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NOTICE

Availabilityof Rahmnce Materials Cited in NRC Publications

Most documents cited in NRC publications willbe available from one of the following sources:

t. The NRC Public Document Room, 1717 H Street, N.W.)
Washington, DC 20555

2. The Superintendent of Documents, US. Government Printing Office, Post Office Box 37082,
Washington, DC 20013-7082

3. The National Technical Information Service, Springfield, VA 22161

Although the listing that follows represseta the majority of documents cited in NRC publications,
lt is not intended to be exhaustive.

Referenced documents available for inspection and copying for a fee from the NRC Public Docu-
ment Room include NRC correspondence and Internal NRC memoranda; NRC Office of Inspection
and Enforcement bulletins, circulars, information notices, inspection and investigation notices;
Licensee Event Reports; vendor reports and correspondence; Commission papers; and applicant and
licensee documents and correspondence.

The following documents in the NUREG series are available for purchase from the GPO Sales
Program: formal NRC staff and contractor reports, NRC~ponsored conference proceedings, and
NRC booklets and brochures. Also available are Regulatory Guides, NRC regulations in the Cat of
Federal Regulariom, and Nuclear Regulatory Commission Issuances.

Documents available from the National Technical information Service include NUREG series

re ports and technical reports prepared by other federal agencies and reports prepared by the Atomic
Energy Commission, forerunner agency to the Nuclear Regulatory Commission.

Documents available from public and special technical libraries include all open literature items,
such as books, journal and periodical articles, and transactions, Federal Register notices, federal and
state legislation, and congressional reports can usually be obtained from these libraries.

Documents such as theses, dissertations, foreign reports and translations, and non.NRC conference
proceedings are available for purchase from the organization sponsoring the publication cited.

Single copies of NRC draft reports are available free, to the extent of supply, upon written request
to the Division of Information Support Services, Distribution Section, U.S. Nuclear Regulatory
Commission, Washington, DC 20555.

Copies of industry codes and standards used in a substantive manner in the NRC regulatory process
are maintained at the NRC Library, 7920 Norfolk Avenue, Bethesda, Maryland, and are available
there for reference use by the public. Codes and standards are usually copyrighted and may be
purchased from the originating organization or, if they are American National Standards, from the
American National Standards Institute, 1430 Broadvwy, New Vork, NY 1001 8.



0

1I

I

0

k

'I

7,

C

l
t



ABSTRACT

In 1975, the General Electric Company (GE) published a Nuclear Reactor Study,
also refer~ed to as "the Reed Report,4 an internal product-improvement study.
GE considered the document "proprietary" and thus, under the regulations of
the Nuclear Regulatory Commission (NRC), exempt from mandatory public disclo"
sure. Nonetheless, members of the NRC staff reviewed the document in 1976 and
determined that it did not raise any significant new safety issues. The staff
also reached the same conclusion in subsequent reviews.

However, in response to recent inquiries about the report, the staff re-
evaluated the Reed Report from a 1987 perspective. This re-evaluation, docu-
mented in this staff report, concluded that (1) there are no issues raised in
the Reed Report that support a need to curtail the operation of any GE boiling
water reactor (BWR); (2) there are no new safety issues raised in the Reed
Report of which the staff was unaware; and (3) although certain issues addressed
by the Reed Report are still being studied by the NRC and the industry, there is
no basis for suspending licensing and operation of GE BMR plants while these
issues are being resolved.
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EXECUTIVE SUMMARY

The purpose of this HRC staff evaluation of the General Electric Nuclear Reac-
tor Study (the Reed Report) and its 10 subtask reports is to reconsider the
issues and concerns identified in the report in the light of current knowledge,
recent operating experience, and regulatory issues as they'ave developed since
the report was issued in 1975.

A Histo of the Reed. Re ort

The Reed Report was a self-critical study performed by the staff of the General
Electric Company (GE) in 1975. It was intended as a product-improvement study
to enhance the availability and performance of GE's boiling water reactors
(BWRs). The report, by its nature a candid self-analysis, was intended for GE's
internal use only. It has always been held by 4E to be "proprietary," and thus
not subject to public disclosure.

The principal author of the report was Or. Charles E. Reed, a Senior Vice Presi-
dent of GE. Contributors included technical and professional personnel from a
variety of GE departments. Two products resulted from their efforts. One was
the Nuclear Reactor Study, referred to today as the Reed Report; the second was
a set of 10 subtask reports that provided the detailed technical information
used to develop the Nuclear Reactor Study.

The Structure of the Reed Re ort

The Reed Report addressed operating BWRs and the design of future GE products
and services in the nuclear field,
For reactors in operation at the time, the report discussed ways to improve plant
availability and its electrical generating capacity factor through improvements
in plant hardware and through improvements in service, fuel, equipment, and
operating procedures. For future reactors, the report considered GE's then-new
BWR design, the BWR-6, and discussed problems regarding final design details,
licensing, and full-power operation of BWR-6 plants.

The report addressed 10 general topics, as follows:

(1) nuclear systems
(2) fuel
(3) electrical, control, and instrumentation
(4) mechanical systems and

equipment'5)

materials, processes, and chemistry
(6) production, procurement, and construction
(7) quality control systems overview
(8) management/information systems
(9) regulatory considerations
(10) scope and standardization
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Eacf of these general topics was addressed in a separate subtask ~eport, and
the 10 subtask reports were used to generate the Reed Report.

Histor of NRC Actions Re ardin the Reed Re ort

The Nuclear Regulatory Commission (NRC) first learned of the existence of the
Reed Report in a casual conversation between the NRC Chairman and one other
Commissioner and GE officials at the San Francisco airport on August 21, 1975.
There was further'ention of the report, in the Congressional Joint Committee
on Atomic Energy hearings held in February and Harch 1976. At that time,
Or. Reed testified regarding the report.

On Feb~ua~y 23-24, 1976, two NRC staff members reviewed a copy o'he report
in GE's Mashington, OC offices. They determined that the report (') did not
identify any new safety concerns and (2) did not indicate that GE had failed
to report any significant safety concerns to the NRC ~

On Harch 6, 1978, in response to a request from Congressman John 0. Oingell,
the NRC asked GE to provide either a copy of the Reed Report or a list of the
safety issues it addressed. On Harch 22, 1978, GE gave the NRC a list of 25
issues identified as'having "some safety significance." On Hay 26, 1978, GE

provided to the NRC a safety evaluation of the 25 issues it had identified.

On November 9, 1978, the NRC staff gave the Commission the results of its up-
dated review of the Reed Report and concluded: "no substantive disagreement
with the summary status provided by GE."

The NRC first received a copy of the Reed Report on January 5, 1979, under a
protective agreement, when GE gave a copy to the Atomic Safety and Licensing

" ro ri
Board in the Black Fox proceedings. GE continued to categorize the re ort

p p 'etary and claimed that the document was exempt from mandatory public
p as

di scl os ure.

The NRC then received several Freedom of Information Act (FOIA) requests for the
Reed Report, beginning with a request dated September 26, 1979. After reviewing
arguments for and against granting a FOIA request and after consultation with
the Oepartment of Justice, the Commission voted on October 9, 1980, to release
the Reed Report to the public; however, on October 17, 1980, GE sued NRC, seek-
ing to prohibit the release. On Oecember 21, 1984, the U,S. Court of Appeals
for the Seventh Circuit ordered a remand of the Commission's decision. Subse-
quently, in July 1986, the Commission voted to continue to withhold the Reed
Report from public disclosure. To date, the Commission has not released the
Reed Report to the public.

NRC Cate orization of Reed Re ort Issues

On the basis of'ts reviews of the Reed Report and on information on the report
supplied by GE, in November 1978 the staff grouped the 25 issues addressed in
the report into six categories as follows:

constraints on operation resulting from regulatory requirements (7 items)

plant-specific matters to be resolved in plant-specific license reviews
(4 items)

NlREG-1285
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features already deleted from Gf design (1 item)

~ quality assurance issues (2 items)

~ issues for which final resolution was pending, but for which interim posi-
tions provided an adequate basis for allowing continued licensing of
plants (8 items)

~ issues already resolved by staff review (3 items)

Recent NRC Actions Re ardin the Reed Re ort

On June 2, 1987, NRC established a special task group to evaluate again the
issues raised in the Reed Report, taking into account the increased knowledge
about nuclear power based on engineering studies and operational experience i.n
the 12 years since the Reed Report was written.

This review produced three separate conclusions:

(1) The Reed Report does not identify any matters that would support a need to
curtail the operation of any GE boiling water reactor plants now licensed.

(2) The Reed Report does not identify any new safety issues of which the staff
was unaware.

(3) Nile. certain issues addressed by the Reed Report are still being studied
by the NRC and industry, there is a basis for permitting continued plant
operations awhile those issues are being resolved.

NUREG-1285
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1 INTRQOUCTION

The purpose of this NRC staff evaluation of the General Electric Company's
Nuclear Reactor Study (the Reed Report) is to reconsider the issues and con-
cerns idertified in the report in the light of current knowledge, more recent
plant operating experience, and regulatory issues as they have developed since
the report,was issued in 1975.

This re-evaluation was prompted by concerns expressed by public officials and
others regarding alleged serious weaknesses in the safety of General Electric
(GE) boiling water reactors (BMRs). 'These statements of concern were reactions
to recent accounts in the news media, particularly newspaper accounts, of a
"secret" GE report written in 1975. The report referred to in news accounts is
the GE Nuclear Reactor Study, which is more commonly called the Reed Report
because Or. Charles E, Reed, a Senior Vice President of GE, headed the task
group ~hose studies culminated in the issuance of the Nuclear Reactor Study.

Because of the nature of the study, GE has always held the Reed Report to be
proprietary, not to be disclosed to the public or to GE's competitors. The HRC

has a copy of this GE proprietary report, along with the proprietary subtask
reports and related material. In the course of performing its regulatory func-

'ions, the NRC receives and holds for review and for reference many proprietary
documents from GE and from other vendors of nuclear-related products. The HRC

staff had long been aware of the Reed Report and its contents.

Recently, however, in the discovery process of a lawsuit involving GE and the
owners of the limmer facility, excerpts from the Reed Report and other inter-

, apparently were included in documents being exchanged between
the parties in the la~suit. This material came into the possession of a news-
paper, which purportedly disclosed some of the contents in a news article.
Some newspaper articles contained accounts that stated or implied that the HRC

had conspired with GE to keep this "secret" report from the public because of
information that would be damaging to GE if it were disclosed. These articles,

concerned ci i
together with interest from Congress officials from th St t f Oh'

tizens, prompted the NRC staff to initiate a thorough current re-
view re-evaluation of the Reed Report and the 10 subtask reports. The results
of this current HRC staff evaluation are the subject of this report.

NUREG-1285
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2 BACKGROUNO

2. 1'isto of the Reed Re or t
The Reed Report was a self-critical study performed by the staff of GE i»975
with the stated objectives of "determining the basic requirements for im-
plementing the Nuclear Energy Oivision's (NEO) quality strategy through con-
tinuing improvements in the availability and capability of Boiling Water Reac-
tor Nuclear Plants (BWRs)."

The principal author of the report was Or, Reed. Contributors included tech"
nical and professional personnel from a variety of GE departments. Two pro-
ducts resulted from their efforts. One was the Nuclear Reactor Study, referred
to as the "Reed Report"; the second was a set of 10 subtask reports that pro"
vided the detailed technical information used to develop the Nuclear Reactor
Study.

The Reed Report was intended to be an internal document, not one for public dis-
closure because, as claimed by GE, it contained information and comments that
could have an adverse effect on GE's market position with respect to its
competitors.

Although GE allowed NRC to review the document on several occasions and
eventually provided NRC with a copy, GE also sued NRC to prevent the agency
from releasing the document to the public.

2.2 Structure and Contents of the Reed Re ort

The report addressed 10, general topics related to the GE nuclear power product
line; these topics were:

(1) nuclear systems
(2) fuel
(3) electrical, control, and instrumentation
(4) mechanical systems and equipment
(5) materials, processes, and chemistry
(6) production, procurement, and construction
(7) quality control systems overview
(8) management/information systems
(9) regulatory considerations
(10) scope and standardization

Each of these general topics was addressed in a separate subtask report, and
the 10 subtask reports were used to generate the Reed Report. The subtask
reports are discussed in detail in Section 5 of this report.

For reactors in operation at the time, the report discussed ways to improve
plant availability and its electrical 'generating capacity factor through im-
provements in plant hardware and through improvements in service, fuel, equip-
ment, and operating procedures. For future reactors, the report considered
GE's then-new BWR-6, and discussed problems regarding final design details,
licensing, and unrestricted full-power operation.

NUREG-1285



2.3 Histo of NRC&ctions Re ardin the Reed Re ort

1975-1976

The NRC first learnned of the existence of the Reed Report in a casual convers-
e NRC Cha>rman and one other Commissioner and GE officials at the

a-

San Francisco airport on August 21, 1975. According to testimony given at th
g t Coaeittee on Atomic Energy in its Investigation of Charges

e

e ating to Nuclear Reactor Safety, February 18, 23, and 24 and March 2 and 4,
6, the mention of th'e report was oral and very general in nature.

4

Ho~ever, because concerns were'aised about the contents of the Reed R t
6, two NRC staff members reviei '.d a copy of the report in GE's

epor, on

ash>ngton, OC offices. They wanted to determine >f:he report (1) identified
any new safety concerns of which the NRC was not aware, and (2) if.GE had met
the requirements of Section 206 of the Energy Reorganization Act of 1974 in
regard to the reporting of significant safety items.

On the bas)s of their review, these staff members did not identify any new
safety concerns or any evidence that significant safety concerns had not been
reported to the NRC. A copy of their memorandum to the Director of the NRC

Office of Nuclear Reactor Regulation (NRR) that documented their conclusions
was incorporated into the record of the hearing of the Joint Committee on
Atomic Energy's Investigation of Charges Relating to Nuclear Reactor Safety.

