e GUIDELINES
i ) . _e;;"' ‘!60" . ,
.8 fo,‘ UNITED STATES I e ————
S;Q;%g 3 NUCLEAR REGULATORY COMMISSION - Eiie i aa
c8 o 1 E WASHINGTON, D. C. 20885
© ~ R R
Yy Hovigwn
- "*‘l ) 7 ‘

MEMORANDUM FOR: V. Stello, Director, Office of Inspection and Enforcement

FROM: H.R. Denton, Director, Office of Nuclear Reactor
- Regulation. o :
SUBJECT: GUIDELINES FOR EVALUATING QUALIFICATION OF CLASS IE

ELECTRICAL EQUIPMENT IK OPERATING REACTORS

Enclosed is a copy of the subject guidelines. These guidelines were
prepared by NRR, DOR to satisfy {ts commitment to IE to provide guidelines
and criteria for IE to use in its reviews of the 1icensee responses to

IE Bulletin 79-01. .

As stated in Section 1.0, Introduction, the objective in preparing the
guidelines was to set forth guidelines that should be used to identify
Class IE equipment {nstalled in operating reactors whose documentation
does not provide reasonable assurance of environmental qualification.
Once IE has identified any such equipment it is anticipated that IE -
- would transfer the lead responsibility for the final resolution to NRR,
ﬁf?ﬁ. " DOR. This 1s consistent with our plan as outlined at the July 11, 1979,
RS Comission Briefing on IE Bulletin 79-01 and equipment qualification.

Your particular attention is directed to Appendix C, Thermal and Radiation
Aging Degradation of Selected Materials. This appendix is provided to
support implementation of the staff position stated in Section 7.0, Aging.
In summary, the staff position for existing equipment in operating reactors
js that 2 specific qualified 1ife based on thermal and radiation age
degradation need only be established for equipment using materials

known to exhibit significant degradation from these aging effects.
Aopendix € is a partial listing of materials which may be found in nuclear
powerr plants along with an indication of the material susceptibility to
aging. This listing is based on input from only one of several DOR
consultants. Reports from the other DOR consultants are under review.

We expect to complete the review by the end of December 1979, and we

will supplement Appendix C with additional 1nforma§10n at that time.

M Lt ho

H.R. Denton, Director
Office of Nuclear Reactor Regulation

Contact:
E. Butcher
X-27900
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GUIDELINES FOR EVALUATING ENVIRONMENTAL QUALIFICATION
OF CLASS IE ELECTRICAL EQUIPMENT
- v IN OPERATING REACTORS

1.0 INTRODUCTION
On February 8, 1979, the NRC Office of Inspection and Enforcement {ssued
1IE Bulletin 79-01, entitled, "Environmental Qualification of Class IE

Equipment.” This bulletin tequested that 1icensees for operating power

reactors compiete within 120 days their reviews of equipment qualification

begun eariier in connection with IE Circular 78-08. The objective of

IE Circular 78-08 was to initiite 2 review by the licensees to determine

whether proper documentation existed to—verify that all Class IE electrical
- equipment would function as required in the hostile envifonment which could

result from design basis events.

The licensees' reviews are now essentially complete ﬁnd the NRC staff has

begun to evaluate the results. This document sets forth'guide11nes for the

NRC staff to use in its evaluations of the licensees' responses to IE

Bulletin 79-01 and selected associated qualification documentation. The
objective of the evaluations using these guidelines is to {dentify Class IE
equipment whose documentation does not provide reasonzble assurance of environ-
mental qualification. A1l such equ1pment'identified'will then be subjected

to a2 plant application specific evaluation to determine whether it should be
requalified or replaced with & component whose qualificatfon has been adequately

verified.

These guidelines are intended to be used by the NRC staff to evaluate the
qualification methods used for existing equipment in 2 particular.class of

plants, i.e., currently operating reactors including SEP plants.
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Equipmrnf in other classes of p1ants not yet licensed to operate, or
replacement equipment for operating reactors, may be subject to different
requirements such as those set forth in NUREG-0588, Interim Staff Position
on Environmental Qualification of Safety-ReIated Electrical Equipment.

