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1 INTRODUCTION

There are numerous industry and NRC documents that talk
ut qualification, Throughout the next two days we will be
¢ferrirg to many of these documents. Hence, the first thing I
thought I would do in this introduction is to provide a roadmap
to a few of these documents.

"First, let us start with the requirements, Comission
regulations in 10 CFR 50 require that structures, systems, and
components important to safety in a nuclear power plant be
designed to accomodate the effects of environmental conditions
({,e., remain functional under postulated accident conditions)
and that design control measures such as testing be used to
check the adequacy of design.

Spec.fic requirements pertaining to qualification of
electric equipment important to safety are contained in 10 CFR
50.49, These requirements include a list of acceptable methods
to zccomplish qualification, a requirement that certain
qualification information be generated by the licensee, and
‘mplementation deadline requirements.

Regulatory Guide 1.89 (revision 1, June, 1984) describes a
method acceptable to the NRC staff for complying with 10 CFR
50.49, Strictly speaking, Reg Cuide 1,89 does not present
qualification requirements, only qualification guidance.

Reg Guide 1.89 interpretes IEEE Std. 323-1974. This is the
"motherhood" IEEE standard providing qualifisation guidance.
Prior to the final publication of Reg Guide 1.89, The IEEE
revised 323, but the NRC did not base its regulatory guide on
the revised 323-1983 IEEE standard.

In addition to the IEEE "motherhood" standard, IEEE has
issued numerous "daughter" standards the* discuss qualification
practices for specific equipment types. For example, IEEE Std.
383-1974 discusses qualification practices for electric cables.
This standard has been endorsed (with scome modification) by NRC
Reg Cuide 1.131.

Two other documents are of historical regulatory importance.
One is NUREG-0588. This was first issued for public comrent in
December, 1979. Prior to the nodification of the document in
response to public comments, the NAC commision endorsed
NUREG-0588 as the interim positions that should be satisifed
untfl the 10 CFR 50.49 rulemaking was finalized. Hence rather
than modify NUREG-0588 in response to public comment, the NRC
issued in July, 1981 an Appendix to the report that provided NRC
staff response to the public comments. :

A second document of historical regulatory importance is the
DOR Cuidelines. This document is dated November 13, 1979 and
was used to evaluate reactors which had received operating
licenses as of May 23, 1980.



There are numerous industry documents that provide industiry
spectives concerning qualification. For example, several of
-ne NSSS suppliers have generated reportis providing their
interpretation and implementation plans for qualification
efforts, Two examples are:

1. GCeneral Electric's Licensing Topical Report
‘NEDE-24326-1-P which describes the General Electric
Environmental Qualification Program.

2. Westinghouse's WCAP 8587 which describes a "Methodology
for Qualifying Westinghouse WRD Supplied NSSS Safety Related
Electrical Equipment",

In both cases, NRC staff have reviewed these reports and if you
don't agree with a position in the report you will need to
discover NRC's official position.

We will be referencing these documents throughou' the
course. Let us start using some of these documents by defining
the term qualification. Equipment qualification is a design
verification process, IEEE Std. 323-1974 defines it as

"the generation and maintenance of evidence to assure that
the eq ipment will operate on Jemand, to meet the system
performance requirements”.

NRC Regulatory Cuide 1.89 (revision 1, June 19B4) states:

"For the purpose of this guide, "qualification™ is a
verification of design limited to demonstrating that the
electric equipment is capable of performing its safety
function under significant environmental stresses resulting
from design basis accidents in order to avoid common-cause

failuresa."

Within the framework of the above two definitions there are
at least seven broad questions that can be addressed during an
equipment qualification inspection. These are:

1. Were the environmental conditions appropriately
enveloped during the qualification effort?

*-2, Vere functioral performance requirements adequately
‘demonstrated during the qualification effort?

.

3. Were the equipment installation practices and interfaces
«(particularly with regard to moisture intrusion problems)
properly tested” ;

4. Were the electrical inputs to the device appropriately
enveloped?

5. Was the qualification program performed in a quality
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RADIATION ACCIDENT CONDITIONS -~ GRAND GULF

1. Drywell

pesign Basis Integrated

Equipment Radiation Operating Dose Accident
or Area Ype Rate (1) Type Dose Rate (1) Wormal

o ep—

&
Abhove Core Gamma 25.90 a eLOCA 1.3 x 10 B x
.3 x

*{Zone 1) Neuytron S x 10

Core
Regio™ Gamma 50.0 a

¢ ("one 2} Neution 1.8 x 10

Unde.:
vessal Gamma
*(zZone 3) Neutron

Near Recirc

Pumps 25.

3

s 0N
W
-
)

&
0
¢ (Zone &) 2 x 10

11. Containmer '’ (Outside Drywell)

Equipment Radiation Operating Dose Design Basis inteqrated Duse (2)
Accident

Rate ') Tkvl»p Dose Rate {1) Normal Accident

or Area __Tyrg.~* S =
Suppression ey 6
Pool GCamma LOCA 10

*{Zone 6) Neutron

GCenelral
Floor Area




Equipment

or Area

24-in. Pipe
Containing
Suppression
Pool Water
(Typical

Pipe)

Cleanup Systems
a) Heat Ex-
changer GCamma
b)! Filters
£ Tanks Gamma

1

Containment (Outside Drywell)

Operating Dose Design Basis
Accident

pate (1) Type Dose Rat 1) Normal
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CIDENT CONDITIONS GRAND GULF BWR/6 MARK 111

A

Radiation
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Equipment
or Area
HPCS and
RCIC Area Gamma
fHR and

1LPCS Are?

Steam

Tunnel Gamma

Standby gas
treatment
system

111. Auxiliary Beilding

2

Design Bas i\ 8

Operating pose Rate (1) Accident Dose

Plant Oper System Oper TYpe Norma i

Dose Rat~ 1)
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TABLE L

TN e

NORMAL PLANT OPERATIONAL ENVIRONMENTAL CONDITIONS Y. G m, 3 ™ l‘,

Felative
Temperature
Pressure (F)
{as noted) Normal (2)

Inside drywell

Area above reactor vessel
shield to top of drywell

Region adjac=>nt to core

Under RPV, insid> shield
wall

Vicinity of recirculation
pump motors

Containment

Area above suppression
pool

General floor area
Main steam line tunnel

Reactor water cleanup
system

1. Heat exchangers

2. Filters and tanks




£ 30 T 3I934s

gL/8 ST ‘puswy

Area

I1II. Auxiliary Puilding

A.

RHR eqgint rooms

HPCS egmt room

RCIC egmt room

LPC5 egmt room

SGTS room

Pipe penetration rooms

Electrical Penetration
rooms

Purge and vent {lation rooms
Drain pump rooms

ccW pump and heat exchanger
room

CRD purps and filter room
CRD repair room

Fuel pool egmt room

Fuel pool demineralizer rooms

Fuel handling area fan room

P

TAB. 5 {(Cont.)}
Temperature
Pressure (F)
(as noted) Normal (2)
Atmos +1.0
in. wg 105 (1)
Ed - (',
g 1068
- 105
- 80

yYsd

29
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P.

R.
iv.

A.

Area
Fuel handling area
All other areas
vicinity of Steamlines
Control Building

Control room

Other rooms contain-
ing batteries, switch-
gear, cables, etc.
having safety-related
functions

Other Areas

Diesel generator areas
Outdoor areas

Turbine Building

TABLE S

Pressure
{as noted)

1/8 in. 4
1/8 in. Wg

{Cont.)

Temperature
(F)
Normal (2)

125

72

108

80
95 max

105 max

159 F during hot standby and plant shutdown

Minimum temperature inside the pl

ant struactures containing

safety-related equipment will be 65 F or greater with an
outside temperature of 20 F.

Relative
humidity

b o

ninlggg g

50
30/90

40/50

4v¥Ysd
29

30/90

30/90

50
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Note a: Inftial 24 Hqg:ocorta*nment spray
L2V

ppm boron with TIME (SECONDS) 315 x 10

solution of
1-YEL M

0.24% NaOH

Note b: Represenats plants whos®
analysis predicts super
heated conditions

pepresents plants whose
v

analysis does not
predict Super heated
conditions
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IMERICK BWR/4 MARK 11 ACCIDENT ENVIRONMENTAL PROFILE
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LIMERICK BWR/4 FARX 11 LCCIDENT ENVIRONMENTAL PROFILE
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Margin
10 CFR 50,49 indicates thatl

sccount for unguantifled uncertainty,
wuracies in test instruments,
addition to any conservations applied

production varjations and ir

These margins are i1

" pargins must be applied tO

such as the effects of

during the derivation of local environmental conditions of the
equipment unless these conservatisms can be quantified and shown

to contain appropriate margins,

Reg Guide 1.89 (revision 1, June,
CFR 50.49 requirements,

guidance regarding the 1

4 The mggered vilue ip Section 6315, “Mupa”
of JEEE $14 3231974, mcep! tme mupns, WY dscepl
sble for meeting the reguirments of pangaph 5045 iexs)
Altermatvely, quattlied maspas sbould be appled to
the eovvonmenl ,aameien durumed b Replatory
Portion C2 to enswe that the pornulated accident
eorLitons have been eoveloped dunng tesung Thew
marps dbould be applied ip sddition 10 ARy comaeTYR
tism sppUed dunsg the dermation of locel envirsumesial
copdinon: of the squipment unlesw these conservilems
cab be quasulied asd sbown fo conlais Approprale
popas The mups sbowld sccoust for varuton i
commersial production of the squipment and the as
ourr e o the terl supment

Some electric equipment may be required by ihe
fexgn to perform (U safety funcuos only withis the

1984) provides additional
It states:

et wo boun of the ovest This equipmen! sbould
poas Artond B e sadest svronmest for »
prood of ot beart | boaw fe exces of the time amumed
B b accident analyss unlem 8 Boe BAUES of lom
tar obe how ean be pruled The putlicatios musm
oude, for sach plece of squgment, (1) conmdenuon
of # spectrum ©f breaks, (2) the pofertia) peed for the
squipment Mte o an even! of duning moovery opEw
tons, (3) @ determinavon ul falure of e squipment
aher performasce of M miety Aection will mot be
Gerimenta) to plant mfely o maleal Lhe opemtor,
ané (4) 8 éetermisstion thel e margo sppbed W0 Lhe
misimum opersbility time, whep gombined with the
other ter] mugns, will sccoust for the wncemusles
amociated with the ume of asalytical Wchuigues | the
Gernanop of epvironmental paameien, the sumber of
st tesed, production tolkenoces, and Wit squpment
daccunses For all other squipment (e g, posiaccident
monitoning. resombinen), the 10% tme maps Wentlied
o Becvor 63085 of LEEE S1¢ 3231574 mbould be
el

Note that Reg Cuide 1.89's guidance inclides a one hour minimum

operahility recommendation.

For other parameters,

the reg guide

indic.tes that the suggested values for margin contained in 1EEE

Std. 323-1974 are acceptabdble.
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2. What do we use for Tg?
Tg = 45°C
Tg = 60°C
Solytion to Example 3:

The cable is a composite device containing both insulation
and jacketing material. EqQ. 4 can be used to determine the
ra,uired aging parameters for both materials, assuming:

1) a constant service temperature of 60°C

2) a constant service temperature of 45°C

The results are:

Table 7

ASSUMED

CONSTANT

SERVICE
TEMFPERATURE JACKET (Ej = 1.1 eV) INSULATION (Ej = .85 eV)

60°C K = 778 K= 171

ta = 18.8 days ta = 85.4 days
45°C K = 4740 K = 693

ta = 3.1 days ta = 21.1 days

The following conclusions may be drawn from Table 7:

1. The smaller the activation energy, the slower is the
accelerated aging process. Therefore, the aging
program should be based on the lower activation
energy, i.e., for the insulation material.

2. The most conservative aging program would assume a
constant service temperature of 60°C for the entire
40 years. Note, however, that this substantially
increases aging requirements. Hence, industry
should be encouraged to more precisely define
environmental specifications.
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Table 8
(continued)
.. 9 7 days at 158°C (431°K) is equivalent to:
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ARRHEMIUS AGING CONCEPTS FOR COMPLEX EQUIPMENT
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Appendix B

Activation Energies_J

B.l TABULATION

Activation energies for a number of materia's and components are tabulated in this
appendin. As in Appendin D. no effort was made to produce én exhoustng tahuia
hon, rather, it is a comenient recording of actnahion energy data ohtained 1nC:den
tally to preparation of this repart 1t 1c essential that the cited daia sonrees be con
sulted to venify the relevdnce 10 the user’s application

B2 HISTOCRAM

A graphical repretentation of the distribution cf actnation energes, for the
matenals and components included in the tabulation, is given by the hoivgri™ or

Figure B- 1.

The values of agtnation encigy 1ange from 0.06 e\’ for titanium tianium 4y
ide. thinfilm capacitors 1o 3.29 eV for Kraft paper This range was divded into
0 2.¢\' increments, and the number of mater:als and companents that have an ac
thation energy woihin @ gnen increment was Lountes fram the tabilat on) Thoae
numbers wete then used to plot the histogram. The large numbe: of ex'r=s tor
magne!l wire contributes substantially to the histogram over a broad tange hiem (2
to | § eV, except in the interval between 1.2 and 14 eV Polymers and transistors

make 3 major contribution to the peak between 1.0 and 1 2 eV
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Artigiiun Envrgn

NOTES FOR TABULATED ACTIVATION ENERCIES

Noles:

1 En.epsulated with glphatic amine cgred buphena! Aepichlorhydnin eponide (epon cast) No
impregnate

3 Encapioated with aighetic amine cored bphenol Aepichiorhicnn eponde epoay cadt) Im
preghated

o o

Encaprulsted with B saged aromatic amine cuted buphenol A-epichlorhydrin eponide (€pox)
1 =ufer matded] So o mpiegnale.

Encapsuiated with B staged aromatic amine cured buphens! A epichlothydun eponide (epony
yansfer moided) Impregnated

En ansulated with phibaiic anhyd-de cured bisphenol Aepichlorhvdiin eporde lepony hot
melt) Nompregrate

Encapsulated with phitalic anh; cnde Luiec tnpheng! & epuhiathy8nn ep. Jv ez hot melt
cayt] impregnated

E~vapsiaed with mvifed ank.groe curec buphennl Aepatichane efon ie Mo ™
pivgnaie

Encapiulated wih ed anhagrde futel € 3 noy siac No Py ete

Palire crrierd stasbing of insl3ton 12 eapoee Turfuiinn dieeriie Ligasd. an kshage coiient
» 300 o @ WON Nl penmans ovied 10 fanuie

VO Fadure ortoioon viitagt dhien g 1t vsis held for 15 secntas e, RHAU e Ny
ppered 1o fature
11 Rased = graph of g Bwah tane e PR YRS |
13, Faigie e eh T A digah ot 16WE  Minpt Al o=y tenteg e e
.-= :_rnrtj;;;c J‘....~A: . & Yirs g‘.: 'C nc:.ly'.?‘. ..l.”‘.s..-
TANART o A8t 1Y
1o Cak el flom Kares il e 'y
Naterial/ Astivahion
Component Device Eovip e\ Citation Remarks L
alivg, Crade 1300 1.71 1026 50% retention uf e vt
crength (Hooser Cop See
Note 14,
A'kvd, Crade 1300 1.14 026 50% retention of diclectne
' drength (Hooker Corp ) See
Note 14
Alhen imide. rrad.ated. 088 46]  MIL W S1044/17A Mean hime

insulation, 20 gauge wie

Argrnatic P("‘}lmlde.
insulation, 20 gauge wire

to fadure. Notes 9 and 14,

128 6]  MILW £1381/12. Mean time t0
falure. Notes 9 and 14

Butyl ) 08 603 40% loss of elongation. See
Note 14.

Capacitors, chlorinated 1.17 566 DC life. Stressed at 1000 volts

diphenyl. No stabilizers. per mil. See Note 14.

Capacitors, chlonnated 153 566 DC life. Stressed at 1000 volts

diphenyl 05% per mil. See Note 14.

anthraquinone













- e bl 2 fs
Fested at 205 and 255°C. 50%

reduction 1n tensile strength
Evff Note 24

Tested at 140 and 150°C. 50%
reduction in lensie strength
See Notz 14







Apirigtion Encigunt

Feome; TPEZ ot~ \G5EY

\gicnal/ Actiahion

C.onponcnt Derice Ene g (V) Citation Bemarks

Pulsester, armice imide 138 . g4t See Note 14

overcoated, wire, tarsted

pairs

Pol.ester crercoated, 126 830 See Nure 4

agnet wire and class

155 impregnating varnish

Polvesiet cvercoated, ] 66 832 See Note 14

magret e and class

):.'? H'Tpc".a‘ "ng war

nish,

i muiutetie systems

Foliete verctated, | 44 830 Sue Note i

uns arnhed ity of

-,.‘r.c‘ are

o hpcter e tusted, i 67 stt Ko Ndg 4

raghe! ale Tl with

vl fud 4 ong Aarmsh,

Polesteroner.vated, 1 %6 o3 Ser Node oo

ragne! wiae tuils with

il fod sl une carrish

. cestet, phenolic .04 s3n  Sce Nc'e id

varnahed, magnet wire.

Poloester feains (umietied) 08" 338

{erron 24303, §33, 354

and Maro 670,

Polsester, umarmished, | 00 832 See Note 14

'ugnc! wire.

Polyethylene, cross- 113 &Nt 40% ioss of ewngation See

iinved Note 14

Polvethelene, cross: 1.3% 51 20% lows in elongation. See

linked Note 14

Poliethylene, 092 113 973 1, induction perods See

Aensity Note 14,

Polvethylene, low density 151 9=1  Edtrapolated induction penods.

elow §7°C) See Note 14,

Polvethylene, 096 114 973 1,0 induction periods. See

density Note 14,

Polyethylene, low density 133 973 (Above 110°C) ertrapolated
induction peninds. See Note 14

Polvethylene, linear 3.10 337 10% weight loss in sacuum.

See Note 14
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Aitiagtian Enespiey

Naienial/ Activation

Cumponent Device Frorgs (eV) Citation Rermarks

Poliprop:lene, soactic 1.13 973 1,0 induction penods. See Nrie
' 14

Pohaliene = polivinyh 110 460 MILW S48 NMean time to

dene Nuonde, madated, failute See Notes 9 and 14

insulation, 20 gauge wire.

Printed circunt brard 1 0% 17 50% retention of electrical

matenal (/43 n) streng'h See Note 14,

NEAIA G0 and FR4

Prnted citcunt board 140 17 0% setentizn of flevunl

material (/4 ) srergth. See Note J4

\FMA C 10 and FRA4

Polv.mide, arcmatic, 1.57 48]  Meartime to falure. See Notes

1FE tanded and (na'ed € ind 14

neulation, 30 gauge wire.

Paiy mﬂ?‘._\h.n"‘ﬂaC:ﬂAIC 054 890

Polvtetsalucinetheiene (43 890

Poisict:Auotuethy icne 329 $3%  L0fp ae Mt o in seciam

See Nule 14

P-lithenimalere. heaw, 093 330 Average coil Lie Sve Notes 12

insalation ang 3N 4] and 14

epoxy enLapriant on

woientd coil.

Pol.thermalete insula- 09 320 Average coil We See Notes 12

tion and Acme 4027 A and 14

epony encapsulant on

wienvid coll

Poly thermaleze insula: 1 00 610  Sce Notes ! and 11

tior on magnet wire.

Polithermaleze insula 09 610  See Notes 2 and 11

tion on magnet wire.

Po'sthermaleze nsula: 1.56 610  See Notes 3 and |\

hon on Mag net wire,

Polsthermaleze insula- 1 00 610  See Notes 4 and 11

tion on magnet wire.

Poly thermaleze insula: 098 610  See Notes 3 and 11

1ion on Magnet wire.

Poly thermaleze insula- 0.7% 610  See Notes 6 and 11

tion on magnet wire.
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Pogent EPeT - WP - 411

Actvation Enegn

Naterial/ Acination

-

Cunvmment Desice Energ (eV)  Citation Remarks

Polyviny! formal, im: 1.03 832 See Note 4

nregrated with phenolc

type varnish, magnet

wire,

PVC nylon insulation, 140 a6]  MILW 5086/2 See Notes §

20 gauge wire and 4.

PVC, irradiated, 0% 46)  See Notes 9 and 14

insulation, 20 gauge

wire,

Resin muca insulation, 070 199 Loss factor in stator coils dunng

sol enticss 10 seat field senice increased in
accordance with Arrhenius
mode! 1o & peab

Semiconductor devices, 0914 86 Predomnant value =11 €V,

silicon '

Siicon 6:110:6 (Dow 114 765  Determined by thermogtavi

Corning) me'ric aralisis, Meating rate of

. 10°C per minute.

Silicone, modified, wire 1.56 §66 1000 volt failure between twisted

erame! on copper with pairs. Avcrage e See Note 4

out varnish.

Slicone, modified, wire 1.6l 866 1000 volt fallure between tw ited

cnamel on coppe: with pairs. Average Iife. See Note 14

silicone sarnish.

Silicone, modified, wire 1 46 66 1000 volt failure hetween twisted

ename! on aluminum puirs. Average life. See Note 14,

without varnish,

Silicon transistors and 1] 184 Testing of transstors and

integrared circuits integrated ciicuits based on
Arthenius model.

S\L insulation and 0,72 320 See Note 14.

Jones-Dabney epoxy

encapsulant.

Te:mination, tinned 0.77 60  Present aging relation 161 @

round wire (Sn, Sn +
SnPb, Au, Ag)

155¢C = § yr @ room temp.
Recommended relation: 4 h @
155¢C = § yr @ room temp.
Failure caused by: high tempera:
ture, high humidity, sulfur
dionide.
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Actigtiun Enegn

Materal/ Actinahion

Componen! Mevice Enu;\ ieV) Citation Rimarhs

Tiansistors, germanium  0.991.26 136

@ %°C. (Appendix)

Transistors, germanium 0.17 2%  Neat and below rcom
lempeature

Transistor, germanium, 088 340

ungettered

Transistors, germanium, 1.24 340

gettered with vycor of
molecular vieve

Trarsiston S mesa, 018
INIE9 (1961) 0 S8
Trarsistor. S1 mesa,

IN360 (1939) 112
(1960) 1.30
Tranustor, S| mesa,

cN105) (1960) 112
Trarsistor, modern | 4
subiranine cable

T:ansistors, MOS 12
Transistors, MOS 1.10
Transistors, MOS 1.10

Transistor, power, MSC 08l
1330
Transistors, S) main pop.

(1960) 102
Tranwstor, $i planat,

BFY 335 (1969) 1.12
Tra: wistor, $i planat,

4A 2(1967) 1.1€
(1967) 1.50
(1963) 1.29
Tranuste’, Si, pnpn 1.6%
Transistors, silicon, (All)

- before wearout 1.12
- at wearout 146

Tiansistor, siicon, bipolar 102
Transisior, slicon, bipolar  1.02:1.04

67"  Curditions not specified
677 Comstant stress

157 Median life for failure critenicn
of 1.0\ shift. See Note 14.

157 Mediau life for falure critenion
of 0.3\ «hift See Note 14,

125 Median time to failure See
Note 14

675  Step stress.
673 Cons.ent stress
676 Constant stress.

340  With surface imversion failures.
340 With Au Al bond failures.






INSPECTION QUESTIUNS

Let us summarize scme Qquestions that could help focus a
thermal aging inspection.

Request a parts list and drawing for the device. Check that
all non-metallic components of the device are identified in Lhe
aging anzlysis, For those components deemed necessary (or
safety-related function, make sure they were considered in the
aging analysis. Were self-heating effects accounted for in the
aging analysis? Check the maximum rated temperature for each
component and insure that the aging temperature employed during
accelerated aging is not higher thun this temperature, Check
the normal operating temperature given for the device. Is it
consistent with process fluids or other environments In contact
with the device.

Check 1 few random activation energy refcrences. 1Is the
degradation mechanisg for the component similar 0 that measured
for the activation energy analysis? Does supporting data
{ndicate that the measured activation energy is independent of
temperature cr wus there a strong temperature dependence? If a
temperature dependence occurred, were the high or low
temperature regimes used to determine the activation energy?
vWhen literature references are employed as a basis for
estimating generic activation energies, is a 1ist of literature
reforen~es supplied? From the rarge of possible values was the
lowest value chosen as a basis for qualification? Does a test
laboraiory or manufacturer consistently employ the same
1iterature reference for the sare generic material? When
analysis i{s employed to argue component similarity (and hence
qualification by similarity) did the analysis consider component
lifetime as well as component activation energy?

Verify the aging calculation by checking the mathematics,
Make sure that the intended qualified 1ife is clearly stated and
is consistent with stated mainienance requirements.






AN AGING PROGRAM CAN BE DETERMINED WITHOUT
EVALUATING THE ACTIVATICON ENERGY
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EXAMPLE 2

1E Information Notice B3-72 mentions a thermal
non-repeatability in the performance of ITT Barton's
transmitter, models M-763 and M-T84., A leakage current path
through the shafty of che zero and span potentiometers was
detected by Barton., Vf interest {s why this performance was not
noted during qualificaticn testing.

Testing at Sandia of these transmitters suggested that the
leakage current was enhancec by moisture driven from the ; rlen
in the potentiometer. Tris molisture had a transient phen_mena.
During the temperature transient, moisture was driven out of the
nylon producing a leakage path along the shaft of the
potentiometer. As the tLemperature exposure continued, the
moisture dryed and the leakage reduced.

Figure 27 illustrates a LOCA temperature profile employed at
Sandia to test Barton transmitters. Figure 28 {llustrates the
corresponding transmitter error. Note th:t as the LOCA proceeds
the error reduces., One can postulate that if tne LOCA exposure
had been proceeded by a ther +1 aging environment, then all
moisture would have been drive away from the nylen in the
potentiometer and no error wou J have been noted during the
qualification test. The message is that age preconditioning,
while important, may not produce the moct 1imiting condition for
Class 'E equipment.
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SYNEKGISTIC EFFECTS, SEQUENCING EFFECTS, DCSE RATE EFFECTS, AND
THE IMPORTANCE OF OXYGEN

We now want to discuss four related questions, namely:

1. How can the radiation aging environment be accelerated?
Specifically, are dose rates an important consideration?

: 2, Are there synergistic effects between the aging
environments that must be accounted for when developing the
sequential test strategy?

3, Are there accident synergistic effects?

4. 1s oxygen presence during an accident simulation
important?

Technically, these four questions are related because of the
{mportance of radiation, thermal, and Oxygen ervironments to
polymer degradation. The mechanistic degradation pathway is
influenced by all three envisonments, Possibile man.festations
of the mechanistic degradation {nclude dose rate effects, aging
synergistic and sequencing effects, accident synergistic
effects, and oxygen effects during accident simulations.

From an inspection standpoint, these issues are much more
difficult to deal with than {s thermal aging. 1In one sense, t"e
state of the ar' is not as advanced. For example, the Arrhenius
technique has been in existence for a long time and is euployed
in non-nuclear lciE standards. In contrast, industry wige
knowledge of nuclear synergistic effects has not yet received
instituiional blessing. {EEE standards have been under
development in the area of synergistic effects, but have not
peen published.

Before discussing the technical issues, let us review the
regulatory guidance regarding these issucs. 10 CFR 50.49
provides the following requirements:

Radiation. The rad'ation environment must be based on the
type of =adiation, the total dose expected during normal
speration over the installed life of the equipment, and the
radiation environment associuted with the most severe design
wasis accident during or following which the equipment is
required to remain funotional, including radiation resulting
from recirculating fluids for equipment located near the
recirculating lines and including dose rate effects.

Synergistic Effects. Synergistic effects must be considered
when thess a2ffects are belleved to have a significant effect
on equipment performance.

Reg Guide 1.89 (rev 1, June, 1984) states:

Electric equipment tnat could be exposed to radiation should
he environmentally qualified to a radiation dose that
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therpal, &nd oxygen influesace on polymer chain breakage.

Ir this course we cannot spend the necessary time to explain
the chemistry of this interaction between OXygen, radiation, andg
thernal environments, Rather, let us discuss and Jllustrate the
eppirical manifestations:

1. Oxygen nresence is important to polymer chain scission

" degradation when either thermal or radiation environmentis
are present, At high dose rates (of the order of 1 Mrd/h)
the initial oxygen concentretion in the polymer is depleted
{n less than ! Mrd. Hence the replenishment of oxygen
depends on the oxygen diffusion rate and {ts relationship to
the dose rate, In the regime where OXygen concentration is
giffusion limited, dose rate effects may occur. This {8
demonstrated for PVC in Figure 29. Note the plateau that
deve.ops at approximately 300 CGy/h (30 krd/h) at 43 C
irradiations. Above this dose rate, degradation is oxygen
diffusion limited and dose rate effects occur.

One method for dealing with this effect is used by the
French in their qualification efforts, The French require
that aging irradiatiuns be at dose rates less than 150
krd/h, The minimum allowable value is 50 krd/h, In the U.S.
many generic qualification efforts use a §0 Mrd aging dose.
At a maximum value of 150 krd/h, this §0 Mrd irradiation
would require a 14 day exposure.

2. Figure 29 i{llustrates another dose rate mechanism at low
dose rates (i.e., at 45 C for dose rates below approximately
30-40 Gy/h (3-4 krd/h)). This mechanism is caused by
breakdown of hydroperoxides within the polymer. Theoretical
and experimental efforts regarding this breakdown mechanism
result in Figure 30 for PVC. 1In this figure the required
dose to achieve equivalent damage is plotted at several dose
rates. Note that at high dose rates an order of' magnitude
{ncrease in total dose is required to achiave the sane
degradation as is obtained at low dose rates.

The data of figures 29 and 30 are for PVC. This material is
no longer commeonly used inside containment. Its value is
that long term natural aging data (i.e., & years) is
available and hence correlation between theoretical
acceleratior techniques and actual experience is possibile.
The correlation is excellent in this case.

The hydroperoxide breakdown eflfect can manifjeat ftself in
another form besides dose rate effects. It may sometimes be
responsibile for sequencing or synergistic effects. In
particular, when hydroperoxide breakdown is important,
radiation aging prior to thermal aging will be more severe.
The hydroperoxide effect has has been clearly demonstrated
to cause sequencing effects for FVC and LDPE. Other
materials exhibiting aging sequencing effects include EPR's,
Chlorosulfonated polyethylene (HYPALON), chemically
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on insulation surfaces does not appear to be a problem.

A second approach to bela radiation is also typically used
by industry. It 1s assumed that beta radiation effects on
material properties can be simulateyu with an equivalent gamma
dose. Reg Cuide 1.89 states:

"Cobalt-60 or cesium-137 would be acceptable gamma radiation
sources for environmental qualification.”