~ 1922-1978

In December 1977 Con rg essman John D. Dingell asked the Commission to provide
Chairman responded in a lette~ datedn ormat>on on the Reed Re ort. The

uary , , which described the staff's earlier review and its conclusions.

To provide further inp her information to the Congressman, on March 6, 1978, the NRC
asked GE to provide either a copy of the Reed Report or a list of the safety

ssues it addressed. GE responded by a letter dated March 22, 1978, which
contained a list of 25 issues identified as having "some safety significance."

mbers of the NRC staff and one member of Congressman
ange s staff reviewed the report itself at the GE offices in Washington

n a letter to NRC that gave a status report

On November 9 1928 the NRC staff gave the Commission the results of its up-
a e review of the Reed Report (SECY-78-462A). The staff review concluded:
no substantive disagreement with the summary status provided by GE." The

staff also grouped the 25 issues in the report into six categories.

In a letter dated Oecembe
an conc usions to Congressman Dingell.d

r 27, 1978, the Chairman forwarded the staff's findings

~ 1978-1979

On October 18, 1978, the Atomic Safety and Licensing Board (ASLB} in the Black
Fox proceedings issued a subpoena .to GE calling for GE to provide a copy of the

NUREG-1285
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Reed Report for the proceedings. GE refused, claiming the report was "pro-
prietary," and thus protected from mandatory public disclosure under the

'oaeission's regulations.

GE and the ASLB were able to settle on the terms of a protective agreement,
under which GE provided a copy of the report on January 5, 1979. This was the
first time NRC had a copy of the report. However, under the terms of the
protective agreement, the report itself was never introduced into the Black Fox
proceedings.

The protective agreement did allow the
following.'1)

The Reed Report was made available to the ASLB in confidence.

(2) Verbatim extractions from the report were available to counsel insofar as
they related to the Intervenor's contentions and the ASLB's questions.

(3) The report was available to the Intervenor's counsel to evaluate the
faithfulness of the extractions.

The parties also signed protective agreements that limited access to and use
of the report.

In September 1979, the NRC received the first of several FOIA requests for the
Reed Report.

~ 1980-1984

Several FOIA requests for the Reed Report were received in this period, the fi~st
actually having been made in September 1979. On October 9, 1980, after hearing
arguments on a request made under the FOIA, the Commission voted to release the
Reed Report to the public. However, on October 17, 1980, GE sued NRC, seeking
to prohibit the release. Subsequently, on December 21, 1984, the U.S. Court of
Appeals for the Seventh Circuit ordered a remand of the Commission's decision.

lJ

~ 1986-1987

In July 1986, the Commission voted to continue to withhold the Reed Report from
public disclosure. This decision was based on the Commission's desire to en-
courage simila~ studies and ensure NRC access to their results. On June 3, 1987,
Ohio Citizens for Responsible Energy (OCRE} filed suit in Ohio Federal Oistrict
Court seeking public release of the report under the Freedom of Information
Act.

To date the Commission has not released the Reed Report to the public.

2.4 NRC Cate orization of Reed Re ort Issues

In its November 1978 report to the Coaeission (see above), the staff grouped
the 25 issues addressed in the Reed Report into six categories as follows:

constraints on operation resulting from regulatory requirements (7 items)

NUREG-1285
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p ant-specific matters to be resolved in plant-specific license reviews
(4 items}

features already deleted from GE design (1 item)

quality assurance issues (2 items)

issues for ~hich final resolution was pending, but for which interim posi-

(8 items)
tions provided an adequate basis for allowing continued licensing of plants

~ issues already resolved by staff review (3 items}

2.5 Recent NRC Actions Re ardin the Reed Re ort

On June 2, 1987, following the appearance of- newspaper stories with contro-
versial accounts of the contents and safety implications of the report, and
statements attributed to some public officials and others in these newspaper
accounts and the receipt of inquiri'es from Congress, HRC established a special
task group to re-evaluate the issues raised in the Reed Report, taking into
account the increased knowledge and understanding of nuclear power issues
gained in the 12 years since the Reed Report'as written. Hartin Virgilio w s

pp sk group leader. Other people were named as needs were identified
was

effort are listed below.
for specific expertise. The people who contributed significantl t th''can y o is

Hartin Yirgilio - task, group leader
Roby Sevan - technical coordinator
Ed Shomaker - 'legal counsel.
C. Y. Cheng - technical expert

~ Tim Colburn - project manager, Perry Nuclear Power Plant
John Craig - technical manager
Malt Haass - technical expert
Marren Hazelton - technical expert
Mayne Hodqes - technical manager
Jack Kudr>ck - technical expert
Oliver Lynch - technical expert
Jerry Mauck - technical expert
Robert Pettis - technical expert
Laurence Phillips - technical expert
John Ridgely - technical expert
Chen Tan - technical expert
John Thoma - technical expert
Charles Tinkler - technical expert
Robert Mright - technical expert
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3 THE 'TWENTY-FIVE LICENSING ISSUES" IOENTIFIEO BY GENERAL ELECTRIC

s
s

As discussed above, the Reed Report was not concerned primarily with safety
i»ues associated with GE BWRs, but with plant availability and electric gen-
erating capability and, hence, the marketability of the GE nuclear reactors.
However, in response to requests by NRC, in 1978, GE's Nuclear Safety and
Licensing organization reviewed the report and identified 27 safety-related
iteas. The 27 issues were subsequently consolidated into 25 when 2 of
the items identified earlier were included under other issues.

The NRC staff has again reviewed these 25 issues in the light of current knowl-
edge of nuclear safety,. and the results of that review are given below. For
each of these issues, there is a statement of the issue, a statement of its
safety significance, and a statement of the current status of the'issue.

The staff finds that none of the 25 issues identified by GE as having some
saf'ety significance involve any safety considerations not alrea'dy identified
and,appropriately addressed by the staff.

3. 1 Oe ree of Com letion of BWR-6 Oesi n

Issues

The Reed Report noted the following with regard to the BWR-6 Hark III design:

(1) The BWR-6 Hark III design was incomplete (in 1975}, and several important
technical problems were unresolved,

(2) The overall design of the B'WR-6 Hark III is not well integrated. The
design was a result of a process of evolution and reaction to competitive
offerings and regulatory requirements.

(3) Future potential problems in the areas of fuels management, operational
limitations, licensing, and component replacement had to be anticipated.

~ Safet Si nificance

Hone. In 1975, the HRC was reviewing'pplications for construction permits
based on preliminary BWR-6 design details, and completion of the final design
details lagged significantly behind the start of construction. Accordingly,
as permitted by its regulations, the NRC issued construction permits without
complete or final detailed design information. As that information was later
submitted during the operating license review, licensing problems sometimes
resulted because some information was unsubstantiated. The end result was
increased NRC revie~ effort in some areas. This delay in the review process
may have had an economic impact on the licensee, but there was no safety sig-
nificance because the licensing review was simply delayed.

Status

Before the first BWR-6 operating license was granted, the NRC reviewed and ap-
proved detailed plant design information, The following BWR-6 Hark III designs
have been approved by the HRC: Clinton 1, Grand Gulf 1 and 2, Perry 1, and
River Bend.

NUREG-1285 9



3.2 Aaount of Mar in leieen Desi n Calculations for Co%rand 0 cretin
le)to

~ Issues

The Reed Report noted the following with regard to the BWR-6 core at the pre-
liminary design stage:

(1) Oesign thermal margin was not sufficient to avoid powe~ derating (a re-
duction in allowed power level) to as low as 80K of the intended rated
power to meet operating limits during portions of the core operating
cycle. Such a power derating would limit the reactor to operate at only
some fraction of its rated power, a substantial economic consideration.

(2) Calculational models with inadeo ia.e experimental verification could have .

proven to be nonconservative and might require a power derating of 5X to 10 .

~ Safet Si nificance

None. Oerating a plant to maintain adequate margin in operating limits is an
economic issue, not a safety issue.

Status

Today, cores are operating at or near the operating limits (not safety limits),
as design thermal margin is maintained, while using new fuel designs, less
conservative ca1culational models, and revised operating conditions. .This

~ generally requires revised technical specification operating limits for each
operating cycle.

Nuclear power plant licensees are maintaining adequate safety margins in their
operating plants by adhering to technical specification operating limits. The
need for power derating is marginal, and it is generally avoided by operating
plants according to cycle-dependent technical specifications that define the
operating limit minimum critical power ratio for that operating cycle, using
NRC staff-approved models and calculational methods.

3.3 Im act of Cold Shutdown Reactivit Mar in on BWR-6 Core Oesi n

~ Issue

The Reed Report noted that the design calculation models were inadequate to
ensure that the cold shutdown reactivity margin for the BWR-6 equilibrium core
could meet the stuck-rod margin requirements in a plant's operating license.

Safet Si nificance

None. The concern was and is econOmic because plant shutdown and/or limited
plant availability can result when a licensee cannot demonstrate adequate
shutdown margin.
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Status

All'perating BWRs have technical specifications that require shutdown margin.
be maintained and that the plant be shut down if measured shutdown margin is
inadequate.

Calculational models for the final design equilibrium core will better reflect
the burnup experience with cores that contain gadolinia in order to maintain a
flatter reactivity response at core equilibrium.

3.4 Im act of End of C cle EQC Scram Reactivit Insertion Rate on Core Full
ower > e

Issue

The Reed Report noted that reduced scram response because of unfavorable void
coefficients and the design scram reactiv".y curve at EQC could require derat-
ing up to 20K to meet oper'ating limits.
~ Safet Si nificance

None. The concern is the economic cost of derating (reduction in allowed power
level) to meet regulatory limits.

Status

GE has addressed the economic consideration of plant derating to meet operating
limits at EOC operation through the following improvements:

(1) improved fuel design (fewer negative coefficients)

(2) improved calculation models

(3) design modifications to the BWR-6 scram system for more rapid insertion of
rods

(4) highly cycle-dependent (and core-exposure-dependent) technical specifica-
tion operating limits

(5) recirculation pump trip provisions added to all BWR product lines

3.5 Lon -Term Effect of Radiation on Core Internals

~ Issue

The Reed Report noted that uncertainties in estimates of radiation and corro-
sion damage to BMR-6 core internals did not provide assurance of a 40-year
lifetime of service. Core internals aight have to be replaced ca~lier to pro-
vide assured structural integrity for continued operation. Replacement of
permanently installed core internals would result in substantial reacto~ down-
time. Also, replacing these core internals would be difficult because access
to them is difficult and workers would be exposed to high levels of radiation.
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Safet Si nificance

Two areas in the reactor internals were identified that could receive enough
radiation fluence to significantly affect the material properties. These were
the top guide and the mid-plane of the shroud. Although not stated directly in
the discussion in the Reed Report, the apparent concern was that the material
properties could be degraded to the point where the components could fail.
Failure of some core internals could hinder {but not prevent) shutdown of the
reactor. The GE analysis indicated that there would be sufficient margin to
insert rods to achieve shutdown, even with channel interference or loss of
spacing.

Status

One effect of radiation on core internals and support structures that was rerog"
nized in the early 1980s is that austenitic stainless steel becomes susceptible
to stress corrosion cracking. Cracks have been found in neutron monitor guide
tubes in at, least six BMRs. Cracks have also been found in control blade
handles and sheaths.

GE has evaluated the possibility of ir adiation-assisted stress corrosion
cracking (IASCC) in other components, some of which were mentioned in the 1975
study. The top guide and shroud are still unlikely to last the 40-year life
for which the reactor is licensed, but it is believed that the core plate will
not experience enough neutron fluence to be affected. GE has been actively
involved in developing non-destructive evaluation (HOE) equipment and proce-
dures to detect IASCC, and in developing a methodology to justify continued
operation with cracked components where such operation would not compromise
safety.

Should the assembly become so degraded by cracking and loss of toughness that
the assembly failed during a seismic event, failure could occur'at several
locations, and rod blockage or loss of the guide function might occur.

GE believes that the core plate is not likely to receive enough neutron fluence
to become susceptible to cracking. Nevertheless, the threshold value of
fluence is not yet known with certainty, and further study of this subject is
being pursued.

Although Section XI of the Boiler and Pressure Vessel Code of the American
Society of Hechanical Engineers (ASHE Code) requires visual inspection of core
support structures every 10 years, the postulated crack locations may not be
accessible for TV viewing. GE has been actively working on a methodology to
perform remote ultrasonic inspection of the suspect locations. If this proves
feasible, the top guide assembly could be inspected at selected plants with
long service to determine whether a generic problem exists.

a

The staff believes that current monitoring, surveillance, and inspection pro-
grams will identify any incipient failure of core internals before failure, and
that the radiation levels associated with plant operation are not likely t
resu t in reactor safety problems from materials failure in 8WR core internals.1
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3.6 De ree of Proof of Accurac of Transient Desi n Hethods

~ Issue

The Reed Report notes that there were large.calculational uncertainties because
of inadequate verification of transient design methods. This inadequate
verification could lead to reduction in allowed level of power operation.
Application of more accurate methods, or reduction of these uncertainties by
better verification programs, could result in smaller margins being permitted
in thermal hydraulic transient analyses that are performed to ensure that the
plant does exceed its thermal operating limit.
~ Safet Si nificance

The concern was primarily economic, with potential power derating being
required to meet regulatory operating limits.

'tatus
Better calculational methods have been developed and verified against plant
transient tests. In parallel with these tests, more sophisticated computer
codes modeling the reactor core behavior have been developed. The problem has
been resolved (the resolution of Generic Issue 8-19) with the staff approval
and licensee implementation of more sophisticated core modeling codes.

3.7 Im act on Fuel Inte rit of Reduced Moderator Tem erature due to
us ment as ure

Issue

The Reed Report noted that excessive fuel failures due to pellet-cladding in-
teraction (PCI) were causing power derating to reduce the leakage and dispersal
or radioactivity into the reactor cooling water. Prolonged overpower trans-
ients due to loss of feedwater heating, or other coolant temperature reduction
transients, could lead to PCI failures and challenge thermal hydraulic design
1 imi ts.

