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FOREWORD

This Technical Report provides a historical summary of the principles, practices, and requirements of quality assurance
standards across the nuclear industry from 1954 to the present. It details the origins of nuclear quality assurance

teciiniques such as quality control and inspection requirements during World War II, and the subsequent
vespel codes and standards that emerged in the early 1960s. The purposes of and benefits derived )fro

nuclear
m these
timeline

of the evolution of quality assurance across the nuclear industry (primarily in the United States) and a discyssion of

ent and Technology (AEC RDT) document F2-2T, Quality Assurance Program Requirements; and U.S. Depar
gy (DOE) Order 5700.6, Quality Assurance. He was a charter member of the former ASME N45-3 Subcommit
er member of the ASME Committee on NQA. Subsequent contributors to this Technical Report include staff
and the DOE, and members of ASME Codes and Standards Committees:

ME NQA Standards Committee is committed to maintaining this d'echnical Report to benefit the entire
indyistry. It will help provide young professionals and “newcomer nations” to nuclear power with the historical
tions for the principles, practices, and requirements used to ensure the safe and reliable use of nuclear ene

ES.

erritt E. (Gene) Langston — a long-time member of the ASME NQA Standards Committee andits de facto hisforian —
the principal author of the original 2005 draft of this Technical Report. Mr. Langston ceauthored quality agsurance
irements of the U.S. Nuclear Regulatory Commission (NRC) regulation 10 C.F.R 50, Appéndix B, Quality Agsurance
ria for Nuclear Power Plants and Fuel Reprocessing Plants; the U.S. Atomic Energy Commission Reactor Devel-

fment of
eeanda
from the

nuclear
founda-

rgy.
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CORRESPONDENCE WITH THE NQA COMMITTEE

General. ASME Codes, Standards, and Technical Reports are developed and maintained with the intent to represent
the consensus of concerned interests. As such, users of this Technical Report may interact with the Committee by

proposing revisions and attending Committee meetings. Correspondence should be addressed to:

P
nec
rev

T
pos
pro

enc
Sec

Attending Committee Meetings. The NQA Standards Committeeregularly holds meetings and/or telephong

Secretary, NQA Standards Committee

The American Society of Mechanical Engineers
Two Park Avenue

New York, NY 10016-5990
http://go.asme.org/Inquiry

roposing Revisions. Revisions are made periodically to the Technical Report to ificorporate changes tha
bssary or desirable, as demonstrated by the experience gained from the applicatiofiiof the Technical Report. A
sions will be published periodically.

he Committee welcomes proposals for revisions to this Technical Report{Such proposals should be as sy
bible, citing the paragraph number(s), the proposed wording, and a,detailed description of the reasonf
posal, including any pertinent documentation.

s that are open to the public. Persons wishing to attend any meeting and/or telephone conference should co
etary of the NQA Standards Committee.
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EXECUTIVE SUMMARY

This Technical Report provides an accounting of the continuing evolution of quality assurance principles, practices, and
requirements for nuclear facility applications in the United States since 1954. Sections 1 through 5 describe how nuclear

quality
(a) st
opment
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hssurance (NQA) and its documentation have evolved along four separate yet interrelated paths, as folld
andards and directives from the U.S. Atomic Energy Commission (AEC), then the Energy Research and D¢
Administration (ERDA), then the Department of Energy (DOE)

gulations and regulatory guides first from AEC and subsequently from the U.S. Nuclear Regulatory Commis

NSI N45.2 and subsequently ASME NQA-1 and related standards

SME Boiler and Pressure Vessel Code (BPVC), Section III

first five Sections track the evolution of early AEC quality control and acceptance inspection requirements
5 for nuclear weapons production from the 1950s; the AEC quality assurance requirements for governm
eactor and technology development programs from the 1960s; the AEC licensing regulations for design
ting, and operating commercial nuclear power plants and fuel-reprocessingiplants from the 1970s; the de
pfthe American Society of Mechanical Engineers’ (ASME) national consensusstandards for nuclear facilities f
s; the ASME code quality assurance criteria from the 1960s; and the management system and performance-bz
h, also from the 1970s to date. Section 6 outlines ASME NQA managemeéntissues the ASME NQA Committee vig
onsetof nuclear power generation in the United States, AEC regulatorsand nuclear utility owners were primsa
ed with ensuring safe plant operation without due regard to formial management controls that were essentia
b quality in achieving both safe and reliable operation of these’complex facilities. Untoward problems du
cial nuclear facility design and construction phases eventually caused AEC regulators and nuclear utility p
to realize the importance and interrelationship of NQA“to nuclear safety. Similarly, problems in AEC-ow
hnd test facilities led to the development of quality:assurance standards and practices.

NQA activities were focused on the design of coamercial nuclear power facilities. This focus then shifte
tion activities. Current NQA activities have alsojincluded the operations and maintenance of existing facili
pating a revitalized U.S. nuclear power plantindustry and associated fuel reprocessing, design, construction,
n, the ASME NQA Committee envisions-an’ additional section documenting

roader adoption by the nuclear industry of ASME NQA-1 standards

owing application of the standards to DOE reactor and non-reactor nuclear facilities

ore timely endorsement by the NRC of successive versions of the standards beyond 1994

its April 2004 meeting, the ASME NQA Committee approved a task proposal notice enabling development of an historica

ocument on the origins, purpose, and benefits to be derived from the principles, practices, and requirements of qu
b standards for nuclear facilities from 1954 to today. This Technical Report is not a part of ASME NQA-1.
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PREFACE!

Nuclear quality assurance had its origin in the quality control and inspection practices of World War II. Quality control
and inspection requirements were exercised through statistical process control techniques. These techniques were
embedded in the early military and industrial products and nuclear weapons production standards. Quality-agsurance
emgrged as an adjunct engineering practice.
Eprly engineering efforts to design and construct components for nuclear power plants evolved through-nuclgar code
casgs arising from non-nuclear boiler and pressure vessel codes and standards. In 1963 and 1974, thefirst nuclear vessel
codps emerged and became, collectively, the foundation standard for extension to other presstesretaining| nuclear
conjponents rules. With the initial edition of the nuclear vessel code, Section III of the ASME;BPVC, ASME provided
a tytorial guide that was extremely helpful for orienting new people to the principles and practices under}ring the

rulgs and procedures that governed nuclear component design and fabrication. Later;.as the body of experience
and| understanding grew and the nuclear component codes matured, this guidance_was no longer essential and
thu$ no longer promulgated.
1 1962, Vice Admiral Hyman G. Rickover, the recognized father of naval nucleatpropulsion, spoke of a “culturpl lag” in
nucjear power plant management and manufacturing.” He said industry pracfices were not geared to the highjer stan-
dargls imposed by the new power reactor technology. He laid out the follewing three principles for improving quality
management:
(@) More effective management and engineering attention must be given to routine and conventional agpects of
nuclear power.
(b) Specifications must be clearly understood, respected, and\ehforced by manufacturers as well as custgmers.
(¢) More effective use must be made of quality assurance.program requirements.
Al exponential growth in the nuclear power plant market bégan in 1965. This growth followed the successful demon-
stration of commercial nuclear power at the Shippingpert, PA, nuclear plant. At that time, 8 reactors with a c¢mbined
capfcity of 4,870 megawatts electrical (MWe) were on\order. In the first 8 months of 1966, 15 more reactors with a total
capfcity of 11,800 MWe were ordered. By Novembet 1966, there were 52 civilian power reactors with a total capacity of
26,890 MWe on order. The AEC predicted an inenease in capacity of from 80,000 total MWe to 110,000 total MWe py 1980.
Plant capacity had increased in size from several hundred megawatts electrical to 1,100 MWe, including multiplg units at
sonje sites, such as Commonwealth Edison’s Dresden, IL, generating station. Also, plants were being located in pfoximity
to largely populated metropolitan areas.
This rapid growth in nuclear powerplant orders and construction in the 1960s eventually raised considerable|concern
am@ng the members of the U.S. Congress, the AEC commissioners and their inspectors, and senior utility industry officials.
These concerns focused on the following questions:
Did the nuclear industryhave sufficient numbers of skilled people to staff these very large and technically chdllenging
projects without compromiising the high-quality standards necessary to protect public and worker safety?
Conversely, did the'AEC have sufficient staff to inspect, evaluate, and oversee licensee applications and congtruction
permits for nucledw’power plants?
AEC Commissioner James Ramey and Reactor Development and Technology (RDT) Director Milton Shaw gpoke on
nunperous ogcasions about the need for quality assurance in nuclear reactor design and development projects anf facility
conptruction.
t a mreeting of the American Nuclear Society (ANS) in 1966, Commissioner Ramey defined quality assufance as
coﬁlprising “all actions necessary to provide adequate confidence that a product or facility will operate satisfactorily
in service.””
This definition was consistent with the U.S. Department of Defense (DOD) military specification MIL-STD-109, which
defined quality assurance as “a planned and systematic pattern of all activities necessary to provide adequate confidence

that the item or product conforms to established technical requirements.”*

—

! This Preface was contributed by Joe Anderson, former Chair of the ASME N45-2 Subcommittee and former member of the ASME NQA Committee and
Applications Subcommittee.

2 Address by Vice Admiral Hyman. G. Rickover, “The Never-Ending Challenge,” 44th Annual National Metals Congress, New York, NY, October 29, 1962.

3 Address by AEC Commissioner James T. Ramey, “Quality Assurance as a Matter of Public Policy in the Safety of Atomic Power Plants,” 1966 Winter
Meeting of the American Nuclear Society, Pittsburgh, PA, November 2, 1966.

*Reference to MIL-STD-109 definition of “quality assurance” was contributed by Robert Hartstern, former member, ASME NQA Committee.
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In 1968, Commissioner Ramey addressed the American Power Conference expressing his concerns about insufficiently
experienced organizations causing errors and omissions resulting in startup problems and delays in nuclear power plant
construction. He emphasized that these problems and delays demanded managementleadership and urgent attention by
the nuclear utilities.” He referred to his 1966 definition of quality assurance and the practices necessary for an effective
quality assurance program.

Commissioner Ramey’s concerns, when coupled with other unplanned events, led eventually to the development of
AEC regulation on nuclear quality assurance, known as Appendix B to Title 10 of the Code of Federal Regulation, Part 50
(10 C.F.R. 50). In response to Appendix B, the ASME-sponsored American National Standards N45 Committee formed a
quality assurance subcommittee to develop standards for implementing quality assurance standards. This subcommittee

subsequently became the ASME Nuclear Quality Assurance (NQA) Committee. Since their inception, these ASME stan-
dards cdmmittees have carefully preserved the early definition and the enlightened concepts of nuclear quality assurance.

Throyghout the late 1960s and 1970s, as nuclear power plant construction projects continued to grow in-size and
numberf, groups of people were trained to conform their programs to ANSI N45.2 and later to ASME NQA¢1.As we khow
now, thg nuclear industry designed, constructed, and successfully operated over 100 nuclear power plants; however, no
new plants have been ordered for over 20 years. During the late 1960s and 1970s, many of the skilled'workers in the|U.S.
nuclear ndustry who managed, designed, and constructed these plants moved to other careers, réetired, or were neafing
retiremg¢nt. Today, the nuclear industry is approaching the same situation it initially faced in the early 1960s: a ladk of
knowledgeable and skilled management, technical, and quality assurance professionals. A trtémendous amount of afcu-
mulated| experience and best practices have been developed, documented, and codified over the past 70 years. This
knowledge must not be lost to the future designers, constructors, and operators of nuielear power generation facilifies.

With the prospect emerging again for new nuclear power plant orders and a new-¢ycle of growth in the nuclear pofwer
industry), the ASME NQA Committee believes it is appropriate and timely to prepareéan historical record of events foy| the
next geperation of managers, technical specialists, and nuclear quality @ssurance professionals. The ASME NQA
Committee intends that this Technical Report will be used to acquaint héwly involved management, technical, jand
quality pssurance professional with the what, how, and why of the principles, practices, and requirements that
have be¢n defined and documented in ASME NQA-1 and other standards, as well as with some of the key quality mangge-
ment isgues.
ACRONYMS

The fpllowing acronyms are used in this Technical Report:

Acropym Definition Acronym Definition
ACRS Advisory Committee for Reactor Saféghards FFTF Fast Flux Test Facility
AEC U.S. Atomic Energy Commission GOCO Government-owned, contractor-operated
AIChE American Institute of Chemical.\Engineers ) ) ) )
AL Albuquerque Operations-Office IEEE Institute of Electrical and Electronics Engineerfs
ANS American Nuclear Society MWe Megawatts electrical
ANSI American National Standards Institute NASA National Aeronautics and Space Administratiof
ASLB Atomic Safety@nd Licensing Board NFPQT Nuclear Facility Personnel Qualification and
ASME The American\Society of Mechanical Engineers Training Committee
BPVC Boiler/and:Pressure Vessel Code NNSA National Nuclear Security Administration
NQA Nuclear quality assurance
CER. Aot Ffederal Re.gulations NRC U.S. Nuclear Regulatory Commission
P Gonstruction permit NSMB Nuclear Standards Management Board
CRD Contractor requirements document
OMB Office of Management and Budget

DNFSB BeferrseNuctear FacitittesSafety Board
DOD USS. Department of Defense PAAA Price Anderson Amendments Act
DOE U.S. Department of Energy Qe Quality control
DP Defense Program RDT Reactor development and technology
DRS AEC Division of Reactor Standards SFO Santa Fe Operations Office
ERDA Energy Research and Development Administration | SNAP Space Nuclear Auxiliary Power

5 Address by AEC Commissioner James T. Ramey, “Quality Assurance — An Essential for Safe and Economic Nuclear Power,” American Power

Conferenc

e, Chicago, IL, April 23, 1968.
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TIME LINE

The following chronology traces significant events and reactions in the evolution of AEC, ERDA, DOE, ASME, and other

related NQA standards and directives from 1954 to today:

1954

The Atomic Energy Act of 1954 amended the Atomic Energy Act of 1946, defined the

AEC

function, and established the AEC in Germantown, MD, and Washington, DC, encompassing

both regulatory and developmental functions.

AEC Santa Fe Operations Office issued QC-1, Weapon Quality Policy, prescribing nuclear

1956

1963

1965-1967

1966

1967

1968

1969

AR ci-ar—airali s dral oo d oo ackl o oo ot
weapofSproatetoh garcy—€oittror—aneiSs Peccott Praceees:

Dresden 1 and Indian Point 1 [Note (1)] received the first AEC construction permits,(CPs) ynder

10 C.F.R. 50, with no specified quality assurance program criteria or requirements.
ASME issued ASME BPVC, Section III, with no specified quality assupance requirement

AEC developed a proposed Appendix A to 10 C.F.R. 50 covering<duclear power plant d
criteria. Criterion 1, Quality Standards and Records, required the following:
(a) quality standards
(b) a quality assurance program
(c) quality records for structures, systems, and gomponents important to safety

The Fermi 1 [Note (1)] incident resulted from unauthorized design changes causing p
reactor core meltdown. Also, AEC reported ten reactors that had been in operation
approximately 2% years were then closed.

Duringits review of the CPs for Turkey Point 3 and 4 [Note (1)], the ACRS asked aboutbutd
pursue methods of quality cgntrol.

ASME published ASME BPVG, Section III, Appendix IX, containing 15 quality assurance crj
and requiring ASME péview and approval.

During its review of-thie CPs for Browns Ferry 1 and 2 [Note (1)], ACRS found a lesse]
commitment to.quality assurance. ACRS was concerned because these were the first rea
to exceed 1,000 MWe.

The AEC regulatory function moved to Bethesda, MD, while the development function stay
Germantown, MD.

ASLB suspended public hearings on a Commonwealth Edison application to design an
constructanuclear power plantbecause the license applicant did not have a quality assu
program for the plant and the AEC did not have criteria for evaluating the adequacy
applicant’s quality assurance program.