What is unclear in this statement is whether Co-60 or Ce-137 are
acceptable for beta simulation. NUREG-0588, rev 1 clarifiec
this subject in its Response to Comments section:

n... there does not seem to be any significant pre.lem in
using only a gamma source 1O qualify certain types of
equipment for a peta/gamma environment provided the gam.a
dose rate during the gualification tests is consistent with
the expected be'a and gamma dose rates (energy deposition
rates) during LOCA, It appears therefore that a gammi
source (only) may be used for qualification testing,
provided an analysis or test data indicates that the dose
and dose rate produces damage similar to that which could be
produced under accident exposure (i.e., combined gamma &nd
beta envirorment)..."

The issue of beta-gamma equivalence is currently a reseach
activity in the NRC research progranm.






environements. Research by the Naval Research Laboratory (NRL
Memorandum Report 5158, August, 1983) indicates that KAPTON
degradation in heated water ls= Arrhenius, Hence to accelerate
long term materials degradation In post-accident environments,
the Arrhenius technique can probably be considered current
state-of-the-art, However, there are some limits to its use
that need to be considered.

1. The activation energy in a steam environment may differ
compared to the activation energy for a hot air environment.
For example, the EPRI draft Equipment Qualification Data
Bank lists seven references for polyimide or
polyimide/glass. Activation energies vary from .87 eV to
1.6% eV. The NRL report reports an activation energy of .6
eV for a heated water exposure, Hence, conservative choices
for activation energy may be warrented for post accident
acceleration techniques. Westinghouse's WCAP-B5B87 suggests
that a conservative value c¢f .5 eV will be employed for post
accident acceleraticn.

2. 1Insure that the acceleration is not overly arbitious.
For example, it may not be wise to reduce a one year
requirement to a 2 day test exposure unless substantial
supporting data and analysis is available. WCAP-B8587
describes Westinghouse's program for post-accident
acceleration. A 15 day test is employed to simulate a =
month requirement. A 29 day test is used to simulate a one
year requirement.

3. 1Insure that failure modes or degradation mechanisms are
not masked by the acceleration process. For example,
increasing the temperature without consideration of the
pressure may

a. create superheat conditions and possibily mask
failure modes associated with moisture condensation.

b. reduce oxygen presence in the test chamber and
hence reduce oxygen Aominated degradation.

4. The Arrhenius technique may not accelerate moisture
intrusion processes. One test laboratory we visited during
our inspections combined the Arrhenius technique with
temperature, humidity cycling to generate a post-accident
acceleration process.

5. Long term materials degradation may not be the only
failure mode for a piece of equipment. For example,
temperature effects may be important. Hence, be wary of
qualification analysis that attempts to use LOCA test data
and Arrhenius technigues to satisfy MSLB test reguirements.
(We will discuss this issue further in a minute.)

Now that we have reviewed some industry practices as well as
some of the technical issues, let us review the NRC guidance.



NRC guidance concerning these practices ‘& rg follows. Reg
Guide 1.89 states:

"Since the test profiles included in Appendix A to 1EEE St¢
323-1974 are only repretentative, they should not be
considered an acceptable alternative to using plant-specific
esntainment temperature and pressure design profiles unless
ylant-specific analysis is provided to verify the
applicability of those profiles.”

This is the extent of current NRC guidance regarding
post-accident acceleration and the use generic test profiles to
satisfy different plant-specific profiles. NUREG-0588
previously provided additional guidance that is no longer
mentioned in revision 1 of Reg Guide 1.89, For example,
NUREG-0588 specifically discussed the case where LOCA
qualification had been completed but MSLB conditions had not
pbeen considered. The thrust of the requirement was that
equipment temperatue response to the MSLB conditions had to be
evaluated., If the maximum LOCA test conditions were never
exceeded, then the previous LOCA testing was acceptable. Ir
calculations indicated that the LOCA temperatures would be

ev eded by the equipment, then either retesting or protective
coverings were required.



_ADDITIONAL QUESTIONS

We have examined several of the test simplification
questions. Let us quickly review the remaining questions.

Must the effects of dust be considered in the aging grogram?

_NUREG-OSLB originally required that "dust environments
should be addressed when establishing oualification service
ronditions". In response to public comment on NUREG-0588, the

revision | Appendix stated:

"It {s not the staff's intent to require quantitative
testing to ensure equipment opr. ability in dusty
environments, but rather to n‘g:light a potential failure
mechanism, Equipmeat suscer ~ability to dust should be
considered when qualifying salfety-related equipment a'c be
accounted for in tne interface requirements via, for
example, in improved periodic maintenance, oOr by the use of
protective covers. The staff is currently in the process of
rulemaking and will consider the recommendations in the
above comments, in the "Final" position.”

The final rulema ing (10 CFR 50.49) does not explicitly
mention Just as an environnment that must bdbe considered during
qualification. Reg Cuide 1.89 also doesn't mention dust in
Section C, "Regulatory Position". In Section B, "Discussion",
accumulation of deposits 1s vsenticned as a process or
environmental factor that could result in degradation and the
Reg Guide appears to recognize that state-of-the-art
preconditioning techniques may not bde availabdble.

Must the efre:tgﬁgf wechaniral cycling be enneidered in the
aging program? tan the mechanical cycling requirements be
reduced’

. Reg Guide 1.8) endorses and supplements IEEE Tcd. 323-1974.
Section £.3.3 of IECE Std. 323-1974 states:

"Electromechanical equipment (mators, relays, etec) chall be
operated to simulate the exrected mechanical wear and
electrical contact degradation (for example, contact
pitting) of the device to be type tested.

An accelerated rate for the number of cycles equal to the
required number during the design life may be utilized
provided the rate shall not be accelerated to any value
which results in effects that would not be present at normal

rates."

Hence, mechanical ecycling ig required and may be accelerated.
There are two industry practices that you may encounter.

1. 1EEE Std. 382-1980 requires a minimum of 10 percent of
the required mechanical wear aging operating cycles to be



performed under load during the aging period. For I1EEE Std.
382-1980, the recommended aging temperature is 138 C.
franklin Research Center performed research testing on
several value actuators as part of an NRC research program.
They conclude that "operational cycling at the elevated
thermal aging temperature may have produced stresses not
_representat1Vc of in-service use.

*2. Non-typical pressure gases may be employed during
qualification testing to ac’uate values, etc. For the above
ment ioned Franklin researc’ ~gt on valve actuators,
Franklin concludes "the use 0O nitrogen to pressurize the
values during thermal aging severly inhibited the aging
process since the pajority of EPDM components were blanketed
in nitrogen".

Srould the ascident simulation account for radiation dose rate
effects?

Reg Guide 1.89 indicates that

nqualification should consider that equipment damage 1s a
function of total integ.rated dose and can be influenced by
dose rate, energy spectrum, and particle type".

There are two issues here. As discussed for aging, dose rate
effects may contribute tO long term materials degradation that
pay eventually lead to failure. A second issue is whether the
inittal high accident dose rates may momentarily cause electical
equipment such as transmiters to fail. Note, typically, these
sensitive .tems may be shielded from beta radiation effects.

Epn sat urated steam conditions be employed instead of
super .eated steam?

Table A2 of Appendix A of Std. 323-1974 states:

"Ir it is not practical to reproduce the specified pressure
and temperatue profiles combined, it is acceptabdble during
the first four days to follow the temperature profile and
allow the pressure to conform to saturated conditions (100
percent relative humidity). This procedure is justified by
the fact that temperature {s the most importunt parameter
and increasing the pressure (to maintain sat.rated
conditions) will increase the severity of the test, if
anything."

During its discussion of LOCA and MSLB ervironmental profiles,
Reg Cuide 1.89 states:

"For example, superheated steam followed by saturated steam
may be a limiting condition and shouid be considered.”



What test considerations are relevant for chemjcal spray?

Reg Guide 1.89 states:

"Chemical spray or demineralized water spray that is

representative of service conditions should be incorporated
during simulated event testing at pressure and temperature
conditions that would occour when the spray systems actuate.

For additiona’ discussion regarding this issue, see the
following three references:

1. Franklin's generic Tschnical Evaluation Report, p - %

2. Wyle's report discussing chemical spray differences and
their effects on materials.

3, A very recent Japanese report that suggests that
insulation and jacket m>'erials such as FPR, HYPALON, and
NEOPRENE undergo more dimensional swelling in a water
environment than in a chemical spray environment.
(JAER1-M-83-072)

Must submergence ve considered in the accident simulation?

I1f the egquipment i3 subject to being submerged, then it must
be considered according to 10 CFR 50.49, Note, that submergence
{s more than submergence integrity to a water environmcnt. The
environment may be borated water with the additonal presence of
radionuclides.

Is the steam ramp time important?

This issue should be addressed via a failure modes and
effects analysis.

We have considered numerous environmental issues relating to
equipment qualification. Let us review those issues by listing
some questions that may nelp focus an inspection eftort.




INSPECTION QUESTIONS

Environments:

Was a plant specific environmental specification employed for
the qualification program? Did the specification include
temperature, pressure, humidity, chemical effects, radiation,
aging, and submergence? 1= the locaticn of the equipment
located above or below a “lood level? 1s the equipment,
fncluding all connections, shielded from betla radiatien? 1s
beta radiation shielding pased or metzllic or polymeric
shielding materials (polymeric materisls Day not survive the
total beta dose postulat:d for a LOCA). Were accident
conditions specified for MSLB or HELP accidents as well as LOCA
conditions? Were qualification tcsts wased on generic profiles
(such as the Appendix A pro’ile of "EEE Std, 323-197T4) rather
than plant-specific profiles? 1f sc, was a plant specific
analysis performed tc demonstrate applicability of the generic
profile test results? Were prcness gases and fluids that
contact the device or pass th'ouzh the device specified?

Margins:

Was margin added to the plant specific ernvironmental
specification during deveicprnent of qualification test str.cegy?
Did test acceptance criteria .insy + equipment operabi

Was demon or » minimym oOf at least one hour T not,
was substantial justifization yrovided consistent w th Reg Guide

1.89 guidance? Compare test plan margin factors with IEEE Std
323-1974 recommendations. Are differences clearly justified?

Test Simplifications:

Was the uame pie2e of equipment used throughout the
environmental qualificat on effort? Were equipment
subcomponents replaced during the aning simulation to account
for routine raintenance activities? 1If so, were maintenance
requirements clearly defined by the qualification
documentation? Were equipment subcomponents replaced during
testing because of random failures? If so, was the replacement
subcomponent properly preconditioned? Are preconditioning
auditable records avzilable for the replacement component? Was
s thoro.ugh failure analysis performed to insure that the failure
was random? Was a sirgle component peing tected when the
nprandon" failure oc- .red?

Were acceptance eriteria specified for before, after and
periodlcally during spvironmental accident gxposures?

Does the qualificaticn documentation include a parts l1ist and a
drawing of the devi »? Check that all non-metallic components
of the device are jcentified in the aging analysis. Was 2

re modes and ar3lysi dentify thos

components necessar, for t -related function. Were all
these compone prnesldered in the aging ana ysis? ere









FACILITIES AND INSTRUMENTATION

FOR

QUALIrICATION TESTS



QUALIFICATION TESTS CANNOT BE CONDUCTED WIiHOUT FACIHI ITIES

THAT ARF CAPABLE OF ACHIEVING THE SPECIFIED TESY CONDITIONS

€

TEMPERATUREDS

PRESSURE!

STEAM/HUMIDITY CONDITIONS

RAMP TIMES

CHEMICAL SPRAYS

DOSE RATES




DATA SAMPLING RATES ARE DEPENDENT GN THE SPECIFIC FACILITY.

1. TEST FQUIPMENT SHOULD BE CALTBRATED TO SPECIFIC PERFGRMANTE

e

SAMPLING RATES SHOULD BE BASED ON RELIABILITY (PREDICTABILITY)
OF EQUIPMENT

3. REQUIRED ACCURACIES SHOULD BE SPECIFIED IN TEST PLAN/PROCEDURE

(IT 1S ASSUMED THAT EQUIPMENT HAS CURRENT CALIBRATION).



ciM>L f EXAMPLE DEMONSTRATES REASONAB E JUDGMENT ON SAMPLE RATH

[HERMAL AGING OVEN
. A B
e
THERMOSTAT ¢ 2°% S dag
DEAD BAND
S EXPECTED + 1°F/MONTH + 5°C /MONTH
DRIFT
DATA 7?7 TIMES/DAY 10 TIMES/DAY
SAMPLE RATE
¢
OFTEN A STRIP CHART RECORDER IS US

PROVIDES CONTINUOUS (ANALOG) DATA.



| 3 i DON SUBCONTRACT
TME RADIATION EXPOSURE IS OFTEN DONE BY A SUBCON {

FACILITY (1.E., [SOCMEDIX).

4.

OFTEN HAVE TO RELY ON CERTIFICATION FROM SUBCONIT

CHFCK DOSE RATE X FXPOSURE TIMi TiD

COMPARE DOSE RATES AND TID'S WITH TEST PLAN

RACTOR

g
5"1




Yoil DON'T HAVE TO BE AN EXPERT 0 INSPECT DOSIMETRY TECHNIQUES?

Al "ALIBRATIONS SHOU TRACEABLE TO NBS

A2 THERE SHOULD BRE PROCEDURES FOR ENSURING THAT

ALL INSTRUMENTS IN A SYSTEM ART WORKING.




TEME cRATURE OF SPECIMEN SHOULD BE MONITORED DURING RADIATION EXPOSURE.

1. 7O MONITOR RADIATIVE HEATING fROM SOURCE

2. PREFERABLY USE THERMOCOUPLE MOUNTLCD TO SPECIMEN

3. MONITORING TEMPERATURE OF OTHER OBJECY NOT USUALLY
SUFFICIEKRT



| OCA SIMULATIONS ARE MUCH MORE COMPI ICATED THAN

THERMAL AGING OR RADIATION FXPOSURES.

|

!RA”!{N’ “(‘ ')(1‘\';“” l).‘” ! ; ”"} ‘JA‘“‘J' S

SATURATED VERSUS SUPERHEATED STEAM

L

CHEMICAL SPRAY

TEST SPECIMEN OPERATION AND MONITORIRNG




SPECIAL CONSIDERATIONS FOR INSTRUMENTS MEASURING
TRANSTENTS PHENOMENA.

1. RANGE

A) SENSOR

B) RECORDER

2. RESPONSE TIME

3. CONDENSATION

4., DATA SAMPLING RATE
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ASSURL U BY “FASURING

SUPERHEATED STEAM CONDITIONS AR
AND PRESSURE AND USING STEAM TABLES.

TEMPERATURE

STEAM TABLES

PRESSURE [EMPERATURE  PRESSURE [EMPERATURE
290! 57.53 PSI 390°f
56.95 400

TEMPERATURL
200°¢ 11.529 PSI
210 14.125
212 14,698 /7.64
220 17.188 89. -
230 20.78 105. o
240 24.97 117.93 e
250 279 .82 i 54§ §1 450
260 5.4/ 152. 9 469
270 4] .85 i 175.2%

280 49 .18 80 195.




IN CALCULATING SATURATED STEAM CONDITION.

1)

HOW MUCH AIR 1S LEFT IN CHAMBE

MUST OVFRPRESSURES BE EMPLOYED

APPEXRDIX C OF ITEEE 323-1974 GIVES METHOD FOR ASSURING

SATURATED CONDITIONS.
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IEEE 3723-1974 CLASSIFIED THE MEASUREI VARIABLE INT JFNERA A K * 3
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Equipment may still "work™ during and aiter test,
but still fail the qualification test.

Example
Test: quailification of RTD for LOCA environment

Acceptance criterla: RTD must maintain accuracy
of + 4°F before, during, and after test

Result: RTD accuracy was within tolerance before
and after test, but was out of spec for a few

minutes during LOCA exposury
Qualification status: not qualified



IEEE 323-1974 is relatively specific
regarding acceptance critc..a

Section 6.2 states "Electric equipmerit specifications

shall define the equipment's Class 1E reguirements”

Section 6.3.1.1 states, in part, "The plan should
contain . . . performance limits or failure definition”




Section 6.5.4, "Determination of Quaiication,” states
The electric equipment type shail be considered to be
qualified by demonstrating that the equipment performance

will meet or exceed its specified values for the most severe
anvironment or segusnce of environments in the eguipment

specifization during its qualified life.”
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Acceptance criteria encompass all
aspects of equipment performance
1. Performar 2 characteristics under defined normal,
abnormal, containment test, design basis event,
and post design basis event conditions.

2. The range of voltage, frequency, load, electromagnetic
interference, and other electrical characteristics

3. The Installation requirements including mounting
method and configuration (s)



4. Preventive maintenance schedule for the Installed life
of the equipment (including lubricants and seais)

5. The design life of the equipment and the design life of
any components which may have a life shorter than that

of tha complete equipment

6. Control, indicating, and other auxillary devices contained
in the equipment or external to the equipment and required
for proper operation.



7. The rangs, type, and duration of envircnmental conditions
including temperature, pressure, humidity, radiatio:,,
chemicals, and selsmic forces

8. Complete description and nuiriLar of operating cycles
inciuding periodic testing

9. Qualified iife. (This Performance Specification entry may
be established during the qualification testing)



10CFR50.49 contains similar requirements
applicable to licensee’s qualificatic:: files

The files must contain

1. the performance specifications under conditions existing
during and following design basis accidents.

2. The voitage, frequency, load, and other electrical charac-
teristics for which the performance specified in accordance
with paragraph (d) (1) of this section can be ensured.

3. The environmental conditions, inciuding temperature, pressure,
humidity, radiation, chemicais, and submergenca at the
location where the equipment must perform as specified in
accordance with paragraphs (d) (1) and (2) of this section
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Acceptance Criteria can be inspected
by asking a series of questions

1. Are they addressed in the qualification file?

No - obvious non-conformance

Yes - proceed to Quastion -




2 Are the acceptance criterla consistent with the
appropriate purchase order or FSAR specifications?

No - non-conformance against IEEE 323-1974
Section 6.5.4 "Determination of Qualification”

Yes - proceed to Question 3




3. Are the acceptance criteria technically adequate?

To answer tlls question, it is necessary to have
an understunding of the intended safety function

of the equipment




Example - Qualification of Cable

pPower Circults and Instrumentation circuits
should have different acceptance criteria.

Power circults have [.igh current loads and
may be susceptibie to resistive heating

acceptance criteria: thermal properties of insulation

instrumentation circuits have low current loads
and are sensitive to noise

acceptance criteria: adequate shielding




Past findings and experience, from both industry

and NRC, can be used as a guide to inspecting
acceptance criteria
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Common mode failures are failures due

to a common mechanism Oor cause

1 "mechanism” is the basic physical cause of fallure,

such 8s corrosion or wear

2. "mode” is method of failure, such as the opening
of a circuit due 10 corrosion or the seizure of

a bearing due to wear

may also occur as a resuilt

3. common mode failures
in manufacturing process

of a design flaw or error

4. these are the failures that are of concem when
qualifying equipment




If a component fails a qualification test,

it is necessary to determine whether the
failure was random or common mode.
1. not easy without statistical tests
2 must use analysis and judgement

3. should monitor safety-system equipment that
had a random-fallure during qualification.




Performance and Eifects of Terminal Blocks
in & Loss of Coolant Accident Environment®

Charles M. Craft
Sandia National Laboratories
Albuguerque, New Mexico

Abstract

Terminal blocks continue to be used In instrumentation and control (1&C)
applications in the nuclear power industry However, for many terminal blocks the
qualification tesis use an acceptance criterion which does not quantify the performance
of terminal blocks at the low voltage and current levels of I&C applications Our tests
monitored terminal block performance during LOCA steam and chemical spray
simulstions and were conducted at current and voltage levels representative of 14C
applications Leakage currents from 0.5 mA to 15 mA were observed. These values are
of sufficient magnitude to affect some 1&C applications

1.0 Applications of Terminal Blocks in the Nuclear Industry

Historically, terminal blocks have been used by the nuclear industry to make cable
sunctions in both Class 1E ani non-Class 1B circults inside and outside containment.
Applications range from low voltage instrumentation circuits to 480 Vac power circulls,
with most of the applications in the low power instrumentation and control circuits. A
review of industry's equipment qualification submittals and s survey of industry repre-
sentatives (Ref. 1) provides a picture of terminal block usage in the nuclear industry.
Table | summarizes some of the pertinent results from that reference. All of the
termin.. blocks listed are used in both inside and outside contsinment applicstions
Approximately 60 percent of the utilities are planning to continue using terminal blocks in
Class 1B circuits inside containment Those choosing L0 use terminal blocks in these
spplications operate mostly older plants with a large number of installed terminal blocks,
but some of the newer planis will also use terminal blocks. \ternately, some utilities
have removed all explicit®* terminal blocks in Class 1E applications inside containment
(e.g., Duke Power); and others are removing them from selected applications (e.g.
transmitter circuits) or locations (e.g., below submergence level). The major trend for
new plants is to use splices inside contalnment. The two major designs of terminal blocks
(one plece and sectional) are in spproximately equal usage. Reference | tabulates 57
distinct models of terminal blocks, 32 are of sectional construction and 25 are of one
plece construction However, one-plece terminal blocks are probably more numerous in
absolute terms since they are specified by & larger number of plants. To characterize
terminal block types by & percentage of total population is difficult, since data for the
numbers of each type as well as the total population of terminal blocks are not readily
avallable. Some of the utilities would also have difficulty in ldentifying the number of
each type of terminal block in thelr plants, and to do so would probabdly reguire &
walkdown of “he plant

*This work supported by the United States Nuclear Regulatory Commission and performed
at Sandia National Laboratories which is operated for the U.S
Uné “ontract Number DE-AC04-76DPO078S.

Department of Energy

1

#*The term explicit refers 10 terminal blocks which are not {integral parts of larger pleces
of equipment such a3 electrical penetrations or motor C perators
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ierminal Block Usage in the
uclear Power Industry

summary of
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Number of
Flants
4

sing®

General
Rlectric

Weldmuller
Westinghouse 542247,805432

States Type NT
Type ZWM
Buchannan

NOTE 10del numbers are each used in 4 or fewer plants

73 of 17 Operating plants and 17 of 68 planned

Based on wo of nuclear power plants in the August 1983 Issue of Ny
News el seven operating plants (including TMI-2) and 68 planned or
construction plants, for a total of 145 nuclear plants in the US

Industry Qualification of Terminal Blocks

Since 1977, there have been a number of test programs sponsored by both utilities and
terminal block manufacturers that have been used to support qualification of terminal
blocks (Refs. 2 through 8) ihese tests generally age the terminal blocks using Arrenhiu
techniques or the 10°C jule. expose the terminal block to a selsmic test, and then conduct
&8 LOCA/HELPR simuletion Functional tests no rmally consist of insulation resistance (IF
mesasurements and conductor continuity checks between each of the sequentially applied
environments (i.e., thermal eging, radiation, selsmic tests, LOCA simulation.) Al indus
try test reports reviewed by us indicate that the terminal blocks pass the functiona! (R
tests subsequent to each type cof exposure Measurements of the varlations in termina!
block performance durlcig these tests with the blocks powered Is generally not conducted
though about half of the tests depower the blocks and make megohmmeter measure
ments. The WPPSS test of Weidmuller blocks in a post-LOCA soak environment (Ref. 8
and the Phonix test of their own blocks (Ref. 8) did monitor leskage currents without
depowering the blocks. For the other tests the typical method used to morndtor terminal
block performance during the LOCA/HELB simulation {s via fuses in the circult providing
power to the terminal block. These fuses are sized to fall at between 1 A to 24 A of

leakage zurrent depending on the test specification Acceptance criteria are based oo




hether or not the terminal blocks can malntaln t .c specified voltage and current without
falling the fuses. Typically, guring & test the fuses to one Or more termina! blocks will
fall one or two times and be replaced Sometimes a terminal block is unable to keep the
fuses from Howing and that terminal block will be removed from the test. An imporiant
point which is nc specified is how often a fu.e is allowed to fail or how many terminal
blocks are allowed to be removed f{rom the test, before the test lot is determined to have
falled. Purther, using fuses to monitor during-test performance has twc drawbacks: first,
the fallure of a fuse is only & single point criterion that says leakage current was st least
as large as the rated value of the fuse for the time necessary to fall the fuse and second,
the sizing of the fuses to “large” values provides no information about low level leakage
urrents. Low level leakage currenis can affect low power, L. ~rumentation and control
clreults which are the primary terminal block spplications. In this sense, the acceptance
criteria are not germane to the majority of terminal block applications. Tabie 2 provides
s brief comparison and summary of some industry terminal block qualificati rt

tion reports

Sandia Tests of Terminal Blocks in a Simulated LOCA Environment

Earller work st Sandia (Ref. §) consisted of testing terminal blocks under TMI
conditions. This test raised questions regarding terminal block performance but was not

-onclusive in that there were several areas where test conditions deviated from actually
installed conditions. Therefore, to quantify the performance of realistically installed 20d
protected terminal blocks in a LOCA environment and to investigate terminal block
fellure and degradation modes, we tested 24 terminal blocks (5§ models from & m nulac-
turers) in & simulated LOCA environment (Ref. 10). Based on our reviews of the qu u
fication documents, we determined that neither the accelerated aging process nor  he
seismic testing significantly affected terminal block performance. Thus, we testud
terminal blocks in the “as received" condition. To simulate normal handling during
installation, no special care was taken during test preparstion to prevent the deposit of
fingerprints or other normal contaminants on the terminal block surfaces; however, we did
not simulate deposits of construction dirt or other sediments which tend to accumulate
over time. As such, the terminal blocks were probably in the best initial condition that
might possibly exist for terruinal blocks installed in the field. The terminal blocks were
protected by NEMA-4 electrical enclosures with 1/4" dlameter weep holes in the bottom
Cables entered the boxes from the side through nuclear grade liquid tight conduit. To
simulate cables entering a conduit from a cable tray system, the conduit was terminated
inside the test chamber and was unsealed at both ends.

The test was divided into two phases. Phase | consisted of an 11-day exposure 0 a
steam only environment. Phase [ consisted of spproximately one day of simultaneous
steam and chemical spray followed by a S-day exposure to & steamn environment, Both
temperature profiles closely followed the PWR temperature profile recommended by IEEE
323-1974, Appendix A (Ref. 11} Saturated steam conditions were maintained throughout
both ¢t phases. In Phase [, the terminal blocks were connected in an alternating pole
ine. similar to the wiring scheme used in Industry qualification tests (Figure 1). In

M. the terminal blocks were connected In a configuration more representative of
actusl plant connections with one pole powered and the two adjacent poles and ground
plate monitored for leakage currents (Pigure 2). One terminal block in the Phase [I test
was connected to a pressure transmitter in a circult configuration representative of a
plant transmitter circuit This transmitter circult was included to validate the results
obtained from the other circults and to confirm the analysis of the effects of terminal
block degradation on low power circults. Flgure 3 shows the transmitter circull wiring
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The terminal blocks were powered at voltages typical of in-plant applications: 4 vde

Iy;.irll of RTD circults (Phase 1 only), 45 Vdc typical of instrumentation circults, and

12§ Vdc typical of control circuits. The terminal-to-terminal leakage currents were

._r»d u both Phase | and Phase Il tests, and the terminal-to-ground leakage currents

e‘ in the Phase II tests. The data 'was acquired at discrete time steps by

The time interval between successive measurements varied depending on

| activity being conducted. For example, during steam ramps or other

.'r*'_vr. 1§ was accomplished as rapidly as possible (about cvery 6 seconds

s of steady state conditions, the monitoring interval was lengthened to

on '.?'s dats, insulation resistances were calculated for each leakage

u:Y ’vn...i ck. Four channels of leakage current data were monitored
sly by strip ”m recorders throughout the test

Surface leal ! s through conducting surface molsture fllms are
mechanism by which : al blocks contridbute to instrumentation and
degradation. Durin ar tcsu, the formaticn of surface films reduced lrs...vm
resistance to 104 to 10° ohms from initisl values of 10% to 100 ohms Flgures 4
and 5 {llustrate nges in insulation resistance for both Phase | and 11 at varlous
LOCA temp ¢ ons, At 45 Vdc, leakage currents were on the order of 0.1 to
(¢ mA These values are sufficiently large to affect 4 to 20 mA Instrumentation clreuits
by 0.2 to 170 perceat & nominal effect of 0.5 to 4¢ pewem 4 tre mid-range of
instrument output ¢, insulation resistance was 5x10° to 7x104 ohms, values
which are sufficiently low to affect RTD measurements by 0.2 to § percent. At 125 Vde,
the IR wvalues were comparable to the 45 Vdc wvalues and were at times slightly

pproximately 1/2 to | order of magnitude) higher. We experienced one open failure
where the leakage currents increased over a 90-minute period to values which caused *he
12 AWG wire supplying power to the terminal block to separate and open the circuit. Th
separation o curred at the terminal block-wire Jjunction

v
-
rey

Duiing the periods of cooldown to 95°C and the post-test ambilent temperature
eriod, the insulation resistance values increased to 10° to 108 ohms bv* not to the
re-test values of 108 to 1010 ohms. This behavior (llustrates three points {rst, the
milarity between coocldown and post-test IR values indicates that the same conduction
mechanism is probably occurring during these perinds; second, IR recovery to higher

alues after exposure indicates that a transient phenomenon ls responsible for the low IR
values during the steam exposure; and third, that some permanent degradation of the
terminal block insulation resistance occurs. A conductive moisture film is the most
probable explanation for the transient phenomenon. During ccoldown periods, the residual
l\cn of the terminil block will keep Its temperature higher than the surroundin

stmospheric temperature. Since the surface film will be close to the terminal block

emperature, its vapor pressure will exceed the surrounding atmosphere's pressure,
:cus‘.ng the film to vaporize. In the post-test case, the same phenomenon occurs until the
term!ml 1o cks cool to ambient temperature. Then the normal relative humidity regim
takes over. The permanent degradation of the terminal block IR may have been caused by
carbor Jz;:‘.: of the terminal block surface or other organic materials in the vicinity, or
by resiiues Of semiconducting mediums such as cadmium sulfide. Post-test chemical
analysin of three Phase [I terminal blocks showed the presence of both cadmium sulfide
deposits and carbonaceous residues in a graphite- like structure,

There was & noticeable dependence of IR on temperature. The IR's at temperatures
less than 110°C tended to be 1/ to 2 orders of magnitude greater than [R's at
temperstures greater than 110°C. The improvement in the 95°C values can be attributed

to the vaporization of the molsture film; however, the values at the iong 105°C sosk




periods cannot. This result is in agreement with the findings of Reference 9 and the
theory of electrolytic conduction (Ref. 12) which indicate increased conductivity with
increased temperature

Since saturated steam conditions were maintained throughout the test, the
temperature dependernce could also nave been interpreted as & pressure dependence
Pressure per se, though, is not the governing parameter in fim conduction, but it is
important in determining the conditions necessary for flilm formation If & system |s
superheated, and at equilibrium, films will not form and the performance of the terminal
lock will be relatively good Similarly, if the terminal block is above th dew point in an
alt environment, the same condition will exist. Alternately, if the terminal block
temperature is below the dew point in an alr environment, or if films have formed due to
s cool terminal block being surrounded with steam and the system remains at saturation,
fllms will form and remain on the surface of terminal block. These latter conditions are
the situstions that would nominally exist in a LOCA accldent

1448

During the chemical spray periods of the Phase I tests, no effect of the chemical
spray was observed This finding was somewhat surprising since we expecied the chemical
spray tv ent r the condult, penetrate down through the conduit-cable interstitial space,
and drip onto the terminal blocks. This process would introduce Nat* and OH" lons to
the surface film and thus enhance the fllm conduction. However, for our experimental
configuration, this method of spray eniry was apparently not operable. We also checked
whether or not the steam in-rush would carry spray droplets to the terminal blocks by
turning on the spray shortly before reintroducing steam into the chamber for the second
stearmn ramp. Agein, the results were negative, We conclude, therefore, that for our
experimental configuration the NEMA-4 enclosures with unsealed condult entries and 1/4"
weep holes adequately protect the terminal blocks from the effects of chemical spray
This result corroborstes the findings in Ref. ¢

4.C Exsmples of Possible Terminal Block Rffects

g__‘;_Wm'f_r_l_g;gjr_.,ggg‘q;_h_c_}g_ggu_}, A pressure transmitter typically operates as & 4-20 mA
device. At zero pressure 4 mA is allowed to flow in the circult, at full pressure 20 mA is
allowed to flow in the circuit. The key word here is "allowed”, A transmitter essenticlly
functions as a variable resistor in the circul, imiting the amount of current f. ing in its
branch of the circult to a value proportional to the input pressure; it is nol current
source. This characterization is extremely simplified, but it captures the o:_.ace of
clreult behavior and permits terminal block effects to be analyzed. Figure 6 shows how 2

transmitter might typically be connected in an actual plant application.