~ Safet Si nificance

The rapid subcooling and reactivity spike resulting from loss of feedwater
heaters is reflected in fuel failures induced by PCI and leads to some increase
in personnel radiation exposures. Such equipment failure and resulting fuel
failure is to be avoided, and the increased exposure to plant personnel is con-
trary to the ALARA (as low as is reasonably achievable) exposure reduction
objectives, but the reactor safety implications are minimal beyond that.

Status

The issue of fuel integrity is not a problem because it is addressed by the
following measures:

(') preconditioning of fuel during the early phases of a new operating cycle
(2) use of new fuel design (barrier fuel}
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(3} provisions for thermal power monitor for delayed overpower trip
(4) continued compliance with technical specification core operating thermal

limits

3.8 Performance of Relief Valve Au ented B ass REVAB S stem

Issue

The Reed Report notes that the scram insertion requirement for plants designed
with the REVAB have not yet been achieved.

Safet Si nificance/Status

None. This issue has no safety significance and is not relevant because the
REVAB system has been deleted'from the design of GE BWRs and is not used in any
operating BWR. e ~

3.9 Im act of K drod namic Phenomena on Containment Oesi ns

~ Issue

A general concern over the (then} current state of containment-related issues
is reflected throughout the Reed Report, with reference made to the containment
issues in the Executive Summary, in the section entitled Nuclear Systems, and
in the section entitled Mechanical Systems and Equipment. In several cases
the same issue is discussed in different sections but with a different perspec-
tive or with emphasis on particular elements of the technical issue.

~he issue of hydrodynamic phenomena and their impact on containment designs, dis
cussed throughout the report, is identified as "Impact of Recently Oiscovered
Phenomena on Containment Oesigns" in the 25 issues identified by GE. The
report says: "Because of phenomena recently discovered, all BWR containment
types (Mark I, II and III) are undergoing extensive additional analyses to
evaluate structural adequacy. As a result of these analyses, Hark II as well
as Hark I are likely to be redesigned and retrofitted."

Safet Si nificance

The Reed Report reflects the uncertainty present in 1975 surrounding the dis-
covery of additional containment loads created by suppression pool phenomena
related to safety relief valve (SRV) air clearing, pool swell, and high tempera-
ture steam condensation. These phenomena were identified during early testing
of the Hark III design, which was initiated in 1973, and by the experience at
two German BWR Mark I containments in 1972. At the German plants, severe vibra-
tory loads on the containment structure were experienced during extended SRV

operation. In 1975, concerns also were being raised by former employees of GE,
and hearings were held before the Congressional Joint Committee on Atomic
Energy regarding the impact .of hydrodynamic loads on BWR containment designs.

The safety significance'f this issue was that the additional loading created
by these phenomena during an accident or transient could jeopardize the integrity
of the containment structure, drywell, and/or equipment and structures near the
suppression pool. Failure of the containment or drywell structures could have
serious consequences during certain reactor accidents.
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~ Statuss

After the Reed Report was issued, BWR owners, working with GE, completed exten-
sive testing and analyses, resolving all technical issues related to suppression
pool hydrodynamic loads, Both generic and in-plant testing were performed to
provide an expanded data base on which conservative loading definitions could
be developed. To reduce loads created by SRV operation, new SRV discharge
quenche~ designs were approved and installed. Additionally, various plant-
specific modifications were made to strengthen the containment structure as
needed to restore design safety margins. The NRC initiated several generic
issues to guide, track and document resolution of these technical concerns, as
follows:

(1) Generic Issue A-6, Hark I Short Term Program. The resolution was docu-
mented in NUREG-0408.

(2) Generic Issue A-7, Hark I Long Term Program. The resolution was documented
in NUREG-0661.

(3) Generic Issue A-8, Hark II Program. The resolution was documented in
NUREG-0487 and NUREG-0808.

(4) Generic Issue A-39, Oetermination of SRY Pool Oynamic Loads and Temperature
Limits for BWR Containments. The resolution was documented in NUREG-0802.

(5) Generic Issue B-10, Behavior of BWR Mark III Containment. The resolution
was documented in NUREG-0978.

3. 10 Radiation Ex osure from Removal of Steam Or er/Se arator Assembl

~ Issue

The Reed Report noted that there was a potential for significant plant person-
nel radiation exposure from dryer/separator assembly handling for the BWR-6
Hark III design.

~ Safet Si nificance

Concerns were limited to those of occupational radiation exposure. There were
no reactor plant safety concerns beyond the ALARA issue. The issues involved
were primarily economic considerations associated with decreased availability
due to a lack of maintainability, and the ALARA issue of maintaining occupa-
tional exposure to low levels.

Status

After the Reed Report was issued, the BWR-6 Hark III design was modified to
allo~ underwater transfer of the dryer/separator assembly, thereby reducing
occupational exposure rates, particularly during refueling. The NRC staff
considers this modification an excellent example of field feedback, self-
analysis, and implementation of ALARA guidelines.
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3.11 Level of Testin of Hark III Containment

~ Issue

The Reed Report in several sections reflects concerns over the adequacy of
testing planned to investigate suppression pool phenomena for the Hark III con-
tainment. Although this concern is related to the general issue of suppression
pool hydrodynamic loads, it is specifically related to questions over scaling
of Hark III tests to determine pool swell loads resulting from a loss-of-
coolant accident (LOCA). The concern stems from initial Mark III tests that were
conducted with non-uniform scaling; a full-scale sector of the suppression pool
was simulated awhile the drywell and'boiler simulation was 1/3 scale. The
Nuclear Systems section of the Reed Report recommended that "full-scale" boiler
and drywell tests be performed along with consistent 1/3-scale tests. In the
Mechanical Systems and Equipment section of the Reed Report, the recommendation
is conditional; it recommends that 1/3-scale testing be completed as rapidly
as possible, and expanded, if necessary, to resolve uncertainties.

~ Safet Si nificance

The safety significance of this issue deals with the uncertainty over load
definition for suppression pool phenomena, If the test data used to define
loads were based on improperly scaled test models, then by extension the load
definition used to evaluate containment structural . esponse would be inadequate.

~ 5tatus

Pool swell tests were continued for approximately 4 years after the issuance
of the Reed Report. Testing was conducted on a variety of scales and configura-
tions in order to confirm the use of conservative scaling factors in load
definition. A full-scale model of the drywell, boiler, and suppression pool was
not needed. The GE technical resolution was documented in a series of reports,
NEPT-13377, 20550, 21853, 13407, 13426, 13435, 21596, 24648, and 24720. The
load definition report for the Hark III containments (GE document 22A 7007,
February 25, 1982) was reviewed and approved by the NRC. The NRC also initiated
Generic Issue B-10, "Behavior of BWR Mark III Containment," to address this
issue; NRC evaluation and resolution of this generic issue was addressed
in NUREG-0978 (August 1984), which documented the NRC staff acceptance of
modifications and results of the load definition report on the Hark III
containment.

3. 12 Presence of Oetectable Plutonium Inside the BWR Turbine

~ Issue

The Reed Report noted that detectable amounts of plutonium produced by trans-
mutation of uranium had migrated beyond the fuel pin boundaries and deposited
inside" the turbine of BWR reactors.

~ Safet Si nificance

Plutonim is a source of long-lived alpha radiation, chemically related to
calcium. When it is ingested, it tends to deposit in the bone. This subjects
the tissue to long-term ionizing radiation, which can produce cancer.
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Trace amounts of plutonium deposited inside the turbine are carried by steam
from the reactor core to the turbine. The plutonium can be produced from tramp
uranium, which are trace amounts deposited outside the fuel pins, or from leak-
ing fuel pins. Experience has shown that essentially all of the plutonium
formed in the fuel stays there. Further, analyses of reactor water show that
the plutonium content is typically less than 'lX of the perrissible drinking
water level. These trace quantities are removed by the reactor water purifica-
tion system. Plutonium contamination in BMR turbines is not a significant
problem.

3.13 The Effect of Sloshin of the Su ression Pool on Hark III Steel
ontasnment tructure ess n

Issues

The Reed Report noted that testing asociated with Hark III containment was
incomplete and the potential for dynamic buckling resulting from seismic
sloshing of the suppression pool had to be considered in the design of the
steel containment.

~ Safet Si nificance

Buckling of the steel containment shell from sloshing of the suppression pool
in a seismic event may result in failure of the containment functional
capability.

Status

The potential for buckling of the steel containment shell as a result of slosh-
ing of the suppression pool is being handled in several different ways.

At Perry and River Bend, the annulus between the steel shell and shield building
is filled with concrete up to a level above the suppression pool. Through analy-
sis, it has been demonstrated that seismic sloshing of the pool then cannot
result in buckling of the steel shell. Thus, the containment functional
capability cannot then be compromised, and there is no safety significance.
At the design stage, buckling of the steel shell without concrete backing was
considered in the Perry and River Bend plants, anB was reviewed by the NRC

staff. The design was found to have met the staff's buckling criteria. In the
case of Grand Gulf and Clinton, the containment structure is not a steel shell,
but is concrete, not subject to potential buckling from seismic sloshing.

Buckling of steel containment shells, including consideration of dynamic
responses of the shell, was studied at Lockheed Palo Alto Research Laboratory
under contract with NRC. The staff's buckling criteria are based mainly on the
results of this study (NUREG/CR-2836)..

3. 14. Evaluation of fuel Transfer Accident in Hark III Containment

~ Issue

The Reed Report noted that the potential for a fuel transfer accident in the
Hark III containment had not been evaluated,
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En 1975s GE had not completed the design of the Hark III containment. This
containment was similar to the pressur>zed water reactor (PWR)-style contain-
ment ~here the spent fuel storage facility is located outside of the reactor
building and away from the refueling floor. In the Mark III design, the spent
fuel pool is located at a lower elevation than the refueling floor, whereas in
the PMR designs the refueling floor and the fuel handling floor in the fuel
building are at the same elevation. A concern was raised that spent fuel would
have to'e transported in the Hark III containment from the refueling floor
elevation to the lower fuel building elevation. Since this spent fuel had
recently been in the core, it would have a high rate of decay heat generation
If the fuel were to become immobile during the fuel transfer process, there
might not be adequate cooling for the fuel bundle, and the radiation shine
through the sur rounding walls might create a new and different type hazard to
plant personnel. In addition, an elaborate valving arrangement was needed to
prevent the water in the upper pool (inside containment) from draining down
into the spent fuel pool.

~ Safet Si nificance

The potential safety significance of these postulated accidents is centered
around two areas: radiation exposure considerations and the potential
breaching of containment. The stuck fuel bundle in the transfer mechanism
could represent a radiation exposure concern for workers in areas adjacent to
the fuel transfer tube and for those on the refueling floor from gas being
released from fuel bundles as they heat up because available cooling is not
adequate.

The simultaneous opening of both transfer isolation valves (one at the refuel-
ing floor in the. reactor building and the second in the fuel building in the
spent fuel pool} could breach containment and drain the upper containment -pool,
flooding the spent fuel pool and the fuel handling floor. If a spent fuel
bundle were to be stuck in the transfer tube at the time of the valve fai lures,
the bundle would overheat once the upper pool was drained; this would result in
a release of radioactivity to the containment atmosphere, resulting in increased
exposure to the fuel handling personnel in the vicinity.
~ Status

Since the Reed Report was issued in 1975, GE has completed an evaluation of
these potential accidents. In addition, the KRC staff reviews the potential
fuel handling accident as part of the licensing process. In the GE design, ade-
quate protective measures are taken to prevent personnel from having access to
areas near the transfer tube, especially during fuel transfer operations. The
KRC staff has reviewed the fuel transfer system to verify that no single fail-
ure could result in a fuel handling accident, and that all aspects of the sys-
tem have the appropriate alarms and interlocks. As part of this failure modes
and effects analysis, the potential for inadvertent opening of both transfer
tube isolation valves simultaneously was given special attention to ensure that
containment will not be breached and that the upper containment pool,will not
be drained. Thus, the concerns raised in the Reed Report have been satisfac-
torily addressed to ensure that the use of the inclined fuel transfer system
will not result in any significant increase in the risk to the health and
safety of the public or to plant personnel.
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3.15 I act of Core Oesi n and Licensin Criteria on BWR Ca acit

~ Issue

The Reed Report contained a table that, identified several potential problems,
some having safety significance, that could affect plant availability and capa-
city factor.

~ Safet Si nificance

The concern was primarily economic, with shutdowns and po~er derating resulting
from either equipment problems or from a licensee's inability to meet regulatory
requirements.

Status

These problems have been resolved through the following:

(1) Fuel densification problems were resolved by changes in fuel design.

(2) Emergency core cooling system criteria in Appendix K of Title 10 of the
Code of Federal Regulations part 50 (10 CFR 50) have been satisfied.

(3) Channel box wear and cracking was caused by flow-induced vibration of
incore instrument and startup source tubes. The problem was resolved by
eliminating bypass flow holes in the lower core plate and adding two holes
in the lower tie plate of each assembly to provide an alternate flow path.
(See also discussions in Sections 3.5 and 3. 18 on channel box problems.)

All other problems listed affecting plant availability and capacity factor are
identified and addressed elsewhere in this evaluation.

3. 16 Ade uac of Oesi n Procedures To Ensure Com liance with Licensin
r1terla

Issue

The Reed Report raised the foll'owing concerns regarding quality assurance (gA)
for the BMR-6:

(1) GE had no identifiable systems engineering organization to provide
independent evaluations of BWR designs at critical points in the
program.

(2) GE's existing procedures for BWR systems design reviews needed improve-
ment, and additional procedures vere needed for gA for the BWR-6.

~ Safet Si nificance

There was a lack of confidence that applicable licensing requirements would be
implemented and documented.
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~ Status

At the time the Reed Report was issued, the GE nuclear gA program for the BWR-6

had not been completed. Since then, a program has been completed that complies
with the applicable NRC requirements, codes, and standards, and the NRC has
given its approval for operating license applicants to reference this gA program
in the Final Safety Analysis Report for a plant. This Gf report (NEDO-11209-03A
and 04A, currently approved by NRC staff through Revision 6 dated July 1986)
describes the approved gA program for design, fabrication, and procurement
activities involving safety and safety-related structures, systems, and com- .

ponents of GE nuclear power plants.

