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O SECTION 1 - SPECIFICATIONS .

t

I
1

:

1.0 PERFORMANCE SPECtFICATIONS ,

1

1.1 Electrical Requirements
|
r

!

1.1.1 V oltage:SI

1.1.2 Frequency: II

1.1.3 Load: :
:
.

1.1.4 Electromagnetic Interference:

1.1.5 Otter:

,

1.2 Installation Requirements:

0 ;

1.3 Auxiliary Devices:
,

1.4 Preventative Maintenance Schedule: The details of any preventative
.

Imaintenance schedule, assumed in establishing the qualified. life, will be ' ;
r

specified in this section on completion of the Westinghouse Aging

Evaluation Program. #

|
g

9 1

1.5 Design Life: i

f
'

l
1.6 Operating Cycles (Expected number of cycles during design life, including !

9 i
test)* i

t
i
r

I.
'

|
,

'

! A-2 Revision 4

8143A "" " Y' I
v

k
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!
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1

! O I
C) cai

9 U < E Qt )i '.j C -.

|k 9.I f t" v. /U
| X U*
< # b ,

b
w

l Per f ormaixm Requiremerits f or(b)-1.7i

Contais nent DOE Crwatitaanda) Post DOE Craviitirwis/aj

Norm al Abnormn' T ert

Par a met er Corvfi t t ms Corwfitions Crofitions FLn/SLB tmA Ses s mic FL B/St il i UC A Seismic ,

1
'

,

d

| 1.7.1 Time requir, ment

i
j

1. 7.2 Per f ormairej

! requi rement

I
<

! 1.8 Enviroommtal Cmditamn for Same Functim'b)
t

U1
[ H
I 2 |
I

j 1.8.1 T empera t ure ("F~) O
I

J O* >
& 1.8.2 Pressure (psig) C,u

|
| O
i 1.8. 5 thwnidity 0% RH) r

m
1.8.4 Raitiation (R) m

u

1.8.5 Clw'micals
!

1.8.6 V ibration

1.8.7 Arreleratim (g)

N ot es: a: L11E is the Design Basis Event.
b: Marryn is not included in the parameters of this sectim.

# # # e e e e
- . -- - -
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1.9 Qualified Life: The demonstrated qualificd life will be specified in

this section on completion of Subprogram C of the Westinghouse

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

6
1.10 Remarks: None

O

O

O
1

O

A-4 Revision 4

January,1981
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,.. _. _ _ - - - - _ - - _ _ _ _ _ _ _ _ _ _ - _ _ _ _ _ _ _ _ - _ - _ _ - _ - _ _ _ -



_ _ _ _ _ _ _

VESTINGHOUSE CLASS 3
EQDP-
Rev. /

SECTION 2 - QUALIFICATlON BY TEST

2.0 TEST PLAN

f 2.1 Equipment Description:

|

*

2.2 Number Tested:

2.3 Mounting:

"

2.4 Connections:

2.5 Aging Simulation Procedure

By a separate component text program as described by Subprogram C of

Appendix B to WC AP-8587.

O

O
i

Re vision 'a

January,1981 A-5

8143A
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1
s :
|

!

|
'

'

| 2.6 Service Conditions to be Simulated by Test II)
! !

|

Containment
Normal Abnormal Test Seismic HELB Post-HELB :

|

2.6.1 Temp. ( F)

I

2.6.2 Pressure (peig) % !
m |
-a i

2
'

'> 2.6.3 Humidity (% RH) c) ;
m I

O
C

2.6.4 Radiation (R) y
n ?

r- 1,

i 2.6.5 ~ Chemicals 3
i

*
i u !

2.6.6 Vibration

I
2.6.7 Acceleration (g)

i

!
I

Cs % [$3 k

!
5, . i-- )-

$ 8 !
~ c. ib

!'-
v
i
1

!
;

:
. . . - - . . . . - . - - . , . - - . . . - . - - _ _ _ _ _ . - - . - . . . . - . . - . . - , - _ _ _ _ _ . - - . . ___.- _____ _ . .. . _ -- . ......-...!-
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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 Category I - Environment Required Not Required

