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The UCS petition requested the following actions:

L]

Ilf.

The Commission shall direct the Staff to

accelerate a testing program to determine the

type of physical separation between electrical cables
necessary to maintain the independence and to meet
the single failure criterior for redundant safety
systems.

The Commission shall direct the Staff to accelerate

a testing program for environmental qualification

of connectors.

The Commission shall direct the Staff to independently
verify the environmental qualifications of all safety-
related systems, components and structures,

A1l Licensing and Appeal Boards should immediately be
notified that no further construction permits or
operating licenses can be issued until such times as
Applicants can demonstrate comnliance with the appii-
cable regulations, including specifically Genera)
Design Criterion 3 and 4 of Appendix A to 10 CFR Part 50,
10 CFR Sectiun 50.55alh), and the single failure
criterion of Appendix A to 10 CFR Part 50.

A11 holders of construction permits shall immediately
be notified to cease al! construction activities
involving the connectors identified as defective and
all activities relating to electrical cables.

A1l operating reactors shall immediately be ordered
to shut down until such time as the operators can
demonstrate compliance with the applicable regu-
lations, including specifically General Design
Criteria 3 and 4 of Appendix A to 10 CFR Part 50,

10 CFR Section 50.55(h), and the single failure
criterion of Appendix A to 10 CFR Part 50.

A supplemental affidavit was filed by the UCS on November 10,

1977 which contained additional comments regarding electrical

connectors and fire protection. A second supplemental affidavit

was filed by UCS on November 17, 1977 responding to the Staff's

comments mace at the Commission's November 11 public briefing.

These supplemental affidavits also expressed concern regarding

the qualification of other electrical equipment, including electri-

cal penetrations, cables and cable terminations, for a LOCA environ-

ment.
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Commission Actions

As a result of the November 4, 1977 UCS petition the Comr ‘esion
directed the Staff oa Ncvember 7, 1977 to report on the neea
for immediate action in response to the petition. The Staff's
report on this aspect of the petition was transmitted to the

Commission on November 9, 1977.

On November 9, 1977, the Commission issued an Order, published in the
Federal Register on November 11, 1977 (42 FR 58802), soliciting viaws

from Ticensees and memoers of the public by November 25 1577 on the UCS
petition.* 0On November 10, 1977 the Commission's Offices of General
Counsel and Policy Evaluation developed a number of written questions
concerning the Staff's November 9, 1977 report. An open briefirg of the

Commission by the staff on the emergency aspects of the UCS petition was

held on November 11, 1977,

The~eafter the Staff filed additional reports to the Commission
on the UCS petition on November 18, 22, and 25, 1977 and
December 6, 1977, These reports address the matters raised

in the UCS petition and provide updated information on ongoing
staff actions to obtain information on the use of electrical
connectors and penetrations in operating reactors. The
November 22, 1977 report also included staff responses to the
questions raised by the NRC Office of the General Counsel

and the NRC Office of Policy Evajuation. A1l of these

reports and the UCS petition are on file in the

NRC public Document Room.

*To date 44 comments have been received. None of these
responses identified any new safety infarmation that
had not already been covered by the UCS petition or

the Staff's reports. The comments are addresced
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The failure of the connectors in the Sandia t7sts was associated with
the inadvertent use of ungualified components that were thought to

have been properly qualified for the test environment.

A proper response to concerns regarding the qualification of connectors
in nuclear power plants is accelerated identification of instances
where connectors are used in safety systems and the determination

of the adequacy of qualification of such connectors. This is the
course of action taken by the ttaff starting on November 8, 1977,

The results of this effort and additional staff plans for future

rrr

action are discussed in Section [11.B and Appendix B of this report.

“{c) The Commission shall direct the Staff to independently
verify the environmental qualification of all safety-
related systems, components and structures."”

RESPONSE
To the extent that ihis request proposes that the NRC undertake

the environmental qualification test work we do not agree. That

is a responsibility of licensees.

The Staff has been investigating the development and evaluation of
qualification test procedures, test methods and test results with
regard to environmental gualification of safety-related equipment
since before 1968, The Staff's concerns and recommendations

have been reflected in both the 1968 and 1971 versions of

IEEE Std. 279-1971, “"Criteria for Protection Systems for Nuclear
Power Generating Stations," and the 1971 and 1974 versions of

IEEE Std. 323, "Standard for Qualifying Class lE Equipment for
Nuclear Power Plants.” The Staff further undertook the Sandia
Qualification Test Program as a logical extension of its standards
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“(d)

A1l Licensing and Appeal Boards should immediately be
notified that no further construction permits or operating
licenses can be issued until such time as Applicants can
demonstrate compliance with the applicable regulations,
including specifically General Design Criteria 3 and 4
of Appendix A to 1C CFR Part 50, 10 CFR  50,55a(h), and
the single failure criterion of Appendix A to 10 CFR
Part 50."

RESPONSE
For the reasons discussed at length in Section 11 A of this
report, we believe that all suth facilities have adequate
programs for impiementation of fire pretection to satisfy
the requirements of the GDC-3, Starting in 1978, the staff
willassure that fire protection program reviews conducted
in accordance with current guidance in the Standard Review

Plan are completed before operating iicenses are issuc<,

We believe that present requirements for environmental quali-
fications satisfy the requirements of GDC-4. In any instance

in which items or compenents are identified for which sufficient
basis can not be demonstrated to assure qualification, such
information will be brought to the attention of any licensing
board that may be considering an application for such

facility. This would be rare in construction permic cases,
since the details of final system designs and environmental
qualification programs are not usually a part of a con-

struction permit application.
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“(e)

211 holders of construction permits shall immediately be
notified to cease all construction activities involving the
connectors identified as defective and all activities
relating to electrical cables.”

RESPONSE
A1l holders of construction permits were directed by I&E bulletins
77-05 and 77-0%a to (1) identify all connectors utilized in safety
systems waich are required to function to mitigate an accident where
the accident itself could adversely affect the abilfty of the
system to perform its safety function, amd (2) indicate the status Jf

the qualification of such connectors,

In any instance in which unqralified or inadequately qualified com-
ponents are identified, the Staff will take appropriate action to assure
that r.alified components are provided before operating licenses are

issued.

Similarly, as indicated in Section IIl A, starting in 1978 fire
protection reviews ‘n accordance with the current guidance of the
Standard Review Plan will be completed before operating licenses
are issued. A1l present holders of construction permits have
been notified of the requirement to assure that any application
for an operating li~ense includes specific consideration of

fire protection in accordance with that guidance.

<Iis




ll(f)

A1l operating reactors shall immediately be ordered to shut

down untii such time as the operators can demonstrate compliance
with the applicable regulations, including specifically

General Design Criteria 3 and 4 of Appendix A to 10 CFR Part

50, 10 CFR 5U.55(h), and the single failure criterion of
Appendix A to 10 CFR Part 50."

RESPONSE
As discussed in detail in Section II1 A, with the additional
improvements of fire safety made in operating plants since the
Browns Ferry fire and with the current program for the review
and implementation of current guidance for operating plants,

trose plants can continue to operate safely.

The overall fire protection programs in such plants provide
adequate implementation of the goals of GDC-3, until full implemen-

tation of the new guidance can be completed for these plants.

As discussed in Section I11 B, the Staff has already undertaken a
review of the qualifications of connectors and penetrations to
determine the adequacy of environmental qualification of thise
items. In general, equipment qualification has eventually

been demonstrated, despite some early inadequacies in informa-
tion supporting such qualification. The Staff has, where
appropriate, taken prompt action to obtain proper qualification

or replacement of unqualified items.

Section 1118 and Appendix B also discuss the staff program for

future actions concerning environmental qualification of other

-12-



safety-related electrical components. During this program, the Staff
will assure that prompt appropriate action is taken in the e¢vent that

items of doubtful qualification are identified.

The single failure criterion requirements of Appendix A to 10 CFR

Part 50 and 50.55a(h) applicable to fire p-otection and environe

mental qualification requirements do not establish a set of design basis
events. Rather, theyestablish standards for design and performance

of electrical systems to assure that such systems are capable of
performing as required, The staff reviews discussed in detail in
Section 111 show that plants meet the reguirements and that the

sandia tests do not bear upon consideration of “cingle failure"
roquirements, but rather upon the basic question of conformance

with overall design goals.

The staff concludes that no additional Commission action is required

with respect to these matters.
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SAFETY CONSIDERATIONS

A.

Fire Protection in Nuclear Power Plants

1.

NRC Fire Protection Requirements

The Commission's basic requirements for fire protection for

nuclear power plants are set forth in General Design Criterion

(GDC) 3. Prior to October, 1972, the Staff had not developed
guidelinez for implementing GDC 3. Determinations of the adequacy
of fire protection were made on a case-by-case basis in the review
of individual applications. Subsequently the Staff provided
guidance for implementing GOC 3 in Section 9.5.1 of the October,

1972 issue of the "Standard Format and Content of Safety Analysis
Reports for Nuclear Power Plants" and in the initial issue (September
1975) of the Standard Review Plan, Section 9.5.1. This guidance

was general in nature, and did not provide acceptance criteria

for fire protection programs and systems for specific safety-
related areas in nuclear power plants. Overall fire protection
acceptance criteria referred, 12 a general manner, to industry
standards, such as those of the National Fire Protection Association,
Underwriters Laboratories, and the National Electrical Manufacturers

Association,

Following the fire at the Browns Ferry Nuclear Power Station on
March 22, 1975, the Nuclear Regulatory Commission established a
Special Review Group to identify the lessons learned from thie
event and to make recommendations concerning fire protection at
nuclear power plants in 1ight of these lessons. The results of
this study were published in NUREG-0050, “Recommendations Related
to the Browns Ferry Fire," February 1976.
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2.

The Special Review Group recommended improvements in four broad
categories: (1) guidance to applicants and licensees; (2) evaluation,
inspection, and enforcement procedures; and (3) the fire protection
programs at licensed facilities; and (4) local governments'emergency
procedures. To implement these recommendztions, the NRC established
an agency wide action plan called the Fire Protection Action Plan
which involves the major program offices, i.e., Nuclear Reactor
Regulation, Inspection and Enforcement, Standards Development,

Nuclear Regulatory Research, Nuclear Materials Safety and Safeguards,
and State Programs., Brookhaven National Laboratory and Sandia National
Laboratory have been engaged to provide technical assistance to this
program. This action plan brings all NRC activities regarding the
implementation of the Review Group's recommendations together into a
single integrated plan. NRC management periodically reviews the
progress of this program via the Status Summary Report for the Fire
Protection Action Plan and monthly reports to the Commission regarding
MBO VII. In May 1976, as part of this plan, the NRC Staff revised
section 9.5.1 of the Standard Review Plan to issue new fire protection

guidelines for the implementation of GDC 3.

NRC Fire Protection Actions Following Browns Ferry Fire

The following is a summary of actions taken by the NRC as a result of

the Browns Ferry fire:

-15.



(a) Promptly after the fire, the Office of Inspection & Enforcement
sent special bulletins to all licensees of operating power reactors
on March 24, 1975 and Apri) 3, 1975 directing certain controls over
ignition sources, a review of procedures for controiling plant
maintenance and modifications that might affect safety, a review of
emergency procedures for alternate shutdown and cooling methods, and
a review of flammability of materials used in floor and wall pene-
tration seals., Some of the changes and improvements at operating

plants whch have come about as a result of these bulletins are:

(1) modifications of work procedures to assure consideration
of the safety significance of electrical cables and piping

in the work area;

(2) incorporation of the control of combustible materials
into plant procedures;

(3) dmproved plant procedures for the control of ignition
sources;

(4) development of new procedures and guidelines covering
the use of water on electrical cable;

(5) study and development of procedures for a variety of
means to provide decay heat removal;

(6) addition, upgrading and repair of cable penetration
firestops; and

(7) addition of fire suppression equipment.

«16-



(b) Promptly after the fire, special inspections by the NRC Office
of Inspection and Enforcement were completed at all operating

power reactors in April and May 1975 covering the installation of
fire stops on electrical cables and penetration seals., Inspection
findings which reflected noncompliance with current NRC requirements
resulted in requiring corrective action by licensees. Follow-up
inspections have confirmed that licensees took required corrective

actions and that administrative control procedures were in place.

(¢) More detailed procedures for inspection of fire prevention

and protection measures have been incorporated in the NRC Operating
Reactor Inspection Program, Since September 9, 1975 the Office of
Inspection and Enforcement has been conducting Jetailed annual
inspections of licensees' fire protection programs as one of the
routine I1&E inspection modules. Additionally, a plant tour

is conducted quarterly, during which the inspector looks for
conditions that might contribute to fires. These inspec-

tions include review of fire insurance inspection reports.