3.17 Consistenc of Oe ree of Verification of Calculational Models

~ Issue

The Reed Report raised a concern that calculational models were not thoroughly
reviewed and verified by comparison to experimental data to ensure adequacy.

~ Safet Si nificance

A calculational model that is not adequately verified by comparison to results
using experimental data can lead to nonconservative errors in results, and
uncertainty in operating limits derived from reactor safety analyses.

Status

GE has completed major experimental programs for verification of currently
approved models, and verification problems have been resolved. The NRC staff
has reviewed and approved all calculational models that are necessary to be
used in licensing of operating BWR plants.

3. 18 Possibilit of Control Rod Bsndin Oue to Fuel Channel Cree

~ Issue

The Reed Report noted that fuel channel life was projected to be 8 to 10 years
(two complete refueling cycles) rather than the desired 15 years, due to thermal
creep and control rod binding.

~lf P
if'inding

of control rods can cause slower negative reactivity addition, thereby
invalidating the licensing assumptions and increasing the severity and conse-
quences of transients and accidents.

~ Status

Today, fuel channel shuffling requirements and scram»time testing technical
specifications ensure against degradation in scram time.

The NRC staff has approved channel surveillance programs, in conjunction with
relocation and rotation to minimize irradiation-induced channel bow, and spe-
cial rod motion testing for core cells exceeding core residence program guide-
lines as ways to extend channel lifetimes
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3. 19, C liance of Desi n Work and Reviews with Written Procedures

~ Issue

The Reed Report identifies the following concerns regarding the BWR-6 Hark III
that arose from findings of a GE internal audit:

(1) Design reviews, internal procedures, and gA audits were not always con-
ducted in conformance with established written procedures.

(2) gA audits conducted by GE revealed instances of nonconformance with BWR

Systems Department engineering practice and procedures.

(3) Staffing and organization of design assurance efforts in the BWR Systems
Department did not optimize its effectiveness in departmental
activities.

(4) There was a lack of coordination between the procedures and gA (P and QA)
organization and GE components audited.

~ Safet Si nificance

A proper internal audit program is needed to ensure that inadequacies in proce-
dures and noncompliance with procedural requirements will be discovered and
corrected.

Status

As described previously, the GE .gA program has been reviewed by the NRC staff,
and GE now has an effective internal audit program, a part of the GE guality.
Assurance system. GE audit reports are available to and inspected by the NRC.
Experience has demonstrated that the GE program is effective in finding devia-
tions and deficiencies, as it was designed to do.

3.20 Absence of Availabi lit Goals in Desi n Procedures

~ Issue

The Reed Report discusses instances of nonronformance with GE procedures in-
volving issues that are basic to the achievement of design integrity and that
affect plant availability. In particular, the study was concerned with achiev-
ing an optimal balance in the engineering design goals between availability and
safety. The study noted in particular that many design procedures did not have
availability goals.

~ Safet Si nificance

The absence of availability goals, by itself, has no impact on safety-related
design integrity. Regarding availability goals, in its licensing reviews the
NRC uses safety design requirements as found in its regulations, its Standard
Review Plan (NUREG-0800), its Regulatory Guidelines, and other NRC position
papers, rather than availability goals.
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Status
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Although the HRC has not established quantitative availability requirements for
safety systems, unit availability can be limited by technical specifications
that prevent startup and require shutdown when key safety systems are unavail-
able. All operating BWRs have such technical specifications, and plant avail-
ability can be affected by these technical specification limits.

3.21 Seismic Ca abilities of 8 x 8 Fuel S acer

~ Issue

The Reed Report raised a concern related to the seismic capability of spacer
design for 8 x 8 fuel. Specifically, potential loss of core coolability be-
cause of fuel spacer failure under the combined loading of an earthquake and a

loss-of-coolant accident (LOCA) was envisioned as a possible impediment to
licensability.
~ Safet Si nificance

Maintaining the core in a eoolable geometry during seismic event helps limit
the consequences of a postulated LOCA to acceptable release levels.

Status

GE has completed the seismic testing of the fuel assembly spacer and has
reported the results in NEOE 21175-3-P-A, dated October 1984. The NRC staff
has reviewed those results and accepted the design for use in 8WR cores.

3.22 Extent of Life of Position Sensor in Traversin In-Core Probe S stem

~ Issue

The Reed Report addresses operational problems with the traveling in-core probe
(TIP) system, including bending and contamination of the guide tubes.

~ Safet Si nificance

Technical specifications and plant procedures require periodic calibration of
local power range monitors that input to reactor protection systems using the
TIP system. Power distribution information obtained from the TIP system is
used to maintain core operating limits. Unavailability of the TIP system would
prevent plant operators from obtaining certain information necessary for
starting up the plant. Unavailability of the TIP system could then adversely
affect plant availability.
~s Status

Service experience with modified TIP systems designed for better availability
demonstrates that longer life and improved accuracy (compared with earlier
models) is being achieved. Efforts to further improve the operational useful-
ness and dependability of the TIP system are ongoing.
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3.23 Radiation Levels Outside Biolo ical Shield and 0 ell
~ Issue

The Reed Report noted that unexpected and excessively high levels of radiation
outside the biological shield and/or drywell containment would constitute an
occupational radiation exposure problem.

~ Safet Si nificance

Imperfections in shielding design can result in unexpected radiation streaming
through unrecognized pathways. This is a personnel radiation exposure problem.
It also creates difficulties in maintaining and servicing affected parts of the
plant when radiation levels are high.

~ Status

High levels of shine radiation were observed during startup, particularly in
early plants. However, this is no longer a problem in operating plants. To
prevent such occurrences, it is standard practice to perform startup radio-
logical surveys to confirm radiation levels and to identify unexpected ones.
Licensees have identified all such pathways by actual surveys and have elimi-
nated them. Such programs ensure that radiation exposure levels for ~orkers do
not exceed NRC established limits and conform to ALARA guidelines.

3.24 Stress Corrosion Crackin in Oresden 1 Control Rods

~ Issue

The Reed Report noted that control rod lifetimes might be limited because of
stress corrosion cracking in the control rod blades. This could lead to
problems of

(I) limited control rod life
(2) loss of reactivity worth (leaching of absorber material)
(3) continued operability (cracking of sheath)

Safet Si ni ficance

There is a potential for reducing the shutdown margin to belo~ that required by
technical specifications.

~ Status

GE has performed an analysis of the safety implications of control rod cracking
and consequent loss of rod worth. The results show that any loss of reactivity
worth would be revealed by a shutdown margin test before the loss could jeopar-
dize safe shutdown capability of the reactor. In addition

(1) Problems with control rod blades identified through operating experience
were resolved by licensee actions in response to NRC IE Bulletin 79-26,
Rev. 1, "Boron Loss from BMR Control Rod Blades," dated August 28, 1980.
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(2) Later problems involvin9 cracking of advanced design blades in the sheath
at the handle region have been evaluated and are being addressed by a
continuing surveillance program.,

(3) Improved hybrid-hafnium control rod designs and better control of water
chemistry have alleviated, but not eliminated, the problem of control rod
blade degradation with use.

The broader issue of stress corrosion cracking in stainless steel piping asso-
ciated with nuclear reactors is addressed in Section 4. 6 of this report.

3.25 Peak Pressures in ATWS Calculations for BMR-3 Plants

Issue

The Reed Report noted a potential for damage to the reactor vessel due to pos-
sible peak pressures of 1600 to 1650 psig during certain postulated events for
the BWR-3, particularly the anticipated transient without scram (ATWS) event.

Safet Si nificance

Overpressurization and failure of a reactor vessel would result in consequences
beyond those acceptable for licensing a nuclear power plant.

~ Status

Such pressures resulting from a transient event could occur only at elevated
temperatures when the pressure vessel material is in a ductile state and is
thus less subject to damage by an overpressure event. Further, more refined
calculations by GE using better analytical methods demonstrate that peak pres-
sures in such an event would be far less than the 1600 to 1650 psig estimated
in 1975.

Interim resolution of the ATWS issue was provided by improved procedures and
operator training, and through implementation of certain hardware modifications
(e.g., recirculation pump trip). The ATWS issue was finally resolved when
NRC issued the ATWS rule (Title 10 of the Code of Federal Regulations, Section
50. 62 (10 CFR 50. 62)), in July 1984. In response to this rule, plant-specific
measures, including hardware modifications, have been made in all operating BWR

plants, and further modifications will be made in some plants. In October
1986, the NRC accepted the GE licensing topical report NEOE-31096-P, "Antici-
pated Transients Without Scram; Response to NRC ATWS Rule, 10 CFR 50.67," which
means that licensees may now reference this report in their plant-specific
actions.
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4 OTHER SAFETY SIONIFICAOISSUES IDENTIFIED BY THE NRC S+ IN THE REED
REPORT

a ,4

Through its most recent review and evaluation of the Reed Report, the NRC staff
ident>fied several safety-significant issues in the report that had not been
highlighted by either the NRC staff or by GE in its 1978 status report on the
Reed Report. These are identified and discussed below.

None of these issues involve any safety consideration not already identified
and appropriately addressed by the staff.
4. 1 Combination of LOCA Induced Loads and Safet Relief Valve SRV Actuation

oa s or ark ontalnments

~ Issue

The Reed Report, in the section entitled Mechanical Systems and Equipment,
cites a concern that the NRC might require applicants/licensees to consider
combined LOCA-induced hydrodynamic loads and SRV loads in the evaluation of
suppression pool loading phenomena and design of the Hark III containment.
The report further notes that it is not unreasonable to postulate SRV opera-
tion concurrent with a LOCA.

The GE status report did not explicitly identify this issue. This issue could,
however, be considered a component of the overall issue of hydrodynamic phe-
nomena identified and discussed previously. The Reed Report recommended that a
high priority be assigned to the resolution of this issue, and that conserva-tive containment design loads should be used by architect/engineers in the
design and construction of plants. This approach was suggested to minimize thelikelihood that future redesign or plant modifications would be needed after
testing and the NRC review were completed.

~ Safet Si nificance

The safety significance of this issue, as acknowledged in the Reed Report,is that the combination of LOCA and SRV loads could result in a higher total
loading condition. The larger loads could threaten the integrity of the
containment structure under accident conditions, or could reduce the safety
margins in the design.

~ Status

NRC now requires applicants/licensees to consider the combination of SRV and
LOCA suppression pool loads; however, the NRC has evaluated and approved the GE
methodology for the combination of these hydrodynamic loads. NUREG-0798 docu-
ments resolution of this issue for the Hark III containments as part of the
resolution of Generic Issue B-10, "Behavior of BMR Hark III Containment"; reso-
lution of this issue for the Mark I and Hark II containments was documented
as part of the resolution of Generic Issues A-6, A-7, and A-B.
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4.2 Jet I in ement on the Meir/pool in a BMR Hark III Containment

~ Issue

The Reed Report, in the section entitled Hechanical Systems and Equipment,
included the following recoaeendation: "The possibility of a direct pipe break
jet impingement on the weir/pool and its asymmetrical effects should be ex-
amined. preliminary judgement is that this is not serious." The NRC staff was
unable to locate any other clarifying information on this issue in the report.
This issue was not identified or discussed in the GE status report provided in
1978.

~ Safet Si nificance

If direct pipe break jet impingement on the weir/pool were to occur, the jet
impingement loads could cause structural failure of the weir wall. Failure of
the weir wall in the extreme cou1d cause an uncovery of the suppression pool
vents which, in turn, would lead to bypass of the suppression pool. For
certain accidents, significant steam bypass of the suppression pool could re-
sult in overpressure failure of the containment. If the asymmetric suppres-
sion pool loads on the weir wall were sufficiently large, they would have the
sajae consequences.

~ Status

Jet impingement effects resulting from postulated pipe breaks are not unique to
BN Hark III containments and are addressed for all plants during the course of
licensing review. The general consideration of jet impingement loads on struc-
tures and equipment includes those effects, if any, on the weir wall in a
Hark III containment. For asymmetric suppression pool loads, the effects of
such loads on the weir wall is minimal, because they are bounded by other weir
wall loads (e.g., chugging load, depressurization load). Asymmetric pool swell
loads were addressed in NUREG-0978, in the resolution of Generic Issue B-10,
"Behavior of BWR Mark III Containment.4

4.3 Main Steam Isolation Valve Leak Ti ntness

~ Issue

The issue of leak tightness of main steam isolation valves (MSIVs) was identi-
fied in the Reed Report in the section on Hechanical Systems and Equipment, but
was not discussed in the GE status report provided in 1978.

Hain steam isolation valves (HSIVs) have been notorious for leaking at high
rates when they are tested during the 18-month leak tightness testing that is
generally required by the technical specifications. Most plants have a tech-
nical specification leak rate limit of 11.5 standard cubic feet per hour (scfh)
per valve. At some plants the as-found 1eak rate has been as high as 4500 scfh.
Nth such high leak rates, the HSIV-leakage control system (MSIV-LCS) probably
would not be capable of performing its safety-related function of removing the
leakage from between the closed HSIVs following a design-basis lOCA.
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~ Safet Si nificance
) In its evaluation of the safety features of nuclear'power plants, the past prac-

tice of the staff has been to give no credit for any structure, system, or
component that was not safety related (sometimes referred to as safety grade).
Given this past practice, following a design-basis LOCA with no credit for
non-safety"related components, and assuming the single failure of one HSIV to
close, the design-basis maximum allowable leakage through the MSIVs, for most
plants, is 11.5 scfh. This limit on MSIV leakage is to maintain the offsite
radiological consequences to within a small fraction of regulatory limits in the
event of an accident. Thus, if the HSIVs were to leak at a rate greater than
11.5 scfh, and particularly at a rate that caused the MSIV-LCS to fail, the
offqite consequences could exceed the regulatory limits in the event of a
severe accident.