2.7.1.1 Temperatui e

2.7.1.2 Pressure

2.7.1.3 Moisture

2.7.1.4 Composition

2.7.1.5 Seismic Acceleration

2.7.1.6 Time

2./.2 Category II - Input Electrical Characteristics

2.7.2.1 V oltage

2.7.2.2 Current

2.7.2.3 Frequency

2.7.2.4 Power
f

2.7.2.5 Other

2.7.3 Category III - Fluid Characteristics ,

I
|
'

2.7.3.1 Chemical Composition

2.7.3.2 Flow Rate

2.7.3.3 Spray
'

1 2.7.3.4 Temperature

O1
2.7.4 Category IV - Radiological Features ;

|,

'

' 2.7.4.1 Energy Type |
|2.7.4.2 Energy Level
l

2.7.4.3 Dose Rate

2.7.4.4 Integrated Do* e

Revision 4
,

January,1981
A-7

8143A

|

|
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i

Required Not Required '

2.7.5 Category V - Electrical Characterist:cs

{ 2.7.5.1 Insulation Resistance

2.7.5.2 Output V oltage

2.7.5.3 Output Current

2.7.5.4 Output Power :
< ,

! 2.7.5.5 Response Time !

2.7.5.6 Frequency Characteristics

2.7.5.7 Simulated Load

2.7.6 Category VI- Mechanical Characteristics

i 2.7.6.1 Thrust

2.7.6.2 Torque

2.7.6.3 Time

f 2.7.6.4 Load Profile

; O
2.7.7 Category VII- Auxiliary Equipment

i '

| |

1
1

!

! O
1

i

!O
|
|

|
'

!
'

| Revision 4 |
| A-8
i 8)i3A January,1981
i

|

i
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2.8 Test Sequence Preferred

This section identifies the preferred test sequences as specified in IEEE-323-74

2.8.1 Inspection of Teit item
'

2.8.2 Operation (Norm al Condition)

; 2.R.3 Operation (Performance Specifications Extremes, Section 1)

2.8.4 Simulated Aging

2.8.5 V ibr ation

2.8.6 Operation (Simulated High Energy Line Break Conditions)
l

2.8.7 Operation (Simulated Post HELB Conditions)

2.8.8 Disassembly and Inspection

2.9 Test Sequence Actual

This section identifies the actual test sequence (s) which, in total, constitutes

the overall qualification program for this equipment. The separate subsections

indicate the separate test sequences completed on differing, but essentially

identical, equipment and/or components. The jus ..'ication for employing

anything other than the preferred sequence is as follows;

Step Notes

| 2.9.1 Seismic Test Sequence

2.8.1 |

2.8.2 Seismic (DBE) test sequence j

i 2.8.5

2.8.8

2.9.2 Environmental Test Secuence

i 2.8.1 ,

2.8.2 Environmental Type Test Sequence on similar
i

I

Revision 4
! January,1981

'

A-9
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Step Notes

2.8.3 pieca of equipment as permitted by IEEE-323-74
I2.8.8 Section 6.3.2(3).

O |
'

| 2.9.3 Aging Test Sequence
1_
1

2.8.1

| 2.8.2 Aging to be adoressed by separate to: ting as
i 2.8.4 described in Subprogram C of Appendix B to
;

| 2.8.5 WCAP-8587 |
'

I

2.8.8 |
!
'

|
i

I
t

- i
;

|

|

i

|
i

|
!

iO
|

|
t

O

Revision 4
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2.10 Type Test Dataj

2.10.1 Objective

The objective of this test program is to demonstrate, employing the
recommended practices of Reg. Guide 1.89 (IEEE-323-1974) and Reg.
Guide 1.100 UE EE 344-1975), the capability of the _ to complete
it's/their safety-related function (s) described in EQDP Section 1.7 whileI

exposed to the applicable environments defined in EQDP Section 1.8.
i

2.10.2 Equipment Tested

2.10.2.1 Normal and Abnormal Environment T esting

i

2.10.2.2 Seismic Testing

| 2.10.2.3 Aging Evaluation Program

A representative sample of critical components from
the will be included in Subprogram C of the Aging

Evaluation Program described in Appendix B to
c

|

WC AP-8587.

l

2.10.3 Test Summary
i
! i

2.10.3.1 Normal and Abnormal Environment Testing

Westinghouse requires that the _ be/are located such that it does/they

do not experience a consequent adverse environment when required to

operate following a high energy line break either inside or outside
containrnent. Therefore the only environmental testing required is to

demonst rate equipment capability under normal and abnormal
environmental extremes.

