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FOREWORL

Historically, safety related electrical equipment has been tested under the severe
environmental conaitions expected to occur in the event of a design basis
accident. This testing provided a high degree of confidence in the safety system
performance under the limiting environmental conditions. However, in keeping
with the advancing state of the art, qualification criteria were revised in 1974 by
revision of [EEE-323-1974 and by Regulatory Guide |1.89 which endorses this IEEE
Standard. The concept of aging was highlighted in IEEE-323-1974 and
interpiretation of the scope of aging and implementation methods were soon
urgently required. Some guidance on the scope of applicability of aging
considerations was subsequently provided by the NPEC-7-24-75 "Nuclear Power
Engineering Committee Position Statement to Foreword of [EEE Standard
323-1974".

Shortly after [EEE-323-1974 was issued, Westinghouse WRD formed an engineering
task group to interpret new requirements and to recommend implementation
methods. The qualification procedures described throughout this topical report are
the result of this task group's efforts and subsequent evolution. The task group
members were also assistec greatly by discussions with experts from other divisions
of the company and the nuclear industry as well as from NRC Staff and IEEE
committee personnel. The Westinghouse WRD program for qualification to
IEEE-323-1974 is consistent with the interpretation set forth by the NPEC position
mentioned above. In general, if any conflict exists between IEEE-323-1974 and
other [EEE standards addressing qualification of electrical equipment,
IEEE-323-1974 takes precedence in the Westinghouse interpretation of

rejuirements.

Meetings with the NRC staff have been held to discuss qualification methods since
Revision 0 of this report was issued in September, 1975, Revision 0 was written to
respona to NRC Staff concerns on environmental qualification to IEEE-323-1974
relative to the Westinghouse RESAR-41 application, In the last three years, the

program has been revised based on evolution of the state-cf-the-art and

vii
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1.0 PURPOSE

The basic aim of equipment gqualification of safety related equipment is:

- to reduce the potential for common mode failures due to environmental

effects,

- to demonstrate that safety electrical equipment is capable of performing

its designated safety related functions.

The purpose of WCAP-8587 is to describe the methodology that Westinghouse WRD
has adopted to qualify equipment to IEEE-323-1974, "IEEE Standard for Qualifying
Class lE Equipment for Nuclear Power Generating Stations." This methodology
represents the Westinghouse WRD interpretation of this standard and defines the
basis on which the detailed qualification program plans, contained in Supplement 1
to thic report, have been established together with the intended methods of

documenting the results.
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2.0 SCOPE

The qualification criteria, methods, and environmental conditions described herein
constitute the methodology that Westinghouse has adopted to comply with the
above mentioned standard. This methodology applies to the NSSS scope safety
related electrical equipment (e.g. equipment required to perform reacior trip,
engineered safeguard features, or post-accident monitoring) supplied by
Westinghouse WRD. Table 2-1 is a typical list of safety related electrical
equipment, that has been supplied by Westinghouse WRD by its name, system,
location (inside or outside containment) and the corresponding Equipment
Gualification Data Package reference contained in Supplement | to this report. As
additional qualification testing is completed and the scope of the program
expanded to include other safety related electrical equipment, the index of
qualifiea equipment, contained in WCAP-8587 Supplement | and WCAP-8687
Supplement 2, will be updated. It is important to note that there may be plant to
plant variations in Westinghouse WRD supplied NSSS equipment. Thus, not all of
the equipment listed in Table 2-1 would be in Westinghouse WRD scope for any one
olant. The actual listing of Westinghouse WRD supplied safety related electrical
equipment 1s found in the applicants SAR. If advancements in technology or
substantial change in equipment type cause the methods for qualifying equipment
to differ from those documented in this report, Westinghouse will supplement
WCAP-8587 to identify and/or clarify these changes.
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TABLE 2-1

TYPICAL SAFETY RELATED EQUIPMENT IN W WRD SCOPE OF SUPPLY

EQUIPMENT

Safety Related Valve Electric

Maocor Operators

Safety Related Solenoid

Valve

Safety Related Externally

Mounted Limit Switches

Pressure Transmitters

Differential Pressure Transmitters
Resistance Temperature Detectors
Excore Neutron Detectors

Nuclear instrumentation System (NIS)
Source Range Preamplifier

Main Control Board Switch Modules

0764A

SYSTEM

LVES

CS5

RHR
RCS*
WPS*

S5
SGBP*
RPS/PAM
RPS/PAM
RPS/PAM
RPS

RPS

RPS
RPS/ESF

2-2

PLANT
LOCATION®**

i/0

i/0
i/0

0
i/0

EQDP
REFERENCE

HE-1 and 4

HE-2/5

(combined)

HE-3/6

{(combined)

ESE-1 and 2
ESE-3 and 4
ESE -5, 6 and 7
ESE-8 and 9
ESE-10
ESE-l1 ard 36
ESE-12
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3.0 INTRCDUCTION

As mentioned in Section 1, the purpose of WCAP 8587 is to describe the
methodology which will be applied in qualifying Westinghouse WRD supplied NSSS
safety related electrical equipment. Section 4 describes WCAP B8587's
inter-relationship between the actual qualification of equipment, licensing
documentation of the qualification, and application to individual Safety Analysis
Reports (SARs). Section 5 identifies the various industry and regulatory criteria
upon which the program is based. Section 6 defines the methodology employed in
defining the Performar~e Specification, including functional requirements and
applicable environments, provided in Section 1 of the individual Equipment
Qualification Data Packages (EQDP's) cointained in Supplement 1 to this report.
Section 7 defines the basis on which the qualification program plans have been
established, whether by test (EQDP Section 2), experience (EQDP Section 3),
analysis (EQDP Section 4) or a combination of these methods. The discussion in
Sections 6 and 7 follows the section headings of the standard EQDP (Appendix A).

3-1
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4.0 DOCUMENTATION PLAN

The overall equipment qualification documentation plan consists of three sets of

documents:

l. WCAP-8587 "Methodology for Qualifying Westinghouse WRD Supplied NSSS
Safety Related Electrical Equipment" which is a Westinghouse Class 3
(Non-Proprietary) report and represents the generic program parent document
and describes the basis methodology on which the Westinghouse qualification
program is based.

2. WCAP-8587, Supplement | "Equipment Qualification Data Packages" (£EQDP)
is also a Westinghcuse Class 3 (Non-Proprietary) report which represents a
summary of the program testing, this document is revised to include a
summary of test results and identifies definii.g the equipment performance
specifications arnd qualification plan. Upon completion of testing, this
document is revised to include a summary of test results and identifies the
support ing test reports.

3. WCAP-8687, Supplement 2 "Equipment Qualification Test Reports,” (EQTR) is
a Westinghouse Class 2 (Proprietary, report and presents specific methods used
during testing and results of those tests All test reports are .odea to the

appropriate EQDP reference number.

Each EQDP follows the format outlined in Appendix A. Figure 4-1 graphically
deronstrates how WCAP-8587 acts as the parent methodology document for the
daugnter £EQDP's that are separately documented in Supplement | to WCAP 8587
and test reports documented in Supplement 2 to WCAP 8587. All information
necessary to gemonstrate the equipments ability to perform its intended safety
function(s) under normal, abnormal, accident and post accident environments will
be provided. All support test cata will be maintained available for audit by
Westinghouse for the life of the plant. [f maintenance, refurbishment or
replacement of the equipment is necessary to ensure the ability to perform the
equipments safety function, then this information will aiso be included in the
EQOP. The completed EQDP will be made available to the NRC staff for auait.
westinghouse WRD will provide, as input to the applicant's SAR, references to the

applicable qualification docuimentation.

4-1
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4.Z2.1 EQUIPMENT LINK

This documentation certifies that the plant specific equipment is covered by the
applicable equipment test reports in WCAP-8687, Supplement 2. This link will
retiect a comparison of the as-built drawings, baseline design dJocument or other

docurmentation of the tested equipment to the plant specific equipment.
4.2.2 COMPONENT LINK

This documentation certifies that the components utilized in the plant specific
equipment is represented in the Component Aging Program, WCAP-8586, Appendix
B, Subprogram C. This link would only apply to equipment whose £QDP references
the W Component Aging Program. This link will reflect a comparison of the
as-bullt drawings, baseline design document or other documentation of the plant

specific equipment to the component program listing.

4.2.5 MATERIALS LINK

This documentation certifies that the materials utilized in the plant equipment is
represented in the Materials Aging Analysis, WCAP-8587, Appendix B, Subprogram
B. This link would only apply to equipment whose EQDP references the w
Materials Aging Analysis and will reflect a comparison of the as-built drawings,

baseline design document or other documentation of the plant specific equipment

to the materials aging analysis listing.

0764A 4-3
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5.0 QUALIFICATICUN CRITERIA

5.1 QUALIFICATION BASIS

The environmental requirements to oe ronsidered in the design of safety related
equipment are embodied in Title 10 Code of Federal Regulations (10CFR),
Appendix A to Part 50, "General Design Criteria” and specifically General Design
Criterion 2 "Design Bases for Protection Against Natural Phenomena”, General
Design Criterion 4 "Environmental and Missile Design Bases" and General Design
Criterion 23 "Protection System F ailure Modes." That the environmental design of
the safety related equipment is verified, documented and controlled is required by
General Design Criterion 1 "Quality Standards and Records” arnd Section Il "Design
Control" of Appendix B, "Quality Assurance Criteria for Nuclear Power Plants and
Fuel Reprocessing Plants" to 10CFR Part 50.

The qualification methods described in this topical report will be utilized to verify
the environmental design basis and capability of the Nuclear Steam Supply System
safety related electrical equipment supplied by Westinghouse WRD. The results of
the verification, as well as the design basis for each equipment, will be documented
in an "Equipment Qualification Data Package" (EQDP), (See Appendix A for sample

format). Design control will be performed via the Westinghouse Quality Assurance
Program,

5.2 QUALIFICATION GUIDES

The need for safety related electrical equipment qualification to verify its
operational capability was identified in Secticrn 4.4 of the "Proposed IEEE Criteria
for Nuclear Power Plant Protection System" (IEEE279-1968) which evolved into
IEEE Standard 279-1971 "Criteria fr~ Protection Systems for Nuclear Power
Generating Stations" and Section 4.7 of IEEE 308-1970 "IEEE Standard Criteria for
Class 1lE Electrical Systems for Nuclear Power Generating Stations. [EEE
323-1971, "EEE Trial-Use Standard: General Guide for Qualifying Class 1E
Electric Equipment for Nuclear Power Gener.ting Stations" was issued ... "to

5-1
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provide guidance for demonstrating the qualifications of electrical equipment as
required...” in the before mentioned IEEE Standards. IEEE 344-1971 "IEEE Guide
for Seismic Qualification of Class 1 Electric Equipment for Nuclear Power
Generating Stations" was issued to provide guidance relating to seismic

qualification and to suppiement IEEE 323-1971.

