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v/ FOREWORD

Historically, safety related electrical equipment has been tested under the severe
environmental conoitions 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 IEEE-323-1974 and by Regulatory Guide 1.89 which endorses this IEEE

[] StandaM. The concept of aging was highlighted in IEEE-323-1974 and
s

interpretation 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 IEEE Standard

323-1974".

Shortly af ter IEEE-323-1974 was issued, Westinghouse WRD f ormed an engineering

task group to interpret new requirements and to recommend implementation

p The qualification procedures described throughout this topical report areme thods.

( ) the result of this task group's efforts and subsequent evolution. The task group
members were also assisted greatly by discussions with experts from other divisions

of the company and the nuclear industry as well as from NRC Staf f and IEEE
committee personnel. The Westinghouse WRD procyam 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 IEEE standards addressing qualification of electrical equipment, 5

IEEE-323-1974 takes precedence in the Westinghouse intarpretation of

re quirements.
'

! n

! 'sm.,'

| 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
;

respono 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-of-the-art and

vii

| [
'

{v)
I
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!
,

interaction with NRC and industry representatives. The topical report's title has

.

been changed to reflect the f act that the report, in its present from, represents
!

general qualification methods to be utilized for qualification and not the

qualification results themselves. Also, it was desirable to define the title in terms

of Westinghouse's WRD Supplied NSSS scope equipment so that no mistake could be

made that the contents of the topical report represent any other sister division's
BOP qualification methods.

Revisions 2 and 3 of the topical have been n'ade to include additional detail now
available as a result of general program cevelopment and some reformating of the

3
report has been introduced to allow the discussion contained in this report to follow

the format headings of the Equipment Qualification Data Paci< ages (ECDP's) now

issueo as Supplement I to this report. This reformatting permits easy cross
reference between the me'.hodology defined in this report and the detailed plans

contained in the Supplement.'

Revision 4 of this WCAP includes an update of Appendix A, which is the format
used for the Equipment Qualification Data Package (EODP), and the initial

4submittal of Appendix C, "Ef fects of Gamma Radiation Doses Below 10 Rads on

the Mechanical Properties of Materials". Appendix C provides the basis that

0radiation aging below 10 Rads is not significant and will not be addressed in
Westinghouse test programs for equipment subject to lifetime doses of less than

010 R a ds.

5

Appendix D, " Accelerated Thermal Aging Parameters" was added to WCAP 8587

but not as a revision. This appendix describes the methodology empicyed by

| Westinghouse in calculating the accelerated thermal aging parameters used in this
pro gram.

Revision 5 of this WCAP incluoes the resolution of comments resulting f rom the

i incepenoent utihty review of the Westinghouse qualification program, plus some
general updating by Westinghouse.

O
viii

!

I
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!

1.0 PURPOSE

i

The basic aim of equipment qualification 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 1E Equipment for Nuclear Power Generating Stations." This methodology

represents the Mstinghouse VRD interpretation of this standard and defines the
I basis on which the detailed qualification program plans, contained in Supplement 1

: to thi:: report, have been established together with the intended methods of

! documenting the results.

:

.

d

i

!

|

i

1

,
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d

2.0 SCOPE
,

The qualification criteria, methods, and environmental conditions deselbed herein

constitute the methodology that Westinghouse has adopted to comply with the4

.; above mentioned standard. This methodology applies to the NSSS scope ' safety
related electrical equipment (e.g. equipment required to perform reactor trip,
engineered safeguard features, or post-accident monitoring) supplied by
Westincfouse 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
Qualification Data Package reference contained in Supplement I to this report. As

5-
additional qualification testing is completed and the scope of the program
expanded to include other safety related electrical equipment, the index of
qualified equipment, contained in WCAP-8587 Supplement i 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

plant. The actual listing of Westinghouse WRD supplied safety related electrical
1.j equipment is f ound in the applicantt 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 identif y and/or clarify these changes.

P

O

0764A 2-1
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TABLE 2-1

! TYPICAL SAFETY RELATED EQUIPMENT IN W WRD SCOPE OF SLPPLY 5 .

4
-

PLANT EQDP

| EQUIPMENT SYSTEM LOCATION * * REFERENCE 3
1

'

Safety Related Valve Electric - CVCS i/0 HE-1. and 4

Moccr Operators SIS 1/0,

CSS 0,

t

i RHR 1/0 }

j Safety Related Solenoid CVCS i/0 HE-2/5 |

1 Valve SIS 1/0 (combined)
'

RCS* i/0
iWPS* O

SS* 1/0

SGBP* 0
.

I RHR y0

Safety Related Externally CVCS 1/0 FE-3/6 ,

; Mounted Limit Switches SIS 1/0 (combined) ,

i

i, CSS 0
- RHR i/0

.i
+,

RCS* i/0
,

WPS* O

SS* i/0
SGBP* O

Pressure Transmitters RPS/PAM I/O ESE-1 and 2 -

O ;

Differential Pressure Transmitters RPS/PAM i/0 ESE-3 and 4

Resistance Temperature Detectors RPS/PAM i ESE-5, 6 and 7. L

Excore Neutron Detectors RPS i ESE-8 and 9
'Nuclear instrumentation System (NIS) RPS 0 ESE-10

Source Range Preamplifier RPS 1/0 ESE-11 and 36 -

'

Main Control Board Switch Modules RPS/ESF ~0 ESE-12

O :

| 0764A 2-2
|
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TABLE 2-1 (Continued) j

L
'

TYPICAL SAFETY RELATED EQUIPMENT IN V/ WRD SCOPE OF SUPPLY ;

PLANT EQDP

EQUIPMENT SYSTEM LOC A TION * * REFERENCE
,

Process Protection Sets RPS 0 ESE-13

i Indicators and Recorders PAM 0 ESE-14 and 15

Solid State Protection Systm. Logic RPS/ESF 0 ESE-16 and 17

and actuation Trains - (Auxiliary

Safeguards cabinets where Applind)

and ESF on-Line Test Cabinet i

Instrument Power Supply (Static Electrical O ESE-18 and 35

| Invertor) Power Supply

Instrument Bus Distribution Panel Electrical 0 ESE-19,33 and
i

Power Supnly 34

Reactor Trip Switchgear RPS 0 ESE-20 and 26

| Pressure Sensor RPS i ESE-21

4 Section Excore Neutron Detector RPS i ESE-22

Loop Stop Valve Cabinet RPS 0 ESE-23

| RCP Speed Sensor RPS 0 ESE-24

Main Control Boardi

| Primary Control Ccosole

Secondary Control Console RPS/ESF/PAM 0 ESE-25

Safety Centar

Nitrogen-16 Detector RPS i ESE-27

Rod Position Detector RPS i ESE-28

Rod Position Data Cabinet RPS i ESE-29

Integrated Protection Cabinet RPS 0 ESE-30

Integrated Logic Cabinet RPS 0 ESE-31

Field Termination Cabinet RPS 0 ESE-32
;

PAMS Demultiplexer PAM 0 ESE-37

Control Board Multiplexer RPS/ESF 0 ESE-38

i

e
i 0764A 2-3
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TABLE 2-1 (Continued)

5
TYPICAL SAFETY RELATED EQUIPMENT IN W WRD SCOPE OF SUPPLY

PLANT EQDP

EQUIPMENT SYSTEM LOCATION ** REFERENCE 3

Fiber Optic Cable RPS/ESF 0 ESE-39

Hydrogen RecomSiner ESF i SP-1

Safety Related Pump Motors CVCS 0 AE-1 thru 4
I SIS 0

EBS i

RHRS 0
'

CCWS 0

| NOTES:

0 = Outside containment

1- = Inside containment

= Containment Isolation valves only*

= For the Equipment listed below, the Applicant will be responsible for**

locating this equipment in a plant area which has environmental con- 3

ditions within the equipment's normal, abnormal, and accident environ-

ments (specified in each EQDP).

CVCS = Chemical Volume Cc~. trol System

SIS = Safety injection System

WPS = Waste Processing' System

SGBP = Steam Generator Blowdown (Waste) Processing . System)-

RHR = Residual Heat Removal (System)

PAM = Post Accident Monitoring

RPS = Reactor Protection System

ESF = Engineered Safeguard Feature

N/A = Not Applicable

CBS = Emergency Boration System

CCWS - = Component Cooling Water System
CSS = Containment Spray System

SS = Sampling System

RCS = Reactor Coalant System 3

0764A. 2-4
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3.0 INTRODUCTION

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 8587'st

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 Performance Specification, including functional requirements and
applicable environments, provided in Section 1 of the individual Equipment
Qualification Data Packages (EQDP's) contained 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 contination of these methods. The discussion in

;

Sections 6 and 7 follows the section headings of the standard EQDP (Appendix A).

1

!

|

|

4

t

1

I
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- - . - --- _ . - - - - - - . - . . - . . ..- - - - - -



. .

WESTINGHOUSE CLASS 3

,-

( ) 4.0 DOCUMENTATION PLANv

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 progam parent document

/9 and describes the basis methodology on which the Westinghouse qualificationi 1

V progam is based.

5
2. WCAP-8587, Supplement I " 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 and qualification plan. Upon completion of testing, this
document is revised to include a summary of test results and identifies the
supporting test reports.

J
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 .:odeo to the
appropriate EQDP reference number.

Each EQDP follows the format outlined in Appendix A. Figure 4-1 graphically
denionstrates how WCAP-8587 acts as the parent methodology document for the
' daughter EQDP's that are separately documented in Supplement I to WCAP 8587

[m)' and test reports documented in Supplement 2 to WCAP 8587. All information

necessary to cemonstrate the equipments ability to perform its intended safety
5function (s) under normal, abnormal, accident and post accident environments will

be provided. All support test data will be maintained available f or audit by
im

(v) Westinghouse for the life of the plant, if maintenance, refurbishment or

replacement of the equipment is necessary to ensure the ability to perform the
equipments safety function, then this information will also be included in the

EQDP. The completed EODP will be made available to the NRC staf f for audit.

O Westinghouse WRD will provide, as input to the applicant's SAR, references to the
! /
N '' applicable qualification documentation.

4-1
0764A
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O
The perforn.ance specification, contained in Section 1 of each EQDP, corstitutes

interface requirements to the applicant who references the EQDP in his license

application. The Owner /AE will be responsible for demonstrating that qualified |

equipment is utilized and located such as not to prejudice the performance
specification contained in Section 1 of the EQDP. The kiRC review of the SAR
will ensure that the equipment qualification is satisfactory when compared to the

plant specific environment and functional requirements. This entire process,
described above, is graphically presented in Figure 4-2.

4.1 TRACEABILITY

Westinghouse has instituted a system of Baseline Design Documentation (BDD) to

control the design, procurement and manufacturing of all Class IE products. As

part of this quality control program critical parts are identified and assigned a
level of control to reflect the Westinghouse estimate of potential qualification
and/or procurement problems. For example, Westir 'iouse employed a lot control
program on some initial purchases of equipment f or harsh environments until

confidence in the specification could be assured. In addition, levels of quality
5

inspection are also assigned to each part. The Baseline Design documentation,

provided describes the equipment in sufficient detail (drawing number, part
number; manufacturer, etc) to establish traceability between equipment shipped

and that tested in the qualification program.

4.2 AUDITABLE LINK DOCUMENT

The purchaser of equipment referencing this program will require an auditable link
document, designated EQAL-XXX, which provides a tie between the plant specific
equipment and this program. This auditable link document will include one or more

of the following sections:

9

0
4-2

0764A
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-

4.2.1 EQUIPMENT LINK
|

; This documentation certifies that the plant specific equipment is covered by the
applicable equipment test reports in WCAP-868 7, Supplement 2. This link will

'

refiect a comparison of the as-built drawings, baseline design document or other
; documentation 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

5
B, Subprogram C. This link would only apply to equipment whose EQDP references

; the W Component Aging Program. This link will reflect a comparison of the
as-built drawings, baseline design document or other documentation of the plant

i specific equipment to the component program listing,

j 4.2.3 MATERI ALS 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 EQOP 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.