Revision 4

January,1981

A-11
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Reference 2 summarizes the results of available radiation testing of

organic and innrganic materials and justifies that, for radiation doses ;

! less than 104 rads, no deterioration in material structural properties
is detectable. As a consequence, a radiation simulation is not required 7

on this equipment, since estimated in-service radiation doses will not

prejudice the cability of the equipment to pe; form under design basis !

I event (i.e., seismic event) conditions. |

|

!

| 2.10.3.2 Seismic Tests ,

i
I

The single design basis event capable of producing an adverse
environment at the equipment location is a seismic event. The seismic

testing reported in Reference _. The generic required response f
t

spectrum (Figure 1) contains significant margin with respect to any
-

single plant application referencing this program (l). |
I

|
,

2.10.3.3 Aging Evaluation

Subprogram C of the Westinghouse Aging Evaluation
!Program (Appendix B, WCAP 8587) will ircorporate a

representative sample of components from the .

This program is currently in progress and will be
Reported in WCAP-8587 Supplement 2, Appendix A,'

(Non-Proprietary) WCAP-8687, Supplement 2,

Appendix A (Proprietary) The objective of.

Subprogram C is to demonstrate that during the
Iqualified life there are no in-service aging mechanisms

capable of reducing the capability of the_ to perform
during or after a seismic event. As a consequence, the -

seismic testing on- the un-aged _ described above, is
not prejudiced by any in-service aging mechanism. i

O ;

G
f

Revision 4
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2.10.4 Conclusion

' The de m ons t r a t"c quabf.ed life of the__ w ill be
established by S ubpr ogra m C of th e We stinghcust

.

Aq:ng E$ i!ustion Program. The results ct the aging
p r og rs. m, tcr ther witt. the seismic and enSironmental

t e s t !nt., described berein, demonstrate the cuahfication

of the e mploying the practices recor mended by

Reg. Guide 1.89 and 1.100.

2.11 Sect'on 2 Notes
,

d

(l' 'he generic tests completed by We stinghouse e rp!cy parameters

! designed to ense! ape a o .mber of plant applicaticns. Margin is a p! ant

specific pnrameter and will be established by tho applicant.

2.12 R e f e r e nces

: G
i
t
J

|

il

a

i

@
1
,

1

!
!

; G
a
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' SECTIONS 3 & 4 QUALIFICATlON BY EXPERIENCE AND/OR ANALYSIS

i

INestinghouse does not employ operating experience or analysis in support of the
| qualification program for .
i

1

I
i

1

I
t

i !
t

|
|

|

|
!
,

s

I,

i
!
!
1

|

t

G ;l
7

!
i

G |
:

|
,

|
1

'|O Revision 4
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|

|

|
|
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j

i

4 RadsEffects of Gamma Radiation Doses Below 10
On the Mechanical Properties of Materials

j
i
i
f

i Int roduetion

I

One potential common mode f ailure mechanism to b> considered in the j'

f qualification of safety related equipment is gamma radi. . ion. As part of a
I oualification program, the effect of gamma radiation dose is considered for two

purposes: as a componer,t of the High Energy Line Break (HEL 1) environment and
f
j as a potential aging mechanism which could reduce the capability of Class 1E

equipment to perform safety related functions under Design Basis Event (DBE)'

conditions (HELB or seismic). The scope of this report is limited tu consideration

of the effect of radiation for that substantml portion of equipment outside '

containment which does not experience an adverse change in external environmert

as a result of a HELB and for which, therefore, the only garnma radiatim conce i

is as an in-service aging mechanism. This repcrt could be applied to equipment

which must perform its function in a HELB if the applicability of the report can be !
i

demonstrated, however the infcrmation in this report is not adequate to make this

G de termination.

The primary purpose of equipment qualification is to reduce the potential for
common-mode f ailures due to environmental effects during the qualified life.