IEEE-323 and IEEE-344 have been revised and reissued as IEEE-323-1974 (Endorsed
by Regulatory Guide 1.89, November, 1974) and IEEE-344-1975 (Endorsed by
Regulatory Guide 1.100, March, 1976). These twn documents serve as the basis
upon which the qualification methodology is developed, supplemented by the
stanaards listed above and guided by IEEE-323A-1975, "Nuclear Power Engineering

Committee Position Statement to Foreword of IEEE-323-1974".

The Institue of Electrical and Electronics Engineers, Inc., has issued additional
standards for qualification of specific types of electrical equipment. The
individual daughter standards that Westinghouse will employ, either in whole or in

part are:

1. 1EEE 382-1972 "IEEE Trial Use Guide for Type Test of Class 1E Electric Valve

Operators for Nuclear Power Generating Stations" (Endorsed by Regulatory
Guide 1.73, (January, 1974)).

2. [EEE-383-1974 "IEEE Standard for Type Test of Class lE Electric Cables,

Field Splices, and Connections for Nuclear Power (Generating Stations.'

3. 1EEE-117-1974 "Test Procedure for Evaluation of Systems of Insulating
Materials for Random Wound AC Electric Machinery."

- o

IEEE-275-1966 (Reaff 1972) "Test Procedure for Evaluation of Systems of
Insulating Materials for AC Electric Machinery Employing Form-Wound
Pr rinsulated Stator Coils."

Other standards will be evaluated for acceptability by Westinghouse as they are
developed.

5-2
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5.3 QUALIFICATION TEST PROCEDURE CRITERIA

In establishing the qualification procedures, methods and documentation, Section 6

of

ILEE-323-1974 was utilized. The following provides an outline of the

implementation of Section o IEEE-323-1974 into the Westinghouse program

(parenthesis refer to Sections of the Standard)

0764A

ldentification of the Class |E Equipment Being Qualified (Section 6.1) - The
tquipment wil! se identified on the cover sheet and Section 2.1 of the EQDP.

Equipment Performance Specifications (Section 6.2) - The equipment

performance specifications will be delineated in Section | of the EQDP.

lype Test Procedures - General (Section 6.3.1) - The general type test

procedures will be identified in Sections 2.1 through 2.7 of the EQDP.

Test Sequence (6.3.2) - The test sequence to be utilized in qualifying the
various equipment types is delineated, in general terms, in Secticn 7 of this
report. The specific test sequence to be employed will be documented in
Section 2.9 of the EQDP.

Aging (6.3.3) - The methods utilized to address aqing in the qualification of the
various equipment types are discussed in Section 7 and Appendix B to this
report. The aging considerations will also be documented in Sections 2.5 and

4.0 (where applicable) of the EQDP.

Radiation (6.3.4) - The specific radiation test requirements and actual
radiation dose employed for qualification will be delineated in Sections |.8.4
and Z2.6.4 respectively of the EQUP. Radiation conditions are also addressed in

Section 6.7 of this report.

5-3
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Analysis (6.5) - Qualification by analysit alone is not employed by Westinghouse
WRD. Analysis is employed to supplement testing or to provide verification
that the test results are applicable. The assumptions and models utilized will
be described and with the results of the analysis and conclusions will be
documented in Section 4.0 of the EQDP,

On-Going Qualification (6.6) - On going qualification as described in Scction
6.6 of IEL L 323-1974 is not employed by Westinghouse WRD as a method for

queaification,

Critaria of Failure (6.7) - The equipment will be judged nsuitable when the
qualification results fail to demonstrate that the equipment will perform the
safety function required by the particular functional requirements as specified
in Section 1.7 of the EQGDP. It is possible for equipment to be suitable and
qualified to perform some safety functions but unsuitable for others. The
suitabilicy to perform a safety function for a particular plant will be
demonstrated in individual plant Safety Analysis Reports by comparing the
qualification demonstrated by the Equipment Qualification Data Package to
the plant specific requirements of the function for which the squipment is
wsed (See Figure 4-2).

Modifications (6.8, - The criteria for modification, if applicabie, will be

delineated in the individual test procedures.

Documentation (6.9) - Documentation of specific equipment qualification will
be provided via the Equipment Qualification Data Packages (See Appendix A).

%4 REGULATORY GUIDE CONFORMANCE

Regulatory Guides describe meth_ds acceptable to the NRC staff for implementing
specific parts of the Commis.ion's reqguiations, to delineate techniques used by the

staff in evaluating specific problems or postulated eccidents or to provide guidance

5-5
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to applicants. In the area of seismic and environmental qualification of safety

related electrical equipment, the NRC has issued the following rtegulatory Guides:

Regulatory Guide 1.40, "Qualification Tests of Continuous-Duty Motors Installed
Inside the Containment of Water Cooled Nuclear Power Plants" - This guide
endorses, with certain modifications, IEEE 334-1971. Westinghouse WRD does not
cirrently supply equipment within the scope of this guide.

Regulatory Guide 1.63, "Electric Penetration Assemblies in Containment
Structures for Water-Cooled Nuclear Power Plants - This Regulatory Guide
endorses, with certain qualifications, [EEE 317-1972. However, since Westinghouse

WRD does not supply containment penetrations, this guide is not applicable.

Regulatory Guide 1.73, "Qualificatien Tests of Electric Valve Operators Installed
Inside the Containment of Nuclear Power Plants” - Requlatory Guide 1.73 endorses,
with certain qualifications, IEEE 382-1972. Westinghouse employs the
recommendations of the Regulatory Guide in part in specifying the qualification
program plans cuntained in Supplement 1 to this report and specifies additional

requirements to ensure conformance with IEEE 323-1974.

Regulatory Guide 1.89, "Qualification of Class 1E Equipment for Nuclear Power
Plants" - This quide endorses IEEE 323-1974 with certain qualifications, i.e. the use
of IEEE 344-1971 (see belo.”) and source terms. Westinghouse employs the
recommendations of Regulatory Cuide 1.89 by the following:

l. The recommendations of [EEE 323-1974 are met by the methods discussed in
Sections 6, 7 and Appendix A of this WCAP,

2.  The radiation source terms used in qualification are described in Section 6 of

this WCAP and meet the recommendations of Regulatory Guide 1.89.

5-6
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5. The sciamic qualification requirements employ the recommendations of
IEEE-344-1975 as described in Section 7 of this WCAP,

Regulatory Guide 1.100, "Seismic Qualification of Elentrical Equipment for
Nuclear Power Plants" - This guide endorses, with certain qualifications, IEFE
344-1975. Westinghouse employs the recommendations of by Regulatory Guid.
1.100 as described in Section 7 of this topical repoit.

W
'
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6.0 PERFORMANCE SPECIFICATIONS

Section 1.0 of the Equipment Qualification Data Packages (Appendix A) contains
the performance specification of the equipment. This specification establishes the
necessary parameters against which galification shall be demonstrated. The basic
acceptance criteria for qualification is that tha safety related functional
requirements defined in EQDP Section 1 are successfully demonstrated, w'th
margin, under the specified environmental conditions. The Owner/AE will be
responsible for ensuring the qualified equipment is utilized and located such as not

to prejudice the performance specification contained in Section 1 of the EQDP.

The following sections, define the basis on which the parameters contained in

EQDP Section 1; Performance Specifications, are selected.

6.1 ELECTRICAL REQUIREMENTS

The pertinent electrical requirements are specified (i.e. voltage, frequency, etc.) in
Section 1.1 of the £ QDP together with the variation in the defined parameters for
which the equipment is required to perform its specified functions

6.2 INSTALLATION REQUIREMINTS

In order to ensure that the qualification represents the in-plant condition the
method of installation, as specified in Section 1.2 of the EQDP, is in accordance
with the supplier's installation instructions

6.3 AUXILIARY DE VICES

Where the equipment to be qualified relies upon the operation of any auxiliary
device(s) in order to perform the specified safety related functions, such devices
are identifiea in EQDP Section 1.3. The applicable EQDP for the auxiliary
device(s) is specified, if within the Westinghouse scope of supply.

6-1
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6.4 PREVENTATIVE MAINTENANCE SCHEDULE

The details of any preventative maintenance schedule implicit in establishing the
qualified life of the equipment, wiil be specified in EQOP Section .4 on

completion of the qualification program,

6.5 DESIGN LIFE

The specified value listed in EQDP Section 1.5 for the design life is the period of

time for which satisfactory performance of the equipment is anticipated. Due to

limitations in current technology regarding the simulation and consequent effects

of aging, it may be necessary in some instances, to specify a qualified life less tran

the design life.

6.6 OPERATING CYCLES

Where applicable, a conservative estimate of the number of cycles (i.e. start-up
and shutdown) that the equipment will experience during the design life is specified
in EQDP Section 1.6. This estimate includes an allowance for periodic testing of

the equipment.

6.7 ENVIRONMENTAL CONDITIONS

The environmental conditions considered in the qualification of NSSS safety

related equipment can be separated into three categories: normal, abnormal, and
accident conditions. "Normal Conditions" are those sets and ranges of plant
conditions that are expected to occur regularly and for which plant equipment 18
expected to perform its safety function, as required, on a continuous, steady-state
basis. "Abnormal" refers to the operating range in which the equipment is designed
to operate for a period of time without any special calibration or maintenance
effort. "Accident conditions” refers to an operating limit to which the equipment
may be subjected without impairment of its operating characteristics. Equipment

operated within the accident condition operating limit may require that tests,

6-2
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inspections, and maintenance to be performe on the equipment, prior to return to

normal operating conditions.

The following sections define the basis for the normal, abnormal, accident and post

accident environmental conditions specified in EQDP Section 1.8 and to be assumed
by Westinghouse for qualification of safety related electrical equipment. These
condit‘ons have been conservatively derived to allow for possible alternative

locations of equipment within the plant.

6.7.1 NORMAL OPERATING CONDITIONS 5

Pressure, Temperature, Humidity

In defining the normal operating environmental parameters to be employed,
maximum use has been made of available Architect Engineering interface ’
information and the draft recommendations of the IEEE concerning environmental P
parameters (Reference 1). The assumed values for temperature, pressure and

. humidity during normal operation are specified in Table 6-1 as a function of
)

in-plant location.

Radiation Dose

The normai operating dose rates, and consequent 4J year doses, assumed at various
locations inside containment are specified in Table 6-2. These values have been
derived from theoretical calculations assuming 40 years of continuous operation
with a reactor power of 4100 MWth and steady state operating conditions.
. Equivalent data at various loca’ions outside containment are specified in Table

6-3. The 40 year doses quoted are consistent with the draft IEEE recommended

environmental parameters (Reference 1).
. 6.7.2 ABNORMAL OPERATING CONDITIONS 5

Abnormal environments are defined to recognize possible plant service

abnormalities which could lead to short-term changes in equipment environments.

0764A
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Figure 6-1 presents lhe assumptions made in defining potential abnormel
environments due to loss of air conditioning or ventilation systems. The specified
values are consistent with available Architect Engineering interface information
and the draft recommendations of the [EEE (Reference |). Table 6-1 defines the
ab, ormal environments as a function of equipment location. The assumed duration
of the abnormal conditions specified in Table 6-1 are consistent with current
operating practices and Technical Specification limits. For certain plant
applications, qualification for abnormal environments will not be necessary when
equipment 1s located in an air conditioned environment controlled by a class |E

system.