,

t

i
!

I),

!

h

.!

076g 4-3

|
. - . - . . . . . - . - - , . . . . _ - - - - . - . - - _ , - . . . - - . - . . . - - . - - . _ . . . . - . . . -



.. .. -... .. - -- _. _ . - .-. . . - - . _ .. --

<. .

j

|

WESTINGHOUSE CLASS 3

14.050-1
1

i

!O
!
i

O:

WCAP-8587
I '

, THE HETHODOLOGY WCAP

i
i

! / / L\ !
'

TRANSMITTERS MOTORS MOV'S INSTR. REACTOR ETC.
: & RTD'S POWER TRIP 5
! SUPPLY SWITCHGEAR
!

i O
,

t
.

|

!

SPECIFIC METHODS + EQUIPMENT QUALIFICATION
DATA PACKAGES

'

t

O -

.

i

O
I

Figure 4-1 Equipment Qualification Documentation

O
4-4
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i " QUALIFICATION NRC DESIRED)TO
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REVIEW " ''
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IMPLEMENT CRITERIA
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|
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;
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OO
5.0 QUALIFICATION CRITERIA

5.1 QUALIFICATION BASIS

O The environmental requirements to be cmsidered 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

O 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 Failure 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" and Set; tion III " 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

s safety related electrical equipment sepplied 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 %stinghouse Quality Assurance
Program.

5.2 OUALIFICATION GUIDES
|

The need for safety related electrical equipment qualification to verify its
,

I operational capability was identified in Section 4.4 of the " Proposed IEEE Criteria,

; for Nuclear Power Plant Protection System" (IEEE279-1968) which evolved into
| IEEE Standard 279-1971 " Criteria fu Protection Systems for Nuclear Power
i Generating Stations" and Section 4.7 of IEEE 308-1970 "IEEE Standard Criteria for

Oy Class IE Electrical Systems for Nuclear Power Generating Stations. IEEE
323-1971, "!EEE Trial-Use Standard: General Guide for Qualifying Class 1E
Electric Equipment for Nuclear Power Genercting Stations" was issued ... "to

OV
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O
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
qualificati,n 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 two 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. IEEE 382-1972 "IEEE Trial U3e Guide for Type Test of Class 1E Electric Valve

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

2. IEEE-383-1974 "IEEE Standard for Type Test of Class 1E Electric Ca^ oles,

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

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

! 4. IEEE-275-1966 (Reaff 1972) " Test Procedure for Evaluation of Systems of

Insulating Materials for AC Electric Machiriery Employing Form-Wound
Peinsulated Stator Coils."

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

developed.

O
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3.3 QUALIFICATION TEST PROCEDURE CRITERIA

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

of IEEE-323-1974 was utilized. The following provides an outline of the
implementation of Section 6 IEEE-323-1974 into the Westinghouse program

! (parenthesis refer to Sections of the Standard):
1

) Identification of the Class IE Equipment Being Qualified (Section 6.1) - The
i Equipment will je 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 I of the EQDP.

Type 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.

t

j Test Sequence (6.3.2) - The test sequence to be utilized in qualifying the
) various equipment types is delineated, in general terms, in Section 7 of this

report. The specific test sequence to be employed will be documented in I

Section 2.9 of the EQDP.
;
,

Aging (6.3.3) - The methods utilized to address aging 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.
.

i Radiation (6.3.4) - The specific radiation test requirements and actual
.

! radiation dose employed for qualification will be delineated in Sections 1.8.4
I and 2.6.4 respectively of the EQDP. Radiation conditions are also addressed in
i

| Section 6.7 of this report.

!

!
:
1

|

O.
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Vibration (6.3.5) - The procedures utilized in performing seismic qualification

will be in accordance with IEEE-344-1975 and will employ either multi-axis,

multi-frequency testing; single axis sine beat testing; aynamic or static

analysis or a combination of these methods. The specific option to be

employed in the qualification of the equipment type is identifieu in Section 2.9
and 4.0 (where applicable) of the EQDP. Sections 1.8.7 and 2.6.7 or 4.0 of the

EODP will document the performance speci.: cation and the seismic levels

assumed for qualifiention purposes respectively. Consideration of ambient

vibration as an aging factor for electrical equipment is addressed in Section 7

and Appendix B. Requirements and qualification specifications with respect to

vibration will be documented in Sections 1.8.6, and 2.6.6 of the EQDP, where
5 applicable.

Operation Under Normal and Accident Conditions (6.3.6) - Where operation is

required under narmal, abnormal accident, and/or post accident conditions,

means will be provided to obtain the necessary information during type
testing. These "means" will be described under Section 2.10 of the EQDP.

Inspection (6.3.7) - Post type test visual inspection will be performed and the

condition of the equipment noted. A summary, conclusions and

recommendations resulting from the inspection will be included in Section 2.10

of the EQDP.

Operating Experience (6.4) - Where operating experience is chosen as a
supplementary method of qualification, Westinghouse WRD 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. Documuntation of qualification by exparience will

be provided in Section 3.0 of the EQDP.

O

O
5-4 i
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Analysis (6.5)- Qualification by analysis alone is not employed by Westinghouse

M D. 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 EODP.

On-Going Qualification (6.6) - On going qualification as described in Section

6.6 of IEEE 323-1974 is not employed by Westinghouse MD as a method for
quaalfication.O
Critaria of Failure (6.7) - The equipment will be judged einsuitable 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 EQDP. It is possible for equipment to be suitable and
qualified to perform some safety functions but unsuitable for others. The
suitability 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

i the plant specific requirements of the function for which the equipment is

used (See Figure 4-2).
.

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

delineated in the individual test procedures.
i

Documentation (6.9) - Documentation of specific equipmer.t qualification will4

be provided via the Equipment Qualification Data Packages (See Appendix A).

;

5.4 REGULATORY GUIDE CONFORMANCE'

' s

|

Regulatory Guides describe methsds acceptable to the NRC staff for implementing

specific parts of the Commir, son's regulations, to delineate techniques used by the

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

:
!

O
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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 Regulatory 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

currently 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, IEEE 317-1972. However, since Westinghouse

V41D 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" - Regulatory Guide 1.73 endorses,

with certain qualifications, IEEE 382-1972. Westinghouse employs the
~

recommendations of the Regulatory Guide in part in specifying the qualification
3 ,

program plans contained 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 guide 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:

1. The recommendations of IEEE 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.

O

O
07ti4A
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3. The salamic qualification requirements employ the recommendations of4

; -

IEEE-344-1975 as described in Section 7 of this WCAP.
i

I

Regulatory Guide 1.100, " Seismic Qualification of Electrical Equipment for

| Nuclear Power Plants" - This guide endorses, with certain qualifications, IEEE ;

!, 344-1975. Westinghouse employs the recommendations of by Regulatory Guida
i 1.100 as described in Section 7 of this topical report.

i
e

i

t'

!

:
!

l

!
!

|
|

<

|

.

|

.
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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 gyalification shall be demonstrated. The basic

acceptance criteria for qualification is that the safety related functional
requirement = 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 am specified (i.e. voltage, frequency, etc.) in
;

Section 1.1 of the EQDP together with the variation in the defined parameters for
which the equipment is required to perform its specified functions.

6.2 INSTALLATION REQUIREMg

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

6.3 AUXILIARY DEVICES

Where the equipment to be qualified relies upon the operation of any auxiliary

device (s) in order to perform the pecified safety related functions, such devices

are identified in EQDP Section 1.3. The applicable EQDP for the auxiliary
device (s) is specified, if within the Westinghouse scope of supply.

O
0764A
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6.4 PREVENTATlVE MAINTENANCE SCHEDULE

The details of any preventative maintenance schedule implicit in establishing the
qualified life of the equipment, will be specified in EQDP Section 1.4 on
completion of the qualification program.

6.5 DESIGN LIFE

The specified value listed in EODP 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 than

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 EODP 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 is

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
ef fort. " 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,

O
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inspections, and maintenance to be performed 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
cond L!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 ,.e

information and the draf t recommendations of the IEEE concerning environmental y

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.

N
! Radiation Dose
i

The normal operating dose rates, and consequent 40 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 locations outside containment are specified in Table

6-3. The 40 year doses quoted are consistent with the draf t 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.

!
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Figure 6-1 presents the assumptions made in de fining potential abnormt i
4.

environments due to loss of air conditioning or ventilation systems. The specified
values are consistent with available Architect Engineering interface information

and the draf t recommendations of the IEEE (Reference 1). 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 limi t s. For certain plant

applications, qualification for abnormal environments will not be necessary when

equipment is located in an air conditioned environment controlled by a class IE

system.__

3,

5 6.7.3 CONTAINMENT TEST ENVIRONMENT
,

Reg. Guide 1.18 specifies that containment integrity shall be demunstrated at 1.15-

times design pressure. The 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 60 psig 3 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.M ACCMM A@ NST ACNM NENMS
5

Section 1.7 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 ef fects. 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:

O

O
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High Energy Line Break Accidents (HELB) -In Containment

1. The accidents to be addressed are the Loss of Coolant Accident (LOCA),
Steamline Break (SLB) and Feedline Bren (FLB). In order to re'ain the option

,

of qualifying equipment fer separate applicable HELB conditions, separate
in-containment environmental design envelopes have been specified for the

higher irradiation / lower saturated temperature conditions of LOCA (Figure
6-2) as against the lower irra6!ation/short term superheated temperature

O conditions associated with the steamline break (Figure 6-3). In order to limit
D

the number of basic envelopes to be employed, this latter envelope is

conservatively employed to define the incontainment envelope following a
; feedline break. -

1

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 IEEE Std 323-1974. Current indications

O 5are 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 Wes'tinghouse to-date employing the NRC interim

4

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

Utemperatures 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 to be excessively conservative in either magnitude or

O duration, the envelope (s) may be reduced to bound the final calculations in
order to avoid unnecessary penalty in equipment design and procurement.

1

a

Oa
6-5
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0
2. The specification for chemical spray solution is 2500 ppm boron buffered with >

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

3. 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 Regulatory Guide 1.89, Novernber,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 %Vt

Equivalent Core Meltdown Sources

Fraction of Core Activity Released to

Containment Atmosphere

Noble Gases 1.0

Halogens .5

Remaining Inventory .01

Gap Activity Sources

Fraction of Core Activity

Kr-85 .3

Other Noble Gases .10s
t

Halogens .10

a) Based on these assumptions, the instantaneous and integrated gamma and

beta doses for the containment atmosphere following a LOCA are shown

j in Figures 6-4 and 6-5 respectively.
!

: O
|

|
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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
5with reactor shutdown, but without subsequent release to the containment

and no credit taken for cleanup, the insta'taneous ano intecyated gamma

doses are shown in Figure 6-8.

<

4. For safety related equ.ipment required af ter 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,<

- 0.001 halogens and 0.001 of other noble gases. It was also conservatively

assumed that all of the reactor coolant system inventory was instantaneously
released into the containment atmosphere at the initiation of the incident.

Based on these assumptions, the instantaneous and intecyated gamma and beta

doses for the containment atmosphere following a SLB are shown in Figures

6-6 and 6-7, respectively.

5. 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.