The AEC RDT Division developed and issued a comprehensive quality assurance prog
standard, AEC RDT F2-2T, for its GOCO reactors and test facilities.

esign

hrtial

for

dnot

iteria

q
ctors

red in

Fance
f the

am

1970

AEC regulatory department proposed for public comment 18 quality assurance criteria as

Appendix B to 10 C.F.R. 50 for licensing nuclear power plants.

Representatives of the AEC and the nuclear industry met to begin developing N45.2 standards

on quality assurance program requirements and guidance for nuclear power plants.

Following an extensive public comment period and a trial use at Surry [Note (1)], the AEC issued
18 quality assurance criteria for nuclear power plants as 10 C.F.R. 50, Appendix B, thereby

expanding upon Criterion 1 of 10 C.F.R. 50, Appendix A.

Xi
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1971

1972

AEC issued 10 C.F.R. 50, Appendix A.

AEC expanded 10 C.F.R. 50, Appendix B, to apply the 18 quality assurance criteria to fuel-
reprocessing plants as well as to nuclear power plants.

ANSI N45.2-1971 was issued. Supplementary ANSI N45.2 standards (referred to as daughter
standards) were issued in subsequent years.

1974

1975

1977

1978

1979

1981

1983

ANS pnh]ichpd ANS32-1972 for administrative controls dnring nuclear power pl:\nf operation

The Energy Reorganization Act of 1974 abolished the AEC and established separate agencieq:
the NRC and the ERDA.

Due to some organizational issues at LaSalle and Midland [Note (1)], the AEC and'then the NR
proposed an amendment to Criterion 1, Organization, of 10 C.F.R. 50, Appendix-B, with regar
to permissible organizational relationships; the Criterion 1 amendment.was approved an
issued early in 1975.

| an = ay )

ASME established the ASME Committee on Nuclear Quality Assurdnce to continue developing
coordinating, consolidating, and restructuring nuclear quality assurance standards.

Browns Ferry [Note (1)] fire occurred.

ASME NQA Committee issued ANSI/ASME N45.2:1977 on quality assurance program
requirements for nuclear facilities.

ERDA was abolished with the creation of the,U.S. Department of Energy.

ANSI N46-2 Committee issued Revision*1 of ANSI N46.2-1978, Quality Assurance Program
Requirements for Post-Reactor Nuelear Fuel Cycle Facilities, which was subsequently
withdrawn.

Three Mile Island Unit 2- [Note (1)] suffered severe operational casualty due to minor
maintenance errors.and a stuck pressure relief valve, leading to a loss of crew operationd
awareness and xesulting in major core damage.

ASME NQA Committee issued ANSI/ASME NQA-1-1979 on quality assurance requirements fo
nuclear facilities.

—

=

DOE issued DOE Order (0) 5700.6, Quality Assurance, in response to deficiencies observed by
the'DOE Inspector General in DOE nuclear facilities. This Order was superseded by DOR
0 5700.6A in 1981, DOE O 5700.6B in 1986, and DOE O 5700.6C in 1991, which was
superseded by DOE O 414.1 in 1998.

ASME NQA Committee issued ANSI/ASME NQA-1-1983.
ASME BPVC, Section IIl, adopted ANSI/ASME NQA-1-1979 edition.

1985

1986

ASME NQA Committee incorporated seven ANSI/ASME N45.2 daughter standards as Parts of
ANSI/ASME NQA-2-1983.

NRC endorsed ASME NQA-1-1983 in Revision 3 of NRC Regulatory Guide 1.28.
ASME NQA Committee issued ASME NQA-1-1986 with minor editorial changes to the 1983

edition, with several positions.
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1989

1991

ASME NQA Committee issued ASME NQA-1-1989 on quality assurance requirements for

nuclear facilities.

NRC endorsed ASME NQA-1 and ASME NQA-2 in NUREG-0800.

DOE published a proposed Nuclear Safety Management Rule under 10 C.F.R. 830 and § 830.120
on quality assurance. DOE also issued DOE O 5700.6C, introducing ten performance-based

quality assurance criteria, including the concept of quality improvement. These ten cr
were used in the proposed Rule.

iteria

1994

1997

1998

2000

2001

2004

4005

2008

DOE published the Nuclear Safety Management Rule, 10 C.F.R. 830 and § 830.126. The
provided for civil and criminal penalties similar to the NRC rules for commercial ny
facilities.

ASME NQA Committee issued ASME NQA-1-1994, Quality Assurance Requirements for Ny
Facility Applications.

ASME NQA Committee issued ASME NQA-1-1997 with continued ¥estructuring and remo
redundant text.

Rule
clear

clear

val of

DOE 0414.1 wasissued in November 1998. This Order was superseded by DOE 0 414.1A ip May

1999 and by DOE O 414.1B in April 2004.

ASME NQA Committee issued ASME NQA-1-2000 with minor revisions to the 1997 edition.

DOE revised the Nuclear Safety Management Rule to include safety basis requirement
minor changes to the quality assutance rule, clarifying its applicability to nuclear wez
and radiological facilities.

ASME NQA Committee issued ASME NQA-1-2004, which contained numerous revisions
2000 edition.

DOE/NNSA issued Revision 10 of QC-1 on DOE weapon quality policy.

DOE O 41410 superseded DOE O 414.1B. DOE O 414.1C contained requirements for 3
software:

DOEpublished Action Plan based on lessons learned from the Columbia Space Shuttle acd
and Davis-Besse [Note (1)] reactor pressure-vessel head corrosion event.

5 and
pons

o the

afety

ident

ASME NQA Committee issued ASME NQA-1-2008 with the new work-practice requirements on

commercial grade dedication in Subpart 2.14.

DOE Office of Environmental Management issued EM-QA-001, Quality Assurance Prog
which required consideration of all Parts of ASME NQA-1.

Fam,

2009

2010

ASME NQA Committee issued the ASME NQA-1a-2009 addenda linking Subpart 2.14 on
commercial grade dedication and Subpart 2.7 on acquired software and safety functions.

NRC endorsed ASME NQA-1-2008 and the ASME NQA-1a-2009 addenda with the issuance of

Revision 4 of NRC Regulatory 1.28.

xiii
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2011 ASME NQA Committee issued the ASME NQA-1b-2011 addenda, which included revision of
para. 100 titles in Part I from “Basic” to “General” and the beginning of the Part II revisions.

DOE issued DOE O 414.1D, which superseded DOE O 414.1C. The revision required the use of
ASME NQA-1-2008 with ASME NQA-1a-2009 for activities passing Critical Decision Phase 1
(CD-1).

2012 ASME NQA Committee issued ASME NQA-1-2012. The edition contained numerous revisions to
Part II Subparts; the addition of Subpart 2.22 on management assessments within the DOE;
and revision and restructuring to the Subparts of Parts III and IV [notably the addition_qf
guidance on commercial grade dedication of software (3.2-2.14), and the redesignationofthp
research and development guide as Subpart 4.2.1 (previously Subpart 4.2)].

2013 DOE/NNSA issued NAP-24 on DOE weapon quality policy that superseded QC-1"Revision 1(.
NAP-24 described the minimum quality requirements for the NNSA and-NNSA contractor
and subcontractors responsible for activities specific to phases 1 through.7-0f the weapon lif}
cycle. Requirements were aimed at ensuring customer requirementsare'met during all seve
phases of weapon and weapon-related product realization — from/concept definition to
disposal.

DOE/NNSAissued NAP 24A, arevision of NAP-24, NNSA Weapon'Quality Policy. NAP-24A addefl
content that replaced the NNSA Office of Defense Programs (NA-10) Weapon Quality
Assurance Procedures Manual and incorporated new NNSA Nuclear Enterprise Assuranc
policies.

= (D A

™D

2015 ASME NQA Committee issued ASME NQA-1-20157 In this edition, the committee continued it
efforts to enhance the understanding andusability of the Standard (e.g., Parts I, III, and IV). O
particular note were the consolidation of the majority of software requirements in Subpat
2.7, and guidance on the relationship between the software requirements and guidance. A
initial set of process flow diagrams\for the software requirements of ASME NQA-1a-2009 wa
included to assist in the implémentation of ASME NQA-1-2008 with the 2009 addenda. /
guide on the peer-review process was also developed and included in this edition.

=T =t —h O}

2017 ASME NQA Committee isSued ASME NQA-1-2017. The edition was revised to address
requirements and guidance for use of electronic quality assurance records and supplier
accreditation fop calibration and testing services. Guidance for control of nonconforming
items was revised, and minor changes were made to the graded approach for applying ASM
NQA-1 _to_research and development projects. Additionally, the full set of process flow
diagrams for the software requirements of ASME NQA-1a-2009 was completed to bettef
assist/in the implementation of ASME NQA-1-2008 with the 2009 addenda.

TT7

NOTE: (1) This time liméjuses the following abbreviations for U.S. nuclear sites:

Browns Ferry 1 and 2 = Browns Ferry Nuclear Plant, Units 1 and 2, Athens, AL
Davis-Besse = Davis-Besse Nuclear Power Station, Oak Harbor, OH
Dresden 1 = Dresden Generating Station, Unit 1, Dresden, IL
Fermi 1 = Enrico Fermi Atomic Power Plant, Unit 1, Newport, MI
Indian Point 1 = Indian Point Energy Center, Unit 1, Buchanan, NY
LaSalle = LaSalle County Generating Station, Marseilles, IL
Midland = Midland Nuclear Power Plant, Midland, MI
Surry = Surry Nuclear Power Station, Surry, VA
Three Mile Island Unit 2 = Three Mile Island Nuclear Generating Station, Unit 2, Middletown, PA
Turkey Point 3 and 4 = Turkey Point Nuclear Generating Station, Units 3 and 4, Homestead, FL

Xiv
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Section 1
AEC and DOE Quality Assurance Requirements and Rules

1.1|SCOPE

This Section describes the evolution of nuclear quality
assyirance from early quality control and inspection re-
quifements for AEC nuclear weapons production and
navpl reactors programs; to the more comprehensive
quallity assurance program requirements for nuclear
wedpons production and AEC/DOE reactor development
and| technology activities; to the series of DOE quality
assgirance directives.

1.2| AEC WEAPON QUALITY POLICY, QC-1 AND
NAP-24

AEC quality management policy for nuclear weapons
conpplex activities was first documented in the AEC’s
Santa Fe Operations Office (SFO) Weapon Quality
Policy, QC-1. Issued in April 1954, QC-1 predated MIL-

(4d) production tooling accuracy
(¢) in-process inspection and records
) control of special processes

mef minimum quality standards. SFO expected these prin-
ciples—and—requi o-be-appliedalsotoordna
plants operated by DOD on the behalf of SFO and to
arsenals that performed work for the SFO under agree-
ments with DOD.

1 DOD Military Specification MIL-Q-9858 was issued in April 1959 and
superseded by MIL-Q-9858A in December 1963. MIL-Q-9858A was
canceled in 1996.

In 1982, the DOE Assistant Secretary for Military Appli-
cations defined,” and in 1989 redefined” in'great¢r detail,
the quality assurance policy for the DOE ntclear yveapons
complex. This policy required the ekecution and{mainte-
nance of procedures that

- provided control, through jplans and actiops, over
activities affecting quality te an extent consist¢nt with
defined programmatic er<organizational objectiyes

- had objective, measurable means to ensure their
effectiveness, whichyweére required to be used by manage-
ment for regulartassessments

- emphasizedcontinuous improvementin all aftivities,
including®oth support and operational organizptions

- applied appropriate elements of recognizgd stan-
dards

QC-1 was revised numerous times from its inifial issue
in1954 through 2004. In 2013, QC-1, Revision|10, was
replaced by National Nuclear Security Administration
(NNSA) Policy Letter NAP-24. QC-1 and NAP-24A
addressed changes and additional DOE weapor] quality
policy and quality assurance requirements. Thus, for
example, QC-1, Revision 6, issued in 1992| added
quality system requirements for training of mpjanufac-
turing, inspection, and test personnel, and foi quality
improvement, error prevention versus detectfon, and
nonconformance costs.

The highly classified nature of most DOE Pefense
Program (DP) weapons production activities gpverned

policy in the 1980s exempted the DOE nuclear
program from complying with DOE quality agsurance
orders on the basis of equivalency. Then, in 1992, in a
memorandum to DOE field office managers,* the Assistant

comply with DOE 0 5700.6C (see para. 1.5.2), with certain
exemptions for classified weapons production work. The
Assistant Secretary decided that it would be to DP’s

2 DOE Assistant Secretary for Military Applications, Quality Assurance
Policy, November 20, 1982.

3 DOE Assistant Secretary for Military Applications, Quality Assurance
Policy, July 7, 1989.

*DOE Defense Programs Memorandum, Implementation of
Department of Energy Order 5700.6C, “Quality Assurance,” was
issued February 27, 1992. It was canceled in 1998 and replaced by
the DOE O 414.1 series.
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advantage to be able to demonstrate to oversight organ-
izations, e.g., Congress, the NRC, the Environmental
Protection Agency, and various public interest groups,
that DP did in fact have a systematic, disciplined
quality assurance program for its weapons production
activities.

In 1992, the DOE Albuquerque Operations Office (AL)
issued a new standard, QC-2, to complement QC-1 for
nuclear weapons research, development, and testing.

process control methods
government-furnished material
NNSA-accepted material

- senior management responsibilities

In 2013, NNSA replaced QC-1 with NNSA NAP-24. NAP-
24 restructured QC-1 into the standard DOE directive
format. It referenced the NNSA supplemental and DOE
directives for control of measuring and test equipment
and records rather than explicitly including these require-

QC-1, R¢vision 9, issued in late 1998, incorporated into
QC-1 the newer quality assurance requirements of
QC-2 for|nuclear weapons research, design, development,
procurement, production, dismantlement, maintenance,
stockpilg evaluation, and disassembly and disposal.

From|QC-1’s inception in 1954 to the current NAP-24A,
policy, |principles, and requirements have placed
maximujm responsibility and accountability on

- nuglear weapons program prime contractors to
maintain effective quality control systems

- the|AEC/DOE not only to conduct surveillance and
acceptance inspections that focus on functional quality
evidencp presented by the prime contractors, but also
to verify this quality evidence

In Felruary 2004, the DOE/NNSA issued QC-1, Revision
10, supdrseding Revision 9. QC-1, Revision 10, contained
the follqwing significant changes for organizations that
were required to comply with DOE weapon quality policy:

- change in ownership of QC-1 from AL to DOE/NNSA
Headquarters DP

- ney requirement for a management program
(qualityjassurance program or weapon quality assurarce
prograny) to be submitted to DOE/NNSA for approval

- major emphasis on a risk-based quality manageément
system for decision making

- grepter emphasis on quality metrics

QC-1,|Revision 10, was restructured-along the lines of
ASME NIQA-1-2000 to ensure that QC:¥ could be imple-
mented|using ASME NQA-1. DOE/NNSA expanded the
scope to include weapons work conducted by the
federal|organization and<the management controls
beyond|hardware QC. Another major change made it
clear thpt QC-1 was the€ DOE/NNSA method for imple-
menting DOE O 414.1A and the DOE Nuclear Safety
Management Rule,0 C.F.R 830, Subpart A. All federal
tracter\work relating to nuclear weapons was

While QC-1, Revision 10, adopted a number of require-
ments from ASME NQA-1, itincluded some differences. For
example, QC-1 established a two-party government-
owned, contractor-operated (GOCO) contractual relation-
ship. Also, QC-1 included the following additional quality
assurance requirements:

- metrics

- quality cost management

- control of processes

ments. Additionally, DOE O 414.1D, Attachmenlt 4,
replaced the software quality requirements for |safety-
and weapons-related software previously infQ€*1.

NAP-24 was revised in 2015 to include”Attachment 3,
which defined common processes and“activities for|the
federal and NNSA contractor (both _deésign agencies jand
production agencies) weapon quality organizatigns,
employing a layered oversight approach involving H¢ad-
quarters Weapon Quality Division, field/production
offices, and NNSA contractors and subcontractors.

1.3 AEC NAVAL REACTORS, AEC QRC-82C

Quality control requirements for AEC naval nuc]ear
propulsion programs were prescribed in AEC QRC-82C.
This document supplemented MIL-Q-9858A by impoging
quality‘control requirements for material inspection jand
testing) during manufacturing of naval reactor conjpo-
nents.