6.7.3 CONTAINMENT TEST ENVIRUNMENT

Reqg. Guide 1.18 specifies that containment integrity shall be demounstrated at 1.15
times design pressure. Ihe maximum design pressure of containments employed
with PWR system designs is of the order of 60 psig. Consequently, the assumed
pressure for the containment test, as specified in Section 1.8 of the EQDP, is 1.15
x 50 psig v 70 psig. Other environmental parameters (temperature, humidity,
etc.) obtaining during the test are adequately enveloped by other aspects of the
qualification program and will therefore be assumed to be the normal operating

values.

6.7.4 ACCIDENT AND POST ACCIDENT ENVIRONMENTS

Section i./ of the EQDP separately specifies the performance requirements for
those accidents for which the equipment is claimed to perform a safety related
function and which have a potential for changing its equipment environment due to
increased temperature, pressure, humidity, radiation or seismic effects. The
consequent environmental conditions for those design basis events are defined in
EQDP Section 1.8 on the basis of the assumptions described in the following

discussion:
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High Energy Line Break Accidents (HELB) - In Containment

The accidents to be addressed are the Loss of Coolant Accident (LOCA),
Steamnline Break (SLB) and Feedline Bresx (FLB). In order to re ain the option
of qualifying equipmenl for separate applicable HELB conditions, separate
in-containment environmental design envelopes have been specified for the
higher irradiation/iower saturated temperature conditions of LOCA (Figure
6-2) as against the iower irrau.ation/short term superheated temperature
conditions associated with the steamline break (Figure 6-3). In order to limit
the number of basic envelopes to be employed, this latter envelope is
conservatively employed to define the ncontainmant envelope following a

feedline break.

Since Westinghouse is conducting generic testing, the environmental envelopes
specified in Figures 6-2 and 6-3 for HELB accidents have been defined to
encompass the results of available preliminary containment analyses, in many
cases completed by the Architect Engineer, for Westinghouse NSSS plants
committed to qualifying equipment to [EEE Std 323-1974. Current indications
are that the specified envelope for the steamline break (Figure 6-3), which
defines the limiting short-term temperature peak, is highly conservative.
Analyses completed by Westinghouse to-date employing the NRC interim
proposed containment analysis model yield peak temperatures no greater than
370°F. Furthermore, equivalent analyses employing the Westinghouse
containment analysis model described in Referencec 5 through 11 yield peak
temperatures no greater than 350°F. When final calculations for these
plants become available, should the envelope conditions described in Figures
6-2 and 6-3 prove 1o be excessively conservative in either magnitude or
duration, the envelope(s) may be reduced to bound the final calculations in

order to avoid vnnecessary penalty in equipment design and procurement.
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The specification for chemical spray solution is 2500 ppm boron buffered with

0.88% dissolved sodium hydroxide to maintain a pH of 10.5.

For LOCA, the radiation sources associated with an equivalent core meltdown
accident are consistent with those set forth in TID-14844, "Calculation of
Distance Factors for Power and Test Reactor Sites", and are conservative
estimates of the recommendations of Requlatory Guide 1.89, November, 1974.
The exposure inside the containment is estimated by considering the dose in

the middle of a PWR containment based on the following analytical
assumptions:
Core Thermal Power 4100 Mwt

Equivalent Core Meltdown Sources

Fraction of Core Activity Released to

Containment Atmosphere

Noble Gases 1.0
Halogens od
Remaining Inventory 01

Gap Activity Sources

Fraction of Core Activity

Kr-85 5.
Other Noble Gases .10
Halogens .10

\

a) Based on these assumptions, the instantaneous and integrated gamma and
beta doses for the containment atmosphere following a LOCA are shown

in Figures 6-4 and 6-5 respectiveiy.
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b) Also using these assumptions and further postulating that the radiation
source is released from the core to the reactor coolant system coincident
with reactor shutdown, but without subsequent release to the containment
and no credit taken for cleanup, the insta "taneous ana integrated gamma

doses are shown in Figure 6-8.

For safety related equipment required after a steamline break (SLB), the
exposures have been estimated by conservatively assuming 1% clad damage
and considering the fraction of the core activity in the RCS as 0.003 Kr-85,
0001 halogens and 000! of other noble gases. It was also conservatively
assumed that all of the reactor coolant system inventory was instantaneously
released into the containiment atmosphere at the initiation of the incident.
Based on these assumptions, the instantaneous and integrated gamma and beta
doses for the containment atmosphere following a SLB are shown in Figuies

6-6 and 6-7, respectively,

For convenience and simplicity, it has been conservatively assumed that the
radiation doses resulting from a feedline break are equal to the values

specified in Figures 6-6 and 6-7 for steamline break.

The applicable accident doses specified in EQDP Section 1.8.4 have been
derived based upon the time required to perform the specified safety function
in the accident environment (EQDP Section 1.7.1) and the dose calculations

described above, subject to the following modifications

a. In the general area between the loop compartment wall and containment

annulus, the gamma dose levels have been calculated to be a factor of 2.7

less to allow for the effects of shielding in this area.
b. For equipment only required to function after accidents invoiving no

release of radicactive material (e.g. loss of flow), the radiation dose is

basea on the normal dose rates (Table 6-2).

6-7
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High Energy Line Break Accidents - Outside Containment

1.

2.

For the majority of equipment located outside containment, the normal
operating environment will remain unchanged by a HELB accident. As a

congsequence, qualification for such events is covered by qualification for

normal conditions.

It is recognized that 3 limited amount of equipmert located outside
containment, near high energy lines, could be subject to iural hostile
eavironmental conditions due to a high energy line break outside contcinmenrt.
In this case, the equipment will be qualified to the environmental conuiions

specified for equipment lozated in-containment described above.

Certain pumps and valves outside containment are utilized to recirculate sump
water post accident. The gamma dose to a motor/operator located outside the
pipe buundary has been calculated to be a factor of 5 less than the unshielded
dose at the pipe center (Figure 6-8). The dose calculations presented in Figure

6-8 are based on the LOCA source terms presented in Para. 3 for

in-containment, assuming a recirculating water volume of 60,000 ft3 and the,

following fraction of core activity in the sump water:

Noble gases 0.0
Halogens 0.50
Remaining inventoiy 0.01

Seismic Events

The seismic parameters defined in EQDP Section 1.8.7 have been established for

generic qualification purposes and have been conservatively selected to envelope

all anticipated plant applications, including high seismic applications for the west

coast. The synthetically generated earthquake input to the test table employed by

Westinghouse results in simultaneous acceleration of the test equipment in all
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three perpendicular directions. The specified required response spectra (RRS) in
each of these three directions are identical. Figure 6-9 defines the RRS (floor) for
generic testing of equipment to be located at the operating deck elevation and in
Figure 6-10 for equipment at the control room elevationn Where undue
conservatism may result from employing these generic spectra, due to limited
plant application or location at a lower level, an equipment specific RRS may be
defined such as the one shown in Figure 6-127 for the reactor trip switchgear. 1he
KRS (device) for generic testing of control board mounted equipment is shown in

Figure 6-11.

6.8 PERFORMANCE REQUIREMENTS

Some items of safety related equipment (e.g. AP transmitters) may be employed
to perform more than one safety related function (e.g. steam flow, pressurizer
level, etc.). A separate set of performance requirements, and applicable
environmental conditions, are defined for each safety related function for which
the equipment may be employed. The performance requirements (e.g. accuracy,
response time, etc.), together with the duration of the requirement, are separately
specified in Section 1.7 of the £EQDP for normal and abnormal conditions and for all
accident and post accident conditions for which the equipment is claimed to
perform a safety related function. Time response is only measured as part of the
test sequence when the equipment is subject2d to an environment that could
potentially cause a comwmon mode failure (i.e., time respunse degradation). An
examp!e of this would be an increase in the viscosity of the oil in a transmitter due
to exposure to high level radiation. On r ijor electronic systems, the equipment 1s
cycled during the test and any change in time response performance would be
detected as a change in accuracy, therefore, there is no need to make a special
time response measurement. All equipment is evaluated for potential time

response degradation and this measurement 1s included 1f necessary.

07644 =2
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Normal/Abnormal - the specifications for accuracy and response times are the
same for both these conditions with the difference being that the specs under
normal conditions are met by periodic calibration and maintenance while a
time restriction 1s specified for operation under abnormal conditions (where

the specs must be met without any special calibration or maintenance effort).

Lontainment Test - Westinghouse does not suppy equipment that is located
inside containment and required to function during a containment pressure
test. Nevertheless, for equipment located Iinside containment, the
requirement i1s specified that the equipment shall not sustain any damage ar a

result of exposure Lo the high pressure conditions existing during this test.

Accident - Performance specifications include the effects of both radiation
and steam/temperature conditions that exist after a high energy line break
(HELB). The addition of errors at the same point in time from the radiation
test and the steam/temperature test must not exceed the performance

requirements for that point in time after the event.

Seismic - Performance specifications include the deviation allowed from
normal specifications due to seismic events only and are plant and location
deperdent. Since high energy lines inside containment are designed for
seismic events, seisimic and environmental errors are not additive for breaks in

these lines

QUALIFIED LIFE

The demonstreted qualified life will be specified in EQDP Section 1.9, based upon

the resuits of the finally completed qualification program.

6-10
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Figure 6.2 Containment Environmental Design Conditions
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7.0 QUALIFICATION ME THODS

The recognized methods available for qualifying cafety-related electrical equipment
are established in IEEE-323 as being; type testing, operating experience, analysis,
on-going or a combination of these methods. The choice of qualification method to
be employed by Westinghouse, for a part.cular item of equipment, is based upon many
factors including; practicability, complexity of equipment, economics, availability of
previous qualification to earlier standards, etc. The qualification method to be
employed for this program is identified in the individual Equipment Qualification
Data Packages (EQDP's); whether by test (Section 2), experience (Se:'tion 3), analysis
(Section 4) or by some combination of these methods. The Westinghouse WRD
program does not currently employ on-going qualification and only utilizes experience
as supportive to analysis and/or test.

7.1 MARGIN

IEEE 323-1974 (Section 6.3.1.5) recommends that margin be applied to the most
severe gpecified service conditions in order to establish the conditions for
qualification. This margin is required to account for normal variations in commercial
production of equipment and reasonable errors in defining satisfactory performance.
Westinghouse incorporates margin, in defining quaiification parameters, as follows:

7.1.1 NORMAL AND ABNORMAL EXTREMES

As indicated in Section 7 of IEEE 323-1974, the application of margin is directed at
wecifying aoequate qualification requirements for the most severe service conditions
represented by the design basis event accidents (i.e. HELB accidents and seismic
events). As a consequence, Westinghouse does not apply any systematic margin to the
normal and abnormal service conditions in defining the qualification conditions
However, for equipment to be qualified to operate in a high energy line break (HELB)
environment, qualification '« the severe HELB conditions demonstrates ample r'nargin

for acceptable performance under any specified normal and abnormal service
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7.1.5 HIGH ENERGY LINE BRF AK (HELB) CONDITIONS

Ihe envelopes specified for high energy line breaks, in Figures 6-2 and 6-3, have been
sciected to encompass the transients resulting from a spectrum of reactor models,
break sizes and locations and differing containment designs. As a consequence, these
design envelopes already contain significant margin with respect to any transient
corresponding to a single break on a specific plant application. Nevertheless,
Westinghouse requires that the gualification envelopes be derived with a margin of
159F on temperature and |0 ps: on pressure with respect to the design envelopes in
Figures 6-2 and 6-3. No additional margin is specified in defining the radiation doses
to be employed for qualification since the assumptions employed in establishing the
dose requirements in Sections 6.7.i and 6.7.4 already contain extreme conservatism.
The margin on dose will be identified in the applicants FSAR by comparision of the
plant specific dose requirements and the Westinghouse qualification parameters. The
alkalinity of the caustic spray is increased by 10% with respect to the peak value

identified for any plant originally referencing this program.