The transmitter will operate correctly as long as the voltage remains in a specified
range. For exsmple, & typical transmitter will operate to specification as long as the
oltage across the transmitter terminals remains between 15 and 50 Vdc. The loop
ces' stance external to the transmitter (from the current-to-voltage amplifiers, the cable,
and the other external resistanues) also may vary over & specified range depending on the
voltuge supplied to the tr nsmitter. For a typical transmitter, {f the power supply voltege
s 45 Vdc, the external loop resistance may vary between 350 and 1500 ohms. Note from
Pigure 4 that the potent! | across the transmitter, &Vp, is essentlally the potential
across the terminal block and therefore would be the driving potential for any terminal
tlock leakapge current. AVy can be expressed in terms of the normally constant
power supply voltage, Vg ond the voltage drop, &V, across the external loop
resistance, R,:




terminel

where Rpp Is the insulation resistance of th erminal block. The total loop current
which will be observed in the control room the transmitter signal will be the sum of the
*

transmitter output current, I, he terminal block leakage current

'
i

Leitaely

ormal conditions, Irg will be zero or negligibly small compared to Iy
under accident condition, TE ¢an become a sizable fraction of IT) and
becomes a sizable portion of the total loop current sense by control room
The error, ¢ in the signal will simply be the ratio of the terminal block

That is,

r
L

-&n express e in terms of Vg, Ry, Ryp, and Iy

Figure 7 shows a plot of the sigrei erior as a function of transmitter ou
values of V4, R,, and several assun.zd va ues o RTg.

ite significant when the terminal block leakage current
approsches the values of the transmitter signal or equivalently, when the terminal block
IR approaches the values of transmitter input impedance. At 45 Vdec, the transmitter
input impedance will vary from apjr~ximately 2 to 10 Kohms as its output varies from 20
to 4 mA. Hence, the terminal block may be viewe! as a resistor in paralle] with the
transmitter and, as such, arts as & current divider. Plgure 8 shows the current trace of
total clrcult current as a function of time for the terminal block connected in the
transmitter clrcult during our test. For the period of time covered by the plot, the

-~
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he errors can be qu
¥
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transmitter was opersting at ~4 mA base signal level, Clearly, the total circuit current
observed is in agreement with the sbove analysis. Also visible is the return to the
transmitter base current level during the cooldown period where the fllm vaporizes from
the terminal block surface.

To (llustrate the impact of these errors, suppose that the transmitter in question
was 8 DATTOW range reactor coolsnt system (RCS) pressure monitor calibrated from 1700
to 2500 psi. Thus, each milliampere of signal corresponds to & 50 psi increment in
pressure. The sensed pressure will be based on the total loop current, ly. Assuming
everything else in the circult works perfectly, Pigure 9 sh s the readouts that would be
observed in the control room for Vy = 45 Vdc, Re» VO ohms, and Rtp = 10,000
ohms. Note that the minimum reading is 1886 pel at th: minimum transmitter current
level of 4 mA.

One of the uses for narrow range pressure monitor is an actuation signal for high
pressure injection (HPD. A common set point would be 1750 psi which is less than the
minimum reading of 1886 psi caused by the summing of the 4 mA base current signal of
the transmitter sand the terminal block leakage current. The result is that actustion of
HP! by low RCS pressure would not be sutomatically accomplished, and another means of
actustion would have to be implemented. This type of error would also affect the
pressure readings observed by the operator. Not only would the readings themselves be in
error, the operator would be faced with a discrepancy in readings between narrow and
wide range gauges.

4.2 RTD Circuit. RTD circults are low voltage, low current circuits. They are not,
however, immune to the effects of terminal blocks. An RTD circuit typically oparates at
4 Vdc or less with currents in the range of 1 mA or less. The resistance in a typical RTD
might vary from 300 ohms to $00 ohms over the full temperature range of the RTD.
Figure 10 shows in a very simplified block form how an RTD circult will look using s
terminal block to connect the RTD to the remainder of the circuit. The IR of the
terminal block is a parallel connection with the RTD resistance. Hence, the bridge or
constant current circuit used to sense the resistance of the RTD is actually sensing the
affective resistance, Ropg of this parallel combination. Regg is simply:

eff R T8t RRTD
and the fractional error e is:
AR k. CRPENL. <
RpTD Rrp* Rprp

For s typical 300-ohm RID which varies in resistance from 200 to 480 chms over Its
temperature range, & terminal block resistance of 10,000 ohms Introduces an error in
messured resistance of 2.0% at the low end of the calibration and an error of 4.6% at the
high end. Figure 11 show? the two bounding curves of percent error in measvred
resistance for a commonly used 200-ohm RTD as a funition of terminal block insulation
resistance. For san RCS temperature monitor calibrated from 200°F to 750°F thesc
resistance errors transiate to a 7°F error at the low end and a 43°F error at the high =nd.
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Since the parall”' “onnection will mak« the measured resistance less than the actual RTD

resistance, these .cmperature differences will always be on the non-conservetive side
That is, the readout temperature will always be less than the actual temperature. Such an
tror may be significant in determining tl.e degree of subcooling in reactor coolant. If the
actual temperature .. 640°F, an RTD calibrated as assumed n‘»"ve should have a
resistance of 42 at that temperature. A terminal block on resistance of

i
10 000
v

st
AV

00 chms \w.‘.l'ﬂ an effective resistance of 407 ohms or a tem .,eu'-‘:e readout of
606°F. Thus the ieyr'r of subcooling seen would be 34°F greater than what actually
existed. If high pressure injection was maintaining RCS pressure at 1800 psia, (saturation
temperature 631°F) an operator looking at 606°F would assume he has 15°F subcoolin
whereas in sctuality the temperature © 0°F would mean that the coolant {s vapor
Thus, even relatively large terminal bdloc¢ 's (e.g 0,000 ohms compared to 424 ohms
for the RTD) can have a significant impact on the percelved conditions in the plant

a

have tested terminal blocks st voltage levels representative of common
tions in & simulated LOCA environment and measured their insulation resistances
the test. We observed insulation resistance decreasing to 104 to 10° ohms
values of 10% to 10!0 ohms. These IR wvalues are sufficiently low to
{impedance instrumentation clrcuits by 0.2 to 170 percent with a nominal
tc dt percent at the mid-range of instrument output. At 4 Vdc, insulation
to 7x10% ohms, values which are sufficiently iow to affect RTD
ts by 0.3 to 8 percent. Depending on the RTD calibration, this

much as & 40°F error in indicated temperature

experimental conflguration, the NEMA-4 enclosures with 1/4" diameter

holes in the bottom and unsealed condult entrances adegquately protected the blocks
from the effects of chemical spray. The NEMA-4 enclosures, however, d» not offer any
protection from the steam environment

{llustrations of ‘ 181 circult and the RTD circuit highlight the

onsidering )Pl tinone in termining whether or not terminal block

e will be adequate. Qualification tests have the objective of demonstrating

cified environments the component being qualified will acceptadbly perform

Acceptance criterla should reflect this acceptable performance level. In the

case of terminal blocks, however, the acceptable performance level varles with the

application and hence the acceptance criteria should vary. Thus, it becomes important

that a blanket, single pf»Lr.L acceptance criterion not be used, but rather data be p~ vided

on performance so that analysis of the effect on a particular spplication can be made

Alternately, '* » single- p-:‘.n' acceptance criterion {s used, then it should be germane to

the intended application. Acceptance criterla based on the failure of « 1 A fuse do not

ovide information about leakage currents less than 1 A. As we have shown, small
euh;e urrents do exist, and may be significant to some spplications
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Section 2

The Common
Failure Problem _|

Since the common failure problem 1s at the root of concern for equipment aging, an
effort will be made to define the problem and to clarify the terms used in discussing
it. While the terms common mode failure and common failure mode are used more
or less interchangeably, the phrase ‘commen failure mode’ focuses on the
mechanism (or mode)® which is common to the failure, whereas ‘common mode
failure’ emphasizes the failure due to a common mechanism. It would thus appear
that a common failure mechanism or mode, if undetected or undiscovered, could
lead to a faiiure which would then be described as a common mode failure. A co -
mon failure mode becomes a potential source of common mode failure.

IEEE Std 380./972 defines common failure mode as a *mechanism by which a
single design basis event can cause redunda'.i equipinent to be :roperable.” This
definition could be interpreted as excluding causes which are not design basis
events, therefore excluding causes which would make the equipment inoperable
before the design basis event (DBE). This meaning apparently is not inte. :ded since
several authors — among them Cain (?44), Jolley and Wreathall (662) and Gaugloff
(649) — include causes other than design basis events in their discussion of the common
failure problem. Sore of these authors suggest subclassifications of common failure
mode by distinguiching among various causes. The causes include design inade-
quacie:, manufactaring shortcomings, and age degradation in normal and DBE con-
ditions (344). Gaugloff extends this with an allinclusive listing which encompasses
catastrophic causes. Jolley and Wreathall inake a distinction between internal or in.
trinsic causes and external or extnnsic causes. They include catastrophic conditions
of fire, flood, tornad. and earthquake as extrinsic causes, referring to this kind of
cause as common system faults. Human error is included as a cause of common
failure by both Gaugloff and by Jolley and Wreathall.

The following two features are vsually consiJered essential for fuilures to be
classified as common mode failures:

1. The failures occur in each of two or more redundant paths in a safety system.
2. The failures are related to each other by a common or shared cause, mechan:
ism, stress or other similarity,

*Mechanism is defined as the basic physical cause of failure, such as corrosion or wear Mode is defined
as the manner or methad of failure, such as the opening of a circuit due to corrosion or the seizure of 8
bearing due to weat
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The Common Failure Problem

Jolley and Wreathall state as additional preconditions that the falures must oc-
cur prior to, or at a time when demand could occut, and they must be undetected or
unexpected failures. These are features relating to failures of elements of a system
which together lead to the system failure.

The mechanisms or modes which are common to ths elements can onginate
frc m many «inds of shared similarities. The commonness can occur at any point in
the history of a device, from the original concept through the various steps of logical
design, instrument design, manufacturing, testing, qualification, installation,
checkout, service, and operational stages. Thus, a temporal classification of causes
can be made. At each of these stages the fault peculiar to the stage can occur, be
disccvered and rectified. The common fault of one stage may also be discovered in a
later stage, but then it is often difficult to rectify or eliminate. Each stage appears to
be sufficiently different from the others to menit a subclassification, as suggested in
Table 2-1.

Table 2:1
SUGGESTED COMMON FAILURE MODF TYPES

Type 1. Conceptual or engineenng design error or inadequacy.

Type 2. Manufactunng error, shortcoming or poor practice.

Type 3. Testing or qualification error or omission.

Type 4. Installation error, omission or lack of validation of proper installation.

Type 5. Inservice aging or deterioration due to environmental or operational
stress. Stresses include normal énd abnormal DBE and post DBE
stresses.

Type 6. Operational misuse. This includes human errors of commission or omis-
sion.

Countless examples, either discovered or suspected, could be given for each of
the common failure mode types listed in Table 2-1. That many (and perhaps most) or
these faults have been detected, corrected or circumvented by good engineering
practice, thoroughness of review, diversity of design, physical separation, inspection,
and administrative controls, is a tribute to he integrity and competer.ce of those
charged with the responsibility of performance and safety. All of the problems,
however, have not been solved.

The purpose of the material covered in this report is directed toward, and
peripheral to, common failure mechanisms ur modes primarily of Type 5 and related
to Type 3. Failures of Type 5, it is hoped, will be more readily recognized, evaluited,
and reduced or eliminated by the proper application of accelerated aging procedures
at the Type 3 level.

For few, if any, of the failure types is there an analytical or physical procedure
which will insure that no cause is overlooked. However, there are methods for detec-
tion, discovery and correction of each type of common failure mode listed in Table
2-1. In manufactuning, for example, quality control of various levels of sophistication
is used to insure the production of components and ass»mblies of uniformly high
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EARTHQUAKE EFFECTS DIE OUT MUCH MORE QUICKLY
IN THE WEST THAN IN THE EAST

Isosersmal contours for 1906 San Francisco and 1811 New Madnid earthgquakes (modified from Nutth 1973



{0 OF THE

THF SROUND SHAKING AT A LOCATION CONSISTS

[T:0N OF SEVERAI TYPES OF WAVLS

SUFERPOS

e } | - v
> o
4 "
\ 5 -
. et e
- P b
r
J
987 JuNE u KCRMADE(
» B
| | . i 58
P ! ” i l NORT W
BN i g - i \ 4 km .

} : ﬂjJ?MW*p«huw) gszW*”w*“‘*‘*
| ! SOuUTH
M 00 am
Figure 74 Typral carthquake accelerogram ddapied from b lemen

Richter. W.H_Freeman

tary Sessmology by Charles F
y 1958

and ( ompany . { aopyright



THF FARTHQUAKE ENERGY ARRIVES IN P,

RAYLFIGH (SURFACE) WAVES










WOOKS
Weak plaster

Trees, b

rs. Hanging ob

Iing cracks. Weak
bricks, stones. tiles :
aments—CFK ). Some cracks

Wiler t g hm

i Cwm

h mud. Smal! slides and
banks. Large bells ring. Concrete irr on

to mason— (

damaged, some
General dam

‘ hiftad »
G, Shilted ont

areas sand and




MODIFIED MERCALLI
INTENSITY SCALE GROUND ACCELERATION Ny

] 1
NI SENE——

Vi Vil

Mercalli intensity

J

Gurnberg and Ruxtirer (155%)

Intensity and sacceleration rela

umenn ( 1954 a.d Gutenberg anvd Hacht







EARTHQUAKE STUDIES HAVE BEEN PERFORMED FOR

REGIONS OF THE UNITED STATES
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DAMAG ING [ARTHQUAKES HAVE MANY STRONG MOTION
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SEISMIC QUALIFICATION OF CLASS 1E




TWO EARTHQUAKE LEVELS ARE PRESCRIBED AT EACH SITE FOR DESIGN AND
QUALIFICATION PURPOSES

THE OPERATING BASIS EARTHQUAKE (0BE)

THE MAXIMUM EARTHQUAKE TO BE KEASONABLY EXPECTED LURING THE LIFE
OF THE PLANT. PLANT SHOULD BE CAPABLE OF CONTINUED OPERATION
FOLLOWING AN OBE. < » e yeu wi. (d ayzect within 89 4,

THE SAFE SHUTDOWN EARTHQUAKE

THE MAXIMUM PLAUSIBLE EARTHQUAKE AT THE SITE. DAMAGE
EXPECTED, BUT COMPONENTS REQUIRED TO BRING PLANT TO SAFE
SHUTDOWN MUST FUNCTION.



THE OBE AND SSE ARE DETERMINISTIC DEFINITIONS

® DERIVED FROM:

LOCAL SEISMIC HISTORICAL RECORD

LOCAL GEOLOGICAL FEATURES (SIZE AND NUMBER OF FAULTS)
DETERMINATION OF LEVELS AND GROUKD MOTION FROM POTENTIAL
EARTHQUAKES

SITE-MATCHED RECORDED EARTHQUAKES

LOCAL SITE CHARACTERISTICS

MM INTENSITY VS. ACCELERATION CORRELATION

® THE OBE AND SSE ARi. SPECIFIED BY A VALUE OF PE/X GROUND
ACCELERATION AND A SPECTRA:

REG. GUIDE 1.60 PROVIDES AN ALLOWABLE SPECTRA, BUT SITE’
SPECIFIC SPECTRA MAY BE DEVELOPED



THE RG. 1.60 SPECTRA WAS DERIVED FROM AN ENSEMBLE
OF RECORDED EARTHQUAKE TIME HISTORIES (BOTH ROCK AND SOIL)
AND IS AN 84% CONFIDENCE LEVEL SPECTRA

1000 »a R

DAMPING FACTOR, %

6 10 20 50 00
FREQUENCY, epn

HORIZONTAL DESIGN RESPONSE SPECTRA —~ SCALED TO 1g HORIZONTAL
GROUND ACCELERATION









SEISMIC QUALIFICATION CAN BE ACHIEVED IN THREE WAYS

ANALYSIS

USED FOR “SIMPLE" STRUCTURES WITH STRUCTURAL FAILURE MODES -
USUALLY THOSE TOO BIG TO TEST (E.G., STEAM GENERATOR).

C  JINED TESTING AND ANALYSIS

RESPONSE TO A FORCED OSCILLATION YIELDS MASS AND STIFFNESS
PROPERTIES, AMD DAMPING CAN BE MEASURED. THEN DYNAMIC
ANALYSIS 1S USED TO CALCULATE CO*"ONENT RESPONSE TO DESIGN
EARTHQUAKES .

TESTING

THE BEST. USUALLY ESSENTIAL FOR FUNCTIONAL (RATHER THAN
STRUCTURAL) FAILURE MODES,
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MOTION IS SPECIFIED IN TERMS OF A RESPONSE SPECTRA

THE RESPONSE SPECTRA MUST REFLECT

e ACTUAL LOCATION IN BUILDING —"““‘-~\\\\\

e AMPLIFICATION AND FILTERING OF GROUND MOTION ™
BY BUILDING L5
o EMBEDMEY

e  SOIL-STRUCTURE INTERACTION
e DESIGN EARTHQUAKE

———
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Unaomped naturo! period T, sec

Fig. 15 Aceolorabou insctre for slastic systoms, 1940 Bl Cantrs sarthqueks




NOTES ON RESPONSE SPECTRA

1T DOES CHARACTERIZE SEVERITY AND FREQUENCY CONTENT OF LOCAL
(+LOOR SLAB) EXCITATION.

IT DOES SPECIFY WHEN A COMPONENT CAN BE CONSIDERED RIGID.

1T DOES NOI SUPPLY THE TIME HISTORY THAT PRODUCED THE SPECTRA.
GIVEN A SPECTRA, MANY TIME HISTORIES CAN BE GENERATED WHICH
CLOSELY MATCH THE SAME SPECTRA.

[T DUES NQOI SPECIFY THE DURATION OF MOTION OF THE TIME HISTORY
THAT PRODUCED THE SPECTRA.



RESPONSE SPECTRA ARE OFTEN GIVEN AS "TRI-PARYITE™ PLOTS

Seectrol velocety S, = per sec

Undomped notural perod T, sec

Fig. 16 Responss spacihn Tor slastic systoms, 1940 Bl Contre sarthquake.



SEISMIC TESTING
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IN GENERAL, THERE ARE THREE TYPES OF QUALIFICATION TESTS

PROOF TESTS

TESTING TO A SPECIFIC LOCATION SPECTRUM FOR A SPECIFIC
APPLICATION.

GENERIC TESTS

THE RRS IS CHOSEN TO ENVELOPE SPECTRA FOR A VARIETY OF
LOCATIONS. MORE HARSH THAN PROOF TEST.

FRAGILITY TESTS

THE EQUIPMENT IS TESTED UNTIL ITS ULTIMATE FUNCTIONAL
CAPACITY 1S DETERMINED.,



ACCELERAMON

70 QUALTFY EQUIPMENT. THE TEST RESPONSE SPECTRUM (TRS) MUST ENVELOP
THE REQUIRED RESPONSE SPECTRUM (RRS)

TUE TRS IS THE SPECTRA OF THE SHAKE TABLE MOTION.

THE DAMPING OF THE TRS, RRS AND THE ACTUAL EQUIPMENT DAMPING

SHALL BE THE SAME.

1

FREQUENCY

RS

RRS

ACCELEPATION

TRS
LS









NORMAL LOADING AND ENVIRONMENT DURING TEST

IEEE-344 REQUIRES TESTS TO BE PERFORMED WITH EQUIPMENT
SUBJECT TO NORMAL OPERATING CONDITIONS (PRESSURE,
ELECTRICAL, MECHANICAL & THERMAL LOADS, ETC.)

GUIDELINES FOR LOADS AND ENVIRONMENT FOR CLASS 1E
ELECTRICAL EQUIPMENT GIVEN IN ITEEE-323-1974.

[F NOT INCLUDED IN TEST, ABSENCE MUST BE JUSTIFIED.
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MONITORING OF TRS AND EQUIPMENT ACCELERATION

4
IEEF-334 REQUIRES SUFFICIENT MONITCRING EQUIPMENT T0
EVALUATE THE TRS AND EQUIPMENT PERFORMANCE BEFORE, DURING
AND AFTER THE TEST,

/
lEEE-Bi“ RECOMMENDS MONITORING ENOUGH POINTS ON THE
EQUIPMENT TO EVALUATE THE METHOD CHOSEN FOR THE TEST.

THE LOCATION OF ALL MONITORING SENSORS SHALL BE
DOCUMENTED.









SINGLE VvS. BIAXIAL VS. TRIAXIAL TESTS

SEISMIC GROUND MOT'ON OCCURS SIMULTANEOUSLY IN ALL
DIRECTIONS IN A RANDOM FASHION. SO IN PRINCIPLE, TEST
INPUT MOTION SHOULD BE IN ALL PRINCIPAL AXES
SIMULTANEQUSLY.

HOWEVER, TWO AXI. TEST FACILITIEC ARE LIMITED, AND THREE
AXIS FACILITIES ALMOST NON-EXISTANT. SO SEVERAL
ALTERNATIVES ARE ALLOWED.

SINGLE AND BIAXIAL TESTS MUST BE APPLTED CONSERVATIVELY
TO ACCOUNT FOR ABSENCE OF MOTION IN ORTHOGONAL DIRECTION.

SINGLE AND BIAXIAL TESTS SHOULD BE APPLIED IN SEVERAL
DIRECTIONS RELATIVE TO EQUIPMENT.






BIAXIAL TESTS

MINIMUM PEQUIREMENT FOR MULTI-AXIAL TESTING IN JEEE-344
IS BIAXIAL WITH SIMULTANEQUS INPUTS IN PRINCIPAL
HORIZONTAL AND VERTICAL AXES.

I¥ INPUTS ARE INDEPENDENT AND RANDOM (COHERENCE LESS THAN
0.3) TEST MUST BE PERFORMED IN TWO STEPS, WITH EQUIPMENT
ROTATED (HORIZONTAL PLANCZ) 90° BETWEEN TESTS. (PREFERRED)

[F INDEPENDENT RANDOM INPUT NOT USED (E.S5., SINGLE
FREQUENCY TESTS) 4 TESTS ARE REQUIRED.






SINGLE FREQUENCY WAVEFORMS

CONTINUOUS SINE , "
LANAY
Vuuu

== CONCENTRATES ENERGY AT ONE FREQUENCY
-= MINIMUM TEST EQUIPMENT

-- DOES NOT EXCITE MULTIPLE MODES

~= MORE AMPLIFICATION THAN SEISMIC EVENI

SINE SWEEP

AAAT ”i”%
-- SAME AS ABOVE SR VIRVRIRT

-- PRODUCES A THORQUGH SEARCH FOR NATURAL FREQUENCIES

SINE BEA]

>« 'ﬂj JAWA A
SVRVRTA

CONCENTRATES ENERGY AT ONE FREQUENCY
MORE TYPICAL OF A SEISMIC EVENT
USED TO MODEL LOW CYCLE FATIGUE EFFECTS

DECAYING SINE

-= SIMILAR TO SINE BEAT Ny e



MULTI-FREQUENCY WAVEFORMS

REAL TIME HISTORY |

I
|
== EXCITES MULTIPLE MODES
-= USUALLY TOO SPECIFIC
== NOT SENERALLY USED
{ ‘! "“

SYNTHESIZED TIME HISTORY l h'#'l v,

' I aﬁm,. "

-~ SAME AS ABOVE
1
KANDOM 1o

-- EASY TO GENERATE

== CLOSELY MATCHES SEISMIC GROUND MOTION
-- EXCITES MULTIPLE MODES

-- MINIMUM DURATION 15 SECONDS

il

COMPLEX[%UMMATION OF DECAYING sxues]

e
-=- (COMPLEX CAN BE MADE TO FIT ODD-SHAPED RESPONSE SPECTRUMS,
BUT DURATION IS NOT REALISTIC.



SOME IMPORTANT QUESTIONS FOR A SEISMIC TEST

IS THE RRS REASONABLE FOR THE INTERNAL EQUIPMENT LOCATICNS? IF
NARROW BAND, IS THERE A JUSTIFICATION? IS DAMPING LEVEL
APPROPRIATE FOR EQUIPMENT BEING TESTED?

1S ITEM TO BE TESTED COMPLETE? ARE APPENDACES OR INTERFACC
CONNECTIONS MISSING?

ARE FUNCTIONAL PARAMETERS AND PERFORMANCE PROPERLY DcFINED?

ARE NORMAL L_OADINGS AND ENVIRONMENT BEING PROPERLY INCLUDED?
ANY MISSING?

1S MOUNTING THE SAME AS FOR SERVICE?

W
IN SEARCHING FOR EQUIPMENT RECOURLRS, HAS WEEY
TEST BEEN USED? OTHER WAVE FORMS MAY NOT BE APPROPRIATE.

ARE OBE TESTS BEING PERFORMED BEFORE SSE TEST?
HAS CONSERVATISM BEEN USED IN DEFINING SINGLE AXIS AND BIAXIAL

TESTS?

g a—— 4,""*F-V“-j

o

Lo Eh T & * z:'m»-“_,«:y 3%



10

11,

CONTINUED

IF A SINGLE T, HAS CROSS- L EEN RULED QUT?

IF BIAXIAL TEST WITH INDEPENDENT INPUT, HAS COHERENCE BETWEEN
INPUTS BEEN CHECKED. KAVE MULTIPLE TESTS WITH EQUIPMENT
ROTATIONS HAVE BEEN PERFORMED,

DOES TRS ENVELOP THE RRS? ARE DAMPING FOR RRS AND TRS THE

SAME?

IS ITS DURATION) APPROPRIATE?

i’y
vad e

o



HYDROGEN BURN CONSIDERATIONS

After the accident at Three Mile 1sland - Unit 2, the issue of hydrogen
produced by chemical reaction between steam and fuel cladding material
received much attention, The original concern was that a hydrogen
deflagration or detonation would produce pressure spikes that would rupture
the contairment., For some reactor designs, it was shown tha. hydrogen burns
would not be a serious threat. For other reactor designs, including Mark
111 BWR's and ice condenser MWR's, hydrogen was shown to be a problem, and
the commission proposed a rule to address the concern. The purpose of this

sec‘tion is to present an overview of some of the aspects of qualifying
equipment for hydrogen burn environments.

Hydrsgen Control Rule

The hydrogen co~trol rule was tentatively approved on December 18, 1984, and
is an amendment to 10 CFR S5¢. It applies to Merk 111 BWwRs and ice condenser
PWRs. (A rule concerning hydroger. contral in large dry PWR containments is
still pending.) The rule requires Mark III BWR and ice condenser PWR
facilities to*

1. provide hydrogen contrsl systems that can handle large ansounts of
hydrogen (One sclution is to ignite the hydrogen before it reaches
concentration levels at which burning cr detonation would threaten
contaimment intearity.)

2. deronstrate the survivability/qualification of containment and
safety systems during and follcowing & hydrogen burn

3. perform and submit analyves concerning hydrogen control and
survivability/qualification of containmment and safety systems.

The rule has many implications; the one of interest here is that some Class
1E equipment may have to be qualified for various hydrogen burn

environments.,

Hydro¢ n Burn Fnviromment

The hydrogen burn environment is different from a typical 1EEE 323 test
profile « that the transient effects of the enviromment are more important,
and the equipment is exposed to higher temperatures for a shorter time. The
typical LOCA envirommental test profile has a 10 second ramp to 34@ F which
is maintained for several hours. A hydrogen burn environment is l.kaly to
see temperature increases on the order of 1008 F with a ramp time of roughly
3@ seconds, but the temperature is not maintained and drops off relatively
rapidly (depending on many factors).

The hydrogen burn environment is vory depeidant on the specific reictor.
Containment size and ceometry as well as how much hydrogen is generated are
very important. Another aspect is how the hydrogen is burned - all in one
relatively high concentration burn or in multiple burns with lower hydrogen
concentrations.

* This information was taken from The NRC Calendar, Volume III, Number 49,




pressure

ol

alled plece







C.mWQL\u A \V\

S vospoya0rS PGV b



The /)\/drojen control fule Fegpures Mark i BSWR

ancl 1ce condenser PwWE  facilities o

/. provde hyclrosen control systems Yhat can handle
lalye amonts ot /\yd/ojen.