~ Status

In recognition of this continuing problem of HSIV leakage, and the potential
consequences in terms of offsite doses, the NRC staff early initiated Generic
Issue C-8, "HSIV Leakage and Leakage Control Systems Failures." This generic
issue considered the actual natural phenomena associated with the behavior and
the characteristics of radioactive materials and the historical capability of
"nonsafety-related" components to survive seismic events. In assessing the
consequences of HSIY leakages, credit was given for fission product decay,
plate-out on cold surfaces, and gravitational settling, and for a realistic
evaluation of the actual eater ials that would be transported along the main
steam line.

Because it is assumed in design-basis accient analyses that offsite power will
be lost following a LOCA (as a result of the tripping of the turbine generato~
and failure of offsite power), no credit was given for any equipment that was
not powered from the emergency diesel generator busses. The analysis performed
under Generic Issue C-8 indicates that the leak rate through MSIVs could be as
high as 1500 scfh without using the HSIV-LCS, and the offsite doses would be
less than those specified in the regulations. The study identified a method
of calculating this leakage rate, but the actual leak rate would have to be
determined on a plant-by-plant basis. This information was documented in
HUREG-ll69, published in August 1986.

MSIV leak tightness was a concern in 19?5, and it is still a concern that has
not been fully resolved. The BWR Owners Group (BWROG) formed a committee to
evaluate this same issue independently, with GE giving technical support to the
BWROG committee. This coaeittee generally found that the high leakage rates
were attributable to valve maintenance practices. For those plants that have
adopted the BWROG recommendations resulting from their evaluation, the as-found
MSIV leak rates have generally been within the plant-specific technical speci-
fication limit, or within a factor of 2 or 3 of that limit. For example, Peach
Bottom 3, had typical as-found leak rates of over 3000 scfh for each of the
MSIVs. After following. the BWROG recommendations, the next as-found leak rates
were found to be less than 11.5 scfh for seven of the eight HSIYs and approxi-
mately 14.7 scfh for the eighth MSIV. This demonstrates that the MSIVs can be
maintained within their respective technical specification leakage limits, and
that the use of the leakage control system is not necessarily the optimum method
for handling the leakage through the HSIVs in the event of a LOCA,
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The technical specification limit of HSIV leakage is conservatively set to
ensure that offsite dose consequences of a main steam line break are a small
fraction of the regulatory limits in 10 CFR Part 100. Although MSIV leakage is
an issue of continuing concern, the current state of the art and conservative
limits justify continued operation of 8WR plants as the HSIV leakage issue is
pursued.

4.4 Control of Oesi n of Purchased Com onents

~ Issue

The Reed Report identifies concerns that

(1) 8ecause GE's Nuclear Engineering Oepartment (NEO) relies almost entirely
on other vendors'esign expertise to produce components to purchase
specifications, GE needed to develop more engineering competence and
design expertise in hardware purchased from vendors, particularly valves
(e.g., main steam isolation valves, safety relief valves, flow control
valves, etc.).

(2) GE needed to implement a procurement policy that provides for engineering
reviews and approval'f design details for materials of critical compo-
nents that are purchased from vendors.

~ Safet Si nificance

The failure of'purchased components used in GE safety systems or in systems im-
portant to safety could prevent those systems from perform'ng thei~ intended
functions.

Status

Currently, purchased components used in GE nuclear systems are appropriately
considered in the GE gA program. (See also Sections 3. 16 and 5.6 of this
report.)

4,5 Flow-Induced Vibration of Jet Pum s

Issue

The Reed Report raises a concern that inherently high excitation due to tur-
bulence in the upper end of jet pumps could lead to mechanical failures caused
by flow-induced vibration,

~ Safet Si nificance

Jet pump mechanical failures could invalidate the licensing basis LOCA analyses
through a failure to maintain the assumed vessel water level at the top of jet
pumps during reflood.

Status

Subsequently, tests performed by GE demonstrated that major structural compo-
nents should ~ithstand anticipated vibratory stress levels. However, operating
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experience revealed a problem th the holddown beams, which cracked in some
operating reactors. The problem was addressed by design changes to the hold-
down beams and by appropriate surveillance programs and technical specification
surveillance requirements to monitor jet pump operability, These recommenda-
tions and requirements were in NRC IE Bulletin 80"07, "BWR Jet Pump Assembly
Failure," dated April 4, 1980; they included the use of improved holddown beam
bars and a required surveillance program to anticipate incipient beam bar fail"
ure that could result in displacement of the jet pump assembly.

4. 6 Stress Corrosion Crackin in Stainless Steel Pi in

~ Issue

The Reed Report notes that stress corrosion cracking (SCC) has occurred in
type 304 stainless steel piping in several operating BWRs and that SCC has
occurred in nitrided stainless steel parts, furnace-sensitized components, and
in bolts that have been heavily cold-worked.

The Reed Report recommended that GE develop replacement materials, expand
studies on materials, expand study on stress levels, increase efforts on en-
vironmental effects on fatigue for water chemistry cont".ol, and study the
relationships between operating practices and cracking,

~ Safet Si nificance

Several studies have shown that pipe cracking has minor safety significanci .

Both experience and analyses have shown that cracks in pipes caused by st"ess
corrosion cracking will develop readily detected leaks before cracking develops
to the point that complete pipe failure will occur. Nevertheless, the NRC

staff has determined that reliance on this leak-before-break behavior is not
sufficient. Appropriate remedial measures —including augmented inspections
to detect cracking in early stages -- and corrective actions are required
where appropriate (see NRC Generic Letter 84"ll, dated April 19, 1984).

Status

Since 1975, extensive cracking has been discovered in stainless steel piping in
BWRs. The NRC has established two Pipe Crack Task Groups and implemented
their recommendations. The industry also has mounted an extensive effort to
address the problem and develop remedies. As a result of cracking observed in
large and small stainless steel pipes in recent years, all operating BWRs

having susceptible piping have implemented an NRC staff-prescribed surveillance
program, with staff-approved pipe repair or replacement where appropriate.

Currently, a comprehensive set of guidelines that provides the HRC positions on
actions to control pipe cracking in BWRs is unde~ development. The HRC staff
has prepared a generic letter, together with a technical report (NUREG-0313,
Rev. 2, "Technical Report on Material Selection and Processing Guidelines for
BWR Coolant Pressure Boundary Piping" ), that will be issued shortly. This
letter and report set forth the actions that plant owners must take to keep
their plants in conformance with NRC requirements related to piping integrity.
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8ecause construction of 8MR-6 models was relatively recent, the materials and
process used for their piping were highly resistant to stress corrosion crack.
ing, and are in almost complete conformance with the proposed NRC guide1ines.
If, in accordance with the forthcoming generic letter, individual welds are
found to be not in conformance with the materials and process guidelines, aug"
mented inspections will be required to ensure the continued integrity of the
piping.
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5 THE GENERAL ELECTRIC SUBTASK GROUP REPORTS

This section contains the NRC staff evaluation of each of the subtask reports
that were prepared as input to the Reed Report. The reports address the
following topics:

Subtask ~To ic

A:
8:
C:
P ~

E:
F~

G:
H:
I;
J:

Nuclear Systems
Fuel
Electrical, Control, and Instrumentation
Hechanical Systems and Equipment
Haterials, Processes, and Chemistry
Production, Procurement, and Construction
guality Control Systems Overview
Hanagement/Information System
Regulatory Considerations
Scope and Standardization

In its own evaluation of these reports, the NRC staff has attempted to identify
any issues having safety significance, and to indicate the status of the issue
so far as the NRC staff is concerned. The staff found no issues of safety
significance that have not already been addressed by NRC staff initiatives, with
the possible exception of a plant auxiliary power systems issue identified in
the Subtask C report (Section 5.3).

5. 1 Subtask A: Re ort on Nuclear S stems

INTROOUCTION

The-subtask report on nuclear systems deals primarily with several issues ex-
pected to necessitate reducing the allowed power level of reactors (power
derating) during portions of the core operating cycle. These issues stemmed
from a marketing strategy that required GE to commit to designs of increasing
size and performance before the designs were adequately verified via test data
and field experience. Additionally the advanced designs were standardized on
the basis of earlier designs before sufficient field experience feedback could
be considered. The GE task force was concerned that reliability/availabilityconsiderations would be majot factors in future procurement evaluations by theutilities, and that field experience with BWRs, especially with the BWR-6,
would not reflect favorably on the product.

SUMMARY OF ISSUES

Most of the issues involving systems aspects of BWR NSSS design that were
perceived as contributors to power deratinq in the 1975 study are aadressed
in the the Reed Report. The safety signifscance and current status of the
following Subtask A issues are discussed in Section 3 of this report in thelisted subsection;

Issue

Amount of Hargin Between Oesign Calcu-
lations for Core and Operating Limits

Subsection

3.2
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Impact of Cold Shutdown Hargin on
BWR-6 Core Design

Impact of EOC Scram Reactivity Insertion
Rate on Core Full Power Life

Degree of Proof of Accuracy of Transient
Design Hethods

Impact on Fuel Integrity of Reduced Hoder-
ator Temperature due to Equipment Failure

Impact of Core Design and Licensing Cri-
teria on BWR Capacity (New ECCS Criteria)

Consistency of Degree of Verification
of Calculational Hodels

Radiation Exposure from Removal of Steam
OryertSeparator Assembly

3.3

3.4

3.6

3.7

3. 15

3. 17

3. 10

In its detailed review of the subtask report, the NRC staff identified several
subissues that are presented in more detail or in a different context from the
discussion of the above issues in the Reed Report, A discussion of these addi-
tional issues which impact plant availability, and their safety significance,
fol 1ows.

Re ulator Backfit

Issues: Sixteen issues expected to require backfit to plants under con-
~s ruction were identified.

Safet Si nificance: Some backfit issues identified were necessary to meet.
new regu atory requirements, and some were not.

Status: Changes were impiemented where appropriate.

Il

Issue: Reload cores and behavior of equilibrium cores Mere not factored
>nto the design process for the early BWR-2 to -5 Resigns. Transient
characteristics of BWR-2 to -6 designs were not assessed until after the
core and circulating systems designs were frozen for hardware procurement.
Seismic design analyses were performed after hardware layout was complete,
and the level of effort was insufficient to complete the design properly.

Safet Si nificance: The economic penalty of the failure to show design
marg>n o operating limits in frozen designs and in reload cores creates
undue pressure to compensate for design shortcomings via the application
of nonconservative and unverified calculational methods, which could re-
sult in violation of fuel integrity or LOCA operating limits.
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. Status: Reactors were licensed based on the results of safety analyses
ussng NRC reviewed and approved calculational methods. The regulations
require that reload core designs involving unreviewed safety questions or
technical specification changes (e.ges core operating limits) be approved
by the HRC staff prior to implementation.

Uncertainties in Reactor Core Oesi n Methods

Issue: The design thermal margin to operating limits was found to be
s>gn>ficantly less than Chat predicted based on field measurements, showing
discrepancies between predicted and measured void reactivity worth and a
1% underprediction of the depletion rate of gadolinium rods. The
25K margin provided in initial transient design analysis eroded to 1(C by
the void model error, and additional uncertainties that could further
erode thermal margin were identified.

Safet Si nificance: These reactor core design models are used to estab-
>s tec naca specification operating limits for fuel integrity and LOCAs

and to evaluate the consequences of transients and accidents.

Status: Improved calculation models have been developed and verified using
expenmental data and p'lant transient tests. These models have been re-
viewed and approved by the HRC staff and were used in the final safety
analyses (and for reload core designs where appropriate) for most opera-
ting 8WRs. Where uncertainties exist in these methods, HRC requires that
they be quantified and applied conservatively in the licensing safety
analyses and, in some cases where pre-operational verification is not
feasible, requires the licensee to perform confirmatory verification.

Reactors are operating at or near the operating limits (not safety limits)
during much of the core operating cycle. Extensive power derating has
been avoided via new fuel designs, better modeling to minimize the use of
boundirg safety analyses, and detailed analyses of reload cores to ensure
that core management schemes and fuel-cycle-dependent technical specifica-
tions provide maximum operating flexibility.
Licensees must maintain adequate safety margins by adhering to technical
specification operating limits.

~ Void Coefficient/Relief Valves

Issue: The void coefficient used in BWR transient design resulted in
reactivity addition following an isolation (turbine-generator trip) that
was too small by a factor of 4.3 for BWR-6 equilibrium cores as a result
of changes in reactor characteristics and more realistic modeling. Oesign
scram reactivity is reduced by a factor of 5 for the EOC equilibrium core
due to the high reactivity in voids. Protection against overpressure
transients of greater severity is. provided by additions of relief valves,
trip circuitry, and fast scram drive blades. There was concern that in-
crease in the number of pressure relief valves and the number of chal-
lenges to these valves would significantly increase plant unavailability.

Safet Si nificance: Greater reliance is placed on safety relief valve
per ormance to protect against overpressure transients that challenge
pressure limits on the vessel and thermal limits on the fuel.
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Status: Other design changes —such as less negative fuel void coeffi-
csents, the fast scram drive on BWR-Gs, and recirculation pump trip provi-
sions —in conjunction with improved scram calculation models have r e-
duced the severity of the transient. There is no noticeable increase in
plant unavailability due to pressure relief transients.

Flow Control Ran e

Issue: The operating flow control range was reduced for 8WRs of higher
core power density; for BWR-6 the nominal range was 75K to 100K versus
50K to 10'n earlier BWR"3 designs. The reduction in range was neces-
sary to meet the design stability criterion of 0.25 decay ratio (damping
factor) for equilibrium cores at EOC.

Safet Si nificance: The restricted flow control range reduces operating
exi i ity an r'equires more frequent control rod movement, which tends

to increase fuel failures.

Status: Fuel design improvements have reduced susceptibi'lity to PCI fai 1-
ure related to control rod movement. The resolution of Generic Issue 9-19,
"Thermal Hydraulic Stability," permits plants to operate at higher stability
decay ratios, which permits removal of the design restriction on flow
control range.