In addition to its reviews in connectioﬁ’with IE Bulletin 79-01 the staff
{s engaged in other generic-reviews'that 1n61bde aspects of the equipment
qualification issue. TMI-2 lessons leafned_and the effects of failures of
non-Class IE control and indication eduipment are examples of these ggneric
reviews. In some cases these‘guidelines may be applicable, however, this
determination will be made as part df that related generic review,
DISCUSSION

IEEE Std. 323-1974" {s the current industry standard for environmental

qualification of safety-related electrical equipment. This standard was

first issued as 2 trail use standard, IEEE Std.7323-1971. in 1971 and later
after substantial revision, the current version was {ssued in 1974, rBoth
versions of the standard set forth generic reqdirements for equipment quali-
fication but the f974 standard includes spécific requirements for aging,
margihs, and maintaining documentation records that were not included in

the 1871 trizl use standard.

The intent of this document 1s not_tb:providé guidelines for implementing
either version of IEEE Std. 323 for operating reactors. In fact most of
the operating reactors are not conmitted to comply wﬁth any parti;UIar
industry standard for electrical equipment qualificatfon. However, a1l of

the operating reactors are required to comply with the General Design Criteria

1IEEE Std. 323-1974, “IEEE Standard for Qualifying Class IE Equipment. for
Nuclear Power Generating Stations.*
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specifféd in Appendix A of 10 CFR 50. &eneral Design Criterion 4 states

in part that “structures, systems and components {mportant to safet, shall
be designed to accomodate the affects of and to be compatible with the
environmental conditions associated with nﬁnmai operation, maintenance,
testing and postu1gied accidents, including loss-of-coolant accidents.®

The intent of these guidelines {s to»provide 2 basis for judgements required

to confirm that operating reactors are in compliance with General Design

»erterion 4.

IDENTIFICATION OF CLASS IE EQUIPMENT

Class IE equipment includes all e1ectr1ca1 equipment needed to achieve

emergency reactor shutdown, containment isolation, reactor core cooling,

— —

containment and reactor heat removal, and prevention of significant release

e Lamnl

_of radioactive material to the environment. Typical systems 1nc1udea in

-~

pressurized and boiling water reactor désigns to perform these functions
for the most severe postulated loss of coolant accident (LOCA) and main

steamline break accident (MSLB) are 1isted in Appendix A.

More detafled descriptions of the Class IE equipment installed at specific

plants can be obtained from FSARs, Technical specifications, and emergency

procedures, Although variation in nomenclature may exist at the various plants,

environmental qualification of those systems which perform the functions
identified in Appendix A should be evaluated against the appropriate service
conditions (Section 4.0), |

The guidelines in this document are applicable to all components necessary
for operat1on’of the systems 11;ted'1n Appendix A including but not Vimited |
to valyes, motors, cables, connectors, relays, switches, transmitters and

valve positton indicators,
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7" 4.0 SERVICE CONDITIONS

4.1

In order to determine the adequacy of the qua1ff1cation of equipment it 1s
necessary.to specify the environment the equipment 1s exposed to during
normal and accident conditions with & requirement to remain functional,"

These environments are referred to as the “service conditions.™

The approved service conditions specified in the FSAR or other 1icensee
submittals are acceptable, Lnless ptherwfse-notéd in the guidelines discussued
below,

Service Conditions Ingtde Contafnmenf fof a‘toss of'Coo1aﬁt Accidenf (LOCA)

1. Temperature and Pressuré'éteﬁm éonditioné « In general, the containment

temperature and pressure conditions as & function of time should be
based on the analyses in the FSAR, In'the specific case of pressyre
suppression type containments, tberfb11owing minimum high tempeature
conditions should be used: (1) BWR Dryﬁei!s « 3400F for 6 hours; and
(2) PWR Ice Condenser Lower Compartments « 3400F for 3 hours, |