Random failures that inevitably occur in-service are accommodated by the
i

redundancy and diversity cf the design of safety systems. Furthermore, in-service |

maintenance and testing programs are designed to detect such random failures. As ;

a consequence, failures that may be induced in components by gamma radiation
i

alone are considered to be random in nature. The chances of two identical
components that perform identical functiorn failing during the same limited bime

period in between routine tests is considered insignificant due to:
1

|

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

i

.

l
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(
- the minor diff erences in component material or geometric tolerances or both,

and

O
- the minor dif f erences in operatino environment.

|

Thus the enly < arnma radiatim concern to be addressed for equipment not subject
to an adverse HE!.R environment is the potential fcr an aging mechanism resulting

in a deterioratim in com p o ne nt p roperti es suen that, when subject to snismic

stress, a crmmon mode f ailure results. Clearly, when considering such a f ailure

mode, the aging mechanism of concern is not one th at af f ects the electrical
properties of c omponents, but ene that reduces the mechanical strength nnd

flexibility of componei.ts.

Scope

This mport summarizes available inf crmation conceming ;ne eff ects of gamma
radiation m material mechanica! properties and justifies that for a gamma dose of

less than ll)4 ra ds, there am no observ able radiation eff ects which impac t
material mechanical properties. Of the materials investigated only Teflon TFE is

stbject to an alteration of mechanical prnperties f or a gamma dose of less than

105 Inf crmation has been drawn from several sources listed as ref erencesra ds.

m page C-5, they include: various texts concerning radiatim effects and damage,

and pertinen t r epor ts f rom the Radiation Eff ects Inf ormation Center at the
i Battelle Memorialinstitute in Columbus, Ohio.

Discussion

The primary eff ects of gamma photons on materials are ioniza tion, material
heating (pnimarily at high dose rates which is of negligible significance here), and

some displacement chmage caused by high energy photons. Some other types of
radiatim can have effects similar to those induced by gamma radiation. This
allows the use of data obtained from exposure of material to an alternate radiation

to provide some limited informatiu concerning the ef fects of exposure to g mma
ra di ation. For example, the primary consequence of f ast neutron bombardment of

material is atom displacement. Therefore, if the effect cf radiation m a material
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property is primarily dependent on atom displacement, it can be inferred that for ;

an equivalent dose (rads) of gamma and f ast neutron radiation, data obtained imm |

neutron irradiation will provide a conservative estimate of the eff ect of gamma
irradiation in producing displacements. Tre same type of inference can be drawn

j for the ionization eff ect of charged particle (e.g., ulectron, proton, alpha particle,
I

etc.) irradi ati on. However, it should be undereiuod that charged particles do not |

have the penetration capability that gamrt a or neutron radiations exhibit as a |9{ result of extensive interaction between enarged particles and atomic charge j

f cen te rs,

i

!
- Table C-1 summarizes information derived from the listed refe. ?nces which relates

j to the eff ect of gamma radiation 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

iden tified effect. This provides a general indication of the susceptibility of
Imaterial mechanical omperties to gamma radiation.

i .

f| From an ev aluation of the inf or ma tion available on inorganic materials, as

| summarized in Table C-1, it can be deduced that the mechanical damagt threshold |
'

4for gamma radiation is many orders of magnitude greater than 10 ra ds. Fcr the
organic materials listed in Table C-1, a histogram comparing threshold dose !cvel

and frequency of material succeptibility is provided in Figure C-1. In instances for
which a material threshold dcse is not indicated in Table C-1, a threshold value has

been assumed which is one order of magnitude lower than the indicated damage
i

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

di ff erenc e between threshold dose and 25 % damage dose is in general, I
f

approximately a f actor of three, thus a factor of ten supplies substantial margin in

estimating the thmshold dose level. It can be seen in Figure C-1 tha t anyi

!indications of mechanical proper *y, damage thresholds below 104 rads would be

extremely unusual.

1IConclusions t
i

!,

The references listed do not identdy the existence of materials whose mechanicalO properties am deteriorated when exposed to a c amma-radiation dose up to 104
rods. As a consequence it can be concluded that commm mode f ailures will not
arise in electrical equipment during or af ter a seismic event as a result of radiation !

induced degradation tp to 104 ra ds.

