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FOREWORD

This Technical Evaluation Report was prepared by Franklin Research Center
under a coutract with the U.S. Nuclear Regulatory Commission (Office of Nuclear
Reactor Regulation, Division of Operating Reactors) for technical assistance
in support of NRC operating reactor licensing actions. The technical

evaluation was conducted in accordance with criteria established by the NRC.
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IDENTIFICATION OF PROPRIVTARY INFORMATION

Some of the information in this technical evaluation report was obtained
from manufacturers' proprietary test reports. All proprietary test reports
are identified as such in Section 6, References, of this report. Checksheets
in Section 4 containing proprietary information have been replaced with a

checksheet page stating that the proprietary information has been removed.
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1. INTRODUCTION

1.1 PURPOSE OF THE EVALUATION

The purpose of this report is to:

o evaluate licensees' resolutions of outstanding issues related to
safety-related electrical equipment environmental qualification (EEQ)
discussed in the Nuclear Regulatory Commission (NRC) Safety Evaluation
Reports (SERs) in accordance with NRC criteria. The objective is to
identify all cases where a licensee's response has not resolved the
significant qualification issues.

evaluate licensees' qualification documentation of safety-related
electrical equipment located in harsh environments in accordance with
criteria established by the NRC and to identify (1) equipment for
which qualification documentation is adequate, i.e., substantiates
that the equipment is capable of performing its specified design basis
safety function when it is exposed to a harsh environmeant and (2)
equipment for which qualification documentation is deficient, i.e.,

does not give reasonable assurance that the equipment is capable of
performing its specified safety function.

evaluate licensees' qualification documentation of safety-related
electrical equipment located in harsh environments required for TMI
Lessons Learned Implementation. The objective is to evaluate
qualification documentation of equipment within the scope of IE
Bulletin 79-01B, Supplement 3 (item 2) [6],* in accordance with
criteria established by the NRC in a manner identical to the
evaluation of all other safety-related electrical equipment.

1.2 SCOPE OF THE EVALUATION

The scope of this report is limited tov the evaluation of environmental
qualification of electrical equipment that .ust function to mitigate the
consequences of a loss-of-coolant accident (LOCA) or high energy line break

(HELB) and whose environment is adversely affected by that event.

*For References, see Section 6. Note that reference numbers are not presented
in sequential order.

-
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With respect tc TMI Action Plan Implementation, the scope of this report
is limited to those sections of NUREG-0737 [2] applicable to equipment having
an installation implementation date of January 1, 198l. Where applicable, a
review is to be performed on installed equipment with implementation dates

after January 1, 1981 if adequately identified by the Licensee.

The NRC has determined that the evaluation of environmental qualification
of equipment items (1) located in plant areas whose environment is not
adversely affected by the design basis event (DBE) (e.g., equipment located in
"mild" environments) or (2) required to achieve and maintain cold shutdown, is
not to be included within the scope of t(hi» renort. However, where the
Licensee has identified these equipment items in the EEQ submittais to th
NRC, these items have been listed in NRC evaluation Category III.b in this
report (see Section 3 of this report for definition of NRC evaluation

categories).

Qualification aspects not included within the scope of this evaluation

are:

0 seismic and dynamic qualification
0 equipment protection against natural phenomena

0 equipment operational service conditions (e.g., vibration, voltage,
and frequency deviations)

0 equipmeat located where it is subjected to the outdoor environment
0 equipment protection against fire hazards
0 equipment protection against missiles

0 equipment located in plant areas whose environment is not adversely
affected by the design basis event

0 equipment required to achieve and maintain cold shutdown.