7.2 QUALIFICATION BY TEST (EQDP SECTION 2)

Qualification by test is, in general, selected as the primary method of qualification
for complex equipment, not readily ameanable to analysis, and/or for equipment
raquired to perform a safety related function in a high energy line break (HELB)
environment. The proposed test plan is identified in EQDP Section 2.0 and, where
supportive experience anc/or analysis is claimed as an integral part of the
qualification program, cross reference is provided to Section 3.0 (Experience) and/or
Section 4 (Analysis) for those aspects of the qualification not covered by the test
plan. The following sections establish the basis on which the information specified in

EQDP Section 2.0 (Test) is selected.

7.2.] EQUIPMENT DESCRIPTION

The equipment to be qualified is identified including, where applicable, the type and

model number, in EQDP Section 2.1.
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7.2.2 NUMBER TESTED

The number of identical items of equipment, as described under the equipment
description, to be tested is defined in EQDP Section 2.2. .

1.2.3 MOUNTING

The method of mounting the equipment for the test is identified in EQDP Section
2.5, Cure is taken to ensure that the in-plant installation requirements, as specified
by the supplier under EQDP Section 1.2, are fully represented.

7.2.4 CONNECTIONS

Ihe equipment connections necessary to be able to demonstrate safety related

functional operability during testing, are identified in EQDP Section 2.4.

71.2.5 AGING SIMULATION PROCEDURE .

Potential aging mechanisms resulting from any significant in-service thermal,
electrical, mechanical, radiation and vibration sources are identified in EQDP Section
2.5. When aging is addressed as part of the test sequence, the method to be employed
for aging the equipment is indicated and is chosen to conservatively simulate the
potential aging effects resulting from the operating cycles and environmental
conditions specified in EQDP Section 1, Performance Specification. A detailed
description of the methods employed by West inghouse WRD to address potential aging
mechanisms is provided in Appendix B to this report. .

7.2.6 SIMULATED SERVICE CONDITIONS

The service conditions to be simulated by the test plan are identified in EQDP .
Section 2.6. In general, the parameters employed are selected to be equal to (normal
and abnormal) or have margin (accident and post accident) with respect to the

gecified service conditions of EQDP Section 1.0 as recommended by IEEE 323-1974.
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7.2.12 TREATMENT OF FAILURES

Ihe primary purpose of equipment qualification is to reduce the potential for
common mode failures due to anticipated environmental conditions. The redundancy,
diversity and periodic testing of nuclear power plant safety related equipment are
designed to accommodate random failures of individual components. Where an
adequate test sample is available, the failure of one component/device together with
a successful test of two identical components/devices will be taken to indicate a
random failure mechanism, subject to an investigation concluding the observed
failure is not common mode. Where insufficient test samples prevent such a
conclusion being reached, any failures will be investigated to ascertain whether the
faillure mechanism is of common mode origin. Should a common mode failure
mechanism be identified as having caused the failure, a design change will be
implemented to eliminate the problem and supplemental or repeat tests completed to

demonstrate compliance with the acceptance criteria.

7.3 QUALIFICATION BY EXPERIENCE (EQDP SECTION 3.0)

Gualification by experience is not employed by Westinghouse WRD as a prime method
of qualification. Operating experience may be provided as supportive evidence to the
prime method of qualification. Where such information is provided, Westinghouse will
demonstrate that the experience is applicable to the functional requirements for
which the equipment is being qualified. This applicability determination will include
an evaluation of operating environments, mountings, performance requirements and
performance history. Documentation of supportive information based on operating

experience is provided in EQDP Section 3.0.

7.4 QUALIFICATION BY ANALYSIS (EQDP SECTION 4.0)

Gualification by analysis alone is not employed by Westinghouse WRD. Analysis is
employed to supplement testing or to provide verification that the test results are
applicable. The following sections outline the primary analytical methods to be

employed as described in EQDP Section 4.0.
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(EQDP SECTION 1)
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SECTION 1 - SPECIFICATIONS

PERFORMANCE SPECIFICATIONS

Electrical Requirements

1.1.1 Voltage:

1.1.2 F requency:

Rslad Load:

1.1.4 Electromagnetic Interference:
1.1.5 Other:

Installation Requirements:

Auxiliary Devices:

Preventative Maintenance Schedule: The details of any preventative

maintenance schedule, assumed in establishing the qualified life, will be

specified in this section on completion of the Westinghouse Aging

Evaluation Program,

( esian Life:

Operating - ycles (Expecied number of cycles during design life, including

test):
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Per formance
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1.8 ¢ ronment al Conditions for Same F unction
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1.8.1 Temperature( |
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T 1 V' Pressure (psig
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W
B3 Hhanidity (% R
1.8.4 Radiation (R
1.8.5 Chemicels
1.8.6 vibration
1.8.7 Acceleration (g)
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b: Margin is not included in the parameters of this section.
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2.7 Measured Vearialles
This section identifies the parameters required to be measured during the test

sequence(s).

2.7.1 Category | - Environment Required Not Required
2od» sl Temperature
&7.1.2 Pressure
Rt eded Moisture
y O 4 Y Composition
257 512D Seismic Acceleration
2.7.1:6 Time
r 4% B Category Il - Input Electrical Characteristics

y 5 8 | Voltage
20202 Current

v o L Frequency
2.7.2.4 Power
2.1:2:5 Other

2.7.3 Category Il - Fluid Characteristics

r 5 % Chemical Composition
2.7.3.2 Flow Rate

2833 Spray
2.1.3.4 Temperature
2.7.4 Cateqgory IV - Radiological Features
2.7.4.1 Energy Type
2.7.4.2 Energy Level
2.7.4.3 Dose Rate
2.7.4.4 Integrated Dose

A-7
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ategory VII - Auxiliary Equipment
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Insulation Resistance
Uutput Voltage
Output Current
(-“H{)l,t Power
Response Time
Frequency [

Simulated |_oad

VI - Mechanical Characteristics

Thrust
Torque
Time

l.oad Profile

Flectrical Characteristics

haracter.stics

Reguired Nt Required
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Test Sequence Preferred

This section identifies the preferred test sequernces a5 specified in
IEEE-323-74

2.8.1 Inspection of Test Iten

2.8.2 Operation (Nomal Condition)

2.8.3 Operation (Perfomance Specificetions Extrenes, Section 1)
Z2.8.4 Sinulated Aging

2.6.5 VYibration

2.8.6 Operation ‘Sinulated High Energy Line Break Conditions)
2.8.7 Operation (Sinulated Post HELB Conditions)

2.8.8 Inspection

Test Sequernce Actual

This section identifies the actual test sequence(s) vhich, in total,
constitutes the overall qualification program for this equipnent.
The separate subsections indicate the separate test sequences
completed on differing, but essentially identical, equipment and/or
components. The justification for employing anything other than the

preferred sequence is as follows;

step Notes

A-9
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Z2.10 Type Test Data
2.10.1 Objective
fhe objective of this test program is to denonstrate, enployirg
f

Req. Guide 1.89 (lEEE-323-1974)

Reg. Guide 1.100 (IEEE 344 .1975), the capability of

the recormerded practices o
and
the to complete it's/thelr safety-related function(s)

described in EQDP Section 1.7 wihile exposed to the applicable

enviroments defined 1, EQDV Section 1.8.

2.10.2 Fguipment Tested

2.10.3 Test Surmary

2.10.4 Ceonclusion

U764A
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t

XPERIENCE

erience or

AND/OR ANALYSIS

analysis in support of
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Appendix B

Westinghouse Aging Evaluation Program

Introduction

1.

&

I[ECE-323-1974 requires that aging of Class lE equipment during nor mal
service be considers* as an integral part of the qualification proaram. The
objective is no* to addross random age induced failures that occur in-service,
which are u-tected by periodic testing and maintenance programs, but to
address the couacern that some aging mechanisms, wnen considered in
conjunction with the specified Design Basis Events (DBE), may have the

potential for common mode failure.

Since the endorsement of IEEE-323-1974 by the NRC in November of that year
by Reg. Guide 1.89, industry reaction, particularly over the question of aging,
has reflected the lack of established methods to comprehensively address this
issue with the current state of technology. There has been a reluctance to
embark on extensive qualification programs due to the consequent exposure
from trying to interpret what is an adequate, state-of-the-art address to aging

that would be acceptable to the NRC,

A program aimed at establishing the necessary data base to address this issue,
in & correct scientific manner in ail aspects, would not provide the requisite
address to this issue in the short-term and would be outside the financial
apabilities of any single supplier having a large scope of supply of safety
related electricai equipment. Nevertheless, the issue of potential common

mode ftailures must be addressed.

The Westinghouse approach to addressing this issue described below represents
a genuine state-of-the-art address to the aging concern and makes maximum
use of available data and experience on aging mechanisms. In addition, it
takes account of the recommendations, of the various IEEE committees
currently involved in developing qualification related standards, as to what

constitutes an acceptable, state-of-the-art, addrese to the aging issue.
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property degradat.n due to aging mechanisms. The limited effect of
aqing mechanisms on su h riaterials and equipment permits qualification

by evaluation of available test data. (eq., equipment which is primarily of

metal construction, etc.)

subprogram C includes equipment which is not required to perform a
safety related function in a HELB environment. Equip vent is included
that is required to rnitigate HELB's Lut which, due to its location, is
isolated from any adverse externa! environment resulting from the
accident. For equipment in Subprogram C the single Design Jdasis © vent
(DBE) that is capable of producing an adverse environment at the
equipment location is the seismic event. Aging, for Subprogram C, will
not be included in the equipment qualification test sequence. Aging will
be addressed by a separate program that demonstrates that aged
components continue to meet manufacturer's performance specifications
under applicable seismic DBE conditions and this seismic testing of
unaged  equipment is not invalidated by any anticipated aging

mechanisms. This approach. provides several distinct benefits:

- Avoidance of unnecessary retesting of equipment previously

seismically tested e'nploying IEEE-344 1975 methodology.

- Seismic and environmental testing of equipment can be completed on
schedule for the lead plant without undue delays due to lack of

comprehensive knowledge on component aging characteristics.

- Complete seismic retesting of equipment, as a result of future
developments in aging technology for individual components or simple
design r. odifications to specific components, is avoided. Component

requalification is possible,

- Families of similar components may be qualified by qualification of a

representative sample.