6. The applicable accident doses specified in EODP 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 f ollowing modifications:

a. In the general area between the loop compartment wall and containment
5

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 af ter accidents involving no
release of radioactive material (e.g. loss of flow), the radiation dose is

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

4

0
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O
High Energy Line Break Accidents - Outside Containment

1. For the majority of equipment located outside containment, the normal

operating environment will remain unchanged by a HELB accident. As a
consequence, qualification for such events is covered by qualification for
normal conditions.

2. It is recognized that a limited amount of equipmer.? located outside

containment, near high energy lines, could be subject to iwal hostile
ravironmental conditions due to a high energy line break outside conttinmer't.

In this case, the equipment will be qualified to the environmental conoitions
specified for equipment located in-containment described above.

3. Certain pumps and valves outside containment are utilized to recirculate sump

water post accident. The gamma dose to a motor / operator located outside the
5

pipe boundary 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 g}
in-containment, assuming a recirculating water volume of 60,000 f t3 and theg
following fraction of core activity in the sump water: .- ..

Noble gases 0.0

Halogens 0.50

Remaining inventory 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

coa st. The synthetically generated earthquake input to the test table employed by
Westinghouse results in simultaneous acceleration of the test equipment in all

O
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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 elevation. 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 6-12 for the reactor trip switchgear. be

: RRS (device) f or generic testing of control board mounted equipment is shown in

Figure 6-11.

6.8 PERFORMANCE REQUIREMENTS 5

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
I lev el, e tc.). 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 separately1

t
' 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
perf orm a safety related function. Time response is only measured as part of the

test sequence when the equipment is subject ed to an environment that could
potentially cause a common mode failure (i.e., time response decyadation). An
example of this would be an increase in the viscosity of the oil in a transmitter due

5
to exposure to high level radiation. On rr ijor electronic systems, the equipment is

cycled during the test and any change in time response performance would be

j 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 is included if necessary.

|
D
V

,

,

.
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OI1. 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 is specified f or operation under abnormal conditions (where

the specs must be met without any special calibration or maintenance ef f ort).

2. Containment Test - Westinghouse does not suppy equipment that is located

inside containment and required to functinn during a containment pressure

test. Nevertheless, for equipment located inside containment, the

requirement is specified that the equipment shall not sustain any damage ar a

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

3. Accident - Performance specifications include the effects of both radiation
and steam / temperature conditions that exist af ter a high energy line break
(HE LB). The addition of errors at the same point in time from the radiation
test and the steam /t emperature test must not exceed the perf ormance
requirements for that point in time af ter the event.

4. Seismic - Perf ormance specifications include the deviation allowed from
normal specifications due to seismic events only and are plant and location

deper. dent. Since high energy lines inside containment are designed for
seismic events, seismic and environmental errors are not additive for breaks in

these lines.

6.9 QUALIFIED LIFE

The demonstrated qualified life will be specified in EQOP Section 1.9, based upon

the results of the finally completed qualification program.

_ _ _ _ . - - - - _ _ - - _ - _ - -
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,

it may be possible to extend the cualified life of a particular piece of equipment
by, at some future date, comparing the actual in-plant environments that existed

5during the equipment life to the values assumed by Westinghouse in establishing the

qualified life or by perf orming an analysis of internal temperatures (e.g., motors)

based on actual service conditions.

|

1

!

l

,

E

1
|

'

|

!
|

|
|

0764A

_ - - . _ _ _ . . . . _ . _ - . _ _ - . . _ . _ , . . - _ _ - _ _ _ _ . _ _ . - _ _ _ _ _ _ - - - - _ _ - - _ --



__ _ _ . _ _ _ _ . . _ . - _ _ . . _ . . _ ~ . __. _ _ - .. ..-_-.-....-~._..______m -. - - .

e e e e e e O |
~

;.

o
5
4
'*=

i
TABLE 6-1

[
t

i

NORMAL ANO ABNORMAL OPER ATING ENVIRONMENT _S [
S

.

!

Normal Operation Abnormal Operation f
General Zone Zone Typical Range Temp RH Press. Time Temp RH Press. f
Area Descrintion Code Areas ( F) (%) fpsin) Limit (OF) (%) (psiol '

i
tIn-Containment Inaccessible IC/I Inside Sec. Max 135 70 +0.3 8 hours 150 95 Atmos !

Shield Min 65 20 -0.1 50 0 Atmos !
L

.

| Accessible IC/O Outside Sec. Max 120 70 +0.3 120 95 Atmos !
=

| Shield Min 65 20 -0.1 50 0 Atmos 2E
m

,
&n =

I N'

82 95 2 |
cn Out of Air ") OC/A.C. Control room, Max 80 50 Atmos 12 hrs 120 35 Atmos i

I

i 1 Containment Conditioned Aux Equip Room Min 60 30 Atmos 40 0 AtmosN.
r

* g s

t M f
| 82 95 g |

Ventilated OC/V Aux building, Max 104 70 Atmos 12 hrs 120 35 Atmos
{l Safeguards Min 60 20 Atmos 40 0 Atmos LA I

be !

| 82 95
,

( Non- OC/NV Turbine- Max 104 70 Atmos !120 35 Atmos=
t

| Ventilated Hall Min 60 20 Atmos 40 0 Atmos
|

| I

Note as Abnormal operating parameters only apply for app!! cations where Class IE air conditioning systems are
not supplied.

1
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TABLE 6-2
i

,

40 YEAR NORMAL OPERATING DOSES -INSIDE CONTAINMENT ;i

Location ', Dose rate R/hr 40 yr y dose (R)
~

1

3

: O
| RCL pipe center 820 3.0 x 108

|RCL pipe ID 470 1.6 x 108

RCL pipe OD (contact) 165 5.8 x 107 |'

| RCL - general area 50 <2.0 x 107

Outside loop compartment wall < 0.2 <3.5 x 104
10(a)Detectors located next to R.V. 5 x 104 1.8 x 10

:

1

:

:
i

I i

1) (a) 40 year dose from neutrons > 1 Mev is 5 x 10 8 n/cm2,
I

.

|O
1

i

j f

i

.,

;

! !

,

1

; O
.

'

] 0764A 6-13
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TABLE 6-3

.

f 40 YEAR NORMAL OPERATING DOSES - OUTSIDE CONTAINMENT

|

Location 40 yr Y dose (R)

6Penetration Area < 1 x 10

Pump Cubicles

| Radioactive Waste Area

1

Rodwaste Tank Cubicles ei x 107
i

!

|
Other general areas <s x 102 |

l

!
!

|
|
,

!9
: 1

I
i

!

,

i

| .

i !

| I

|

!O
! |

i

i
|

,

|@
!

;
1

1
: ,

'

!
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7.0 QUALIFICATION METHODS

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 particular item of equipment, is based upon many

factors including; practicability, conplexity of equipment, economics, availability of
previous qualification to earlier standards, etc. The qualification method to be
enployed for this program is identified in the individual Equipment Qualification
Data Packages (EQDP's); whether by test (Section 2), experience (Section 3), analysis

(Section 4) or by some contination 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

O severe specified 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 qualification parameters, as follows: .-

7.1.1 NORMAL AND ABNORMAL EXTREMES '3
,

As indicated in Section 7 of IEEE 323-1974, the application of margin is directed at

specifying acequate qualification requirements for the most severe service conditions

Os 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 to the severe HELB conditions demonstrates ample rnargin

for acceptable performance under any specified normal and abnormal service

O
0764A
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!

l

] conditions. For electronic equipment not qualified to operate in a HELB

environment, additional manjin is included by requiring that the equipment be<

I
i operated through a double cycle of normal and abnormal service condition extremes,
|
- as indicated in Figure 7-1, which at least equals the specified range of service

condition parameters. An exception occurs for transmitters where a performance

; verification is completed at 130 F to encompass the specified maximum abnormal
conditions.

I

7.1.2 AGING

No specific margin is applied to the time component in deriving appropriate aging

3 pa rame t er s. Rather, mangin is included in deriving the accelerated aging parameters
i to be employed f or simulating each applicable aging mechanism, as described in
! Appenaix U.

7.1.3 RADI ATION

As discussed in Sections 6.7.1 and 6.7.4 Westinghouse bases its calculations on a 4100 '

MWth plant and TID-14844 which results in a very conservative generic design
i

c ondition. Therefore, no additional margin is added in specifying the test
i

requirements. When requested by the applicant, Westinghouse will identify the
manjin available on a particular plant application. t

7.1.4 SEISMIC CONDITIONS

|

IThe seismic parameters specified f or this program are designed to encompass all

plants referencing this program, including a number of high seistnic plants, with a
10 % margin on amplitude and a 15 % margin on f requency. As a consequence, f or

b most applications, considerable margin exists with respect to the acceleration levels
employed on a plant specific basis and the width of the response spectra, in the

West ingnouse gencric pro gram no additional ma rgin is included in the test

requirements, i.e. the T RS equals the RRS. When requesteo by the applicant, ;

Westinghouse will identif y the margin available on a particular plant application with |

respect to the plant specific response spectra and equipment configuration.

O
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(V)
7.1.5 HIGH ENERGY LINE BRFAK (HELB) CONDITIONS

The envelopes specified for high energy line breaks, in Figures 6-2 and 6-3, have been

selected to encompass the transients resulting from a spectrum of reactor models,
d break sizes and locations and dif fering 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 qualification envelopes be derived with a margin of
3

15 F on temperature and 10 psi on pressure with respect to the design envelopes ins

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 6.7.1 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 5

alkalinity of the caustic spray is increased by 10% with respect to the peak value
identified for any plant originally referencing this program,

w
) 7.2 QUALIFICATION BY TEST (EODP SECTION 2)

v

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
required 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 and/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

EODP Section 2.0 (Test)is selected.

7.2.1 EQUIPMENT DESCRIPTION

/^\
b The equipment to be qualified is identified including, where applicable, the type and

model number, in EQDP Section 2.1.

a
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0
7.2.2 NUMBER TESTED

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

7.2.3 MOUNTING

The method of mounting the equipment for the test is identified in EQDP Section
2.3. Care is taken to ensure that the in-plant installation requirements, as specified

by the supplier under EODP Section 1.2, are fully represented.

7.2.4 CONNECTIONS

The equipment connections necessary to be able to demonstrate safety related

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

7.2.5 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 mecified in EQDP Section 1, Performance Specification. A detailed
description of the methods employed by Westinghouse 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
mecified service conditions of EQDP Section 1.0 as recommended by IEEE 323-1974.

.

; 9
.

,
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Pressure, Temperature, Humidity and Chemical Spray

Equipment not subject to high energy line break (HELB) environments is qualified
against normal and abnormal (where applicable) conditions employ;ng a cyclic test

sequence at environmental and electrical extremes. A typical test profile, including
voltage and frequency cycling, is shown in Figure 7-1.

'Gualification tests to HELB conditions are designed to address the applicable
specified environrnent(s) (Figure 6-2 and/or Figure 6-3) with a margin of 15 on

temperature and 10 psi on pressure. Separate envelopes (Figure 6-2 and/or Figure

6-3) with margin may be employed or a combined LOCA/SLB/FLB envelope (Figure 5

7-2) may be employed for equipment qualification tests. The simulated post accident

aging time-temperature profile (Figure 7-2 from 24 hours to test conclusion) will be
defined consistent with the smallest value of activation encrgy applicable to the
thermal aging sensitive components comprising the test equipment or will be a
demonstrably conservative activation enenjy, as described in Appendix D.

The HELB testing will employ a chemical spray, for the first 24 hours of test,
consisting of 2500 ppm boron buf fered with 0.9% dissolved sodium hydroxida t

3
maintain a pH of approximately 10.7. This spray concentration results in an increase

in 31kalinity of at least 10 % compared to the concentration defined in the
Specification (Section 6.7.4).