1.3 GENERIC ISSUE BACKGROUND

Safety-related electrical equipment must be capable of performing design
safety functions under all normal, abnormal, and accident conditions. The
purpose of equipment qualification is to provide tangible evidence that
equipment will operate on demand and to verify design performance, thereby

establishing assurance that the poteantial for common-mode failure is minimized.

o 1-2
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Of particular concern is the assurance that equipment will remain
operable during and following exposure to the harsh environmental conditioms
(i.e., temperature, pressure, humidity [steam], chemical sprays, radiation,
and submergence) imposed as a result of a design basis accident. These harsh
environments are generally defined by the limiting conditions resulting from
the complete spectrum of postulated break sizes, break locations, and single
failures consequent to a LOCA, main steam line break (MSLB) inside the reactor
containment, or a HELB outside the reactor containment (such as a main steam
or feedwater line break). In addition, depending on specific plant design
features, other postulated HELB locations may be associated with:

o the chemical and volume control system (CVCS) letdown line
o the steam supply piping to

-~ the auxiliary feedwater (AFW) pump turbine

- the reactor core isolation cooling (RCIC) pump turbine
the high pressure core injection (HPCI) pump turbine

- the isolation condenser

0 steam generator blowdown.

The NRC criteria for reviewing the safety of nuclear power generating
stations include the requirement that the qualification of safety-related
electrical equipment be substantiated by auditable documentation of the
program that establishes the ability of the equipment to function as specified
in the station design. This report is restricted to a technical evaluation of

the equipment's ability to function in harsh environments resulting from DBEs.

Qualification criteria applied during the lii.ensing of the older nuclear
power plants have been modified over the years, and specific industry
standards concerning qualification have been revised as the design of reactor
systems has changed and as regulatory and operating experience has
accumulated. Examples of such standards are IEEE Standards 279-71, 323-74,
383-74, 317-76, 334-80, 381-77, 382-80, 535-79, 627-80, 649-80, and 650-79.
NRC NUREG documents 0413 and 0588 have been developed to address this topic.
In particular, NUREG-0588 (published for comment in December 1979 and reissued
as Revision 1 in July 1981) formally presented the NRC staff positions
regarding selected areas of environmental qualification of safety-related
electrical equipment in the resolution of General Technical Activity A-24,

(V_.; - 1-3
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"Qualification of Class IE Safety Related Equipment.” The positions documented
therein are applicable to plants that are or will be in the comstruction
permit or operating license review process.

Although qualification standards and regulatory requirements have
undergone considerable development, all of the currently operating nuclear
power plants are required to comply with 10CFR50, Appendix A, General Design
Criteria for Nuclear Power Plants, Section I, Criterion 4. This criterion
states in part that "structures, systems and components important to safety
shall be designed to accommodate the effects of and to be compatible with the
environmental conditions associated with normal operation, maintenance,

testing and postulated accidents, including loss-of-coolant accidents."

Qualification requirements are also embodied in (1) LOCFR50 Appendix A,
General Design Criteria 1, 2, and 23 and (2) 1OCFRS50 Appendix B, Quality
Assurance Criteria for Nuclear Power Plants and Fuel Reprocessing Plants,
Criteria III, "Design Control," and XI, "“Test Control." These requirements
are applicable to safety-related equipment located outside as well as inside

containment .

The NRC staff has evaluated the licensees' equipment qualification
programs by reviewing the qualification documentation of selected safety-
related equipment as part of the operating license review for each plant. The
NRC staff has also used a variety of methods to assure that these general
requirements are met for electrical safety-related equipment. In the oldest
plants, qualification was based on the fact that electrical components were of
high industrial quality. After 1971, qualification was judged on the basis of
IEEE Std 323-71; however, no regulatory guide was issued adopting this
standard. For plants whose SERs were issued after July 1, 1974, the
Commission issued Regulatory Guide 1.89, which in most respects adopted the
most recent standard, IEEE Std 323-74.

In November 1977, the Union of Concerned Scientists petitioned the NRC
Commissioners to upgrade current standards for the environmental qualification
of safety-related electrical equipment in operating plants. Subsequently, the
NRC staff instituted the Systematic Evaluation Program (SEP) to determine the

degree to which the older operating nuclear power plants deviated from current

. 1-4
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licensing criteria. The subject of electrical equipment environmental
qualification (SEP Topic III-12) was selected for accelerated evaluation as
part of this program. Seismic qualification of equipment was to be addressed
as a separate SEP topic. In December 1977, the NRC issued a generic letter to
all SEP plant licensees requesting that they initiate reviews to determine the

adequacy of existing equipment qualification documentation.