1.4 AEC TO DOE RDT F2-2T STANDARD

From its beginning, the AEC managed and operatedl its
civilian reactor and technology development programnis as
a decentralized agency. AEC headquarters developped
policy, managed funding, and issued broad programnjatic
direction to its field organizations. The AEC issued grants
to universities, national laboratories, and research jJand
development contractors.

Notwithstanding the good operational safety records in
the late 1960s, AEC RDT management and engineers were
disturbed to note that important civilian reactor and t¢ch-
nology development objectives were not being accpm-
plished as planned. Quality problems, including
equipment failures and irretrievable loss of imporfant
data, were attributed not to the inherent risks of t¢ch-
nology development but to insufficient managenjent
and engineering attention to conventional material and
: t t t tan-
dards and quality controls that were essential to tech-
nology development were not being applied.

Early AEC, DOE, and contractor project management
misconceptions about quality assurance included the
following:

(a) Some project managers believed it was possible to
ensure nuclear facility quality without a formal, docu-
mented, and integrated quality assurance program.
While this approach was used for small basic research
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reactors, quality-related operating problems resulted in
shutting down production reactors at most DOE sites
and prevented their restart.

(b) Some project managers believed that quality assur-
ance program establishment and implementation was the
primary responsibility and role of the quality assurance
organization. This misconception was fostered in part by
some quality assurance organizations that believed that
the quality assurance plans, requirements, and proce-

NHB 5300.4(1B). The proposed standard would
provide requirements for planning, management, and
engineering activities as well as additional requirements
for design review, design verification testing, qualification
testing, and development testing.

It is noteworthy that Admiral Hyman G. Rickover’s AEC
Naval Reactors programs employed some of these design
control elements as a part of their normal design engi-
neering activities, although they were not called

durps were written by and for the quality assurance or-
ganjzation. They failed to recognize a fundamental quality
assyirance principle that quality and its achievement are
prirhary management responsibilities; the quality assur-
ancg organization supports top and line management in
exeruting their quality assurance programs and by
conflucting independent audits.

Pfior to 1968, there were no formal quality assurance
reqfirements imposed by the AEC and its management
and| operating contractors on GOCO nuclear facilities
confucting reactor development and technology activ-
itieg. This situation presented an early quality manage-
meht dichotomy for the National Aeronautical and
Spalce Administration (NASA) quality engineers who
had technical and quality management oversight of
sonje joint AEC-NASA space exploration programs. For
exajmple, in the mid-1960s, NASA’s Space Nuclear
Auiliary Power (SNAP) programs imposed rigorous
quality assurance and quality control requirements
froth NASA NHB 5300.4(1B) on some of its prime contrac-
torg, e.g., Aerojet General in Azusa, CA, and General Electric
in Eyvendale, OH. In MIL-1-45208A, NASA delegated t0DOD
Air [Force, Navy, and other contract administration agen-
ciegcertain DOD inspection system requirements for non-
nucjear, non-mission-critical components_of the power
conpersion system being developediby-the contractor.
NASA quality assurance program managers were disap-
poimted to learn that the AEC did not impose any formal
quality assurance or quality control requirements on the
SNAP reactor-system-development contractors. The
Asspciate Director atdNASA’s Lewis Research Center
brojught this situation to the attention of the joint
AE(-NASA organizdtion.

mid-1968;senior managers at the AEC Division of
Realctor Development and Technology (RDT) acknowl-
edgped the.need for a comprehensive quality assurance

tories, and test facilities.” RDT management agreed to
develop the new RDT standard that would be designed
to address not only the quality program and inspection
system specifications of MIL-Q-9858A and MIL-
[145208A but also the more comprehensive quality and
reliability assurance program requirements of NASA

5 Address by Merritt E. Langston, “Quality Assurance Requirements for
Reactor Development Programs,” 26th Annual Technical Conference of
the American Society for Quality Control, Washington, DC, May 10, 1972.

quality assurance elements. So, it was not teo [difficult
to convince the RDT line managers who came from
Naval Reactors that design control was)still their line
responsibility under the broad quality asgurance
umbrella.

With the participation of the major' AEC nationafl labora-
tories and maintenance and Qperation contractgrs, RDT
Director Milton Shaw authorized in late 1968 a working
group, managed by the atithor, to develop the ng¢w stan-
dard. RDT F2-2T wag’issued in June 1969 under [the RDT
standards prograninianaged by the Oak Ridge National
Laboratory.

RDT F2-2T was written in a phased format thatcould be
selectively applied to a facility or project, dependifg on the
scope_of{the quality assurance program activiilies. The
phases‘flowed from initial quality assurance program
planning through design and development; procyrement;
nmranufacturing, fabrication, and assembly; construction
and installation; to facility operation, maintenahce, and
modification.

RDT F2-2T covered all of the basic quality agsurance
criteria of 10 C.F.R. 50, Appendix B. Also included were
quality assurance program requirements foi design
descriptions, development testing, engineering|studies,
operational readiness reviews, unusual occlirrence
reporting, data collection methods, material certification,
alloy verification, and managementreviews. Manyf of these
RDT F2-2T quality assurance requirements hpd been
proven to be effective in earlier NASA flight| system
and ground support operations.

RDT F2-2T was a dynamic standard that was fully
endorsed and used by RDT technical and quality agsurance
managers. At the request of RDT managers, RD[T F2-2T
was amended ten times from 1969 to 1983 to jmprove
the effectiveness of quality assurance program implemen-
tation based on user experience and on unusugl occur-
rences reported during design, constructipn, and
operation of numerous AEC/DOE reactors and test facil-
ities. These amendments included

- purchaser approval of repairs and waivers

- planning and documentation of independent design
reviews

- surveillance of facility operations, maintenance,
modifications, and repairs

- preparation of engineering drawing lists

- purchaser approval of inspection and test plans and
establishment of mandatory hold points
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- control of handling, lifting, and rigging activities

- selective application of quality assurance require-
ments and preparation of a quality assurance program
index of procedures

- calibration and control of measuring and test equip-
ment

- indoctrination, training, and qualification of person-
nel

- identification, reporting, and management of engi-

Acting on the recommendation of an RDT study group
under Dan Garland to endorse a single national consensus
standard for reactor and technology development
programs, in April 1985 RDT management canceled
and withdrew RDT F2-2T when it endorsed ANSI/
ASME NQA-1-1983. The shift to the ASME NQA-1 national
consensus standard was consistent with an Office of
Management and Budget (OMB) Circular A-119 regarding
the use of such national consensus standards.

neerintholds

In a Igrge construction project, e.g., the DOE’s Fast Flux
Test Fagility (FFTF), special quality assurance require-
ments gnd controls were incorporated through these
amendnpents to RDT F2-2T. The amended requirements
helped ysers to detect, eliminate, or prevent the installa-
tion or yse of improperly identified and mixed weld filler
metal aind many other substandard materials purchased
for FFTF construction.

Amenldment 6 resulted from a rash of handling, lifting,
and riggjng incidents at DOE facilities. RDT also developed
a stringent standard on testing and lifting controls, par-
ticularly] for lifts over reactors.

Amenldment 7 to RDT F2-2T abolished costly and volu-
minous|quality assurance program descriptions that
merely fepeated the contents of implementing proce-
dures. Instead, users were instructed to prepare a
quality @ssurance program index including the organiza-
tion strficture and a listing of quality assurance proce-
dures.

In his| memorandum of March 1972 to RDT technical
professipnals, RDT Director Shaw called their attentioh
to the promulgation of RDT F2-2T. This standardrein-
forced the many policy statements and related\actions
of Congfess, AEC, ACRS, and standards-writing groups
over sevleral years on the need to significantly strengthen
quality gssurance in the conducting ofreactor and tech-
nology dlevelopment programs, whether in the national
laboratdries or in the commercial sector.

In a 1p78 memorandum to DOEfield office managers,6

the DOE Director for Nuclear Energy stated that DOE
preferr¢d the quality assurance program for civilian
nuclear|energy technology development programs to
be estaljlished and implemented in accordance with ap-
plicablejrequirements of the nationally recognized, volun-
tary corlsensus.standards. Unless otherwise directed, or
where there“was no cost advantage, major DOE reactor
developmeént programs were to employ ANSI/ASME

A comparison of RDT F2-2T with ANSI/AYME
NQA-1-1983 revealed consistencies in their basic
quality assurance program elements but significant differ-
ences in their degree of specificity, particularly when
applied to reactor development and testing activities,
and in their format.

By endorsing ANSI/ASME NQA<1-1983, the AEC Divi-
sion of RDT relinquished its technical and quality mangge-
ment ability to make rapid,‘timely, and substantive
changes to quality assurance program requiremgnts
based on urgent needs backed by field experience. [The
ASME NQA-1 consensus process achieved thorough
reviews of draftsstandards but did not lend itself to|the
processing of €apid, program-specific changes.

1.5 DOE-ORDERS AND GUIDES

1.5.1°DOE O 5700.6

In March 1978, the DOE Inspector General (IG) advjsed
senior managers at DOE headquarters that IG inspecfors
were observing major continuing deficiencies in fomal
quality assurance programs at DOE field sites. These defi-
ciencies included

(a) inadequate or nonexistent quality standards

(b) inadequate design control and design reviews

(c) inadequate supplier controls

(d) inadequate fabrication controls

These deficiencies were attributed in part to thelacofa
strong DOE headquarters quality assurance policy, organ-
ization and implementing requirements. For many ydars,
the AEC and DOE national laboratories and contracfors
had operated under a system of grants for resedrch
and development that required only periodic progress
reports on activities and spending. The AEC requested
but did not direct quality assurance compliance.

Inresponse to the IG advisory,in 1979 the U.S. Secrefary
of Energy appointed a study group headed by Phil Coyle of

N45.2. Where ANSI/ASME N45.2 was determined to be
insufficient for technology development activities, it
was to be supplemented by appropriate quality assurance
requirements.

6 Assistant Secretary for Energy Technology, Director of Nuclear
Energy, Quality Assurance Policy for Nuclear Energy Program,
September 1, 1978.

DP;and which Included the author, to develop recommen-
dations on a department-wide quality assurance policy
and requirements. In January 1981, with the concurrence
of the Secretary of Energy, DOE O 5700.6 was issued.
The DOE Nuclear Facility Personnel Qualification and
Training Committee (NFPQT), which was appointed by
the Under Secretary of Energy after the accident at
Three Mile Island in 1979, reported that DOE O 5700.6
was being implemented in varying degrees of rigor at
most DOE nuclear facility sites. The NFPQT reported
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that a common deficiency was the lack of management
controls and attention paid by senior DOE and contractor
managers to implementing effective quality assurance re-
quirements at DOE nuclear facility sites.

As a result of the NFPQT report, the Under Secretary
of Energy developed a DOE Action Plan. A revised
DOE O 5700.6A was issued in an attempt to strengthen
the department’s dysfunctional quality assurance
policy. In September 1986, DOE O 5700.6B addressed

The quality assurance criteria were fairly well under-
stood by DOE and contractor organizations. However,
Criterion 3, Quality Improvement; Criterion 9, Manage-
ment Assessment; and Criterion 10, Independent Assess-
ment, posed a challenge to organizations unfamiliar with
contemporary quality concepts. So, DOE developed an
implementation guide for DOE O 5700.6C to illustrate
the management system concept for quality; expand on
the performance-based criteria; and define acceptable

onl{r changes in DOE headquarters’ responsibility for
quality assurance oversight.

1.5{2 DOE 0 5700.6C

1 August 1991, a completely restructured DOE quality
asst@irance Order, DOE O 5700.6C, was published as a part
of al comprehensive DOE directives system. This system
inclpdes DOE policies, manuals, Orders, Notices, and Regu-
latdry Rules and Guides for quality assurance plus a
varfiety of many other documents, which may be
accessed through the DOE Directives website at
wwjw.directives.doe.gov. Information specific to the
department’s quality assurance policy is available at
https://energy.gov/ehss/quality-assurance-policy-and-
dirdctives.

DIOE 0 5700.6C established Total Quality Management
arrgngement of DOE quality assurance program require-
ments into three categories and ten criteria, as follows:

—

Category Criteria

Manpgement 1 Program

2 Personnel Training and Qualification
3 Quality Improvement

4 Documents and Records
Perfprmance 5 Work Processes
6 Design

7 Procurement

8 Inspectionand Acceptance Testing

Assgssment 9 Management Assessment

10, Independent Assessment

OE O 5700,6C reflected the concept that all work is a
profess, that'can be managed, performed, assessed, and
impreved, i.e., by adopting a management-system

approaches to implementing the Quality Imprgvement,
Management Assessment and Independent Asspssment
criteria.
DOE 0 5700.6C referenced ASME NQA-1, ASME NQA-2,
ASME NQA-3, and a number of DOE and other standards.
Work associated with DOE nuclear weapons |produc-
tion, Naval Nuclear Propulsien.programs, NRC ljcensing,
and research and development publicatiqns was
exempted from DOE 0.5700.6C. This Order|did not
exempt work associated with design construction, opera-
tion, and maintenatiee of facilities and equipment used to
produce nuclearweapons.
DOE 0 5700.6C required the use of approprigte stan-
dards, suchyas ASME NQA-1 (see subsection|2.4 and
section“4), for the development and implementation of
qualityrassurance programs. The Order stregsed the
three quality management principles and based itf perfor-
niance-oriented quality assurance criteria on 12 under-
lying principles and actions.
(a) Quality Management Principles
(1) Senior DOE and contractor managers argrespon-
sible for quality assurance program managemeny, imple-
mentation, assessment, and improvement.
(2) Line organizations achieve quality.
(3) Overall performance is measured and eyaluated
using a rigorous assessment process.
(b) Underlying Principles and Actions
(1) Define policies and objectives, and ensfire they
are understood and accepted.
(2) Specify roles and responsibilities, and ensure
they are understood and accepted.
(3) Specify and communicate expectations, gnd iden-
tify and allocate resources to achieve them.
(4) Strive to continually improve quality oHjectives.
(5) Ensure people are competent at the work they
perform.
(6) Ensure the right people have the right informa-
tion at the right time.

app! oach-to qna]ify

The ten basic criteria of DOE O 5700.6C provided
general quality assurance requirements for all work to
be performed by DOE and its contractors. The ten criteria
were stated as expected (performance-based) outcomes,
rather than as prescriptive “how to” requirements. The
Order also included definitive responsibilities for
federal managers in their oversight roles.

(7) Seek and use relevant experience.

(8) Plan and control work.

(9) Use the correct materials, tools, and processes,
and control changes to them.

(10) Assess work results to ensure they meet re-
quirements and exceed customer expectations.

(11) Identify and remedy errors and deficiencies.

(12) Periodically review management processes to
improve their effectiveness and efficiency.
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Whereas previous DOE quality assurance directives
were applied only to contractors, DOE 0 5700.6C required
both the DOE and contractor organizational elements to
develop and implement quality assurance programs that
complied with the ten criteria.

Attachment 1 to DOE O 5700.6C provided guidance for
developing and implementing quality assurance
programs to satisfy the ten quality assurance criteria.
DOE national laboratories and contractors were required

Office of Oversight reports and other issues as specified
by the Secretary of Energy. This new Corrective Action
Management Program was developed in response to
the Defense Nuclear Facilities Safety Board (DNFSB)
Recommendation 98-1.

General guidance on implementation of DOE O 414.1A
was published in DOE G 414.1-2. This superseded the
original guidance in Attachment 1 to DOE O 5700.6C.

to prepdre and submit for DOE evaluation and approval
a quality assurance program to describe how each organ-
ization would comply with the applicable criteria of
DOE 0 5[700.6C. Where an organization was not in compli-
ance, anfimplementation plan was required to describe the
actions and schedules for achieving compliance.