2. demenstrate e survivability / ﬁua//(/arlz'an of
containment and satety Systems o’um}r(? and
‘6//&4_)/116 Qa hydfogtn bora

3. perform and svbmit analyscs canzem'}bq hydrogen
control and  svrowability 7 3m//~ﬁ'(-a~h’on =al
contaoc ment and 60*&)‘7' Syshems



—(INED ‘wyeley puv TGOS
Sy E-El:ﬁﬁé ng J00eey Z2-IAL U}
uy speLsyepy oyueluQ jo seur) wial, peyewinsg,, — @y

4008 — 991 — ,.mPe{qo 291,
408y — sisuwifjod

A0Sy — sedug

_ umg uaJoIpAH 2D U
- saumpesadwia), YSTH 27edpuU] S3IPMS U0

——




U - Woys SSUY U P:»TKQX\;\Q Fo AT - OO/

L.

O WD WIOUDY L U2/SU0J ) 2JC SUurK)
/1 v : g —




Y > 0. "%

’

Ve ¢ ,Q\w, 1Y) \~ t*:\;J::rU ..aﬂN 4, Ve *..\QL\ AN ﬂv

) " = w&.l\ # p\Lmr.C\ V\wﬁ\
. /

-
7

-y, ; T p 107 X0 127 ¥ *F

1\..~»N\\ ’ pSod ?\w\ \r\ J \41‘“\. ,\vx, .»rls*; S Al D\\l 4 rt“‘ ‘
/ . E { /3 - N7 f 'y \: 9 \”. XM/ .v X ( w\ *ﬁ.vﬁu‘.\l.\
s / 4 [ W] A \KfL XY - ¢ o/ —*« JK \\* ] < J f r 77
Fn.u I 2iup) 4Voyd . ¥ 0 | \ |

e
- - ....V‘m !
- < -




-

FITS is a "medium-scale”
test facility.

NTS vol:2100 cu.meters
FITS vol:5.6 cu.meters :

LAB SIZE VOL: 0.01 CU. METERS
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:l CONTAINMENT

Yol: 17000-86000 ocu. meters

5 N

Vol: 2100 cu. metlers

£ FITS
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Vol: 6.8 cu. meters
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VOLUME INFLUENCES PULSE DURATION
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QUALITY ASSURANCE AND THE MECHANICS OF QUALIFICATICUN

Introduction:

8o far in this course we have discussed several important
technical issues., These included:

1. Were functional performance requirements adequately
specified and demonstrated during the qualification effort?

2. Were the environmental conditions appropriately
specified and enveloped during Lhe qualification effort?

3., Were the equipmnt interfaces and installation practices
properly tested?

4. What are technical issues _asociated with hydrogen burn
and seismic qualification?

Reguls .ory requirements and guldance assocjated with these
techn.cal issues are defined in 10 CFR 50.49, Reg Guide 1.89,
IEEE Std. 323-1974 and related documents.

We now wish to discuss the question: Was the qualification
program perfeormed in a quality manner? The regulatory
requires2nts and guidance concerning "quality" are contained in
10 CFR 50. App B, Reg Cuide 1.89, and 1EEE Std 323-1974, Our
discussion of "quality" includes several major aspects:

1. First, we will discuss the regulatory qualification
perspective and compar2 it to a different industry
perspective. This will aid your understanding of inspection

experiences.

2. Second, we will discuss different types of inspections.
In a broad way we will consider relevanti issues for an
“inspection of a utility or A/E, for a test laboratory, and

for a manufacturer.

3, Third, we will discuss qualification documentation and
practices requirements, including:

a. The purchase specification
b. Test plan requirements
¢. Test procedure requirements
d. Test documentation requirements
e. The review process
. The certification question



Fifth, NRC requirements assume plant-specific monitoring of
qualification activities., In contrast, until recently, parts of
{ndustry have only performed onsite monitoring of production
activites., This occurs because generic qualification activites
were performed prior to initiation of the purchase order.

Types of Inspectionsa:

There are seviral types of facilities that one may inspect.
We can divide the facilities {nto several major categories,
namely:

1. Facilities that generate qualification requirements and
review qualification submittals to assure that qualification
requirements have been satisfied. This includes utilities,
A/E's, NSSS vendors, and consultants,

2. Facilities that develop test strategy (as expressed in
test plans) to satisfy either plant-specific or generic
qualification requirements., This includes test
laboratories, NSS5 vendors, manufacturers, and consultanis.

3, Facilities that perform qualification tests. Thie
includes testing laboratories, NSSS vendors, and
manufacturers,

There are some broad inspection questions thatl are useful
prodbing questions for each type of facility. These are:

Facilities that generate qualification requirements and review
gualification submittals:

1. Did the A/E specify through purchise orders and other
specifications that quality renuirements aid apply to
vendor gqualification activities?

2. Did the A/E specify through purchase orders and other
specifications the normal and abnormal environmental
parameters to which the safety-related component must be
qualified?

3. Did the A/E specify through purchase orders and other
specifications the performance requirements and
functional accejptance ceriteria to be employed during
qualification testing or analysis?

4. Did the A/E during {ts review of qualification
documentation assure that required performance and
functional acceptance criteria were satisified?

§. Did the A/E during its review of gualification
documentation assure that normal and abnormal
environmental parameters were enveloped or satisfied by
the qualification test parameters?
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Now we want to discuss qualification and documentation
practices requirements, There are three basic concepts required
by 1EEE Std. 323-1974 and 0 CFR 50, App B. These are:

1. The qualification documentation must be in an auditabdle
form that allows verification by competent personnel other
than the qualifiers.

2. Qualification testing is different than research
testing. As a design verification process, qualification
testing requires a pre-test, documented plan that describes
the required tests and provides an auditadble link between
the specifications and the expected test results.

3, The purchaser shall perform reviews and audits to insure
the adequacy of his purchased product.

These three requirements help insure quality i3 an environment
of proprietary technical issues, manufacturing profit motives,
and lack of independent, anonymous peer review, Let us examine
the first two of these concepts further,

Auditability:

Section U of IEEE Std. 323-1974 discusses the issue of
auditability:

"with all qualifization methods, the end result must De
documentation that must demonstrate the equipment's adequacy
to perform its required function. The documentation must be
in a form that allows verification by competent personnel
other than the qualifiers and should contain the performance
requirements, tne qualification method, results, and
justifications."

Section 6.3.1.1 elaborates on auditability during its discussion
fo the test plan:

"The plan should contal) suffinient detail to describe the
required tests and provide an auditable link between the
specifications and the test results. Auditable link means
that the plan ""ould provide proof that the test method used
was adequate, .= this is not always discernable frcm the
test results.”

Section 8 provides documentation requirements. It states:

"The qualificatic~ dlocumentation shzll verify that each Lype
of electric equipment is qualified for its aplication and
meets its specified performance requirements. The basis of
qualification shall be explaiied to show the relationship of
all facets of proof needed to support adequacy of the
complete equipment. Data used to demonstrate the
qualification of the equipent shall be pertinent to the
application and organized 1in auditable form."



IEEE Std. 323-1974 also provides guidance for the contents
of a gualification file. For example, when type testing is the
basis of qualification, the type test data shall contain:

(1) The equipment performance specifics-

tions (Section .2)

(2) ldentification of the specific feature(s)
to be demonstrated by the test
(3) Test plan (Section 6.3.1.1)
(4) Report of test results
The report shall include:

(a) Objective

(b) Equipment tested
(¢) Description of test facility (test setup)
and instrumentation used including calibration

records reference

(d) Test procedures
(e) Test data and accuracy (results)
(f) Summary, conclusions, and recoin-

mendations

(g) Supporting data
(h) Approval signature and date

Test Plans:

IEEE Std. 323-1974 indicates that the first siep in the test
procedure is the preparation of the test plan.

"The plan shculd be compatible with the equipment
specification and shculd contain sufficient detail to
describe the required vLests and provide an audiable link
between the specifications and the test results., Auditable
1ink means that the plan should provide proof that the test
method used was adequate, as this is not always discernable

f >m the test results.”

1EEE Std. 323-1974 provides the following content requirements

for the test plan.

(1) Equipment descriptions

(2) Number (guantity) of units to be tested
(3) Mounting and connection requirements
(4) Aging simulation procedure

(5) The service conditions to be simulated

(6) Performance and environmental variables
to be measured

(7) Test equipment requirements incl dir 4
accuracies

(8) Environmental, operating, and measure-
ment sequence in step-by-step detail

‘¢ Performance limits or failure definition

\ 71 Documentation (Section 8.3)

(11) Statement of nonapplicable portions of
the specification

(12) A descripy on of any conditions pecu-
liar to the equipment which are not covered
above, but whicn would probably affect said

equipment during testing



Pocumentation:

Were the documentation requirements of IEEE $td 323-1974
achieved? Specifically, dces the documentation file include test
plans, test procedures, a list of eguipment using including
sccuracy and calibration information? Does the qualification
file clearly identify all deviations ané noncoriormances? Were
rav data sheets dated and signed by whoever filled in the data?
Does the test plan meet tH~ Ascumentation regquirements of the
gelevant section of IEEE 9747 Are the numb:t of specimens
to be tested clearly ide ed in the test plan?

Does the documentation file show evidence of faiiures that
were ignored in the gqualificatrion report?

Was the documentation reviewed and approved?

Did revisions to test plans and test procedures receive the
game review process as the original?

some Other ISssues:

. Make sure the test plan gives a detailed description of the
test specimen, including its materials, parts and
subcorponents.

. Make sure that all interface and connection details are
provided in the test plan.

. Make sure that the same test specimen is used for all
phases of the test plan.

. Make sure that the test specimen is typical of standard
production items.



INSPECTION QUESTIONS

Let us summarize some questions that could help focus a
thermal aging inspection.

Request a parts list and drawing for the device. Check that
all nor-metallic components of the device are jdentified in the
aging analysis. For those components deemed necessary for
safety-relzted function, make sure they were considered in the
aging analysis. Were self-heating effects accounted for in the
aging analysis? Check the maximum rated temperature for each
component and insure that the aging temperature employed during
accelerated aging is not higher than this temperature. Check
the normal operating temperature given for the device. I8 it
consistent with process fluids or other environments in contact

with the device.

Check a few random activation energy references. Is the
degradation wechanism for the component similar to that measured
for the activation energy analysis? Does supporting data
{ndicate that the measured activation encrgy i8 independent of
temperature or was there a strung temperature dependence? If a
temperature dependence occurred, were the high or low
temperature regimes used to determine the activation ~nergy?
wWhen literature refarences are employed as a basis for
estimating generic activation energies, 1s a list of literature
references supplied? From the range of possible values was the
lowest value chosen as a basis for qualification? Does a test
laboratery or manufacturer consistently employ the same
literature reference for the same generic material? When
analysis is employed to argue component similarity (and hence
qualification by similarity) did the analysis consider component
lifetime as well as component activation energy?

Verify the aging calculation by checking the mathematics.
Make sure that the intended qualified life is clearly stated and
{s ‘consistent with stated maintenance requirements.
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Agin

Objective: to put equipment in its end-of-qualified-life

stat
Thermal Aging
Usually established by Arrhenius plot or

A. rhenius 2guation:

Qeep B3 -4

t} XB % 24,

T = temperature in degrees Kelvin (K)

t = time (any units)

EA = activation enc<rgy

kg = Boltzmann’s constan

How do we determine activation energy?
-=-Put samples in aging ovens at various temperatures.
-~Periodically remove samples and umeasure degradation
in some property (tensile elongation, dielectric
strength, etc.).
-=Choose some "“"standard" of degradation,
the original value, and find ¢ie time to
degradation at each temperature.
-=-Plot log(t) vs 1/T (absc.ute temperature) fo:
chosen endpoint. Other ™"standard" endpoints may
be plotted.
~=Act “vation energy is the slope of the resulting
time Boltzmann’s constant if the line is

1 vVery
linear, indicating the sample degradation is domina

by a first-order cher.'cal reaction.
The Appendix gives values of activation energy for

materials from EPRI NP-1558 and may be used for general
{ A "
guldance.

nany

Example plots ¥~ m Rockbestos) are shown on t

he next two
pages.

Relationship of

-=Activation energy
material life.

Example: A claim
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NOTES FOR TABULATED ACTIVATIOM ENERGIES
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. xample (Rockbestos data): 825 hr @ 150°C, 4300 hr €
136°C, and 12600 hr €121°C all represent the same amount of
elongatio! degradation, i.e. t2 €0t of the origina. value. The
activation energy relates the t.nee different times at
temperatures as wel! as relating similar times/temperatures fcr
any other chLosen amounts of degradation.

End-of-1ife is determined by & criterion which puts a limit
on how much a naterial prope-ty can degrade before the material
would no lsnger be capable of performing its intended
function. Measures Of end-of-1ife for a cable might be when it
can no longer mairtain dielectric strength, when its insulation
tensile elongation has degraded to a value where the cable is
too brittle for handling, or a'.y other criterion one might have
for a given application. The major point is that the
end-rZ-life definition is largely determined Py the

pld . The true measure of end-of-life for nuclear
applications is when a material or device is no longer capehble
of performing its intended function in an accident environment
for the amount of time reguired. However, this criterion is
not generally v~ ' by panufacturers (for practical reasons).
T-e typical approach of a manufacturer is to first determine
some set of service conditions (typically soue enveloping
conditions), the activation energy of the materials invclved,
and the desired qualitied life of the device (uften 40 yr, but
may be less): next, an artificial aging temperature is chosen
pased on experience, mat-rial limitations, and pusacticality:
finaliy, using the Arrhenius equation, th2 artificial aging
time is calculated based on the material with the limitinc
(lowest) activation energy.

why is this apprcach acceptable?

This apprrnach causes the material to be in a condition
requivalent” to if it wer naturally aged in the plant at the
cervice termperature for its desired gualified life. After
other aging, the material ig accident tested and checked for
functionaiity. If it functions, the material must have been at
some point less than or egual to its true end-of-life for the
yiven application, i.e. in a)l probability, mcre aging could
have beer performed cuccessfully. Conversely, if the material
fails, it pay have been overaged and may not be able to meet
the desired qualified life (note that nany other effects,
unrelated to thermal aging, could have caused the failure). 1In
addition, overaging of certain materials in the device might
cause failures as described below.

Since activation energies can vary widely, the aging »f
some parts of the device will be accelerated more than the
agin~ of other parts, causing the former to be aged to much
greater lifetimes tnan the desired gqualified life. 1In some
cases, this overaging can cause failures of the device which
pay not be representative of real life agirg failures.
pDifferent technigues have peen used to limit overaging, with
some examples as follows:



--Preaging of materials that have low activation energy
prior to final assembly of the device with subseguent aging of
the complete device.

--Replacenent of high activation energy materials at an
appropriate time duriny aging so that they will be aged to the
correct qualified life.

NOTE: Most manufactirers do not wish to disturb seals or
gaskets used on a device, which can 1imit the usefulness of the
above methods in some c2ses.

--Selecting a shorter qualified life for the overall

evice, but reguiriny replacement of the subcomponents with the
lowest activation energies at appropriate intervals.

NOTE: It must be emphasized that the abcve does pot imply
that the materials with low activa ion energies are neces.arily
anywhere near their true end-of-life, only that the aging
performed is insufficient to demonstrate & longer gualifi:d
life.

In many cases, none of the above technigues are useu and
the overaged parts are used throughout the rest of the test
segquence.

Other notes on thermal aging:

--Some materials may exhibit non-Arrhenius behavior.

-=10'C rule may also be used, i.e. for every 10°'C rise ir
temperature, tre life decreases by a factor of 2. Hcwever,
this method may be somewhat less precise than the Arrhenius
method, and therefore it 1s used sparingly. It may also be
modifi-d, to say a 7.3°'C rule, based on specific material data.

-=-In some cases, a utility might use a numbe: of different
normal aging environments to cover various operating conditions
of the plant when the temperatures are different. In effect, a
summation procedure is used in ihe calculation of qualified
life and the Arrhenius equation is mcdified slightly. This
approach is often used if the testing done does not support a
gqualified life at some envelc ing temperature.

-=-The DOR Guidelines contain the least strict thermal agirg
recuirements. Section 5.2.4 has been interpreted to mean that
in virtually all cases, analysis and/or separate effects tests
are permissible for thermal life calculations. When thermal
aging was not included in the tesl proygram, there is no real
pasis to define end-of-gualiticd-life in terms of a measurable
parameter. Conseg..ntly, utilities may chc e a definition for
end-of-gqualified life which will res"lt in . iesired qualified
life. 1Ir genera), a basis of belcw 50% retr cion of a given
property would need ¢ood justification.

--The uncertainty associzted with the Arrhenius
~zlculations sould be recognized and understood. For examwple,
censider an aging time of 100 hours, an aging temperature of
130+3°C, an anbient temperature of 50:5°C, and an activation
energy of 1.0:0.1 eV. The range of potential lives from this



data is from 3.52 years to 68.6 ycars! Norrally, the life
should be determined in a conservative fashion, but this
example demonstrates that even slight variations in parameters
can make extreme differer ‘es in gqgualified life. The reason is,
of course, that the exponential in the Arrhenius eguations
greatly magnifies uncertainty.



Aging and Accident Radiation

Normally, the total integrated dose (TID) of radiation
(agirg + accident) is applied at one time using a fixed dose
rate which is much higher than the normal aging dose rate and
may be on the order of the peak accident dose rate. This type
of exposure uses an equal~-dose-equal-danage assumption, meaning
any possible dose rate effects are neglected (except that
pargin might be added tc the TID to account for dose rate
effects).

Applying the total dose at one time at a fixed dose rate is
consistent with IEEE 323-1974 and IEEE 383-1974 (for cakbles).
IEEE 383-1974 does st~ e that the dose rate should be less than
1 Mrad/hr for insulating materials. 10CFR50.45 rpccifically
requires considerati n of dose iate effects vhen establishing
radiation service canditions. The DOR Guidelines do not
require consideration of dnse¢ rate effects.

The following materials have been demonstrated to have some
dose rate cffecg‘;p‘

Ethylene Propylene Rubber (EFR)
Polyvinyl Chloride (FPVC)

Low Density Polyethylene (LDPE,
Chlorosul fonated Polyethylene (Hypalon)
Chloroprene

For these materials irradiated toc a given total dose, the
anount of degradation tends tc increase as the dose rate is
lowered (up tc & point, depending on the given material).

In additisn, 10CFR50.49 and NUREG-05C8, Category I
gqualifications are required to consider synergistic effects
(dose rate effects may be thought of as one type of synergistic
effect). Materi2ls that have been demonstrated to show
significant synergistic effects between thermal and radiation
aging are as folliws:

low Density Polyethylene
rolyvinyl Chloride

For these later two materials, simultaneous radiation and
thermal aging is much more severe than sequential aging.
Radiation followed by thermal is best if sequential le~ting is
employed. both of the ahove materials are in very limited use
inside contuinments and in virtually all cases where they are
used, qualification is to the DOR Guidelines, whicn does not
require consideration of synergistic effects. In these cases,
we have to rely on some sort of maintenance/surveillance to
detect severe degradation. However, we don’t really know vhat
parameters are important in such a program. . Current Sandia
research is addressing this guestion.



peta-Gamma Egvivalence

All regulations support using a gamma source to simulate
both the beta and gamnma radiation. Beta is considered
important for exposed materials (primarily cables). Most
organic paterials other than cables are well shielded from beta
radiation, which has very little penetrating power.

Few significe"t problems have been found in this area.
Even when beta radiation is not wvell addressed in a file, the
utility can usually make valid arguments for neglecting its
effects.

one possible sticky point: taking credit for beta
shielding by a cable jacket when the integrity of the cable
jacket is not verified at the end of the test.

Example: 1In the Rockbestos tests, neoprene jackets were
cracked enough %> see the insulation on the cablies below, but
this is not reported in the Jua ,.ication test report because
Rockbestos does r.ot claim any credit for the jacket. One
utility, not knowing about the cracked jackets, took credit for
the jacket as a beta radiation shield.

operational Aging

--Generally cycle devices a given number of times
Only necessary if some failure mode can be reasonably
postulated pased on cycling. Examples: cables don’t
really need to be «ycled, but solencid valves should
be cycled.

--No major problems known in this area.

Seiszic

--Not covered by environmental qualification.



Accident Simulation
Steanm Exposure and Chemical Spray

All regulations reguire steam testing if equipment is to be
exposed to a steam environment. This is the one area where
even the DOR Guidelines are fairly rigid, stating the
following:

"The choice of qualification method employed for =2
particular application of equipment is largely a matter ol
technical judgement based on such factors as: (1) the severity
of the service conditions; (2) the structural ani material
complexity of the equipment; and (3) the degree of certainty
required in the qualification procedure (i.e. the safety
importance of the equipment function). Based on these
considerations, type testing is the preferred method of
gualification for electrical equipment located inside
containment required to mitigate the conseguences of design
basis events, i.e., Class 1E eguipment... As a mirimum, the
qualification for severe temperature, pressure, and steam
service conditicons for Class 1E eguipment sho.ld be based on
type testing... Exceptions to these general guidelines must be
justified on a case by case basis."

Chermical spray is usua:ly included in the steam test if it
is & realistic service conditions. This is true even in older
tests, although the DOR Guidelines do allow analysis for
chemical spray qualification. Few problems have been found
with qualification for chemical sprays, although some minor
problems rave been identified with facilities performing
testing, prinarily in quality assurance verification that
=prays have been properly determined and mixed. The
approximate conceantrations of chemical reagents to mix IEEE
323-1974 standard che.:~al spray is as follows (IEEE 323-1574
spray often used as & unveloping condition):

17.3 g/l of H,BO,
10.7 g/1 of PaOH

Na,$,0,:-5H,0
: ﬁaaa t% make pH of 10.5 at 77°F

Steam testing is an area where many problems have been
identified:

--Failure to perform a steam test on a configuration
similar to the installed configuration
(similarity/installaticn discussion later).

-~Failure to monitor appropriate functicnal parameters
during the =team test (more discussion later).
--Failure to envelop reguired accident parameters.

Example: Namco limit switche~ were tested with cable leads
in sealed conduit such that no mo.isture could znter the limit
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switch throug!: the conduit.
to use a conduit seal to prevent moisture entry, but ]
not always be used.

re tases, deviations may be successfully justified.

» thermal lag analysis may be used to show that a
yation temperaturc transient not enveloped by the test
sesults in lower peak temperaturses insicuc a device

s the testing performed over a much longer period.

Example: [t is often possible to argue that the
orientation of © device is not important during a steam test,
such as for a pressure transmitter that is essentially sealed
from the steam environment by gaskets or "o"-rings. This
argument would perhaps be more difficult for terminal blocks or

otor operators, whose orientations may be more critical during
testing.

Althcugh failure to envelop required accident parametrers
seems rather straightforward, it ma) be complicated by several
factors. Rarely will a utility have non-énveloping conditions
stated or the SCEW sheet without some analysis of why the
deviat.or is acceptable (see thermal lag analysis exanple
above). However, the important part of the review is to make
goud engineering judgemants of the technical validity of the
arguments presented and to be able to provide apprepriate
gquestions where the argumonts appear weak.

Exanple for discussion: At Oyster Creek, the conduit seals
normally regquired for Namco liwmit switches (see above exampie
on Namcos) were not used outside containment. Upon questioning
the rationale, utility personnel stated that the accident
environnent ¢t the location of the limit switches (193°'F and
100% relative humidity) did not constitute steam service as
define¢ by the DOR Guidelines and hence did not require a steam
test. The walkdown inspection revealed that the limit switches
vere at the lowest point of a run of about five feet of
condui%t. What do you think?




Discussion of Saturated vs. Superheated Steam

Saturated steanm is steam which is at a temperature and
pressure where both liquid and vapor can coexist at
eguilibriup. Some saturated temperature/pressure conditions
are as fclliows:

Terperature (°'F) Pressure (psia)

70 0.365

100 0.950

15C P P b

200 & P

212 14.70

25C 25.82

300 €6.98

350 134.5

Relative humidity is the ratio of the partizl pressu.e of
water vapor to the saturation pressure of the stcam at the
given temperature.

Example: A water vapor‘air mixture has a total piessure of
14.7 psia. What is the relative humidity if the temperature is
100*F and the vapor has a partial pressure of 0.5 psia (..e.
vapor accounts for 0.%f psia of the total pressure and air
accounts for 14.2 psia of the total pressure)?

Solution: The saturation pressure of steam at 100°'F is
0.950 psia. Therefrre, the relative Lumidity is 2.50 / 0.95 x
100% = S53%.

Superheated steam is steam that is at a temperature greater
than the situration temperature at the given partitl pressure
of the steam, or sguivalently at a partial pressure below the
saturation pressure at the 7Iven temperature. In the example
above, at 53% humidity, the environment technically includes
superheatel steam since the partial pressure of the steam
(0.5 psia) is below the saturation pressure at the given
temperature (0.95 psia)! Similarly, subcocled liquid is at a
temperature below the saturation temperature at the given total
pressure (total pressure since the substance is in a liquid
form). An example of a subcooled liguid i1s a glass of water
which is evaporating.

A relative humidity of 100% implies that the environment
includes saturated steam, although at low temperaturer, it is
usually not thought of as such. The reason is that at low
temperatures and 100% humidity, the amount of moisture is much
less than at higher temperatures. The absclute amount of
poisture is directly related to the partial pressure of the
vapor and the preba ility nf condensation is related to the
partial pressure of the vapor and the temperature of the
surface where the moisture might condense. Condensation occurs
if the partial pressure cf the vapor is above the saturation
pressure corresponding to the temperature of the potential
condensation surface. 25



Example: Will condensation ocZcur from a water vapor/air
pixture at 150°'F and 40% humidity onto a surface at 100'F?

Solution: ye partial pressure of the water vapor is the
relative humidity in decimal form times the saturation pressure
of steam at 15C°'F, or 0.40 x 3.722 = 1.5 psia. The saturation
pr.ssure corresponding to the temperature of the poctential
condensing surface is 0.95 psia. Therefore, condensation will
occour.

The theoretical seguence of events which occurs to a
component when steam is dumped into a close? cenpartment (such
as a containpent) is as follows. Tirst, the component. is
usually at a tempe:a“ure below the saturation temperature
corresponding to the resulting partial pressure of the steam
(unless the component has very significant self-heating).
Condersation immediately begins on the surface of the
component. The maximum temperature of this condensed steam is
the saturation temperature of steam at the partial pressure of
the ambient steam. Next, as condensation continues and heat is
transferred to the component from the ambient steam, the
temperature of the component rises until it reaches at least
the temperature of the environment. The temperature may
increase further iif the device generates any internal heat.
Finally, at this point, one of two situations occurs: if the
device has self heating, it w.ll eventually cause the collected
poisture to evaporate; if not, an eguilibrium will be attained
with ligquid on the device in eguilibrium with the surrounding
environment.

In reality, the seguence will not occur exactly as
described above. Many interacting factors will govern exactly
what happens. Some important complicating effects are thos- of
chemical sprays and contamination in the plant (dust, chemic. '
residues, rust, etc.) which will tend to keep more moisture on
equipment.

Hopefully, the above will provide some insights into what a
ngteam" environment really is and some of the very basic
pechanisms of steam behavior.



Post-Accident

The regulations generally require that equipment be
qualified for the time duration that they need to function,
plus margin. The staff position has been that post-accident
acceleration using Arrhenius analysis is normally acceptable as
long as the acceleration is not excessive (not easily defined,
of course). The DOR Guidelines tend to be most permissive in
that they only regquire gqualification up until the time that the
accident conditions have essentially returned to pre-accident
values, and they also specifically allow *nermal aging-type
calculations to justify even shorter tests.

Even though the post-accident acceleration has typically
been deewed acceptiable, there are some assurptions made in the
analysis that are significant and may be non-conservative in
some cases. One example is that using thermal aging analysis
for post-accident qgualification assumes that the only failure
mechanism is thermal age related. This approach discounts
long-term moisture related failures to a large extent, should
they exist.

In general, the transient part of the accident may not be
accelerated or used for acceleration: only the steady state
portion of the post-accident exposure shouid be accelerated.
However, calculations which include credit for the transient
portion of the accident and demonstrate very long pest-accident
qualification are generally not questioned (i.e. where the
steady state portion alone could easily be shown to be
sufficient by itself).

14



sSubpergence

The regulations all support actual submergence testing to
qualify components which may become submerged. Specifying
saturated r*eam durinjy accident testing is generally not
considered dequate for submergence gqualification.

Exanple: A clear case where saturated steanm would be
insufficient is when testing terminal blocks. "Or many
applications, the blocks can be qualified for saturated steam,
but invariably, terminal blocks will fail when submerged.

From a technical standpeint, it should be possible to
qualify some types of equipment for submergence based on
saturated steam testing. Specifically, the following peints
would need to be addressed:

-~The device would have to be sealed from the environment
by design.

-=-The qualification report . clear and
convincing argument that no m 3 into the device.
A simple visual inspection stating that there was no
evidence of mo.sture intrusion wmay not Le sufficient,
although detailed examination results might be more
convincang.

-=-Similar to the above, a valil argument addressing
moisture intrusion from interconnections, such as cables,
conduit seals, and conduit fittings, would be necessary.
--Verificatior tnat the seal materials would not be
degraded by the submerged condition.

o
€
-

Examples for discussion:

.

1) Minco RTDs submergence question

Neutron monitor junction box at Maine Yankee




Functicnal Performpance Reguirements and Data

The regulations require demcnstration that plant functional
performance regquirements have been satisfied for the
envirunments in which the device must operate. Many individual
instances can be cited where utilities have failed to do this,
but they generally fall into one of two categories:

1. The functicnal performance regquirements are not
specified adegquately.

2. The gualification report and EQ file do nct demonstrate
that the functional performance regquirements have been met,
most often during accident condit‘ons.

The first item seems obvious, yet legitimate questions can
be asked such as what are the necessary functional performance
regquirements for a section of cable, which doesn’t necessarily
have an easy answer. Even further, what is the necessary
accuracy for a pressure transmitter used to monitor reactor
coclant pressure following an accident and what is the
technical basis to support the necessary accuracy? 1In general,
the accuracies should be based on assumptions used in
developing the plant safety analysis, but determining the
necessar accuracy for a particular instrument is often
difficu. on this basis.

let’. ieave some space here for notes and get some class
opinions on the subject of determining instrument accuracy.

In general, power and control devices have somewhat more
easily specified performance requirements. For example, a
potor operated vaive may need to "open or close on demand and
remain in the desired position."™ However, one might ask the
following gquestion of a particular test which appeared to
deionstrate the above capability:

--~Does the motor torgque degrade during the accident test?
If so, how much, and does this degrade operability of the valve

16
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in the as installed configuration (e.g. when working fluid
interactions with the valve are considered, coupled with
degraded torque).