Preliminary NRC review of licensee responses led to the preparation of
NUREG~0458, an interim NRC assessment of the environmental qualification of
electrical equipmenc. This doccument concluded that "no significant safety
deficiencies requiriag immediate remedial actions were identified." However,
it was recommended that additional effort should be devoted to examining the
installation and environmental qualification documentation of specific

electrical equipment in all operating reactors.

On May 31, 1978, the NRC Office of Inspection and Enforcement issued IE
Circular 78-08, "Environmental Qualification of Safety-Related Electrical
Equipment at Nuclear Power Plants," which required all licensees of operating
plants (except those included in the SEP) to examine their installed
safety-related electrical equipment and ensure appropriate qualification
documentation for equipment function under postulated accident conditionms.
Subsequently, on February 8, 1979, the NRC Office of Iaspection and Enforce~
ment issued IE Bulletin 79-01, which was intended to raise the threshold of IE
Circular 78-08 to the level of Bulletin, i.e., action requiring a licensee
response. This Bulletin required a complete re-review of the environmental
qualification of safety-related electrical equipment as described in IE

Circular 78-08.

The review of the licensees' responses indicated certain deficiencies within
the scope of equipment addressed, definition of harsh environments, and adequacy
of support documentation. It became apparent that generic criteria were needed
for evaluating the electrical equipment environmental qualification for both SEP
and non-SEP operating plants. Therefore, duringz the second half of 1979, the
Division of Operating Reactors (DOR) of the NRC issued internally a document
entitled "Guidelines for Evaluating nvironmental Qualification of Class IE

Electrical Equipment in Operating Reactors" [4]. (The document is hereafter

P 1-5
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referred to as the "DOR Guidelines.") The document was prepared as a screening
standard for reviewing all operating plants, including SEP plants. It was
originally intended that the licensees evaluate their qualification documentation
in accordance with the DOR Guidelines. However, initial NRC review of this
documentation, which was compiled to support licensee submittals, revealed the
need for obtaining independent evaluati ns and for accelerating the qualifi-

cation review program.

In October 1979, the NRC awarded Franklin Research Center a contract to
provide assistance in the "Review and Evaluation of Licensing Actions for
Operating Reactors," which included an assignment for review of equipment
environmental qualification documentation under SEP Topic III-12. The assign-
ment was to review equipment environmental qualification documentation and to
present the results in the form of a Technical Evaluation Report for the 11
oldest plants (included in the SEP review). The plants included within the
assignment were the Palisades, Oyster Creek, Ginna, Haddam Neck, Yankee Rowe,
LaCrosse, and Big Rock Point plants and Zion Statiom Units 1 and 2, Indian
Point Units 2 and 3, Millstone Unit 1, Dresden Unit 2, and San Onofre Unit 1.
(This assignment was completed in April 1981.)

On January 14, 1980, the NRC Office of Inspection and Enforcement issued
the DOR Guidelines and IE Bulletin 79-01B, which expanded the scope of IE
Bulletin 79-01 and requested additional information on environmental qualifica-
tion of safety-related electrical equipment at operating facilities, excluding
the 11 facilities undergoing the SEP review. This Bulletin cited the DOR
Guidelines as the criteria to be used in evaluating the adequacy of the safety-
related electrical equipment qualification. The scope of the review was
expanded to include HELBs (inside and outside containment) in addition to
equipment aging and submergence. The NRC advised the licensees that the
criteria contained in the DOk Guidelines would be used in its review of
licensee submittals; NUREG-0588 would be used as a guide in cases where the

DOR Guidelines do not provide sufficient detail.

In early February 1980, the NRC decided that Indian Point Units 2 and 3
and Zion Station Units 1 and 2 should be included within SEP Topic III-12 for

the purpose of equipment environmental qualification review.