1.5.3 DOE O 414.1 and DOE 0 414.1A°

ember 1998, DOE issued a new draft quality
assurance directive, DOE O 414.1, for review and
comment. The new Order superseded DOE O 5700.6C.
It redefined the scope in conjunction with the new
DOE Nyclear Safety Management Rule 10 C.F.R. 830
and § 830.120 and § 830.122. The Order applied to
both DJE and contractor organizations.

DOE(414.1and DOE O 414.1A were developed in coor-
dinatiop with the DOE-chartered Quality Assurance
Topical|Standards Committee (QA TOPCOM) and the
Quality pnd Safety Management Special Interest Group
(QSMSIR). These committees provided an avenue for
DOE to gather broad input from national and international
standardls bodies, standards users, and users of the DOE
Order apd Guides; DOE charted these committees;which
were cqmposed of representatives of DOE; national
laboratgries, and contractors with expertise*inh quality
assurange, assessments, and management. The QMSIG

iferia. For example, the CRD required submittal ofa
contracfor’s quality assurance program document to a
designated DOE official\for approval. The CRD was devel-
oped by DOE for, attachment to all of its Orders and is
intended to bea<stand-alone document suitable for use
directly|in a.eontract. As such, it does not include sections
from th¢ Order that apply only to federal organizations
(e.g, DO i . bt

Attachment 2 of DOE O 414.1A contained supplemental
quality improvement requirements for corrective action
plans for significant safety issues resulting from DOE

7 Paragraphs 1.5.3 through 1.5.10 were contributed by Gustave (Bud)
Danielson, a member of the ASME NQA Committee at the time of original
development of this Technical Report; also, former Vice Chair of the
ASME NQA Committee and former Chair of the ASME NQA Executive
Committee, International Activities Subcommittee, and Applications
Subcommittee.

1.5.4 DOE O 414.1B

DOE 0 414.1B superseded DOE O 414.1A. ItS\purpose
was to ensure that DOE NNSA products and sernyices meet
or exceed customer expectations. This objective was tp be
achieved based on the following principles:

(a) Quality is assured and maintainéd by a single, ihte-
grated, effective quality assurance program, i.e., a mangge-
ment system.

(b) Management support\for planning, organizatfion,
resources, direction, and control are essential to
quality assurance.

(c) Performance(anhd quality improvement reqfpire
thorough, rigorous assessment and corrective actioy.

(d) Workexs\are responsible for achieving and mpin-
taining quality.

(e) Environmental safety and health risks and imppcts
associated with work processes can be minimized while
maintaining reliability and performance of work product.

DOE O 414.1B requirements applied to NNSA pnd
contractor organizations, except for NNSA Ngval
Reactor Programs. The Order referenced ASME NQA-1-
2000 for nuclear-related activities and ANSI/ASQ Q
9001:2000 for non-nuclear activities. Thus, a DOE
contractor’s quality assurance program was (anf is
still) expected to use the appropriate American natipnal
or international consensus standard, where practicable
and consistent with contractual and regulatory reqyire-
ments. Attachments 1 and 2 contained essentially|the
same ten basic quality assurance criteria taken ffom
the superseded DOE O 5700.6C and DOE O 414.1A for
DOE and contractor organizations, respectively; Attach-
ment 3 described the DOE-wide process for controlling
suspect/counterfeit items (S/CI). The Order upddted
S/CI requirements based on field experience and was
supported by a new guide, DOE G 414.1-3, for controlling
S/CL

30

The Price Anderson Amendment Act (PAAA) of 1988
amended the Atomic Energy Act of 1954 by providing
broad, mandatory indemnification coverage to all
persons, including DOE contractors, subcontractors,
and suppliers, whose activities as related to DOE
nuclear facilities might result in public liability claims
under the PAAA.
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In December 1991, the DOE published a proposed Rule,
10 C.F.R. 830, in the Federal Register to provide basic re-
quirements for ensuring nuclear safety at DOE facilities.
The initial version of the Rule, issued in 1994, included
quality assurance requirements drawn from
DOE 0 5700.6C. It was revised on January 10, 2001, to
add safety basis requirements and integrate with the
DOE Safety Management System Policy. This version
was issued as a final Rule that was effective on February

DOE O 414.1-2, plus new guides for S/Cls and safety soft-
ware.

1.5.8.1 DOE G 414.1-1C. DOE G 414.1-1C provides
guidance on performing management and independent
assessments in accordance with the DOE quality assur-
ance requirements identified in 10 C.F.R. 830, Subpart
A, and in DOE O 414.1D.

1.5.8.2 DOE G 414.1-2B. DOE G 414.1-2B as updated in

9, 2001. The Quality Assurance Rule is now defined in
10 €.F.R 830, Subpart A, Quality Assurance.
like the contractually enforced DOE Orders, 10 C.F.R.
830 provided a basis for enforcement and for civil and
inal penalties under the authority established by
the PAAA. Information on the DOE’s nuclear safety enfor-
cenjent program is available at https://energy.gov/ea/
seryices/enforcement.

The DOE Safety Management Rule, 10 C.F.R. 830, had
now established fully enforceable quality assurance rules
with civil and criminal penalties for its nuclear facilities.

1.5/6 DOE O 414.1C

Tlhe DOE O 414C superseded DOE O 414.1B and
inclluded new requirements and guidance for nuclear
facllity safety software The Order invoked ASME
NQA-1-2000 for implementing these new requirements.
DO developed a companion guide, DOE G 414.1-4, for
impglementation of the new requirements and use of
ASME NQA-1-2000. More information on safety software
is apailable at https://energy.gov/em/services/nuclear-
safdty-software-quality-assurance.

1.5{7 DOE O 414.1D

The latest revision of the DOE quality assurance Orders
is DOE O 414.1D, which superseded:DOE O 414.1C. The
Order requires use of national/and international
conpensus standards to address-regulatory and contrac-
tual requirements. The contractors must identify use of
confsensus standard(s)in their quality assurance
program plan. Due to_thé nature of work in DOE, more
one consensts standard may be required to
address DOE reguirements. DOE O 414.1D requires
ASNIE NQA-1-~2008 and ASME NQA-1a-2009 (or later
editfion) for\nuclear facility applications.

1.5/8" Implementation Guides

Administrative Change 2 dated May 8, 2013;.provides
information on principles, requirements, dnd fractices
used to establish and implement an effective qualify assur-
ance program. The updated Gudide cancdls DOE
G 414.1-2A, DOE G 414.1-3, and DOE G 414.1-5] Admin-
istrative Change 1, dated September27, 2011. This Guide
is consistent with the current.quality assurancg Order,
DOE 0 414.1D.

1.5.8.3 DOE G 414.1-4.'DOE G 414.1-4 provide$ accept-
able methods for implémenting the safety softwarf quality
assurance requirements.

1.5.8.4 DOE G'413.3-2. DOE G 413.3-2 provide$ accept-
able approaches for implementing quality assurpnce re-
quirements related to the developmepnt and
implementation of a quality assurance pjogram.
DOE\G 413.3-2, Admin Change 1 was issued to incgrporate
afy organizational name change.

1.5.9 DOE Action Plan

In July 2005, the DOE published an acti
addressing ten lessons learned from the NASA

The primary focus of the working group prep
DOE Action Plan was on nuclear operational
response to DNFSB Recommendation 2004-1.

are summarized and modified here for their pote
applicability.

(a) Operating Experience. Individuals and ofganiza-
tions need to learn lessons from operating experience
to avoid repeating errors and improve performpnce.

(b) External Pressures. Budget and schedule griorities

As previously mentioned, DOE and its contractors have
had various interpretations on how to implement the
independent and management assessment requirements
of 10 C.F.R § 830.120 and DOE 0 5700.6C. Therefore, DOE
developed and issued a guide, DOE G 414.1-1, on the
purpose, types, planning, conduct, and reporting of assess-
ments. Subsequently DOE developed, issued, and updated
its implementation guide for 10 C.F.R § 830.120 and

must-notoverridesafeandretiabte oper attomrdecisions.
(c) Focuson Planning and Prevention. Safety and quality
efforts should focus more on planning and preventive
actions in addition to investigations and corrective
actions after an accident or unexpected occurrence.

8DOE Action Plan, Lessons Learned from the Columbia Space Shuttle
Accident and Davis-Besse Reactor Pressure Vessel-Head Corrosion
Event, July 2005, is available at https://ehss.energy.gov/deprep/
2005/TBO5L29F.PDF.

9 Refers to the Davis-Besse Nuclear Power Station, Oak Harbor, OH.
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(d) Technical Inquisitiveness. Managers need to encou-
rage employees to freely communicate safety and quality
concerns and differing professional opinions.

(e) Complacency. Management must guard against a
self-satisfying attitude brought on by good performance
metrics and past safety records.

(f) Normalizing Deviations. Routine departures from
established standards should not be allowed to create
a low-probability event to occur.

1.5.10 DOE EM-QA-001

The DOE Office of Environmental Management (EM)
issued EM-QA-001in 2008, which requires contractors
(at all levels) supporting DOE EM activities to develop
quality assurance programs that comply with all Parts
of ASME NQA-1-2004. EM-QA-001 was revised in 2012
to require consideration of ASME NQA-1a-2009 as well.
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Section 2
AEC and NRC Regulations

2.1/SCOPE

This Section describes regulatory initiatives of the AEC
and|subsequently the NRC to the extent that they have had
a direct impact on the development of nuclear quality
asspirance regulations, standards, and guidance on
their implementation. It does not describe the interrela-
tim{;hips of 10 C.F.R. 50, Appendix B, with other quality
assfyirance-related regulations such as 10 C.F.R. 70, 71,
and| 72.

2.2| EARLY NUCLEAR POWER PLANTS

Recognition of the need for, and the adoption of, effec-
tivg quality assurance regulations and standards, and
guidance on the implementation of the regulations and
starjdards, did not come rapidly to designers, construc-
torg, operators, and regulators of licensed nuclear facil-
itie§. In early commercial nuclear power plants, as well
as in AEC-owned reactors, technology development
programs, and test facilities, quality was achieved-and
verified with a minimum of formal, documented practices
and| procedures. First-generation commercial-nuclear
power plants and AEC-owned nuclear facilities were rel-
atively small in size and capacity, remotely located, and
simple in their design, construction, and‘operation prac-
tices when compared to some later plants. Close-knit
teams of highly competent péople were in charge of
evely aspect of design, construction, and operation.

I{ was not uncommon (for early commercial nuclear
power plants to be designed and constructed as
turphkey projects by the reactor suppliers and
engineer-constructors. Thus, many of the smaller
utility owners hiad“minimal involvement in and technical
knowledge ofearly nuclear plant designs and construction
prafticestuntil the constructed nuclear plants were
formallyturned over to them for operation. Most utilities

wernefocused on producing electricitv and _aside from cast
T (=4

In March 1967, Vice Admiral Rickover offefedhjs advice
on designing, constructing, and testing to‘purchasers of
central station nuclear power plants/under the[popular
“turnkey” arrangement.’ For €xample, hd would
require the “seller” to define the>standards to [be used
for design, material, fabrication;-etc. He would|require
the “purchaser” to retain an independent orgahi

would perform reliably: satisfactory perfornfance of
equipment for Lyr'and 95% availability.
As nucleat, facilities grew in size, complexlity, and
number, ds\less experienced people became ifpvolved,
and as their differences from non-nuclear powqr plants
were.more fully recognized, it became apparent that a
more systematic, disciplined, engineered apptoach to
ensuring quality in nuclear facilities was neededl.
Attempts were made as early as 1965 to bring a more
robust quality assurance program into the industyy, but it
was not until the 1970s that the need was fully appre-
ciated.
Sufficient experience in designing and operating first-
and second-generation nuclear plants had not befen accu-
mulated until the early 1970s, when the level of nuclear
plant construction activities really exploded. The rapid
increase in size complexity and number of nuclear|projects
conclusively demonstrated that the nuclear indufstry and
the AEC had no option but to pay the price fpr more
exacting quality standards and regulations and they
must institute more disciplined work practices fdr imple-
menting them. Major cultural and systemic ghanges
throughout the industry were of paramount importance
if the nation was to succeed in the developmlent and
commercialization of safe and reliable nuclear power.
Accordingly, the AEC undertook certain long-tefm regu-
latory initiatives to formalize quality assurance pfograms
and standards for the licensing of commercial|nuclear

considerations, did not really care whether the plant was
run on coal, oil, gas, hydroelectric power, or nuclear
power. Furthermore, except for applying the quality
assurance provisions of the ASME BPVC, had little interest
in developing and applying unique quality assurance stan-
dards per se for nuclear safety-related components and
activities.

power plants. Among these initiatives were
(a) developing quality assurance regulations and
safety guides

! Address by Vice Admiral H. G. Rickover, “Advice to Prospective
Purchasers of Central Station Nuclear Power Plants,” AEC Authorizing
Legislation Hearings before the Congressional Joint Committee on
Atomic Energy, Washington, DC, March 14 and 15, 1967.
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(b) implementing the broad definition of quality assur-
ance expressed by Commissioner Ramey that transcended
the traditional manufacturing quality control and inspec-
tion concepts

(c) providing leadership and financial and technical
assistance to an infrastructure dedicated to developing
urgently needed national consensus quality assurance
standards

and personnel hatch-frame buckling during concrete
placement. The AEC developed internal inspector training
programs and inspection procedures. An ongoing
discovery was that off-the-shelf commercial products
were not always of sufficient quality for nuclear plant
service conditions.

Prior to late 1968, however, quality assurance require-
ments, standards, and implementation procedures or the
lack thereof were not a major licensing issue of the AEC,

2211
In 19

C.F.R 50, Appendix A*

b5, the AEC issued a press release designating a
series of 27 general design criteria for light-water-cooled
nuclear jpower plants. These criteria were published for
public cpmment in 1967 as Appendix A to 10 C.F.R. 50.
They wdre greatly expanded to 55 and then to 64 criteria
and made effective as an AEC regulation in 1971. Criterion
1 of Apppndix A, “Quality Standards and Records,” contains
three fundamental quality assurance requirements, as
follows:

(a) identification, evaluation, and use of appropriate
quality $tandards

(b) alquality assurance program to ensure that struc-
tures, sylstems, and components perform their safety func-
tions

(c) mpintenance of appropriate records

Unit 4 at the Dresden Generating Station, Dresden IL,
was the|first nuclear power plant to be governed by 10
C.F.R. 50, Appendix A.

One might have argued that together the three funda-
mental lequirements of Criterion 1 of 10 C.F.R. 50, Appen-
dix A, wiere sufficient regulation for quality assurancein
the deslgn and construction of nuclear power plants;
however, previous inspections and audits at commercial
nuclear|power plants belied that argument.“They had
revealdd numerous repetitive generic.design and
construgtions deficiencies, including

- inaflequate review of detailed 'designs

- inaflequate quality provisiofs in purchase specifica-
tions

- ina

- ina

- ina
operatid

- inaflequate eonstruction inspection

- inagflequate*quality records and their control

For exkample, AEC inspections at the Oyster Creek

lequate control oftsuppliers

lequate processcontrols for shop and field work
lequate control of materials handling and lifting
ns

the Advisory Committee for Reactor Safety (ACRS), fand
the Atomic Safety and Licensing Board (ASLB) at.¢onstfuc-
tion permit (CP) hearings.

Eventually, it became apparent to the AEC and to
nuclear utility industry that, as the number, of applicat
for nuclear power plant construction permits and o
ating licenses grew, and quality,problems were b
discovered at plant sites, more definitive quality as
ance regulations, standards\beyond those in 10 C.
Appendix A, and guidance on their application were
needed. More importantly, a major paradigm shift was
needed to counter a‘econstruction management attiude
of “If the AEC inSpector did not find a quality problem,
it doesn’t exist and need not be reported.”

the
ons
ber-
Ping
SUr-
F.R.,

2.2.2 Zion Station Hearings Impact

On¢September 17, 1968, the lack of definitive qu
assurance regulations, standards, and guidance cay
the ASLB to suspend public hearings on Units 1 ar
of Commonwealth Edison’s (ComEd) Zion, IL, nuc
power station. The ASLB refused to issue a CP, stat

lity
sed
d?2
ear

ng

In the opinion of the Board, however,
Commonwealth Edison has not presented
sufficient evidence pertinent to the provi-
sions that should be made for the assurance
ofthe control of quality needed for the tech-
nology and disciplines of the nuclear
reactor field, nor has the staff submitted
evidence by way of criteria or expert testi-
mony adequate to permit a judgment of its
evaluation of the quality control program.®

The ASLB members who presided over the public hpar-
ings were S. Jensch, J. Buck, and S. Forbes.