Raciation

The total integrated dose (TID) employed for testing is a combination of normal and

accioent doses (where applicable) and is defined to equal or exceed the maximum
radiation dose contained in the Specification (EQOP Section 1.8.4). Margin is
implicitly includeo in defining the integrated doses for testing, since the calculation
me th ods, described in Se c tions 6.7.1 and 6.7.4, already contain extreme

conservatism. Normal operating and accident gamma doses are sirr;ulated using a

cocalt-60 soume. The test 00se is applied at a rate approximate to the initial phase

of the accident dose rate shown in Figure 6-4 (i.e., typically 2 to 2.5 MR/hr). Where e
exposed organic material is to be evaluated by test f or the ef fect of (accident) beta

radiation, a beta source will be employed or, alternatively, a cobalt-60 source to
impart the same dose using ganwua radiation.

076M 7-5
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I

j

! Vibration and Seismic Acceleration

1

In service vibration as a potential aging mechanism is discussed in Appendix B. Test'

requirements to simulate vibration, if significant, will be specified in EQDP Section

| 2.6.

Seisnoc qualification will be demonstrated by one of the f allowing

1. For equipment which has been previously qualified by the single axis sine beat
method and included in the NRC seismic audit of Westinghouse safety related

electrical equipment and, where required by the NRC audit, the Seismic
Demonstration Progam (Ref: NS-CE-692), no additional qualification testing

will be required to demonstrate acceptability to IEEE 344-1975 provided that:

The Westinghouse aging evaluation program for aging effects on complexa.
;
;

electronic equipment located outside containment demonstrates there are
I no deleterious aging phenomena, in the event the aging evaluation program

identifies materials that are marginal, either the materials will be replaced

or the projected qualified lif e will be adjusted.

I

| b. Any changes made to the equipment due to a. above or due to design
modifications does not significantly offect the seismic characteristics of the

equipment.

The previously employed test inputs can be shown to be conservative withc.

respect to applicable plant specific response spectra.

2. For new equipment (i.e., new design, equipment not previously qualified or :

presicusly qualified equipment that does not meet a, b, and c above) aismic
qualification will be perf ormed in accordance with IEEE 344-1975. Where
testing is utilized, multifrequency multiaxis inputs will be developed by the |

general procedures outlined in Reference 2. The test results will demonstrate

that the measured Test Response Spectrum envelopes the Required Response

Spectrum of the Specification (Section 6.7.4). Alternative test methods, such as

single frequency, single axis inputs, will be used in selected cases as permitted

by IEEE-344-1975 and Regulatory Guide 1.100.

0764A 7-6
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7.2.7 ME ASLRED VARI ABLES
|,

.

|1

| .... parameters that must be measured during the specified test sequence, in order to I

i

i demonstrate qualification against the performance specification (EQDP Section 1), j
are individually listed in EODP Section 2.7. '

'

7.2.8 TEST SEQUENCE PREFERRED
i

'

,

The preferred test sequence specified in EODP Section 2.8 is that recommended by

IEEE 323-1974. t'

| |

! !

| 7.2.9 IEST SEQUENCE ACTUAL

I .

I l

! The test sequence actually employed is specified in EODP Section 2.9. Where the
i

! test sequence deviates from that recommended by IEEE 323-1974, the deviation is*

i

I 5 '

; indicated and justified. Clarifications to the IEEE 323-1974 recommended test |

| sequence, to be employed by Westinghouse, are discussed below. [
t

| ,

( !. Burr >-In Test |

| |

For electronic equipment, a burn in test is completed, prior to operational -

testing of the equipment, to eliminate infant failures. The test consists of
energizing the equipment f or a minimum of 50 hours at nominal voltage and

frequency under ambient temperature conditions. Any malfunction observed -

during these tests will be repaired and the 50 hour burn-in repeated for the
repaired portion of the equipment. ;

G
,

2. Perf ormance Extremes Test
,
'

P

I For equipment where seismic testing has previously been completed (Table 7-1)

employing the recommended methods of IEEE 344-1975, seismic testing will not

be repeated. Testing of the equipment to demonstrate qualification at

performance extremes will be separately performed as permitted by IEEE
'

323-1974 Section 6.3.2(3).
i

e
!

1
-

|
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! 3. Aging Simulation and Testing

For equipment not required to perf orm a safety related function under
'environmental conditions associated with a High Energy Line Break (Table 7-2)

aging will be addressed, as oescribed in Section 7.3 and Appendix B, by separate

testing and/or analysis to demonstrate either that aging of components is noti

significant during the qualified life of the equipment and therefore, testing of
I

i unaged equipment is valid or, that aged components / modules are still capable of

perf orming the specified safety related f unction (s) under applicable service

conditions.

'

4. Vi cual In spections/ Disassembly

Westinghouse does not document the result of visual inspections unless problems

are discovered. Disassembly is only performed when test results or visual
inspections require further investigation.

5

7.2.10 TYPE TEST DATA

l

| On completion of the qualification tests, Section 2.10 of the EQDP will be completed

to provide a summary of the qualificetion tests and results. The applicable test
reports are provided as referenced in the EQDP Section 2.10 with the test data

maintained available by Westinghouse for audit.
'

7.2.11 ACCEPT ANCE CRITERI A

The basic acceptance criteria is that the qualification test program shall demonstrate

the ability of the equipment to meet with appropriate margin the safety related
f unctional requirements defined in ECDP Section 1.7 while subjected to the

ienvironmental conditions specified in EQDP Section 1.8.

O

O
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7.2.12 TREATMENT OF FAILURES
4

The primary purpose of equipment qualification is to reduce the potential fors
; 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. Mere an
adequate test sarrple 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
J-

] failure is not common mode. Where insufficient test samples prevent such a
j conclusion being reached, any failures will be investigated to ascertain whether the
.

failure 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.

g 7.3 QUALIFICATION BY EXPERIENCE (EQDP SECTION 3.0)

Qualification 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

i an evaluation of operating environments, mountings, performance requirements and

performance history. Documentation of supportive information based on operating

i g- experience is provided in EODP Section 3.0.
1
i

7.4 QUALIFICATION BY ANALYSIS (EQDP SECTION 4.0)
,

,!

Qualification 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.

! s
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:

7.4.1 SAFETY RELATED PUMP MOTORS (EODP-AE-l THROUGH 4)
|

The structural integrity of the rnotar will be established by a static seismic analysis'

in accordance with IEEE 344-1975, with justification. Should analysis f ail to show the

resonant frequency to be significantly greater than 33Hz, a test will be performed to
establish the anotor resonant frequency. Motor operability during a seismic event will

be demonstrated by calculating critical deflections, loads, and stresses under various

cornbinations of seismic, gravitational, and operating loacs. The worst case

I (maximum) values calculated are tabulated against the allowable values. In

combining these stresses, the most unfavorable possibilities are considered for the

f ollowing areas: 1) maximum rotor deflection, 2) maximum shaft stresses, 3)
i

| maximum bearing load and shaf t slope at the bearings, 4) maximum stress in stator

core welds, 5) maximum stress in stator core bar to frame welds,6) maximum stress

in motor mounting bolts, and 7) maximum stress in motor feet. The qualified life for!

5 the pump motors can be extended by performing an analysis of internal temperatures

; based on actual plant specific conditions.

7.4.2 QUALIFICATION BY DEMONSTRATION OF SIMILARITY (EQDP-ESE-23 AND
;

25)

Where minor dif f erences exist between items of equipment, analysis may be

; employed to demonstrate that the test results obtained for one piece of equipment

! are equally applicable to a similar piece of equipment.
I

i

7.4.3 DIFFERENCES BETWEEN TEST AND QUALIFICATION TEMPERATURE
LEVELS

The qualification test envelope for HELB conditions may, in some cases, not
encompass the short term temperature peak defined by the specification (Figure 6-3),

i in which case the superheated steam transient will be a0 dressed by analysis. The

analysis will employ a thermal response model of the equipment derived from the
physical characteristics of the equipment ano measurements taken during the
qualification test. This model will then be employed to demonstrate that the |

'equipment is insensitise to the short term superheated temperature peak defined by

the specification (Figure 6-3). The analytical procedures and models to be employed '

! are consistent with those discussed in References 3 and 4.

|
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|O
| 7.4.4 AGING
i

A detailed description of the Westinghouse Aging Evaluation Program is provided in

Appendix B. Analysis will be employed in this program to define, from available test

data, accelerated aging parameters, where employed. In addition, analytical methods
will be utilized to demonstrate that the results of' any separate component / module

testing are conservative with respect to anticipated performance at the

component / module location within the equipment. ,

i
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TABLE 7-1
.

|

EQUIPMENT FOR WHICH PREVIOUS SEISMIC TESTS DEMONSTRATE |
,;

! CAPABILITY TO IEEE 344-1975 I

:

i (

| Equipment EQDP Reference !

Nuclear Instrumentation System (NIS) EQDP-ESE-10

Process Protection Sets EQOP-ESE-13 f

|
i, ,.

I Solid State Protection Systen. 'ano 2,feguards EQDP-ESE-16
i

! Test Cabinets (2 Train)
}
4

1

Instrument Bus Power Supply (Static Inverter) - EQDP-ESE-18

i 7.5 KVA
\

\O Instrument Bus Distribution Panel- 7.5 KVA EQDP-ESE-19
|
,

|

.

I

!

| |

|

-

>

f

!O

O :

1
,

O |
|

I
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TABLE 7-2

:

EQUIPMENT NOT REQUIRED TO OPERATE IN A HIGH ENERGY

LINE BREAK ENVIRONMENT

!@
| Equipment EQDP Reference i

i

!
.

Pressure Transmitters: Qualification Group B ESE-2 |

/ 6 P Transmitters: Qualification Group B ESE-4

f Excore Neutron Detectors ESE-8 & 9

| Nuclear Instrutnentation System (NIS) . ESE-10 t

|
| Source Range Preamplifier ESE-Il & 36 i

Main Control Board Switch Modules ESE-12
i '

Process Protection Sets ESE-13

Indicators and Recorders ESE-14 & 15
.

.

j Solid State Protector System & Safeguards Cabinets ESE-16 & 17 |
Instrument Bus Power Supply (Static Inverter) ESE-18 & 25 |

| Instrument Bus Distribution Panel ESE-19,33 & 34 {

f Reactor Trip Switchgear ESE-20 & 26

4 Section Excore Neutron Detector (Power Range) ESE-22 li

\ >3 i
| Loop Stop Valve Cabinet ESE-23 i ;

!

| RCP Speed Sensor ESE-24

; Main Control Board, Primary Control Console, ESE-25 i

Secondary Control Console and Safety Center
i

i Nitrogen - 16 Detector ESE-27 !
I I
i Rod Position Detector ESE-28 !
l ;

I Rod Position Data Cabinet ESE-29 |
| Integrated Protection Cabinet ESE-30 !
|

fIntegrated Logic Cabinet ESE-31

Fic!d Termination Cabinet ESE-32 l
!PAMS Demultiplexer ESE-37 :

Control Board Demultiplexer ESE-38

Fiber Optic Cable ESE-39,

'

i

|

@ |
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O APPENDIX A

I-
'

EQUIPMENT GUALIF! CATION DATA PACKAGEO i

This document contains information, relative to the
qualification of the equipment identified. below, in |
accordance with the methodology of WCAP 8587. The '

Specification section (Section 1) defines the assumed
. limits for the equipment qualification and constitute
interface requirements to the user.

4

i
i

|

APPROVED. i

Manager |
Nuclear Safety Department <

!
t

|

|

|

! Westinghouse Electric Corporation
! Nuclear Energy Systems
! P.O. Box 355

|| Pittsburgh, Pennsylvanin 15230
|
|

|. I

i O |

|

O
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i

j SECTION 1 - SPECIFICATIONS !

i

5

! 1.0 PERFORMANCE SPECIFICATIONS
i

!@
i|| 1.1 Electrical Requirements '

|
1

i ;
!