(d) Partly in response to the Browns Ferry fire, quality assurance
inspection procedures have been improved steadily over those in
effect at the time of preoperational QA ins;.ctions of Browns

Ferry Units 1 and 2, Specifically in response td the rire,
inspection procedures for plants under construction and in the
preoperational testing phase were revised to include increased
focus on verifying conformance with regulatioas on installation of
electrical cables and penetration seals.
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3.

Committee to direct and coordinate standards improvements,

The NRC Staff has prepared an outline of possible additional
or impreved stancards needed to provide supplemental
guidance for implementing the Staff's fire protection
guidelines set forth in the Standard Review Plan. The
Brookhaven National Laboratory is nrovidirg techhical

support to the NRC staff in this effort.

(h) Sandia Laboratory is conducting NRC-sponsored research
to investigate standards for electrical cable separation

at nuclear plants, and, in addition, has augmented its

fire protection research program to include such areas

as the effect of exposure fires, testing of the effects

of cable tray separation, and testing of electrical

cables in conduits and with fire barriers., High

priority has been placed on the testing of fire retardant
coating materials for cables. Future programs will include
upgrading of flame tests for individual cables; evaluation
of cable fire propagation characteristics of aged cables
and coating materials; evaluation of early warning fire
detection systems; and evaluation of fire extinguishing
mechanisins,

NRC Fire Protection Guidelines Since Browns Ferry Fire

As indicated above, in May 1976, NRC issued new fire
protection guidelines for nuclear power plants. These
guidelines are largely based on *the lessons learned

from the Browns Ferry fire and recommendations from
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NUREG-0050 and the NELPIA and the Factory Mutual System,
The guidelines for construction permit applications
docketed after July 1, 1976 are contained in Standard
Review Plan Jection 9.5, dated May 1, 1976, These
guidelines were also issued for public comment as
Regulatory Guide 1,120 1n June 1976, and a revision to the
Guide was reissued for comment in November 1977,

Anong the more significant features ot the guidelines in
Standard Review Plan Branch Technical Position 9.5-1 are:

(1) early involvement and assigned responsibility of
upper licensee management in the fire protection program
throughout vlant 11}0. and a management system for imple-
menting fire protection administrative controls, quality
assurance measures, fire brigade training and fire

protection system testing and maintenance;

(2) early coordination of plant building and systems
design and layout with fire protectica requirements,
more effective separation and isolation--dy use of
fire barriers--of redundant safety systems, guidance
on acceptabie fire resistant building and system

construction materials; and

(3) specific NRC guidance for each major safety
related plant area with respect to acceptable fire
detection and suppression, fire barrier separation

and fire protection support requirements for ventila-

tion, emergency lighting and communication.







were docketed prior to July 1, 1976, Although the guidelines of

the Branch Technical Position provide preferred guidance for fire
protection programs, alternative fire protection guide'ines are
fdentified in the Appendix, The alternatives apply for areas where,
depending on the construction or operational status of a given plant,
application of the guidelines could have significant impact, e.g.,
where the building and system designs are already complete and con-
struction 1s in progress, or where the plant is in operation. These
alternative guidelines are intended to provide adecuate and acceptable

fire protection consistent with safe plant shutdown requirements.

As is true with all Staff regulatory guides (as distinguished from
Commission regulaticns), alternatives may be proposed by applicants and
1icensees. These alternatives are evaluated by the NRC staff on a
case-by-case basis where such departures are justified. Among the
alternatives that may be considered is the provision of a “"dedicated"
system or alternative method for assuring continued safe shutdown of
the plant in the event of a fire. This dedicated system must be
completely independent of other plant systems, including the power
source; however, for fire protection, it may not be necessary for the
system to be designed to seismic Category I criteria or meet single
fatlure criteria because it serves only as a system of last resort
when other safety systems have failed. Manual fire fighting capabilfity
to protect other safety-related systems is stil] required even when

the dedicated system alternate is chosen.



Regulatory Guide 1,120 was fssued for public comment in June 1976, It
was revised and issued again for public comment on November 7, 1977,
clarifying areas addressed in the public comments. The Standard

Review Plan Section 9.5,1 1s being modified again, to be consistent
with Revision 1 to Regulatory Guide 1,120, Among the more significant
technical changes in the revised Guide are improved guidance on
evaluating postulated fires as part of fire hazards analysis required
far each plant; improved guidance on applying the single failure
criterion ( for both active and passive components) to the fire suppres-
sion systems; and improved guidance for fire protection of cable

trays outside cable spreading rooms.

Pla. * Fire Protection Staff Evaluation Program

when the “ew fire protection guidelines were promulgated in May 1976,
all licensees were requested to compare their fire protectiun programs
with the new guidelines and to propose modifications for compliance,
or to justify non.compliance. As information came in from operating
reactors additional guidelines were developed for specific areas

of concern and additiona)l information was requested from icensees,
including requests to provide fire hazards analyses and Technical
Specifications for fire protection systems, These analyses were to
pe performed by persons expert in nuclear safety and fire protection,
to consider the consequences of a postulated fire in each plant area,
to consider electrical cable insulation as combustible material, and
to consider the effects of the loss of cables due to a fire when

redundant cables are routed in close proximity to one another.

3.



The 1icensees began submitting their comparisons with the rew guide-
Tines in July 1976, and the staff reviews of these reports are con-
tinuing. As of November 7, 1977, the guideline comparisons, the fire
hazards analyses and the proposed Technical Specifications had been
received from licensees for all but one operating power plant.* The
staff has established multi-disciplinary review teams with expertise
in nuclear safety, fire protection, and fire fighting., A team visits
each plant to review the compiete fire protection program. During
this visit, the team considers the qualifications of site personnel
responsible for fire protection and suppression, unique situations
that may hinder manual fire fighting, and arrangements for supple-

menting the fire brigade.

The staff evaluates the plant features related to fire protection, as
well as the analysis of consequences of a postulated fire in each area
of the plant designated as a fire area. We assume that any combustibles
may burn and estimate the effects of an unmitigated fire on safety and
on the capability for safe shutdown. We evaluate the various alterna-
tives proposed by licensees on & case-by-case basis. Boefuso the
primary objective of our action plan is to improve fire protection at
nuclear power plants, our objectives and acceptance criteria are
designed to reduce the probability that a major fire will occur in any
plant and to increase each plant's capability to achieve and maintain

a safe shutdown condition should 2 fire occur.

«Arkansas | has indicated that some additional information
will be submitted in Februaryl978.
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In addition to the fire protection review of individual plants,
teams also conduct generic studies of fire protection prob-
lems, and guideli~~s, These generic studies have considered
several areas of . ncern in the conduct of fire hazards analyses.
For example, we have compared data obtained from several

fire testing methods withr fire damage experienced in actual
fires to estimate how such test data can be used in predicting
fire damage, We have made our own estimates of design basis
fire conditions in postulated configurations that are
representative of certain areas of licensed facilities. We
have studied the data available on oil fires in power plants
to estimate the magnitude of such hazards. We have collected
data appropriate for estimating the size of fires that may

be associated with selected combustible configurations found

ir. 1icensed facilities.
It 1s against this background of staff effort to assure

adequate fire protection in nuclear power plants that the

Sandia tests can be placed in proper perspective,
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sandia Fire Protection Research Program

a. Cable Tray Fires - Test Descriptions

The cable tray fire tests referenced in the UCS petition
were 3 serfes of tests conducted as part of the NRC

Fire Protection Research Program. The purpose of this
program is to provide a data base to be used in evaluat-
fng design standards and regulatory guides for fire pro-
tection and control., The particular tests discussed in
the UCS petition were performed to study the effect of

electrical cable tray spacing on fire propagation,

ine tests were conducted in a building 60 ft long, 19 ft
high, and 24 ft wide, simulating an open plant configura-
tion where the effects of reflected heat from walls and
ceiling are minimized, Fully loaded (40% volume fi11),
horizontally oriented, steel ladder cable trays eighteen
fnches wide were used, Cables meeting the flame retardant

standards of [EEE 383-74 were used in al)l of the tests.
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Fire propagation tests were first conducted b, initiating

the fire with simulated electrical overloads and short circuits
in a single tray. Cabie tray spacing was varifed from 5 ft
vertical and 3 ft horizontal separation to 10.5 in. vertical
and 8 in, horizontal separation with no propagation or cable

damage in any tray, except the ignition (donor) tray.

The next phase of propagation tests investigated the
resistance to fire propagation in fourteen closely packed
horizontal cable trays (2 rows - 7 trays high) identical

to the cable trays described above. The fourteen cable
trays were arranged in two stacks with each tray spaced

10.5 in, vertically with 8 in, norizontal separation between
stacks. These cable trays simulatad a single fully stacked
safety division. Three additional identical and fully loaded
cable trays, representing a redundant safety division, were
arranged with one located 5 ft above the 14-tray stacked
safety division, the second lTocated 3 ft to the side, and
the third located 5 ft above the second, The vertical and
horizontal separation distances between safety divigsions
correspond to those 1isted in Regulatory Guide 1.75 for open
plant areas. Propagation tests were conducted using the
electrical iritiation method employed in the previous tests
and there was no propagation or cable damage in any tray

except the ignition (donor) tray.
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The next series of tests conducted on July 6, 1977 utilized

an exposure fire to study the current regulatory position

that calls for consideration of exposure fires in design

of fire protection systems. The tests did not include the

use of any fire suppression system, nor were they designed

to determine the effectiveness of such a system. Since

there 1s no single exposure fire that could be considered
typical, the objective of the test was to develop the severest
fire possible in an ignition (donor) tray without the ignition
source 1tself influencing any of the adjacent cable trays.

For the type of cable utilized, experiments showed that a
fully developed cable tray fire (in terms of near maximum
cable bundle and flame temperatures) could be obtained if

the cable tray fire involved an area of cable about 18 in.

by 36 in, and that two 70,000 Btu/hr capacity burners placed
beneath the cable tray would usually produce such a fully
developed cable tray fire. It was also determined that at
least five minutes were required before the near maximum
steady state cable bundle and flame temperatures were reached.
Therefore, an insulation barrier was placed ahbove the ignition
| donor) tray that kept the temperature rise in the adjacent
trays negligible while the fire in the fgnition tray was brought

to the fully developed state.



After the predetermined time of five minutes, the burners were shut

off and the insulating barrier removed. In this manner, cable

tray propagaticn could be studied for a fully developed cable

tray fire started by an exposure fire without the exposure fire

ftsel f burning or contributing to the propagation from tray to

tray. Two tes*ts were conducted. In the first test a fully developed
cable tray fire in the fgnition tray was not obtained. After deter-
mining that the temperature rise in the adjacent cable trays was

still negligible, the insulating fire barrier was réplaced above the
donor tray and the cable in the ignition tray was repositioned to

allow for a more optimum air fuel mixture to support combustion. The
testing to date indicates that the most important factor in determin-
ing 1f a cable tray fire will develop 15 the spacing between cables.