2. Radtation - When specifying radiation service conditions for equipment
exposed to radiation during normal opérating and accident conditions,
the normal operatfn§ dose should be added to the dose received during
the course of an accident. Gufde!ines‘for evaluating beta and gamma
radiation service conditions for general areas inside containment are
provided below, Rad{ation servicevcondittons for equipment located
directly above the containment sump, in the vicinity of filters, or
submerged {n contam{nated 11qu1ds hust be evaluated on a case by case
basts, Guidelines for these eVaiuations are not provided in thfs

document,
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Gamma Radiation Doses - A total gamma dose radfation service condftion

of 2 x 107 RADS 1s acceptable fdr Class IE equipm.at located in general
areas inside containment for PWRs with dry type contaimments, Where a -
dose less than this value has beeﬁrspecified; an application specific
evaluation must be performed to determine 1F the dose specified {s

acceptable. Procedures for evaluating radfation service conditions

in such cases are provided in Appendix B, The procedures in Appendix

B are based on the calculation for a typical PHR reported in Appendix

D of NUREG-0588].

L 3

Gamma dose radiation service conditions for BWRs and PWRs with fce

condenser containments must bé evaluated on 2 case by case basis.,

Since the procedures in Appendix B are based on 2 calculation for-a
f7?1; ) typical PWR with a dry type coniafnment,'they gre not directly applicable
- to BWRs and other containment typés; However, doses for these other
plant configurattons may be evaluated using sim11af procedures with
conservative dose assumptions and adjustment factors developed on 2

case by case basfis,

Beta Radiation Doses ~ Beta radiation doses generally are less significant

than gamma radiation doses for equipment qualification. This {s due to
the low penetrating power of beta particles in comparison to gamma rays
of equivalent energy, Of the general c1a§ses'of electrical equipment
in 2 plant (e.g,, cables, fnstrumént transmitters, valve operators,

containment penetratfons), electrical cable fs considered the most

B INUREG-0588, Interdim Staff Position on Environmental Qualification of
(;~; . Safety~-Related Electrical Equipment,

- T, P g S et Ty ©
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vulnerable to damage from beta radiation. Assuming & TID 14844

source term, the average maximum beta energy and isotopic abundance

will vary as a function of time following an accident. If these

parameters are considered in 2 detailed calculation, the conservative
beta surface dose of 1.40 x x 108 RADS reported in Appendix D of NUREG
0588 would be reduced by qpproximately a factor of ten within 30 mils
of the surface of e1ect;1ca1 cable fnsulatfon of unit density. An
additional 40 mils of fnsulation (total of 70 mils) results in another
factor of 10 reduction 1n.ddse. Any'structures or other equipment in
the vicinity of the equipment of Interest would act as shielding to
further reduce beta doses. If it can be shown, by assuming 2 conserva-
tive unshielded surface beta dose of 2.0 x }08 RADS and considering

the shielding factors discussed here, that the betz dose to radiation
sensitive equipment internals would be less than or equal to 10% of

the total gamma dose to which an 1temrcf equipment has been qualified,
then that equipment may be considéredlqua11f1ed for the'total radiation
enviroment (gamma plus beta), If this criterion is not satisfied

the radiation service condition should be determined by the sum of

»:;the gamma and beta doses.w_hw

3. S -§ ubmeggence - The preférred method of protect{on agafnst the effects

of submergency is to locate equipment above the water flooding level.
Specifying saturated steam as a‘seryice cendition durisg type testing
of equipment that will become f1oodeé»tn ssryice fs mot an scceptable
alternative for sctwaily fﬁou&iaq'ihe equipuent>dur1ng the tegt,

Th e
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4. Containment Sprays - Equipment expused to chemtcal sprays should be
quaiified for the most severe chemicel environment (actdic or
basic) which could exist. Demineralized water sprays should not
be exempt from consideration s 2 potentially adverse service

condition. :
Service Conditions for a PWR Main Stegm&Line'Break'IHSLB[ Inside Containment

Equipment required to functfon in a steam 1ine break environment must
be qualified for the high temperature and pressure that could result.
In some cases the environmental stress on exposed equipment may be
higher than that resuliting from a LOCA, in others it may be no more
severe than for a LOCA due to the autbmatickoperation of a containment

spray system.