Wi STINGHOUSE CLASS 3

Subgogam A

9. Electrical equipment which is required to perform a safety related function in
a HELB (i.e., LOCA, feedline break or steamline break) environment 1s
inciuded in subprogram A. This subprogram specifically provides for an aging

simulation to be included in the equipment's qualification test sequence.

f)Lu'l e

10. The equipment scope and aging mechanisms applied under Subprogram A are
shown in Tables B-1 and B-2 respectively. As additional qualification testing
i1s coinpleted and the scope of the program expanded to include other sefety
relaled electrical equipment, the index of qualified equipment, contained In
WCAP-8587 Supplement | and WCAP-B687 Supplement 2, will be updated. The
equipment selected is that Class IE equipment which is to be qualified to
operate 1n a HELB environment. The aging mechanisms discussed below are
those to which the equipment may be potentially sensitive in its installed

location.

Aging Me chanismms

Il. The aging mechanisms that could potentially affect electrical equipment in

Subprogram A are discussed under the following headings:

time 1n conjunction with:

operational stresses

- current, voltage, operating cycles, Joulean heating

- external stresses

- thermai, vibration, radiation, humidity, seismic
The aging mechanisms considered potentially significant and to be simulated

are i1gentified in Table B-2 for each item of equipment in Subprogram A.

where applied, the aging mechanisms will be simulated as described below.

0764A
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Time

12,

For equipment subject to high energy line break conditions, the most

significant in-service aging mechanisms (i.e., radiation and thermal) come into

effect during reactor operation. Consequently, . cin be assumed that the

"aging clock" starts on plant start-up.

Operational Stresses

13.

clectrical Cycling

Electrical supplies to safety related equipment are, in general, highly stable,
and aging effects due to supply cycling during running service is not
anticipated. Where the equipment is anticipated to experience multiple
startup and shutdown cycles, the equipment will be elect ically cycled to

simulate the number of anticipated startup and shutdown cycles plus 10%.

Mechanical Cyeling

Aging effects resulting from any anticipated mechanical cycling of the
equipment will be simulated by applying, as a minimum, the number of cycles
estimated to occur during the target qualified life plus 10%. Mechanical

cycling covers such operations as switching, relay actuation, etc.

Joulean Self-heating

Where the equipment is not aged in a live condition, the aging effects resulting
from Joulean self-heating will be recognized by employing the equipment
operating temperature as the datum temperature (To) for assessing the
acceleraited thermal aging parameters to be employed.

(Faragraph 16)

External Stresses

6.

Thermal Effects

Thermal effects are considered to be one of the most significant aging

mechanisms to be addressed. The equipment will be thermally aged to

0764A B-6
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simulate an end-of-qualified-life condition using the Arrhenius Model to
establish the appropriate conditioning period at elevated temperature. Where
data 1s not available to establish the model parameters for the materials
employed, a verifiably (Appendix D) conservative value of 0.5 ev will b2 used
for activation energy. For each piece of equipment an appropriate n mal and
abnormal operating temperature (To) and an associated time history are
determined for inclusion in the Arrhenius Model, The equipment temperature :
is determined by the addition of an appropriate equipment specific AT to
the external ambient temperature. Appendix [ also provides information
concerning the deterimination of appropriate ambient temperatures and time
teinperature histories for use in thermal aging evaluation of equipment. Post
accident thermal aging is included by recognizing the higher post accident
ambient temperatures in determining the parameters to be employed for the

post-accident accelerated thermal aging simulation.

In-Service Vibraticn

The majority of Westinghouse safety related electrical equipment has a well
proven history of in-plant service. Thus, it is unlikely that a significant,
un“etected, failure mechanism exists due Lo low level in-plant vibration. In

addition, although not strictly equitable, 5 OBE's employed during equipment
and component seismic testing gives added assurance that this potential aging
mechanism 1s covered. For pipe-mounted equipment, in-service vibration may
be significant and as a consequence an additional vibration aging step will be
included in the aging sequence as indicated for certain items of equipment in
Table B-2.

Radiation
Radiation during normal operation will not be considered an aging mechanism

- 4
for equipment that is subject to in-service integrated doses less than 10

rads. Research has estap'ished that no aging mechanisms are measurable

8-7
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below io* rads (Appendix C) for materials and components employed in
Westinghouse supplied safety related electrical equipment. For radiation
doses in excess of 'L‘a raus, the equipment will be irradiated using a vy
source, to a dose equivalent to the estimated dose to be incurred during
normal operation for the target qualified life. The estimated doses to be
employed are specified in EQIDP Secticn (.8.¢ and are based on 100% load
factor, thus including appropriate margin. [t shoulo be additionally noted that
i general, for Subprogram A equipment, the equivalent accident dose is also

anplied prior to DBE testing.
i In-’.zlg_i}‘;‘

lhe use of materials significantly affected by humidity will be avoided. For
equipment that is subject tc High Energy Line Break (HELB) environments, the
aging effecis due to humidity during normal operation are judged to be
insignificant compared to the effects of the high temperature steam accident

simulation and therefere no additional humidity aging simulation is required.

Seismic Aging

The potential aging effects of low level seismic activity, and some low level
in-plant vibration, is addressed by employing 5 UBE's, as recommended by

IEEE -344-75, prior to seismic testing of the aged equipment.

SZnerﬂlsm

2.

An mportant consideration in aging is the possible existence of synergistic
effects when multiple stress environments are applied simuitaneously.
Westinghouse will not attempt to simulate synergistic effects. The potential
for significant synergistic effects will be addressea by the conservatisms

]

inherent in utilization of the "worst-case" aging sequence (paragraphs 23 and

B-8



0764A

WESTINGHOUSE CLASS 3

24), utilization of conservative accelerated aging parameters (paragraphs
12-20), and conservative, design basis event test levels (paragraph 22) all of
which provide assurance that any synergistic effects have been enveloped. A
continuing review of developments related to synergistic effects will be

conducted to determine whethe; modification of the Westinghouse approach is

required.

DEE Testing
22. Design Basis Event testing subsequent to ejuipment aging is discussed in
ection 6.7.4 of WCAF-8587 as to guidelines for defining HELB environments
and seismic conditions and in EQDP Section 2.0 for equipment specific test

environments and seismic parameters,

Aging bequence

23. The aging mechanisms to bs applied to equipment subject to HELB
environments are determined by definition of the aging environments at the
equipment location and a subsequent evaluation of the sensitivity of the
equipment to these environments. [f the sensitivity of the equipment is not
known, aging mechanisms will be simulated by conservative methods as
described above. Those aging mechanisms which will be simulated for

equipment subject to HELB environments are shown in Table B-2.

24. The order in which each of the aging mechanisms is applied is as shown in

fable B-2. This order is considered to be conservative as no aging mechanism
Is anticipated to be capable of reducing the impact of the previously applied
mechanisms, As an example, thermal aging is applied prior to radiation aging
to preclude the annealing out of any radiation induced defects. Similarly, the
effects of mechanical aging are considered to be more significant when

applied Lo equipment that has alr ady been preaged to address thermal and

radiation phenomena.

8-9
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Acceptance Criteria

25. The basic acceptance criteria is that the qualification tests shall demonstrate

the capability of the aged equipment to perform prespecified safety related

functions consistent with meeting the performance specification of Section 1.7

of the applicable EQDP(s) while exposed to the associated environmental
conditions defined in EQDP Section 1.8.

F ailure Treatment

26. When thermal aging is simulated at an equipment level, a conservative value

for the activation energy is assumed for the components comprising the

equipment. As a consequence, many components will be grossly over-aged and

failure of some of the components can be expected during the aging

simulation. Where three test units are being preaged, in the event of such

failure(s), one of the following options will be selected.

where a particular component fails in one of the three Lest units, the
failure will be considered random and the failed component replaced by a

new component and the test continued.

where a particular component fails in more than one of the three test

units, either;

the failed components will be replaced by new identical components and
the aging simulation continued. The claimed qualified life of the unit will
be consistent with the minimum aging period simulated by at least two of

the three units.

the failed components will be replaced by identical components
specifically aged to the qualified life by assuming for thermal aging a iess

conservative activation energy specifically determined for the component.

B-10
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or the failed components will be replaced by a different type of component

which has been aged for a period equal to the test units.

Where less than three (3) test samples prevent such a conclusion being reached,
any failures wiil be investigated to ascertain whether the failure mechanism is
Gf common mode origin. Should a common mode failure mechanism be
identified as having ~aused the failure, a design change will be implemented to
eliminate the problem and supplemental or repeat tests completed to

demonstrate compliance with the acceptance criteria.

B-11
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Submozam B

ZB. Certain Lypes of structural components and simple ecuipment are known from
experience not to be subject to pronounced property degradation due to aging
mechamisins. The lunited effect of aging mechanisms on such materials and
equipment can be justified and supported by an evaluation of available test

data.

Scui)u

29, FEquipment 1n Subprograim B for which aging is to be addressed by an evaluation
ot avallaoie test data is listed in Table B-1 and the appropriate aging
mechanisins to be considered in lable B-2. As additional qualification testing
is completed and the scope of the program expanaed to include other safety
related eiectrical equipment, the index of qualified equipment contained in
WCAP-8587, Supplement | and WCAP-8687, Supplement 2 will be updated.

Aging Mechanisms

30. The aging mechanisms that have potential impact on the equipment and
components in Subprogram B are the same categories noted and discussed
under Subprogram A. Mechanisms which are applicable to items under
Subprogram B are addressed by consideration of available test data concerning
aging mechanisms. This data is compared with the expected operating
conditions for the equipment, and a conservative qualified operating life is

determined for those aging mechanisms identified as being applicable.

DBE Testing

51. esign Basis Event testing 1s discussed 1n Section 6.7.4 of WCAP-8587 as to
guidelines for DBE test environments and seismic conditions and in EQODP
S>ection LU ftor equipment specific test environments and seismic test
parameters. For equipment allocated to Subprogram B, DBE testing will be
conducted on non-aged equipment since the subprogram will establish the
information necessary to demonstrate that there is no in-service aging
mechamisim capable of degrading the equipment! performance under BE

conditions.

0764A
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f«r':'t-})'nm e Criteria

’Z. For equipment and components for which aging is addressed by evaluation of
appropriate mechanisms, the basic acceptance criteria i1s that the evaluation
of test data shall demonstrate the effect of aging is minor and will not affect
the capability of the aged equipment toc perform prespecified functions

ansistent with meeting the performance specification of Section 1.7 of the

applicable EQDP(s) while exposed to the assoclated environmental condivions

iefined in . QUP Section .8,

33. In the event of failure to demonstrate conformance to acceptance criteria for
items applicable under ibprogram B, several options are available for
] 4

resolution of qualification with respect to aging. These options are:

reduce gualified life

replace with components or materials of known accveptable characteristics,

qualify the item in gquestion by inclusion in Subprogram A or Subprogram

o
'
w

-—
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Subprogram C

Subprogram C inciudes Class |E equipment not required to perform a safety
related function in a HELB environment and where insufficient information is
available to demonstrate the absence of significant in-service aging
mechanisms. For equipment allocated to this subprogram, the single Design
Basis Event (DBE) capable of producing an adverse environment at the
equipment location is the seismic event. Previousiy completed seismic testing
on unaged equipment will be verified as valid by demonstrating via this
subprogram that agec components countinue to meet their design specification

during a seismic event.

cope

35,

Subprogram C includes equipment which is not required to perform a safety
related function in a HELB environment. Equipment is included that is
required to mitigate HELB's but which, due to the equipment location, is
isolatea from any adverse environment resulting from th: accident.
£ quipment allocated to Subprogram C is identified in Table B-1. As additional
qualification testing is completed and the scope of the program expanded to
include other safety related electrical equipment the index of equipment
contained in WCAP-8587 Supplement | WCAP-8687 Supplement 2 will be
updated.