1.1.1 Voltage:
?

j 1.1.2 Frequency:
i

1.1.3 Load:
!

1.1.4 Electromagnetic Interference: );
1 1

j 1.1.5 Other: I

i
.

! 4 '!
i 1.2 Installation Requirements:
i
,

.-

i

j 1.3 Auxiliary Devices:
i

!

| 1.4 Preventative Maintenance Schedule: The details of any preventative
!

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

i

j specified in this section on completion of the Westinghouse Aging ;

,

f Evaluation Program. !

|0
!

| 1.5 Design Life:
!

4

!

1.6 Operating C.ycles (Expected number of cycles during design life, including

test):

,

:

A-2
,
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|

!.7 Performance Requirements for(b),
,

DBE Conditiore(s) Post DBE Condtione(s)Containment
Normal Abnormal Test

i

| Paramet er Conditiore C_ondtions Cond tions FLB/SLB LOCA Seismic f_LB/SLB LOCA Seismic

!
|

1.7.1 Time reqdrement
>

q

! 1. 7.2 Per formance

j requirement

Environmerd al Condtions for Same f unction'D)1.8
tn
-4

I 1. 8.1 Temperature ("F) y
C

'

l.8.2 Pressure (psig)
c

" w
F1

I .8. 3 16snidity (% Rie
O
r-
>

1. 8.4 R adiation (R) t.n
tn

*
1.8.5 Ctemiccis

1.8.6 'v ibration

I,

1.8. 7 Acceleration (g)

i

I Notes: a: DDE is the Design Basis Event.
b: Margin is not included in the parameters of this section.

i

!
I

l

I -

# # # G G G e .

- -
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i
i
1
1

i 1.9 Qualified Life: The demonstrated quallfled life will be specified in

this section on completion of Subprogram C of the Westinghouse
4

Aging Evaluation Program. (Appendix B to WCAP-8587)

1.10 Remarks: None
,

i {

i i

i G
i .

| I

| ;
'

!

|
t

|
'

r

i

i
,

|e ,
,

i

!

r

!

i

i
i

!

'

O

O .

,

9 :
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SECT ION 2 - OUALIFICATION BY TEST

2.0 TEST PLAN

Oi
2.1 Equipr.or.t Le scri ptiot.:;

; 4 2.2 Nuuber Tested:
.

i

.

2.3 Mou r.ti ng:
!
!

|

2.4 Connection s :

I

2.5 Aging Sinulation Procedure |

'

5

i
|

|

|

l

O
I

|

@\

O

A-50764A

i
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! $ f
| t

i I
i

.| 2.6 Service Conditions to be Simulated by Test (I) I
!

!
} !
! Contrinment I
i

i Normal Abnormal Te st Seismic HELB Post-HELB
.

I

2.6.1 Temp. ( F)

,

! 2.6.2 Pressure (psig) k| m :

-4 !
V

> 2.6.3 Humidity (% RH)
|&
L
,

C :
2.6.4 Radiation (R) N t

i

P ;
2.6.5 Chemicals D

g
u '

I

2.6.6 Vibratien
,

I
!

2.6.7 Acceleration (g) i

|

I
t

!

[

I

!
I

r

i

; ;

;' A
?

.
_
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2.7 Measured Variables

This section identifies the parameters required to be measured during the test
sequence (s).

2.7.1 C9tegory.1 - Environment Required Not Required

2.7.1.1 Temperature

R,7.1.2 Pressure

2.7.1.3 Moisture

2.7.1.4 Composition

2.7.1.5 Seismic Acceleration

2.7.1.6 Time

2.7.2 Category II - Input Electrical Characteristics
4

2.7.2.1 Voltage

2.7.2.2 Current

2.7.2.3 Frequency

2.7.2.4 Power

2.7.2.5 Other
,

2.7.3 Cetegory Ill - Fluid Characteristics

2.7.3.1 Chemical Composition

2.7.3.2 Flow Rate

2.7.3.3 Spray

2.7.3.4 Temperature

2.7.4 Category 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

O
'0764A
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Required @lt Require _d

2.7.5 Category V - Electrical Characteristics '

i

2.7.5.1 Insulation Resistonce

j 2.7.5.2 Output Voltage
i 2.7.5.3 Output Current !
! !

2.7.5.4 Output Power
;

2.7.5.5 Response Time j
2.7.5.6 Frequency Character;stics >

2.7.5.7 Simulated Load ,

i !

I i
1 t

2.7.6 Category VI- Mechanical Characteristics
,

1
1 2.7.6.1 Thrust -;

;

i 2.7.6.2 Torque

2.7.6.3- Time

2.7.6.4 Load Profile |9
2.7.7 Category VII- Auxiliary Equipment t

I

i
! t

!
I

- t
,

'
_

S
,

:

O
~

,

E

f

,.
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2.8 Test Sequence Preferred

This section identifies the preferred test sequer;ces as specified in

IEEE-323-74

0
2.8.1 Inspection of Test Iten
2.8.2 Operation (Homal Condition)
2.8.3 Operation (Perfomance Specifications Extreues, Se: tion 1)

2.8.4 Sinulated Aging

2.6.5 Vi bration

2.8.6 Operation !Sinulated High Energy Line Break Conditions)

5 2.8.7 Operation (Sinulated Post HELB Conditions) !

'

2.8.8 Inspection

4 2.9 Test Sequer.ce Actual

This section identifies the actual test sequence (s) which, in total,
constitutes the overall qualification progran for thf s equipne'nt.
The separate subsections indicate the separate test sequences
conpleted on differing, but essentially identical, equipnent yd/or
conponents. The justification for employing anything other than the

preferred sequence is as follows;

Step Notes

5 *

O

O

O

0764A p9
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i
''

,

i

i i
* '

'
,

I

%
_

f 2.10 Type Test Data 1

!
, ' ' _ . . o t

'

2.10.1 Objective
.

, a. j-
.

,

3 , Ih,e objective of this test program is to denonstrate, employir.g
' "the reconner.ded practices of Reg. Guide 1.89 (IEEE-323-1974) j.

__ and Reg. Guide 1.100 (IEEE 344-1975), the capability.of 4
-- the . to complete it's/their safety-related function (s)

describe'd in E00P Section 1.7 thile exposed to the applicable
environments defined i; EQDP Section 1.8. ;e

,

.i
'

| ;

,

|_ 2.10.2 Equippent Tested j
|

*
i .

| 2.10.3 Test Sur. nary 5
'

.
,

{'
,< -,s

i- , , ' 2.10.4 : Ccnc!Usio'n t

{ 't. |
|g.

- '
'

+

;
, ., ,

-

.
' I

#
- !t

,

: ,-
..

NI!- 4
, , ., ,

!j >
. ,

i, .
'

, m.
,,

;
''

Ii
' '

* -% ij

| .
;

! t i
' a

, |
~ !

,

'I
a

,1- ,
''..,

W. m-

| :q .. '

|
' < - , j

_ _ |

.. - -

.s

~ !

|y> _ .u c , ,

i

J -

, ,
+

,

- -
3 ,, ;

.i
A-10 ;

.
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9|
2.11 Section 2 Notes

(1) The generic tests cocpleted by Westinghouse employ parameters
designed to envelope a nuaber of plant applications. Manjin
is a plant specific parameter ar.d will be established by the
applicant.

O
2.l? Reference s

1

j!

1

! i

I

O'
|

| '

| |
| |

1-

O

O

O

A-ll0764A
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1

.I
SECTIONS 3 & 4 QUALIFICATION 8Y EXPERIENCE AND/OR ANALYSIS'

4

| Westinghouse does not employ operating experience or analysis in support of the
!

{ qualification program for .

:

|O
,

I

!
,

l

..

I

I

i

t
4
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Appendix B

\

Westinghouse Aging Evaluation Program
i T

Introduction -,

~

1. IEEE-323-1974 requires that aging of Class lE equipment during nor mal
service be considered as an integral part of the qualification program. The

3

;. objective is no_t to address random age induced failures that occur in-service,
.

'.

which are detected by periodic testing and mairitenance programs, but to
.

address the concern that sume aging mechanisms, when considered in
conjunction with the epocified Design Basis Evento (DBE), may have the

t potential for common mode failure.
,

,

2. Since the endorsement of IEEE-323-1974 by the NRC in Noventer of that year .
.

|- by Reg. Guide 1.89, industry reaction, particularly over the question of aging,

| has reflected the lack of established methods to conprehensively address this

!' lasue with the current state of technology. There has been a reluctance to
I enbark on extensive qualification programs due to the consequent exposure

from trying to interpret what is an adequate, state-of-the-art address to aging-

i that would be acceptable to the NRC.

3. A program aimed at establishing the necessary data base to address this issue,

! in a correct scientific manner in all aspects, would not provide the requisite
3

i 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 electrical equipment. Nevertheless, the issue of potential common
S

| mode f ailures must be addressed.

4. 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, address to the aging issue.

0764A
B-1
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5. The Westinghouse approach places primary emphasis on common mode failures
5 due to severe Design Basis Events. For example, reasonable assurance against

common mode failurts being induced due to a loss of HVAC can be provided by

adequate design normal maintenance and calibration procedures.
|
|

Cbjectives

6. The objectives of the Westinghouse Aging Evaluation Procyam are
,

,

- To establish, where possible, the ef fects of the degradation due to aging
'

mechanisms that can occur prior to the occurrence of an accident, when

safety related equipment is called upon to function.
|

|
- To provide increased assurance that safety related equipment can perform

its safety related function under the specified service conditions. ,

I

Basic Approach

7. The general approach to addressing aging, as employed by Westinghouse Water

Reactor Divisions, allocates equipment to one of three subprograms:

3 - Subprogram A includes electrical equipment required to perf orm a safety

related function in a high energy line break (HELB) environment. For this

equipment an aging simulation will be included as part of the equipment

5 qualification test sequence. The equipment will be energized during the
aging simulation.

- Subprogram B encompasses structural components and simple equipment

for which information is available that demonstrates a lack of pronounced

O

O

0764A B-2
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property degradathn due to aging mechanisms. The limited effect of

aging mechanisms on such riaterials and equipment permits qualification

by evaluation of available test data. (eg., 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. Equipment is included
that is required to initigate HELB's but which, due to _its' location, is,

isolated from any adverse external environment . resulting from the
1 accident. For equipment in Subprogram C the single Design Oasis Event' 3

) (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 approar.h provides several distinct benefits:

! Avoidance of unnecessary retesting of equipment previously-

1

seismically tested employing IEEE-3441975 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.,

.

2 Complete seismic retesting of equipment, as a result of future
~

-

I

developments in aging technology for individual components or simple

design rt.odifications to specific components, is avoided. Component
requalification is possible.

I

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

r

; representative sample.
1

I
|

j 0764A. - B-3
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- Duplicate aging and testing of identical components, employed in
dif ferent equipment is avoided.

- Component qualification continues to be applicable for future

designeo safety related equipment.

- Problems arising due to future unavailability of qualified spare parts

can be avoided by qualification of new replacement components.
This is especially important since the industri constantly seeks

3 improvements in design and performance of components and avoids

the necessity of complete retest and NRC epproval.

- Employment of this approach intrcduces the possibility of optimizing
industry wide application of retourcc s, leading to an everexpanding

knowledge of aging ef fects at the component level (i.e. future data
bank of qualified components).

Subprogram C is divided into two phases. The objective of the initial
short-term phase of the program is to demonstrate a qualified life of at least 5

years. The second phase of the program will be defined based on the
' experience acquired during the initial phase. The objective of the second

phase is to extend the demonstrated qualified life to the maximum attainable;

(n t mr than 40 years) and to include additional Westinghouse Class IE3

equipment to be supplied to later plants. It is the short term program which is

specifically addressed in this appendix.