1. Temperature and Pressure Steam Conditions - Equipment qualified for
- 8 LOCA environment is consfdered qualified for a MSLB accident en;iron-
ment in plants with automatic spray systems not subject to disabling
single component failures. This position is based on the "Best
Estimate” calculation of 2 tyﬁica1 plant peak temperature and ﬁréssure
and 2 thermal analysis of typical cbmpénéhts inside containment.l/
The final acceptability of this approach, i.e., use of the "Best Estimate",
is pending the completion of Task Action Pian A-21, Main Steamline

Break Inside Containment.

Class 1€ equipment installed in plants without autematic spray

systems or plants with gpray systems subject to disabling single
failures or delayed initiation should be qualified for a MSLB accident

environment determined by 2 p1ant'spec1f1c analysis. Acceptable methods

YSee NUREG 0458, Short Term Safety Assessment on the Environmental
Qualification of Safety-Related Electrical Equipment of SEP Uperating
Reactors, for a more detafled discussion of the best estimate.calcu1at10n.




4.3
4.3.1

4.3.2

for performing such an analysis for operating reac”ors are provided
“in Section 1.2 for Category II plants in NUREG-0588, Interim Staff
Position on Environmental Qunlification of Safety-Related Elnctrical.
Equipment. '
2. Radiation - Samé as Section 4.1 above except that a conservative
gamma dose of 2 x 105 RADS is acceptable. |
3. Submergence - Same as Section 4.1 above,
4. Chemical Sprays - Same as Section 4.1 above.

Service Conditions Outside of ‘Containment

Areas Subject to a Severe Environment as & Result of a High Energy

Line Break (KELB)

Service conditions for areas outsidg containment exposed to a2 HELB were

"evaluated on a plant by plant basis as part of 2 program fnitfated by

the staff in December, 1972 to evaluate the effects of a HELE. The
equipment required to mitigate the eveht was also identified. This .

equipment should be qualified for the service conditions reviewed and

approved in the BELB Safety [valuation Report for each specific plant.

Areas Where Fluids are Recirculated from Inside Contafnment to Accomplish

Long-Term Core Cooling Following a LOCA

1. Temperature and Relative Humidity - One hundred percent relative humidity

shouTd be established as a service condition in confined shaces, The
temperature and pressure 2s a function of time should be based on the

plant unique analysis repprted in the FSAR.

e
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5.0

9.

2. Radiation - Due to differences in equipment arrangement within.
these areas and the significant effect of this factor on doses,
ra&i;tion service conditions musﬁ be,gvaluated on a case by case
basis. 1In general, a dose of at least 4 x 105 RADS would be
expected. ; '

3.7 Submergence - Not‘app1fcab1e;

4. Chemical Sprays - Not aﬁplicable, ,

Areas Normally Maintained 2t Room Cond1t fons

Class IE equipment located in these areas does not experience significant

stress due to & change in service conditions during a design basis event.

This equipment was designed and installed using standard engineering

practices and industry codes and standardsr(e.g;, ANSI, NEMA, National

-Electric Code). Based on these factors, failures of equipment in thése

areas during & desfgn basis event are expécted to be random excépt to
the extent that they may be due to aging or failures of air cunditicniqg or

ventilation systems. Therefore, no special consideration neéd be given to
\n———-

the environmental qualification of Class IE equf}ment in these areas provided

the 2ging requirements discussed in Sect1oa 7.0 below are satisfied and the
areas are maintzined at room conditions by redundint air conditioning or
ventilation systems served by the onsite emergency electrical power system.
Equipment located in areas not served by redundani'systems powereﬁ from
onsite emergency sources should be qualified for the environmental extremes
which could result from a failure of the systems as determined from 2 plant
specific analysis.