AngMechamsm_s

56,

Ine aging mechanisms considered potentially significant for equipment within
the scope of this subprogram are identified in Table B-2. The methods of
simulating these aging mechanisms are as described in Subprogram A. For this
equipment, the most significant aging mechanisms come into effect when the
ambient environment for the components increases. Consequently, it can be

assumed fhat the “aging clock" starts when the equipment is energized.

Sznen,‘ 1sm

B-14
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37. For Subprogram C, Westinghouse will not attempt to simulate synergistic
effects. The conservatisms provided in the short-term program by utilization
of the "worst-case" aging sequence (paragraphs 23 and 24), utilization of
conservative accelerated aging parameters (paragraphs 12-20), and
conservaltive, design basis event test levels (paragraph 22) provide assurance
that any synergistic effects have been enveloped. A continuing review of
developments related to synergistic effects will be conducted to determine
whether any modification of the Westinghouse approach is required for the

second phase of Subprogram C.

th_t}_E_Testmq

38. For equipment allocated to Subprogram C, the single CBE that is capable of
producing an adverse environment at the equipment location is the seismic
event. The object of this subprogram is to demonstrate, by seisimic testing of
aged components, that previously completed seismic testing of unaged
equipment is not prejudiced by any in-service aging mechanism. Aged critical
components will be seismically tested employing a specially developed
required response spectra which envelopes all anticipated locations of the
tested components in the equipment. This spectra includes an allowance for
potential amplification from the support structure. In general, components
will be card mounted with provisions for testing of componerts live during the

seismic event simulation.

Test Samples

39. By employing the decision tree outlined in Figure B-l, a complete list of
critical components will be established for all equipment allocated to
Subprogram C (Table B-l1). For the initial phase of the aging program, the
component classification wili not be as sophisticated as implied by Figure B-I|
aue to lack of information on the aging characteristics of components. As a
result, all non-metallic or non-ceramic components of a piece of Class |E
equipment will be classified as "critical" unless it can be shown that a
component’s failure will not affect the safety related performance of the
equipment., Any such decisions will be justified and documented. Critical

components will be socrted into:

0764A B-15
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Groups - 1.e., Resistors
Families - Carbon resistors

Family Members - Different types of carbon resistors

From this total listing of critical components, a sample of cornponents will be
defined for Subprogram C. The sample will be selected in such a way that it

can be shown to be representative of the total list of critical components.

The component list will be generated through a review of the baseline design
document or the as-built drawings for the equipment. The lict will define the
components, component family and vendor. The components selected for the
short term program were those with short lead time. The short term program
covered roughly half of the component families and one-third of the
components. The long term program will cover about 200 additional line
items. As new systemns and equipment are added to the program, their
baseline design document or their as-built drawings will be reviewed against
the existing component list and additional components added to the list as

necessary.

Within a particular family of components, the major variable is the vendor.
There may be major differences in materials and methods of manufacture for
a carbon resistor, for instance, but it is unlikely that a single vendor would
manufacture different sizes of carbon resistors with completely different
materials and techniques. Consequeritly, a representative sample of the total
list of critical components will be defined to be one that includes no less than
I0% of the component members supplied by each vendor to each family of
components. An estimate of the size of the representative sample for the

equipment allocated to Subprogram C is:

No. of Groups x No. of Families x No. of Vendors x Members x

Laroup Family Vendor

25 X 4 x 3 x (<10 x

0764A B-16
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Assurning an adequate Ltest sample is 9 identical components then
n2700-components are required for a representative aging test. The
minimum acceptable number of samples wil! be at least | per family (i.e., 100
samples). A minimum target of 100 samples (900 components) will therefore

be established for the short-term program.
The test sample will be employed as follows:

- 3 component sampies at typically 130°C fur 2125 hrs. (£5 yrs at

60°C for a 0.5 ev activation enerqgy),
- 3 component samples at higher temperature/shorter duration (25 yrs.),
- 3 spares.

The higher temperature will be selected based on limiting material properties.

This higher temperature will be used to
- Provide advanced warning of potential problems on the lower temperature
samples, thereby giving the option to remove the lower temperature

samples early,

- Duplicate qualified life tests by accelerated aging at two temperatures.

Aging Sequence

4l.

The order in which each of the aging mechanisms is applied is as shown In
Table 8-2. This order has been defined to ensure that no aging mechanism
significantly reduces the impact of the previously applied mechanisms. As an
example, thermal aging is applied prior to radiation aging to preclude the
annealing out of any radiation induced defects. Similarly, the effects of
mechanical aging are considered to be more significant when applied to
materials that have already been preaged to address thermal and radiation
phenomena. Westinghouse will review any information which would suggest
that the sequence of applying aging mechanism proposed in Table B-2 is
non-conservative and wiil consider whether any modification of the

Westinghouse approach is required for the second phase of Subprogram C.

0764A B-17
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[ Acceptance (" riteria

42. Random component failure or unacceptable performance due to aging is
detected by routine maintenance and equipment calibration during service.
The objective of Subprogram 7 is to demonstrate that a seismic event does not
constitute a common mode failure mechanism capable of inducing
unacceptable performance characteristics ‘n aged components. Consequently,
the single acceptance criteria for the aging portion of the qualification
sequence requires that the component not fail to perform its general function,
but not that the component meet the original design and procurement
specifications. For the seismic event siinulation, the component will be
considered acceptable if during and after the simulation it does not exhibit any
temporary or permanent step change in performance characteristics.
Conversely, any such change will be investigated with respect to tolerable
limits of performance characteristics within the equipment. Failure of one of
three components being tested will be considered to be a random failure, while
failure of more than one component to meet the acceptance criterion wili

constitute failure to meet qualification requirements.

Failure Treatment

43. In the event of failure to demonstrate conformance to acceptance criteria ,
several options are available for resolution of qualification with respect to

age. The options are:

- reduce qualified lie,

- replace the components with those constructed of materials of known

acceptable characteristics.

0764A 6~18
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TABLE B-|

TYPICAL CLASS IE £EQUIPME NT SCOPE AND SUBPROGR AM ALLOCATION

Aging Method

Subprogram A

Subprogram B

Subprogram C

0764A

Equipment Qualifiction

ﬁﬂ“'!?'“?ﬂi ___Data Package
Valve Motor Operators EQDP-HE-1 and 4
Pilot Solenoid Valves EQDP-HE-2/5
Externally Mounted Limit EQDP-HE-3/6
Switches
Pressure Transmitter (Group A) EQDP-ESE - |
Oifferential Pressure Trans- EQDP-ESE -3
mitter (Group A)
Resistance Temperature Detectors EGDP-ESE-5, 6 and 7
Neut-on Detectors (Power Range) EQDP-ESE -8 and 22
Nitrogen-16 Detector EQDP-ESE-27
Indicators (Post-Accident EQDP-ESE-14
Monitoring)
Instrument Bus Distribution EQDP-ESE-1Y9 and 34
Panels
Pressure Sensor EQLP-ESE-2]
Pressure Transmitter (Group B) EWDP-ESE-2
Differential Pressure Trans- EQDP-ESE -4
mitter (Group B)
Nuclear Instrumentation System EQDP-ESE-I0
(NIS)
Main Control Board Switch EQDP-ESE-12
Modules
Process Protection System EQDP-ESE-13
Recorders (Post-Accident EQDP-ESE-15
Monitering)
Sohid-State Protection System EQDP-ESE-16 and |7
and Safeqguards Test Cabinet
Instrument Bus Power Supply EQDP-ESE-18 and 35
(Static Inverter)
Reactor Trip Switchgear EQDP-ESE-20
Class IE Pump Motors EQDP-AE-2 and 3
B-19




TABLE B_—Zv_ lof 2

Aging Mechanisiis Dt
(AW b - / - /\
prse Ref. Locstion program Bum-in Thermal Radistion Mechanucal Vibrstion tlecinical Sewsnic  HRLY
sfety Helaled Valve, EQUP -+ -1 i A x A X b X x
Lie Motor Uperalors LGP -HE -4 )/ A X x X X %
alet e ted Palot wiJ r W s A X A X X .
Ie alves UyC B2 L) X ~ x X
Safety Related Extemally JOF 316 1J( A X X X X X x
Mounted Lumt Switches (8711 A X X X . X
Large # p Motors EQDP-AE -2 O x X X AN D) X
Ul $i1de wilammument )
nned Pumg Maotars EQDP-AE-S o/ C x X X X X X
tside containment)
Pressure Transmitlers EQOP-E5E -] 1/C&O/C A X kS X X
EQDP-ESE-2 IJC&ONK ( X X
niferential Pressure EQDP-ESE-3  IJC&O/N A » X X
fransmutters EQDP - SE -4 I)C &0/C C X x A
Hesistance Temperature EQDP-ESE-S 1/C A X X
etectors Well Mounted EQDP-ESE-6 1/C X =
EQUP-ESE-T 1/C A X X x x
xcore Neutron Detectors EQDP-ESE-8 1/C A X - X X
Fower Range EQDP-E£SE-22 I/ A x X
Nuclear Instrumentatiorn EQDP-ESE-10 OJC C x X .
sltem (NIS)
Main Control Board EQDP-ESE-12 O/C ( x X X
Switch Modules
Process Protection System EQUP-ESE-13 O/ C X X X
w
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TABLE B-2 (2 of 2)

Aging Mechanisms DEE
Ref Location program Burn-in rmal Hadiatior Mechanical v'd»rat.pv' tlectrica! QL8N K e 18I HELB
jerit EQUP-ESE-14 Oy 8 X X o
5t ter EQUP-ESE-IS ON ( x b X X
yste fFQUPESE <16 on { x * X X
t shine ! EQUPESE-IT OJf { X X x X
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Appendix C

Effects of Gamma Radiation Doses Below 104 Rads
On the Mechanical Properties of Materials

Introduction

One potential common mode failure mechanism to be considered in the
qualification of safety related equipment is gamma radiation. As part of a
qualification program, the effect of gamma radiation dose is considered for two
purposes: as a component of the High Energy Line Break (HELB) environment and
as a potential aging mechanism which could reduce the capability of Class 1E
equipment to perform safety related functions under Design Basis Event (DBE)
conditions (HELB or seismic). The scope of this report is limited to consideration
of the effect of radiation for that substantial portion of equipment outside
containment which does not experience an adverse change in external environment
as a result of a HELB and for which, therefore, the only gamma radiation concern
is as an in-service aging mechanism. This report could be applied to equipment
which must perform its function in a HELB if the applicability of the report can be
demonstrated, however the information in this report is not adequate to make this
determination.