In both exposure fire tests, optimum spacing with a random fi1l1

pattern was sought. Usually in power plant cable trays the cables

are in a more uniform pattern, making it more difficult to start a fire,
After repositioning the cable for a second test, the propane burners were
reignited with the insulating fire barrier in place. After five minutes,
the burners were turned off and the insulating fire barrier removed.
This second test resulted in a fully developed fire in the ignition

tray with subsequent propagation to the tray above it in about ten
minutes. Propagation proceeded up to the two seven tray stacks and
caused ignition of the simulated redundant safety division above

this stacked safety division in about twenty-five minutes. Five
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b.

minutes later, the supportstructure collapsed and the test was
terminated. Ignition of the simulated redundant safety division
five feet above the safety division was verified prior to
termination of the test. Before terminating the test, no
attempt was made to extinguish the fire. After terminating

the test, complete suppression of the fire required 75 gallons
of water and was accomplished in 15 minutes. It should be
pointed out that the ignition tray fire burned out

shortly after the fire propagated to the tray above.

fven with allowances for the fuel consumed in the fgnition
tray for the first test, it would appear that a fire

barrier with a relatively low rating (about 15 minutes) would
have preventud the fire propagation. Again, 1t should te
emphasized that no suppression systems such as barriers,

coatings, or sprinklers were in use.,

Role of Cable Flame Retardancy and Safety Division Physical
Separation Requirements in Plant f ire Protection

The UCS Petition of Movember 4, 1977 (page 5) alleges that
the Sandia cable fire tests demonstrate that the cable flame

retardancy provisions of IEEE-383 and the physical separation
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provisions of Regulatory Guide 1.75 and IEEE-384 are not

effective in minimizing the effects of fires. In his Supplemental
Affidavit submitted by the UCS letter of November 10, 1977

Mr, Pollard states his belief (page 3) that the cable flame
retardancy and separation standards are not adequate, even when
used together with other fire detection and suppression

standards (such as those of Regulatory Guide 1.120) as part

of the defense-in-depth principle.*

Simply ctated, the Staff disagrees with these allezations and
Mr, Pollard's second supniemental a1ffidavit, dated November 17,
1977, As we indicated in our repo- . of November 9, 1977

(pp. 6-7), the Sandia tests confirmed the Staff position

taken since the Browns Ferry fire; namely, that the Regulatory
(wide 1.75 and IEEE-383 requiremerts, by themselves, are not
sufficient to protect ayainst exposure fires. Thus, additional
fire protection measures are required by NRC. (hese additional
measures include fire barriers between redundant safety
division cable trays; fire retardant coatings on cabling;
automatic fire detection systems; automatic fire extinguishing
systems, such as sprinklers in plant :reas of high cable
density; backup fi=e suppression capability (fire hoses and
portable extinguishers); administrative procedures and con-
trols to minimize fire razaras due to poor housekeeping or to
plant maintenance activities; and fire brigade training and

drills to assure adequate response to fire emergencies.

* 1t is unclear whether this rerains the position of UCS in 1ight of
Mr. Pollard's oral presentation concerning the adequacy of current
NRC fire protection guideiines to the Commission on December 8, 1977,




6.

As we indicated in enclosure 1 of the Staff report of November 22, 1977
(pp. 2-7), additional fire protection measures contained in Branch Technical
Position 9.5-1 and 1ts Appendix A, and in Regulatory Guide 1.120 do not
suggest that no protection is afforded by use of the IEEE-383 and Regulatory
Guide 1.75 guidance, Rather, they serve to supplement and diversify pro-
tection against exposure fires, and to provide ample margin for assuring a

high degree of fire protection safety at nuclear plants,

Basis for Continuation of Plant Operation and Licensing

The staff has previously indicated {ts basis for the continued opers’ ion of
Ticensed plants pending completion of the full impizmentation of our curreni
fire protection guidance in the November 9, 1977 report (pp. 8-9) and the
November 22, 1977 report (pp. 12-18)., This basis includes, 1) the actions
taken as a result of the I&E inspections and subsequent follow-up actions by
Ticensees; 2) the conclusion of the Browns Ferry Fire Special Review

Group Report (NUREG-0050) that the probability of fires of a large and
disruptive nature of the magnitude of the Browns Ferry fire is small and
that "there is no need to restrict operation of nuclear puwer plants for
public safety”, and ) improvements made since that time by licensees

in fire prevention measures and fire brigade capability and training that
have been notec in the plants visited to date and are expected to exist in

the remaining plants, which further reduce the probability and consequences

of fires,
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fires are postulated and the effect of postulated fire damage on the
capability to achieve and maintain safe shutdown is assessed, The goal
of this evaluation is to determine whether there is reasonable
assyrance that at least one method of achieving and maintaining safe
shutduwn 14 independent of the influence of the postulated fires.

Where such assurance can not be shown, the staff requires modifications

to achieve that goal.

In areas of plants containing safety-related equipment, the pro-
cedyres for strict control of combustible and potential fgnition
sources and the ability to detect and mitigate fires by suppression
are being evaluated, The evaluations to date show that in most fire
areas only one safety system may be affected by an unmitigated fire.
They also show that in a few fire areas, such fires may affect cables
of either division of redundant systems, cables of both divisions of
some redundant safety systems, or cables of 3l1 systems used to
achieve safe shutdown conditions. Mitigated fires in the same fire
aress may affect, at most, a single division of safety systems.

In those few instances where a fire could sti1l affect the cables of
all systems used to achieve safe shutdown, an alternative shutdown

method may be required, as explained above.

Wwhile our evaluations are ongoing, the continued operation of plants
is acceptable since the probability of a fire which would

threaten public health and safety is low as concluded in the Browns
Ferry Special Review Group Report (November 9, 1977 Report,

p. 8). In addition, as shown in the instance of the fire at
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Browns Ferry, time {s available for manual actions and emergency

modifications to restore the cooling system,

Moreover, there has been substantial progress since the Browns Ferry

fire in reducing the potential for severe damaging fires including:

a. strict administrative controls over the handling and
storage of combustibles and ignition sources in areas

that contain safety-related systems,

b, modifications which have been and continue to be made
to provide fire retarding, fire detection, and fire

fighting capability;

c. operating procedures that have been developed by licensees to

assure safe shutdown in the event of a fire; and

d. the additional modifications now being made to the operat-
ing plants to decrease the severity of a fire an” increase

the plant's capability to cope with an unmitigated fire.

In addition, Interim Fire Protection Technical Specifications
have already been proposed for all operating plants, We
expect them to be in effect shortly., Thete “nterim Technical
Specifications will cover the availebility of existing fire
protection systems and administrative controls, including
fire brigade strength and training, and control of com-

bustibles and ignition sources.
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Consequently, tor continued operation of operating plants
tne risk to public health and safety is acceptably Tow,

and suspension of operation s not required.

For plants currently under licensing review, and for those
plants now under construction, the staff fire protection
reviews based on the guidelines of BTP 9.5-1 and Appendix A
thereto, will be complete before operating licenses for
such plants are issued, starting in 1978, and implementation
schedyles wil)l be specified for any fire protection improve-

ments that may be required,

Public Comments on UCS Petition Relative to Fire Protection

On Novesber 11, 1977, the Commission published a notice in the
Federal Register (42 FR 58803) solfciting the views of
1{censees and the public with respect to the UCS petition,
and requesting comments by Ncvember 28, 1977, To date,
forty-four responses have been received, A 1ist of those
responding 1s provided as Appendix C. None of the responses
fdentified any new safety information that had not already
reen covered by the UCS petition and the subsequent supple-
mental affidavits of Mr, Pollard ur not previously considercd
by the staff. Our review of the comments presented in these
submittals indicates: a) twenty-four responses recommend

denfal of the petition, of these one 1s from an architect-




engineering firm, one 15 from a state agency, and the remainder
are from utilities with nuclear power plants or law firms
representing such utilities; b) fourteen responses recommend

that *ne petition be granted; of these, nine are trom environ-
mental or public interest organizations and six are from

arivate (itizens; and ¢) five respanses contain general state-
mercs ov @ request for additional t¥ : to prepare further comments
without anaccompanying recommendztion on the petition. The bases
presentea in these public comments to support the recommendations
they contain range in scope from a single statement and conclusion
to a detailed discussion of the Sandia tests, with resulting

positions as to their applicability to nuclear power plants,

The staff has reviewed the public comments. Specific comments
pertaining to fire protection and the Sandia fire tests

generally fell into four categories.

1) Discussion of what the tests demonstrated regarding cable
separation and flammability criteria and the adequacy of

such criteria.

2) Comparison of the test conditions with actual nuclear power
plant conditions, cable tray arrangements, and credible

fire sources.

3) Defense-in-depth in fire protection; degree of protection
at each level, other fire protection capability in addition

to cable separation and flammability limits.
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4)

The

1)

Adequacy of NRC fire protection program; evaluation of
operating plants under construction, current NRC fire

protection guidance.
comments in each of these categories are discussed below,
Cable Separation and Flammability Criteria

Fourteen utilities commented on the NRC cable separation and
flammability criteria as related to the Sandia Test results.
Basfcally, 1t was stated that: exposure fires were not con-
sidered to be a credible event; the Sandia test fire because
of 1ts severity, was not representative of any exposure fire
expected to occur fn a nuclear plant cable area; and the

IEEE-384 separation criteria used in the Sandia test were

valid with respect to internal [electrical) fires only,

Previous staff comments on these points are contained un page
16 to the Staff report of November 9, 1977 and on pages 3,

4 and 7 of enclosure 1 and pages 22-23 of enclosurs 2 to

the Staff report of November 22, 1977, Briefly stated,
exposure fires are considered by the staff to be a low
probability, yet credible, event and they are presumed in
fire protection reviews. The exposure fire assumption is
specifically stated in the fire hazard analysis section of

Reg Guide 1.120. In any event, as stressed on page 3 of

L



Enclosure 1 of the staff report of Novemper 22, 1977, compliance with
Regulatory Guide 1.75 (IEEE-384) and IEEE-383 alone are not sufficient
to protect against fires, Additional fire protection measures are

required as identified and discussed in this report,

The severity of the Sandfa fire test {s addressed in this report and
in pages 22-23 of the staff report of November 22, 1977, in which the
staff concluded that Sandia test configuration is considered to be a
conservative but not “worst case" representation of high cable

concentrations at plants applying Regulatory Guide 1.75,

Several utilities stated that IEEE-383 was a good standard for
performing a relative "screening” of cables for fire hazard <lassi-
fication and served to eliminate undesirable cables., The NRC staff
concurs with this comment on [EEE-383. Footnote 2 on page 6 of Stafy
report of November 9, 1977 points out that Regulatory Guides 1.120
and 1,131 state that cables passing the IEEE-383 test provisions are
not exenpt from additional fire protection measures or considered to

be qualified for any installed cable systein configuration,
2) Actual Plant Conditions vs Test Conditions

Several utilities identified actual conditions in their plants
that tend to prevent fires or mitigate the conseguences of cable
fires compared to the Sandia test conditions. These conditions

include the “ollowing:
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b.

d.

Administrative controls on the handling and storage
of combustibles and fgnition sources are such that the
conditions required to produce an exposure fire in an

area of high cable concentration are unlikely,

The circuit protection and capacity of electrical cables
are such that occurrence of conditions required to
electrically inftiate a fire in cable concentrations is

unlikely.

The test fire was more severe than the exposure fire
that might result from a failure of the administrative

controls on combustibles and ignition sources.

If a fire occurs in an area of high cable concentration,
existing fire detection and suppression methods would

mitigate the consequences ¢ such a fire.

If a fire occurs in areas of high cable concentrations, the
propagation of such a fire would be significantly reduced
becanuse of a variety of plant specific features, including:
(1) cable configurations within trays significantly
different from the test configurations; (2) cable trays
covered by steel covers or bottoms, flame retardant coat-
ings, or mineral wool blankets; (3) less cable tray fill;
(4) less air space between cables; (5) signiricantly
different cable types; (6) steel cable trav supports,
rather than aluminum, preventing change in geometry

due to collapse of supports; and (7) fire barriers separat-

ing redundant divisions,




f. The results of the tests are consistent with the assump-
tions utilized by NRC in formulating currently appli-

cable fire protection requirements,

The staff agrees with the above comments except for c., e.3 and e.4,
For these comments, the staff notes that, while proper plant admini-
strative controls reduce the probability of exposure fires and any
such fire that might occur would 1ikely be less severe than the
Sandia exposure test fire, 1t is appropriately conservative to
consider exposure fires in the plant fire hazards analysis because
they cannot he discounted. The cable tray volume percent fill

and air space between cables varies significantly within a plant and
from plant to plant; therefore, the Sandia test is reasonably represen

tative of some plant cable installations.

3) Defense-in-Depth
Thirteen respondents to the UCS petition have commented on the
MRC concept of defense-in-depth. The comments fall into three

categories.

a. The respondents disagree with the UCS interpretation that
each level of defense-in-depth must stand alone and be
“complete." The respondents agree that each level must
be strong, but they do not agree that each level need
(or even can) be perfect. For instance, to absolutely
prevent fires, all combustible materials and possible
fgnition source. would have to be eliminated - a condition
that is not possible in the real world,
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b. The respondents state that use of physical separation and
flame retardant cables are not the only methods available or
used for controlling fire aamage and assuring capability

for safe shutdown of the plant.

¢. The respondents state that installed automatic and manual
fire detection and suppression capability is adequate to
control and extinguish cable fires that may reasonably be

expected in a nuclear power plant,

The staff addressed item a above on pages 6-8 of Enclosure 1 of the
Staff report of November 22, 1977, The Staff position remains
unchanged. To reiterate and emphasize that position, we quote the
second paragraph of the discussion of defense-in-depth from

Regulatory Guide 1.120 - Fire Protection Guidelines for Nuclear

Power Plants namely, “No one of these echelons can be perfect

or complete by 1tself, Strengthening any one can compensate in
some measure for weaknesses, known, or unknown, in the others."”
This clearly indicates that defense-in-depth is achieved by an

adequate balance between three defense levels.