1-6
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On February 21, 1980, the NRC and representatives of the SEP Plant Owners
Group held an open meeting at NRC headquarters to discuss an accelerated review
program in accordance with the DOR Guidelines. Representatives of the Indian
Point Units and Zion Station also attended this meeting. The NRC formally
issued to all licensees represented at the meeting the DOR Guidelines document
which included a second document, "Guidelines for Identification of That
Safety Equipment of SEP Operating Reactors for Which Environmental
Qualification Is To Be Addressed" [4], together with the request that the
licensees review their plant systems and provide additional equipment environ-

mental qualification information to the NRC on an accelerated schedule.

For non-SEP plants, the NRC Office of Inspection and Enforcement formed a
task force including a principal reviewer in each region and a task leader
from headquarters. The regional members were assigned responsibility for the
technical review of the licensees' responses to IE Bulletin 79-01B, and the
task leader was assigned responsibility for the overall coordination of the
review effort with NRC staff to assure overall consistency. The regional
reviewers held meetings with the licensees in their respective regions, which
resulted in staff positions being issued in a supplement to IE Bulletin 79-01B

dated February 29, 1980.

In April 1980, the NRC organizational structure was modified and the
Equipment Qualification Branch was formed within the new Division of Engi-
neering. Responsibility for reviewing the status of equipment qualification

for ail plants was assigned to this branch.

On May 23, 1980, the NRC issued Memorandum and Order CLI-80-21 (7],
specifying that licensees and applicants must meet the requirements set forth
in the DOR Guidelines and NUREG-0588 regarding environmental qualificatiom of
safety-related electrical equipment in order to satisfy lLOCFR50, Appendix A,
General Design Criteria, Sectiom I, Criterion 4. This Order also established
that the SERs on this subject, to be prepared by the NRC staff, must be issued
on February 1, 1981 and that all subsequent actions to be taken by licensees
to achieve full compliance with the DOR Guidelines or NUREG-0588 must be
completed no later than June 30, 1982, The Memorandum and Order established
the DOR Guidelines and NUREG-0588 as acceptable interpretations of the General

/:__‘x " 1=7
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Design Criteria for an interim period. Rulemaking was proposed for the
purpose of establishing a permanent interpretation of the General Design

Criteria.

The staff held regional meetings with the licensees and interested
parties during the week of July 13, 1980. The staff issued a second
supplement to IE Bulletin 79-01B, a response to significant questions raised
during the public meetings, and two Orders. The Order dated May 30, 1980
required the licensees to comply with the previously issued Commission
Memorandum and Order of May 27, 1980 (CLI-80-21). The above orders required
the licensees to complete the tasks identified in IE Bulletin 79-01B no later

than November 1, 1980 to allow the staff to comply with the February 1, 1981
date imposed by the Commission Order. The responses to the questions were
issued on February 29, 1980; and the second and third supplements to IE
Bulletin 79-01B, highlighting the staff positions affecting the licensees'
responses, were issued on September 29 and October 24, 1980, respectively.

In October 1980, EG&G Idaho, Inc., awarded Franklin Research Center a
contract to provide assistance in the equipment environmental qualification
review for 13 of the plants whose licensees responded to IE Bulletin 79-01B.
The assignment was to evaluate the licensees' equipment environmental qualifi-
cation submittals and to present the results in the form of a Technical
Evaluation Report for each plant. The objective of this Technical Evaluation
Report was to review the licensees' submittals to determine if safety-related
electrical equipment was reviewed for environmental qualification in
accordance with the DOR Guidelines and NUREG-0588 as required by IE Bulletin
79-01B. The NRC was to perform an audit of the qualification documentation
references as part of its Safety Evaluation Program. If discrepancies were
found, the audit was to be extended. The plants included within this
assignment were Nine Mile Point Unit 1, Millstone Unit 2, Salem Unit !, Browns
Ferry Units 1, 2, and 3, Brunswick Units 1 and 2, Hatch Units 1 and 2, Dresden
Unit 3, and Quad Cities Units 1 and 2. (This assignment was completed in June
1981.)

In mid-1981, the NRC issued SERs on environmental qualification of

safety-related electrical equipment to licensees of all operating placts.

s 1-8
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Where additional qualification information was required, the licensees were

directed to respond to the NRC within 90 days of receipt of the SER.