8. Table B-1 identifies the typical Class IE equipment to be supplied by
Westinghouse to the lead plants committed to IEEE 323-1974 and indicates the

aging subprogram to which the equipment has been allocated.

O

O
0764A B-4
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a

|

Subprogram A

9. Electrical equipment which is required to perform a safety related function in
a HELB (i.e., LOC A, feedline break or steamline break) environment is
included in subprocyam A. This subprogram specifically provides for an aging-
simulation to be included in the equipment's qualification test sequence.

,

Scope
2

.

10. The equipment scope and aging mechanisms applied under Subprocyam A are

shown in Tables B-1 and B-2 respectively. As additional qualification testing

1

is completed and the scope of the program expanded to include other sefety .

! related electrical equipment, the index of qualified equipment, contained in - 5
,

WCAP-8587 Supplement I and WCAP-8687 Supplement 2, will be updated. The

equipment selected is that Class IE equipment which is to be qualified to
! operate in a HELB environment. The aging mechanisms discussed below are

i those to which the equipment may be potentially sensitive in its installed
location.

3
- Aging Mechanisms
!

|

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

Subprogram A are discussed under the following headings:
,

time in conjunction with:

operational stresses
|

-

- current, voltage, operating cycles, Joulean heating -

external stresses-

thermal, vibration, radiation, humidity, seismic-

The aging mechanisms considered potentially significant and to be simulated
are identified in Table B-2 f or each item of equipment in Subprogram A.
Where applied, the aging mechanisms will be simulated as described below.

O
0764A
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O
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

ef fect during reactor operation. Consequently, f * c in be assumed that the

" aging clock" starts on plant start-up.

Operational Stresses

Electrical Cycling

13. 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%.

3 Mechanical Cycling

14. 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

15. 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
5 operating temperature as the datum temperature (TO) for assessing the

accelerated thermal aging parameters to be employed.

(Paragraph 16)

External Stresses

Thermal Ef fects

16. 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 is not available to establish the model parameters for the materials
_

employed, a verifiably (Appendix D) conservative value of 0.5 ev will te used

for activation energy. For each piece of equipment an appropriate n smal and
f abnormal operating temperature (To) and an' associated time ' history are

5
j- deterrrined for inclusion in the Arrhenius Model. The equipment temperature /;
j is determined by the addition of an appropriate equipment specific ATlo ''

,

; the external ambient temperature. Appendix D also provides information -
'~

concerning the determination of appropriate ambient temperatures and time
'

temperature histories for use in thermal aging evaluation of equipment. Post
accident ' thermal aging is included by reengnizing the higher ' post accident
ambient temperatures in determining the parameters to be employed for the,

post-accident accelerated thermal aging simulation.

in-Service Vibration
3

4

17. The majority of Westinghouse safety related electrical equipment has a well

proven history of in-plant service. Thus, it is unlikely. that a significant,
undetected, failure mechanism exists due to 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

i mechanism is covered. For pipe-mounted equipment, in-service vibration may
.

be significant and as a consequence an additional vibration aging step will be -

i included in the aging sequence as indicated for certain items of equipment in -
Table B-2.

,

Radiation

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

for equipment that is subject to in-service integrated doses less than 10
. rads. Research has estaMished that no aging mechanisms are measurable

f

-L
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4
5 below 10 rods (Appendix C) for materials and components employed in

Westinghouse supplied safety - related electrical equipment. For radiation
0

doses in excess of 10 rada, the equipment will be irradiated using a y

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 specifieri in EQOP Secticn 1.8.e and are based on 100?. load

factor, thus including appropriate margin. It should be additionally noted that
i , general, f ar Subprogram A equipment, the equivalent accident dose is also

applied prior to DBE testing.

Humidit2

19. The use of materials significantly af fected by humidity will be avoided. For
equipment that is subject tc High Energy Line Break (HELB) environments, the

aging ef fects due tu humidity during normal operation are judged to be
3

insignificant compared to the effects of the high temperature steam accident

simulation and therefore no additional humidity aging simulation is required.

Seismic Aging

20. The potential aging effects of low level seismic activity, and some low level

in-plant vibration, is addressed by employing 5 OBE's, as recommended by

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

Synergism

21. An important consideration in aging is the possible existence of synergistic
effects when multiple stress environments are applied simultaneously.

Westinghouse will not attempt to simulate synergistic effects. The potential
for significant synergistic effects will be addressed by the conservatisms

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

O
B-8
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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
i continuing review of. developments related to synergistic effects will be

conducted to determine whether modification of the Westinghouse approach is
required.

DBE Testing

I
! 22. Design Basis Event testing subsequent to equipment aging is discussed in

Section 6.7.4 of WCAP-8587 as to guideltnes for defining HELB environments
and seismic conditions and in EQDP Section 2.0 for equipment specific test
environments and seismic parametere.

i

Aging Sequence

3
.

23. The aging mechanisms to be 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. If the sensitivity of the equipment is not

known, aging mechanisms will be simulated by conservative methods as
described above. Those aging mechanisms which will b'e simulated for
equipment subject to HELB environments are shown in Table B-2.a

,

24. The order in which each of the aging mechanisms is applied is as shown in
Table 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 to equipment that has air.cady been preaged to address thermal and
radiation phenomena.

1

1

1

j 0764 B-9
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O
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 consietent with meeting the performance specification of Section 1.7

of the applicable EODP(s) while exposed to the associated environmental

conditions defined in EQDP Section 1.8.

O
Failure Treatment

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

for the activation energy is assumed for the component 3 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
3

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

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

new corrponent 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 censistent with the minimum aging period simulated by at least two of

,

the three units.

or the failed components will be replaced by identical c orrponents
pecifically aged to the qualified life by assuming for thermal aging a less

conservative activation energy specifically determined for the component.

O

B-10
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,

j the failed conponents will be replaced by a different type of conponentor

I which has been aged for a period equal to the test units.
1

- 5
'

27. Where less than three (3) test samples prevent such a conclusion being reached, -

I any failures will be investigated to ascertain whether the failure mechanism is

; of common mode origin. Should a common mode failure mechanism be .3

: identified as having caused the failure, a design change will be implemented to !

! eliminate the problem and supplemental' or repeat teats conpleted to
; demonstrate compliance viith the acceptance criteria.
( ,
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Subprogram B

28. Certain types of structural components and simple eculpment are known from

experience not to be subject to pronounced property degradation due to aging

mechanisms. The limited effect of aging mechanisms on such materials and
equipment can be justified and supported by an evaluation of available test
data.

a

Scope

29. Equipment in Subprogram B f or which sging is to be addressed by an evaluation

at availaole test data is listed in Table B-1 and the appropriate aging

rnechanisms to be considered in Table B-2. As additional qualification testing
5

is completed and the scope c,f the program expanned to include other safety

related electrical equipment, the index of qualified equipment contained in
WCAP-8587, Supplement I and WCAP-8687, Supplement 2 will be updated.

Ag ing 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.

OBE Testing

31. Design Basis Event testing is discussed in Section 6.7.4 of WCAP-8587 as to

guidelines for DBE test environments and seismic conditions and in EQDP

Section 2.0 for 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-serv!:e aging

mechanism capable of degrading the equipment perf ormance under DBE <

conditions.

|
1

0764A I

B-12 i
1
1
1



. _ . _ _ _ . _ . _ . _ _ _ _ _ . _ _ _ _ _ - _ _ _ _ _ . _ _ _ . . . . - _ ..__ _ . _ _ _ _

' i
; . .

,

i

i 1
'

4

{ WESTINGHOUSE CLASS 3 i

i e I1 - Acceptance Criteria

32. For equipment and components for which aging is addressed by evaluation. of

j appropriate mechanisms, the basic acceptance criteria is that the evaluation ;

! of test data shall demonstrate the effect of aging is minor and will not affect |
~

| .the capability of the aged equipment - to perform prespecified 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.
I !
4

3! Failure Treatmer,t

i !

l
i
;. 33. In the event of failure to demonstrate conformance to acceptance criteria for

{ items applicable under Subprogram B, several options - are available for

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

i !
! i

}- reduce qualified life, .-

'

O
- replace with components or materials of known acceptable characteristics,

i

- qualify the item in question by inclusion in Subprogram A or Subprogram ~

C for testing.
,

j
.

F

i

! O
|

'

,

|
|

|O
I !

\

l
'

O'
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Subprogram C

34. Subprocyam C includes Class IE equipment not required to perform a safety

related function in a FELB environment and where insufficient information is
available to demonstr ate the absence of significant ir>. service aging

mechanisms. For equipment allocated to this subprogram, the single Design

Basis Event (DBE) capable of producing an aaverse environment at the
equipment location is the seismic event. Previously completed seismic testing

on unaged equipment will be verified as valid by demonstrating via this
subprogram that aged components cc,ntinue to meet their design specification

during a seismic event.

Scope

35. Subprocyam C includes equipment which is not required to perf orm a safety
3

related function in a HELB environment. Equipment is included that is
required to mitigate HELB's but which, due to the equipment location, is
isolated from any adverse environment resulting from LN accident.
Equipment allocated to Subprotf am C is identified in Table B-1. As additional

5 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 i WCAP-8687 Supplement 2 will be

updated.

Aging Mechanisms

36. Ine aging mechanisms considered potentially significant f or 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

5 equipment, the most significant aging mechanisms come into effect when the
ambient environment f or the components increases. Consequently, it can be

assumed Chat the " aging clock" starts when the equipment is energized.

O
Synerg ism

O

0764A
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37. For Subprogram C, Westinghouse will not attempt to simulate synergistic 1
e f fects. 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

conservative, design basis event test levels (paragraph 22) provide assurance

that any synergistic ef fects have been enveloped. A continuing review of
'

developments related to synergistic ef fects will be conducted to determine

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

DBE Testing

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 seismic testing of

aged components, that previously completed seismic testing of unaged
equipment is not prejudiced by any in-service aging mechanism. Aged critical 3 '

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 components live during the
seismic event simulation.

Test Samples

39. By employing the decision tree outlined in Figure B-1, a complete list of

critical components will be established for all equipment allocated to
1
i Subprogram C (Table B-1). For the initial phase of the aging program, the

component classification will not be as sophisticated as implied by Figure B-1

due to lack of information on the aging characteristics of components. As a
result, all non-metallic or non-ceramic comocnents of a piece of Class IE

equipment will be classified as " critical" unless it can be shown that a

j component's f ailure will not af fect the safety related performance of the

O equipment. Any such decisions will be justified and documented. Critical
.

components will be sorted into:
,

B-15'
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O
Groups - i.e., lResistors

Families - Carbon resistors

3 Family Members - Different types of carbon resistors

O
From this total listing of critical components, a sample of components 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 lirt 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
5 cov ered roughly half of the component families and one-third of the

components. The long term program will cover about 200 additional line

i tems. As new systems 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.

.

40. Within a particular family of components, the major variable is the vendor.
There may be major dif ferences 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 dif ferent
materials and techniques. Consequently, a representative sample of the total
list of critical components will be defined to be one that includes no less than

3 10% 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 L
Group Family Vendor 10

ks -x . . , . .

y 300

0
0764A B-16
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Assuming an adequate test sample is 9 identical components then

N2700-components are required for a representative aging test. The

minimum acceptable number of samples will be at least I 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 samples at typically 130 C for 2125 hrs. (E5 yrs atv -

,
_

60 C for a 0.5 ev activation energy),

- 3 component samples at higher temperature / shorter duration (E 5 yrs.),

- 3 spares.