As another exauple, a sclenoid valve might have similar
reguirements 2s for the motor operated valve described above.
However, one m.ght fail to consider a specification on
allowable leakage of the valve. How to determine tha allowable
leakage mav be somevhat difficult, but it 3nould be addressed.

Utilities generally use two different approaches to
determine the functioral pe.formance requirements. First,
pased on sometring, they may determine the necessary
reguirements for their applicati .n and then check that a
particular test verifies t’ .t the requirements are met.
Alterns*ively, the demonstrated parameters from testing mav be
evaluated and found to be acceptable. This second method
presents surxewhat of a direct conflict with IEEE 323-7974,
which states in secticon 6.3.1.1 that the test plan should
incluae "(9?) Performance limits or failure definition."
However, the staif position has been to accept this latter
method of demonstrating functional perforsance, largely because
puch testing is done in a generic fashion and in most cases,
the functional performarce requirements are plant spe-ific.

Interconnecting devices, such arc cables, penetrations,
terminal blocks, etc. present unigue cnallenges to defining
funcrional performance requirements. What is it that these
interconnecting devices must do, exactly? They must transmit
current and voltage from one place to another while maintaining
the desired characteristics of the transmitted parameters. The
1irst part, that of transmitting current and voltage from one
place to another, is usually addressed in any reas~mnable
gqualification. The second part is the difficult part. What
parameters need to be measured to determine that the desired
characteristics of the transmitted current and voltage are
maintained? At this point I will defer further discussion to
the specific issues sections.

Once adeguate and complete functional performance
requirements are defined, the second step is to demonstrate
that they are met based on the tests conducted. It is easy to
envision that the most important time, and indeed, often the
most difficult time, for verifying functional perforrance
requirerents is during accident environment application. The
specimen will v-ually be inside a test chamber where it is
largely inacce - ble and the harsh chambr - environment makes
some types of - aitoring difficult. If a qood test was
conduct.ed and ..l the pertinent parameters were measured, it is
straigntforward to compare the specifications to the
demonstrated performance. 1In many cases, however, the
performance data during the accident test is not 100%
complete. The following give some examples of potentially
incomplete data:




-=Al]l parameters were not peasured during the accident
exposure.

--Paiameters were not measured at appropriate times.

-=-The drta presented is inconsistent and thus questionable.
--Parameters were nct measure over the entire spectrum of
instrument operation.

-=At the utility level, the test report may not incluce all
data that was taken during the test.

Thus, it is often necessary to use good engineering
judgement, experience from similar tests, and insights from
other team members to make a determination as to whether the
performance reguirements have been adeguately satisfied.

The individual sections on specific components will provide
pore irsights for component specific functional performance
regui. "ments.

Later, we will discuss the related measurements of
insulation resistance (IR) and leakage currents. At this
peint, we will address the guestion of the relationship between
IR and leakage current. 1In Ohm’s law, V=1 ¢« R, the
resistance R (or IR) is assumed to be a fixed value, as for a
commercial resistor. On the other hand, leakage current I is
directly proporticnal to applied voltage (with R assumed
constant). The apolied voltage is the voltage across the
resistance R and may vary with varying leakage currents. In
the figure below, the voltage applied to *the circuit is 50
vdc. With no leakage current (i.e. R=«<), the voltage applied
across R is 50 V, but with a leakage current in the circuit of
¢ mA, the voltage appliec across R is only 5 V. The
corresponding leakage current if the full 50 V were applied
would be 90 mA, a significant difference. Thus, it is
important to remember that leakage current varies with voltage,
but resistance is generally assumed to be independent of
voltage. It should be mentioned that some valid arguments do
exist to refute that R is independent of voltage, but we will
n2% discuss them here.
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Similarity

All the regulations reguire that qualification be based on
either an identical or similar piece of egquipment. If
gualification is based on a similar piece of equipment, then a
supporting analysis is necessary to demonstrate that the tested
and installed equipment is indeed similar. This is often
necessary since every different model, configuration, and
installatinn cannot be tested practically. Therefore, we have
the question, what constitutes a similar piece of equipment?
The answer, as s0 many times before, is not an easy one.
Similarity may need consideration of form, fit, function,
materials, manufacture, and installaticn. A very important
peint is that similarity depends largely on the application. A
similarity argument essentially must demonstrate that because
one piece of eguipment was successfully tested in some
environment, another piece of different equipment will also
perform its reguired function in another (possibly different)
environment. Consider some examples as follows:

A pressure transmitter with a range of 0-1000 psi is to be
qualified based on testing of a pressure transmitter with a
0-10 psi range. Everything is identical about the
transmitters except that a differcnt stainless steel
bellows is used. The desired quialification environment is
the same as the test environment. Are the units similar?

A limit switch was tested using a conduit seal to

1EEE 323-1974 conditions (including 200 MR radiation). A
plant is using the same limit switch in a radiation only
harsh environment (100 MR maximum), but they did not
install a co Jduit seal. Is the tested switch similar to
the installed switch?

19



A whole family of cables is to be qualified based on
testing of representative samples. wWhich cables should be
chosen as the representative samples? 5See Table 1 in IEEE
181-1974 for suggested selection of representative
samples. In addition, paragraph 1.3 states that
"qualification of on cable may permit extrapolacion of
results to qualify other cables of the same type, with
consideration given to cable dimensions and probable modes
of failure."

A terminal block from cne manufac.urer is to be gqualified
based on testing done on the term nal blocks of two other
manufacturers. All are made of a nonspecific phenolic
material. The testing on the two terminal blocks used the
IEEE 323-1974 suggested profile (340°F for six hours,
etc.). The terminal block to be qualified is used where
the peak environment is 225'F for 4 minutes, Jollowed by a
decrease to 150°F in 30 minutes and return to the ambient
of 90°F after 3 hours. Performance of the tested terminal
blocks was Quite good, about as expected for terminal
blocks in the test environment. Are the blocks similar?

More similarity examples, including discussion of generic
materials similarity, will be included in the specific
component sections.
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Marain

Margin is essentially the difference between the worst case
plant ccnditions and the test conditions. It is applied to
account for uncertainties in the qualification process and for
normal production variations of equipment. IEEE 323-1974 gives
recommended values for wargin and they will not be repeated
here A significant point to address here is that of margin in
one area "compensating" for lack of margin in another area or
in some cases, even lack of enveloping in some areas. My
philosophy is that one needs to look at the gualification
package as a whole and decide whether the package verifies with
reasonable certainty that the egquipment will perform ius
function when required. Thus, my feeling is that some amount
of the above is reascnable. However, some points I would
carefully consider are as follows:

-=-A great deal of margin in one area should be used to get
a much smaller margin in another area.

-=-The area lacking some margin or enveloping should be an
area where known failure modes of the type of egquipment
under consideration are not dominant.

--Knowledge of industry qualification experience with the
egquipment neede to be considered.

-=-When in doubt, consult with others as appropriate, and
when not reasonably sure, err on the conservative side.

Some exanples:

-=-A cable was tested to a demineralized water environment
when it is needed in the plant for a more severe chemical
spray environment. A successful argument might be that the
other parameters are well enveloped, the material the cable
is made of is not typically degraded by the chemicals in
the spray, and that cable failures in gualification testing
are normally unrelated to chenical sprays.

-=-A scolenoid valve was tested to a 300°'F/67 psia saturated
steam environment for 3 hours and is needed at 320°'F/50
psia superheated steam environment for 30 minutes, folliowed
by 30 minutes at 275'F. The above requirements include the
suggested 15'F margin. The solenocid valve was thermally
aged at 350°F for 7 days prior to steam testing. A
successful argument be that the valve was agec at a
temperature well above the necessary steam qualification,
that there is significant time margin in the test (even
though at a reduced temperature level), that the required
pressure was enveloped, that the actual required
temperature (before margin) is only 5°F above the test
temperature, that the actual amount of moisture present is
enveloped, and that the temperature/moisture interaction in
the steam environment is not a major failure mode for
solencid valves. A similar argum~nt might not work so well
if the component were a terminal block used in a.
instrumentation circuit.
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Specific Component Issues
Cables

The following list includes many of the issues identified
for cables:

-~Utility does no* know for sure what cable is installed.
-=Utility does no. have all installed cable on the master
list.
-=-Utility does not have adeguate documentation for
gualification.
~--Similarity inadeguate (includes generic
qualification issues).
--Functional performance inadegquately addressed.
~-Environments not enveloped.

The first two items on the list are related and may be
assessed in two major ways. One way to assess what is
installed vs. what is on the master list is to lock at cable in
the plant that is connected to qualified equipment and verify
that the cable is on the master list (physical inspection
covered elsewhere in the course). In some cases, the cable may
not be field identifiable and it is necessary to rely on the
second method, examining the plant’s gual/“y assurance and
installation records to identify cables., In some cases,
utilities do not know exactly what cable is installed in what
circuits, but they do have an exhaustive list of all cables
which might be installed in gualified circuvits and they have
qualification documentation for all the possibilities.
Obviously, this is the less preferable xethod since any
problems identified with a particular cable (either during an
inspection or at a future time) are much more difficult to deal
with.

The remainder of the list looks very familiar to the itens
in the earlier definition of qualification given earlier.
Cable similarity has been questioned often and in many cases
has not been adeguately demonstrated. Recently manufactured
cable is much less prcne to similarity problems because the
industry has become well aware of the issues involved. The
major problems thus occur with older cables. One of the more
controversial issues has been that of generic raterial
gualification, i.e. trying to gualify one manufacturer’s cable
based on successful testing of a second manufacturer’s cable
made of the "same" material. In some cases, generic
qualification has been accepted to a limited extent, but this
hardly means that the staff position is to accept it blindly as
some in industry, particularly consultants, might imply. Each
case must be carefully evaluated on its own merits. I will
attempt to give some insights into what needs to be considered
in such a qualification because each case is unigue. The
following questions should be kept in mind during a review:

-=-Is the cable inside or outside containment?
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--What are the environmental conditions for the cable?
--What are the typical capabilities of the material under
conside.ation?

--How does the local environment compare with typical
capabilities of cables in general as well as with typical
capabiiities of the particular material?

--What similarity information is available for the tested
vs. installed cables?

--Whot type test data is available for the specific
material?

--How much can margin in ore area compensate for deficiency
in another area?

So far, only one instance of generic material qualification
for inside containment applications (Ft. St. Vrain) has been
accepted, based on special circumstances including virtually no
radiation dose and a relatively short accident environment at
high temperatures. Several additional cases have been accepted
for outside containment based on considerations ¢’ the above.
The above type of anformation should be addressed in the
qualificatior package. AS is apparent, determining the
adeguacy of generic gualification can require experience and
good engineering judgement. When in doubt, consult with others
as necessary.

Many other similarity issues have come up. In general, the
utility should have a certificate of conformance from the
panufacturer with a statement that the cables are identical or
similar to tested cables. If similzrity is claimed, the basis
should be specified and justified, as necessary. An earlier
evample gave information on choosing representative samples
from a family of cables. Thus, a statement from the
manufacturey that the materials and method of construction are
the same as tested cable is generally sufficient for
establishing similarity unless particular concerns are known
for the specific cables. The testing should generally include
samples with the minimum thickness of insulation used in the
plant. Most recent gualifications will meet these criteria.

Example for discussion: Butyl Rubber. Both Big Re=k Point
and Quad Cities have butyl rubber cable installed. Both
qgualifications have been guestioned for various reasons.

Discuss..on:
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Scme difficulty may arise in terminology suc. as if a
utility states, for example, that they have Rockbestos Firewall
111 insulated cable and that testing was also performed on
Rockbestos Firewall III insulated cable. 1In fact, much more
specific information is sometimes necessary to establish
gimilarity. Some information will be given in the specific
product listing for commonly encountered cable products: in
other cases it may be necessary to reguest vendor catalog
information, discuss specifics with the licensee, or consult
with appropriate personnel.

The guestion of adeguately addressing functional
performance for interconnecting devices was mentioned earlier.
The staff position for cables has been different for different
types of cable. For instrumentation cables and
interconnections, the primary parameter of interest is IR data
or leakage current data during the steam/spray simulatic~. The
concern is greatest for devices invelving exposed term. . ls of
any kind, such as terminal blocks. However, the staff position
has been to reguire data for any instrumentation
interconnecting device exposea to harsh steam environments.
Analysis of the effects of degraded IR on instrumentation
circuit accuracies has often been neglected by utilities .n the
past. Two methods may be used to assess the effects: either
determine an acceptable IR for the circuits and verify that it
is met or verify that the measured values are adequate. The
individual sections on specific compcnents will describe the
types of analysis for determining potential accuracy
degradation from interconnecting devices. 1In general, for
nog-coaxial type applications, instrument cable IR of above
10°a for 2 test length of 10-15 ft can be shown to be
acceptable. Coaxial cable applications have special
requirementc and will be discussed in the radiation monitor
section. The major application for coaxial cable inside
containment, other than radiation monitors, is acoustic
monitors for valve position indication. Specific requirements
for these circuits don’t seem to be nearly as severe as for
radiation monitors, but they have never been as extensively
examined: they will not be covered in this material.

Power cable is at the opposite end of applications from
instrument cable. The staff position has been that IR
measurements are not necessary for power cables if a go.ud test
was performed and the cables were loaded with appropriate
current and voltage during the test and satisfactorily passed a
post-test dielectric withstand test. (In some clder
qualification tests, the vithstand test may not be included.)
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Control cable applications, and hence reguirenments, fall
mewhere between power and instrumentation. In scme control
rcuits, IR considerations ray become jmportant, although thi

arely the case. Czble TRs above 1070 for a test length

ft during steam testing are generally sufficient. Fc
itside containment applications, the IR for control
would not fall to low enough values to cause circuit
Hence, 1n sOme cases, a test where IRs were not

peasured has been found acceptable if a good test was perf*r"e:
and the cables were locaded with appropriate current and veo
during the test and satisfactorily passed a post-test
dielectric withstand test. For inside containment
applications, the IR data would generally be reguired. 1In any
case, consideration of the environment the cable is expacted tc
survive in is an important consideration

gosOoO»T0
v1ml‘iqmr1()

O

1 tage

Sevcral specific areas to be aware of are as follows:

-=8Scaling cf IR data. Acceording to physical laws, if th
cable length is increased, its IR decreases. A few
manufacturers report IR data using units of N-1000 ft,
which is the IR of 1000 ft of cable. Most report the IR
for the tested length of cabl:. I% is important to
recognize that the two may easily differ by nearly two
orders of magnitude and that the guidelines mentioned in
the «bove paragraphs refer to tested lengths of cable. 1In
analyzing the effects of degraded IR, the actual installed
cable length needs to be considered relative to the tested

The IR to use ir the calculation is found by as

= IRt s' (length tested / length
ig is given in an 0~1000 ft basis, ther
li he Lsed as the length tested. In actual

e neas red IR is artificially low because of the
fects of penetrations and lead wires. Sandia
ver a limited range which appears to support
n a calculate: value by at least a factor of
g 1s over a lenath of at least a factor of 3.

e

,

parallel e
has data o
increase in
the scalin

Example: A 15 _ft section of cable was tested and had a
nimum IR of leb )« The plant has an installed length o
ft. What be used in the circuit calculations?
Solution: The IR equation gives 5x10% x (15 / 200) =
5 kii. However, the length scaling is greater than a factor
3; thus, the IR may be increased by a factor of 2 tu 75 kn
--Failure modes considered. 1In some cases the utility may
only consider certain fallures resulting from decreased
IR. One common occurrence in consideration of control
circuits is to only determine if the IR is low enough to
cause {uses to open. In fact, there may be other undesired
effects which can occur at much higher IR than that
required to open a fuse, such as spurious indic=tion or
operation. ome ©of these will be discussed in other
sections.,
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-=ULy of post-test IR data in analyses. Where IR
considerations are important, it is imperative that IR data
during steam/spray exposure be used. The IR almost always
recovers sfter removal of the harsh environment (unless &2
failure has occurred).

~«A rule of thumdb is that bulk IR decreases by a factor of
2 1Tor every 10°C increase in temperature wvhen in a
thermal-cnly environment. Decreases at least that large
should be expected during steam testing, with higher values
possible. This rule may often be used as a basis tO assess
wvhether test results are reasonable.

The following list gives scne manufacturer’s product names
along with some information about the product:

-=~Rockbestos Firewall III and Pyrotreol are product names
for chemically cross~linked polyethylene (XLPF) insulation and
may use either a hypalon or a neoprene jacket. Pyrotrol is an
old formulation; Firewall IIi has been produced since Pyrotrol
and has se.c¢ral different formulations, most with a KXL 760
type designation (one old formuiation is KXL 510). The mo=t
recent formulation is KXL 760D and is covered by Rockbestos
test report QR-5804 (a new report Jf testing which the NRC
cleosely followed). Most older formulations are qualified by
utilities using cld test reports (those gquestioned in IN B84-44)
in combination with similarity to tested KXL 760D and possibly
other test reports. 1IN B4-44 a.lows several methods for
dealing with the o0ld guestionable test reports including

performing additional testing, analyzing the old test reports
(to show significant margin to account for poss.ble problems),
or obtaining additional test reports from other sources (some

Sandia testing has been cited). The Firewall 1Tl designation
is alsc used for irradiation XLPE: however, the formulation of
irradiation XLPE has not changed Cvei the years to the best of
our knowledge. A new tcst report, QR-5805, covers all
irradiation XLPE and this testing was also fcollowed by the NRC.

-=Rockbestos Adverse Service Coaxial Cables are availahle
in several different products, the most common being RSS~-6-104
and RSS=6~113., These use two insulations, a radiation XLPE
insulation and a inner insulation, called either LD or LE. The
original (1st generation) coaxial cable was found to not
function satisfactorily above about 230°'F and is supposed to
have been removed from all applications where the temperature
could exceed the thermal linitations. The 2nd generation cable
used a modified kraid angle to prevent the conductor kinking
failures of the 1lst generation cable. Subseguently, the LD
polymer of the 1st and 2nd gereratiun cable was changed to an
LE pelymer and the new cable is designated 3rd generation.
LE formulations were testad successfully and the results are
reported in QR-6802. A similarity analysis was prepared by
Pockbestos to qualify the 2nd generation cable based on the 3rd
generation cables (the 2nd goneration test report is one

The




questioned by IN B4-44). This analysis has been reviewed by
the staff and has been accepted at several plants. Production
dates for the cables are as foilows: 1st generation before
6/8/81, 2nd generation from 8/20/81 to 3/14/83, and ird
generation since 3/15/83.

~=Rockbestos alsoc produces silicone rubber (SR) and
ethylene propylene rubker (EPR) insulated cables which have not
been retesced. Qualification depends on plant specific
applications and analysis within the guidelines of IN B4-44.

-=General Electric $1-57279 is called Vulkene Supreme SIS
and is a XLPE insulated cable. One applicable test report is
§F-C4497-2, a Franklin report of 3/7.. A letter recently seen
at a utility indicated that GE considers standard Vulkene 515,
or §1-57275, to be not gqualified, Thus, it is important to
distinguish between the two, non-similar formulations. The
§1-57275 may possibly be gqualified by other test reports tc
some environments, but GE currently sells only the Vulkene
Supreme for nuclear applications A current guestion under
investigation is what Vulkene cable is used in GE electrical
penetrations produced a number of years ago.

--Boston Insulated Wire (BIW) Bostrad 7E cable is an
ethylene propylene rubber (EPR) insulated and hypalon jacketed
product. Qualification testing is covered by BIW report BIW
15 and an updated version BIW 915A. Both of these reports
have been determined to not support IEEE 323-1974
qualification. See Inspection report $9900283/83~02 for more
details. This test report has been found acceptable for some
applications where the DOR Guidelines apply. Current
infermation indicates that additional testing of the cables has
been performed to qualify them to 10CFR50.49 reguirements.

-=-Samuel Moore (Eaton Corp.) Dekorad is an ethylene
propylene diene monomer (EPDM)/hypulon layered insulation with
a hypalon jacket for instrument applications. Cable testing is
reported in an Isomedix test report of June, 1978. Other
Samuel Moore cables include Polyset (radiation XLPO) and
Elastoset (Flame Retardant EPDM).

--Kerite Corporation high temperature (HT) or high
temperature Kerite (HTK) and a flame retardant (FR) compound
are used in various combinations for insulations and jackets
for power and control cable. Various compinations have been
tested, with the control cable giving low IR values.

--Brand Rex produces a XLPE insulated cable with a hypalon
jacket. Testing is reported in Franklin Reports series
F-C5120- and in report F-C4113 for various applications,
configuration, and types of cables.

--Raychen Flamtrol uses an XLPE insulation and has not been

produced for quite some time. It is used at a number of plants
and qualification should always be to the DOR Guidelines.
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-=Okonite has a number of different products, including
insulaticons/jackets with trade names Okonite (EPR), Okoseal
(PVC), Okcgyuard (EPR), Okozel (mo 3 fied ethylene
7 tetraflucroethylene, or tefzel), Okotherm (s‘;, Okelon

(EPR/hypalon composite), and X-:;ene-FKF (chemically XLPE
Okonite did research testing on many products and supplies
sclected data to customers based on individual needs Some
concern has been noted that only positive results have tee#

given to customers, with no mention of test anomalies oOr
failures on similar or identical cables. The large number of
different cable materials indicates that care should be used tc
ensure similarity of test specimens to installed cables,.

A large number of calle types have been identified at only
one or two utilities and hence must be carefully evaluated on

 a
case by case basis. The following list gives some ©of these
rare manufacturers/types (for nuclear use), but no attempt 1is
made at describing any in detail:
BIW silicone rubber, Galite, Hatfiell, lewis, Simplex
Plastics Wire and Cable Co., Essex, Times W&L, Rome
! {(Cypress), Tensclite, General, Teledyne, Haveg, Essex, and
Harbour

Some of the above may include manufacturers that are

subsidilaries of more comnon manufacturers or names that have
otherwise been obscured
Some more common manufacturers have had name changes o
affiliations which are useful to know. For example, Kkockbestos
was formerly called Cerrco, Continental is a subsidiary of
i Anaconda, and Rome and Cypress are eguivalent,

)
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Electrical Penetration Assemblies (EPA)

- L

fall into categories - similarity, performance requi
and environmental enveloping. However, concerns OvVer
similarity and environmental enveloping have been much

ronounced than for cables. Functional [e‘tr*ran:e has
often been neglected for EPAs, but the regquired analysis
exactly the same as for cables, terml nal blocks, etc. wi
EPA simply another parallel resistance in el ectrical ¢i
since component specific IR effects will be discussed
separately for different devices, they will not be repea
here

As for any othcr -ype of equipment, the problens for EPA
rement

The most significant recent similarity issue has been that
butt splices supplied by GE with F-01 series electrical
netrations. As a result of audit findings at Dresden, CECoO
at wWyle found some failed the test. The
stemmed m GE supplying h);c“~1rs_.ate1
1 vanufacturer, with no specific
actly what was tested nor what
be noted at CECo bel
lifiable and that
ccrse*~a*‘ve
ed the q“aA,fl&ﬂ’
Dresden and yu

- 00
o

One concern that has been identified as a ~esult of Sandia
testing is that electrical failures of D. G. C’E*‘e'
penetrations may occur as result of moisture intrusion. The
moisture barrier, made from a silicone rubber elastonmer, tends
to undergo major dimensional changes when subjected to

load y when also subjected to elevated
Th have been observed to cause danm
llowing moisture
res may be to age
e aging may not be
EPAs should be examined

ge




Terminal Blocks

The genaric issues for terminal blocks parallel those for
other equipment. 1In general, I feel that dimensional
differences, including the shape of the block and the shapes of
convoluted surfaces on the block, are the major factor
governing differences in terminal block performance. The major
factor for terminal block performance is the ability to carry
voltage and current without excessive leazkage currents. The
pajor mechanism for terminal block failure in a steam/chemiral
spray environzent is surface leakage currents and/or surface
breakdown. The major factor governing the leakage currents
seems to be the physical size and detailed shape .f the block.
This information suggests that the materials of construction
have less effect on accident perfcrmance than for other types
of egquipment, as long as severe radiation or thermal
degradation has not occurred. i(n general, phenolics are used
for terminal block construction and they are nct very age
sensitive. Conseguentl,, the major emphasis should be on
accident performance. Similarity evaluation should largely be
based on dimensional considerations which lead to primary
failure modes.

One parti  lar block which has received considerable
attention lately is the Marathon 1500/1600 series blocks. The
two series are giite similar and have been recently tested by
Wyle for CECo to measure leakage currents. The leakage
currents reached about 300 mA at 132 Vac and 135 Vdc for four
terminal blocks including a 1600 series) located below
unsealed conduit entrances to the top of a NEMA-4 enclosure.
The one block (1300 series) not located below the top entrances
gave leakage curcents below 40 mA at similar voltages. The
obvious conclusian is that aiy top entry conduit usage should
be examined carefully and generally discouraged.

The Wyle test has a very subtle, but instructive example of
possible improser monitoring of leakage currents in any test.
In the f.jure on the next page, the value of Pl is adjusted to
give a loop ¢ '~rent of 16 mA during the accident simulation. A
simple calculation gives the required value of Pl as 625 0.
Another simple calculation, assuming a dead short of the
tarminal blrck for circuit 1, gives a loop current of 67.2 mA
as the maximui locp current. The 500 mA fuse included in this
loop 1IN pever open &s a result of leakage currents on the
terminal bl-ck! Fortunately, in this test actual leakage
currents welre wonitored. However, if the actual leakage
currents has not been monitored, this particular circuit would
give no indication whatsocever as to terminal block leakage
currents cduring the accident exposure. This example emphasizes
the need to see accurate and complete documentation of test
apparatus, particularly when leakage currents are claimed to be
monitored via a fuse in the energizing circuit.

In another Wyle test (45603-1) cof the same terminal blocks,
vhen power was applied to test specimens following a power
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outage, the fuses connected to the terminal blocks all opened
In the test, 132 Vac circuits used 12 A fuses, 264 Vac circuits
used 18 A fuses, and 528 Vac circuits used 24 A fuses. At
sther times, the 264 Vac and 528 Vac circuits had fuses open.
The conclusion from the tests was that the blocks wvere not

itable for use in 528 Vac circuits wvhen exposed to the
conditions of the test The opening of the fuses after the
pover outage was attributed to a test anomaly. However, in
scnme plant applications, the same type of sudden powering may
occur, raising the guescion of wvhether similar high transient
leakage currents could occur in plant applications, The
results from the Sandia tests showed the same kind of behavior
wvhen voltage was suddenly applied.

Figure 30 gives an indication of the variation of terminal
block IR with veoltage and temperature noted in Sandia testing.
The applied voltage up to 100 hr was 45 Vac. Note that the
steady state IR is lower at the lower veltage and that the IR
decreased substantially when power was suddenly applied ever
though the temperature had decreased. Figures 56 and 57 give
additicnal ¢»tz which indicates that for terminal blocks, the
IR as a funciion of voltage is difficult to generalize over the
small voltage range tested. A theoretical model developed for
steady state conditions suggests that IR 1s constant up to a
certain voltage (depending on specific parameters of the
meoisture film and terminal block), followed by increased IR at
higher voltage as the moisture film dries out. Transient
conditions are much more difficult .2 predict, but the
experimental data px:v;des two insights consistent with the
steajy state model: (1) vhen veoltage is suddenly applied, a
moisture film has had time to develop (no Joule heating to
evaporate it) and the initial leakage current is high, followed

a reduction in leakage current over time as the leakage
rrent heats and evaporates the film, and (2) when steam |
rst introduced into the environment, whether the block is
e—g*'ed or not, condensation occurs on the block fairly
apidly since the block i1s still at normal ambient temperature
see discussicn of condensation under saturated vs. superheated
steanm). One final thing to note is that, based on the above
discussion, superheated steanm testing of terminal blocks is
generally not adeguate to sinmulate conditions which might
actually be saturated.
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Discussion of Limitorque Testing of Terminal Blocks

i

suitability of var.ious ternluaA blocks, including Marathon 160¢
series, for use in motor power circuits inside motor
cperators. The test ac:eptan:e criteria was that the IR of
unpowered bl <ks must remain higher than the IR of two powered
blocks connected in series which were functionally verified
be capable >f operating a motor. The philosophy of this
strategy has been guestioned as well as the conclusion of

Vil 4

A Limitorgue test (number BO119, was run to determine the
s
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qualification from this test. let’s examine some positive and
negative factors in this test:

Positive:

-=Considering the discussion above the unpowered terum.na
blocks may represent a worst case condition (1.e. maximum
likelihood of film formation) with t IR measurenents readin

sre typicel of wh*t might be exnected in a plant before the
motor operator is poweced.

-=Many tests of terminal bl ocks at lower voltages indicat
that termiral block IR remains sufficiently high for power
circuit applications.

~-Power circuits are very insensitive to reduced IR of

nterconnecting devices.
~The test had two terminal blocks in series in the circu
powering the motor, essentially doubling the possible leakage
currents.

--Terminal block measurements performed at low
be more conservative than those per formed at high Vv
under steady state conditicons since the higher vol

rive the conducting film trom the block

vltages ma
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ge will
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Negative:

Y
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-The terminal blocks were not all p

except during periodic IR measurements
--The low voltage IR measurements give

indication of the terminal block performance at 480
--The test st.ategy of using only IRs as an accep

iterion is technically weak.

-The Wyle test of Marathon 1600 terminal bioO
they should not be used in 480 Vac appl i
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cussion Notes:

There are numeronus additiona’ blocks 1in ;¢ in plants with
a partial list as fnllows:

veidmuller SiK
States ZWM
Marathon 3C0/
GE EB-S/E "2
Curtis L
Amerace
westinghous
Xulka =JJ

1500/1600




the list ¢
terminals.

Testing by Sandia is reported primarily in NU
(data report) and NUREG/CR-3€5]1 (assessment repor
the above statements are cCerived from insights ga
Sandia terminal block testing.

Probably the most significant issue for termin block
that of functicnal performance requirements durirng acciden
testing. 1Ideally, terminal blocks and other interconne-ting
devices should be tested in circuits that are identical in
every respect to wnhat is installed in the plant. Some more
recent terminal block tests have approached this goal
testing with representative loads on the terminal blo
jowever, me testin: has only been on the devices wi
rated lcading and ibly periodic leakage current or I

/3 »ther 1r\ef“ﬂr"e“';ng deviczes, te
r parallel resistance ir the elec
sections will discuss the
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Transmitter

The three ma2ior manufacturers of gqualified pressure arnd
level transmitters are Rosemount, Barton, and Foxboro.
Analysis of functional performance with regard to loop accurac
vill be discussed generically:; specific issues will be
primarily for the Barton transmitters since Sandia has run
tests on then.