I
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This conclusion is suppor ted by Nuc lear Regulator y Commission (NRC) i

I docum e nt ati on, available as an at tachm ent to "Guid eli nes for Ev aluating

Environmental Qualification of Class lE Elec trical Equipment in Operating

R e ac tor s," which provides further justification for the use of 104 ra ds as a

threshold f or mechanical d rm age. In comp arisors with Table C-1 the NRC
inf ct mation a gears to be c onsist en t, thereby raising the confi denc e lev el

concerninq the correctress of both sources. ,

R ec ommenca tions

i '
4Fc Class IE equipment sthject to r .etime gamma dose of up to 10 rads, it is

not necessary to address radiatim agina for qualification purposes pn".ided that
the equipment is not required to perf or m a safety fure tion in a HELB
envi rmm e nt. This conclusi m is stpported by the te xt of this re por t, as no

mate rials reviewed have indicated a degradation of mechanical properties for

gamma ra di ation exposures of up to 104 m ds. Westinghouse will contirue to
review inf orm ati on related to the effect of gamm a radiatim on m ateri al ,

mechancial preperties. If a material in Westinghouse supplied Class IE equipment

is identified as subject to a significant degradation of mechanical pmperties as a
result of e xposure to gamma radiation doses b elow 100 m ds, its ef f ec t on

eq uipm e r.t qualified life will be evaluated m an individual basis and the rer its

reported to the af f ected customers.
i
,

O
,

1

O
l

|
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TABLE C-1
,

RADIATION INDUCED DEGRADATION

OF MATERIAL MECHANICAL PROPERTIES

MATERIAL THRESHOLD DOSE FOR COMMENTS

MECHANICAL DAMAGE

Struc tural M etals 1019 n/cm2 (f ast ;imilar to cold wak

neutron spectrum) (#1010 rads)

Inorganic Materials #1017 n/cm2 (f ast Borated materials will
neutron spectrum) have lower threshold

values for neutron

irradiati on.

Elastomers

Natural Rubber 2 x 106 rads (C)
5Polyurethane Rubber 9 x 10 rads (C)

Styrene-Butadiene Rubber 2 x 106 rads (C)
67 x 10 rads (C) Compression Set is 25%Nitrile Rubber -

degraded

Neoprene Rubber 7 x 106 rads (C)

Hypalon #107 rads (C) V ariable

Acrylic Rubber 9 x 107 rads (C) Variable

Silicone Rubber 107 rads (C) #25% damage

Flua ocarbon Rubber 9 x 107 rads (C) #25% Hardness,80%

Elongation

Polysulf ate F abber 108 rads (C)

Butyl Rubber 107 rads (C) #25% famage

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

100 ergs /gm in carbon.
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| TABLE C-1 (Continued)

!O
RADIATION INDUCED DEGRADATION

'

OF MATERIAL MECHANICAL PROPERTIES
,

!

MATERI AL THRESHOLD DOSE FOR COMMENTS

MECHANICAL DAMAGE
f
i

Plastic |

| !

| Teflon TFE 1.7 x 104 rads (C) i
I

lK el-F 1.3 x 106 rads (C)
'

t

| Polyethylene >107 rads (C) !

Polyst yrene 108 rads

Mylar 106 rads (C) Conservative ;

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

| Diallyl Phthalate 108 rads (C) !

Polypropylene 107 rads (C) |
! Polyure thane 7 x 108 rads (C) I

Kynar (400) 107 rads (C) |
Acrylics 8.2 x 105 |rads

Amino Resins 106 rads !

Aromatic Amide-!mide

Resins 107 rads

Cellulose Derivatives 3 x 107 rads 25% damrge

Polyester, Glasc Filled 8.7 x 108 rads

Phenolics 3 x 108 rads (C) 25% damage,

Silcones 108 rads (C)

Polycarbonate Resins 5 x 107 rads 25% damage to elongation

!
,

%

O
!
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TABLE C-1 (Continued) ;

G |

RADIATION INDUCED DEGRADATION

OF MATERIAL MECHANICAL PROPERTIES

MATERIAL THRESHOLD DOSE FOR COMMENTS

9 MECHANICAL DAMAGE

Plastic (C ont.)

Polyesters #105 - 106 rads

Styrene Polymers 4 x 107 rads

Styrene Copolymers 4 x 107 rads 25% damage

Vinyl Polymers 1.4 x 106 - 8.8 x 107 rads

Vinyl Copolymers 1.4 x 106 - 8.8 x 107 rods

|
Encapsulating Compounds |

|

RT V 501 2 x 106 rads

Sylgard 182 2 x 106 rads

Sylgard 1383 2 x 106 rads

Polyurethane Foam 2 x 106 rads

Epoxies 109 rads (C)

!
;

i
i

1e
f
C
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Figure C-1 Histogram of Threshold y-Dose for Mechanical Damage to
Elostomers, Plastics and Encopsulating Compounds
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