The staff has already responded to item b i1n the staff response
regarding cable separation and flammability criteria above.
Regulatory Guide 1.120 clearly states that compliance with
Regulatory Guide 1.75 (IEEE 384) ard Regulatory Guide 1,131
"1EEE 383) alone are not sufficient to protect against fire,

aiditional fire protection measures are required,
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4)

With respect to 1tem ¢, the staff agreees that .he fire detec-
tion and suppression capability presently available in
operating nuclear power plants is adequaie to assure safe

plant shutdown in the event of fires that may be reasonably
expected in nuclear power plants, However, further improve-
ments of the fire protection program may be necessary as
determined by the continuing fire protection evaluation program

for operating plants described in Section I111.A.4 above.

NRC Fire Protection Program

a. Several comments were received from organizations recommend-
ing that operating reactors be shut down until full com-
pliance with L2 regulations had been demonstrated., A
nuaber of licensees cummented that they had upgraded tho
fire protection measures in their plants since the
Browns Ferry fire and were taking additional actions
to comply with the NRC Staff's review of operating
plants. Other organizations commented that the NRC
Staff has already initiated a systematic review of fire
protection at operating plants and that this review is pro-

ceeding in a sufficient and timely manner.
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b. Regarding plants under construction, or under review for
construction peraits, comments were received recommending
that constryction and ' censing activities be suspended
until new guidelines incorporating the results of the
Sandia tests were developed and applicants had demonstrated
complfance with those guidelines. A number of commentators
safd that the current NRC staff guidance was adequate and
the evaluation of plants in the 1icensing process was
proceeding in a timely manner. Several applicants commented
that they had submitted their fire protection evaluations to
the staff and would incorporate additionai fire protection

measures, as necessary, prior to operation of their plants.

t. Several organizations comnented that current staff guidance
(Branch Technical Position 9.5-1 and Regulatory Guide 1.120)
required fire barrier separation of redundant cable divisions,
Other comnents stated that the Branch Technical Position
and the Regulatory Guide contained adequate guidance for

separation and defense-in-depth.

The staff position on the fire protection for plants in operation
and under construction (respongss to {tems a and b above) is

treated in Section [I1.A.6 of this report.
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For f1tem ¢, the staff agrees. Branch Technical Position

9,.5<1 and Regulatory Guide 1,120 present guidelines for a fire
protection program acceptable to the NRC Staff for new plants.
Appendix A to Branch Technical Position 9.5-1 presents fire
prutection program guidance for operating reactors and

plants under construction. The conteni and adequacy of

this current staff guidance are summarized and discussed in
detail in Sectfon 111,A.3 of this ieport.
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B. alification of Connectors, Penetrations, and Other
Eiecgrica1 { quipment Required for Safe

1. Introduction

The UCS petition and Supplemental Affidavits* allege that

the results of tests of electrical connectors at Sandia
and the electrical veretration failures that occurred at
Millstone Unit 2, indicate (1) a generic applicability

to other similar electrical equipment and (2) doubt as

to whether the quality a4ssurance Jocumentation audit con-
ducted by the staff is effective for these components and

other similar equipment.

The staff discussion that follows provides a summary of

staff actions regarding electrical comnectors and electrical
penetrations, and discusses the gualification of other

similar electrical equipment. Public comments on the environ-
mental qualification aspects of the UCS petition are dis-
cussed at the end of Section III.

*The staff in its recent actions has gone beyond the concerns initially
expressed in the UCS petition with connectors and penetration assemblies
required to function in the LOCA environment This expansion of the scope of
interest had several facets: IE Bulletin 77-05A required licensees to look
at all connectors in safety-related systems required to function in the
environment of any accident they are designed to mitigate; IE Bulletin 77-06
required lTiconsees to examine the qualifications of electrical penetrations in
addition to considering the implications of the Millstone failures; and the
NRR staff has addressed the state of knowledae of environmental quaiifications
of all safety-related electrical equipment.
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of specific safety-related equipment. One specific
objective is to look for synergistic effects, i.e.,
effects of simultaneous application of all environ-

mental parameters.

The Sandia program on component qualification testing
methednlogy involves testing in simulated LOCA environ-
ment, including combinations of steam, radiation, water,
high pressure and temperature, and chemical additives.
The equipment used in the tests was intended to be quali-
fied according to the IEEE-323 Standard* which describes
the basic principles, procedures, and methods of qualifi-

cation of Class 1E (i.e., safety grade) equipment.

The electrical connectors of interest in the petition
were selected for testing early in the program because
their physical size was such that they could be accom-
modated in the available test facility and not because
they were known to be used in nuclear power plant safety

systems,

* 1EEE Standard for Qualifying Class 1E Equipment for Nuclear Power
Generating Stations, endorsed by NRC Regulaiory Guide 1.89.
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Three suppliers of electrical connector assemblies were
contacted by Sandia and requested to provide LOCA-

qualified test specimens that could be accommc ated in
the test facility. The electrical connector assemblies
included qualified cables provided by Sandia that were

attached to the connectors by the suppliers.

Sequential and simultaneous tests involving radiation, aging
and LOCA thermodynamic conditions were conductad on a

total of twelve connector assemblies. The test procedures
called for a five-day aging cycle at 130°C to simulate a
40-year plant life followed by a 200 megarad exposure.

The environmental conditions of a postulated LOCA transient
were then simulated by raising the temperature and pressure
to 157°C and 70 psig, respectively. These conditions were
maintained for thrae hours with chemical zdditives and
saturated steam, After return to ambient conditions,

a second identical LOCA environment was simulated and main-
tained for an additional three hours. This second LOCA
transient was added for conservatism. The test continued
for 14 days after the seconu LOCA transient to simulate a

return to normal ambient conditions.
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The connectors under test were checked before and during

the test by making electrica] measurements that are indi-
cative of the ability of the connectors to perform in safety
system circuits. A1l twelve of the connectors tested failed
at some time during the test. Seven connectors failed early
in the first LOCA transient, but the other five .ontinued

to function through the first LOCA transient.

As a result of the electrical connector testsy 4t Sandia
Laboratory, the staff made preliminary efforts to determine the
extent of the use of connectors in safety systoms. Although it
was originally believed that electrical connectors were not
generally in use in safety systems inside containment, as a
result of discussions in mid-August between IE, NRR, and RES, IE
contacted Sandia, connector suppliers and reactor vendors in
September to obtain further information on the qualification of
the connectors used in the Sandia tests and their use in nuclear

power plant service.
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From these inquiries it was established that the con-
nector assemblies used in the Sandia tests had not been
properly qualifi~4 to IEEE Std. 323-1974 and that con-
sequently the failures of the Sandia test connectors did
not demonstrate a deficiency in the Staff's qualification
criteria. It was further concluded from these inquiries
that these connectors were not generally used in safety
systems required t. be environmentally qualified. Nonethe-
less, in October IE initiated the preparation of 3ulletin
77-05 "Electrical Connector Assemblias" to obtain documen-
ted information regarding connectors presently in use in
safety systems. The bulletin, issued on November 8, 1977,
diracted 1icensees and permit holders to provide informa-
tion on connectors used in safety related :ystems located
inside containment, subject to a LOCA environment, and
required to be operable during a LOCA. A supplemental
bulletin 77-05A, issued November 14, 1977, directed
licensees also to provide information on all connectors

in safety systems inside or outside containment, and requirrd
to function to mitigate an accident (not 1imited to
LOCA's) where the accident itself could adversely affect

the ability of the system to perform its safety function.

-53-



The UCS Petition was received on November 4, 1977, while Bulletin

77-05 was being prepared, After receipt of the UCS Petition, and

prior to the issuance of the Bulletin, the Staff initiated a
telephone survey to obtain early preliminary information from
architect-engineering firms and nuclear steam suppliers on the
extent to which connectors are being used in nuclear power plants,
the type of connectors in use, and the bases available to support
that, where necessary, the connectors had been qualified for an

accident environment.*

The results of the staff follow-up meetings with licensees
identified during the telephone survey as utilizing connectors
indicated that some licensees did not have complet> quality
assurance data immediately available. The Office of Inspection
and Enforcement has this matter under consideration and will take
whatever enforcement action may be indicated Jhena the review is

completed.

*The initial results of the telephone survey were reported to the
Commission in the Staff's November 9, 1977 report and discussed
further at the November 11, 1977 Commission meeting. Additional
information was reported to the Commission on November 18, 1977,
Hovember 22, 1977, November 25, 1977, December 6, 1977 and was

discussed at the December 8, 1977 Commission meeting.



In addition to the preliminary telephone survey, the
Staff has reviewed responses to Bulletins 77-05 and
77-05A, received from the licensees of the 65 operating

nuclear power plants,

Table B-1 summarizes actions taken and the current status of the
nineteen plants identified in the staff survey and in response to
the Bulletins as using connectors in safety-related systems inside
containments. Table B-1 is different from the table shown Dy the
staff at the December 8, 1977 briefing for the Comnission as a
result of additional information received from licensees in
response to the bulletins., All identified connectors that are
inside containment and required to function in the LOCA environment
nave be=n qualified as set forth in the Table. The responses to
the bulletins have confirmed the staff's understanding that
electrical connectors are also used in various safety-related
systems that are not required to function in a LOCA environ-

ment. The staff is continuing to review the responses as part of
‘ts review of the entire subject of electrical equipment gqualifica-

tion discussed in Appendix B to this report.
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PLANT
D. C. Cook 1

Browns Ferry 1, 2,
and 3

Nine Mile Point )

Oyster Creek

Maine Yankes

Surry 1, 2

Oconee 1, 2. 3

Hatch 1

Ft. St. Vrain

Pilgrim 1

Peach Bottom 2, 3

Palisadey

Connecticut Yankee

AND REQUTRE

TABLE B-1

ACTIONS TAKEN AND CURRENT STATUS OF 19 PLANTS
HAV ING SAFETY~EE[IY!% FLECTRICAL CONNECTORS INSIOE CONTAINMENT

INITIAL ACTION

December 15, 1977

Nov. 18 shutdown and con-
firmatory order

Nov, 18 letter

10-day response

Nov. 18 letter

10-day response

Nov. 23 letter
9-day response

Nov, 18 letter
1&E 77-08
Nov. 18 letter
14E 77-05
Nov. 18 letter
I&E 77-05

Nov., 18 letter
1&E 77-08

Nov. 18 letter
18€ 77-058
1&E 77-05
1&4E 77-05

I&E 77-05

IS8E 77-08

and

and

and

and

and

-

CURRENT CONNECTOR STATUS

Replaced with splices quali-
fied by tests--restart Dec, 2

Qualified by tests and analy-
sis--confirmatory tests ongecing

Qualified by analysis and com-
parison--confirmatory tests

ongoing

ualified by analysis and com-
parison--additional supporting
information requested

Partially Qualified--awaiting docu-
mentation of full qualification

iart1a11y Qualified--awaiting docu-
mentation of full qualification

Qualified by tests--awaiting
formal documentation

Qualified Sy tests--awaiting
formal documentation

Qualified by tests--awaiting
formal documentation

Qualified by tests--awaiting for-
mal documentation

Qualified by tests--awaiting
formal documentation

Identical to Oconee Connectors
--awaiting formal documentation

Four connectors-replaced by
terminal blocks inside qualified
Junction boxes



3. Electrical Penetrations

Although the Sandia tests did not involve electrical pene-

trations, the supplementary UCS affidavits of November 10, 1977

and November 17, 1977 questioned the qualification of penetrations on
the basis of the Sandia tests, and noted recent experience with

penetrations at Millstone Unit 2,

1E Bulletin 77-06 "Potential Problems with Containment £lectrical
J.netration Assemblies" was issued on November 22, 1977, Thatl
Wylletin was issued as the result of the electrical shorts that had
occurred in penetrations at the Millstone Unit 2 facility during
normal operation. The Bulletin required licensees of operating
reactors to provide oral and written ‘nformation regarding the

use and qualification of certain containment electrical penetration

assemblies.