The higher temperature will be selected based on limiting material properties.
3

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

.!
41. The order in which each of the aging mechanisms is applied is as shown in'

s

Table B-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. Westingtouse will review any information which would suggest

| that the sequence of applying aging mechanism proposed in Table B-2 is
non-conservative and will 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 rriteria

42. Random component failure or unacceptable performance due to aging is
detected by routine maintenance and equipment calibration during service.

The objective of Subprogram C is to demonstrate that a seismic event does not
constitute a common mode failure mechanism capable of inducing

unacceptable performance characteristics in 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 simulation, 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

3 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 will
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 lite,

- replace the components with those constructed of materials of known
acceptable characteristics.

O
1

,

I

'

O
|

|
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TABLE B-1-

TYPICAL CLASS lE EQUIPMENT SCOPE AND SUBPROGRAM ALLOCATION5

Equipment Qualifiction
Aging Method Equipment Data Package

Subprotyam A Valve Motor Operators EQDP-K-1 and 4
Pilot Solenoid Valves*

E QDP-t-E-2/5Externally Mounted Limit
Switches EQDP-FE-3/6'

5Pressure Transmitter (Group A) EQDP-ESE-1
Differential Pressure Trans- E QDP-ESE-3mitter (Group A)
Resistance Temperature Detectors EGDP-ESE-5,6 and 7i

Neutron Detectors (Power Range) EQDP-ESE-8 and 22Nitrogen-16 Detector EQOP-ESE-27
i Subprogram B Indicators (Post- Accident EQDP-ESE-14

3
2

Monitoring)
Instrument Bus Distribution EQDP-ESE-19 and 34Panels
Pressure Sensor EQDP-ESE-21i

i Subprogram C Pressure Transmitter (Group B) EQDP-ESE-2
'

Dif ferential Pressure Trans- EQDP-ESE-4mitter (Group B)
Nuclear instrumentation System EQDP-ESE-10(NIS)
Main Control Board Switch EQDP-ESE-12; Modules
Process Protection System EODP-ESE-13
Recorders (Post-Accident E QDP-ESE-15

Monitoring),

Solid-State Protection System EQDP-ESE-16 and 17
;

;
and Safeguards Test Cabinet

;.
Instrument Bus Power Supply EQDP-ESE-18 and 35i

(Static Inverter)
Reactor Trip Switchgear EQDP-ESE-20; Class IE Pump Motors EQDP-AE-2 and 3

:

|

,

i

-

,

|
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l
TABLE B-2 (I of 2) -

!
,

| C Aging Mechanisms Ot1E i

EOOP Sub- / _

Eqmpn.ent RA L ocation program Burn-in - Thermal Radiation Mechaaical V6 ration Electrical Seismic Seismic t at t.t3 [

Safety Related Valve, EODP-rf-l I/C A X X X X X X X !
,

l Elec. Motor Operators CGOP-HE4 O/C A X X X X X X

|

Safety Related Pilot EGDP-HE-2/5 1/C A X X X X X X X {

fSolenoid Valves O/C A X X X X X X

i

Safety Related Esternally EODP4E-3/6 1/C A X X X X X X X l
,

1 Mounted Limit Switches O/C A X X X X X X .'

I

Large Pump Motors EOOP-AE-2 O/C C X X X X X X X j

(outside containment) [

s

!

Canned Pump Motors EGDP AE-3 O/C C X X X X X X X g ;

i (outside containment) h |

d |

Pressure Transmitters EGOP-ESE-l I/C&O/C A X X X X X X
m

{ [o EQDP-ESE-2 I/CAO/C C X X X X >

Oq
I

i

%Dif ferential Pressure EODP-ESE-3 1/CAO/C A X X X X X X

Transma tters EQOP-CSE4 1/C&O/C C X X X X ();

Resistance Temperature EODP-ESE-5 I/C A X X X X X X y fi

l Detectors Well Mounted EODP-ESE-6 1/C A X X X X X X u '

EQOP-ESE-7 t/C - A X X X X X X

j Excore Neutron Detectors: EQDP-ESE-8 I/C A X X X X X

Power Range EOOP-ESE-22 1/C A X X X X X

Nuclear Instrumentation EQOP-ESE-10 O/C C X X X X
t

S stem (NIS)j f

<

1 '
j Main Control Eloard EODP-ESE-12 O/C C X X X X

) Switch Modules

)
J
1 Process Protection System EODP-ESE-13 O/C C X X X X

l

} iw

_ _ .. . .. _ - _ .- _.
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| TABLE B-2 (2 of 2) i

l
| r

l-

DBE'

Aging Mechanisms

ECOP Sub- , \N .

Eq.jipment Ref. Location program Burn-in Thermal Radiation Mechanical Vlration 71ectrical Scisme Seismic tELB |

Indicators, Post-Accident EOOP-ESE-14 O/C B X X X
I

'

Monitoring
,

,

Recorders, Post Accident EOOP-ESE-15 O/C C X X X X

Monit oring I
m .

M jSolet-State Protection System EGOP-ESE-16 O/C C X X X X X q

2 (
,

, k .wwt Safeguard Test Cabinet EODP ESE-17 O/C C X X X X X
,

" t

instrument Bus Power Supply EGOP-ESE-18 O/C C X X X X X !

h f
(Static lowerter) EOOP-ESE-35 O/C C X X X X X

m i

h finstrument Hus EOOP-ESE-19 O/C B X X X

MDistribution Panet EOOP-ESE 34 O/C B X X X
S i
u 6

Reactor Trip Switchgear EOOP-ESE 20 O/C C X X X X X |
6

[

X X X [Pressure Sensor EODP-ESE-21 I/C .A
i

l
'

Nitrogen-16 Detector E(XX2-ESE-27 1/C A X X X X X X

i

',
'

,

i !

! "

m- m -p.

!

,
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Define Equipment Safety

Related Functional Requirements

i

9r

i

Investigate Individ;al
Components

ir

Replace Component Has Component Safety No Componert Qualification

With One of Known Related Function? * Not Necessary

Chara teristics
; Yes
,r

-: Has Component Age No
_

d Related Failure Mechanism?
'

Know

Yes
,,

Dm't Is Age Related Failure Mechanism No

Know Aggravated by DBE7

Yes
,r

Is Aging During Ncrmal
Dm*t YesOperation Insignificant to
Know Aging During DBE ?

No
ir ir

Establish Simulate Aging of

Accelerated % Component for Significant

Aging TecMiques Aging Mechanisms ,

i' ,,

| Critical Components | | Non-Critical Components |

Qualify Aged Component by Qualify Unaged Component
Test Against DOE by Test Against DOE

Figure B-1 Component Classification
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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) i ,

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<

4containment 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 qualification is to reduce the potential for

common-mode failures due to environmental effects during the qualified life.
Random failures 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.

5

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:
i
.i

the general low failure rate of components used in nuclear equipment,-

i

,

'0764A C-1
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- the minor differences in component material or geometric tolerances or both,

and

the minor dif ferences in operating environment.-

here f re, f ilures that may be induced in components by normal background
S 4gamma radiation below 10 rads alone are considered to be random in nature.

Thus the only gamma rhdiation concern to be addressed for equipment not subject

to an adverse HELB environment is the potential for an aging mechar:sm resulting

in a deterioration 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 affects the electrical
properties of components, but one that reduces the mechanical strength cad
flexibility of components.

Scope

4.

This report summarizes available information concerning the effects of gamma
radiation on material mechanical properties and justifies that for a gamma dose of'

4less than 10 rads, there are no observable radiation ef fects 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

It[ rads. Information has been drawn from several sources listed as references
on page C-5, they include: various texts concerning radiation effects and damage,

and pertinent reports from the Radiation Effects Information Center at the
Battelle Memorial Institute in Columbus, Ohio.

Discussion

The primary ef fects 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 ef fects similar to those induced by gamma radiation. This

allows the use of data obtained from exposure of material to an alternate radiation

to provide some limited information concerning the ef fects of exposure to gamma
radiation. For example, the primary consequence of fast neutron bomberdment of

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

C-2
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property is primarily dependent on atom displacement, it can be inforred that for
,

an equivalent dose (rads) of gamma and fast neutron radiation, data obtained from
'

neutron irradiation will provide a conservative estimate of the effect of gamma
irradiatim in producing displacements. 'The same type of inference,can be drawn *

i

fw the Ionization effect of charged particle (e.g., electron, proton, alpha particle,' (
etc.) Irradiation. However, it should be understood that charged particles do not ,

have the penetration capability that gamma or neutron radiations uhibit as a

result of extensive interaction between charged particles and atomic charge
,

centers.
i

*
t

Table C-1 summarizes information derived from the listed references wh8ah relates
,

to the effect of gamma radiatim m material mechanical properties. 'The table
,

presents either the threshold dose (that dose at which an effect on any mechanical
property can first be detected) or, if so indicated, the dose which will result in the

identified eff ect. This provides a general indication of the susceptibility of -

material mechanical properties to gamma radiation. '

From an evaluation of the information available on inorganic materi s, as 4

summarized in Table C-1, it can be deduced that the mechanical damage threshold

O- for gamma radiation is niany orders of magnitude greater than 104 reds. For the

organic materials listed in Table C-1, a histogram comparing threshold dose level
and fmquency 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 ader of magnitude lower than the indicated damage '

)
dose. Where informatim is available, referenced documents indicate that the

diffesence - between threshold dose and 25 % damage dose is in general,
appro4imately a' factor of three, thus a factor of ten stpplies substantial margin in

. .

'
-

>. p

estimating the thmshold dose level. It can be seen in Figure C-1 that any

O indications of mechanical property, damage thresholds below 104 rarfs would be ',
extremely unusual. * '

Conclusions

.The refemnces listed do not identify the existence of materials whose mechanical

properties are deteriorated when exposed to a gamma-radiation dose op to 10 4

rods. As a consequence it can be concluded that commm mode failures will not
arise in electrical equipment during or af ter a selsmic event as a result of radiation
induced degrachtion tp to 104 ra ds.

,

C-3
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This corclusion is suppor ted by Nuclear Regulatory Commission (NRC)
documentation, available as an at tachment to "Guideli nes for Evaluating

| Environinental Quu!ification of Class 1E Electrical Equipment in Operating
R e ac tor s," which providrs further Jtetification for the use of 104 rads as a
t hreshold for mechanical damage. In comp aristra with Table C-1 the BRC
inf crmation appears to be c onsistent, thereby raising the confi thnee level

I concerning the correctness of both sources.

R ec ommendations

4 Cirns 1E equipment stbject to a lifetime gamma dose of up to 104Fct rods, it is
not necessary to address radntim aging for qualification purposes provided that
the equipment is not required to perfct m o safety func tion in a HELB
envi rmrnent. 1his conclusim is stoported by the te xt of this report, as no
materials reviewed have ir.dicated a degradation of mechanical properties for
onmma radiation exposures of up to 104 ra ds. Westinghouse will contirue to
review inf orm atim related to the effect of gamm a radiatim m m aterial
mechancial properties. If a material in Westinghouse stpplied Class IE equipment

is identified as subject to a significant degradation of mechanical properties as a
result of exposure tu gamma radiation doses below 104 rods, its eff ect on

equipment qualified life will be evaluated m an individual basis and the resultss

reported to the affected customers.

'i
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TABLE C-1,

RADIATION INDUCED DEGRADATION

OF MATERIAL MECHANICAL PROPERTIES

MATERIAL THRESHOLD DOSE FOR COMMENTS

MECHANICAL DAMAGE

Structural M etals 1019 n/cm2 (f ast Similar to cold work
neutton spectrum) (#1010 reds)

O1

Incrannie Materials #1017 n/cm2 (fast Borsted materials will
neutrm spectrum) have lower threshold

values for neutron

irradiati on.