CONCLUSIONS

The NRC staff has reviewed the nuclear systems subtask report and finds no
new issues with potential safety significance that should be addressed. The
staff notes that appropriate technical specifications ensure that problems
involving reactor operating flexibility and plant capacity are not alleviated
at the expense of safe operating limits; such technical specifscations are in
place on operating reactors, and any changes in reload fuel design, which has
been identified as a recommended action to avoid power derating, are subject to
NRC review where required by 10 CFR 50.59 for impact on safety.

5.2 Subtask 8: Re ort on Fuel

INTROQUCT ION

The subtask report on fuel deals primarily with the design and performance
limitations of the fuel and related core components in the context of their im-
pact on the reliability and availability of BWRs. 8ecause pellet cladding in-
teraction (PCI) of the GE 7x7 fuel was the predominant fuel problem at the
time of GE's 1975 study, fuel preconditioning aper ating recommendations and
design changes needed to resolve the PCI problem received most of the attentir;.
There were also concerns that regulatory requirements based on the ALARA prin-
ciple could increase the obstacles to design improvement and changes through
more comprehensive and conservativy fuel design models for transient analysis,
more extensive proof of performance for design changes, and technical specifi-
cations enforcing PCI operating recomaendations,
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SUMMARY OF ISSUES

The principal issues in this subtask report are addressed in the Reed Report
The safety significance and current status of the following Subtask B issues
are discussed in Section 3 of this report in the listed subsection.

Issue

Impact on Fuel Integrity of Reduced
Moderator Temperature due to Equipment
Failure

Impact of Core Oesign and Licensing
Criteria on BWR Capacity

Possibility of Control .".od Binding due to
Fuel Channel Creep

Subsection

3.7

3. 15

3. 18

Seismic Capabilities of 8 x 8 Fuel Spacer 3. 21

In its detailed review of this subtask report, the staff identified two addi-
tional issues that ~arrant attention. A discussion of these issues, and their
safety significance, follows.

~ End of Life Failure Modes

Issue: Fuel performance data at the time of GE's 1975 study was limited
Mo I5 to 20 GWO/T exposure. There was concern that after resolution of.
the PCI problem, failures would occur from exposure-related problems such
as

fuel swelling due to fission products contained in the fuel
failure or distortion of cladding due to fission gas pressure
thermal fatigue of cladding
failure of cladding due to corrosion
failure of cladding due to fretting and wear by spacers
weld area penetration

Status: Analytical models for design prediction of extended burnup per-
7ormance have been developed and approved by the NRC staff. BWR fuel has
been approved for operation to extended burnup of 40 GWO/T batch average
exposure. Operating experience with BWR fuel in excess of 30 GWO/T has
not revealed any significant performance problems with extended burnup
fuel.

C

Issue: Unfailed fuel of moderate. exposure may contain multiple incipient
~c-.ac s, which makes the fuel susceptible to failure under unusual stress.

Safet Si nificance; This could cause under-prediction of core damage
an ra >o og>ca consequences associated with transients and accidents.
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Status: Operating experience has not sho~n any problems associated with
His failure mechanism. Conservative fuel failure criteria would bound
such failures if they did occur; for example, in the licensing basis safety
analysis, any fuel driven to a critical heat flux power level is assumed to
fail (a conservative assumption).

CONCLUSIONS

The NRC staff has reviewed the fuel subtask report and finds no new issues with
potential safety signific'ance that should be addressed. The predominant fuel
problem (PCI) at the time of GE' study has been substantially resolved, and
there are no new problems associated with currently approved fuel designs or
with operation at extended burnup.

, 5.3 Subtask C: Re ort on Electrical Control and Instrumentation S stems

INTROOUCTION

This subtask report
and instrumentation
proaches to produce
In addition, design
recoaeended.

addressed the design process for the electrical, control,
systems to assess the adequacy of design methods and ap-
the required product performance, quality, and availability
uncertainties were identified and corrective actions

SUNDRY OF ISSUES

The NRC staff review of this subtask report addressed the specific areas dis-
cussed below.

BWR 0 namic Control S stem —0 namic Control and Load Followin Ca abi lit
Issue: The subtask report recommends that GE perform an overall systems
daevauation of the technical feasibility of, and the economic justification
fora modifying the BWR dynamic control system to provide increased capa-
bility for normal electrical grid frequency control duty and for coping
with network disturbances (such as might lead to isolated grid operation).
It also recommends that GE evaluate a joint internal effort in this regard.

5tatus: gynamic control with load.iollowing capability is not generally
approved ior BWR plants, hut the NRC will review applications for this
capability on a case-by-case basis. This issue did not raise any new
safety concerns.

8WR 0 namic Control S stem —Pressure Control S stem

Issue: The subtask report recommends that GE always have on hand, in San
3ase, one set of qualified pressure control system hardware, so that

i'roblemsarise overseas, there is a quick and effective way to test and
evaluate solutions. In addition, the report recommends that the responsi-

bilityy

for at least the electrical components of the pressure control sys-
tem be transferred to GE's control and instrumentation group.

I

Safet Si nificance: This issue did not raise any new safety concerns.
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BWR 0 namic Control S stem —Automatic Load-Followin S stem

Issue: The subtask report recommends that GE's nuclear engineering group
Eecome thoroughly acquainted with the advantages and disadvantages of
various electronic variable-speed pump drives for recirculation flow, to
determine if they might serve as a backup for the flow control valve and
to ensure themselves that the valve system is really warranted in view of
potential availability advantages of the variable-speed systems. In addi-
tion, the report recommends that GE consider, and have designs for, alter-
natives to the non-linear 3-mode controller.

Status: This issue did not raise any new safety concerns.

BWR 0 namic Control S stem -- Feedwater Control S stem

Issue: The subtask report does not provide any recommendations concerning
ttt>s issue. The NRC staff has recognized that there are operational pro-
blems associated with the feedwater control system. All of these problems
fall into the operational category (not safety related), All BWRs will
include a feedwater trip to limit vessel high-level transients as required
for the resolution of NRC's Unresolved Safety Issue A-47. Other initia-
tives in important-to-safety balance-of-plant systems such as feedwater
systems are being considered by the.NRC staff.

Safet Si nificance: This issue did not raise any new safety concerns.

BWR 0 namic Control S stem —Relief Valve Au mented B ass REVAB

Issue: The subtask report recommends that GE review the ability of REVAB
~o meet its design objectives and consider modifying the REVAB operational
objectives, in light of potential impacts on plant operational availability.
In addition, the report suggests that GE review alternative means for
providing the capability to accept loss of electrical load without reactor
scram, and compare them with REVAB (on technical and economic bases) to
form the basis for GE's future approach in this area.

Status: REVAB has not been installed on any GE BWR in the United States.
TEis issue did not raise any new safety concerns.

Control Rod Orive S stem

issues: The suhtask report recomaends that GE

(1) continue its program for fast-scram development, ensuring that it
maintains the required priority, program direction, and resource
level needed to make available well-tested drives for initial opera-
tion of first BWR-6. GE should also ensure that adequate develop-
mental test facilities are available for testing of prototype drives
with blades, under pressure, temperature, clearance, and water
quality conditions to be encountered in operation.
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(2) initiate a program in parallel with the present evaluation/redesign
of the control rod drive. - Specifically, GE should evaluate the
potential for a "Vernier. motion" added to the planned hydraulic
fast-scram drive.

Status: This issue did not raise any new safety concerns. The design of
the rod drive system 'for the.GMR-6 has been reviewed and approved by the
NRC, and the timing, of the rod insertion for a scram has been taken into
account in the Final Safety Analysis Report for BWR-6s, and is periodically
verified through survei 1 1 ance tes ts.

Reactor Safet S stem —Set oint Orift

Issues: The subtask report recommends that GE

(1) continue to give the required priority to this problem and its
corrective program to ensure that GE's schedule for issuance of

'Engineering Change Authorizations is met

(2) take the initiative with',its customers, and with NRC, to ensure
that the required changes are implemented on a timely basis

P

Status: Setpoint drift is being reviewed by the NRC staff. GE established
a setpoint methodology program in the early 198Ds and issued NEDC-31336,
"Genera1 Electric Instrument Setpoint Methodology," which seeks to confirm
the adequacy of protection system setpoints, including allowances for
drift. NRC is reviewing NEOC-31336.'his issue did not raise any new
safety concerns.

Reactor Safet S stem —Solid-State Safet S stem

Issues: The subtask report recommends that GE

(1) at the proper time in the detail design stage, implement design review
of measures taken to ensure acceptable electrical noise immunity in
the system, using some knowledgeable people from other divisions or
outside GE

(2) continue to review the relative reliab'l<ty of ac solid-state drivers
and contactors as output elements, to e~. olish expected lifetimes
before making a final design commitment

Status: NRC reviewed and approved the safety aspects of the solid-state
reactor protection system during the Clinton operating license review.
The results of this review are discussed in NUREG-0853, "Safety Evaluation
Report Related to the Operation of Clinton Power Station," dated February,
1982. The system is presently operational with no ongoing safety concerns.
This issue did not raise any new safety concerns.

Neutron'onitorin S stem

Issues: The subtask report recommends that GE

(1) defer to its Task Force 6 for recommendations on the incore sensors
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(2) review the Traveling Incore Prpbe designs to evaluate more effective
solutions to both the position read-out and guide tube concerns

Status: This issue did not raise any new safety concerns.

Other Instrumentation S stems

Issue: The report did not provide any recommendations; it stated that
spec>fic problems that have occurred seem to be adequately resolved.

Status: This issue did not raise any new safety concerns.

Power Generation Control Com lex PGCC

Issue: The report did not make any recommendations regarding the PGCC.

Status: The NRC staff has reviewed and approved the PGCC during several
operating license case reviews (e.g., Susquehanna, Nine Mi'le Point 2,
LaSalle). This issue did not raise any new safety concerns.

~NUCIEIIE| C

Issues: The report recommends that GG

(1} complete,two technical design reviews on display control system (OCS)
in 3rd quarter of 1975 and 1st quarter 1976, utilizing some technical
experts from outside the nuclear engineering department. In the
future, these reviews should be done rout'inely using such outside
experts.

A

(2} confirm that its staff is capable of maintaining the first NUCLENET
hardware system.

(3) make maximum use of interactive computer graphics for the p~inted
circuit board work.

(4) obtain early data on the reliability of the 4400 computer.

(5) explore the opportunities to use Honeywell-PCD standard software as
a basis for OCS system.

(6) review the plans for field maintenance of NUCLENET systems to ensure
that someone is doing the test and diagnostic programming and proce-
dures work necessary to keep the equipment operating in the field.

Status: NRC reviewed the safety aspects of NUCLENET during the Clinton
ope~aEing license review. The results of this review are discussed in
NUREG-0853, "Safety Evaluation Report Related to the Operation of Clinton
Power Station," dated February 1982. The system is presently operational,
with no ongoing safety concerns. This issue did not raise any new safety
concerns.
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Plant Auxiliar Power S stems

Issues: The report recommends that GE

(1) give its customers increased application engineering assistance to
emphasize the need for greater main switchyard redundancy to improve
plant availability.

(2) specify. the redundancy and other special requirements of power sup-
plies provided by the customer for non-safety-related GE systems
affecting a plant's availability. These specifications should
include electrical, pneumatic, and hydraulic supplies, at all power
levels.

(3) centralize the responsibility for power supplies for all GE systems
to. enable an effective approach to power supply/plant unavailability
problems. In addition to documenting and coordinating all power
supply requirements for availability-related systems, an important
part of this effort should be convincing the customer of the benefits
of meeting these requirements.

Status: Ouring the licensing review of recent 8WR operating license
~app >nations (e.g., River Hend, Perry, Nine Nile Point 2), the NRC staff
has been unable to find consistency in a utility's characterization of
the Class 1E/non-Class lE boundaries associated with the reactor
protection system (RPS) power supplies. In fact, in some cases, an in-
dividual utility has been confused as to the location(s) of this boundary.
This has led to various separation, physical identification, seismic, and
Class lE/non-Class 1E interface concerns regarding RPS bus A and 8. The
staff believes that if the third recommendation had been followed for the
RPS power supplies, the confusion regarding the concerns addressed above
would have been alleviated, The staff is reviewing this issue to deter-
mine if it should be considered further, possibly as a generic issue.

~ CAI Availabilit /Reliabilit /Haintainabilit Pro ram

Issues: The report recommends that GH

(1) show a greater concern for and preoccupation with the safety aspects
of nuclear design. In non-nuclear projects, the safety aspects are
easier to address and, therefore, require less utilization of
resources and regulatory involvement.

(2) develop its nuclear projects to the same order of operational reli-
ability that customers for non-nuclear projects (NASA, 000, etc. )
demand.

(3) encourage greater reliability efforts. In non-nuclear projects, the
customer (NASA, 000, etc.) demands, funds, and monitors a reliability
program. In the nuclear industry, NRC provides a reliability stan-
dard for protection systems but does not fund the effort. GE's
utility customers are not known to.either require or fund reliability
efforts.
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(4) have its nuclear engineering department reliability and maintain-
ability plan objectively reviewed by knowledgeable GE personnel
outside the department.

(5) strengthen its nuclear engineering department problem/failure report-
ing system by consolidating the current multiple systems into a
single, comprehensive system with closed-loop features to ensure
accountability and satisfactory dispositions.

(6) initiate education and training courses in availability/reliability
maintainability engineering so that there is a more consistent and
uniform approach to these disciplines in the design engineering
community.

Status: The RRC staff believes that the current industry maintenance
program and technical specification surveillance requirements provide
adequate assurance that safety systems will be available when required.
There is an ongoing program within the Institute of Electrical and Elec"
tronics Engineers (IEEE) to provide enhanced maintenance guidelines for
many types of components. In addition, several vendors have submitted
technical specification improvement programs to the NRC. This issue did
not raise any new safety concerns.