QUALIFICATION METHODS
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s, 1 selection of Qualification Method /

The chofce of qualification method employed for a particular application
of equipment is largely 2 matter of technical Judgement based on such

factors as: (1) the severity of the service conditions; (2) the structural

and mater1a1 complexity 'of the equipment; and (3) the degree of certainty
i S G

re ufred in the qualification procedure (1.e., the safety importance

of the equipment function). Based on these considerations, E{Eo testing

is the preferred method of qualification for electrical equipment looated
inside containment required to miiigate,tho consequences of design basis
events, 1.e., Class IE equipment (see Section 3.0 above). As a minimum,

the qualification for severe temperaturel‘g,gssure, and st2257§§;:;:§

‘_,,-W‘

/
conditions for CIass IE equipment should be based on type'testiog,/

.
Yavn e T TSI Sy TP —— /

ua11f1cati n_{i ng;_ggggiggugonditions such as radiation.dnd chemical
—M
sprays may be by analysis (evaluation) Supported by test data {see Section

. v———r

5 3 below). Exceptions‘td‘fﬁese genera] guidelines must be justified on &

case by case basis.

Oualification by Type Testing

The evaluation of test plans and results should include consideration. of
the following factors: |

1. Simulzted Service Conditions and Test Duration - The environment in the

test chamber should be established and maintained so that {t envelopes
the service conditions defined in.accordance with Section 4.Q_above.
The time duration of the test should be at least as long as the period

from tho initiation of the accident until the temperature and pressure

service conditions return to essontially the same levels that existéd o

before the postulated accident. A shorter test duration may be acceptﬁble

- —— e
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2.

4.

if specific analyses are provided ko demonstratelthat the materials

Tnvolved Wil not experfence significant accelerated thermal aging
during the period not tested.

Test Specimen - The test specimen should be the same mo mode1 as the

equipment being qua!ified. The type test should only be considered valid
for equipment identical in design and material construction to the test
specimen. Any deviations should be evaluated as part of the qualifica-

tion documentation (see also Séction 8.0 below).

Jest Seguence - The component being tested should be exposed to a

steam/air environment at elgvated temperature, and pressure in the

sequence defined for {ts service conditions. Where radiation is &

service condition which is to be considered aé part of a type test, it

may be applied at any time during the test sequence provided the cdmponent
does not contain any materials which are known to be susceptible to
significant radiation damage at the service condition levels or

materials whose susceptibility to radiation damage 1s_not known (see
Appendix C). If the component contains ﬁny sucﬁ materials, the radiatipn
dose should be applied prior to or concurrent with exposure to the elevated

temperature and pressure steam/air environment. The same test specimen

' should be used throughout the test sequence for all service conditions

the equipment is to be qualified for by type testing. The type test
should only be considered valid for the service conditions applied to
the same test specimen in the appropriate sequence.

Te&t Specimen Ading - Tests which were.successfui'using'test=spec1mens

uhich had not been preaged may be consfdered acceptable provided the -

component does not contain materials which are’ knawn ‘to be susceptibTe




to significant degradation due to thermal and radfatien aginﬁf(see Section -
7.0). If the component contains such materials a qualified life for the

component must be established on a case by case basis. Arrhenius techniques

N

are generally considered acceptable fbf thermal aging.

Functional Testing and Failure Criteria - Operational modes tested

should be representative of the actual application requirements
(e.g., components which operate normally energized in the plant
should be normally energized during the tests, motor and electrical

cable loading during the test should be representative of actual

operating conditions). |Failure criteria shouid include {nstrument X

accuracy requirements based on the'haximum error assumed in the

plant safety analyses.| If a component fails at any time during .
e test, even in a so called "fail safe" mode, the test should
‘be considered inconclusive with regard to demonstrating the ability
of the component to function for the'entire‘pgriod prior to the

e,

failure.

o E2a

MA’. . . )
6. Installation Interfaces - The equipment mounting and electrical or

mechanical seals used during‘the typé test should be representative
of the actual installation for tﬁe test to be conside;ed conc!uéive,
The equipment qualification program‘should include an as-~built
inspectfon in the field to verify that equipment was installed

as it was tested. Particular emphasis should be placed on common |
problems such as protective enclosures installed upside down with
dra?p holes at the top and penetratﬂonsnin equipment housings for
elecirical connections befng left unsealed or susceptible to

.moisture incursion through stranded conductors.
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gﬁa11fication_gy a2 Combination of Methods (Tbst; Evaluation, '
Analysis |

~ As discussed in Section S.I_above. an item of Class IE equipment may

be shown to be qualified for e complete spectrum of service conditions
even though it was only type tested for high temperqture, pressure

and steam. The qualification for'service conditions such as radiation
and chemical sprays may be demonstrated by analysis (evaluatien). In

such cases the overall quaiification is said to be by a combination of
methods. Fo}1owing are two speci?ic examples of procedures that are

considered acceptable. Other similar hrocedures may also be reviewed

and found acceptable on 2 case by case basis.