Notwithstanding the ACRS asking about but recei
no commitment on methods of quality control during its
1967 CP review for Units 3 and 4 of the Turkey Ppint

ing

Nuclear
tinuing quality-related problems in control rod drives and
steam separator, and cracks in the core shroud and
supports. At the Big Rock Point Nuclear Power Plant in
Charlevoix, MI, AEC inspectors found defects in fuel-
assembly welds. At the R. E. Ginna Nuclear Power
Plant in Ontario, NY, AEC inspectors found equipment

. oo, CUN D O I » ¥ AN 1
CIICTT dlllls OUAUVUITHI TUIRTU INIVEL, IN, TOUUITU CUTT

2 Paragraph 2.2.1 was contributed by Doug Brown, former Chair and
current member of the ASME NQA Committee, and member of the ASME
Board of Nuclear Codes and Standards.

10

Nuclear Generating Station in Homestead, FL, the Zion
hearing suspension was a watershed event in the
history of nuclear power for quality assurance programs,
commitment, requirements, and eventually regulation in
the United States. It gave the highest visibility to the devel-
opment and enforcement of quality assurance program
regulations and standards against which the regulatory

3 Nuclear Safety (March-April 1969), Vol. 10, No. 2, p. 194.
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staff and the applicants could mutually judge the adequacy
of the latter’s quality assurance programs.

When the ASLB hearings were suspended, ComEd
contracted with the Aerojet General Corp. in Sacramento,
CA, to develop a quality plan and procedures. Concur-
rently, Wilbur (Bill) Morrison® of the AEC Division of
Reactor Standards (DRS) and Gene Langston of AEC
RDT were tasked by the DRS Director to begin developing
a set of quality assurance program criteria on which to

(c) Based on the AEC team’s limited on-site survey of
the Zion Station construction site and review of ComEd'’s
Quality Assurance Plan, which emphasized documenta-
tion and verification, and after evaluating the plan
against the 15 draft AEC quality assurance criteria, the
AEC staff concluded that ComEd had developed and docu-
mented a philosophically acceptable quality assurance
plan.® The CP was issued to ComEd for the Zion Station.

(d) It was recognized, however, that

judge the adequacy of ComEd’s Zion Station quality assur-
ancg program. Morrison and Langston extracted applica-
ble provisions from MIL-Q-9858A, RDT F2-2T, and NASA
quality assurance documents into a series of draft DRS
nudlear power plant quality assurance criteria. The
first draft, dated October 3, 1968, included 16 criteria,
A t¢ P. The second draft, dated November 12 through
20,]1968, added purpose, definitions, program, control
of special processes, mandatory inspection hold points,

wele Chuck Long, Director of Reactor Licensing; Bill
Mogrison, DRS; Gene Langston, Reactor Development
Technology Division (RDT); Harry Thornburg, compliance
offiger; Gerry Hadlock, Office of General Counsel.

An inspection team visited the Zion reactors construc-
tior] site on December 3, 1968. On December 4, the team
visifed ComEd’s engineering and management offices in
Chigago, IL, and the Chicago Bridge and Iron Coyfabricator
of cpntainment liner plates. The team met on'December 6,

hen the ASLB reconvened hearings on December 17,
8, one ASLB member mentioned he had witnessed a

issue before the ASLB.

(b) ComEd management contended, without substan-
tial opposition, that the quality assurance program was as
formal and as well documented as other cases previously
reviewed and approved by the ASLB.

*W. M. (Bill) Morrison was the first AEC/NRC representative to the
ASME N45-3 and ASME NQA Committees.

® Minutes of Commonwealth Edison Co’s Zion Reactors prehearing
inspection meeting held on November 26, 1968.

11

bd
ot been

(1) the plan had not been fully implement

(2) some quality assurance elements-hadT
fully investigated

(3) changes to the plan and implémenting p
and procedures would be needed as.experience]
implementation was gained

(e) ComEd committed, albeitreluctantly, to fully imple-
ment the Zion Quality Assurance Plan by having all
contractors working in‘the site by January ], 1969,
and implementing procedures by February 1, 1p69.

It should have béen"more apparent to the AEC fommis-
sioners and the niiclear power industry that qualify assur-
ance would become an increasingly important
consideration'in the AEC licensing reviews in futyre hear-
ings, espécially for plants in the proximity of metrppolitan
areas.

Focesses
in their

2:2.3 Quality Assurance Redefined

While NASA and RDT had previously estgblished
performance-focused quality assurance progrgdm stan-
dards and definitions, other early governmen{ quality
standards such as MIL-Q-9858A and QC-1 were
focused on compliance with contractual quality| control
and acceptance inspection systems requiremgnts. 10
C.F.R.50, Appendix B, adopted the following morg¢ encom-
passing definition of quality assurance, which was a
slightly modified version of AEC Commifsioner
Ramey’s definition: “all those planned and sygtematic
actions necessary to provide adequate confidepce that
a structure, system, or component will perform [atisfac-
torily in service.”

This definition infers, for example, that design criteria
and standards are adequately defined and correctly trans-
lated into design documents, that competent persons
execute the design in accordance with the design docu-
ments, that tests confirm the design, that consfruction
is performed to the design, and that the plant is gperated

a a oW ap

design.
2.2.4 10 C.F.R. 50, Appendix B

Following the Zion Station hearings of the ASLB on
December 17, 1968, representatives of the AEC DRS
and RDT staff continued to develop the quality assurance

6 AEC Regulatory Staff Evaluation of Commonwealth Edison’s Quality
Assurance Program for the Zion Station, December 17, 1968.
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program criteria for nuclear power plants. Criteria were
added and modified for the control of special processes
and design, inspection and test, and other quality-affecting
activities. The list of criteria grew to 21 and finally stabi-
lized at 18.

On January 3, 1969, the DRS Director submitted to the
ACRS for its review a draft of the quality assurance
program criteria for nuclear power plants.

Concurrently, the DRS Director provided the draft

on the proposed 10 C.F.R. 50, Appendix B. These
comments were sent to the AEC regulatory staff for reso-
lution and to RDT for information.

Some of the nuclear industry comments criticized the
proposed Appendix B quality assurance criteria by saying
they contained prescriptive requirements instead of
general criteria for judging the adequacy of an applicant’s
quality assurance program. Other comments criticized an
overemphasis on the mechanics and techniques of

quality|assurance criteria to RDT for review and
comment. RDT formed a steering committee whose
membets represented the AEC national laboratories
and confractors. The membership included Joe Anderson,
Gordon|Beer, Jim Bell, Stuart Knight, Gene Langston
(Chair)/ Jack Norris, Herb Ross, Ralph Seidensticker,
and Al quires.

The RPT steering committee met on January 14 and 15,
1969, wjth Bill Morrison and others of the DRS staff. RDT
providedl numerous comments and recommendations on
the draft quality assurance criteria for nuclear power
plants. Among the recommendations were two new
criteria,|one for training and another for operation and
maintenance control, that were not accepted by DRS.

The AEC commissioners’ completed their review on
March 24, 1969. On April 17, 1969, the AEC published
the proposed 18 quality assurance criteria of 10 C.F.R,,
Appendlix B, in the Federal Register for public
commerjt.”

The groposed AEC 10 C.F.R. 50, Appendix B, would
require Jicense applicants to include in their preliminary:
safety analysis report (PSAR) a description of the quality
assuranfe program to be applied to the design, fabrication,
construftion, and testing of structures, systems, and
components of the facility. It also would reguire that
the findl safety analysis report contain information
concernjng measures to be taken to ensure safe operation
of the facility, including management and administrative
control$ and plans for operations and maintenance,
surveillance, and periodi¢ testing of structures,
systems| and components.

The groposed criteriaswould apply to all structures,
systems], and components of nuclear power plants that
prevent or mitigate-the consequences of accidents
which ¢an cauSe undue risk to public health and
safety. The requirements would apply to all activities
affecting the’safety-related function of these structures

construction, and operation phases. Specific activities
covered in these phases would include designing,
purchasing, fabricating, handling, shipping, storing,
cleaning, erecting, installing, inspecting, testing, oper-
ating, refueling, maintaining, repairing, and modifying.
During the 15-month period for public comment, the
newly formed ANSI N45-3 Subcommittee reviewed and
provided numerous constructive and critical comments

734 Fed. Reg. 73 (April 17, 1969), pp. 6600-6602.

meeting the proposed criteria, as opposed to sinlply
defining criteria and leaving implementation details to
applicants. Another criticism was that the criteria were
rigidly tied to the specific section headings, somp of
which were seemingly redundant, e.g.\Sections 1Y, V,
and VII for document control. The requirement for exhfius-
tive documentation was perceivedsas resulting in|too
much attention to records to the detriment of perffor-
mance.

Because of the numerous nuclear industry and RDT
steering committee cotfpmients, the AEC DRS staff njade
the following changeS.to the proposed quality assurgnce
criteria of 10 C.FR.'50, Appendix B:®

(a) SectiondIlyDesign Control. This section was exfen-
sively revised “to (a) require provisions to assure that
appropriate quality standards are included in design
documents and that deviations from such standdrds
arecontrolled; (b) require that measures be establighed
forthe selection and review for suitability of applicatiqn of
materials, parts, equipment, and processes; (c) indifate
that design control measures may include means of yeri-
fying or checking the adequacy of design other than|the
performance of design reviews, such as the use of alter

(=g

surate with those applied to the original design.”
(b) Section IV, Procurement Document Control.
section was modified “to recognize that all sectio

more than one design document.”
(d) Section VII Control ofPurchased Material, Eq

require that documentary evidence that material and
equipment conform to procurement requirements shall
be available at the nuclear power plant site prior to instal-
lation or use.”

8 Quotes in paras. 2.2.4(a) through 2.2.4(i) are from 35 Fed. Reg. 125
(June 27, 1970), p. 10498.
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(e) Section VIII, Identification and Control of Materials,
Parts, and Components. This section was revised to elim-
inate the implication that traceability is required in all
cases.

(f) Section X, Inspection. This section was revised “(a) to
eliminate the implication that in-process inspection and
mandatory inspection hold points are, in all cases,
required, and (b) to indicate that the inspection
program shall be established and executed by or for

When 10 C.F.R. 50, Appendix B, was issued as a regula-
tion in June 1970,*° only 12 nuclear power plants had
operating licenses; numerous other plants were in
varying stages of their applications for CPs and operating
licenses. Therefore, older plants had no commitment in
their licensing applications to implement the proposed
quality assurance criteria of 10 C.F.R. 50, Appendix B.
After Appendix B was issued, an applicant had to
commit in a licensing application to its quality assurance

the|organization performing the inspection activity,
and| that inspection shall be performed by individuals
othpr than those who performed the activity being
inspected.”

) Section X1V, Inspection, Test, and Operating Status.
The| requirement for marking nonconforming items was
delgted “to eliminate duplication with the requirements of
Section XV.” The section was also revised “to indicate that
tagging valves and switches is one way to identify the
opefating status, but not necessarily the only way.”

(k) Section XVI, Corrective Action. This section was
revised “to preclude the necessity of corrective action
medsures for those conditions adverse to quality which
are|rarely completely eliminated, such as all weld
defgcts prior to initial inspection. The requirement that
the [cause be determined and corrected to preclude repe-
titign was changed “to apply to significant conditions
advprse to quality.”

(1) Section XVIII, Audits. To avoid the implication that
personnel performing audits should be qualified to speei-
fied requirements, the term “appropriately qualified-per-
sonhel” was changed to “appropriately trained persohnel.”
November 18, 1969, Edson Case, AEC DRS.Director,
essed the ASME Winter Meeting on the’/proposed
Apgendix B quality assurance criteria for_the design of
nuclear power plants.” He remarked,_that many of the
conjcepts of quality assurance were being applied in
the [design process of nuclear power plants without the
desligners identifying them as being elements of a
quality assurance program.“For this reason, the applica-
tior] of quality assurarce to the design and operation
phases may have appeared to many organizations to
be fnore of a new.eoncept than it really was.
evertheless,-Case believed there were important
quality assufance elements that were not being applied
rou inely to-the design It was time to recognize that

design review by an independent organlzatlon there
were other design control techniques, including the
use of alternate simplified calculation methods and proto-
type testing to confirm design adequacy. He noted that
design organization interfaces and design change
control were also important design control measures.

Remarks by E. G. Case at the ASME Winter Annual Meeting, “Quality
Assurance for Design of Nuclear Power Plants,” November 18, 1969.

criteria. Eventually, the AEC regulatory staff.gbtained
commitments to the quality assurance criterja of 10
C.F.R. 50, Appendix B, for the previously ljcensed
nuclear power plants.

When 10 C.F.R. §50.34(a)(7) beeame mandptory in
1970, it required an applicant fop-d license to qubmit a
description of its quality assurance program|per the
criteria of 10 C.F.R. 50, Appendix B, for the degign and
construction phase inta‘section of the PSAR|or in a
topical report. The-regulatory staff performed a
desktop review 6f~an applicant’s quality aspurance
program description prior to issuing a CP.

Parallel to'the Tegulatory effort, the ANSI N45 $ubcom-
mittee developed and published ANSI N45.2-1971. This
standard{gave general requirements for a qualiy assur-
ance program. In June 1972, the AEC issued Safety Guide
28 endorsing the ANSI standard, which was an important
step forward in providing guidance to the industry on how
to develop and enact a program that would meet the regu-
latory requirements. This also provided a level off unifor-
mity in application contents.

In 1973, the AEC Director of Regulation anndunced a
revised procedure that provided for a more sulfstantive
review by the licensing staff of the applicant’d quality
assurance program description for design and procure-
ment activities and a site inspection by the corhpliance
staff to verify the applicant’s implementatiop of the
quality assurance program as described in the CP.

The ASLB prompted this action during the March 1973
public licensing hearings for Consumer Power’s Midland,
MI, station by stating that “no QA program|is self-
executing. Thus, irrespective of how comprehgnsive it
may appear on paper, the program will be esgentially
without value unless it is timely, continuously and prop-
erly implemented.”**

The ASLB decided thatthe AEC staff must do mofe thana
simple desktop review of the applicant’s quality agsurance
rogram to determine whether the requirements of
10 C.F.R. 50, Appendix B, were met and were being imple-
mented.