~ CKI Com onent and S stem uglification

Issue: The subtask report recommends that GE's standards and qualifica-
tion engineering department be given additional manpower and the responsi-
bility for reviewing and approving the qualification of all systems and
components. for which ChI has responsibility,

Status: The NRC has stringent component and system qualification standards.
Tliis issue did not raise any new safety concerns.

~ S stems Res onsibilit

Issues: The report recommends that GE

(1) focus the responsibility and authority for total BMR system design
specification and control as the full-time responsibility of a senior
technical manager and a small group of highly qualified system
engineers.

(2) establish the required management and operational policies and proce-
dures needed to ensure that this group receives the required support
from GE's design, manufacturing, marketing, and projects organizations.

Status: This issue did not raise any new safety concerns.

CONCLUSIONS

As a result of its review, the staff concludes that, with the possible excep-
tion of the plant auxiliary power systems issue, no new safety issues are
addressed in this subtask report. The issues addressed either involve
(1) concerns that have been resolved elsewhere or (2) concerns that do not
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. involve design methods erform

asp t f BWRaspec s o WR safety systems.
, p ance, quality, and availability for any safety

5.4 Subtask D: Re ort on Mechanical 5 stems and E ui ment

INTRODUCTION

The subtask re ort on mep echanical systems and equipment deals primarily with
e re iability of major mechanical components in the BWR-6 nuclea~ steam

III containment iss
supp y system and the impact on projected plant avail b 1 t M k I I ,

' i i y. ar , I, and

occurring in reactors
ues are also addressed. Flow-induced vibration p bl

that had been operating at the time of the study are
ro ems

a ressed, as are the corrective actions taken in response to identified
problems with mechanical s stems and equipment and the design qualification and

quacy o -6 components that have no operating history in reactor plants.

This report includes an exte nsive review of nuclear plant performance in terms
o avai a i ity at the time of the study and the expected impact of identified
pro ems and design changes on BWR-6 availability.

SUMMARY OF ISSUES

e sa e y signi icance and current status of Reed Report issues r 1
t'u re a ing o

g 'arn isolation valves), mechanical equipment
res ue o ow-induced vibration, and problems with the TIP system are

evaluation report. A discussion of
in is su task report that are of potential safety significance

Crosby Safety Relief Valves (SRVs)

Issue: Crosby direct spring-loaded SRVs were to be used on BWR-5 and -6
systems in place of the Target, Rock and Dresse~ valves installed
that were operating at the time of .the 1975 stud .
the Crosby valves would .be more reliable b ce ause t ey do e p oy pi o

m a a caused actuation problems with the other valves.

th
Safet Si nificance: The SRVs 'are required to protect the integrit of

e reactor coo ant, pressure boundar and to 1'
o

t i t Th is. e pr marv operational concerns relate to actua-

is required between refuelin outa es
po n accuracy and reseating without leaka e. fage. I SRV maintenance

ue ng ou ages, it contributes to unavailability

Status: Testing and limited o ep rational experience have not revealed any
ican operational reliability problems with the Crosby valves for

Flow Control Valve FCV

Issue: BWR-5 and "6 systems use FCVs in conjunction with a constant s

pump to control recirculation flow. The 20" and 24-inch valves re
for this application had not been tested raisin u
durability and reliability of the valves
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Safet Si nificance: Major operational problems could result from FCV
ai ures, resu ting in challenges to thermal limits.

Status: These valves are now performing satisfactorily in operating RWRs.

CONCLUSION

The HRC staff has reviewed the mechanical systems and equipment subtask report
and finds no new issues with potential safety significance that should be
addressed.

5.5 Subtask E: Re ort on Materials Processes and Chemistr

INTROOUCT ION

This subtask report addressed the materials, processes, and chemical technology
necessary to achieve reliability and quality in BWR systems. The report
assessed the effect of materials behavior, processing, and chemistry on plant
reliability, safety, performance, and lifetime; evaluated the adequacy of
material selection, procurement, application, and cost; and identified critical
aaterial and chemical areas for improvement or additional development.

SLH4ARY OF ISSUES

The report addressed among other things the issue of stress corrosion cracking,
which is discussed in detail in Sections 3 and 4 of this report. In addition,it addressed the areas that are discussed below. Some of these subjects are
also discussed less completely in various places in Section 3.

Radioactive Contamination

Issue: Concern was expressed that radioactive contamination of piping
anan other components would build up to the point ~here radiation exposure
to plant maintenance and operations personnel would become excessive.
This would require additional manpower and increased costs. The report
recommended that more effort should be expended on understanding the
basic mechanisms of radioactivity transport and buildup, with the aim of
~aking modifications to reduce the problem.

Safet Si nificance: This issue is related to ALARA, and is a general,
in ustry-wide prob em. Although it is not a reactor safety issue, a
great deal of effort has been expended on it. It should be noted that GE
has developed a procedure designed to reduce buildup of radioactive con-
taaination in piping and surfaces containing radioactive contamination.
There also have been other major industry initiatives in developing and
using decontamination processes, with generally good results.

Status: This issue did not raise any new safety conerns.

Reactor Pressure Vessel RPV —Probabilit of Failure

Issue: The report estimated the probability of a sudden disruptive
Vaai ure of the RPV to be less than 1 x 10 e per reactor year. This
estimate applied to all presently designed BWRs.
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Status- This e mate is in''accord with studies one by the staff and
ttteMvisory Committee on Reactor Safeguards (ACRS), as delineated in the
WASH-1318 and WASH-1285 reports issued by the Atomic Energy Commission.
Thus, this issue did not raise any new safety concerns.

Reactor Pressure Vessel —LOCA Inte rit
Issue: A detailed analysis of RPV integrity in BWRs under LOCA condition
was Tast made in 1968; it showed that RPV integrity would be maintained.
l4ch lore recent reviews by the NRC and ACRS have reached similar
conclusions.

Status: A single LOCA would produce 'a thermal shock event, but the lack
~orepressunzatfon in a BWR would preclude loadings that could cause
failure. The issue of pressurized thermal shock in BWRs was fully
addressed in the NRC staff response to interrogatories during the Atomic
Safety Licensing Board hearings on the Limerick plant in 1983. Thus, this
issue did not raise any new safety concerns.

Reactor Pressure Vessel —ATWS Pressures

Issue: Calculations of peak pressures under postulated anticipated
transient without scram (ATWS) conditions have been made within the past
year for various BWRs. Peak pressure in the 1600 to 1650 psig range have
been calculated for certain BWR-3 plants and considerably lower values
for other BWRs. These pressures are well within the capacity of the
vessel.

Status: Recent studies done at Brookhaven have indicated that the maximum
pressure expected during an ATWS event in a BWR is on the order of 1300 to
1350 psig, even less than GE assumed in the Reed Report. Thus this issue
did not raise any new safety concerns. (Additional discussion on this
concern is provided in Section 3.)

Reactor Pressui e Vessel —Fati ue Crackin

Issue: GE's studies provide strong support for the idea that fatigue
c~a~% growth in vessel steel under BWR environment conditions does not
have an adverse impact on RPV integrity. Other GE studies indicate that
stress corrosion cracking would not occur in RPV steels in BWR water
within specifications,

Status: Fatigue cracking caused by anticipated transients, as analyzed
ununer ASME Code rules, is very unlikely, even with the.known deleterious
effect of BWR coolant on fatigue strength. Recent studies also provide
assurance that when RPV steel is properly heat treated and stress relieved,it is not subject to stress cot rosion cracking at stress levels found in
reactor vessels. The stringent controls on welding and post-weld heat
treatments imposed during the manufacture of reactor pressure vessels
provide assurance that the material will be in a resistant condition, and
high residual stresses will not be present. Thus, this issue did not
raise any new safety concerns.
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Reactor Pressure Vessel —Nozzle Crackin

Issue: Cracks had been observed in the cladding around feedwater nozzles
aat aTllstone. and Oresden 2; but the cracks were small enough to be readily
removed. Ultrasonic indications of possible cracks at Pilgrim were being
monitored on a continuing basis. 'n the BWR-6, the cladding was eliminated
around all nozzles.

v

Status: In 1975, cracks were found in feedwater nozzles of several more
SQRs, and a formal inspection and repair program was initiated. GE issued
Service Information Letter No. 207, addressing feedwater nozzle cracking,
on November 19, 1976. All cracking events and repair operations were
reviewed and approved by the NRC.'he NRC initiated Generic Technical
Activity A"10 to address this issue.',In July 1977, the NRC published

'UREG0312, "Interim Technical Report on BWR Feedwater and Control Rod
Orive Return Line Nozzle Cracking,"'hich described the problem, probable
cause, and recommended actions. The cracking in both the feedwater
nozzles and the control rod drive return line nozzles was attributed to
thermal cycling. Thermal cycling of the feedwater nozzles was caused by
an ineffective thermal sleeve. GE performed extensive testing and
analysis, which resulted in recommended changes in design of the spargers
and thermal sleeve. This was documented in GE's report NEOE 21821"A,
issued in February 1980. The NRC resolution of this issue was documented
in NUREG-0619, which was issued in November 1980, and was implemented by
NRC's Generic Letter 81-11. This problem is considered to be resolved.

Reactor Pressure Vessel —Ins ection Access

Issue: The BWR-6 was designed to accommodate currently specified and
reasonably anticipated future RPV inspection requirements. However,
inspection of RPVs in alder plants, if required, can be performed to only
a limited extent with currently available equipment and methods.

Status: While access to the RPV is provided for examination equipment
~in t e SWR-6, the equipment itself had not been ful1y developed at the
time this subtask report was written. Further, the ASHE Code-specified
inspections of ligament areas between control rod penetrations in the
bottom head were not then possible in'ny BWR. Where such inspections
are not practical, NRC may grant relief from the Code requirements.

Regarding the inspectability of the shell portion of the reactor vessel,
including the radiation-affected belt line region, some BWR-5s provided
access for inspection. Preservice examinations of this area have been
performed at plants built fairly recently; therefore the equipment for
examination from the outside has proven to be practical.

For older BWRs, the NRC has granted relief from examination of the major
shell welds, because the biological shield is so close to the vessel that
no examination equipment can fit in the insulated area. BWR vessels
cannot readily be inspected from the inside (as PWRs cre) because such
internal structures as jet pumps are in the way, and the internals are
not designed to be completely removed.

GE has a program with an overseas utility to develop equipment and methods
to remotely inspect a significant portion of beltline welds by ultrasonics
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from the inside of the vessel. The NRC staff expects that such methods
will soon be developed for general use. Ho~ever, the staff does not be-
lieve that the acoustic emission inspection techniques mentioned in the
subtask ~eport have been sufficiently developed to be considered a realis-
tic and practical approach. Nonetheless, this issue did not raise any new
safety concerns.

Reactor Pressure Vessel —Embrittlement

Issue: The oldest BWR plants (e.g., Oresden 1, Humboldt Bay, and Big
Ko Point) did not have jet pumps and have the pressure vessel closer to
the core than is the case with later reactors. This has resulted in
higher radiation levels and the potential for a higher degree of radiation
embrittlement than will be encountered in subsequent reactors. No operat-
ing problems are foreseen, but thermal annealing may be desirable at a
later date to ensure that these plants can meet hydrostatic test
requirements.

Status: Oresden 1 and Humboldt Bay are of no further concern because
ttey Riave been decommissioned; Big Rock Point does show a considerable
radiation-induced increase in RT

O
. Nonetheless, the NRC staff has had

no indication that Big Rock PoinPtas any difficulty in heating up to the
required temperature for leak and hydrostatic tests. This is partially
because the vessel was designed to Section I of the ASHE Code, so stress
levels are very low. Other later BWRs are starting to show the effects
of irradiation of the vessel on testing temperatures. Some licensees
have considered the use of external heat sources to help achieve the
required temperatures. However, the subtask report is correct in stating
that irradiation of the vessel will not limit operation; thus this issue
did not raise any new safety concerns.

Haterials Information S stem and Control

Issue: The subtask report discussed the need for GE to establish a
stronger materials engineering organization with better laboratory
faci 1 ities.

Status: This issue did not raise any new safety concerns.

Level of Haterials Effort

Issue: The issues discussed above addressed specific needs for extra
eeeort on stress corrosion cracking and radioactive contamination by Co
Other materials areas exist where continuing, although less severe, prob-
lems should receive more attention. Components involved include reactor
pressure vessels, control rods and control rod drives, reactor core inter-
nals, steam separators and dryers, pumps, isolation and safety relief
valves, condensers, heat exchangers, electrical insulation, and protective
coatings and paints. While active work is in progress in most of the
areas and no significant deficiencies have been identified, the subtask
report indicated that GE should expend additional effort to meet the high
availability/caoability goals on which its strategy is based.
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~ Status: Several of these items have been covered in detail elsewhere
~e.g., control rod materials and fai1ure mechanisms, corrosion, Eircaloy
channel materials, quality of vendor-supplied components, and radiation
damage studies). In regard to the development of improved gasket, seal,
and packing materials, although fewer and smaller leaks ~ould enhance
plant availability, this is not considered to be a safety issue; leakage
limits already are imposed by a plant's technical specifications. . In
sum, none of these issues discussed in the subtask report raised any new
safety concerns.

CONCLUSIONS

On the basis of its review, the HRC staff did not find that this subtask report
raised any new issues with potential safety significance.

5.6 Subtask F: Re ort on Production Procurement and Construction

INTRODUCTION

This subtask report addresses critical cohponents manufactured by GE,
components procured from outside vendors, and the field erection of the
nuclear steam supply system.

SUMMARY OF ISSUES

This subtask report on production, procurement, and construction identified
concerns regarding fuel rods and vendor supplied components. A discussion
of these issues follows.

~ Fuel Rods

Issue: The report identified the following concerns regarding fuel
rorOs

s'1)

GE should manufacture one standard fuel rod and one standard fuel
pellet and compensate for needed variations by using different
enrichments and rod arrangements. A second rod size may be
needed to reduce fuel failure (increased wall thickness and
reduced pellet diameter) at the highly stressed corner position.