1. Radiation Qualification - Some of the earlier tvoe tests performed

for operating reactors did not 1nc1hde radiation as 2 serv;ce
condition. In these cases the equipment may be shown to be
radiation qualified by perfonhing 2 calculation of the dose
expected, taking into account the time the equipment is required
to remain functional and its 1ocation using the methods described
in Appendix B, and analyzing the effect of the calculated dose

on the materials used iﬁ the équipment (see Appendix C). As a
Qeneral rule, the timerréquired to remain functional assumed for dose
calculations should be at least 1 hour.

2. Chemical Spray Qualification -,Compohents enclosed entirely in |

corrosion resistant cases (e.g., stainless steel) may be shown
tp be qualified for a chemiéa1 environment by an analysis of
the effects of the barticular'chemicals on the particular enclo-
sure materials. The effects of chemical sprays on the pressure

integrity of any gaskets or seals present should be considered
in the analysis. - : : .

-rT - g iy~ g - v - I D e
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6.0 Margfn 7 ,
JEEE Std. 323-1974 defines margin as the difference between the most

- i

severe specified service conditions of the plant and the Eonditions used -
in tjpe testing to account for normal variations in commercial production

of equipment aﬁd Feasonab]e errors in defining satisfactory peﬁfbrmance.
Section 6.3.1.5 of the standard provides suggested factors to be zpplied

to the service conditions to assure aﬁequate margins. Thé factor applied

to the time equipﬁent is required to reméin fﬁnctiona] is the most

significant in terms of the additional confidence in qualification that

is achieved by adding margins to service conditions when establishing
test envircnménts. For this reason, specfal consideration was given to
thé-time required to remain functional when the guidelines for Fuq;tiona1
. Testing and Failure Criteria in Section 5.2 above were established. In
’3 ) addition, a1l of the guidelines in Section 4.0 for estab]ishing'service
conditions include conservatisms which assure margins between the service
conditions specified and the actual conditions which could realistically

be expected in a design basis event. Therefore, if the guidelines in

B Nw' - - e ——
Section 4.0 and 5.2 2 separate margin factors are required
to’Be added to the service conditions when spetifying test conditfons.
7.0 Aging - -

Inplicit in the staff position in Regulatory Guide 1.89 with regard to
backfitting IEEE Std. 323-1974 is the staff's tonclusionvthat the
incremental improvement in safbty.from arbitrarily requiring that a
specific qualified 11fe be demonstrated for all Class,IErequfpment is
not sﬁfficient to justify the expensé for plants already constructed

and opérating. This position does not, however, exclude equipﬁent

P bk
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using materials that have been {dentified as being susceptible to

significantrdegradation due to thermal and radiation eging. Component
maintenance or replacement schedulesrshcqurinclude considerations of
the épecific aging characteristics of the component materfals. Ongoing. |
programs should exist at the’plant”tO‘rtvieﬂ“sﬂfveiIlance=and=mafntenance
records to assure that equipment:which.fs-exhibiting age related degrada-
tion will be‘fdentified:and'repla;egygsgn?Cessgry; Appéndtg_g_gpntains a

listing of materials which may be found in nuclear power plants along with

an {ndicationiof the materialrsuséeptabi1ity to thermal and radiation aging.

Documentation

) Complete and auditable records must beravailab1e for qualification byA

any of the methods described in Sgction 5.0 above to be considered valid,
These records should describe the qualification method in sufficient
detail to verify that all of the guidelines have been

satisfied. A simple vendér certification oficompliance with a2 design

specification should not be considered adequate.