Figure 1 shows an sxample of a A-20 mA pressure transmitter

circuit with all interconnecting IRs considered and some
possible worst-case values for each during an accident inside
containment. In this figure, both a splice and a terminal
block are shown inside containment only to show that they are
analyzed in exactly the same fashion. The interconnecting
devices all contribute to the transmitter i1nacduracy in a
parallel fasbion. Clearly, in this circuit, insulation
resistance values of 10’ or above may be neglected since much
lower values are present. The insulation resistance for the
cable is assumed t~ be calculated based on testing of a
ten-foot section of cable with an insulation resistanc o©
£x10” during design basis accident testing. The insulati

»

.
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resistance is then scaled down by a factor equal to the rati
of installed cable length to the test cable length inside the
test chamber. This is clearly taking a conservative approach
to IR scaling since the test chamber penetrations (as well as
srall effect from the external lead wires) 1s included in the
measurements. As mentioned earlier, data at Sandia
(unpublished) indicates that the scaling approach 1in
reasonable, but that for the longest cables tested, a factor
at least 2 higher IR than that predicted by scaling was
typically cobserved (no such credit was assumed in the present
example). A practical approach to scaling might be to choose
reasonable maximum length which could be expected inside a
harsh environment, rather than trying to establish the length
of each cable.

The egquivalent s?unt resistance in Fig. 1 is easily
] as 1.4x10" ohms. The analysis proceeds as
the simplified representation of the circuit i

= - 4

owing only one IR, that of a terminal block
the parallel ~ombination of all other IRs):

A pressure traunsmitier typically operastes with 4-20 mA of current

in
the instrument loop.

At teroc pressure, or the low end of the calibrated
epan, 4 mA is allowed to flow in the circult, at full pressure 20 mA is
sllowed to flow The key word here is "alloved.™ A transmitter
essentially functions s & variable resistor in tae circuit, limiting the
snount of current flowing in its branch of the circuit to a value
proportionsel to the inpvt pressure; it is not a curren: source This
tharscterization is extremely simplified, but it captures the essence of
circult behavior and permits terminai block effects to be analyzed

lgure 8-1 shows how & transmitter might typically be connected in an
sctual plant application




Molee

Pressure Transeittar cospensites Yor
for errora In ¥

Cable shislding net whowr
R1l errers for accident sonditions

Rssuees insulation resistance of

‘.h:,P’J'. Eor 8 1B foot cable section

Efdect o' trangmiiter Figie 3

inciuged In trangeiiier MECUTALY




O"TSIDE CONTAINMENT f INSIDE CONTAINMENT

i
|
i
i

|
4
AVy

S 2
Q:} POWER SUPPLY

-y

|
i

|

i

|

-+

[~ 1 T

i

|

|

|

|

:

|

|

|

F 28

TRANSMITTER

TERMINAL

b BLOCF

arn

AN

READOUT i TO V

ISOLATION
—— AMPLIFIERS

AT 250Q

EACH _ |
i ————

Re

Figure 8-1: CSimplified Sehematic of a Typicel Transmitter Clrcuit in
2 Nuclesar Power Pleant




m-w‘ ;  , [}

The transmitter will operate correztly as long ss he voltape
revains in & specified range For example, o typical transmitter will
operate to specification as long as the voltage across 'bhe transmitter
terminels remaing between 15 and 50 Vdc. The loop resi tence oxteinsl to
the transmitter (from the current-to-voltage amplifier., the cadble, and
the other external resistances) also may vary over a specified range
depending on the voltage supplied to the transmitter For & trpical
transmitter, if the power supply voltage is 45 Vdc, the externsl loog
resistance may vary between 250 and 1,500 ohms Note from Figure 8-1
that the potential scross the transmitter, &Vy, is essentially the
potential eacross the terminal block and therefore would be the drivi:e
potential for sny terminal block leakage current &Vy can be
expressed io terms of the normally constant power supply voltage, V.,
and the voltage drop, AV.. across the external loop resistanc , Ry

AVT - V. - AV.

o 3

&VT . V‘ - RQIL Eq. &-1

where I; 13 the total loop current The leskage current, Igg, 8Cross
., the termina) block is

where Ryp 15 the insulation resistance of the terminal block The

total loop current, which will be observed in the control room as the

transmitter signal, will be the sum of the transmitter output current,
\ I¢, and the terminel block leskage current

Ip = 1gpg + 1g Bg. 8-2

-

Under normel conditions, Iyg will be zero or negligibly small
compared tu Iy However, under sccident conditions, Iyp can become a
sizable fraction of Iy, and Lherefore, becomes s sizable portion of the
total loop current sensed by control room instrumentation The er-or,
in the signel will simply be the ratio of the terminal block leakage
current to the transmitter signal current That is

e,




Using the above equations, we can express e in terms of V
and I«

vl . .017
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analysis gives error in terms of percent of reading.
wvpically, plants use percent of full scale when defining
accuracy. To get error as a percent of full scale, simply
cubstitute the full scale transmitter current for Iy in the
denominator of Eg. 8~3 and 8-4. Some plants might use a
simpler, more conservative approach. Since Ry >> Ry, R
may be ncoglected; similarly, R.ly in Eq. 8~4 may be
neglected. Both of these result in more conservative (larger)
errors. Using eguation 8-4 modified only to give error as a
percent of full scale and using a supply voltage of 50 Vdc, an
egquivalent external resistance of 1 ki, and a transmicter
current of 4 mA (worst case) gives an error of 15.2% of full
scale. (If the more conservative simplifications vere used,
the errcr would be 17.9%). The only remaining problem is that
of calculating the total loop accuracy, which may be
accomplished by several different methods. The most obvious
and most conservative approach would be to simply add the
errors giving #(10+2+15.3)= $27.3% total error. A second
method would be to use the sguare root of the sum of the
squares of the individual errors giving :(10044*234)0' -
+18.4% total error. The disadvantage of this iatter metnhod 1is
tha. it assumes that each error is normally distributed about
the 0% error peoint; in actuality, the leakage current
contribution to the error can only be in the positive
direction. This example is not bi:>d on any specific plant oz
any particular qualification test results--it serves merely as
a demonstration of how the error calculations might De done. A
4-20 mA pressure transmitter circuit was chosen for this
example since it is often a limiting circuit in actual plants
if coaxial and triaxial cable is treated separately.

e

Every egquipme.it qualification circuit in the plant should
be evaluated as indicated above or in some alternative
fashion. From a practical standpoint, a somewhat generic
approach is desirable. One such approach used by a utility was
to establish generic acceptance criteiria for each individual
interconnecting device. The approach might choose a value of
0.1 megohm per device (after insulation resistance has been
scaled for differences betveen tested length and installed
length), coupled with a generic reference showing that the
resulting error is acceptable in plant circuits with the
maximum expected number of interconnecting devices. If any
device exhibits an insulation resistance less than the analyzed
value, a circuit specific analysis would be performed to
determine acceptability of the device.

sandia has perfc. sed testing of Barton mitcers as
reported in NUREG/CR-1863. The salient poin the research

pay be summarized as ollows: 42
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-=The Barton transmitter electronics are
radiation hard, surviving a 400 Mrad total
pmaximum errors around 5%.

-=-The major stress affecting transmitter operation 1s tha
of thermally induced errors resulting from potenticmeter
degradation. Barton has recommended installacion of electric
isolation washers between the potentiometer and housing, wh
appears to reduce thermal effects by treating the symptons
the problen.

-=A potentiometer failure (open circuit) was alsc observed
during testing. Analysis of the pocentiometer indicated tha
corrosion was apparently responsible for the failure with th

C

i
potenticneter lutr;ce' a primary contributor to the corrosi
environnment.

-~=Time at temperature behavior indicated that thermal agi
exposure may actually improve the transmitter’s performance
when s,~;e‘tej to an accident envi:onment.

An additional concern has been identitied with the glan
seals used in the Barton transmitters, with several failure
noted during testing by Westinghouse. The failures are
manifested as moisture and corrosion products getting into the
gland seal and C&dS‘”g corrosion and eventual opening of the
lead wires. Barton has performed additional testing and
analysis to justify tha' the anomalies were test artifacts, but
some doubt still remains that the testing is conclusive for
lengths of cable typically installed in plants. The analysis
has been considered accepted unless additicnal adverse
information is obtained.

One problem
of utilities to
Two cables entra
transmitter and
plastic cap inst
be removed and r

;emount transmitters is the failure
in the &lternate cable entrance.
be provided at oppr~ite ends of the
The othe e usually has a
Ptory. 1. astic cap must
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The only vendor currently known to produce gualified limit
svitches for inside containment, harsh environment usage 1§
Namce. The problems with limit switches have becn primari
the lack of gqualified conduit seals installed on the devices
Some older models of limit switches no longez produced have
isolated instances of other problems and different nodels
limit switches have had some operational problems not related
to qualification.

The need for gualified conduit seals arises from the method
of testing the limit switches: the conduit entrance to the
limit switch had sealed conduit attached and the condui
penetrated the test chamber such that the cable and sw
inter.or were not exposed to the steam environnent.
ct © otential leakage currents

(3
1 n analysis of the poten
solenoid valve circuit

te
itch would be related to false
110 1s ar
cur on

w -
enx
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blocks are commonly installed in 120 Vac end 125 Vdc
contrel ¢ uits for solenoid valves Figure 8-12 is a simplified

schemati swing one possible rolencid valve circuit Before sddressing
the effec blocks, it is important to understand the normal

120 Vac
OR
1258 VYdc

Rrez

SOLENOID
VALYV!E
STATUS
INDICATING S

LAWP

’ STATUS
PANEL
LICGHT

watic for One Possible
Velve Circuit




cperation of this circuit. To begin, assume that the valve (s normally
open and that when energ.ted, it closes. The desired position for
operation is open.

The contects Cl and C2 are control switches in the control room.
These sw. . tches cen be any one of & numbaer of types, but s« common type
might be three position momentary cont. ot switches., Thet is, there (s &
neutral position whicu ie the rest position for the switch, and there are
open and close positions which must be held by an operstor in order for
the switeh to make contact in thet position. Thus, when ar operator
moves Lthe lever Lo open and relesses it, the switches return to the
neutral position. “ sume vnat both Cl and C2 are dparated by Lhe same
lever. 21, 22, 23 and 24 are two position limit switches located on the
valve ftself. L1 end L2 are indicoetor lamps in the control room and
indicate that the valve is net closed and not open, respectively.® § is &
stetus panel light whieh lights when the valve is in the normelly desired
position Tables K-2 and B-3 are the contact development tables for this
cirevit. An "z means that contact is wmade in that switch position.

Teble 8.2
Contact Development Table For Control Switches Cl1 and €2

~««8Switch and Valve FPosition---
Cpen Neytral Close

Cl - X X
c2 - - F

= contact made
« = gontact not made

* The te-ms "not open™ and “"not clos:c ' are used vather than "closed" and
"open™ becsuse that is the true mesning of the lamp. The "not open™
lamp lights when the val  leaves the open position and is thus lit
both while the valve is closing and when it s closed. Similarly the
"not closed™ lamp lights when the velve leaves th! closed position and
is thus 1it both while the vilve is opening and when it is open. 1If
both lamps sre 1lit simulteneo. Ly, then "avt open”™ and “not closed" a1
both true which means that the valso s changing state. If only one
lasp i9 1it, then it means that ‘he valve is either open (“"not closed")
or ¢lot. ' ("not open™).

45




Table 8.3

Contact Development table for Limit gwitches 21, 22, 13, end 24

--------- Velve Position-»- mone"
m.nmnmim-!mn
1 - -
2 ¥ X
3 - po
74 - X

g = contact made
. = contact not made

1f the valve {s open, we see {rom Tables g-2 and 8.3 thet c1, €2,
23, end 14 are npen. only 27 end 13 are closed which means Ll and § are
1it snd the indication is that the valve is open (see footnote on “not
open” end vpot closed”). 1f the operator now wants to close the valve,
he moves the lever for C1 and CZ 0 the “close” positioen. poth C1 end c2
meke contect and, because z1 is still open, power 1% spplied to the valve
vis C2. The valve begins to close; 13 trips open sxtinguishing § and 24
teipy closed lighting L2. Both L1 and L2 are now 1it, end hence we know
the valve is changing positien. 1f the operator relesses the lever
before Lhe valve is fully closed it will return to the full open
(nonenergized) position since 21 is not yet closed and C2 is open when in
the neutrasl position. when the valve resches the fully closed position,
21 and 22 change stete. 11 closes 80 thet when Lhe operator releases the
switeh lever, power Lo the valve will be sfplied through €1 end 1, 22
opens turning L1 of {. The sequence happens in reverse when opening &
closed valve. The operator moves the switch lever to open, thus opening
C1; €7 was slresady open. Power to Lhe valve is lost and it begins to
open. AS it does, Tl and 22 thange state. 121 opens Lo ensure that power
will nct be reapplied when c1 is released to the neutrsl position. 2
closes, lighting L1. When the valve Teaches fully open, 3 and 24 change
state. 23 closes, lighting §, and 14 opens turning L2 off

The dots in Figure §-127 indicete elrcuit nodes which are physicel
junctions to fleld wiring pear the valve. These may Vvery likely be
sdincent termingls o0 € terminasl block. Three possible terminal block
leskage paths have been indiceted on Fijure $-12 by dotted resistors.
Each may have & detrimentel effect on the operation of the solencid
cireuit. TFirst, consider Brpy. ¢ leskage path betweed the always
powered node of 22, 13, end 26, snd the solencid valve. This leskage
path bypasses the valve control switches c1, C2, snd 21. 1. : effect of
this leskage current could be the insdvertent energiting of the valve
when & stean environment quickly envelopes the terminsl block. If Ryp)
is small enough, # leskage current sufficient to power the valve mey

46




oceur. 1f the velve io question is & 17 & watt, d¢ service valve, then
the stesdy state resistonce of the valve s

?

S128
.V. X" = %00 Q

1o sctuslity, becsuse of the finite velue of Repy, the entire
power supply potential will not be dropped scross the solenoid valve.
The sinimum voltage Lo sctuste the valve \s spproximately 90 vdec [49) and
hence the current necesssry for this condition is:

1f st least 90 volts pust arop eccoss the sclenoid velve, then &
mezimus of 35 volts can drap ecross Rygy- Vsing the ©.1 A current
requirement to operate the valve, we see that!

| I .
fers * 312 350 Q

Thus, & transient terminal block insulation resistance of 350 ohms
would cause the valve to close when it was intended to be open. Industry
qualification tests experience leakage currents sufficiently large to
indicate that such low iR velues are possible. Fr-ther, low values of IR
would be most likely to occur under transient conuitions (see Figures 4-6
end 8-3). The question here is whether or not such low values of Tk
would prevall for o period sufficiently long to complete the closing of
the velve. Eandis test results indicate that the answer is pLobably yes,
because solencid sctustion ie falrly rapid and the low values of terminal
block IR prevailed for seconds to minutes after their onset,

Next consider the leskage path designated by Rygp. This path is s
teakage path by limit switch 22 and the net result could be & false
lighting of indicating lamp L1. Anslogous paths, not shown in Figure
8-12, would erroneously light lamps .2 or §. The current and voltage
required to light L1l will undoubtedly vary from design to design, but two
cases might be considered as examples. 1In the first case, the lamp is in
s series connection af shown in Flgure 8-12. A typieal 125 Vde lamp for
such aa application wight require & pinipue of 110 Vdc to operate.[50])
The lanp itself mnight typically have & resistance of 2000 ohms and hence
the current necessary would be:

o R S
ramp * 2000 @ 0.08% A
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Thus the termine)l block insulatics

Apeir this velue of IR is not snressonabdie
though susteined values ol this low level are unii

The second lemp configuratior ould replace t ¢ actual lamps with &
relsy which would turt separately powered lamps on .~ off Thus LY, L2,
and 8§ would be vhe pick-uj coils for Lhese TRiAYS Such relays might
typically have & pick-uj voltege of 75 percent of the rated voltage anc &
coil resistance of 13000 ohms The required current therefore would be

The voltage drop ecross the terminel block could be st most 25% of
12% Vdc or 31 Vdc and hence

Thue., & much larger terminal hlock IR would permit false operatior
of the indicating or status lamps .f they were switched on and off by o
relay Any velue of Regy less thar 4300 ohms would cause the lamps Lo

falsely illuminate for the assumed type of relay

The “inal fault shown in Figure 8-12 is Rygy This peth lesks by
the vilve itself and would cause & problem only if the leakage
became large enough to make the ¢ reult fuse frid For

with & 17.4 watt dc valve energitec and all three lamps slluminated, the
current in the circuit would be

current
the worst caJe

1f the circult were fused ot 10 A, then 9.673 A would have to lesk
around the valve to cause Lhe fuse to i1, With the valve reveining
energited at 125 V, fuse failure would cccur at & terminal block 1k of




this value 19 essentially o desd short;, howeier, If the circult were
fused st 1 A, fuse fallure would occur at o terminal block IR of 18¢
ohms These low IR values are not impossible Lo schieve, but for any
sustained geriod seenm improbabdle Momentary high leskage currents may
cause the fuse to open AL there igh leskage current levels, une

elso be concerned with the power being dissipated by the terminal b

Rub

10CK

and the effect such power dissipation may have oo permanently degrading

the block's surface

Io summary, the sbove discussion indicetes that terminel blocks may
interfere with the proper operstion of & solenoid valve circuit when the
termingl block's insulation resistance decrerses to about the & kohm
Tevel At this value of terminal block 1IE, indicating lamps may falsely

l.4ht depending on how they are wired into the circuit At & fow !

ndred

ohme of insuletion resietance, the valve may falsely energize and at o
few ohms of insuletion resistance the leakage current may be lavge énougt
to fall circuit fuses Being slightly conservative, we may conclude that

et IE values above 5 kohms, terminal blocks probably do not affect
operation of solenoid valve circuits

the
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sstance Temperature Detectors (RTD)

: |

""Ns sre basically simple devices whose resistance varies

% & 1 Y an ©of the temperature the RTD is exposed tc The
¢ t s8ianl cant concern identified for RTDs is failure t¢
! Al ccuracy during exposure to steanm environments.
" i1.4a Hasis does exist to support that calibratior

‘ s after accident testing verifies RTD operability ar
'R effects can be used to determine accuracy during
2nt conditions. This approach has not been considered
.4ly acceptable by the staff. The required accuracy of the
R1D is one important consideration in determining the
acceptability of thie approach as vell as other information

which may be available at a given utility., The staff positior
remains that evaluation should be on a case by case basis with
particular attention paid to acceptance criteria. Sandia
testing of RTDs is reported in NUREG/CR-15%7 and did monitor
functional performance during accident testing. The one model
tested that wvas gqualified by the manufacturer (Rosenount)
performed well. The others, not gualified by the

manufacturers, failed in some cases, primarily due to moisture
intrusion in the RTD head

A second RTD concern is consideration of self-heating
effects on RTD aging. Some RTDs are used to monitor hot fluid
temperatures and may be subject to significant process
heating. A menmo examined at one test lab indicated that the
self~heating «ffect at one plant could increase the service
temperature from 140°'F to 223°'F when monitoring 650'F reactor
coolant. Actual Sandia test data has indicated that the heat
rise may not be quite so bad, but may be on the order of 50'F
or less, depending on plant specific installations.

The following is an analysis of the potential eflects of
leakag® currents on an RTD circuit. Although IR effects on a
4-20 mA circuits typically produce more error than for RTDs.
RTDs may have more stringent accuracy requirements. The
analysis determines fractional error, with the extension to
percent of full scale lef. us an exercise.

An RTD circuit
tes ot 4 Vdc or less with currents in the range of 1 mA or
less The r¢ istance in & typicel RTD might vary (;ow Z00 ohms to 500
ohms over the full temperature range of the tTD: Figure 8-5 shows in .'
vary simplified block form how an !Tp circuit will look using ‘Y(Qrmip.l
block to connect the RID to the remainder of the circuit. The IR of the
terminal block is & parslleld connection with the RID resistuhrc Hence,
the bridge or constant current circusx‘uued to sense the resistance of
the RTD is actuslly sensing the effective resistance, Roep, of this

parsllel combination Repg 1

typically opers




For & typicel ¢ ohw RTD which varies in res (stance from 200 to ] 3¢
ohms over its temparature renge, & termined block resistance cf 10,00€
ohims introduces an error if messured resistance of 2.0% st the low end of
the calibration and an error of 4.6% at the higt end Figure B-6 shows
the two bounding curves of percent error in pessured resislance for »
commonly vsed 200-0hm BTD as & functier of terminal block insulstivr
resistlance Yor an RCS temperature monitor calibrated from 93°C (200°F
to 399°C (750°F) the ¥ Of and &.6% resistance errors translote to & 4°C
(71*F) error at the low &nd and & 24°C (43°F) error st the high ond

Since the parsliel cornection will make the wessured resisiance 1ess Lhar
the sctusl RTD resirtance, the indiceted tempersture will ALNAXS b LOwer
than the sctusl tempersture
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ge Ragdiation Monitors

T'he primary deficiency
been the faillure to meet |
1.97 The GCeneral ATtOmics
Sandia and the
tly The

ndaitions.
HRRM does not
accident enviror b«
~-One failure mechanisn ) 1@ above 18 due to insulatior
resistances of ;rt&vacrrx-x", devices failing to meet the GA
specifications of 1070 each Ic g electrical penetratior
and the other interconnections considered together (for a net
parallel IR of 5x10" i minimum), 1@ industry had not
I lously recognized this
-=A second failure mc low ¢ ates invol
Oown mechanism, postul 0 possibly be galvar
~The operate light on the GA monitor will likel)
during accident conditions, indicating a fault wit
resetting the monitor will allow 1t to coperate
roperly if the dose rate has increased sufficiently.
ithout knowing the detalls of the detector operation,
operators could potentially be misled by the faillure
Andication.
-=The effects of
fairly sinplile techniq

nterconnection IR can be modelled
e, ut the other effect is still s¢
8 an analysis of IR effects

!
) k
unknown The following give
GA HRRM:

We believe that knowledge of the offset voitage
characteristics of the rezcout module’s input operational
amplifier is critical to assessing the loss of accuracy of the
readout module due to insulation resistance effects., To
illustrate the point, an operational amplifier circuit is show!
in Figure 13. In this circuit, under ideal conditiong, all of
the input current is diverted around the input amplifier and
through select feedback elements. Under these conditions, the
nagative terminal of the input amplifier acts as a "virtual"
ground, i{.e. the voltage across the amplifier inputs, V,, is
very nearly at ground potential. The output voltage of the
amplifier must be V., = =A%*V,, wvhere A is the cpen loop
amplifier gain. (The amplifier gain could vary gver a wide
range, but a typical value might be around 2x10%.) The
actual voltage V, 1is "adjusted" by the feedback elements such
that the desired closed loop properties of the output voltage
are achieved. As an exanmple of the voltage at V,, consider
the above open loop amplifier gain and an output voltage of
5.0 V. The resulting voltage V, is easily calculated as
0.025 nV (indeed a "virtual" ground). Any input offset vo
is automatically compensated for by the feedback elene-ts

N
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Figure 13. Block Diagram of Operational Amplifier Circuit.
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the input current is completely controlling the feedback
characteristics. This compensation is manifested as the above
calculated voltage "floating" on the input offset voltage. 1In
the above example, if the input offset voltage were +1 5 mV,
the actual voltage V, would be ~1.5 mV + 0.025 mV = «1.5 mV,

or essentially just the offset voltage (negative offset voltage
since V, is located at the negative amplifier input). 1In

fact, regardless of the amplifier output over a wide range,

', remains at approximately the negative of the offset

voltage as long as the amplifier open loop gain is high.

Next, consider the effect of finite insulation resistance
and nonzero input offset volts  on the circuit of Figure 13,
Finite IR will exist frcm cab , connectors, penetrations, or
other interconnecting devices. The voltage V is nearly at
ground potential (=1.% mV for the case doucrigod above). The
following analysis demonstrates how errors due to IR effects
may be predicted analytically if the input cffset voltage is
xnown. As discussed above, V; is essentially constant over
much of the range of detector currents if the amplifier gain is
high. Thus the input of fset voltage can be easily measured as
the voltage V, with a small input current. For a given
detector, the input offset voltage might be 1.5 mV (Vy = ~1.5
mV). Referrin~ to Figure 13 and summing c¢vrrents at node 1
gives:

I3 + Tget = Iin (1)
with 11 - Vl / Rin" (1) becones:
v
+ I = I (2)
Rins det in
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Equation (5) wvorks quite well for IR effects as has been
verified over a range of values based on experimental Sandia
data. It should be emphasized that this assessnment required
the knowledge of the input offset voltage of the readout module
input operational amplifier. The offset voltaye is a randon
parameter and might typically be within the range of ~3.0 mV tc
+3.0 mV, Consequently, withoul knowing the input coffset
voltage for a given device, neither the magnitud« nor even the
direction of the error 1s predictable. However, given the
manufacturer’s specifications for the input amplifier, bound:
can be put on the IR-~induced errcor as a function of the
detector current and the interconnection insulation resistance
by using egquation (5).

Equation (5) can also be used to give a gualitative
assessment of the readout module’s behavior by considering the
twvo terrs of the equation separately. The first term
represents the loss of signal generated by leakage of detector
cuirrent to ground; the factor in parenthesis is alwvays a
positive quantity less than 1.0. The second term represents
the contribution of the amplifier input cvffset voltage to the
input current and may be either positive or negative. If the
inout offset voltage is positive (as in our case), it causes
additional current to flow intc thié readout input because V
is approximately the negative of the affset voltage and is
below grouid potential, causing current to be drawn from
ground A reverse argumrent holds for a negative offset
veltage, but the result is current drawn from the readout
nodule. In this second case, at low detector currents, the




readout module will tend toward going cff-scale on the low end
(due to both terms). At low detector currents, the second term
of equation (5) tends to control readout behavior, while at
high Cetector currents, the first term tends to control the
behavior. For any given interconnection insulation resistance,
the undesirable effects modelled by equation (5) ave much more
pronounced for the low detector currents (mainly the second
tern of equation (5)).

1+ should be emphasized that the effects modelled by
equation (5) are only IF induced. Another effect, which was
not even positively identified, tended to dominate detector
behavicr at low detector currents. Consequently, analysis
using calculations such as eguation (5) may be of somewhat
limited value.

The other major detector used by the industry (Victoreen)
has not been tested or evaluated as the GA has. Some of the
above concerns may also apply to the Victoreen. The Victoreen
HRRM includes installation reguirements that the cable used be
installed in sealed conduit. This requirement came about from
the numerous difficulties and anomalies that were encountered
in testing of the detector. One piece of information jn the
Victoreen qualification indicates that a loop IR of 10" @ is
sufficiert for detector operation, but no basis is given for
this value. (The CA reguirement also gives no basis, but the
equation developed above can be used to show that the GA
criteria is adeguate if & reasonable worst-case amplifier
offset voltaye is assumed.)
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Appendix B

-

Activation Energies_

B.] TABULATION

B.2 I

energies for a number of matenials and « ponents are tabulate
. As in Appendix D eftort was made to § e an exl
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Activetion Energie

Materal/ Activation

Component /Device Energy eV Citation Remarks

Capacitors, chlonn2*ed 2.00 566 DC hfe Stressed at 1000 volts

diphenyl 0.5% per mil. See Note 14

azobenzene

Capacitors, chlonnated 0.86 180 Dielectnc stressed with dc

diphenyl Kraft paper potential, 10¢ \'/in See Note 14

Capacitors, chlonnated 1.50 180 Dielectric stressed with dc

dipheny! Kraft paper potential, 10¢ V/in. See Note 14

with 0.5% azobenzene

Capacitors, chlorinated 183 180  Dielectric stressed with dc

dipheny) Kraft paper potential, 10¢ V/in. See Note 14.

with 5.0% azobenzene

Capacitot, dielectnc, 242 717 10% capacitance increase. See

tubular paper Note 14,

Capacitors, metalized 1.32 180  Life defined as time required to

paper regain onginal value of
capacitance after initial increase.
See Note 14,

Capacitors, titanium- 009 466  Formed by anodization. Tests

titanium dioxide, thin with rate of temnerature nse ap-

fim. @ 25°C-100°C proximately 2'/2°C/min.

Choseal (Chomenc Inc.) 1.04 765  Determined by thermogravi-

(Silver filled conductive metnc analysis. Heating rate of

silicone) 10°C per minute.

Connectors: Thin gold D=0, exp (¢/kT), where D=

(25-1004) electroplated chemical interdiffusion coef-

over copper base matenal ficient and D, & 1.5 x 10° emi/s,

(250°C - 750°C) 1.02 433 Predominant degradation
( 50°C - 250°C) 0.50 433 mechanism 1s defect diffusion

along grain boundanes and
dislocation pipes — dependent
vpon defect density.

Dacron, Parachute 115 765  Determined by thermogravi-

matenal (polyethylene metnic analysis. Heating rate of

glycol terephthalate, see 2°C per minute

see Ref. 124)

Diallyphthalate, glass 1.04 765  Determined by thermograsi-

filled metric analysis. Heating rate of
10°C per minute.

Diodes, Si

- general 113277 340

Diodes, Si (= 1960) 1.14 340

B3




retent

strengt! }1

g

75% retention of

strength. See Note

5% retention of flexura
.{r(rr':" S({ \ e }4

See Note 14




actngtion Lagrges

Material/ Actination

Component Device Enetgy eV)  Citation Remarks

Epoxy, Grade 2000 ).24 1026  S0% retention of dielectnc
strength (Hooker Corp ) See
Note 14

Epoxy insulation on 09 610  See Notes ] and 1],

magnet wire

Epoxy insulation on 094 610  See Noutes 2 and 1.

magnet wue

Epoxy insulation on 087 610  See Notes 3 and 1).

magnet wire

Epoxy insulation on 0.73 ¢10  See Notes 4 and |).

magnet wire

Epoxy insulation on 0.73 610  See Notes 5 and 1)

magnet wire

Epoxy insulation on 093 610  See Notes € and 1],

magnet wire

Epoxy, unvamished, 067 8§32  See Note 14,

magnet wire

Epoxy, phenolic 0.66 £32  See Note 14,

varmished, magnet wire

Furmvar (Bondege), 1.08 320  See Note 14

cementable insulation

and Andover Corp.

epoxy encapsulant

Formvar, cementable 0.70 320  See Note 14

insulation and epoxy

encapsulant - solenod

coil

Formvar insulation on 1.6] 610  See Notes ) and 1).

magnet wire

Formvar insulation on 0.23 610  See Notes 3 and 11.

magnet wire

Glass, high lead 037 97

Isonel - 175 insulation 0.68 320  Average coll life. See Motes 12

and Acme w8 epoxy and 14,

encapsulant on solenod

coll.