(2) In light of technical problems with fuel rod leaks, GE should
review its decision to reduce the 8MR-6 fuel pellet diameter by
0.006 inch and reduce the fuel rod wall thickness by 0.002 inch.

(3) GE should improve the quality of the zirconium tubing it produces
for fuel rods. Although the tubing is acceptable, it is of lower
quality than that produced by Sandvik, Areas to be improved
include roundness (it is not.consistently round), surface flaws,
and inspection equipment.

Status: Appendix K to 10 CFR 50 contains the NRC requirements for fuel
~rod charier during a loss-of-coolant accident A pla.nt's technical
specifications establish the limits on the release of fission products
from fuel rods as a result of normal operations and transients. These
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limits translate into the acceptablility of fuel rod design as corrob-
orated by detailed analysis and testing. This issue does not raise any
new safety concerns.

Vendor-Su lied Com onents

Issue: The report identified the following concerns regarding
ve~veor-supplied components:

(1) Vendor-supplied components are a cause of plant outages. Specific
areas that must be improved include the qualification plans and
commitments of qualification facilities, management commitment for
establishing an integrated reliability program, valve testing, and
reliability analysis in the design process. In addition, the report
suggests eliminating vendors who do not provide adequate engineering
support and performing studies of sufficient depth to support the
quality needed for the nuclear industry.

(2) Ther'e was a high probability that a qualified flow control valve for
the recirculation system would not be available for a 1977 startup of
BWR-5 plants.

(3) GE should consider manufacturing some components supplied by
vendors.

(4) For the PGEE/NUCLENET System, GE should eliminate onsite changes
by completing fabrication of the electrical and control system in
the factory rather than on the site.

Status: Appendix B to 1Q CFR SQ addresses the QA criteria for the desigo
an manufacture of safety-related components. It also provides the basic
requirements for improved reliability of performance by implementation of
the criteria on design control and corrective action.

In addit>on, the NRC staff conducts an extensive inspection program which
reviews the utility's activities and those of its principal contractors
and vendors to determine conformance with NRC requirements and regulations
including those cited above.

I

This issue did not raise any new safety concerns.

CONCLUSIONS

On the basis of its review, the NRC staff finds that this subtask report
did not raise any new safety concerns.

5.7 Subtask G: Re ort on ualit Control S stem Overview

INTRODUCTIOM

This subtask report addresses the adequacy of the quality control system
utilized by GE for the design, manufacture, and operation of nuclear steam
supply systems for BWRs. It compares this system with the quality control
systems adopted by five other GE organizational components.
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'QNORY OF ISSUES

The subtask report recommended that GE establish a "reliability" organization
to analyze failure and repair data, and it discussed a need to establish plant
availability goals in terms of design-significant parameters. It also stated
that the resolution of major problems experience on already-constructed plants
indicated a need for improved designs in equipment, materials, processes, and
systea control. The report included a listing of gA audit findings that showed
that calibration practices were not formally documented or controlled, design
reviews and documentation were not in conformance with established requirements,
hardware documentation was sometimes not clear, engineers were not familiar with
manuals, and, in some instances basic to ensuring design integrity, approved
engineering practices and procedures had not been followed.

All of these issues are covered by existing NRC requirements and regulations.
Specifically, these requirements and regulations include Appendix 8 to
10 CFR 50, which delineates the gA criteria for the design, construction, and
operation of nuclear power plants; 10 CFR 21, which requires the immediate
reporting of manufacturing defects; 10 CFR 50.55(e), which requires the report-
ing of deficiencies arising during construction of a nuclear power plant; and
10 CFR 50.72, which requires the reporting of certain significant events that
occur during the operation of a nuclear power plant. In addition, the NRC staff
conducts an extensive inspection program that reviews a utility's activities
and those of its contractors and vendors on a sampling basis to determine con-
formance with NRC requirements and regulations, including those listed above.

It should be noted that the Institute for Nuclear Power Operations (INPO) main-
tains a,system for collecting and analyzing failure and repair data. Access to
this information is available to utilities with nuclear power plants for use in
developing availability goals and improved maintenance programs.

CONCLUSIONS

On the basis of its review, the NRC staff finds that this subtask report did
not raise any new safety concerns.

5. 8 Subtask H: Re or t on Mana ementlInformation S stems

INTRODUCTION

This subtask report addresses the adequacy of management systems and their
implementation to integrate and control BWR operations in the areas of design
review, construction management, startup procedures, project management, and
feedback of operating plant information.

SUMMARY OF ISSUES

A discussion of the findings of this study follows.

~Bi II 4
Issue: Procedures for overall BWR systems design reviews should be
improved.
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Status: 10 CFR 50, Appendix B; gives the NRC RA criteria for design,
construction, and operation of nuclear power plants. Specific require-
ments include design control to ensure that designs are verified and
checked and that design reviews are performed. This issue was addressed
in Section 3. 16 and did not raise any new safety concerns.

~ Calculational Models

Issue: Additional ways are needed to obtain experimental data to verify
~ca culational models. In addition, calculational models should be
reviewed more thoroughly to ensure consistency of predictions.

Status: This issue was addressed in Sections 3.6 and 3. 17, and no new
~sa ety issues are raised here.

Reliabilit Im rovement

Issue: A positive, high-visibility reliability improvement program is
'neeneed to increase plant availability.
Status: This issue is not directly related to plant safety. Howevers in
~re ated areas, NRC regulations require the following: 10 CFR'1 requires
the immediate reporting of manufacturing defects; 10 CFR 50.55(e) requires
the reporting of deficiencies arising during plant construction; and
10 CFR 50.72 requires the reporting of certain significant events that
occur during plant operation. Thus, all involved safety issues are covered
by NRC regulations, and this issue did not raise any new safety concerns..

In addition, the study cited "12 unresolved 238 GESSAR items" that had been
mentioned in a then-recent (circa 1975) letter from the NRC Advisory Committee
on Reactor Safeguards. However, no details of this mention were given. From
the context of the report, the concern is a management and information transfer
problem, and so has no apparent safety significance.

CONCLUSIONS

On the basis of its review of this subtask report, the NRC staff concludes
that NRC requirements and regulations adequately address the safety issues
mentioned, and finds that this report did not raise any new safety concerns.

5.9 Subtask I: Re ort on Re ulato Considerations

INTROOUCTION

This subtask report evaluated the impact of regulatory policies on the cost of
BMR power plants, including loss of availability and capacity, and it
addressed ways of reducing this impact. The report concluded that backfit
requirements had added up to 5X in 'direct equipment costs and probably more in
regulation-induced delays. The report estimated that about 15K of GE's
engineering time was expended on licensing matters. In addition, the r'port
attributed a loss of 2X to 5X in annual electrical generating capability, as
well as inc~eased plant personnel requirements, to the regulatory process.
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The study concluded that ad contributed to the regulato osts by failing
to adequately develop some of the programs required by NRC to validate assump-

, tions made in the preliminary design. This resulted in late identification of
design problems, thus requiring changes to installations already in place.

As part of the recommendations for reducing the regulatory impact, the study
listed potential new regulatory requirements likely to impact BWR-6 plants.
It also listed possible long-term regulatory requirements. The study recom-
mended ways that GE could minimize the impacts of these requirements if and
when they come into being.

SUHMARY OF ISSUES

A discussion of the issues raised in this report follows.

Period of Safet of Unattended Reactor

Issue: The study recommended that the GE product safety standards be
~o4~7ied to ensure that a reactor will respond automatically to a reactor
upset or accident to maintain core cooling for at least 30 minutes without
operator intervention. The existing standard permitted credit for operator
intervention in 10 minutes.

Safet Si nificance: The time available for operator response relates to
e pro ab» ty t at the required intervention to mitigate the consequences

of the event will be correctly accomplished. This is a human factors
consideration. I

Status: The NRC staff has some flexibility in this area. For some
act>ons (e.g., suppression pool cooling}, the normal practice is to accept
an assumption of operator action within 10 minutes if it is justified on a
plant-specific basis. The NRC Standard Review Plan (NUREG-0800) permits
assumed actions within 20 minutes for emergency core cooling system
long-term cooling, and within 15 minutes for response to boron dilution
events, For anticipated transients without scram, credit for operator
intervention within 2 minutes is permitted. The NRC staff has reviewed
the BWR-6 to ensure that it conforms to these criteria.

> ~

Heans To Identif and Ins ect Failed Fuel

Issue: The study concluded that the main steam line (HSL} radiation
monitor, which was used for prompt detection and shutdown of the reactor
for a sudden and major fuel failure, may not be sufficiently sensitive
for this purpose because of gross ganlta radiation (mainly N' associated
with the steam. It also concluded that NRC might require an improved
technique for locating failed fuel, possibly more sensitive than the
"sipping" technique that requires opening of the reactor. The study rec-
ommended that GE develop an improved failed fuel sensor, but noted that
an NRC requirement for location of failed fuel without opening the
reactor was unlikely.

Safet Si nificance: The HSL high radiation scram and isolation signals
serve to imit radioactivity release in the event of fuel failures.
Safety analyses take credit for the isolation function in the analyses of

NUREG-1285
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'that aight require replacing reactor internals. The difficulty of replac-
ing components that are welded in place was of concern because of the high
leve1 of induced radioactivity and consequent occupational exposure. The
study anticipated that NRC would impose new requirements in this regard,
and rec~nded that such a design be developed for later BWR-6 orders and
for advanced designs.

Safet Si nificance: The safety concern of this issue is the need to
ensure t component failures cannot result in unacceptable consequences
and that appropriate surveillance procedures and monitoring instrumentation
are in place to detect such failures before they degrade plant operating
safety. Additionally, replacement of failed reactor internals components
is a aajor ALARA concern.

Status: Many internal components —such as feedwater spargers, jet pump
Po 32me beams, etc. —have degraded or. failed in service and have been
replaced. Occupational exposure for this type of work has been significant
but occupational exposure to individuals is limited by regulations. This
issue did not raise any new safety concerns.

~ . Core Catcher

Issue: The study noted that a core catcher was a major issue with the
~ree er reactor, and recommended that GE study this issue so it could
respond to NRC if a new requirement were developed.

Safet Si nificance: Prevention of containment penetration by the molten
core >n e event of a severe accident is a majo~ safety issue.

5tatus: Later studies have shown that containment melt-through by a'olten
core is less likely than previously assumed. The staff is continuing its
studies of severe accidents. These studies include the feasibility and
cost/benefit of passive devices such as curbs to contain a molten core.
Thus this issue did not raise any new safety concerns,

CONCLUSIONS

On the basis of its review, the NRC staff finds that this subtask report did
not raise any new safety concerns. Moreover, the report did not present any
ideas concerning possible new regulatory requirements identified by GE that
give cause for the NRC to re-examine its policy in these areas. Before
imposing any new requirements, the NRC routinely considers the impact on power
production in relation to the safety benefit to be gained.

5. 10 Subtask J: Re ort on Sco e and Standardization

INTRODUCTION

This subtask evaluated the GE NED scope of supply and standardization policy in
terms of potential impact on overall nuclear plant availability/reliability and
operation. The approach consisted of analysis of plant performance data exist-
ing at that time to determine the root causes of plant unavailability and the
options available to improve the plants by providing a superior quality product

NUREG-1285
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and by extension of the boundaries of NEO scope of supply and services. Find-
ings of the study were that about 46K of'unavailability was due to the reactor
building, 19K was due to refueling and other outages, and only 35K was due to
balance-of-plant (BOP) issues. With respect to power limitations and avail-
ability in l974 only, 14.3X of total capacity was lost due to forced outages
and 16.1X was due to scheduled outages. The reactor scope was identified as
the highest source of unavailability; contributions by the BOP area were small.
Power derating as an initial response to alleviate potential equipment failures
from new identified problems and to reduce fuel failures from PCI accounted for
much of the lost capacity.

The study concluded that expansion of the BMR customer service area with ex-
panded outage service, better tools, improved operation, and special programs
for identified problem areas offered the best potential for improving avail-
ability. The study concluded also that the BWR availability goal based on
previously established fossil availability was unrealistic because of identi-
fied technical problems and other problems not yet identified.

The standardization effort was expected to be effective only with the BWR-G.

SU%WRY OF ISSUES

The staff examined those items listed in the report as sources of unavailability

or forced outa e t
and power limitations that contributed to unavailability via power d t d/

ges to determine their safety significance. These issues identi-
era ing an

fied in the subtask report were

PCI operating management recommendations
leaky relief valves
leaky HSIV valves
HAPLHGR limitations
sensitized stainless steel cracks (major)
reactivity shortfall
feedwater sparger problems
offgas
channels
operations management

All of these issues are addressed elsewhere in this staff report and, with the
exception of "operations management," have been substantially resolved. NRC
is continuing to review and evaluate operations management by individual

CONCLUSIONS
I

On the basis of its review, the staff finds that this subtask report did not
raise any new safety issues.

NUREG-1285
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ABSTRACT

In 1975, the General Electric Company (GE) published a Nuclear Reactor 5tudy,

also referred to as "the Reed Report,4 an internal product" improvement study.

GE considered the document oproprietary" and thus, under the regulations of

the Nuclear Regulatory Comaission (NRC}, exempt from mandatory public disclo-
sure. Nonetheless, members of the NRC staff reviewed the document in 1976 and

determined that it did not raise any significant new safety issues. The staff
also reached the same conclusion in subsequent reviews.

However, in response to recent inquiries about the report, the staff re-

evaluated the Reed Report from a 1987 perspective. This re-evaluation, docu-

mented in this staff report, concluded that (1) there are no issues raised in

the Reed Report that support a need to curtail the operation of any GE boiling
water reactor (BMR); (2) there are no new safety issues raised in the Reed

Report of which the staff was unaware; and (3) although certain issues addressed

by the Reed Report are still being studied by the NRC and the industry, there is

no basis for suspending licensing and operation of GE 8MR plants while these

issues are being resolved.
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