The oral responses to the Bulletin on penetrations were reported
to the Commission on December €, 1977. Written responses to

IE Bulletin 77-06 have been received from all of the operating
light water reactors. (The bulletin was not issued to Ft. St.
Vrain, a gas cooled reactor, because it had earlier been
determined that the types of penetrations of concern ware not

installed in that plant).

bl



The written responses have been consistent with the information
obtained from the oral responses and the follow-up conversa-
tions related to those responses. The written responses provide no new
information of significance, but do reinforce the conclusions drawn
from the oral responses and indicate a need for the staff to

pursue certain specific qualification information in greater detai)

with individual licensees.

As reported previously, the responses show differences in operating
procedures with regard to maintaining nitrogen pressure on those
penetrations having nitrogen addition fittings. Since the penetrations
have been qualified both with and «ithout nitrcgen pressure,

this difference is not surprising, However, in view of the experience
with unpressurized penetrations, the staff intends to pursue this
matter with individual licensees. Thirty of the sixty-four facilities
report that nitrogen pressure is maintained on the penetrations, while
eighteen report that normal operation does not include the nitrogen
pressurization. Six of the remainder have a penetration design that
does not accommodate nitrogen pressurization. The remainder were

not clear as to their operating practice in this regard, with

three of them reporting nitrogen was used for pressurization for leak

testing but indicating that pressure was not maintained during normal

operation,
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Our review indicates that three facilities, at two power stations,

experienced significant penetration failures in the past. Surry Units
1 and 2 reported several failures in 1972 due to undersize transition
pins. These penetrations were ceplaced, The third failure was at
Millstone Unit 2, which was the event that led to NRC's concerns 1n
this area. The failed penetrations at Millstone Unit 2 are being
replacea. Some licensees have indicated, and the staff is also

aware of such events, that there have been instances of malfunctions
due to leakage; however, in no case has this lTed to a loss of function

of the penetration.

The Office of Inspection and Enforcement has requested copies of
qualification test data from all of the penetration vendors, :1ther
directly or through licensees., (In some cases, the original manufac-
turer no longer makes these devices). This information will be
reviewed when received, and any remaining quest .:s ..11 be resolved,
Since it has been determined that qualification tests have been
performed for all penetration types, the major remaining questions

relate to specific test conditions,

In the December 6, 1977 report, the Staff indicated that
there were three plants (Oresden 1, Yankee Rowe, and
Connecticut Yankee) for which we were awaiting additiona’
information on the qualification of their penetrations,

These licensees have reported to the staff and indicated that
sufficient qualification information exists to allow con-

tinued plant operation. The staff agrees.
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4, Other Electrical Equipment

During the course of the surveys on electrical connectors
and penetrations, the Staff found that there were a number
of operating piants for which complete documentation of the
environmental qualification tests of the electrical equip-

ment in question was not immediateiy available, although
other types of information were made available to the staff

to provide assurance that the equipment would perform

its safety function under accident conditions. The staff
review of the documentation of the capabilities of these

two electrical components is continuing., The surveys con-
ducted by the staff constitute a preliminary audit of tie
sdequacy and qualification of certain safety-related

electrical equipment in operating plants, and it is the staff's
belief that the findings would be similar for other electrical
components in safety systems located inside containment in
these plants. Further, we believe that the results of the sur-
veys indicate that the commitments made by the licensees in their
applications to qualify safety-related equipment have generally
been satisfied and support our overall position that no
immediate action with regard to the question of environmentai
qualifications of other safety-related electrical equipment in

operating reactors is warranted.

Beyond the question of immediate action, the staff has con-
sidered whether the recently completed preliminary surveys

| regarding eiectrical connectors and containment electrical

penetrations in operating plants should be expanded to
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consider, on a longer term basis, the safety adequacy and
environmental qualification of other electrical equipment in
these plants. The Systematic Evaluation Program for

Operating Reactors recently approved by the Commission provides
a suitable framework for such an expanded effort since it
already includes "Environmental Qualification of Safety-
Related Equipment" as one of the topics of safety significance
(Topic 111-12) and further provides that topics considered to
be of special safety significance may be considered on a case-

by-case basis in advance of completing the overall program,

The staff has determined that it is appropriate to complete its
review of this subject as the first topic of the Systematic
Evaluation Program (SEP). The licensees of the eleven SEP
facilities will be requirec¢ to evaluate the environmental
qualification of all electrical equipment they deem recessary
to mitigate the consequences of design basis events, It is
expected that in zbout three months, the staff review effort will
be sufficient to assess any safety implications in sufficient
detail to decide whether or not additional review of facilities
other than those included in the SEP is required. The results
of this staff review will be used to determine whether it is
necessary to expand the effort from the eleven SEP facilities
to other operating nuclear power plants, The staff's bases
for this approach are set forth in its report, titled,
“Staff Report on Environmental Qualification of Safaty-
%elated Electrical Equipment" dated December 15, 1977 attached
as Appendix B.
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The NRC staff addressed this point regarding the cualifi-
cation of the connectors tested by Sandiz in Enclosure (2) to
the memo from E. G. Case, Acting Director, NRR to the Com-
missioners dated November 22, 1977, The staff concluded that
the Sandia tested connectors were not qualified to IEEE-
323-1974 as required for the LOCA environment.*

3) The improper assembly of the connectors (i.e., the mating
of the conrector to the cable) was a significant factor
in the inability of the cable/ connector assembly to
withstand the Sandia qualifica.ion environment

The NRC staff notes that the Trip Report of R, F2it dated

August 5, 1977, did in fact indicate that there were ~ome

problems in the assembly of the connectors that could have

led to the failure of the tested cable/cornector assemblies.

b. Comments Concerning the Necessity for Connectors to
Function in the L nvironment

The comments in support of the petition tend to view
the failure of the electrical cable connectors in the

Sandia tests as indicative that all nuclear power

*K response to the Commission's request {or comments cn the UCS petition
from ITT-Cannon Electric Division, dated December 13, 1977 confirms that
the Cannon connectors usd in the Sandia test were not qualified and
states, "At no time was it stated that Class IE qualification status was
necessary for components in tnis test program. In addition, no Q.A. docu-
mentation was requested either verbally orin writing to support qualifi-
cation status. ‘s a result, we shipped Sandya off-the-shelf connectors
designed and qualified to Military Specification MIL-C-83723 {a non-nuclear
aerospace specification)., These connectors were not qualified to IEEE 323
by Cannon. There are no design or fabrication problems with these connectors
when used in accordance with the Military Specifications to which they were
designed. The connectors/cable assembiies subsequently failed the test, as
did assemblies from other manufacturers.”
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pvlants are unsafe in that the safety-related accident

mitigating systems would not function due to failure »°

electrical cable ccnnectors,

Comments in opposition to the petition note that the use
of electrical cable connectors is plant specific and must

te evaluated on an individual case-hy-case basis.

The NRC staff believes that blanket extension of the Sandia
test results to all safety-related accident mitigating systems
in all power plants is not appropriate because the Sandia
connectors were not properly qualified for use in nuclear
plants. The staff has evaluated the use of electrical

cable connectors on a case-by-case basis,

Comments Concerning the gualification of Electrical Cable
Connectors in Uperating Plants and Plants Under Construction

Commentators in support of the patition raised a question as
to whether electrical cable connectors tha; were used inside
contairment for applications where such components must
function in a LOCA environment were properly qualified in

presently operating plants and plants under construction,



The qualification of electrical cable connectors in the

65 operating plants has been addressed by the NRC survey
on use of electrical connectors in safety systems inside
containment in operating plants, as discussed above,

The qualification data for plants under construction will
be reviewed in accordance with the staff's Standard Review

Plan as part of the reviews for operating licenses.

Comments Concerning the Validity of Qualification of Class 1E

Equipment to IEEE-323

Comments in support of the petition indicated that the failure
of the electrical cable connectors thought to be qualified to
IZEE-323 was indicative of a deficfency in the I[EEE-323 quali-

fication standard.

Commentators oooosed to the petition indicated that the Sandia
tests do not reflect on the [EEE-322 document since the con-
nectors tested were not qualified to the IEEE-323 Standard

for the LOCA environment,

The NRC staff does not consider the results of the Sandia

tests on electrical cable connectors to be indicative of

any inadequacies in the IEEE-323 qualification document since
the equipment tested was not qualified to the IEEE-323

Standard for the LOCA environment. Data sufficient to cemon-
strate environmental qualification are required for all safety-

related equipment that must be functional in the LOCA environment.
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IV. CONFORMANCE WITH COMMISSION REGULATION.

The LUCS petition, and the supplemental materials filed by UCS, assert
that the Sandia tests demonstrate that nuclear power plants now operating
or under construction do not meet applicable Commission regulations.
Specifically, UCS asserts that such plants de not conform to 5DC-3

which deals with fire protection, GDC-4 which deals with environmental
qualification, with 10 CFR 50.55a(h) as it relztes to single failure
requirements and with other "single failure'requirement provisions of

the General Design Criteria.

A. General Background on Relationship Between Regulations
and Staff Ggides

The basic Commission regulations establishing design and performance
goals for nuclear power plant safety are contained, in the main,

in the General Design Criteria in 10 CFR Part 50, Appendix A.

These performance standards are generally cast in broad general
terms as to the goal to be satisfied by various structures, systems

and components important to safety.

Specific methods for impiementing the GDC rejuirements have been
developed over the course of time as the licensing process has

progressed from its early years. For older plants, the design and
performance standards were evaluated in all instances on an ad hoc

case-by-case basis.* Starting i: 1969, the Staff began development of

*Although the GDC were promulgated as part of 10 CFR Part 50 in 1971
the hasic safety cansiderations embodied in the GDC had been in ceneral
use from the early 1960's,
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Regulatory Guides (originally called Safety Guides). Today, there is a

panoply of regulatory guides, standard format and content guides, and
Standard Review Plan provisions, along with associated Branch Technical
Pasitions (BTP's), all aimed at providing specific guidance as to
acceptable methods of implementing various facets of the general design

and performance goals of the GDC.

These guidelines describe acceptable methods for implementing the General
oasign Criteria. Applicants are permitted to propose other methods (e.q.,
by desyn, tests and administrative procedures), of demonstrating acceptable
compliance with the General Design Criteria. As new guidelines and staff
positions have evolved, however, there has been a general trend for them

to address more topics and be more comprehensive. A result 1s that new
applicants find the staff is looking deeper and imposing more specific

limitations and more specific functional requirements than it did previously.

The regulatory guides and staff positions are intended to establish

reasonable and uniform methods which will satisfy specific aspects

of the particular requirements. However, they are not directed toward
identifying minimum methods to achieve compliance with the regulatory
requirement. Rather, a system or component designed to satisfy an applicable
regulatory guide or staff position will satisfy the related aspect of the

GDC with margin. The Staff prefers the use of methods described in regulatory

cuides and staff positions to achieve a more effective and efficient review



process which also provides a degree of uniformity in attention given

by industry to specific safety considerations. There is generally a
mergin, and in some cases a wide margin, between the methods that satisfy
El regula}ory guide that is generally applicable to all plants or to a class
of plants and those methods which could be considered the minimum needed

to satisfy a GOC reguirement for a specific plant.

Thus, while compliance with requlatory guides is not mandatory, such
compliance provides safety margins above the minimum requirements of

the applicable GDC. As a corrollary, non-conformance with regulatory
guides does not necessarily result in faijure to meet applicable regula-

tions or inadequate safety.

B, General Design Criterion 3

The Commission's basic requirement for fire protection for nuclear power

facilities is set forth in General Design Criterion 3. In summary, General

-

Design Criterion 3 requires:

1. Structures, systems and compenents important to safety shall
be designed and located to minimize, consistent with other
safety requirements ... the probability and effect of fires
and explosions;

2. Non-combustible and heat resistant materials shall be used
wherever practicable throughout the unit ...;

3. Fire detection and fighting systems of appropriate capacity and
capability shall be provided and shall bc designed to
minimize adverse effects of fires ...;

4, Fire fighting systems shall be designed to assure tnat their

rupture or inadvertent oreration does not significantly impair
the safety capability of these structures, systems and components.
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Prior to the Browns Ferry fire, these safety objectives of General

Design Criterion 3 were implemented on a case-by-case basis. No

systematic or comprehensive consideration of fire protection was given

by the staff in its safety review of facility applications comparable

to present practices. In general, the basic fire resistant characteristics
inherent in the concrete and steel structures of nuclear power facilities,
when considered together with the use of electrical systems conforming

to Underwriters Laboratory and National Electric Manufacturer's Association
requirements, were generally believed to provide a degree of intrinsic fire
resistance suci, that no additional or special fire protection requirements
were necessary for nuclear power facilities. The staff safety review
consisted principally of verifying information given in SAR's that good
industrial fire protection and fire fighting practices and equipment were
available at nuclear power facilities. This followed the general require-

ments given in the Standard Format Section 9.5.1.