In May 1981, under the licensing action assistance contract, NRC
2uinurized Franklin Research Center to proceed with the review and evaluation
of the environmental qualification of safety-related electrical equipment

located in harsh environments, required for TMI Lessons Learned Implementation

on 71 operating plants.

In July 1981, the NRC conducted extensive meetings with the nuclear
industry to address concerns and questions regarding qualification of safety-
related equipment. In addition, the NRC provided licensees with detailed
infcrmation with respect to the format and expected content of the licensees'
90-day responses to the NRC SERs. Draft outlines of the following proposed
programs were also presented to the industry: environmental qualification of
equipment located in "mild" environments, seismic and dynamic qualification,

and environmental quaiification of mechanical equipment.

On September 23, 1981, the NRC Commissioners considered a petition
(SECY~-81-486) to extend the deadline for actions to be taken by licensees to
achieve environmental qualification of all safety-related equipment. On
September 30, 1981, the NRC Commissioners extended this deadline to the second
refueling outage after March 31, 1982,

in October 1981, the NRC authorized Franklin Research Center to include
within the scope of the existing EEQ assignment (TMI Lessons Learned
Implementation Equipment) the evaluation of licensees' resolutions of out-
standing issues related to equipment environmental qualification discussed in
the NRC SERs in accordance with NRC criteria. The assignment was to review
the qualification documentation and to present the results in the form of a
Technical Evaluation Report for 71 operating plants. (This report was devel-

oped within the scope of this assignment.)

On January 7, 1982, the NRC Commissioners approved the issuance of the
proposed rule, "Eaviroumental Qualification of Electric Equipment for Nuclear
Power Plants," for public comment. The proposed rule was published in the

Federal Register (Volume 47, No. 13) dated January 20, 1982.
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In February 1982, Proposed Revision 1 to Regulatory Guide 1.89,

"Environmental Qualification of Electric Equipment for Nuclear Power Plants,"

was issued for public comment. This regulatory guide was issued to (1)

reflect current NRC positions on equipment qualification and (2) provide
guidelines for meeting the NRC Commissioners proposed rule on equipment

qualification.

The final rule, "Environmental Qualification of Electric Equipment for
Nuclear Power Plants," was subsequently issued om April 16, 1982 by the NRC
(to be published in the Federal Register) to clarify and strengthen the
criteria for environmental qualification of electrical equipment. The final
rule is to be incorporated into lOCFR50 as Section 50.49, "Environmental
Qualification of Electric Equipment for Nuclear Power Plants." The
significant features of the rule are:

o Requalification of electrical equipment in accordance with the rule

will not be required for equipment qualified or being qualified in
accordance with the DOR Guidelines and IE Bulletin 79-0lB or

NUREG-0588, provided the qualification program commenced within 90
days after the effective date of the rule.

o The requirement to qualify equipment needed to complete one path of
achieving and maintaining a cold shutdown condition has been deleted.

0 A new section has been added, covering the qualification of equipment
located in mild environments.

o The Commission deadline for actions to be taken by licensees to
achieve environmental qualification of all safety-related equipment is
extended to the second refueling outage after March 31, 1982.

On April 20, 1982, the NRC staff issued Generic Letter No. 82-09 [23] to
all licensees, presenting the NRC's position and clarification of certain

aspects of the environmental qualification requirements.

l.4 SPECIFIC ISSUE BACKGROUND

On May 31, 1978, the NRC Office of Inspection and Enforcement issued IE
Circular 78-08, "Environmental Qualification of Safety-Related Electrical
Equipment at Nuclear Power Plants," which required all licensees of operating

plants to examine their installed safety-related electrical equipment and
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ensure appropriate qualification documentation for equipment function under
postulated accident conditions. Subsequently, on February 8, 1979, the NRC
Office of Inspection and Enforcement issued IE Bulletin 79-01, which was
intended to raise the threshold of IE Circular 78-08 to the level of Bulletin,
i.e., action requiring a licensee response. This Bulletin required a complete
re-review of the environmental qualification of safety-related electrical

equipment as described in IE Circular 78-08.