Kraft paper in mineral 139 838  50% of tensile strength. See

oil. Note 14,

Kynar. MILspecification 195 374  See Note 4.

wires






Activation Energies

Materul/ Activation

Component Device Evergy (¢V)  Citation Remarks

Thermaleze *B" (epoxy 1.0 368  See Note 14

polyester film), insulation

magnet wire.

Thermaleze F insulation 1.10 320  See Note 14

and Jones-Dabney epoxy

encapsulant.

Thermalon insulation 042 320  Average coll life. See Notes 12

and 3M 24] epoxy and 14,

encapsulate on solenoid

coil.

Transistors 0.66 123

Transistor, Ge alloyed,

OC 1972 (1964) 1.26 235

(1956) 1.08 235

Transistor, Ge alloy 1.25 670

LT123 (1958)

Transistor, bipolar, 1.65 140

pnpn

Transistors, CMOS 1.18 334  Eyring model.

Transistor, diffused- 0.87 340 Stepstress tests without

geronium moisture getter. Median life.
See Note 14,

Transistor, diffused- 1.24 340  Constant stress tests with

germanium moisture getter Median life,
See Note 14

Transistor, Ge gettered 1.24 340

Transistor, Ge mesa, 1.00 235

AF106 (1969)

Transistor, Ge mesa,

IN559 (1958) 1.17 671

(19%9) 0.95 671

(1960) 1.14 671

Transistor, Ge . ADT,

INSO1 (1958) 1.07 673 MADT = Micro alloy diffused

Ge MADT, 2N501 (1959) 107 674  transistor

Transistor, Ge MAT, 10 673  MAT = Micro alloy transistor

2N393 (1960)

Transistor, Ge MAT, 1.00 673 MAT = Micro alloy transistor

2N393 (1959)

Transistor, Ge ungettered 088 340

Bl
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QUALIFIED EQUIPMENT -~ SPECIFIC EXAMPIL.ES

TERMINAL BLOCKL

LIMIT SWITCHES

SULENOID OPERATED VALVES
TRANSMITTERS

SPLICES AND TERMINATIONS



TYPES

USES
MANUFACTURERS
QUALIFIED MODELS
INSTALLATION
REPORTS

PERFORMANCE REQUIREMENTS

{ ROCINENTS
FAILURE MODES v, ce ae FLECTRICAL, YAULTS

OPERABILITY EVALUATIONS

REPORTS

ANOMALIES/PROBLEMS

131 REPORTS

I0CER 21 ¥
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1&32.
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TER~INAL BLOCKS

TYPES

SOLID OR SECTIONAL ( SEGMENTED)

USFS EERVICE

POWER MOVs

CONTROL SOVs, MOVs, DPISS,
LSs, PSs, TSs

INSTRUMENTS FT,PT,LT,TES

HOW USED - CONNECTING DEVICE LEADS TO
CABLE - TO OTHER CKTs OR EPAs

MANUFACTURERS

INSTALLATION
ENCLOSURES (#.g., NEMA=4)
ORIENTATION
MOUNTING

ADVPNTAGES/DISADVANTAGES

VOLTAGE
480/240VAC

120VAC/12VDC
<S0VDC

FIELD=RUN
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Table 3-1
Compar ison of Sose Industry LOCA Simulations for Terminal flock Qualificetion
Megohmmeter Measurements Length
utilaty/ ™ No . Acceptance {ohma) 1500 vdc unless noted) Special of LOCK
Test La&d i Tested Criteria Powel puring LOCA Poet -LOCA Notes Erposure Mel
pritaceiphia Buchanan ability to carcy 150 vac <sxint 192 to 102 Ine block resoved 14 8 14
Electric/ :104 2 specified current at 12.5 A et 56 véc from teat at 4.9 Phane A
RC* inice 4 specified s.itage. days. Others
removed st varlious
times.
philadeiphis Buchanan Ability to carcy 150 vac <suio® <sxint One TR removed from T4 e
Blwctric/ 28108 3 specified current at 12.% A at S0 vdc at 5@ véc to from test after Phase B
FRC® mecsthon specified voltaae. «Sx10% 3.1 hours.
1608 2 at 50 véc
Gene, ic/ Buchanar maintain potentisl 120 Yec <swint Post -test puring LOCA, lestage 7T 4 s
[N wyBlde i of 120 ¥ snd curtent %A st 10 ¥V to hipot test cerrents were < 200 @A
w812 1 of 2% A. 2xl0i2 to < 5 mA for ell
wBI0SS M et S0C V terminal blocka
w8128 1 together .
OO0 Series ]
Genetic/ narsthon Leakage currants 132 Vac, Mone <sz10% Blew 2% A fuse on 0 4 13
wyie 1805 wC 4 less than 12 A, or 33 A for all S20 ¥ 528 Vac specimens,
(Runteviile) 1500 sucC L] 18 A, o7 24 A. 288 vac, bores Removed from test.
142 NUC “ monitored by fuse. A Blew I® A fuse on
528 vac, 264 Vac specimens .
R Replsced (use and
. cont inued .
Cenecic/ welgmulier s Maintein 600 Vec $08 Vec mone 2.4ni07 to voltege reduced to % he 17
PuC* SAK Types and 20 A with leaksge 20 A 3.5%10% 150 ¥ when spray
current less than 1 A. at 500 véc introduced to

fon’i ared by fuse.

maintain l=akage
current less then | A

eppC = Pramhiin Research Center
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Compar ieon of Some

™™ L Acceptance
= _}U - T . Criteria
waideuller 1 3 Leaksge current
SAK Typonr nponitored by fuse
(same TPe a8 and discreta time
tested by soniioring of
werdmul fer, leakage currents

pet. 3)

gone specified

KiK Secries
Ceramic

SS4 Series
Mulamine

g Series
polyentar
{32 Types]

Lesaxage current
jess than 10 A
monitored by fuse

marstnon
Serien 4000
Sertes 1500

Crereie BY Hone Sp.‘kf:od
Csnch Jones

541
west inghouse

542-247

sarathon 1590

Frankiin fessaich Center

Industry
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LOCA Stsuistione for Tersinal slock

megohmmeter Neasurssents
nms) (500 Vdc unless re

Powert - (»--iln1/L4HA poe
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5. osi0l®

4006 Vac
ah A

wone Reported

phee
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jow
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pigittal
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read 3.8

251010 ¢o
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Summary

pechanism

_W[ai!uze_ﬁoder‘_

Low Voltege surface
aeoaléovn‘

Gross glectrical
Breahdown

{e.g., lov¥
resistance path
YP(DI“O!—[O'
terminal oOf
terminal-to-
base piate

conduct ing path

High voltage breskdown not

included due tO lack ot AV

rable 7-1

of ralliure podes for

potential
_Causes

?ﬂvl!ﬁﬂ!’ﬂ'a: conditions
High Temperature
Humidity/moisture
Contaminante

Vn)a?llO/SQiublo surface
contamination

fradiation

High Leakage Currents
and Surface Tracking

pon-vVolatile sur face
contamination

Thermal and/or
pryolytic pecomposition
of Insulation

structural ralliure

Terminal

Rlocks

plfect/
tynr!nn

contributing
gactors Comment s

Loss of Circuit TemoOrary

Ooperability

voltage Exposure
Time

insulation Type

contaminant
D'pnf"!”h Rate

TempoTary

Agqing
Mormal
Alzo]or-trd

corrosion pPermanent

products
conductive pesidue

Loss of Circult rermanent

operabllity

#igh Temperature

gxposure to

purning

gnvironment

Cracking of purmanent
Iinsulation

grxcensive
Tempe ature

recessive Thersal
shock

vibration

circuits in nucliear applications




_Pailure Node

Gross Elactrical
Bresxcown
{continued)

Leskage Currants

-.lm

Bulk
Breakdown

Summary

Nechanis®

Conducting
pPath
{cont inued )

insujation

surface Conduction

Table 7-1

potentieal
Causes i

gtructural PFallure

{continued)}

Radiation

Moisture Abscrption
Cracking

Surfacs Contamination

gnvironmental

Conditions (e.9.;
High Temperature
Humidity/Moisture,
Ccontaminants)

Radiation

{cont inued)

of Failure Modes for Terminal Blecks

Contributing
Factors

Iimproper
paintenance

Improper
instaliation

Aging

Moisture
Absorption

installation
Practices

Maintenance
Practices

voitage Level

Aging

Acceass for
beta-emitting
isotopes

Effect/
. Sysptos

Spiitting of
insulation and
formation of
conduct ing paths

Low Frequency
Line Nolse

Circuit
Crosstalk

Pxcessive
Power Drain

Blased
Readings on
Instrument
Duiputs

GCross
Preakdown

Comment s

Some leakaqge
will alwvays
occCur The
gquestion i
a matter of
degree
Leakage of

a fevw milli-
.-‘\’f’. -.Y
be detri-
tal to an
instrusen -
tation
circult, but
have no

aef Ject on

a power
circuit .,




Summary of

__Failure Node

Mechanism

sSurface Conduction
{cont inued)}

Leakage Currents
{cont inued)

Separstion of
Conductror

Table 7~}

Pallvrs

®odes for

Potential

Structural

Loose Terminal

Contact

Structural

cCausens

Fallure

Screvse

Corrosion

Fallure

Terminel

{fecont inued)

Blocke

Contributing
Factors

Fxcepnive
Temperature

Pxcennive
Thermal Shock

Vibration

Imsproper
Maintenance

Tmproper

Chemical Reagente

Molsture/
Humidity

Vibration

Thersal Shock

Improper
Maintenance

Improper
Iinstallation

piffarential
Fxpansion

Effact/
__Symptom

Cracking of
insuiation

Installation

Lose of Clrcult
Operabiliity

Cracking of
Conductor




Table 7-1 {continued)

Summary of Fallure Modes for Terminal Blocks

potential contributing gffect/

pechanism ) Causes Factors anrino Comment s

_Railuce Woce

popen Clrcuit Separation of High Leakage Currents
{continued) conductor
(cont inued)
Pailure to Reconnect careless %ain-
Terminals tenance Procedures

tack of Quality
Assurance
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RESPONSE CURVE WITH
| 50 KS2 TERMINAL

CURVE FOR
CORRECTLY
OPERATING
CIRCUIT

ASSUMPTIONS:
Re =1 Kil
Vg=45 Vdc
Ryp=10 Kil
1 1
12 16

INDICATED
PRESSURE 2100
{(psi)

TRANSMITTER QUTPUT (mA)

pemitter Output for =

Function nf Tre
ircult With Terminal

cuit and for a Cc
ance Assumed to De 10 kohms

Indicated Pregsure as 3
Correctly Operating Cir
fat

Figure 5-4:

Block insulation Res
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CONCLUS1ONS

The primsry sapplication of terminal blocks in the nuclear power
industry is instrumentiation and control clrculls

Terminal blocks receive minimel quality sssurance attention in

selection, ingtallation, inspection and maintenance sctivities

Most industircy qualification tests do not continuously monitor
for low level leakage currents during LOCA simulstiou tests of
terminal blocks. Withov! quantitative knowledge of these
leskage currents, sdeque.e analyses of their effects ©.
instrumentation and control circuits cannot be performed

surface moisture films are the most probable cxplanation for
degradation in terminal block performance during exposure to #
steam environment. Becav.se the existence of moisture films is
highly cependent upon eny.ronmental conditions, test
environments must realistically reflect the predominantly
expected accident environments For example, superheated test
conditions may not accurstely represent the terminal blocke’
performance

The use of voltage levels sabove sctusl use conditions in
gualification tests of terminal blocks may be nonconservative
with respect to the messurement of low level leskage currents
which are the primary degradation mode of terminsl blocks

Terminal block leskage currenis in & steam environment may

degrade performance of instrumentation and controd circulits to

an extent sufficient to cause erroneous indicatlions and/or
sctions

Cleening will probably not reduce leskage currents Lo & level
acceptable for most {nstrumentation and control spplications
The large, positive impuct on terminal block performence that
was originally believed to accrue from cleaning was not
observed Further, terminal block leakage currents were not
significently reduced by the applicsation of either of twg
soatings tested




PROBLEM TERMINAL BLOCKS

MARATHON 1600

TEST SUMMARY

PARAMETER
REPORT NO.
DATE
RADIATION
MOUNTING
ENCLOSURE
AGING TEMP
AGING TIME
LOCA TEMP

PEAK TIME
VOLTAGE

FPR/ACPT

RESULTS

OTRERS

LIMITORQUE
B0119

APR B2
2.0EB
UPRIGHT
DUMMY MOV
280°F

300 HR
312°F

30 MIN
250-2.%YDC
MEGeL ®
>300IR

INCONCL

TERs ¥ TN
SucHAVAN
\J?Jf‘f;i RA

WYLE/MARA.
«5603-1
FEB 82
2.0E8
FLAT
NEMA-4
248°F
443 HR
350°F

3 Ha

WYLE/PPsL
45822~00
FEB 87
2.0E8
FLAT
NEMA~-4
248°F
185 HR
360/330°F

3 HR/3 HR

132/264/528 S28VAC
CONTINGDVS WTERwn ¢

12/18/38& FUSE FUSES
-

FAIL

FAIL

¢ find Wit S oo R 10AD
X ponefowi- AL

WYLE/CECO
17657

DEC 83
2.0E8B
FLAT
NEMA-4
248°F
932 HR

345°F

42/135DC/132AC
Convtimauis s

LKG

HIGH LKG

WO EPA (ko )






Test Procedure No. 17657

in approximately 10 seconds

* Ramp 1o 345°F, 55 paig

Tompedstuie

Pace No. V.12
Page No. 10 8 (B1sd) sunsaeug TesSt Report No. 17657
1 !
o p .
-
-

as posaibie snd continue for
270°F

24 howrs
! 345°F @including margin)

** Siart Chemical spray as soon

Return DC
:,/-o«m io 135 VDC
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Typical Radiation Danasge Thresholds and Mazimum Service Temperatures
r Five Insulating Materials Used in Terminal Blocks

Found in U.8. Nuclear Power flants
Insulsting Redintion Damage Service Temperature
Material Threshold (Reads(C)) ‘C (*F)
Phenolice
. . 4 y a10 6.100 (220
gleass filled A0 160-190 (320-3
8 “ P |

celiulose filled 10¥-10 120-220 (248-428
Alkyd

glass filled 109 149-191 (300-376)

cellulose filled 108 191 (376)
Melamine (Resin) 108

glass filled 109 204 (399)

. a 7 i e d

cellulose filled 10/ 99-.50 (210-302)
Diallyl Phthalate

class filled 108 204 (399)

cellulose filled 107 160 (320)

S \
Nylon 61 10%-108 130 (266)
(8

glass), the radiation levels quoted in Table 2-1 indicate that therc will

be minimal effect on the insulating materiels normully used for terminal
blocks by nucleer plant radistion doses (estimated doses: S x 107 rad
operating life and estimated 1.5 x 10® red accident)

The metsallic terminels are typically stable to temperature and
radistion levels which exceed the aging and esccident environments
postulated for nuclear power plants. Thus, we would not expect degraded
performance of the conducting material based on pure radistion and/or
temjerature effects. There is, however, potential for meteriel
interaction problems such as corrosion or galvanic action to occur The
selection of metsl coatings and bese conductor materisl should be such
that these effects are minimized in both the normal ovperatine euvironmeat
(e.g., BU-110°F and 10-100% RH) and the postulated accident « \ . conments
which include steam and chemicals One specific example would be to
avoid the use of cedmium as plating material because in a stesnm-chemical
spray environment it may be a reactant {n a galvanic reaction

-16




KULKA MODEL 60233 TERMINAL BLOCKS

AMPHENOL REPORT 123-2222

10 ma FUSE IN LEAKAGE CKT BLEW
DURING SECOND LOCA PEAK (340°F)

BAD TO REDUCE VOLTAGE FROM 600VAC
TO 370VAC TO KEEP FUSE FROM BLOWING

RETURNED TO 600VAC ON DAY 7
ANOMALIE NOT EXPLAINED

IRs AS LOW AS 100 OHMS AT 370VAC
NOT ENOUGH INFO TO RESOLVE IR NOR

ANALYSIS TO SHOW OPERABILITY OF
SERVED EQUIPMENT

AnOMALOUS SRupLes AGCED
ATvels WVoT ACED



con

-~ Installed directly below top conduit entries

leakage current

adequate test documentation for

in boxes

Ungualified for temperature

Series circuits over 264 VAC

In general there are no gqualified TB's for 48OV

terminals affecting qualifiea 1ife. Junction boxes







Appendix B

Component 1D

EVALUATION OF LICENSEE'S PPOGRAM FOR
QUALTFICATION OF ELeCTRICAL EQUIPMENT
LOCATED IN HARSH ENVIRONMENTS

LIMIT SWITCH PHYSICAL INSPECTION CHECKLIST

1.

Reviewer:

Installed Condition

Agrees with

Documented
Documented Information Yes No Comments
Location
Bldg. ___ Room ____ Elev ____ ol .
Manufacturer -
Model No.

Mounting Description

Orientation

Electrical Connection Type

Housing Seals in Good Condition

Ambient Normal Expected
Temperature Range

(If ambient temp-
erature exceeds

normal expected
conditions, verify
that 1licensee has

considered the
elevated tempera-
ture in the
qualified life
evaluation)

General Comments on Physical Inspection:

Tssue Date:



_nclosure D 14

9. Position Switch/Limit Switch/Push Button Switches = EQ Concerns

- (NAMCO) = Lacked cable entrance sea)

- (NAMCO) - Cover screws missing = Bad housekeeping

- (REES) = Push button - Lacked test report and evaluation for ambient

pressure
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Nd”u‘a\- tyrer

Mode) No

Connection

in Good Condition

i

Does Installed Device Experience
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e stated that a)) solenoid valves (ASI <! hat

once a month Lo insure proper opening ang ilo:

maintenance instructions sa‘d no maintenance ©

(ASCo) = Valve containing viton dynamic seals, ASCo Model N

v

not to shift position after being exposed to

20 MRads (IN Ne




Enclosure D

(ASCO) = Mode) NP-1 has ethylene propylene seal elastomers thet degrade
when exposed to ofls and greases (1EB No. 80-11).

(AS70) = Models NP £316 and NP 8344 falled during LOCA t~ ting at Franklin
(IN No. B4-23); sttributed to elastomers sticking to valve

metallic parts.
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Enclosure U 12

7. Transmitters - EQ oncerns

(General) = Qualified 14fe exceeded for parts or whole, calibration

1ife exceeded

(Roscaount) - Pressure, level and flow transmitters lacked conduit

weepholes; had wrong location and wrong mode)

(Rosemount Leve) Transmitters) = No record of 0 ring replacement during

maintenance.

) = File indicated 2 qualified 11fe of 15 years but

did not call for a replacement
tion found on Foxboro Mode! E

(Rosemount 1154
maintenance requirements at that time.

(Foxboro) - Conductor insulation degrada

tontrollers, IN No. B86-5¢



Enclosure D 13

Leve! Switch /Pressure Differentia) Switch = EQ Concerns

(Static-0-Ring) = (SOR) pressure switch lacked cable encrance sea)

(Magnetorol) = EQ File indicated nc qualification required, however, file

gid not address effects of switch fatlure on other EQ equipment.

(Static O Ring) = Series 102 and 103, erratic tripping below sperified

drift pressure setpoints, 1EB No. RE=02, 1E No, B6-47.

(Static O Ring) = DP switches exhibited erratéc tripping due to corrosion

of 0 rings also exhibited drifting cetpnints (1EB No. 8602)

(Barksdale) = Pressurn switches Models B2T and D2M experienced blown seals
that allowed water to accumulate in the switch housing, and as a result,

exhibited electrical shorts across the microswitches.

(Static O Ring) = Pressure Switches, Models SN and 12N failed in LOCA

testing due to blown in gaskets and elastrometric diaphragms rupture

(IN No 83-72).
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« (Raychem WCSF~N) file @icC

end of their

(Raychen

port made generic qualifica statement of similarity

3, howsver, not clear

1larity, as n¢

discussion or analysis to supraort similarity existed N¢

reference

to polymer matri fals of constructior

(American Pamcor) Test report did not establ4sh adeqrate similarity

i

between tested Mode)! No 52979 and other specific mode!s




{ded materia navalified substrate

radius requirements of shrink

sed stretching

not conform to RayChem instruc




SAMPLE DESC

CARLE

DR ce57 ¥ Gopbvaally

This list is a compilation of major qualification reports,

These reports

reflect the overall development of the qualification program to meet the

then current industry requirements.

detailed in Raychem's Nuclear Product Guide I.

A compiete list of reports is

DATE, REPORTS AGING RADIATION PEAR/Y..../pH
MO. fof) 3
S
g o i e e A S r :
In-Line Splice WCSF-N (67) XLPE
71100 121°C, 168 hrs | 10w R EPR/Neopren:
S e ' mrads | 160°F, 100 days, 10
200
- PE
. 9.5 In-Line Splice (67) XL
1374 FC4033-) 150°C, 168 hrs 150 1504 37, 30 Sepss Transition Splice WCSF-N/-4
200 11.0 moided parts
168 hrs DOVBLE PEAK LOCA In-Line Splice WCSF-N (§%) XLPE
1978 EDR5019 150°cC, 200 Mrads 350°F, 21 days, 10.5
1500 hrs
1980 EDRSO11 150°C, 168 hrs | 163 Mrads | DOUBLE PEAK LOCA In-Line Splice WCSF-N (6%) on | EPR/Hypalon
340°F, 30 days, 10.5 EFPR/HYPALON WIRE i
i
1980 EDRS01S 150°C, 168 hrs 200 Mrads | DOUBLE PEAK LOCR - NMCK - Motor Coan:ct:?n ll: XLPE
unaged oy =
1981 WYLE 1000 hres | 200 390" F, 3C days, 10.5 In~Line Splice WCSF-N "L") XLPE
58442 150", Mrads NCBK - CABLE Breakout .t
1500 hrs | 290 NESK - END Sealing EKit
NMCEK - Motor Kit
1982 WYLE 150°C, 747 hrs 215 Mrads COUBLE PEAK LOCK in-Line Splice WCSF-N (6" XLPE
S8722 442°F, 30 days, 10.5 NPEV - Stub Connection Kit
NPK - Piant Splice Kit
Transition Sleeve - 2028
s o= S
1983 EDRS088 ANCi~C119.1 In-Line Splice WCSF-N (") XLPE
One inch Seal
{Non-Accident Criteriaj









REGION 11 RESPONSE 7O ALABAMA POWER COMPANY REQUEST FOR DOCUMENTS ,
IN CONNECTION WITH THE FARLEY EQ CIVIL PENALTY HEARING "ﬁv/‘;

REGION I1 CONTACT: BRUNO URYC, FTS B41-4192

DOCUMENT TITLE: M é’;”’.’é'lgw- CQc/uu__.
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101}

E TESTINC
58 CAT | At
IN VOLTAGE,
TORQUE REPORT BOZ2]
R CONTAINMEN
r’7 o

L~A;v:;: OF
LARITY ANAL
: l‘(E"’E~E -
WNCE AC AND REL 1AN:

LATED WIRE JOINTS
INSULATED WIRE JOINTS USED IN SPLICING LEAI
ILA; VOLTAGE MOTORS ARE NOT QUALIFIED BY ANY
TORQUE REPORTS, TRACEABILITY OF THE TYPE

aFl JOINTS WHICH MAY HAVE USED WITH TESTED MOT
AVAILI®LE AT ]

[ 4

—

READINCS

e
e

-

ED ON ‘

HE | F AFrLACABLE EL 8T,
INSTALLEL -LLAIL\ 5 IMPORTANT.,
THAT OULLIFIEE ORE WITHOUT T-DRAINS
TAINMENT.

L‘Z "-.E

£ ° A ¢

-

JNLY GUALIFIED LUBRICANTS ARE ACCEPTABLE.

For. MAIN GEAR-BCX, ACCEPTABLE LUBRICANTS ARE EXON NEBULA
tePO AnD EP], LU:FACQLTS ARE LIGHT TAN IN COLOR.

SUN O1L Company S0EP (XC-421-35) cAN BE USED FOR OUTSIDE
CONTAINMENT, T 18 BLACK IN COLOK,




? ‘)G;Vd
g 3"

4, THE LIMIT SWITCH GEAR WOULING SHOUL§ CONTAIN BEACON 325
(GREY/BEIGE) OF MOBIL 28 (RED/BROWN),

H., MoTOR BRAKES
+  NONE 15515? FOR RADIATION,
. REPORT ©001SE }stsn A DINGS BRAKE FOR_14SIDE :
Con;Algninv. £ST CONSISTED OF AGING 100 Mours AT 180°C
LV
E-C3271 TESTEY A RELIANCE BRAKE, TEST CONSIDERED

3. REPQRT
OF <1 *F STEAM FOR KOURS, 1O AGING Ok RADIATION,

I11. 1E Norices

A, ?6-02 FAILURE OF ﬁitua10ns x:ru MAGNES 1 UM Rgtons
,  MOTOPE WITH {gnssxun‘ OTORS FAILED A GE TEST FOR INSIDE
ONTAINMENT BRR'S
2,  FAILURE OFCURKFD 7 DAYS AND 14 DAYS INTO THE LOCA,
5. RELIANCE MOTORS OF FRAME §12¢ 180 AND LARGER LIKELY
ONTA:N MAGNESIUM hgﬁgna.
y, IMITORQUE OF SIZE -0 OR LARGER MAY CONTAIN EFFECTED
MOTORS, .ilnf-tc.'f \*’SMQ,/ 2 %

Sm@-ve

B, 86-03 OPERATOR WIRING /-
1. INTERNAi ACTUATOR WIRING 1§ NOT COVERE® BY LIMITORQUE

UALIFICATION REPORTS, )
2 EPQRATE WIRE QUALIFICATION REPORT ARE REQUIRED,
> ¢515/75 GIVES GUIDANCE FOR INSPECTING FOR PROPER WIRE,

C. E+71 LIMIT SWITCHES, TORQUE SWITCHES, SPACE HEATERS
. FOR ACTUATORS QUALIFIED YO INSIDE CONTAINMENT REPCRTS,
. IMIT AND TORQUE SWITCHES SHOULD BE EITHER BROWN OR WHITE,
. OR ACTUATOR QUALIFIED TO OUTSIDE CONTAINMENT KEPORTS,
WITCHES CAN BE EITHER BROWN, WHITE, RED Ok BLACK.
. CTUATORS WERE NOT TESTED WITH SPACE WEATERS ENERGIZED.
agg%géguAL CALCULATIONS ARE REQUIRED FOR ENERGIZED SPACE

D. 87-06 DeGRADED MoTOR LEADS 1N PEERLESS MOTORS
/;v EERLESS Mggons MANUFACTURED BETWEEN DECEMBER 1SB4 AND

7 ECENEER 1885, LIKELY CONTAIN INFERIOR UNGUALIFIED MOTOR
/ §. goroné NITH THESE LEADS MUST CE REPLACED
' DATE CODES OF AFFECTED MOTORS GIVEK IN IE NOTICE

S flos 0 [i5% o Plont Wal hava Koo mihas
2

,-,gs /j‘fvt Z-‘f

é’uvs‘ pal

/n e/ A
Corfaie M "/"\»-

c“'nv""} /1



C.

ENVIPONMENTAL CUALIFICATION I1SSUE

LOADING OF ACTUATORS DUKING TESTING

1T WAS DETERMINED THAT ACTUATOR LOADING DUKING MOST OF THE
LIMITORQUE ENVIR?NMENYAL QUALIFICATION TESTS WAS BY MEAKS OF

A THRUST TUBE, THIS METHOD OF TESTING PROVIDES A LOAD ONLY

AT THE END OF THE ACTUATOR CLOSING CYCLE, THE LOA? 16 ACHIEVLL
BY DRIVING A STEM INTO A STATIONARY THRUST TUBE. THE TURE
STOPS THE STFM TRAVEL AND THE ACTUATOR 1S LOADED UNTIL MOTURK
CURRENT 1S INTERRUPTED DY MEAMS OF THE TORGUE SWITCH, THE LOAD
ACHIEVED DUKING TESTING 1S THEREFORE DIRECTLY RELATED TO THE
TORQUE sthcg ;ivwxwe OF THE ACTUATOR, REVIEW OF LIMITOKGUE
TEST REPORT BUZ1Z SHOWS THAT THE MOTOR INSTALLED IN THE TESTED
ACTUATOR WAS RATED FOR 15 FOOT-LBS. USING AVERAGE TORQUE
VALUES OBTAINED BEFORE THME TEST, A MOTUF TORQUE CUTPUT OF 14
FOOT=L%3, WAS CALCULATED TO HAVE BEEN ACHIEVED DURING THE EG

TEST OF THIS ACTUATUK, IN gxnxvokous TEST BCOCS, A 25 FOOUT-LE,
RATED MOTOR WAS LOADED TO 135.4 FOOT-LBS., THE ABILITY OF THE
LIMITORQUE MOTORS TO PUT OUT FULL RATED TORQUE WAS THEPLFOKE
HOT PPCVEN DURING THESE CQ TESTS., KRATED Tuugsv Quwruvg 82 THE
AE;¥AToss WERE HOUWEVER ACHIEVED DUKING BOTH LUZ21Z anp BOCCS
TESTS,

DEGRADED VOLTAGE TESTING OF ACTUATOR

1T WAS DETERMIMNED THAT LIMITOROUE REPCrT BUZ1Z2 1€ THE ONLY
REPUKT THAT DESCRIBES_TESTING OF Al ACTUATOR DURING DCGFADED
VOLTAGE CONDITIONS, THE APPLIED VOLTAGE 1N ALL OTHER TES&TS

WAS THE NOMINAL KATED MOTOR VOLTAGE. CALCULATIONS SHOW THAT

AT A MINUS TEN PERCENT VOLTAGE CCHLITION MOTOR TORGUE OUTPUT
th* DECREASE BY SOME 1%%. LIMITOROUE REPORT BOL1Z 1S FOR AL
AC RELIANCE MUTOR, DC MOTOR PERFORMANCE UNDER DEGHADED VOLTAGE
"ONDITIONS WOULD BE CONSIDERABLY DIFFERELT,

THE STATEMENT CONCERNING DEGRADED VOLTAGE IN LiMITORGUE RZPORT
BOUSE wWAS DISCUSSED, 1T WAS DETERMINED THAT THE MOTOFS
INSTALLED N THE TESTED ACTUATORS WERE SIZED BASED UPUL CALCULA~

"TIONS DCNE USING WOMINAL MOTOR VOLTAGE., HAD DEGRALED VOLTAGE

BEEN TAKEN INTO ACCOUNT LARGER MUTOKS WOULL_HAVE THEN BEEL
RCQUIRED ON SCME OF THE TESTED #Z7UATORS. TO TAKE CKEDIT FOR
THE LIMITORGUE TESTS LICENSEES THEREFORE NEED TO SHOW THE!F
ACTg?;?gNQOTORS WERE PROPERLY S1ZED FOR THE APPLICABLE VOLT/5E
CON '

A SIMILARIT AgALYSéS CONTAIN&D IN A WYLE LETTER DATED

AucusT 10, 1582 TO STONE AND WEBSTEK WAL REVIEWED., TH13 LETTEF

x NTAINED A MAZER AL ANALYB&S OF THE MATERIALB USED 11 ELAss
PEER.ESS, AC RELIANCE, RELIANCE AND DC PEEPLESS MCTOKS.