The experience of the Browns Ferry fire in 1975, however, unquestionably
changed the direction of the staff review. Following the Special Review
Group study of the Browns Ferry fire, the staff developed a cumprehensive
plan for review of nuclear power facilities to assure the capasility of
detecting, preventing, fighting, and withstanding effects of serious fires
so that the experience of Browns Ferry would not be repeated. These actions

have already been discussed at length in Section I1I1.A of this report.

The Staff believes that the general goals expressed in General Design
Criterion 3 must properly be read in light of the available “nowledge
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at that time. After the Browns Ferry fire, the Commission might have

modified the reguiations to improve more specific fire protection
requirements. We believe, however, that this was not necessary; the
staff developed a program to substantially enhance fire protection

at nuclear piants based on Branch Technical Position 9.5-1 and its
Appendix A. This program includes requirements on fire protection
systems to assure that no more than one electrical division in the
plant can be lost as a result of fire and details of administrative
control. We believe that this program provides substantial protec-
tion beyond the minimun that might be deemed to satisfy GDC-3. As
noted in Section II1.A, the NRC has embarked upon a program to assure
that fire protection programs at nuclear power plants will conform to

this guidance at the earliest practicable date.

For the period until these comprehensive fire protection programs
can be implemented, the NRC staff has worked closely with licensees
to reduce substantially the potential for serious fire by assuring
careful control of combustible materials and sources of flame and

by improving the capability of fire fighting equipment and personnel.

For the interim period in which they will be applicable, these measures
will satisfy in a minimum fashion the general goals of GDC-3, particularly
in Tight of the very carefu! attention presently being given to administra-

tive control providing for good "house-keeping" to eliminate potential fire

o






- designed to accommodate "... the environmental conditions
associated with normal operation, maintenance, testing, and
postulated accidents, including loss-of-coolant accidents."

- appropriately protected against dynamic effects, including
the effects of missiles, pipe whipping and discharging fluids,
that may result from equipment failures and from events and
conditions outside the nuclear power unit,

This requirement is complemented by the general provision of Criterion 1

that such systems be designed and tested to quality standards commen-

surate with their importance to safety.

The general standards of Criterion 1 have been comprehensively imple-
mented by Appendix B to 10 CFR Part 50 which specifies with particularity
the characteristics of QA programs required to assure that systems
important to safety have indeed been designed, fabricated, erected,

and tested to high quality standards. Together .hese requirements form
the basis for a comprehensive program to assure adequate performance of
safety <vstems under conditions of normal operation, maintenance, testing

and postulated accidents.

To the extent that a system or component important to safety is not
capable of accommodating the effects of postulated accidents, it does
not conform to GDC-4. On the other hand, there may be components capable
of accommodating such effects whose ability to withstand environmental
conditions under which they are intended to operate has not been adequately
demonstrated by methods conforming to the requirements of Appendix B.
This would demonstrate, not a failure to satisfy GDC-4, but a failure
to conform to the quality assurance requirements of GDC-1, or a failure
to conform with a particular provision of Appendix B (e.g., 111, VI, and
XI).
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If the connectors tested at Sandia were representative of components in

actual use in safety systems in a nuclear power plant, and if the test

conditions were actually representative of the conditions associated with
normal operation, maintenance, testing or postulated accidents, including
loss-of-coolant accidents, then the failure reported by the tests would
appear to be a deviation from GDC-4, The word "appear" is used to indicate
it would be necessary to ascertain whether the system was in fact capable
of performing its function before the failure occurred and to consider

the extent of margin, if any, which exists.

The staff reviews of operating plants conducted in the course of responding
to this petition have indicated that qualified electrical components,
capable of functioning when required during accidents, apparently are in
use. Thus, no failure to conform with GDC-4 has been found. Followup
actions are in progress, as described elsewhere in this report, to confirm
these indications. However, there have been some cases of inadequate
documentary support and some other questionable quality assurance practices
with respect to matters of qualification of equipment. These iatters

are being evaluated for appropriate enforcement action, if indicated, such
as whether additional effort should he required in the area of quality

assurance practices by specitic licensees.

Single Failure Reouirements

The UCS petition asserts that the exposure cable fire in the Sandia
test was able to propagate across redundant divisions and indicates not

only a failure to conform to the General Design Criterion 3 but also a
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failure to satisfy the single failure criterion of 10 CFR 50.85a(h)
requirements for electrical systems contained in IEEE-279. This standard
iz incorporated by reference into the Commission's regulations in

10 CFR 50.55a(h). The petition also refers to the single failure require-
ments of General Design Criteria 17 and 21. With regard to the concern
on equipment qualification, the UCS petition contends that connector and
penetrations could fail 1f not properly qualified. The petition asserts
that this sould also constitute a failure to satisfy the single failure
criterion of 10 CFR 50.55a(h). The thrust of the UCS assertion appears
to be that these single failure requirements for electrical systems
constitute a basis separate from GOC 3 and GDC 4 for imposition of fire

protection and environmental qualification requirements.

The single failure requirements for electrical systems do not establish

an independent set of design basis events. Rather, they establish

standards for design and performance of electrical systems to assure that
such systems are capable of responding if various design bases events should

occur.,

In order to determine the adequacy of an electrical system, one must
first establish the various overall postulated design basis events to
which such systems must respond. Guidance as to the selection of these
design basis events is contained in the overall requirements of, inter
alia, GDC-5 of 10 CFR Part 50. The application of this guidance results
in the selection of various design basis events customarily used in PSARs

and FSARs: e.g., design basis earthquakes, floods, tornadoes and hurricanes;
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loss of conlant accidents; main steam 1ine breaks; rod ejection and rod

withdrawa) accidents as well as anticipated operational transients.

After the various design hasis events are selected, prutection systems

must be provided tc assure capability to respond safely under the various
postulated conditions that may result from the design basis events.

In the analysis to determine 1f a particular electrical, instrumentation

or control system meets single failure requirements,the particular

design basis event or accident 15 postulated to occur, along with any
related consequential failure that could result from 1t. The., the
analysis assumes the presence of ajl fdentifiable failures that cannot

be detected or tested, or which are not in fact subject to surveillance
tests as set forth in the Technical Specifications. Finally, the presence
of a most adverse single additional faflure is assumed in assessing the
capability of the system to provide the necessary pretection for the design
basis event, It 1s the last of these . ‘¢ps thai is mandated by the various
"single failure" requirements.* The first of these steps is mandated

by GDC-1-5,

For fires, the requirements to minimize potential for 2nd effects of fires
is established by GDC-3. The credible occurrence of cross-divisional
fires must be minimized by appropriate combinations or separation, re-
tardancy, barriers, fire suppressfon and fire fighting capability, 1.e.,

defense-in-depth. In instances where cross-divisional fires -emain a

*For a more complete discussion of the single failure criteria
see Appendix D.
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concern, alternative safe shutdown methods or system must be provided
which are not subject to damage by any single fire sequence. These are

set forth in Appendix A to BTP 9.5.1,

The single failure requirements do not require the postulation of, or
protection against, a fire threat more severe than those encompassed

by the general fire protection goals of GDC-3,

For electrical equipment qualific ation, GDC-4 imposes the requirement

that such equipment be designed to accomodate the environmental conditions
associated with the postulated design basis accident conditions under

which 1t must function. The single failure requirements do not require

the imposition of standards more severe than those mandated by GDC-4. Rather,
they require that the equipment provided to respond to such events have
sufficient redundancy to be capable of providing the required responses
despite the occurrence of another single failure. As discussed above,

the surveys conducted by the Staff indicate that equipment capable of

withstanding such environment is generally in use.

The Sandia tests do not bear upon consideration of "single failure"
requirements but rather on the basic question of conformance with overall
design goals of GDC-3 and GDC-4. The Staff believes, for the reasons
discussed above, that operating facilities satisfy these requirements

and that staff review requirements for plants under construction and those
under 1{censing review will assure that such facilities are designed to

conform to these requirments.




Available Remedial Actions
The Staff report to the Commission of November 18, 1977 contained &

substantial legal discussion of the remedies available to the Commission
should a violation of Commission regulations be discovered. UCS responded
to the Staff's legal position in a memorandum dated November 23, 1977.

The Staff believes that in the third filing by UCS, 1ts prior assertions
have become tempered and are, in general, now consistent with respect

to legal principles with that expressed by the Staff: viz, violation of

a regulation does not ipso facto result in a requirement that a license

or construction permit be suspended; but if there is reason to belfeve
that the public health and safety is threatened as a result of a discovered
violation of a regulation, remedial action must be taken. A wide range

of remedial actions are available to the Commission, including the

shutdown of a reactor, 1f necessary.

Two areas of controversy remain, First, UCS and the Staff disagree as
to whether reactor licensees are currently in non-compliance with
Commission regulations. The Staff has addressed this question above,
and has concluded that the Commission regulations cited by UCS have not
been violated. (Questions concerning possible violation of quality
assurance requirments are currently being evaluated). Secondly, and we
think much more basic to UCS' petition, is a factual dispute with the
Staff as to whether the fire protection program now being implemented
by the Staff, and the methodology used for environmental qualification






APPENDIX A
DETAILED CHRONOLOGY OF CORRESPONDEN
EEE!!EQ.‘ﬁ“‘°

November 4, 1977 Letter from E11yn R, Weiss, Attorney for the
Unfon of Concerned Scientists (UCS) to the NRC
Commissioners containing a filing of a Petition
for Emergency and Remedial Action by the Union
of Concerned Scientists. Petition alleges that
information rrom recent Sandia tests, which was
withheld from Licensing Boards, establishes that
safety equipment may fail to operate because
(1) certain connectors in safety related systems
cannot withstand a LOCA environment, and (1f) fires
can destroy redundant electricai cables, Four
attachments to the UCS Petition and an affidavit
of Robert Pollard are submitted as the basis Lo
support the allegation that WRC rc'ulations are
being violated and, the public health and safety
cannot be assured until all reactors are shutdown,
211 plant construction is ceased, and research
programs are accelerated,

November 8, 1977 Memorandum from N. Moseley, Director, Division of
Reactor Construction Inspection, Dffice of Inspec-
tion and Enforcement to the five MRC Regional
Directors requesting lE Bulletin to. 7708,
Electrical Connector Assemblies, be dispatchad
Lo all facilities with an operating license or
construction permit, Bulletin requests informa-
tion be submitted to NRC indicating the use of
connectors affected by a LOCA and the documen-
tation supporting their qualification., Attach-
ments to Bulletin 77-05 contain a description of
connector test equipment, test scope and test
results of the Sandia tests,
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dovember 9, 1977

November 10, 1977

November 10, 1977

“ovaaber 11, 1977

November 14, 1977

Memorandun from £, Case to MRC Commissioners
stating that (CS request for fmmediate suspens
ston of fssuance of all licensing and the
chuttin? down and stopping of construction v al
plants {s not warranted. Attachment “MRC Stafft
Aeport On the Question of Whether the Petition
of the Unfon of Concerned Scientists Ratses
Matters that Require Immediate Commission Action”
dated 11/9/17, contains staff evaluation of
sandia tests and staff basis for rejecting ucs
Petition,

Letter from E11yn R, Weiss of the nion if Sone
cerned Scientists to the NRC Commissioners res-
ponding L the staff's November 9 report to the
Commissioners. An enclosure entitled “Supple-
mental Affidavit of Robert D, Pollard In Support
of the Unfon of Concerned Scientists' Petition
for Emergency and Remedial Action" provides a
refutation of the staff's evaluation of the
safety significance of the cable fire and con-
nector tests and expands the concern to containe-
ment electrical penetration asssemblies,

Memorandun from K. Pedersen, OPE, J. Nelson, his
tn the ‘RC Commissioners containing a 1ist of
questions which the Commission might want to pur-
sue with the staff at the meeting scheduled

for November 11 4i1% rospect to electrical con-
nectors and cable fires,

staff Briefing of the Commission in open meeting.

1€ Bulletin 77-05A extends the scope of IE
pulletin 77-05A to include all connectors in
safety systems which could be affected by acci-
dents other than LOCAs and to locations out-
side containment,
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November 17, 1977

November 18, 1977

November 22, 1977

November 22, 1977

Letter from Ellyn R, Weiss of the Unfon of Concerned
Scientists to the NRC Commissioners with an enclosure
“Second Supplemental Affidavit of Robert D. Pollard

fn Support of the union of Concerned Scientists peti-
tion for Emergency and Remedfal Action" that responds
fn particular to the Staff's comments made at the
Commission's November 11 public briefing., UCS
requested that Mr, Pollard be permitted to participate
on an equal basis with the staff at future Commission
briefings, and stated again that equipment such as
electrical penetrations, cables and cable terminations
would fail in a LOCA.