4
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APPENDIX A
TYPICAL EQUIPMENT/FUNCTIONS NEEDED FOR -
MITIGATION OF A LOCA OR MSLB ACCIDENT

Engineered Safeguards Actuation
Reactor Protection _

Containment Isolation

Steamline Isolation

Main Feedwater Shutdown and Isolation
Emergency Power '

Emergency Core Coo'ling1

Containment Heat Removal

Containment Fission Product Removal

Lontainment Combustible Gas Control

Auxiliary Feedwater

Containment Ventflation

Containment Radiatjon Monitoring

Control Room Habitability Systems (e.g.; HVAc; RAdiation Filters)
Ventilation for Areas Containing Safety Equipment
Component Cooling

Service Hater

Emergency Shutdown?

Post Accident Sampling and Monftoring®

Radfation Monitoring®

Safety Related Display Instrumentation3

fen_grar

-
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1These systems will differ for PWRs and BWRs, and for old~r and newer
plants. In each case the system features which allow f: transfer to
recirculation cooling mode and establfshment of long term cooling
with boron precipitation control are to be considered as part of

the system to be evaluated. '

zEmergency shutdown systems include those systems used to bring the

plant to a2 cold shutdown condition following accidents which do not
result 1n a breach of the reactor coolant pressure boundary together

with & rapid depressurization of the reactor coolant system. Examples

of such systems and equipment are the RHR system, PORVs, RCIC, pressurizer
sprays, chemical and volumé control system, and steam dump systems.

. 3More specific 1dentification of these types of equipment can be found

in the plant emergency procedures.



-

APPENDIX B

PROCEDURES FOR EVALUATING GAMMA RADIATION SERVICE CONDITIONS

Introduction and Discussion

The adequacy of ganma radiatton service conditions specified for inside

containment during ayLOCA or MSLB accident can be verified by assuming

a conservative dose at the containment centerline and adjusting the dose .

according the plant specific pérameters; The purpose of this appendix

is to identify those parameters whose effect on the total gamma dose is

easy to quantify with a high degree of confidence and describe procedures

which may be used to take these effects {nto consideration.

The bases for the proéedures and restrictions for thefr use are as
follows: _
(1) A conservative dose at the containment centerline of 2 x 107 RADS

2)

for a LOCA and 2 x 106 RADS for a MSLB accident has been assumed.
This assumption and 211 the dose ratés used in the procedure out-
1ined below are based on the methods and sample calculation '
described in Appendix D of'NUREGo0588,Y‘Inter1m Staff Position

on Environmental Qualification of Safety-Related Electrical Equip-
ment.” Therefore, all therlfmitatiohé 1isted in Appendix D of
NUREG~0588 apply to ‘these procedures.

The sample caleculation in Appendix D of NUREG-0588 {s for a 4 000
MWth pressurized water reactor housed in a 2.52 x 105 £t3 contain-
ment with an {odine scrubbing spray system, A similar caleulation
without fodine scrubbing Sprays'wou1d {ncrease the dose to equipment
approximately 152, The conservative dose of 2 x 107 RADS assumed

N
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in the procedure below includes sufficient conservatism to
, accoﬁnt for this factor. Therefore, the pro _dure {s also
applicable to plants without an 1odine scrubbing spray'system.

(3) Shielding calculations are based on an ﬁ&eéage gamma energy of
1 MEV derived from TID 14844,

(4) These procedures are not applicable to equipment located directly
above the containment sump, submérged in contaminated 1iquids,
or near filters. Doses specified for eﬁuipment located in these
areas must be evaluated on a case by case basis.

(5) Since the dose adjustment factor§ used in these procedures are
based on a calculation for a typita1,pressur12ed water reactor with
a dry type containment, they are not directly applicable to
boiling water reactors or other containment types. However,
doses for these other plant conffgurations may be evaluated
using similar procedures with conservative dose assumptions
and adjustment factors deveIoped on a case by case basis.