Regarding scope, the introduction to 10 C.F.R. 50,
Appendix B, states that it applies explicitly to activities
affecting the safety-related functions of those structures,
systems, and components that could cause undue risk to
the health and safety of the public. It applies to activities

1035 Fed. Reg. 125 (June 27, 1970), pp. 10498-10501.
1 RAI-73-1 (January 1973), p. 184.
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Table 2.2.4-1 Comparison of DOD MIL-Q-9858A, NASA NHB 5300.4(1B), and 10 C.F.R. 50, Appendix B

DOD MIL-Q-9858A

NASA NHB 5300.4(1B)
Quality Program Provisions
for Aeronautical and Space System

10 C.F.R. 50, Appendix B
Quality Assurance Criteria

Quality Program Requirements Contractors for Nuclear Power Plants
1.1 Applicability Chapter 1, Introduction Introduction
1.2 Summary 1B100, General 11 Quality Assurance Program
31 Organization 1B201, Organization 1 Organization
3.2 nitiah-Quetity-Planming Erretpres o e T
and Planning
1B200, General
1B202, Training
3.3 Work Instructions 1B203, Quality Information \% Instructions, Procedures{ and Drawings
1B300, Technical Document VI Document Control
Chapter 3, Design and Development 11 Design Control
Controls
1B300, Technical Documents
1B302, Change Control
3.4 Records 1B405, Data Retrieval of Records XVII QualitysAssurance Records
3.5 Corrective Action 1B802/1B907, Remedial and Preventive | XVI Corrective Action
Action
4.1 PDrawings \% Instructions, Procedures, and Drawings
4.2 Measuring and Test Equipment Chapter 9, Metrology Controls X1 Control of Measuring and Test Equipnjent
5.0 Control of Purchases Chapter 5, Procurement Control v Procurement Document Control
5.1 Responsibility 1B501, Selection of Contractor VII Control of Purchased Equipment and
5.2 Purchasing Data Procurement Sources Services
1B502, Procurement Documents
6.1 Materials and Material Control Chapter 4, Identification and ‘Data VIII Identification and Control of Materialf,
Retrieval Parts, and Components
6.2 Production Processing and Chapter 6, Fabrication, €éntrols IX Control of Special Processes
Fabrication
6.3 Completed Item Inspection and 1B704, End-Item lnspection and Test X Inspection
Test Specificationsrand Procedures XI Test Control
6.4 Handling, Storage and Delivery Chapter/11,\Handling, Storage, Etc XIII Handling, Storage and Shipping
6.5 Nonconforming Material Chapter 8, Nonconforming Article and XV Nonconforming Materials, Parts, or
Material Control Components
6.6 Btatistical Quality Control and Chapter 12, Sampling Plans, Statistical
Analysis Planning and Analysis
6.7 ndication of Inspection Status Chapter 10, Stamp Controls XIv Inspection, Test, and Operating Statu
7.2 [Gjovernment Property Chapter 13, Government Property Control
1B205, Quality Program Audits XVII  Audits
includirlg designing, purchasing, fabricating, handling, plants. The amendment had been requested by|the
shipping, storingycleaning, erecting, installing, inspecting, DRS Director. The requirements would apply to[the
testing, pperating, maintaining, repairing, refueling, and design, construction, and operation of those structyres,

modifying
See Table 2.2.4-1 for a comparison of 10 C.F.R. 50,
Appendix B, with MIL-Q-9858 and NASA NHB 5300.4(1B).

2.2.4.1 Fuel-Reprocessing Plants. On March 8,
1971,*% the AEC Director of Regulation proposed to
the Secretary of the AEC an amendment to 10 C.F.R.
50, Appendix B, that would extend to fuel-processing

systems, and components of fuel-processing plants

hat

plants the same requirements as for nuclear power

1236 Fed. Reg. 70 (April 10, 1971), pp. 6903-6904.

14

»13

1336 Fed. Reg. 177 (September 11, 1971), p. 18301.

prevent or mitigate the consequences of accidents
which could cause undue risk to the health and safety
of the public.

The title of 10 C.F.R. 50, Appendix B, was changed to
“Quality Assurance Criteria for Nuclear Power Plants
and Fuel Reprocessing Plants.
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The AEC Division of Compliance and Office of General
Counsel concurred in this proposed amendment. RDT also
concurred in this recommendation with the comment that
RDT expected that the AEC rules would be further
amended to apply these same quality assurance require-
ments to plutonium processing and fabrication plants
subject to licensing requirements similar to those for reac-
tors and reprocessing plants. This comment would later be
taken into account in the development of a proposed

2.3 ASME NQA-1

As mentioned earlier, there were multiple parallel
developments in quality assurance. The parallel and
sometimes conflicting guidance created confusion
among the users and frustration in all who were
concerned with attaining and assuring quality. During
the late 1970s, in an effort to reduce the confusion and
increase the usability of the standards, ASME

amgndment to 10 C.F.R. 70 to provide for preconstruction
review of plutonium processing and fabrication plants.

The development of quality assurance standards was
not|always clean or direct. In parallel with the develop-
ment of 10 C.F.R. 50, Appendix B, and ANSI N45, ANS
Cormqmittee 3 developed what would become ANSI
N1§.7-1972, which focused more on the requirements
aftdr the plant entered operations. This standard was
als¢ endorsed by the NRC in its Safety Guide 33,
issyed in August 1972. It was obvious that the two
grojups shared a common goal; attaining the goal
wouyld require ongoing effort in coordination.

2{2.4.2 Amendment to Criterion | of 10 C.F.R. 50,
Apgendix B. On April 19, 1974, the AEC Director of Regu-
latign proposed a rule change to Criterion I, Organization,
of 10 C.F.R. 50 Appendix B, to be published in the Federal
Register. The rule change was published in January 1975.
pid growth in the number of nuclear power plants
being planned or built had resulted in the entry of
maiy new organizations into the nuclear field. In additiofy
becpuse of significant changes in the management
arrgngements under which nuclear power plants“were
being built, organizations with limited nuclearexperience
wele undertaking project management fithctions. To
assist applicants and licensees in the development and
impglementation of their quality assiirance programs,
the|AEC decided to supplement(Criterion I with more
detgiled quality assurance requirements. In developing
thege requirements, the AEC'took into account the experi-
encg accumulated in designing, constructing, and oper-
ating licensed nucledrpower plants and AEC-owned
reagtors.
The change under consideration by the AEC would
reqfuire that an-organization be established and assigned
responsibility for assuring that a quality assurance
programis‘established and executed, and for verifying
that an act1v1ty has been correctly performed The
qua : r
authority and organlzatlonal freedom to initiate, recom-
mend, or provide solutions, and to verify implementation
of the solutions. This provision is similar to NASA NHB
5300.4(1B), subsection 1.B.201.

15

ToNsottaated at teast Sevemn standards 1ngo one:
ANSI/ASME NQA-1. Published July 24, 1979, ANSI/
ASME NQA-1 was a significant step forward in'Sinpplifying
the documentation providing guidance.to nucleaf license
holders. However, as was expected, tie‘consolidation of so
many discrete documents into a single standard g¢nerated
many comments and public feedback. This, combihed with
the growing list of lessons tearned from the Thyee Mile
Island incident, led téthe need for a revision to
address all the concerns: A revised ANSI/ASME NQA-1
was published in 1983.

ANSI/ASME NQA-1 (later redesignated ASME|NQA-1)
was an attempdt to consolidate all quality aspurance
programs,gifidance for all phases of a nuclear project
into on€ standard. However, in NRC Regulatolly Guide
1.28,X4 thie NRC endorsed that program only fof design
andednstruction. It was anticipated that the opgrational
portions would be endorsed by a revision to NJC Regu-
latory Guide 1.33, but such a revision was not i

The NRCdid, however, incorporate ASME NQA-[l into 10
C.F.R. §50.55a by reference. An important point to
remember is thatapreviouslyissued license is notaffected
by this change to the regulations. The ASMH NQA-1
program was modeled on the 18 criteria of 30 C.F.R.
50, Appendix B. Through its use of section§, ASME
NQA-1 combines requirements and guidance {nto one
standard.

2.4 FORD AMENDMENT STUDY (NUREG-1p55)

In 1984, the NRC reported on a major study unc
at the request of Congress on the improvement arld assur-
ance of quality in the design and construction of nuclear
power plants. Referred to as the Ford Amendment study,
NUREG-1055 provided valuable insight into and lessons
learned from the failures and successes of nucledr power
plant design and construction projects.

The study comprlsed case studies of quallty as

ertaken

surance
for the
Dlablo Canyon Power Plantin San Luls Oblspo CA; Marble
Hill Nuclear Power Station in Marble Hill, IN; South Texas
Nuclear Generating Station in Bay City, TX; and William H.
Zimmer Power Station in Moscow, OH. Major quality-
related problems that contributed to the failures at

M with the change from AEC to NRC in 1975, Safety Guides became
Regulatory Guides. The existing Safety Guide numerical designators were
updated with a “1.” prefix; e.g.,, AEC Safety Guide 28 became NRC
Regulatory Guide 1.28.
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these sites might have been avoided had the project
managers and the NRC implemented more rigorously
effective quality assurance and regulatory inspection
programs.

An important lesson to be learned from this study was
that there is a level of change actions — technical, regu-
latory, and procedural — beyond which any project
management structure can no longer effectively imple-
ment its quality assurance program.

As the knowledge and experience in NQA programs
developed, ASME NQA-1 was revised to reflect this
growing knowledge. The newer editions of the Standard
were not endorsed via NRC Regulatory revision. The early
revisions to ASME NQA-1 through the 1992 addenda that
the NRC found acceptable were incorporated into
10 C.F.R. §50.55a, which a licensee can choose to
adopt. If the licensee does not voluntarily choose to
revise their license and update their program to these

In sorhe construction projects, there was a tacit delega-
tion by penior management of the responsibility for the
achievement of quality to the NRC-required quality assur-
ance organization whose responsibility was to assistin the
assurange of quality.

Perhajps the most disturbing finding in the study was the
harassmnent and intimidation of quality assurance person-
nel at ope or more construction sites.

According to this study, the following quality-related
principles are essential to a successfully managed
commericial nuclear power plant project:

(a) Tpp-down project management commitment to
quality 1s a principal project objective.

(b) Tpp management understands the magnitude,
compleyity, and difficulties of designing and constructing
anuclear power plant as opposed to a conventional steam
plant, ajnd the importance of applying exacting engi-
neeringland quality standards.

(c) Key project personnel have prior nuclear facility
design gnd construction experience.

(d) Quality assurance is implemented as an integral
part of § comprehensive management control systemf

(e) Qpality problems in design are promptly detécted,
commuhicated, and corrected; design processes’ have
effectivd oversight; and plant configuration is.controlled

and mamnaged.
25 COLTINUED OPERATION, 1980s TO PRESENT

Durinlg the 1980s and 1990s,.nuclear construction
projects| were reaching completion or were being aban-
doned. The Ford Amendment'Study triggered a great deal
of activity as the NRC afid-industry attempted to address
the issups identified) post-Three Mile Island.

new revisions of the regulations, the revisions hav¢ no
effect on them. A more detailed discussion of the dgvel-
opmentand history of the ASME and ANS standards cah be
found in Section 5.

During this period, operating plants\experienc¢d a
dramatic increase in capacity factor:\from near 50% in
1980 to approximately 90% in\the late 1990s pnd
early 2000s. Concurrent with that, there was a signifigant
reduction in unplanned shutdewns.'® Effective quglity
assurance programs that:cenformed to the regulatjons
are considered to be onefactor in that success. Conse-
quently, the NRChasniet revised the regulations governing
quality assuraneée programs.'® Industry has develojped
programs thatimeet the requirements, and those reqyire-
ments are notlacking in serving and protecting the puplic.

2.6 NEW CONSTRUCTION IN THE 2000s

Asnew constructionloomed in the early 2000s, the NRC
reviewed many of its Regulatory Guides to ensure they
were current. NRC Regulatory Guide 1.28 and NRC Re¢gu-
latory Guide 1.33 were both revised to reflect the curfent
state of the endorsed standards. NRC Regulatory GFde

1.33, Revision 3, issued in June 2013, endorsed ANS
3.2-2012, with some exceptions. NRC Regulatory Ggiide
1.28, Revision 5, issued in October 2017, endorsed
ASME NQA-1b-2011, ASME NQA-1-2012, and A§ME
NQA-1-2015, subject to conditions outlined in the NRC
Regulatory Guide. The NRC considered revising 10
C.F.R. 50, Appendix B, but ultimately decided not to

Although often criticized as being too prescriptive Jand
not sufficiently performance based, 10 C.F.R. 50, Appendix
B, has withstood the test of time during the nearly 50 yr of
its application. Since its adoption by the industry,|the
operational record of nuclear plants is unrivaled.

16

15 These and other statistics on nuclear power generation in the United
States are available from the Nuclear Energy Institute (www.nei.org/
resources/statistics).

6 The NRC revised 10 C.F.R. 50, Appendix B, in 2007 to coordinate with
changesin 10 C.F.R. 52. The quality assurance program requirements did
not change.
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Section 3
ANSI/ASME N45.2 and Associated Standards

3.1/SCOPE

This Section describes the development of ANSI/ASME
N43.2 and its supplemental “daughter” standards, issued

3.2| RECOGNITION OF THE NEED FOR STANDARDS

Bly the late 1960s, it had become evident to the AEC and
the [nuclear industry that regulations alone were not the
mogt desirable or appropriate way to define management
and| technical practices for designing, constructing, and
opefrating nuclear facilities and their components. The
natjonal consensus standards process of the American
Natfional Standards Institute (ANSI) would permit
expgrts from government, industry, national laboratories,
and|other publicinstitutions to contribute to the definition
of these practices.
ith financial backing, significant participation,~and
strdng endorsement from the AEC and industry<leader-
ship, a plan for a whole body of urgently needed-national
conpensus standards was formulated. Theplan’identified
and| assigned responsibility for the development of a
variety of consensus standards to the.appropriate tech-
nicql societies and other standards=writing organizations
under ANSI.
early 1969, a joint ANSI steering committee
conpisting of representatives of the ASME and other tech-
nical societies identified, among other things, the
follpwing seven quality assurance-related standards
topics for the construction phase of nuclear power plants:

(¢) pressure’system cleaning

(b) packaging, shipping, receiving, handling, storage
') housekeeping (total plant)

(¢) installation, inspection, and testing — electrical and

insttumentation

the quality of nuclear power plant structufés; $ystems,
and components, from initial design through-congtruction
and operation, exclusive of those struetures, syst¢ms, and
components covered by the ASME BRVC. It would be ap-
plicable to the plant owner and-major partigipating
contractors at every level of the.plant constructior] project.

The ANSI N45 Committeeont Reactor Plants apd Their
Maintenance, sponsorediby ASME, was assigned five of the
seven standards, including the quality assurance program
requirements standard.

3.3 ANSI N45.2-1971

During a/meeting at Commonwealth Edisor| in May
1969, the ANSI N45 Committee established th¢ ad hoc
ANSDN45-3.70 Committee on Quality Asqurance
Rrpgram Requirements. The purpose of this committee
was to prepare a standard for general indu§try use
that would, among other things, satisfy the infent and
amplify the requirements of the AEC quality agsurance
regulations and provide a basis for the develogment of
detailed quality assurance practices and pro¢edures.
The ANSI N45-3.70 Committee was composed qf repre-
sentatives from the AEC and its national labojratories
and key segments of the nuclear industry, includjng utili-
ties, reactor suppliers, plant engineers, and constructors.

The initial activities of the ANSI N45-3.70 Committee
focused on a critical review of the draft 10 C|F.R. 50,
Appendix B criteria and the preparation of cojnsensus
comments. A number of these comments were considered
when the draft AEC rule was revised and apprfved for
publication.

Following this effort and after extensive discyssion, it
was concluded that, consistent with its purppse, the
quality assurance program standard should be cdnsistent
with the format and amplify the content of the 1§ criteria
of 10 C.F.R. 50, Appendix B. To expedite the deveJopment

(e) inspection and testing — structural steel and struc-
tural concrete

(f) qualification of personnel

(g) quality assurance program requirements

Six of the standards were to cover specific work prac-
tices associated with construction and possibly manufac-
turing activities. The seventh standard, on quality
assurance program requirements, was significantly
expanded to cover the total range of activities affecting

process, an editorial team within the committee was
formed and members of the committee were asked to
submit their individual suggestions to the editorial
team on the content of the standard. The team then
met in Santa Barbara, CA, for an intensive four-day
series of sessions to incorporate input from the committee
members into a coherent document. The resulting draft
included practically all of the material submitted by the
committee contributors and was unanimously accepted
by the committee with minimal change.
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In August 1970, a new ANSI 45-3 Subcommittee on
Nuclear Quality Assurance Standards was formed to
consolidate this draft and other N45 quality assurance
standards. In July 1971, this subcommittee delivered to
the American National Standards Committee N45 its
initial draft of the quality assurance program require-
ments standard to be issued for public comment. This
subcommittee performed final review of the standard.
Prior to publication, the ANSI standard number was

ANSI N45.2-1971 set forth the requirements and
guidance for planning, managing, and implementing
overall quality assurance programs for nuclear power
plants. These general requirements applied to all
phases of the quality assurance program and to the
total power plant whereas other codes and standards
applied to specific structures, systems, and components
of the plant, or to specific activities related to the plant
design, construction, or operation.

changed first to N45.3.0 and then to N45.2. ANSI N45.2
also included definitions and supplemental requirements
for design, document and records control, and audits. ANSI
N45.2-1P71 was approved by the American National Stan-
dards Committee N45 and subsequently by the ANSI
Board ¢f Standards Review in October 1971. ANSI
N45.2-1Pp71 was published in February 1972.