On January 14, 1980, the NRC Office of Inspection and Enforcement issued
the DOR Guidelines and IE Bulletin 79-01B, which expanded the scope of IE
Bulletin 79-01 and requested additional information on environmental
qualification of safety-related electrical equipment at operating facilities.
This Bulletin cited the DOR Guidelines as the criteria to be used in evaluating

the adequacy of the safety-related electrical equipment qualification.

The NRC staff held regional meetings with the licensees and interested
parties during the week of July 13, 1980. The staff issued a second
supplement to IE 3ulletin 79-01B, a response to significant questions raised
during the public meetings, and two Orders. The Order dated May 30, 1980
required the licensees to comply with the previously issued Commission
Memorandum and Order of May 27, 1980 (CLI-80-21). The above orders required
the licensees to complete the tasks identified in IE Bulletin 79-01B no later
than November 1, 1980 to allow the staff to comply with the February 1, 1981
date imposed by the Commission Order. The responses to the questions were
issued on February 29, 1980; and the second and third supplements to IE
Bulletin 79-01B, highlighting the staff positions affecting the licensees'

responses, were issued on September 29 and October 24, 1980, respectively.

The NRC Office of Inspection and Enforcement performed (1) a preliminary
evaluation of the Licensee's response, documented in a technical evaluation
report (TER), and (2) an onsite verfication inspection (June 16-17, 1980) of
selected safety-related electrical equipment. The engineered safety features
actuation, air-recirculation, and containment isolation systems were inspected
at Unit 1; the containment spray system was inspected at Unit 2. The
inspection at both units verified proper installation of equipment, overall

interface integrity, and manufacturers' nameplate data. The manufacturer's
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name and model number from the nameplate data were compared to information
given in the Component Evaluation Work Sheets (CES) of the Licensee's report.
The site inspection is documented for Units 1 and 2 in an onsite inspection
report (from D, W. Hayes to E. L. Jordan, dated July 1, 1980). No deficien-

cies were noted.

On October 31, 1980 [1], Indiana and Michigan Electric Company provided
the NRC with an equipment environmental qualification submittal in response to
IE Bulletin 79-01B for the D. C. Cook Nuclear Plant Unit 1.

On February 3, 1981 [8], Indiana and Michigan Electric Company submitted
to the NRC further equipment environmental qualification information in
response to IE Bulletin 79-01B.

On May 28, 1981 [9], Indiana and Michigan Electric Company submitted to

the NRC additional information in response to IE Bulletin 79-01B.

The NRC issued a Safety Evaluation Report (SER) to Indiana and Michigan
Electric on May 26, 1981 [10].

Requests for information [61, 62, 63, 64, 65] were transmitted to the NRC
by FRC to obtain qualification documentation referenced by the Licensee in its

submittals, TMI Action Plan information, and correlations to NUREG-0737 [2].

By letter dated September 23, 1981 [12], Indiana and Michigan Electric
transmitted to the NRC a response to the SER.

In References 14, 24, 25, and 54, Indiana and Michigan Electric provided

responses to the FRC requests for additional information.
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2. NRC CRITERIA FOR ENVIRONMENTAL QUALIFICATION

2.1 CRITERIA PROVIDED BY THE NRC

The screening guidelines used to evaluate the electrical equipment
environmental qualification program were:

o DOR Guidelines, "Guidelines for Evaluating Environmental Qualification

of Class lE Electrical Equipment in Operating Reactors," November 1979
(4]

NUREG-0588, Revision 1, "Interim Staff Position on Environmental
Qualification of Safety-Related Electrical Equipment," July 1981 [3].

Other appropriate references used in the review of the licensees'

electrical equipment environmental qualification submittals are:

o IE Bulletin 79-C1B, "Environmental Qualification of Class lE
Equipment," January 14, 1980; Supplement No. 1, February 29, 1980;
Supplement No. 2, September 29, 1980; and Supplement No. 3, October
24, 1980 (21, 22, 5, 6]

o NUREG-0737, "Clarificatiou of TMI Action Plan Requirements," November
1980 [2]. This document is applicable for the selection of equipment
for the evaluation of the environmental qualification of safet