Memorandum from £, Case, NRR to the NRC Commissioners
responding to the Commission's request for (1) the
results of the latest surveys on the use of electrical
connectors, (11) OELD's position on UCS's letter of
Movember 10, 1977 and (111) staff's responses to the
November 10 memorandum from OGC and OPE. Enclosures to
this memorandum include a Commission order to

D, C, Cook Unit 1 to shut down until unqgualified con-
nectors are replaced, a summary of the connector survey
and OELD's discussion on the interpretation of the
Commission' s responsibility with the 1aw.

1E Bulletin 77-06, "Potential Problems with Containment
Electrical Penetration Assemblies" requests information
be submitted to NRC on a) whether GE Series 100 type
containment electrical penetrations or similar type are
used in safety related equipnent, b) have electrical
failures been experienced and ¢) whether a nitrogen
pressure 1s maintained,

Memorandum from E. Case, NRR, to the NRC Commissioners
cont01n1n? the staff's responses to UCS's letter of
November 10, 1977, and to the questions raised in

the November 10, 1977 memorandum from 0GC and OPE.
Copies of letters to selected licensees requested
further connector information are enclosed. Memo-
randum indicates that additional plants e.g. BWR's
having Target Rock valves have been found to con-

tain consectors since the staff's November 18 pre-
Timinary survey was issued,
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November 23, 1977

November 25, 1977

December 6, 1977

December 8, 1977

Letter from E11yn R, Weiss of the Unfon of Concerned
ientists to the NRC Commissioners enclosing a legal
memorandum in response to the OELD memorandum of
November 18, 1977,

Memorandum from £, Case to the NRC Commissioners
supplements the staff's November 18, 1977 report
maﬁn% to the use of electrical connectors at
Oyster Creek, and BWRs with Target Rock Valves.
Enclosure contains IE Bulletin 77-06 which requests
information from operating reactors by 12/6/77 on
the use of electrical penetration assemblies.

Memorandum from £, Case to the NRC Commissioners
supplements the Staff's November 18 and 25, 1917
reports, specifically addressing a) staff's pre-
liminary survey on the use of connectors in operating
plants, b) staff's preliminary survey on the use

of containment electrical penetrations in operat-

ing plants, ¢) public comments on the UCS petition,
d) R. Pollard's second supplemental affidavit, and
e) summary of staff present and future actions with
regard to equipment qualification.

staff briefing of the Commission in open meeting.
Mr. R, Pollard of the Union of Concerned Scientists,
and M. K. EY14is of Conner-Moore also made presen-
tations to the Commission,
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2.0 Eguipment Qualification - Older Plants

Technical Safety Concern

Despite the conservative design, construction and operating
practices and quality assurance measures required for nuclear
sower plants, safety systems are installed at nuclear olants to
nitigate the conseauen.es of postulated accidents. [t 15 the
squioment associated with these safety systems that 1§ of oringi-
sal concern with respect %3 the environmentsl cualification issue.
fauipment needed for normal operation and equipment needed 0
resoond %o plant trensients is not of primary concern. This 1%
because past operating experience, especially that from frequent
testing requirements, nas shown that safety-related equipment can
serform in a normal operating envircnment. When problems are
gncountered during normal cperaticn they are easily 1denti“ied
snd correctad. Additionally, the orincival safety systems
required to function during anticipated transients (those events
that are 1ikely %o occur during a olant’s 1{#a¢ime) would not be
subjected to environmental conditions as severe as 'hose of

postulated accidents before oerforming their safety function,

The postulated accidents that nave Deen {dentified as creating

savere anvironmental conditions inside of containment are Dreaks

of nigh snergy pipes. The most limiting of these accidents are




o‘-

the loss of coolant accident (LOCA) und matn steam 1ine break
(MSLB). 1n each of these cases, hot pressurized water and steam
can create a high temperature environment (250 to 400°F) at high
humidity (including steam) and pressure (as nigh as about 50 psig).
For some applications, chemicals are included fn sprays that are
‘usod to reduce the pressure in the containment, Additionally, some
elactrical equipment {5 predicted to be submerged following the
postulated accident. Therefore, for these soplicaticns, chemicals
and submergence are included in the environmental qualification in

addition to the tsmperature, radiaticn, numidity and sressure

conditions,

While such accidents are judged to have & low 11kel1hood of occurs
rence, less then once per thousand reactior years for smaller pive
sresks, and much lass for the large design basis breaks, the NRC
nas reguired that safety systiems, princiaally the ELCS and containment
isolation and cleanup systems, de gnvironmentally qualified to
mitigate these accidents, For PWRs, the ECCS is often supplemented
«i*h additional instrumentation and controls t9 isolate a steam
generator with broken pipes to mitigate the consequences of a
spssulated MSL3. To assure that these systems would perform

sheir required function, the NRC has recuired not anly redundancy
(n this equipment, Sut that it be designed with the capadility

ts perform in the environment associated with such an accident,







o§s

of these &vents fnvolved a release of stean 1o the containnent.
Although the radiclogica’ releases ware ~egligible, sufficient
steam was releasad to create adverse enviorsmental conditions
«ithin containment, The most severe event of this type involved
an {radvertent discharge of steam through primary system safety

valves directly into containment at Cresden Nuclear Power Station,

2.2.1 Boiling Water Reactors

On lune §, 1970 an unexpected reactor scram at Uresden
Unit 2 was followed by a main steam iine safety valve
gischarge to the contuinment. About 250,000 pounds of
srimary coclant were released t0 containment cavsing an
increase in the primary containment (growell) pressure toO
an estimated maximum value of 20 psig et 320°F, Although
some squipment damage did occur during the avent, the

TCCS and contatnment isolation .ystems functioned proverly.

o5n December 8, 1971, & similar event occurred at Dresden
Unit 3. In this case the containment reached & maximum
pressure of 20 psig and a maximum temperature of 295°F.
Some equipment damage occurred, although much less than
at the earlier Dresden Unit 2 event. Again, all systems

necessary for safety remained operable.
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Steam discnarge events of less severe CONSeqUences have
occurred 8¢ several other BWR facilities. In these
occurrences the containment was only slightly pressurized
and temperatures remained below 200°F, No damage tc any

alectrical systems was reported for any of these avents,

2.2.2 Presgurized Water Reactors

Saveral events have also occurred at PWR facilities whigh

resulted in steam release to containment,

On September 24, 1977, an event occurred at lavis-Besse
Unit 1 which resulted in a partial depressurization of the
primary system ang tne release of about 11,000 galions of
water in the form of steam into conta’nment through the
oressurizer suench tank rupturs disk, The steam releass
began about 4.5 minutes aftar the reactiar was tripped and
was tarminated about 20 minutes after the trip. The only
peuioment damage sccurred within the vicinity of steam
discharge. No equipment damage octurred in safety systemg

needed to mitigate the event,

On Novemper 13, 1973, following a reactor trip at Ingian

Paint Unis 2, & breax occurred fn the feedwater line t2 2
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2.3 OQuali®icesion of Eoyipment in Older Plaets

2.3.1

Background

For older nuclear power plants (th e Tiuensed for operas
tion prior to about 1967) specific nucluar environmental
qualification requirements had not been establ:shed in
the industry or by tha Commission, Licensing conclusions
at the time were based upon averall knowledge of the
nature of systems and components used and on the types

af accidents of interest, and upon the awareness that
nuciear components, including electrical systiem comeon-
ents were, and are, of high industrial quality. At the
time, design ana purchase specifications for electrical
equipient adhared to ssp!icenle industry stancards, sueh
as the Mational flectrical “Manyfacturers Association
Standarcs and existing 1EES Standards (e.g., 1EEE Std.
38-1957), In adeition, applicants referenced various
testing programs, such as those congucted at the Franklin
Institute Research Laberatories and those conducted in
the AEC's Naval Reactors Program {n support of thair

plant designs.

#hile thesg stancards are not Jniformiy comoaradble to

the fore specific criteria currently used for nuclear

facilities, they nonetheless are of high suality.
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2.3.2 Fbrevioys Backfitiing :
The staff has continuad to review the degree to which 1icensed |
pperating reactors comoiy with NRC reguiations as significant
new safaty informatiod becemes availadle or new reguiations
are establisned. This effort, ganerally termed upgrading
or "backfitting”, has had tne effect of increasing the
degree to which older sperating reactors have improved
the documentation of envir. nmenta) qualification of
sa’ety systems, OGenerally, this iy accomplisred by
staff discussions convincing licensees of the desirability
of plant upgrading. However, the NRC has directed
14censees to upgrade systems in the past, In cne case,
that of Dresden Unit 1, on June 23, 1976, the staff
ordered that the reactor protection system oe ypgraded %0
meet 1EEE $td. 279-1968 and that other safety related
squipment not previcusly environmentally aualified de
qualified or replaced. Dresden Unit 1 15 the oldest V. S.
operating resctor (licensed in 19%9) and for that
reason documentation of conformance 10 current licensing
requirements including 10 CFR Prre 80, Appendix A (GDC 4)

and Appendix B which were 1ssued in 1971 s lacking

A second, more extensive effort, invelved the review of

gperating reactors to the new ECCS requirements issued
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in 1974 (0 CFR Part 80.46 and Appendir k). In conducting
these roviews the staff auditad the degree Lo which
certain uperating reactors met requirements for environs
mental quslificstion of CCCS equipment. For those plants
reviewed in detail, certain arsas were discovered as not
-seting 1icensing criteria for eauipment aualification,
wost of these deficiencies involved those plants 11carsed
srior to the introduction ¢ the General Desfgn Criteria
(Appendis A %o 10 CFR fart 50). These plants were Ticensed
pefore systems to mitigate the consequences 0f 2 LOCA were
required, As would be expected, scme of the safety~
related scuipment in these older facilities was found
not be cualified for LOCA environmental conditions.
tavironmenta’ qualification can be estanlished by either
suitable analyses or tests on equichent <2 substantiate
that the equioment can withstand the postulated anvirons
menta) conditions. Licensaes were required to upgrade
existing systems and comoonents in their ECCS in order
to ensure reliadle performance if subjected to adverse
LOCA envircnmenta! conditions, teveral examles of these

staff reyiews are discussad below.

-]
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2.3.3 Connectors and Penetrations
As a result oV the recent staff surveys of environmental
qualificationt for electrical connectors and penetration

assemblies, the ttaff has concluded that operating vlants are

safe but questions related to documentation rematn. In the
case of alectrical connectors, as sars ‘of the staff's fellowwp
af excerimental results, a staff survey showed that thnq,
«ere severa] cases in which 8 licensee asserted that compone
ants were qualified but adequate documentation of aualificae
tion was unavailable. In only one casal/ ~a$ there an absence
of both documentation and other evidence of capability te

perform in the LOCA environmental conditions.

As 3 result of certain cperating experience with electrical pene-
trations, the staff conducted a survey of a1l licensees since

a1l plants have these components. In this case, a1l operating
acilities could provide some assurance inat their penetrations
had the capability to zerform in the LOCA environment,

although several did not have adequate documentation of qualifica«
tion., Our experience in following througn with theee instances

of guestionable qualification indicates that

¥ n the one facility (D. C. Cook Unit 1) where connectors were used

without adeouate gocumentation of qualification, there was 2
temporary period during which the 1icensee could not assure itself
and the NRC that there w~as reasonable basis for concluding that

the systems could nevertheless safely function. Because of this
uncersainty, and after discussions with *ne NRC, the licensee
agreed to shut down the £3c111ty while conngctors could be replaced
with qualified solices.
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there are sufficient alternatives to assure safety while |

the qualifications of the components are estabiished.

11 {s noteworthy that, although these surveys addressed
enly twy types of comporents that need to function in
sceldent environmants, the survey resulits do not indicite
that unqualified components are in widespread use in

operating reactars.