The primary purpose of equipment gqualification is to reduce the potential for
common-mode failures due to environmental effects during the qualified life.
Random fuilures that inevitably occur in-service are accommodated by the
redundancy and diversity of the design of safety systems. Furthermore, in-service
Maintenance and testing programs are designed to detect such random failures.
The chances of two identical components that perform identical functions failing
during the same limited time period in between routine tests is considered

insignificant due to:

- the general low failuie rate of components used in nuclear equipment,
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- the minor differences in component material or geometric tolerances or both,

and
- the rminor differences in operating environment,

Therefore, failures that may be induced in components by normal background
gamma radiation below lO“ rads alone are considered to be random in nature.
Thus the only garmima radiation concern to be addressed for equipment not subject
to an adverse HELB environment is the potential for an aging mechar.sm resulting
in a decerioration in component properties such that, when subject to seismic
stress, a common mode failure results. Clearly, when considering such a failure
mode, the aging mechanism of concern is not one that a‘fects the electrical
properties of components, but one that reduces the mechanical strength and

flexibility of components.

Scoge

This report summarizes available infornation concerning the effects of gamma
radiation on material mechanical properties and justifies that fo: a gamma dose of
less than 10° rads, there are no observable radiation effects which impact
material mechanical properties. Of the materials investigated only Teflon TFE is
subject to an alteration of mechanical properties for a gamma dose of less than
lu" rads. Information has ween drawn from several sources listed as references
on page _-5, they include: various texts concerning radiation effects and damage,
and pertinent reports from the Radiastion Effects Information Center at the

Battelle Memorial Institute in Columbus, Chio.
Discussion

The primary effects of gamma photons on materials are ionization, material
heating (primarily at high dose rates which is of negligible significance here), and
some displacement damage caused by high energy photons. Some other types of
radiation can have effects similar to those induced by gamma radiation. This
allows the use of data obtained from exposure of material to an alternate radiation
to previde some limited information concerning the s1fects of exposure to gamma
radiation. For example, the primary consequence of fast neutron bomberdment of

material 1s atom displacement. Therefore, if the effect of radiation on a material

0764A c-2
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property is primarily dependent on atom displacement, it can be infurred that for
an equivalent dose (rads) of gamma and fast neutron radiation, data obtained feom
neutron irradiation will nrovide a conservative estimate of the effect of gamnma
irradiation in producing displacements. The same type of inferance can be drawn
for the ionization effect of charged particle (e.q., electron, proton, a/pha particle,
etc.) irradiation. However, it should be understood that charoed particles do not
have the penetration capability that gamma or neutron radiatiuns cxhibit as a
result of extensive interaction between charged particles and atomic charge
centers,

Table C-1 summarizes information derived from the listed references whi~h relates
to the effect of gamma radiation on material mechanical properties. The table
presents either the threshold dose (that dose at which an ~ffect on any mechanical
pmperty can first be detected) or, if so indicated, the dose which will result in the
identified effect. This provides a general indication of the susceptibility of
material mechanical properties to gamma radiation,

From an evaluation of the information available on inorganic materials, as
summarized in Table C-1, it can be deduced that the mechanical damage threshold
for gamma radiation is many orders of magnitude greater than 10% rade. For the
organic materials listed in Table C-1, a histogram comparing threshold dose level
and frequency of material susceptibility is provided in Figure C-1. In instances for
which a material threshold dose is not indicated in Table C-1, a threshold value has
been assumed which is one order of magnitude lower than the indicated damage
dose. Where information is available, referenced documents indicate that the
diffeience between threshold dose and 25% damage dose is in general,
approammately a factor of three, thus a factor of ten supplies substantial margin in
estimating the threshold dose level. It can be seen i Figure (-1 that any
indications of mechanical property, damage thresholds below 104 rads would be

extremely unusual,
Conclusions

The references listed do not identify the existence of materials whose rmechanical
properties are deteriorated when exposed to a gamma-radiation dose up to 104
rads. As a consequence it can be concluded that comm.n mode failures will not
arise in electrical equipment during or after a seismic event as a result of radiation
induced degradation up to 104 rads.

C-3
0764A
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This comclusion is supported by Nuclear Regulatory Commission (NRC)
documentation, available ss an sttachment to "Guidelines for Evaluating
Envirorrnental Qualification of Class 1E Electrical Fquipment in Operating
Reactars,” which provides fusther justification for the use of 10% rads as a
thrashold for mechanical damage In comparisore with Table C-1 the NRC
infarmation appears to be coneistent, thereby raising the confidence level

concerning the correctness of hoth sources,
Rec ommendations

For Class 1E equipment subject to a lifetime gamma dose of up to 104 rads, it is
not necessary to address rac'at'on aging for qualification purposes provided that
the equipment is not required to perfam a safety function in a HELB
environment, This conclusion is supported by the text of this report, as no
materials reviewed have indicated a degradation of mechanical properties for
oamma radiation exposures of up to 109 mds Westinghouse will contirue to
review information related to the effect of gamma radiation on material
mechancial properties. [f a material in Westinghouse supplied Class 1E equipment
is identified as subject to a significant degradation of mechanical properties as a
result of expesure to gamma radiation doses below 109 rads, its effect on
equipment qualified life wil! be evaluated on an individual basis and the results
reported to the affected customers.
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TABLE C-]

RADIATION INDUCED DEGRADATIOM

OF MATERIAL MECHANICAL PROPERTIES

MATERIAL

Structural Metals

Inor ganic Materials

Elastomers

Natural Rubber
Polyurethane Rubber

Styrene-Butadiene Rubber

Nitrile Rubber

Neoprene Rubber
Hypalon

Acrylic Rubber
Silicone Rubber

F luorocarbon Rubber

Polysulfate Rubber
Butyl Rubber

THRESHOLD DOSE FOR
MECHANICAL DAMAGE

1019 n/em? (fast
neutron spevtrum)

21017 n/em? (fast

neutron spectrum)

2 x 106 rads(C)
9 x 10° rads(C)
2 x 106 rads(C)
7 x 106 rads(C)

7 x 106 rads(C)
»107 rads(C)

9 x 107 rads(C)
107 rads(C)

¢ x 107 rads(C)

108 rads(C)
107 rads(C)

1 Rad (C) is the field of radiation which will produce

100 ergs/gm in carbon.
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Similar to cold work
(+1010 rads)

Borated materials will
have lower threshold
values for neutron

irradiation.

Compression Set is 25%
degraded

Variable

Variable

»25% damage

v25% Hardness, 80%
Elongation

w25% damage:
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TABLE C-1 (Continued)

RADIATION INDUCED DEGRADATION
OF MATERIAL MECHANICAL PROPERTIES

MATERIAL THRESHOLD DOSE FOR COMMENTS
MECHANICAL DAMAGE

Teflon T °F 1.7 x 104 rads(C)
Kel¥ 1.3 x 106 rads(C)
Polyethylene >107 rads(C)
Polyst yrene 108 rads
Mylar 106 rads(C) Conservative
Polyamide (Nylon) 8.6 x 10° rads(C)
Diallyl Phthalate 108 rads(C)
Polypropylene 107 rads(C)
Polyurethane 7 x 108 rads(C)
K ynar (400) 107 rads(C)
Acrylics 8.2 x 10° rads
Amino Resins 106 rads
Aromatic Amide-Imide
Resins 107 rads
Cellulose Derivatives 3 x 107 rads 25% damage
Polyester, Glass Filled 8.7 x 108 rads
Phenolics 3 x 108 rads(C) 25% damage
Silcones 108 rads(C)
Polycarbonate Resins 5 x 107 rade 25% damage to e angat on

0764A C-8
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TABLE C-1 (Continued)

RADIATION INDUCED DEGRADATION
OF MATERIAL MECHANICAL PROPERTIES

MATERIAL

Plastic ’(‘_npt.)

Polyesters

Styrene Polymers
Styrene Copolymers
Vinyl Polymers

Vinyl Copolymers

Encapsulating Compounds

RTV 501

Sylgard 182
Sylgerd 1383
Polyurethane F oam

Epoxies

0764A

THRESHOLD DOSE FOR  COMMENTS
ME CHANICAL DAMAGE

+10° - 106 rads

4 x 107 rads

4 x 107 rads 25% damage

1.4 x 106 - 8.8 x 107 rads
1.4 x 106 - 8.8 x 107 rads

2 x 106 rads
2 x 106 rads
2 x 106 r.ds
2 x 106 rads
107 rads(C)
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APPENDIX D

ACCELERATED THERMAL AGING PARAMETERS

1.0 INTRODUCTION

Appendix B of this report describes the approach employed by Westing-
house to address the aging requirement of IEEE-323-1974. In general,

for equipment required to perform a safety related function in a high
energy Tine break (HELB) environment, Westinghouse committed to an aging

simulation as part of its qualification test sequence (Subprogram A of
Appendix B). For equipment not required to perform a safety related
function in a HELB environment the single Design Basis Event (DBE) con-
sidered is a seismic event. Aging, in this case (Subprogram C of
Appendix B) will not usually be included in the test sequence. Aginy,
where significant, is addressed by separate qualification of aged com-
ponents using conservative testing under applicable seismic DBE condi-
tions.

Thermal effects are one of the primary aging mechanisms addressed by the
Westinghouse program described in Appendix B for equipment containing
non-metallic or non-ceramic materials. When thermal aging effects are
established as being potentially significant to the component/equipment
capability to perform its safety related function under DBE conditions,
or in the absence of evidence to the contrary, the component/equipmentc
is thermally aged to simulate an end-of-qualified-1ife condition prior
to DBE testing. Equipment required to operate in a HELB environment is
also thermally aged to simulate the post-accident conditions, consistent
with its established functional requirements (Reference 1).

This apgpendix defines the appropriate themnal environments considered
for each item of equipment in the WRD NSSS scope of supply and estav-
lishes consequent accelerated therr.!l aging parameters for use in the
qualification programs.

0764A 0-1
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2.0 ARRHENIUS MODEL

If an aging mechanism is governed by a single chemical reaction, the
rate of which is dependent on temperature alone the Arrhenius equation

can be used as the basis for establishing the accelerated 49ing para-

meters,
-E
:%:MRT (1)
where
E = Activation energy (eV)
k = Boltzmann's constant (8.62 x 10™° eV/°K)
A = Constant factor
T = Material temperature (°K)
g% = Reaction rate = aging rate
Integration gives;
-E
AR = Be kT at (2)

where

AR = change in measured property due to aging

H

at

0764A

time for aging effect aR to occur
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[f the accelerated aging process employed correctly simulates the change .
in propertisc due to aging under normal operating or post-accident tem-
perature conditions then;

ARl = ARO
and
i -
B tl e 1=8 to e 0
and
p P
- 1 0
Ln tl’ r 7170— + Ln to (3)

Tl = accelerated aging material temperature (°K)
t1 = time at temperature Tl
TO = material temperature under normal operating or post accident
conditions (°K)
ty = time at temperature T, ‘

From equation 3, given an activation energy (E) for the material, the
time required at any selected elevated temperature can be calculated to
simulate the ambient aging effects. .

