialty correct tNs weakness

516 Document Changes 6 Yes NOA 1 is beeg revised to partally conect the wealmess

517 Identificanon & Control 2 Yes

5.3 TERMINOLOGY

5.3.2 Items 1 No

5.3.3 Measures 1 No

5.3.4 Instructions 3 Yes

5.3.5 Equipment 2 Yes

5.3.6 Audt Proce&res 2 Yes

5.4 GROUPING OF REQUIREMENTS

5.4.2 Criterion IV 5 Yes The dstr;bution of procurement documents should be contro#ed

5.4.3 Criterion XIt! 2 Yes

5.4.4 Cntenen XV 8 Yes See Note 2

5.5 BALANCE

5.5.2 Management 10 Yes See Note 3
,

5.5.3 Design Control 7 No See Note 4

5.5.4 Safety Analyss Reports 6 Yes Three Mile Island and Midland had SAR problems

5.5.5 Order Entry 5 Yes Procurement documents should require ordet entry procedures

5.5.6 CA Program Doctsnents 8 Yes See Note 5

5.5.7 Survedlances 3 Yes NOA.1 is berg revised to correct this weakness

5.5.8 Operation & Maotenance 8 Yes See Note 6

5.5.9 D-mWs 4 Yes NOA 1 is bemg revised to correct the weakness

WEAKNESS SCALE Makr: 10,9, and 8 Moderste: 7,6,5, and 4 Minon 3,2, and 1

NOTES
1. Design errors overboked cWing initnal design verthcation have been me secondleading reasors for equpment failures at operating plants.

Refer to Secten 6.0 for desigrt problems at Trojan, Fort St. Vrain, Three Mile Island, and Zknmer.
2. Prompt!y recognitrng potentsal adverse gusMty trends was Mentined as a genenc nuclear hdustry problem #1 NUREG 1055. Refer to

Sectiors 6.0 lbr trending problems at Rancho Seco, Zknmer Marble Hill, and Midland.
3. NUREG-1055 Identitled management spany to be the biggest reason for quality problems In me nuclear hdustry Refer to Secuan 6.0

lbr rir 1agement-relatedproblems at Rancho Seco, Trojan, Fort St. Vraitt, Three Mile Island, Shoreham, Zimmer, Marble Hill, and MMland.
4. During March t979, Dve plants were shut down 16rseveralrnanths after errors mere foundin a computerprogram used to calculate seismic

stresses #1 piping systems. Refer to Section 6.0 tot siting problems at Shoreham.
5. NRC studies identified a lacket-detaA Irt procedures as one of the main reasons for abnormal occurrences at operatutg plants. Refer to

Section 6.0 for problems with construction procedures at Zhnmer |

6. Improper maintenance has beers the main reason Ibr equipment failures at operating plants. Refer to Section 6.0 lbr operating and main-
tenance problems at Rancho Seco, Fort St vrain, ar1d Three Mile Island. j
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