! Elastomers
4

Natural Rubber 2 x 106 rads (C) i

5Polyurethane Rubber 9 x 10 reds (C)O Styrene-Butadiene Rubber 2 x 106 rads (C)
6Nitrile Rubber 7 x 10 rado(C) Compression Set is 25%

degraded
Neoprene Rubber 7 x 106 reds (C)

i Hypolon #107 rads (C) V ariable
Acrylic Rubber 9 x 107 rads (C) Variable
Silicone Rubber 107 rads (C) #25% damage
Fluctocarbon Rubber F x 107 rads (C) #25% Hardness,80%

ElongationO Polysulf ate Rubber 108 rads (C)

Butyl Rubber 107 rads (C) #25% damago

0-

1 Rod (C)is the field of radiation which will produce
100 ergs /gm in carbon.

O
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TABLE C-1 (Continued)

'

RADIATION INDUCED DEGRADATION

OF MATERIAL MECHANICAL PROPERTIES
<

MATERIAL THRESHOLD DOSE FOR COMMENTS
; MECHANICAL DAMAGE
|
1

Plastic

Teflon TPE 1.7 x 104 rads (C) -

' Kel-F 1.3 x 106 rads (C)
Polyethylene >107 rads (C)

! Polystyrene 108 rads
; Mylar 106 rads (C) Conservative

Polyamide (Nylon) 8.6 x 105 rads (C) 4

Diallyl Phthalate 108 reds (C)
! Polypropylene 107 rads (C) '

Polyurethane 7 x 108 rads (C),

Kynar (400) 107 reds (C)

Acrylics 8.2 x 105 rads t

Amino Resins 106 rads

Aromatic Amide-Imide

j Resins 107 rads
| Cellulose Derivatives 3 x 107 rads 25% damage
:

Polyester, Glass Filled 8.7 x 108 rads
i Phenolics 3 x 108 reds (C) 25% damage

'

Silcones 100 rads (C)

Polycarbonate Resins 5 x 107 rads 25% damage to e:ongaton
4

.O
,

!O
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j TABLE C-1 (Continued) |

|
4

i RADIATION INDUCED DEGRADAT10N
|

OF MATERIAL MECHANICAL PROPERTIES4

i
;

| MATERIAL THRESHOLD DOSE FOR COMMENTS
; MECHANICAL DAMAGE

.

; Plastic ' Cont.)
.

i

|O: '
Polyesters #105 - 106 rads 4

} Styrene Polymers 4 x 107 rads

Styrene Copolymers 4 x 107 rads 25% damage
i Vinyl Polymers 61.4 x 10 - 8.8 x 107 rads

,

6Vinyl Copolymers 1.4 x 10 - 8.8 x 107 rads
,

1 I
Encapsulating Compounds

:

j RTV501 2 x 106 rads
Sylgard 182 2 x 106 rads

6Sy!gerd 1383 2 x 10 rids,

j Polyurethane Foam 2 x 106 rads

; Epoxies 109 rarta(C)
i

1

O
,

O

O
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Figure C-1 Histogram of Threshold y-Dose forMechanical Damage to
Clostomers, Plastics and Encops'u'lating Compounds
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APPENDIX D

,

ACCELERATED THERMAL AGING PARAMETERS |
i

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 perfom a safety related function in a high
energy line break (HELB) environment. Westinghouse committed to an aging:

simulation as part of its qualification test sequence (Subprogram A ofI

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. Aging,
where significant, is addressed by separate qualification of aged com-

! ponents using conservative testing under applicable seismic DBE condi-
tions.

Themal effects are one of the primary aging mechanisms addressed by tim

i
Westinghouse program described in Appendix B for equipment containing

I non-metallic or non-ceramic materials. When themal aging effects are

j established as being potentially significant to the component / equipment
capability to perfom its safety related function under DBE conditions,
or in the absence of evidence to the contrary, the component / equipment,
is thema11y aged to simulate an end-of-qualified-life condition prior
to DBE testing. Equipment required to operate in a HELB environment is
also themally aged to simulate the' post-accident conditions, consistent
with its established functional requirements (Reference 1).

This appendix defines the appropriate thenaal environments considered

O- for each item of equipment in the WRD NSSS scope of supply and estab-

lishes consequent accelerated therral aging parameters for use in the
qualification programs.

O
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I
. _ - - . _ - - --_ - - -



. - . _ - . _ . - . - - - -.. . = - - . - - - - . - - - . = - - - . - - - - - - - - -

i

! . .

; '

i
;
'

WESTINGHOUSE CLASS 3 |

O f
2.0 ARRHENIUS MODEL

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

can be used as the basis for establishing the accelerated aging para-
meters; '

! !

| -E [

Q g . Ae H (1)

f

ii

where !

I
'

| E = Activation energy (eV)
|

|
|

k = Boltzmann's constant (8.62 x 10-5 ,yj.g)*

A = Constant factor

i T = Material temperature (*K)
i
,

f = Reaction rate = aging rate

Integration gives;
,

i
,

I -E ,

aR = Be at (2) 5

i

! ,

where
, ,

AR = change in measured property due to aging
3

1

| at = time for aging effect aR to occur
i

O>

,
0764A D-2
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If the accelerated aging process employed correctly simulates the change
in properties due to aging under nomal operating or post-accident tem-
perature conditions then;

ARg = ARO

and

-E -E

Bt e 1=Bt e 0
i 0

and

- -i
T -T-E 3 0

Ln t = + Ln ty 7 0

._

where

T = accelerated aging material temperature (*K)
1

-
t = time at temperature Ti 1

T = material temperature under nomal operating or post accident
O

conditions (*K)

t = time at temperature T
0 O

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 themal aging characteMs-
tics of non-metallic and non-ceramic materials and is employed by |

Westinghouse to derive accelerated themal aging parameters. The on~y

0
0764A
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|
i

material dependent parameter input into this model, when establishingj|gNSf the accelerated aging parameters, is the activation energy. This para-
4

i meter is a direct measure of the chemical reaction rate governing the
thermal degradation of the material.;

I
t

!@
,

!

I

i @
~

~

,

i

|

|

!
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3.0 ACTIVATION ENERGY j

' 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.
.

I 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-j

ner in all aspects, would not provide the requisite address to this
,

issue in the short-tenn and would be outside the financial capabilities!O of any single supplier having a large scope of supply of safety related

j equipment. In the Mence of adequate infonnation, Westinghouse adopted

) a conservative .spproach. A single conservative activation energy was
' selected to establish the accelerated thermal aging parameters used

throughout this program.

A distribution of activation energies (Figure D-1) was produced by EPRI
(Reference 2) based on 170 materials. An independent review of mater-

ials used in Westinghouse supplied equipment is summarized in Table D-1

O 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 eV 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
'

available. 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.

O
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p
V 4.0 THERMAL AGING (NORMAL / ABNORMAL OPERATING CONDITIONS)

Table B-2 of Appendix B identifies equipment and components where the
ef fects of in-service thennal 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 (T IOV

One 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;

2
- Self heating (I R effects)

- External ambient temperature

V
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 thennal
aging parameters can be derived. Two basic sets of accelerated thennal

| V 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-

Q(s
\

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.

i 0764A D-6
|
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Base 2: For equipment located in general areas inside the containment
and for equipment located outside containment 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 cogonent or material operating tegerature, con-
sideration must be given to such phenomena as localized ambient hot

2spots within electronic cabinets and cogonent self-heating (1 R)
effects. The value of T egloyed depends on whether the component /

0
system to be aged is energized or deenergized during the simulation:

a) Energized - The ambient temperature is used for T . However, if
o

the components or material is enclosed in a confined space, a value
representing the increase in tegerature (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 cogonent internal
temperature under energized conditions, a 50 percent stress factor

,

is assumed as standard design practice,egloyed when selec'.ing com-
ponents. A review of electronic cogonents has indicated t1at a
temperature of 60*C (140*F) is a good average value for T * '

0

4.2 ACCELERATED THERMAL AGING PARAETERS FOR NORMAL / ABNORMAL CONDITIONS

|

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

electronic cogonents (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 detennined by location and energized /deenergized test condi-t

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.

l

O'
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Tegeratures used for actual accelerated simulated themal aging testsO are selected based on component specifications and could range from
100*C (212*F) to 200*C (393*F). A system that contains a variety of
components is typically aged at 125'C (257*F). If the limiting tempera-
ture cannot be detemined,130*C is generally used.

Based on the above data and the targetel qualified life, the themal
: aging program was established. For example, to obtain a 10 year quali-

fled life 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.

t

O

.

O

O

O
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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 perfonnance capability is
specified by the functional requirements (Reference 1). As a conse-'

quence, in order to qualify this equipent to IEEE 323-1974, the effects
of post-accident thennal aging must be simulated after the HELB test.
This section establishes the accelerated thennal 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 reduced 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

O and 6-3 of WCAP 8587, 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, RT0'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 incrant is
added to account for self-heating of these devices post-accident. The
LOCA profile reproduced here as Figure D-6 is therefore input as T

0
into the Arrhenius equation to calculate appropriate accelerated aging
parameters for post-accident conditions.

O
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5.2 ACCELERATED THER11AL AGING PARAMETERS FOR POST-ACCIDENT CONDITIONS

The aging temperature most of ten u' sed by Westinghouse for post-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
months or to 1 year in small increments of time. The required aging
times to siiaulate these small increments are then summed to yield a
total test time of 15 days to simulate 4 months and 29 days to simulate
1 year post accident operation.

O

|

O

O

O1
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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, GP0-3 0.57

RTY Silicone 0.60
.

3 Phenolic-Asbestos, A 0.61

Nylon 33% GF 0.70

Acetal 0.73

Mineral Phenolic 0.74

Silicone Varnish 0.74

i Polypropylene 0.81

Polysulfone 0.83

Phenolic-Cotton, C 0.84

Formvar 0.85

Epov 0.88

Epoxy Adhes. 0.89

Nylon 0.90

Pressboard 0.91

Kapton 0.93

Silicone 0.94

Phenolic-Asbestos, A 0.94

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
,

P VC 1.08

0
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TABLE D-1 (2 of 3)

ACTIVATION ENERGIES FROM WESTINGHOUSE REPORTS |

Electron

Material Volts

1.09Ester-Glass, GPO-1
1.10 |i Cell. Phenolic
1.11

; X-Link Ethylene
1.12Urethane
1.13Ester-Glass, GPO-2
1.14Ester-Nylon
1.16

i Ester-Glass, GPO-1
1.1632102BK Varn.
1.16Vulc. Fiber
1.17Cell. & Min. Phen.
1.18Myla.r
1.18Cast Epoxy

O 32101EV Varn. 1.18
1.18Epoxy

~

1.18Silicone
1.20Phenolic-Paper, XX
1.21Vulc. Fiber
1.24Cell. Phenolic
". 24Phenolic-Glass, G-3
:.25Kraft Phenolic
". 26Neoprene
. 31Amide-Imide Varn.
. 38Loctite 75
. 39Acety1. Cotton
1.41Silicone-Asbestos
~. 50Epoxy-Glass, FR-4
. 58Mylar
. 59Nomex
. 59- Omega Varn.
. 64Epoxy-Glass, G-11

,
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1

| TABLE D-1 (3 of 3)

' ACTIVATION ENERGIES FROM WESTINGHOUSE REPORTS

4

I Electron '

Material Volts ;

! Polythermaleze 1,64

| Kraft Paper 1.67 |

| Valox 310SE-0 1.75 |

Varn. Kraf t 1.86

j Nomex 1.91 !

Ester-Glass, GPO-3 2.03
~(

1

; '

Phenolic-Cotton, C 2.12

Melamine-Glass, G-5 2.18'
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