This model has been verified to represent the thermal aging characte~is-

tics of nor-metaliic and non-ceramic materials and is employed by
westinghouse to derive accelerated thermal aging parameters. The on'y
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material dependent parameter input into this model, when establishing
the accelerated aging parameters, is the activation energy. This para-
meter 1s a direct measure of the chemical reaction rate governing the
thermal degradation of the material.

0764A D-4
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3.0 ACTIVATION ENERGY

A single material may have more than one physical property that ther-
mally degrades (i.e., dielectric strength, flexural strength etc.) and
as a consequence exhibit different activation energies with respect to
each property. The activation energy that should be selected is the one
that reflects the physical property most significant to the safety
related function performed or the stresses applied to the material by
the design basis event(s) being considered.

In actual practice, however, rarely is the choice so simple. Electrical
components are invariably made up of more than one material and in many
cases either the materials employed are not known in any chemical
detail, but just by a general organic or industrial trade name, or the
appropriate activation energy is not known. A program to establish the
necessary data base to address this issue, in a correct scientific man-
ner in all aspects, would not provide the requis’te address to this
issue in the short-term and would be outside the financial capabilities
of any single supplier having a large scope of supply of safety related
equipment. 'n the . -ence of adequate information, Westinghouse adopted
a conservative ipproach. A single conservative activation erargy was
selected to establish the accelerated thermal aging parameters used
throughout this prog:-am.

A distribution of activation energies (Figure D-1) was produced by EPRI
(Reference 2) bdased on 170 materials. An independent review of mater-
jials used in Westinghouse supplied equipment is summarized in Table D-1
and plotted in similar form in Figure D-2. A statistical analysis indi-
cates that 95 percent of the activation energies exceed approximately
0.4 eV from the EPRI data and 0.6 ¢V from the Westinghouse data. Based
on this information, a value of 0.5 eV was selected for use throughout
the Westinghouse program, whenever specific activation energies were not
ivailaole. Employing a low value of activation energy in deriving the
accelerated aging parameters causes all materials having a higher acti-
vation energy to be over-aged with respect to the simulated conditions.

0764A D-5
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4.0 THERMAL AGING (NORMAL/ABNORMAL OPERATING CONDITIONS)

Table B-2 of Appendix B identifies equipment and components where the
effects of in-service thermal aging is simulated as part of the quali-
fication test procedure. This section establishes the methodology
employed and derives a typical set of accelerated aging parameters for
equipment in various plant locations.

4.1 NORMAL OPERATING TEMPERATURE (TO)

Une of the parameters input into the Arrhenius equation, when deriving
accelerated aging parameters, is the ambient operating temperature of

the component/material /equipment under investigation. The operating
temperature could be dependent on a number of factors;

- Self heating (I%R effects)
- External ambient temperature
- Ventilation/air conditioning etc.

The accelerated aging parameters of equipment having significant self
heating (i.e., pump motors etc.) and other items which are located in
areas having unusually high ambient temperatures (i.e., neutron detec-
tors etc.) require special treatment. However, for the majority of
equipment supplied by Westinghouse, a generic set of accelerated thermal
aging parameters can be derived. Two basic sets of accelerated thermal
aging parameters are generated in this Appendix reflecting the location
dependent environments presented in Table B-2 of Appendix B.

Base 1: For equipment located in areas supplied by a Class 1E air con-
ditioning system a conservative mean external ambient tempera-
ture of 75°F is assumed throughout the qualified life. For
non-class 1E air conditioning systems, two excursions per year
to 120°F, each lasting 12 hours, will also be assumed to reflect
the potential for loss of the non-Class 1E system.

D-6
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Base 2: For equipment located in general areas inside the containment .
and for equipment located outside contaimment in areas with
ventilation, a conservative mean external ambient temperature
approaching 104°F is assumed. In addition two excursions per
year to 120°F, each lasting 12 hours, is assumed to reflect the
potential for loss of the ventilation system.

In estimating the component or material operating temperature, con-
sideration must be given to such phenomena as localized ambient hot
spots within electronic cabinets and component self-heating (XZR)

effects. The value of TO employed depends on whether the component/
system to be aged 1s energized or deenergized during the simulation:

a) Energized - The ambient temperature 1s used for To. However, if
the components or material is enclosed in a confined space, a value
representing the increase in temperature (typically 15°F) from out-
side to inside the enclosure is added to the external ambient tem-
perature.

b) Deenergized - In order to adequately simulate the component internal ‘
temperature under energized conditions, a 50 percent stress factor
is assumed as standard desian practice employed when selec*ing com-
ponents. A review of electronic components has indicated trat a
temperature of 60°C (140°F) 1s a good average value for To .
4.2 ACCELERATED THERMAL AGING PARAMETERS FOR NORMAL /ABNORMAL CONDITIONS

The accelerated thermal aging parameters vary significantly with the .
system or component to be aged. In general for systems that contain

electronic components (transmitter, etc) and for the component aging

program (Appendix B, Subprogram C) the conservative activation energy of

0.5 eV is used in the Arrhenius equation. The assumed ambient tempera-

tures are determined by location and energized/deenergized test condi- .
tions e.g. 40°C (104°F) for transmitters which are powered during the

aging process and 60°C (140°F) for components that are not powered.
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Temperatures used for actual accelerated simulated thermal aging tests
are selected based on component specifications and could range from
100°C (212°F) to 200°C (293°F). A system that contains a variety of
components is typically aged at 125°C (257°F). 1If the 1imiting tempera
ture cannot be determined, 130°C is generally used.

Based on the above data and the targete’ qualified 1ife, the thermal
aging program was established. For example, to obtain a 10 year quali-
fied Tife for a transmitter requires thermal aging at 125°C for 70 days
assuming an activation energy of 0.5 eV. Figures D-3, D-4 and D-5 show
accelerated aging factors for a variety of aging temperatures and acti-
vation energies for 40°C (104°F), 50°C (122°F) and 60°C (140°F) ambient
temperatures.

The excursions to 120°F have a negligible additional aging effect on the
equipment and are easily absorbed in the conservative aging simulation.

0764A D-8
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5.0 POST ACCIDENT THERMAL AGING

Table B-2 of Appendix B indentifies equipment which will be qualified to
cperate in a high energy line break (HELB) environment. In the majority

of cases, some safety-related post-accident performance capability is
specified by the functional requirements (Reference 1). As a conse-
quence, in order to qualify this equipwent to IEEE 323-1974, the effects
of post-accident thermal aging must be simulated after the HEL3 test.
This section establishes the accelerated thermal aging parameters
employed in performing this simulation.

5.1 POST ACCIDENT OPERATING TEMPERATURES

Assuming continuous operation of containment safeguards systems post-
accident the containment environment temperature would be reduccd to the
external ambient temperature well within 1 year for any postulated

HELB. However, in order to allow for possible variations in plant oper-
ations post-accident, the design HELB envelopes presented in Figures 6-2
and 6-3 of WCAP B587, repeated here as Figures D-6 and D-7, have been
assumed to remain constant at 155°F between 4 months and 1 year. As
indicated in Figures D-6 and D-7 the limiting design profile post-acci-
dent is therefore defined by the LOCA envelope starting at 24 hours.

For Westinghouse supplied safety-related equipment located inside con-
tainment either; the self-heating effects of the operating unit, under
post-accident conditions, are insignificant compared to the heat input
from the external environment (i.e., transmitters, RTO's, etc) or the
unit is not in continuous operation during this phase (i.e., valve oper-
ators, etc). As a consequence, no specific temperature incriment is
added to account for self-heating of these devices post-accident. The
LUCA profile reproduced here as Figure D-6 is therefore input as T0

into the Arrhenius equation to calculate appropriate accelerated aging
parameters for post-accident conditions.

D-9
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5.2 ACCELERATED THERMAL AGING PARAMETERS FOR POST-ACCIDENT CONDITIONS

Ihe aging temperature most often used by Westinghouse for posti-accident
simulation is 250°F. This temperature was selected as a maximum for
electronic components and is generally used for all tests. Using this
value and the conservative activation energy of 0.5 eV the Arrhenius
equation can be applied to the curve in Figure D-8 from 24 hours to 4
nonths or tec 1 year in small increments of time. The required aying
times to simuiate these small increments are then s;ummed to yield a
total test time of 15 days to simulate 4 months and 29 days to simulate

1 year post accident operation.
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TABLE D-1 (1 of 3)

ACTIVATION ENERGIES FROM WESTINGHOUSE REPORTS

Electron
Material Volts
Melamine-Glass, G5 0.29
Epoxy B-725 0.48
Ester-Glass, GPO-2 0.57
RTY Silicone 0.60
Phenolic-Asbestos, A 0.61
Nylon 33% GF 0.70
Acetal 0.73
Mineral Phenolic 0.74
Silizone Varnish 0.74
Polypropylene 0.81
Polysul fone 0.83
Phenolic-Cotton, C 0.84
Formvar 0.85
Epoxy 0.88
Epoxy Adhes. 0.89
Nylon 0.90
Pressboard 0.91
Kapton 0.93
Silicone 0.94
Phenolic-Asbestos, A 0.9%4
Cast Epoxy 0.98
Urethane-Nylon 0.99
Phenolic-Glass, G-3 1.01
Polycarbonate 1.01
Phenolic-Paper, X 1.02
Epoxy Wire 1.05
Epoxy-Glass, FR-4 1.05
Varn. Cotton 1.06
PVC 1.08
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TABLE D-1 (2 of 3)

ACTIVATION ENERGIES FROM WESTINGHOUSE REPORTS

Electron
Material Volts
Ester-Glass, GPO-1 1.09
Cell. Phenolic 1.10
X-Link Ethylene 1.11
Urethane 1.12
Ester-Glass, GPO-2 1.13
Ester-Nylon 1.14
Ester-Glass, GPO-1 1.16
32102BK Varn, i.16
Vulc. Fiber 1.16
Cell. & Min. Phen. 1.37
Mylar 1.18
Cast Epoxy 1.18
J2101EY Varn. 1.18
Epoxy 1.18
Silicone 1.18
Phenolic-Paper, XX 1.20
Vulc. Fiber .28
Cell. Phenolic _.24
Phenolic-Glass, G-3 . .24
Kraft Phenolic - .
Neoprene ..26
Amidc-Imide Varn. o
Loctite 75 ..38
Acetyl. Cotton .39
Silicone-Asbestos .81
Epoxy-Glass, FR-4 .50
Mylar ..58
Nome x s L
Omega varn. . .59
Epoxy-Glass, G-11 ..54
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TABLE D-1 (3 of 3)

ACTIVATION ENERGIES FROM WESTINGHOUSE REPORTS

Electron
Material Volts
Polythermaleze 1.64
Kraft Paper 1.67
Valox 310SE-0 1.75
Varn. Kraft 1.86
Nome x 1.91
Ester-Glass, GPO-3 2.03
Phenolic-Cotton, C 2.12
Melamine-Glass, G-5 2.18
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