AEC and ASME regulations and codes, as well as other
Americqgn National Standards, were considered in the
development of ANSI N45.2. The structure and content
of the standard were as follows:

1 Infroduction

1 Purpose

2 Scope

3 Responsibility

[ =Y

4 Definitions
5 Referenced Documents
Quality Assurance Program

Organization

The principal difference between the ANSI N45.2-1971
requirements and the 10 C.F.R. 50, Appendix B} criteria
was in their degree of specificity, which fundamentally
supports the reason why ANSI N45.2 was)developefl: it
contained supplemental requirements‘and guidanc¢ on
quality assurance. Appendix B contained only bsic
criteria, which some industry reviewers found tq be
appropriate for use as aregulatory.requirementand ligen-
sing commitment. Appendix.B-applied directly, using a
graded approach, to thevapplicant (plant owngr),
whereas ANSI N45.2-1971 applied to any individual or-
ganization participatihg in the nuclear power plant quglity
assurance progrdam, such as the nuclear reactor system
designer and{supplier, the plant designer, the plant
constructoryand equipment suppliers, as well as|the
plant owner. Hence ANSI N45.2 was to be included or
referenced in procurement documents for items pnd
services essential not only to the safe and reliable oppra-
tiomrof the plant but also to mission success. Some subg¢on-
tractors and suppliers have used Appendix B for their
quality assurance programs in nonregulatory situatipns.

Concurrent with the development and publicatioh of
ANSI N45.2-1971, other N45 ad hoc committees were
developing a series of standards that set forth njore
detailed requirements for certain activities to enqure
quality of nuclear power plants. These requiremg¢nts
were to be coordinated with the requirements of ANSI
N45.2-1971. In September 1971, these ad hoc commitfees
became working groups. In November 1971, tHese
working groups were developing the work practice sfan-
dards listed in Table 3.3-1.

3.4 ASQC MATRIX

In October 1973, the Interface Committee of|the
American Society for Quality Control (ASQC) Nuc|ear
Power Technical Committee met in Groton, CT, to draft
a nuclear quality assurance requirements matrix| for

Design Control
4.11 General
4.12 Interface Control
4.13 Design Verification
4.14 Change Control
5 Prpcurement Document Contrel
6 In§tructions, Procedures;ahd Drawings
7 Ddcument Control
8 Coptrol of Purchased Material, Equipment, and
ervices
9 Id¢ntificationiand Control of Materials, Parts, and
ompohents
10 Coptrélof Special Processes
11 In pp(‘h’nn
12 Test Control
13  Control of Measuring and Test Equipment
14 Handling, Storage, and Shipping
15 Inspection, Test, and Operating Status
16 Nonconforming Items
17 Corrective Actions
18 Quality Assurance Records
19 Audits

18

release in early November. This matrix presented a
side-by-side comparison of five quality system standards:
10 C.F.R. 50, Appendix B; ANSI N45.2-1971; ASME BPVC,
Section III, NA-4000; RDT F2-2T; and MIL-Q-9858A.
Members of the ASQC Interface Committee attending
the meeting included Tom Colandrea, Fred Hannon,
and Gene Langston.

The express purpose of this committee, which met for
the first time in May 1971, was to respond to the needs of
the nuclear power industry by providing education and
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Table 3.3-1 ANSI Work Practice Standards in Development in 1971

ANSI Standard in Development in 1971
Working
Group Designator Title
N45-3.1 N45.2.1 Cleaning of Fluid Systems and Associated Components for Nuclear Power Plants
N45-3.2 N45.2.2 Packaging, Shipping, Receiving, Storage and Handling of Items for Nuclear Power Plants (During the Construction
Phase)
N4513.3 N45.2.3 Housekeeping During the Construction Phase of Nuclear Power Plants
N4513.4 N45.2.4 Installation, Inspection and Testing Requirements for Instrumentation and Electrical Equipment During the
Construction of Nuclear Generating Stations
N4513.5 N45.2.5 Construction Phase Quality Assurance Requirements for Installation, Inspection and Testing of Structura] Concrete
and Structural Steel for Nuclear Power Plants
N4513.6 N45.2.6 Qualification of Inspection, Examination and Testing Personnel for the Censtruction Phase of Nuclear Poyer Plants
N4513.8 N45.2.8 Quality Assurance Requirements During Installation, Inspection and‘Testing of Mechanical Equipment gnd Piping
for the Construction Phase of Nuclear Power Plants
N4513.9 N45.2.9 Requirements for Quality Assurance Records for Nuclear-Péwer Plants
N4513.10 N45.2.10 Quality Assurance Terms and Definitions

traihing in quality standards and regulations and interfa-
cing with technical societies.

3.5| AEC SAFETY GUIDE 28

I 1970, the AEC developed and published a'series of
Safgty Guides to inform applicants of acceptable solutions
to specific safety issues. Consistent with"AEC policy to use
natjonal consensus standards in the fegulatory process, in
Jun¢ 1972 the AEC staff endorsed-ANSI N45.2-1971 in AEC
Safgty Guide 28 with only a few-regulatory positions.
Lhterin 1972, the AEC established a new series of Regu-
latory Guides to cover a broader scope of regulatory inter-
ests. Regulatory Guides were issued to describe
acce¢ptable ways efimplementing federal regulations.
Acdording to the)AEC, Regulatory Guides were not
intgnded as substitutes for regulations and compliance
with them Wwas'not mandatory; other methods or solutions
welle acceptable provided they permitted positive find-
ingd relative to the licensing process.

mittee was given broader responsibilities and
representation to serve as a focal point for the completion,
coordination, and review of other quality assuraice stan-
dards under the cognizance of the ANSI N45 Committee
and for the development of other quality asqurance-
related standards.

The ANSI N45-3 Subcommittee comprised me
the previous ANSI N45-3.7 Subcommittee and N
working groups and enlisted the support of otHer tech-
nical societies, including the Institute of Electrjical and
Electronic Engineers (IEEE), the American Institute of
Chemical Engineers (AIChE), the American Sdciety of
Civil Engineers (ASCE), and ASQC. For examiple, the
IEEE Joint Committee of Nuclear Power Standards
(JCNPS) prepared IEEE 336 covering the insthllation,
inspection, and testing of Class 1E electrical eqipment.
The IEEE JCNPS reviewed and approved this sfandard,
which was also recognized as N45.2.4. Furthermore,
ASCE developed a standard covering installagion and
inspection of civil/structural items that was approved

3.6 ANSI N45.2 “DAUGHTER” STANDARDS'

After sponsoring the development of ANSI N45.2 and
the N45 working groups’ initial drafts of ANSI N45.2.1
through ANSI N45.2.10, the ANSI N45 Committee estab-
lished a permanent N45-3 Subcommittee. The subcom-

! Subsection 3.6 was contributed by Sidney Bernsen, former Chair of
the ASME N45-2 Subcommittee and former member of the ASME NQA
Committee.

by the ANSI N45 Committee and became ANSI N45.2.5.
It was recognized that users of ANSI N45.2 and its asso-
ciated work practice standards would need supplemental
requirements and nonmandatory guidance to effectively
implement the basic ANSI 45.2 quality assurance program
requirements in certain key quality-affecting areas. These
key areas are discussed in the following paragraphs:
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(a) Design. Although Requirement 3 of ANSI N45.2-
1971 included basic requirements for the assurance of
quality in the design of nuclear power plants, the AEC
and industry recognized that more specificity was
needed. The ANSI N45-2 Subcommittee formed a
working group composed primarily of senior design
managers to describe realistic design control practices
for nuclear power plants. This effort resulted in ANSI
N45.2.11.

that amplified the programmatic aspects of ANSI N45.2
and those that focused on quality-related work practices.

The seven ANSI N45.2 programmatic daughter stan-
dards and the corresponding NRC Regulatory Guides
that endorsed them are listed in Table 3.6-1.

Each of the standards issued by the ANSI N45-2
Subcommittee was subjected to an intensive preparation
and review process to ensure that it contained precise
statement of acceptable current practices for commercial

(b) Procurement. To address the need for quality assur-
ance requirements specific to the procurement of items
for nuclgar power plants, the ANSI N45-2 Subcommittee
formed ja working group consisting of individuals with
extensivle experience in procurement and shop-inspection
practicep. This group developed ANSI N45.2.13.

(c) Apditing and Auditor Qualification. The desire
among members of the industry to share audits was a prin-
cipal drjver for the development of additional require-
ments and guidance on the performance of audits and
the qudlification of auditors. Once again, the ANSI
N45-2 Subcommittee selected highly experienced indiv-
iduals fifom industry, national laboratories, and govern-
ment to| develop two documents: ANSI/ASME N45.2.12
for audjting quality assurance programs for nuclear
power glants and ANSI/ASME N45.2.23 for qualification
of auditprs.

(d) Rgcords. Substantive concern was expressed about
the typep of quality assurance records to be generated and
retained for nuclear power plants and their retention
periods|Additionally, there was considerable uncertainty:
about the methods for safeguarding records, particulatly
during the construction phase as well as during.plant
operatipn when rapid access to plant configuration
recordd would be vital in an emergency\situation.
Senior individuals familiar with records, management
and technical needs for records duringall phases of
the plart design, construction, operation, maintenance,
modificgtion, and repair were assembled by the Subcom-
mittee fpr a work group to develop ANSI/ASME N45.2.9.

The ANSI N45-2 Subcominittee’s careful management
ensured|that this suite of needed standards was completed
on an ekpedited schedule. The subcommittee’s success
demonsfrated the_value of having a single organization
oversee([the devélopment of related standards.

Consdquently,in 1973, ANSI, through the Nuclear Tech-
isory) Board (NTAB), made changes in the orga-
1 Setup for producing nuclear standards. These

nuclear power plants — practices that were curreptly
available and considered necessary to achieve |the
required level of quality, consistent with 10 €/F.R|50,
Appendix B.

3.7 AEC RAINBOW SERIES

In the early 1970s, the nuclearindustry’s implemepta-
tion of the quality assurance criteria of 10 C.F.R. 50, Appen-
dix B, was variable and jrcensistent. Many of the ANSI
N45.2 quality assurangce daughter standards were [still
under development. Guidance was lacking on acceptable
quality assurance practices for the relatively few nudear
power plants _that were in operation and for the Iarge
number of Plants nearing completion. More dialggue
between nuclear industry and regulatory management
was needed to better understand what was requirefl to
implément an effective ANSI N45.2 quality assurgnce
program in compliance with 10 C.F.R. 50, Appendix|B.

In June 1973, in conjunction with a new AEC regulafory
review process, AEC Commissioner L. Manning Muntfing
directed the AEC DRS regulatory staff to issue a serigs of
guidance documents, the first referred to as the Gray Book
(WASH-1283), to provide guidance on quality assurdgnce
requirements during the design and procurement phases
of nuclear power plant construction. With the concurrgnce
of the N45 Standards Committee, the Gray Book included
the pertinent ANSI N45.2 quality assurance standards that
had been issued or were nearing completion. In July 1973,
the AEC Director of Regulation and staff sponsored a series
ofregional conferences nationwide to discuss the conte¢nts
of the Gray Book.

In October 1973, the AEC regulatory staff issued
second in the series of guidance documents,
Orange Book (WASH-1284), to provide additid
guidance on quality assurance during the opera
phase of nuclear power plants. A second series of regi
conferences was held in November 1973 to discuss

the
the
nal
ing
nal
the

changes included the use of area managers for nuclear
standards development under general requirements
suggested by ANSI. The ANSI N45-2 Subcommittee
assumed the position of area manager for nuclear
quality assurance standards, which led to the formation
of a smaller advisory group within the subcommittee.
The supplemental quality assurance standards became
known as daughter standards to ANSI N45.2. ANSI N45.2
daughter standards consisted of two basic types: those

20

Orange Book.

In May 1974, the Gray Book was redesigned as a compi-
lation of federal regulations, Regulatory Guides, American
National Standards, and conference comments pertinent
to nuclear power plant quality assurance during design
and construction.

Also in May 1974, the third in the Rainbow Series of
regulatory documents, known as the Green Book
(WASH-1309), was issued and a final series of regional
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Table 3.6-1 ANSI N45.2 Daughter Standards and Corresponding NRC Regulatory Guides

ANSI N45.2 Daughter Standard

Corresponding NRC

uide

ANS

ANS

ANS

ANS

Designator Title Regulatory G
ANSI/ASME N45.2.6-1978  Qualifications of Inspection, Examination, and Testing Personnel for Nuclear Power 1.58
Plants
ANSI/ASME N45.2.9-1979  Requirements for Collection, Storage, and Maintenance of Quality Assurance 1.88
Records for Nuclear Power Plants
N45.2.10-1973 Quality Assurance Terms and Definitions 174
N45.2.11-1974 Quality Assurance Requirements for the Design of Nuclear Power Plants 1.64
/ASME N45.2.12-1977 Requirements for Auditing of Quality Assurance Programs for Nuclear Power Plants 1.144
N45.2.13-1976 Quality Assurance Requirements for Control of Procurement of Items and Services 1.123
for Nuclear Power Plants
/ASME N45.2.23-1978 Qualification of Quality Assurance Program Audit Personnel for Nuelear Power 1.146

ANS

Plants

con
the
I
Ser
app
ANS
wel

ferences was held to discuss quality assurance during
construction phase of nuclear power plants.

is significant that an underlying theme of the Rainbow
es was the AEC’s encouragement to industry to use
licable national consensus standards, particularly
[ N45.2 and its daughter standards, some of which
e recognized as being appropriate even in draft

form, to meet the criteria of 10 C.F.R. 50, Appendix B.

The
sus
the
of 11

3.8

T
dar
for
was
an
too
the
bec

ANSI N45-3 Subcommittee was pleasedtwith the
ained participation of Bill Morrison ef‘the NRC and
timely support of the AEC commissioners, directors
pactor standards and licensing, . and their staffs.

ANSI/ASME N45.2-1977

he N45 Committee was\ant American National Stan-
ls Committee operdting under the ANSI Procedures
Standards Develepment Committees. Its Secretariat
ASME. In 1975, this changed when ASME became
hccredited standards development committee and
k over the 'WN45.2 standards. ANSI then terminated
N45.Committee, and the ANSI N45.2 standards
hme-ANSI/ASME N45.2 standards.

R

esponding to user experience and feedback and the

ities,~\ASME revised ANSI N45.2. The new
ANSI/ASME N45.2-1977, had a broader scope
psedecessor and a new title, “Quality Ass
Program Requirements for Nuclear Facilities
changes provided for the application of ANS
N45.2 to nuclear facilities for power generatio

bdition,
than its
urance
" These
[/ASME
n, spent

nuclear fuel storage, fuel reprocessing, and plyitonium

processing and fuel fabrication. These chang|
also consistent with the NRC’s extending the app

Ps were
icability

of 10 C.F.R. 50, Appendix B, to 10 C.F.R. 70, which applies to

fuel-reprocessing facilities.
Revisions 1 (1978) and 2 (1979) to NRC Re
Guide 1.28 (formerly AEC Safety Guide 28) e

bulatory
hdorsed

ANSI/ASME N45.2-1977 with only a few supplemental

regulatory positions. Revision 3 to NRC Regd
Guide 1.28 permitted applicants to follow ei
appropriate ANSI/ASME N45.2 series of stang
ANSI/ASME NQA-1-1983 and ANSI
NQA-1a-1983 addenda with regulatory positiorn]
(a) qualifications of inspection and test pers
(b) quality assurance records retention times
(c) internal and external quality assurance |
audits

ulatory
her the
ards or
ASME
S on
nnel

rogram

perceived need to expand quality assurance program re-
quirements to encompass other regulated nuclear facil-
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Section 4
ASME NQA-1 and Related Standards

4.1 SCOPE

This Section describes the evolution of ASME NQA-1 and
ANSI’s {N” quality assurance program standards, the
consolidation of the ASME N45.2 work practice standards
and ASME NQA-1, and the restructuring of the ASME NQA
standargls from 1979 to 2004.

nical sofieties, including ASME (N45), IEEE (N41), ANS
(N18), and AIChE (N46).