2.3.4 Capling '

Wire and cable manufacturars have been aware for many years of j
the potentially harsh and extreme anviranments t0 wnich electris

cal circuits may be exposed, Zable has been developed and |
classified not only on the basis of its electrical capabilities |
but 2180 for its mechanical integrity, 1.0., pnhysical strength

and apility ta survive exirsme temperature, moisture, steam,

harsh chemicals, and to varying degrees, fires, 0f course the

adequacy of catiing for & particular eavironment s predicated

upon the selection of cable with the procerties required to

survive that environment, when cable 1s manyfactured, not all
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electrical and mechanical attributes can be practically
incorporated into one cable design. For example, the

vary best in e ectrical properties may rot aliow the
Jitimate in mechanical strength or fire resistant

raperties to be attained, Compromises are nade and

sasigns include the imperiant design features and properties
to ensure a high relfapility glecerica) insylation resistance

system for a given installation.

IEEE Std. 38-1957 outlines the preparation of test
procedures for determining experimentally the probable

19fe of insulating materials anc systems. Test procedures
for specific materials and systems incoroorating insulating
materials are given in a numper ¢f othrer older and

updated versions of [EEE publications, Insulation 11fe
test procedures are a part of ASTM [American Society for
Testing Materials) and NEMA (Yational Electrical Manuface
turers Association) standarus and ﬁrooosoa procedures and

constitute a frequent and continuing part of current

technical literature.




ek s

17

Mi1itary and commercial nuslear apolications of cabling have
required the additional consideration of the effects cf
exposure to rudiation as well ag other environmentsl cenditions
Thase environmental affects were studied on insulating
matorials, as well as insulating systems which are a combina-
tion of insulation materials used in tha manufacturing of
catle, during the early portion of the research and develop-
ment phase of nuclear energy applications, both military and
commercial, Severa) professional societies, some of which

are mentioned above, participated in the stud'es and deveioped

indJstry standards for guidance on radiation pffects.

[EEE Std. 279-1968, which was bequn ié 1964, contained
ingustry thinking that type-test data or reasonable
engineering extrapolation based on type test cata should be
available to verify that safety related components or equip-
ment would perform their function during an accident condi«
tion in nuclear power plant designs. These early standares
provided documentation of what was existing industry practice
and provide reasonable assurance that the cable used in the
older nuclear power plants was carefully specified ard dro-

cured for the service conditions to which it would de exposec.

One purpose of the Systematic £valuation Program, discussea in
Section 5, is to determine wnether cabling suilt %9 these
earlier standards orovides sufficient safety margin ar whether

Jograding, discussed in Section 2.2.2, 18 needed.
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2.4 Qther Considerations

2.4.1 Timing Considerations
In considering the potential effects of v re LOCA

conditions on performance of electrical systems, it is
impcrtant to consider the equipment in two separate
classes - that which must function gssentially instan-
taneously to transmit a protective signal in the event
of an accident and that which must function for an

extended time,

For those systems and components whose primary purpose

s to promptly transmit a signal in the event of an
accidcnt.g/ there 15 a high 1ikelihood that they will
syccessfully perform their function well before the

onset of environmental conditions (temperature, pressure,
ete.) which could cause deterioration of the equipment
and, thereby, interfere with their function, Typically

. ¢h signals are transmitted in less than a few seconds,
ofte: in fractions of a second after the event (e.g., scram
gignals which actuate control rods and permit their inser-
tion). It is unlikely that exposure to accidental
environmental conditions would cause equipment deteriora-

tion in such a limited period of time.

jra

/

" These include such items as the reactor contral rods, sensors, that
indicate reactor parameters such as flow rate and neutron flux,
associated cables, connecters and penet) ations,
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In any event, once a signal is generated (even if only by
the environmental conditions themselves), the initiation of
the remaining safety-related equipment is accomplished ind
the signal + . 1y is "sealed 1" and maintained even if
the equipment providing the actuation <'gnal were to suu-

sequently fail.

Once the safety systems are initiated, few components

located inside the containment are required %o function,

Such components include: valves that change

position, usually within the first minute, to aliecn the flow
paths of the safety systems; isolation valves that quickly
close to seal the containuunt from leakage; and the few
instrument signals and valves that would normally be require’
to disgnose the type of accident and institute long temm
actions (usually required several hours after an ascident).
Given the requirements for redundance for all "sctive"
comporents fn safety-rolated systems and their quick acting
nature (fractions of a second to several tans of secands), we
would expect that the adverse environmental conditions would
net prevent the essential functioning of the safety-related
sgquipment. However, because this a potential common cause for
squioment failure, the staff requires envircnmental qualifica-

tion of safety squipment. In olace of squipment that
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testing laboratories. These 1€ practices, add to the
with engineered safety = stems will perform their required
functions in the accident environments for which they were

des igned.

Routine Experience ng1ew
As the number of nuclear power facilities licensed to

gperate continues to grow (67 at present), the amount of
operating experience at these facilities also increases.
The NRC has a thorough mechanism for the reporting of
sperating experience. Over the past vear there have been
about 3000 Licensee Event Reports (LERs) submitted to the
NRC. These LERs are routinely reviewed by IE and the Division of
Operating Reactors. A complete file is maintained by
the Office of Management Information and Program Control

(OMIPC) .

The NRC's review of LERs helps to identify, first, whether
any electrical equipment is degrading under

normal cperation and secondly, whether operational transients
and occurrences have degraded performance of electrical

gquipment under these congitions.,
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3.0 Adeouacy of Qualification Tests

The second issue identified in Section 1.0 relates to the “adequacy"
of present environmental qualification testirg. The question is
basically one of whether gualification tests that have been and are
beiny performed are adequate to demonstrate that safety-related
electrical equipment will perform in accident environments. One
aspect of this question is whether successive exposure to certain
parameters (tamperature, numidity, pressure, etc.) and radiation fis
adequate o reflact performance of alectrical components under
accident zonditions in which the exposure to these conditions is
concurrent. The present industry standare, [EZE Std 323-1974 and
its predecessors are based on the assumption that sequential
testing is adequate. At the present time, the staff believes

¢hat the successful qualification of electrical equipment for

these conditions, albeit secuentially, nonetheless provices a
ressonanle assurance that such equipment will be able to perform
successfully under sombined accizent conditions. However,

shere is an atserce ¢f rigorous testing under concurrent

exposure conditions, and wnile it is Tikely that sequentially
tested components will successfully perform under accident
conditions, the staff believes it prudent to confirm this

judgment. The confirmatory researcn efforts in this regard

are discussed in Section 4.0
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NRR has & Technical Activities Frogram invelving generic technical
activities judged by the staff to warrani priority attention

in terms of resources to attaia early resolution. These

are designated as Category A Technical Activities. The Technical
Activities Program was developed %o provide a basic framework of
policy, organizational structure, priority, and procedures for the
effective management of the major technical activities within NRR,
Two activities in this program are directly related to the environ.
mental qualification of safety-related mechanical and electrical
equipment. These activities, designated A-21 and A-24, are related
to main steam line break considerations inside containment and to
qualification of safety-related equipment, respectively. These

effarts are describud in Appendix A,
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4.1

NRC Confirmatory Research Programs

The current NRC Qualification Testing Evaluation Program is
directed toward providing a confirmatory assessment of current
environmental qualification testing procedures for LGCA conditions
and includes the following specific program elements:

1. An assassment ta cetermine if sequential (as opposec 12
simultaneous) environmental qualification testing is
conservative, 1.e., an investigatien of synergistic effects.

2. Canfirmation that accelerated aging methodology can de utilized.
for gualification testing of safety-related equipment.

3. Daefinition of the nuclear ragiation source based on the
Regulatory Guide 1.89 accident assumptions and evaluation
of the adeguacy of radiation simulators,

tynergistic Testing

The tests were to confirm that the cequential test sequence
recommended in [EEE Std 323-1374 conservatively simylates

the combined radiation ang steam environment to which safety-relatad
equipment would be exposed in the unlikely event of a LCCA, A
reyearch program to investigate potential synergistic affects was
initiated at Sandia Laboratories in FY 1973, LOCA

qualification tests are being conductad using the same axperimental

cas+ champer and identical test samoles (1) sequentially



as recommended in IEEE-Std-323-74, with radiation exposure preceding
exposure to steam and chemical envirenments and (2) simultaneously
with radiation, steam, and chemical environments imposed together.

A qualitative comparison cf the serformance of the test specimens

in both tests will be made, using on-iine measurements and post-test

gvaluation.

Praliminary evaluation of the Sandia tests completed to
date does not indicate a significant functional synergism
for electrical cables; however, with respect to gonnectors,
it was not possible to determine whether synergism axists

pecause of the failures that occurred.

Aging Effects

toneiderations of aging in environmenta! qualification test
srograms are important because of the potential to create 2
weakened condition in a safety-related component through some
aging mechanism that may not be detected through routine
seriodic testing. A research program to develop a methodology

shat can be utilized for simulation of the natyral aging process
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of safety-related materials on an accelerated basis was initiated

in FY 1976 and is continuing. The current effort includes the

following eiements:

a. Single environment aging tests on polymeric electric cable
materials are being conducted to obtain data from the separate
effects of radiation, temperature and humidity. From these
tests, single environment acceleration functions of damage
versus time will be obtained at relatively low stress levels
using a test cycle of about cne year. Cable elongation is being
usad as & relative damage indicator to verify the aging
methodology and for comparison with naturally aged cable
samples.

. Combined enviromment aging tests will be conductes to obtain
data on the synergistic aging effect of temperature and radfatien,
Synergisms with cther aging parameters are planned later in the
program.

c. Taests to determire rate effects are underway. Of particylar
interest are the rate effects associated with oxygen diffusien
and radiation.

4. A study of alternate damage indicators is underway that could be
Jtilized in addition to the material elongation critericn which
is currently being used as the reference camaye indicator for

aging damage to elaectrical cable.
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e. Maturally aged samples are being collected so that the aging
methodology being developed can be checked with naturally
aged material.

3.3 Source Term Equivalences

One of the exceptions taken to IEEE $td-323-1974 by the NRC is the
requires radiation envircnment to be utilized for envircnmental
qualification testing. LOCA radiation releases are defined in
Regulatory Guide 1.89 which is to be used by an applicant in
establishing the nuclear radiaticn gnvironment for type testing.

The accident canditions are defined in terms of the percentage

of halogens and solid fission products contained in the coolant,

the percentage of noble gases and halogens released to the

containment atmosphere and the percantage of halogens plated '

aut on surfaces inside containment.

The adequacy of currently used radiation simulators to duplicate
the accident radiation envirurment requires additional axperimental
svaluation. A research program to assist in this evaluation was
initiated in FY 1976 and is centinuing. Progress to cate has
consisted of analysis to determine the time relationship folluwing
a LOCA of dose, dose rate, emergy spectra and sarticle type. Thesea

data show that current industry practice with regard to radiation
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studies will be conducted to determine the damage to safety-related
equipment materials as a function of the gamma and beta dose-rates
and to determine how close the dose-rate profiles resulting from
the Regulatory Guide 1.89 assumptions must be simulated during
qualification testing. Materials studies will be conducted
ytilizing radiation damage data available, and additional

axperimenta) data will be chtained as neeced.
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5.0 SEP Program

8.1

Scope of Technica)l Review

Very recently NRR embarked on a program to re-evaluate selected
safety considerations for eleven older operating facilities,
That program called the Systematic Evaluation Program is

described in a recently issued NRC report.*

One of the topics inciuded ‘n this program, which is directed at
a determination and documentation of the degre~ to whicn thesa
aolcder facilities meet current 1icansing requirements, concerns

the environmental qualification of safety-related equipment,

The objective of the SEP's review of this topic is to evaluate
the degree to which the mech. .ical and Class [E electrical
aquipment of safety-related systems has been cualified for the
anvironments associated with design basis events., As such, the
SE® will be directed toward the detarmination of existing safety
margins and the evaluation of the adequacy of such safety margins
to determine if any backfitting or facility upgrading is

necessary.
\

3ecause of recent oserational occurrences at the Milestone plant,
and in view of the results of the racent surveys regarding connec-

sars and penetrations, this review topic will be completed

* Report on tne “Systematic Svaluatior of Operating

Reactors®, dated November 25, 1877,
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as the first topic of the SEP. While the overall Systematic
Evaluation Program is scheduled to be completed in about

three years, the review of this topic will be accelerated,

It is expectad that within about 90 days the review effort will
be sufficient to assess dny safety implications in sufficient
detail to decide whether or not additional <ns1:XMLFault xmlns:ns1="http://cxf.apache.org/bindings/xformat"><ns1:faultstring xmlns:ns1="http://cxf.apache.org/bindings/xformat">java.lang.OutOfMemoryError: Java heap space</ns1:faultstring></ns1:XMLFault>