Procedure 7 |

Figures 1 through 4 provide factors to be applied to the cons;rvative

dose to correct the dose for the following plant specifiﬁ parameters:

(1) reactor power level; (2) containment volume; (3) shielding; (4)

coﬁpartment volume; and.(S) tiﬁe'equipment is required to remain

functional.
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The procedure for using the figures is bes£'111ustrated by an example,
Consider the following case; The radiation service condition for a
particular item of equipment has been specified as 2 x 105 RADS. The
application speciffc parameters are: AV - .
Reactor power level - 3,000 Mith |
Containment volume - 2.5 x 105 £td
Compartment Volume - 8,000 ft3
Thickness of compartmeni shield wall (concrete) - 24"
Time equipment {is re&uirﬁd to remain functional - 1 hr.
The problem 1s to make & reasonable estima£§ of the dose that the equipment
could be expected to receive in order to evaluate the adequacy of the
radiation service condition specification.»
Step 1
Enter the nomogram in Figure 1 at 3,000 MWth reactor power level and
2.5 x 'IO6 ft3 contatinment volume ahd read & 30-day integrated dose of
1.5 x 107 RADS.
Step 2
Enter Figure 2 at a dose of 1.5 x 107 RADS and 24" of concrete shielding
for the compartment the equipment is Iocated in and read 4.5 x 104 RADS.
This is the dose the equipment receiyes from sources outside the Compart-'
ment. To this must be added the dose from sources inside the compartment
(Step 3).
Step 3
Enter Figure 3 at 8,000 ft? and read a correction factor of 0.13. The

dose dﬁe to sources inside the compartment would then be 0.13 (1.5 x 107)
=-1.95 x 10 RADS. The sums of the doses frpm steps 2 and 3 equals:

4.5 x 10% RADS + 0.13 (1.5 x 107) RADS = 2.0 x 105 RADS



Step 4 _ ,
Enter Figure 4 at 1 hour and read a correction factor of 0.15. Apply

this factor to the sum of the doses determined from steps 2 and 3 to
corfect the 30 day total dose to the equipment 1nside‘the'compartment
to 1 hour. | - | |
0.15 (2.0 x 106) = 3 x 105 RADS | .
In this particular examplé the service condition of 2 x 105 RADS
specified is conservative with respect to the estimated dose of 3 x

105 RADS calculated in steps 1 through 4 and is, therefore, acceptable.

TR
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FIGRE 1
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FIGURE 3
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APPENDIX € _
THERMAL AND RADIATION AGING DEGRADATION
OF SELECTED MATERIALS

Table C-1 is 2 partial 1ist of mater1a1s which may be found in & nuclear
power plant along with an indication of the material susceptibility to

radiation and thermal aging.

Susceptibility to significant thermal aging in a 45°C environment and
normal atmosphere for 10 or 40 years is 1ndi£ated by an (*) in the appro-
priate column. Significant aging degradatfon is defined as that amount
of.degradation that would p1ace'1n substantial doubt the ability of
typical equipment using these materials to function in 2 hostile

environment.

Susceptibility to radiation damage is indicated by the dose level and
the observed effect identified in the column headed BASIS. The heaning
of the terms used to characterize the dose effect fs as foTlowsi
¢ Threshold - Refers to damage threshold, which fs the radiation
exposure required to change af leasf one physical property of .
the material. | | ¥
e Percent Change of Property - Refers torthe radiation exﬁosure
required to change the physical property noted by thé percent.
o Allowable - Refers to the radiation which can be absorbed before
serfous degradation occurs. )
The information in this appendix is based on a literature search of sources
including the National Technical Information Service (NTIS), the National
Aeronautics and Space Administration's Scientific and TechﬁicaI Aerospace -

Report (STAR), NTIS Government Report Announcements and Index (GRA), and
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various manufacturers data reports. The materials 1ist is not to be
considered a1l inciusive nefther is 1t:to be hsed as a basis for
specifying materials to be used fbr specific applications within a
nuclear plant. The 1ist is solely intended for usé by the NRC staff

in making judgements as to the possibility of a particular material

1n a particular application being suscept1b1e to significant degradation

due to radiation or thermal aging

The data base for thermal and radiation aging in engineering materials
is rapidly expanding at this time. As additional information becomes
available Table C-1 will be updated a;cofdingly.
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THERMAL AND RADIATION AGING DEGRADATION
OF SELECTED MATERIALS
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*Indicates th&t there is data available which shows a potential for significant thermal aging of the materials
when exposed to norma) operating conditions for either 10 or 40 years as Indicated.
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