4.2.1 ANSI/ANS 3.2 and ANS N18.7*

Prepalration of the first edition ANSI/ANS 3.2 began in
1969. Hjstorically, the administrative controls section of
the Facility Operating License Technical Specifications
containgd provisions for meeting many of the require-
ments that subsequently became associated with the
quality|assurance requirements for nuclgarpower
plant operation. During the same period, the ANSI
N45-3 Pubcommittee was developing ANSI N45.2
quality assurance standards.

In 1972, the AECissued Safety Guide 33, endorsing Draft
8 of AN$ 3.2 (which later became ANSI N18.7-1972) and
ANSI N4|5.2-1971. Because of-this' dual NRC endorsement,
the ANY 3.2 and ANSI N45-2/standards-writing groups
undertopk a cooperativéeffort to incorporate the appro-
priate qiiality assuranicé requirements for operation into a
single $tandard.<The result was ANSI N18.7-1976
(ANS 3J2), whichvwas endorsed by NRC Regulatory
Guide 1J33,Revision 2, in February 1978.

Followifig-the accident at Three Mile Island's Unit 2 in

latory Guide 1.33, Revision 2, dated February 1978,
endorsed this revision.

The 1988 and 1994 editions of ANS 3.2 contintied stijong
emphasis on operational aspects and petformance-bgsed
quality assurance practices.

4.2.2 ANSI N46.2 Standards

Paralleling the development of the ANSI N45.2 sfan-
dards, the ANSI N46 Cémmittee sponsored by AIChE
drafted a quality assurance program standard for fuel-
cycle facilities that"was similar to ANSI N45.2 iy its
format and requirements. In 1978, the ANSI N46-2
Committee jssued Revision 1 of ANSI N46.2-1978| for
post-reacter nuclear fuel-cycle facilities as an Amer|can
National, Standard. By joint agreement between A$ME
and AIChE to use ANSI N45.2, ANSI N46.2 was withdrdwn.

4.3 ASME NQA COMMITTEE

Recognizing the need to minimize redundancy in
similar requirements and to more clearly define|the
responsibilities for quality assurance program standards
development and maintenance for nuclear facility agpli-
cations, early in 1975, the ANSI Nuclear Standqrds
Management Board (NSMB) issued a policy bullgtin
stating that there should be a single quality assurgdnce
standard for nuclear activities.

Consequently, the NSMB under ANSI assigned ovgrall
responsibility for development, coordination among other
technical societies, and maintenance of quality assurgnce
program standards for nuclear facility applications, which
included the ANSI N45.2 standards, to the ANSI N45
Subcommittee. Because of this NSMB policy pronoufce-
ment, the chairs of the N45 and N46 efforts agreefl to
merge their committees and develop a single standard
covering both scopes. Subsequently, ANSI modified its
policy to allow standards-writing organization$ to

1979, ANSTevised ANSI NI8:7-1976 to Incorporate
administrative “lessons learned” into the standard,
which was subsequently published as ANSI/ANS 3.2-
1982. This revision also reflected the requirements of
ASME NQA-1-1979 (see para. 4.3.1), which had super-
seded several of the ANSI N45.2 daughter standards
that had been referenced in ANSI N18.7-1976. NRC Regu-

! Paragraph 4.2.1 was contributed by Charles Moseley, Jr., ASME NQA
Committee member and ANS 3-2 Committee liaison.

develop and approve standards using their own proce-
dures, provided these procedures met ANSI consensus re-
quirements. Each organization could then submit its
standards to ANSI for approval. Such standards could
be designated as products of the organization and
carry the statement that they were American National
Standards. In response to this policy, ASME formed the
ASME Board of Nuclear Codes and Standards to
manage ASME nuclear standards efforts. In October
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1975, the ANSI N45 Committee transferred quality assur-
ance standards responsibility to anewly constituted ASME
Committee on Nuclear Quality Assurance (NQA).

4.3.1 ANSI/ASME NQA-1-1979

Because different ANSI N45-3 working groups had
developed numerous interrelated ANSI N45.2 daughter
standards at different times, these various standards

o aual

achievement of project objectives and assurance of reli-
able operation.

As shown in Table 4.3.1-1, ASME NQA-1-1979 was
structured as basic requirements, supplements, and
appendices, per the ASME NQA Committee’s intended
approach [see (a) through (d)]. In addition, the basic re-
quirements were reworded using clear and concise
language, e.g., “The design shall be defined, controlled,

and verified . . . )” instead of the obtuse language of

contatred-seomeredundantand-conth
ancg program requirements, causing users and regulators
confusion in their application, endorsement, and enforce-
meit. The ANSIN45-3 Subcommittee had decided early on
thaf it was more important to issue these urgently needed
starjdards and obtain feedback from industry on their use
rather than delay their development and issuance process
to attempt harmonization of redundant requirements. It
wagalways the subcommittee’s intent to consolidate them
at spme point into a single standard.

I 1979, the ANSI N46.2 Committee merged with the
ASME NQA Committee to jointly produced ANSI/ASME
NQA-1-1979, which integrated ANSI/ASME N45.2-1977
and| ANSI N46.2-1978.

The need to consolidate the ANSI N45.2 series of stan-
dargls was also firmly supported by ASME as a means for
amplifying the quality assurance provisions of the ASME
BPVC to make them more compatible with regulatory re-
quirements.

The task of the new ASME NQA Committee was to conso-
lidate the quality assurance program requirements. of
ANS$I/ASME N45.2-1977 and the seven ANSI N45.2
dauphter standards listed in Table 3.6-1 into a single’stan-
dard. Toward this objective, the new, ASME NQA
Committee adopted the following approagh to consolida-
tion):

(¢) The 18 criteriaof10 C.F.R.50,Appendix B, would be
pregerved as basic requirements/

(b) These basic requirements would provide an over-
view of the quality assurancé program logic and would be
suffjciently general to have wide applicability.

(¢) More specific, detailed requirements would be
confained in supplemeénts.

(¢) Requirements would be clearly separated from
guidlance, thedatter being relocated to nonmandatory
appendices.

(¢) Thefull expertise of ASME and other standards-
writing.societies would be employed in developing, coor-
dinatingamdnraintaiming-the-sta

(f) The standard would provide for flexibility in its
application as well as growth or reduction of supplemen-
tary requirements and guidance.

(g9) Redundancy and conflicts in programmatic re-
quirements would be minimized.

The standard would not be as limited to safety-related
structures, systems components, and associated activities
as 10 C.F.R. 50, Appendix B, but would be applicable also to
those items and activities that were essential to the

vz acciie
RE-quarty-aSSt¥

23

10 C.F.R. 50, Appendix B, e.g., “Measures shall\hje estab-
lished to ...
Three members of the ASME NQA Committee] Gordon
Beer, Bud Crevasse, and Gene Langston, met in |Consoli-
dated Edison’s New York office and literally cut and pasted
the reworded draft of the ASME\NQA-1-1979 standard.
The ASME NQA Committee_further reviewed and
edited the revised draft standard, which wjas then
approved through the censénsus balloting procgss.

4.3.2 ANSI/ASME.NQA-1-1983

In general, the ASME NQA Committee made on]y minor
wording clahges in the 1983 edition of ANSJ[/ASME
NQA-1 and.its two addenda.”? However, the reyision of
the phrase “nuclear power plants” to “nuclear fhcilities”
in this' edition, while seemingly subtle, significantly
expanded the usability and applicability of the standard.?

In August 1985, the NRC endorsed ANS|/ASME
NQA-1-1983 in NRC Regulatory Guide 1.28, Reyision 3,
with only three regulatory positions. These regulatory
positions concerned the qualification of inspection,
test, and nondestructive examination pergonnel;
quality assurance records; and audit frequency. While
the NRC has not consistently endorsed successiveleditions
of ASME NQA-1 (see para. 4.3.12), several licensges have
had their quality assurance programs approved [to more
recent editions.

4.3.3 ANSI/ASME NQA-1-1986

The ASME NQA Committee issued ANS]/ASME
NQA-1-1986 and its three addenda* with rdlatively
minor editorial changes.

4.3.4 ANSI/ASME NQA-2

The ASME NQA Committee developed ASME N
incorporate the seven ANSI/ASME N45.2 daugh

QA-2 to
er stan-
g pllowing
the first edition, ANSI/ASME NQA.2-1983, the standard
was revised eight times from 1983 to 1991.

intaoasingle ahdard ee lable 4 4.

2 ASME NQA-1a-1983 was issued December 31, 1983, and ASME NQA-
1b-1984 was issued March 15, 1985.

3 This evolution, and modification, as related to ASME NQA-2 did not
occur until 1986.

* ASME NQA-1-1986 was issued July 11, 1986; ASME NQA-1a-1986,
February 15, 1997; ASME NQA-1b-1987, March 15, 1988; and ASME
NQA-1c-1988, February 28, 1989.
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The following additional quality assurance work prac-
tice standards were incorporated as Parts into
ANSI/ASME NQA-2-1986, ASME NQA-2-1989, and
their addenda:

Part 2.4

Part 2.7

Part 2.1

Part 2.1

ASME NQA.TR-2020

Referencing parts of ASME NQA-2 standards to another
society’s standards where the expertise existed seemed
like a good idea at the time. However, when these stan-
dards were not maintained or were canceled by the other

society (e.g., ANSI/IEEE Std 498), ASME N45.2 was left

Installation, Inspection, and Testing
Requirements for Power, Instrumentation,

without a valid reference.

and Control Equipment at Nuclear Facilities ~ 4.3.5 ASME NQA-1-1989

(incorporated by reference to ANSI/IEEE

Used in Nuclear Facilities (incorporated by 1990, 1991, and 1992.
reference to ANSI/IEEE Std 498-1985,
subsequently canceled)

B Quality Assurance Requirements for
Maintenance of Nuclear Facilities

Table 4.3.1-1 Structure of ANSI/ASME NQA-1-1979

Quality Assurance Requirements of Computer  jting and decommissioning of nuclear facilities. At
Software for Nuclear Facility Applications clarified or amplified certain supplementdry req
b Standard Requirements for Calibration and ments, such as those for design control‘aiid docu

Control of Measuring and Test Equipment control. Addenda to the 1989 edition were issue

) s ’ QA
Std 336-1985) Committee extended the standard’s scope to incl[l.lde

hlso
ire-
ent
1 in

Basic Requirements Supplements Appendices
1 Organization 1S-1  Organization 1A-1 Organization
2 Quplity Assurance Program 2S-1  Qualification of Inspection and Test 2A-1 Qualifications of Inspection and
Personnel Test Personnel
2S-2  Qualification of Nendestructive 2A-2  Quality Assurance Programs
Examination(Personnel
2S-3  Qualificationr~of Quality Assurance 2A-3  Education and Experience of Ldad
Prograim)Audit Personnel Auditors
3 Depign Control 3S-1 Design Control 3A-1 Design Control
4  Precurement Document Control 4S-1, “Procurement Document Control 4A-1 Procurement Document Contro
5 Ingtructions, Procedures, and
Drawings
Dofcument Control 6S-1  Document Control
Coptrol of Purchased Items and 75-1  Control of Purchased Items and 7A-1 Control of Purchased Items and
ervices Services Services
Idgntification and Control ‘ef/Items 8S-1 Identification and Control of Items
Coptrol of Processes 9S-1 Control of Processes
10 Ingpection 10S-1 Inspection
11 Tept Control 11S-1  Test Control
12 Coptrol of MéaSuring and Test 12S-1  Control of Measuring and Test
Equipment Equipment
13 Handling, Storage, and Shipping 13S-1 Handling, Storage, and Shipping
14 Inspection, Test, and Operating Status
15 Control of Nonconforming Items 15S-1 Control of Nonconforming Items
16 Corrective Action
17 Quality Assurance Records 17S-1  Quality Assurance Records 17A-1 Quality Assurance Records
18 Audits 18S-1  Audits 18A-1 Audits
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Table 4.3.4-1 ANSI/ASME N45.2 Daughter Standards Incorporated Into ANSI/ASME NQA-2

ANSI/ASME N45.2 Daughter Standard

Corresponding Part

Designator Title in ANSI/ASME NQA-2
ANSI/ASME N45.2.1-1980 Cleaning of Fluid Systems and Associated Components for Nuclear Power Plants 2.1
ANSI/ASME N45.2.2-1978 Packaging, Shipping, Receiving, Storage and Handling of Items for Nuclear Power 2.2

Plants (During the Construction Phase)
ANS| N45.2.3-1973 Housekeeping During the Construction Phase of Nuclear Power Plants 2.3
ANS|/ASME N45.2.5-1978 Construction Phase Quality Assurance Requirements for Installation, Inspection 2.5
and Testing of Structural Concrete and Structural Steel for Nuclear Power
Plants
ANS|/ASME N45.2.8-1975 Quality Assurance Requirements During Installation, Inspection and Testing of 2.8
Mechanical Equipment and Piping for the Construction Phase of Nuélear Power
Plants
ANS|/ASME N45.2.15-1981 Hoisting, Rigging, and Transporting of Items for Nuclear Power Plants 2.15
ANS|/ASME N45.2.20-1979 Supplementary Quality Assurance Requirements for,Subsurface Investigations 2.20

for Nuclear Power Plants

4.3{6 ASME NQA-3-1989

Responding to an identified need, in 1984, the ASME
NQA Committee established a Subcommittee.an
Nudlear Waste Management. This subcommittee*was
assigned the task of developing a standard for assuring
qudlity during site characterization of high-level
nudlear waste repositories. With the-assistance of
geofechnical experts from the U.S. Geolegical Survey
and| DOE national laboratories and_the tacit support of
the|DOE and NRC, this subcommiittee prepared ASME
NQA-3-1989.

addition to those activities affecting quality in ASME

sampling

type quality assurance programs was expect¢d to be
included in future revisions of Part III or Pqrt IV of
ASME NQA-1. In ASME NQA-1-2004, ASME NQA-3 was
embedded in Part III, Subpart 3.3, as a nonmandatory
appendix. Salient requirements of ASME NQA-3 have
since been integrated into Parts I and II of ASME NQA-1.

ASME NQA-3-1989 was listed as a source in Reyision 10
of the DOE Office of Civilian Radioactive Waste Manage-
ment’s “Quality Assurance Requirements and Pescrip-
tion” document for site characterizatioh work
conducted for the DOE Yucca Mountain Project,

4.3.7 ASME NQA-1-1994

In the early 1990s, ASME NQA Committee legdership
concluded that ASME NQA-1, ASME NQA-2, and ASME
NQA-3 were not structured in a way that ¢nabled
users to understand and apply these three stgndards.
Thus, the ASME NQA Committee decided to corjsolidate
ASME NQA-1 and ASME NQA-2 into a single njultipart
standard that would allow a more rapid resgonse to
varied applications of the ASME NQA requifements

(J) in-situ fncﬁng

(h) scientific investigation

(i) design data process control

In restructuring and consolidating ASME NQA-1, ASME
NQA-2, and ASME NQA-3 (see para. 4.3.7), the ASME NQA
Committee was undecided about what to do with ASME
NQA-3. The reason was that ASME NQA-3 was an applica-
tion standard for which Part IV of ASME NQA-1 had notyet
been established. Thus, according to its Foreword, ASME
NQA-3-1989 guidance on the application of ASME NQA-3-

and guidance. The ASME NQA Committee restructured
ASME NQA-1-1994 into the following three parts, and
retitled it “Quality Assurance Requirements for Nuclear
Facility Applications” to accommodate the inclusion of
ASME NQA-2:

(a) Part I contained an introduction and basic quality
assurance program requirements followed by supplemen-
tary requirements for nuclear facilities, all from the former
ASME NQA-1.
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