E.

THE ANALYSIS gngwsg THAY THE MATERIALS USED lﬁ THE MANUFACTURE
OF THE CLASS € PEERLESS, DC RELIArCE AND AC PEERLESS MOTORS
WERE EQUAL TO OR BETTEKR THAN THOSE USED IN THE MANUFACTUKE

OF THE CLASS B AC RELIANCE MOTOR TESTED IN LIMITORQUE REPCET
Bccgg. 10 DEFICIENCIES IN THE WYLE MATERIAL ANALYSIS WERE
NOTED,

QUALIFICATION OF NYLON JHSULATION WIKE JOINTS

ACTUATORS EQUIPPED WITH DUAL VOLTAGE HOTOR? MAVE BCENW FOUND
TO CONTAIN NYLON INSULATION WIRE JOINTS., THESE WIRE JOINTS
WERE USED A7 LIMITORQUE TO MAKE CONNECTIONS ON ngb ;OLTAGE
nstggg ACTUA78R8 TESTED IN LIMITORQUE REPORTS BOOO3,

600376A, AND GCO198 CONTAINED DUAL VOLTAGE MOTORS THAT LIKELY
CONTAINED SOME TYPE OF INSULATED WIRE JOINT. NC DOCUMENTATION
AS TO THE EXACT TYPE OR AS TC THE JOINT MANUFACTUREFR EXISTS

AT LIMITOKQUE, ADDITIONALLY, NO CONFIGURATICON CONTROL EXISTS
THAT WOULD ENSUKE THAT WIRE JOINTS ARL KEPT AWAY FROM CONDUCTING
MATERIALS, THERE 15 THEKEFORE 1O DOCUMENTATION THAT EXISTS

AT LIMITORQUE THAT WOULD SUPPORT ENVIRCNMENTAL GUALIFICATION
OF THESE NYLON INSULATION WIFE JOINTS,

LIMITORQUE TEST BO119

LIMITOKQUE TEST BO11S DESCRIBES AT TEST IN WHICH A MARATHON 300
TYPE TYPE TERMINAL BUARD WAS USED TG POWER A MOTOR TO A
LIMITORQUE ACTUATOR, THE TERMINAL BOARD WAS SUBJECTED TO AN
INSIDE CONTAINMELT TYPE ELVIRONMENT AND WAS SHOWN TC ADEQUATELY
TRANSMIT POWER TO THE SUBJECT MOTOR AT SELECTED PERIOLS THROUGH=-
OUT THE LOCA SIMULATED PORTION OF “HE TESTING, RESISTANCE
READINGS OF THE TERMINAL TOARD (TERMILAL TO TERMIEAL AND

TERMINAL TO GROUND) WEKE THEN TAIEN BY DISCONMECTING THE MOTOR
IMMECTATELY AFTER ERERGIZATION.

IHE LOWEST READING OBTAINED DURING THE TESTING FOF THE MARATHON
500 TERMINAL BOARD WAS SOC oiMS. SINCE THE MOTOF PERFORMED
ADEQUATELY WITH THE Y0C OUMMS MEASUFED INSULATION RESISTAMNCE
THIS VALUE WAS SET AS THE ACCEPTANCE CFITERIA FOR KREQUIRED

- MEASURE ITNSULATION RESISTANKCE,

UPON REVIEW BY THE NRC 1LSPECTOR, IT WAS DETERMIMED THAT THE
niAg RED 900 OMMS INSULATION RESISTANCE WAS TAKEN USING A BIDDLE
211 "SSSER‘ INSPECTION OF THIS MEGGER REVEALED THAT READINGS
IN THE ou?s RANGE COULD ONLY MAVE BEEN KEAL Oli THE MEGGEFS
OHMS SCALE, THIS MEGGER HAS FOUR SCALES WITH FOUR ASSOCIATED
OPEN CIRCUITY 085PU1 VOLTAGES, KI!Th THE OHMMS SCALE USED 1IN
OBTAINING THE S00 OMM READING, THE OUTPUT VOLTAGE APPLIED TO
THE TERMINAL BOARD WOULD HAVE BEEN VERY LOW, FKOUM DISCUSSIOLS
WITH THE MANUFACTURER OF THE MEGGER, BIDDLE ILSTRUMENTS, 1T HAS
BEEN DETERMINED THAT THE MEGGERS OUTPUT VOLTAGE UNDER THC ABOVE
CONDITIONS WOULD HMAVE BEEM APPROXIMATELY 2.2 VOLTE,

e e
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NSIDE CONTAINMENT REPORT GOO198 APPLIES OHLY TO RELIANCE H TYPE
MOTORS, ALSO, QUESTION EXISTS AS HOW WIKES ENTER NE‘E"E ACISATOH
NER:SSEALED. NO RADIATION, MOTORE WERE AGED AT 1BU'C for 100
HOURS ,

guvsxns CONTAINMENT REPOKT BNOO3 APPLIES oubv T0 REL1ANCE CLASS B MOTORS,
GED AT IL5'F FOR 200 HOURS, RADIATION TG 20 MEGARADS,

OuTSIDE C?NTAINMENT RE®ORT F-C327) APPLIES ONLY TO RELIANCE CLASS B
MOTORS, HNO SPKAY, NO RADIATION, NO AGEING.,
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o ST

EQ INSPECTION PROGRAN

START 18T RounD InspecTionS OcToBen 1584, COMPLETE OCTOBER
1887,

UBJECTIVES:

REVIEW LICENSEES’ IMPLEMENTATION OF PROGRAM FOR MLETING
10 CFR 50,49 REQUIREMENTS,

REVIEW LICENSEES' IMPLEMENTATION OF SER CORRECTIVE

¢ = LCTION COMMITMLNTS.

REVIEW LICENSEES' IMPLEMENATION OF PROGRAM FOR MAINTAlN-
ING QUALIFIED STATUS OF EQUIPMENT DURING THE LIFE OF THE
PLANT,

PERFORM PHYSICAL INSPECTION OF EQUIPMENT TC DETERMINE
THAT THE INSTALLATIONS AGPEL WITH SER COMMITMENTS/QUALI1-
FICATION REQUIREMENTES,

PROGRAM TRANSFERRED TO REGIONS AFTER MODULE DEVELOPMENT AND
COMPLETION OF PILOT PHASE.

NRR TO PROVIDE TECHNICAL SUPPORT (STAFF AND CONSULTANT) AND
TO COORDINATE OVERALL SCHEDULING,

SHL-NRC/EQ/UP-1/10



(AUGLIST J987)

RI11* Rl
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' § - o
LUDE SPECIAL

SLL=KRC/EG/UP-2/10




- GENERIC LETTER €2-15 (AUCUST €, 1983)

PRO DES FOR CIVIL PENALTIES OF $5000 PER I1TEM PEK DAY
WHICH MAY BE RETROACTIVELY IMPOSED:

FUR NONCOMPLIANCE IDENTIFIED AFTER NOVEMBER 30, 1985,
FOk EACH DAY A LICENSEE CLEARLY KNEW OR SHOULD HAVE
KNOWN THAT EQUIPMENT QUALIFICATION WAS INCOMPLETE.

ESTABLISHED 3 MITIGATION FACTORS:

1., PROMPT IDENTIFICATION AND REPORTING,

2. BEST EFFORTS TO COMPLETE ENVIRONMENTAL
QUALIFICATION BEFORE DEADLINE,

2. Full COMPLIANCE WITHIN REASONABLE TIME,

o - L"’/r/-‘,‘,.'-'-»L'
o ol ,‘
x:v/‘l
57" Lw el

-
7S

btk
Surky

n? Cg_/‘“;l‘d
(‘ubmiu\

g « 4
Urensasis <

SNL-KRC/EQ/UP-3/10



GENERIC LETTER 85-15 (AUGUST ©, 1985)

DEFINES “UNQUALIFIED EQUIPMENT:*

"EQUIPMENT FOR WHICH THERE 1§ NOT ADEQUATE DOCUMENTATION
TO ESTABLISH THAT THE EQUIPMENT WILL PERFORM 1TS
INTENDED FUNCTIONS IN THE RELEVANT ENVIRONMENT,”

DEFINES "I1TEM:"
"SPECIFIC TYPE OF ELECTRICAL EQUIPMENT, DESIGNATED BY
MANUFACTURER AND MODEL WHICH 1S REPRESENTATIVE OF ALL

IDENTICAL EQUIPMENT IN A PLANT AREA EXPOSED TO THE SAME
ENVIPONMENTAL SERVICE CONDITIONS .,

SNL-NRC/EQ/UP-4/10



CENSEES TO MAKE PROMPT DETERMINATI(

WHEN UNQUALIFIED EQUIPMENT 18§ 1D&

TIFICATION FOR CONTINUED OPERATION
BUT DOES NOT HAVE TO BE REVIEWED AND

NRC




TABLISH A PLAN

T "HE DEFICIENCY,

TINVED OPERATION (JCO)
E TO BE REVIEWED ANI

SUBSEQUFNT FAILURE WILL NEITHEK DEGRADE ANY
OTHER SAFETY FUNCTION NOR MISLEAD THE OPERATOR.

QUIPMENT DEEMED INOPERABLE:

INvOKES TECH SPECS FOR EQUIPMENT COVERED BY THEM.

ALLOWS FOR OPERATION UNDER CERTAIN CONDITIONS
IF INOPERABLE EQUIPMENT 1S NOT UNDER TECH SPECS.

SWL-NRC/EQ/UP-5,1/

-\
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GENERIC LETTER 8€-15 (SEPTEMBER 22, 1856)

RANSMITS ENFORCEMENT GUIDANCE RELATED TO GL &5-15,

e« APPLICATION OF *CLEARLY KNEW OK SHOULD HAVF KNOWN™ TESTY.

o TIME PERIOD FOR CIVIL PENALTY
$500,000 PER ITEM Ca;

« APPLICATION OF THE MITIGAT.ON FACTORS
$50,000 PER ITEM MINIMUM,

» OTHER ENFORCEMENT REGARDING VIOLATIONS OF EG PEQUIREMENTS
IDENTIFIED AFTER NOVEMBER 30, 1985,

b §

e IF VIOLATION EXISTEL BEFORE DEADLINE., APPLY “CLEARLY
KIIEW OR SHOULD HAVE KNOWN* TEST.

« IF VIOLATION DOES NCT RELATE TO ACTION OR LACK OF
ACTICN BEFORE DEADLINE, USE NORMAL ENFORCEMENT




SECY §7-32 (FEBRUARY 6. 1367)

PROPOSES THAT NO ENFORCEMENT ACTION BE TAKEN FOi. CERTAI!N
VIOLATICNS 1.E., UNQUALIFIED VALVE MOTOR OPERATUR INTEKRKAL
WIRING,

COMMITS STAFF TO REVIEW LICENSEE SELF-IDENTIFIED EG

VIOLATIONS IN ACCORDANCE WITH ENFORCEMENT CRITERIA FOR EQ
VIOLATIONS AND TAKE ENFORCEMENT ACTION AS APPROPRIATE.

SKL-NRC/EQ/UP-7/10



ECM 87-02 (ApriL 10, 1987)

PROVIDES FURTHER GUIDANCE IN THE APPLICATION OF EQ
ENFORCEMENT POLICY,

ESTABLISHES THRESHOLD FOR ESCALATED ENFORCEMENT

THE OUALIFICAT: N DEFICIENCY 1S NOT CONSIDERED
SUFFICIENTLY SIGNIFICANT FOR ASSESSMENT OF CIVIL
PENALTIES IF,.,

SUFFICIENT DATA EXISTS OR 1S DEVELOPED DURING THE
INSPECTION TO DEMONSTRATE QUALIFICATION OF THE
EQUIPMENT. ..

CFOII

BASED ON OTHER INFORMATION AVAIL.ABLE TO THE
INSPECTOR, THE SPECIFIC EQUIPMENT 1S QUALIFIABLE
FOR THE APPLICATION IN GUESTION,

SNL-IRC/EQ/UP-8/1C




NT 1A
SIGNIFICANT AUDITABILITY/PROGRAMMATIC PROBLEMS (GENERIC)
SIGNIFICANT QUALIFICATION DEFICIENCIES NOT RESOLVED

DURING INSPECTION = EQUIPMENT QUALIFICATION STATUS
INDETERMINATE.

SEVERITY LEVEL 1V/V

SIGNIFICANT QUALIFICATION DEFICJENCIES NOT RESOLVED
DURING INSPECTION, BUT EQUIPMENT CONSIDERED QUALIFIABLE,

SIGHMIFICANT QUALIFICATION DEFICIENCIES CORRECTED DURING
ILSPECTION,

ISOLATED AUDITARILITY/PROGRAMMATIC PROBLEMS,

OPEN I1TEMS

MINOR FILE DEFICIENCIES, WALKDOWN OBSERVATIONS,

ShL-NRC/EQ/UP-9/1C



EC_DEFICIENCIES
TYPE CLASSIFICATION
EQUIPMENT NOT QUALIFIED/HOT ON EG LIST

SIMILARITY OF INSTALLED EQUIPMENT TO TEST SAMPLE NOT
ESTABLISHED IN QUALIFICATION FILE,

SIMILARITY OF INSTALLED EQUIPMENT TO TEST SAMPLE
INVAL IDATED BY IMPROPER INSTALLATION/MAINTENANCE,

QUALIFICATION TEST PARAMETERS DID NOT ENVELCPE PLANT
ENVIRONMENT,

PLANT SPECIFIC PERFORMANCE REQUIREMENTS FOR EQUIPMENT
NOT ESTABLISHED/cQUIPMENT PERFORMANCE NOT DEMONSTRATED,

REPLACEMENT EQUIPMENT NCT UPGRADED TO CURRENT REQUIREMENTS,
(WITH NO "SOUND REASONS TO THE CONTRARY")

SIGNIFICANT ERRORS IN QUALIFICATION ANALYSIS (QUALIFIED
LIFE CALCULATIONS IMPROPERLY PERFORMED, TEST ANOMALIES
NOT RESOLVED, ETC.). ‘

SHL-HRC/EQ/UP-10/10




EG DEFICIENCIES
M ASSIF! N
EQUIPMENT NOT QUALIFIED/NOT on EQ LIST (85C,49(F), (D), (V)

SIMILARITY OF INSTALLED EQUIPMENT TO TEST SAMFLE NOT
ESTABLISHED IN QUALIFICATION FILE., (850.459(F)(2),(3)),

(DOR-5.2.2), (0588 1 & 11 - 5(2))
SIMILARITY OF INSTALLED EQUIPMENT TO TEST SAMPL.

INVAL IDATED BY IMPROPER INSTALLATION/MAINTENANCE, (SAME)

QUALIFICATION TEST PARAMETERS DID NOT ENVELOPE PLANT
ENVIKONMENT, (§50,49(€)), (DOR-5,2.1), (0588 1 & 1. - 2.2(4))

PLANT SPECIFIC PERFORMANCE REQUIREMENTS FOR EQUIPMENT
NOT ESTABL'SHED/EQUIPMENT PERFORMANCE NOT DEMONSTRATED,

(850,49(y)(2)), (DOR-5,2,5),(0588/1811-2,1(3),2,2(7),(9),5(1))
REPLACEMENT EQUIPMENT® NOT UPGRADED TO CURRENT REQUIREMENTS

(WITH NO “SOUND REASONS TO THE CONTRARY®™) (850,4S(L)/RG 1,88,

Rev 1),
SI1GNIFICANT ERRORS IN QUALIFICATION ANALYS1S (QUALIFIED

LIFE CALCULATIONS IMPROPERLY PERFORMED, TEST ANOMALIES
NOT RESOLVED, ETC.). (850,49(F),(J)), (DOR-5,1/5.3/vARIOUS),
(0588 1 & I1 - 2,1(4),2,4,5(1))

*INOTE: EQUIPMENT PURCHASED AFTER 2/22/85 (1OCFR50,48 EFF,
Date), 1OCFRS0,48, E50.49(Kk) ALLOWS FOR NOT REQUALIFYING
EQUIPMENT QUALIFIED UNDER DOR GuIDELINES (O,L, < 5/23/80) oR
NUREG-0588 (O,L, > 5/23/80) - CAT I (C.P.>>7/1/74) or CAT 11
(C.P.<7/1/74), SoMe DOR & CAT Il PLANTS COMMITTED TO
NUREG-05&8(1) For NUREG-0737 anD/ok RG 1.57 EQUIPMENT,

SHL-KRC/EQ/UP-10.1/10



CRITERIA - P1

APPENDIX A - GDC 1, 2, &, 23

APPENDIX B - CRITERIA 3, 11

10 CFR 50.55a(h) - 1EEE 279-1971

1EEE 223-1971 (some Post-1971 OL)

R,G, 1.89 Anp 323-74 (CP SER AFTER 7/1/74)
DAUGHTER STANDARDS

STANDARD REVIEW PLAN SEcTION 3,11

SEF Toepic 111-12, 12/77

UCS PeTITIONS 11/4/77, 5/2/78

DOR GUIDELINES, Nov 79

NUREG 0588 (For CommenT), Dec 79 Cat 1 axp 11, CP SER 7/1/74
JEB 79-01B, 1/14/80 (PREDEC. AND SuPPL,)
SEP PLANT MEETING, 2/21/80 (1P, Z1ON)
CLI-80-21, 5/23/80 - DEADLINES, RULEMAKING
10 CFR 50.4% (Pue, 1/21/83, EfF. 2/23/83)
R.G. 1.89 Rev, 1

RCW=-1A



EONDUCT OF INSPECTIONS

INSPECTION MODULE
REFERENCE INFORMATION

PREPARATION FOR INSPECTION
- PRE~-INSPECTION DOCUMENT REVIEW
- SAMPLE SELECTION

EQUIPMENT FILE REVIEW
PROGRAM/PROCEDURE REVIEW
MASTER L1ST h
WALK=DCWN

FEEDBACK TO LICENSEE

EXIT MEETING

W-2



FODULES

N W '

2215/76 EQ PROGRAM

'515/75 LINKITORQUE WIRIKG

<5C0/17 RAYCHEM SPLICES

«515/87 REG. GUIDE 1,97




//
)‘? PRE-INSPECTION ACTIVITIES

‘ HQ COORDINATE SCHELULES

) REGION’CONTACT LICENSEE
ESTABLISH DATES
R£§UEST ADVANCE INFORMATION (SEE T1 §04, ADD GC REPORTS)
DETERMINE FILE LOCATION AND HQ CONTACT

: HQ 1sSut LETTER TO LICENSEE

‘ TeAa4 LEADER PHONE LICENSEE

ScorE
LoGISTICS L,/”’
&J\ﬁ WALKDOWN PREP ; e
(V¥ a®
Q‘\ L1CFNSEE ENTRANCE MEETING PPESENTATION Y
. ORGANIZATION , ﬁ~“d,bA
6’ i ‘ o
Cﬁ’ ¥ PROCEDURES L4 f,ﬁx
¢ TEAT )
Si, FILE ARPANGEMENT P U
v h5,
*  RecION & TeAM LEADER CALL RESTDENT P \
et ™
*  Team LEADER COORDINATE WITH NRR PM . (&40 7
_5Hv'/'.
o i 4 A
w3 i Mgy e
\»(\' yw" » 8
RN ’ \v ch 4 S Rob/~2.
v
\L\ \b wd’ "4 bf .
\ [° ) . n ot
v y 4" D Lss (ive
C g v oY e o ~J' o™
. AV oY e Ak W
3 , W
\ ¥ 5 ¢ el c/d ,/ C bbl ~l ([AC"Z w - 4—
\/ Q\ \\\ % \ { éu A
7 \/0 Se «\ AT N— j(r
\



LICENSEE PROGRAM REVIEW

« CORPGRATE POLICY STATEMEN -
« IDENTIFICATION OF RESPONSIBLE ORGANIZATION

INITION OF ORGANIZATIONAL INTERFACES

"t
L3 &




MA -10 CF 1
¥
. PPOCEDURES FOR DEVELOPING LIST Y
. PROCEDURES TG CONTROL LIST L/ ¥

. REVIEW OF LIST
£+ P&IDs N o
« EOPs W
» ENVIRONNENTAL DRAWINGS N4
s SYSTEM APPROACH J

e \"

g g SKL-KRC/EQ/RW-(2/12
v
. " i wW-§






M4 INTEMANCE-PRESERVATION

OF QUALIFIED STATUS
* EC REQUIRENENTS

* REQUIRED

* RECOIMENDED

* NORFAL

* PROCEDURES

* EXISTINC
EC SPECFIC
ROUTINEZMONROUTINE
IN-KIND REPLACEMENTS
MCDIFICATIONS
IE INs/BULLE TINS
TREND ANALYSIS
PROCUREMENTS

L ] L] . - ® -

* STORAGE

SNL-KRC/EQ/RW-04L/12

) W-g



PROCUREMENT

7 xd \
(*_FEBRUARY 27, 198
* EXCEPTIONS TO UPGRADING

* HEW EQUIPMENT

* REPLACEMENT EQUIPMENT

* REPLACEMENT PARTS

* EQ REQUIREMENTS 1IN PURCHASE ORDERS
COMPLIANCE WIT!i PURCHASE ORDER REQUIREMENTS

" W-S




* ENVIRONMENTAL




REGION SCOPE, F& INSPECTION

OVERALL EQ PROGRAM X
MASTER L1ST COMPLETENESS AND UPDATING X
FAINTENANCE (CAN SPLIT 1&C VS ELECTRICAL) X
TRAINING X
QA/GC | X
PROCUREMENT & SPARE PARTS %
IEB/IN PRUCESSING FOR EG X
CABLE ILENTIFICATION SYSTEM X

FILES (ONE EACH) X X

SNL-NRC/EC/RW-10/12

w-13



SAWPLE SELECTION - P2 [ 1
' /

’ QuesTiON 1TEMS REmMOVED FROM M/L

’ QUESTION SURPRISING OMISSIONS FROM M/L

. REVIEWER ASSIGNMENTS =
QUANTITY
SPECIALTY
PRIORITY
SCHEDULE - GRAVITY VS, WALKDOWN ]

#“ R
’ NTOL DOCUMENTATION DIFFERENT ~—— Jf’



WALKDOWN INSPECT]ON

USUALLY WEDNESDAY AFTERNCON

FuLLy EScorTED, MINIMAL H/P & SECURITY

FOLLOW INSTRUCTIONS s T b2
k/} v' P
f '\/“ LIJ
[ g N
’ ¢ 4 \Jﬂ » ™ " y
PREPARE IN ADVANCE - 1}\'7”A/ Mo" pot” ke ™ U
’ ;/4." 5 P / “.".IJ-’(.Y '
CHECKL1ST 7 al* n b p* e
- E L AR
SCEW SKHEETS I o4 7/r»
; e
. MAINTENANCE INSTRUCTIONS w7 (iud
MAINTENANCE RECORDS I yae!
bort?
y" -
el u"t ok L"‘;v'l

pPCw=5

W-\"T






CONTAINMENT ELECTRICAL
PENETRATION ASSEMBLIES

* FORT CALHOUK - FIRST EG LEVEL 111 NOV —— 4#s/ L - DG g,
* DRESDEN - UNQUALIFIED AMP SPLICES Gvf& - £acelold i have.
& pucliivd Amp S B s
* SAN ONCFRE 1 - REPLACEMENT EQUIPMENT PROBLEMS — com «.
H.B. ROBINSON - TWO PLANT SHUTDOWNS Crowse- #m i,

* 1EB 82-Ok - BUNKER RAMO-SPLICES, INSULATION,
~7  TAKD EPOXY

‘f’“ /_1’( +ia

SKL-NRC/EQ/RW-11/12
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CoNAX ETA
MOD ULE

CONTARINMENT

BOoUNDARY N

FEEDTHROUGH

INSULATOR /SEAL e PENETRATION (0DULE

FACTERY SPLICE SoLiD conducTeRr
R et

STRRNDED CONDUCTER,
KAPTON = INSULATED

NOT SHOWN ) /% PieTRIL (€ 20vT LonG)
A
e ’

THROUGH PIPE
(INSVLATORS

PolYOLEFIN SLEEVE.

// — FIELD SPLICE.

- PLANT CRABLE-




REGION 11 RESPONSE TO ALABAMA POMER COMPANY REGUEST FOR DOCUMENTS
IN CONNECTION WITH THE FARLEY EO CIVIL PENALTY HEARING 4*}
L/g}ls

REGION 11 CONTACT: BRUNO URYC, FTS B41-4192

DOCUMENT TITE: () LM E4 ._,M -

DOCUMENT DATE: _ (INDATET>

YSpa-

DOCUMENT RECEIVED FROM: (L. (EBvi<.

TYPE OF DOCUENT:__[EcHnica JoFo RE EQUIPMENT

RESPONSIVE T0 ITEM NO: 2O
EYEMPTION CLAIMED: RO

YES -




IPMENT - SPECIFIC EXAMPLES

BLOCKE

'CHES

OPERATED VALVES




TYPES
USES
MANUFACTURERS
LQUALIFIED MODELS
INSTALLATION
REPORTS

PERFORMANCE REQUIREMENTS

RECIDENTT
FAILURE MODES = _ . YOFE o FLECTRILAL YAULTS

OPERABILITY EVALUATIONS

REPORTS

ANOMALIES /PROBLEMS

Tel1r REPORTS

IOCER 21 ey
50.72 'm.welF.  NRC pr 21/ £0.55) V3.
50,73 LER
50.55()

IiBZ‘

LE Tng

VENDOR NOTIF QAT ©ONS
ﬂ}),. GE S J!L:l) 5&1'1) ?'Qi) GCTPAKIN) Ty Sess T

!
ROCF BELTOS LE1GR O VSO M EDN



TERMINAL BLOCKS

PRINCIPAL MANUFACTURERS OF QUALIFIED BLOCKS

c

e

GE
WESTINGHOUSE
BUCHANAN
CURTIS
MARATHON
KULKA
WEIDHULLER
STATES

EB'SoZS

224, 524
Type L
300, 1500, 1600, 1600MUC, 6000

CONSTRUCTION, MATERIALS (Size, Shape, SOLID/SEGMENTED)
INSTALLATION (ESCLUSQEFS. ORIENTATION, HOUNTING)
PROBLEMS
FAILUKE MODES
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FPACTURERS

RIENTAT

NN
THEF

LEs,

T.P

TING
CKTs
NEM)

PSs, 17

T.LT,TEs

DEVICE
OF EPAs

.
"ot
DP1Ss
Ss
LEAD
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120V2
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TERMINAL BLOCKS

REPORTSE
INDIVIDUAL MANUFACTURERE SPONSORED
LICENSEE SPONSORED
JOINT TESTS ~ LIMITORQUE BO119
BANDIA REPORTS (CPRAPT)

INDUSTRY ASSESSMENT - NRUEG/Ch-369)

SANDIA SCREENING TESTS - NUREG/CR-3418
FERPORMANCE REQUIREMENTS/ACCEPTANCE CRITERIA
FAILURE MODES
OPERABILITY EVALUATIONS (GL B86-15)

FUNCTION PRIOR TO PAILURE

NO EAFETY DEGnADATION FROM FAILURE
OFERATOR NOT MISLEAD

ANOMALIES /PROBLEMS

TEGH- N R
B34-72 (v '-'M'TOR&'M) BRIl Gare
£9-03 OCoA STAES

§3-12- BUCRIMN

@ d=AT XULKA

===



Stilaity ™ L2 AcCepiance
ies Lak iv Tesied Ciitecia
Rlisse:phis BuChanan AbBLiIty to Ccaziy
It T iwila F specifiea current at
reac® inlie W specified voiltage
| fhiiade iphia Su hamsn AblLilty to carry
s giectlia is:ve 3 specifind Ccotrent at
reCe Ratathon specifisd volitege
isue N
ener i B hanan Reinials potential
. L R : ef 120 V ané Cuitrteat
L0 TR i of 45 A
B IOsS 2
n»yelils H
O Seilee i
-.l cnetic et alhon Leoshage cutionts
Mt wyae sl wuc v isss than 14 A, &
) wantevwilie) 1500 m B I8 A, o 24 A
343 =¥ a Ronitoted by fTuse
cnei b weliomelles S Rainty'n &30 ¥sc
rac* S48 Tyryees and 40 A wilh isskage
Cutiont Jees than | A
Roniteted by fuse
PR » Framklic Bessatch Center

@

(p@paiison Gl Some

industry LA Sisciastions fos

Table 3-1)
Teiniaal

Block Quailification

Regohaestel Reguuiasents Langth
johas ) 1500 vdc uanless acted) Special of LOCA
Jowe:  During LOCA _ post-LOCA wotes ——t O E S et
136 veac <sziet 109 o 1042 One Block remcwed 14 @ 3
12.% A st 38 veéc from teat st 4.9 Phase A
days. Othertse
tesoved at varliouws
times
A==, — ————— mea——
150 vac <salo® <Sxiod One T8 resoved from 14 ie
12.% & at 58 viéc at 50 véc te from test aftes Phase »
< sxied 5.1 houie
at 50 véc
126 Vac ST Posi-test puring LOCA, laskhage T e s
i% A at I ¥ te hipot test cuzcents ware * 100 ma
' to < 5 ah for all
tecainal biocks
together
- - had
132 vac, woae < Szl87 A fuse on W e ié
i3 A for al) %20 ¥ specimens .
184 Vaz, boses from test. >
| 3 Y A fuse oa 2
$i8 vec, specCimens 3
i1 A eplaced fuse and
coat laved
- - oy L L R UL S RS T ——— >
608 vec mone 2. 45107 e voltege ceduced to % W 17
20 A J.5=108 1%8 v when spray
a 49 vac introduced 1o
Bailatain leasaqge
cutrent less thenm 1 A.
-’ - - &




veble 3-1 lcoatiswved)

cospeat ison of Some Industry WOCA Sisuiations for Terminsl Riock Quelification

Regohmmetac Nesswisaents eng' ™
Acceprance (fohme) (%509 Vdéc wniess noted) Special
7'uvor T Put ing LOCA poet - LOCA motes Cxposui e

vraiaty/s of oA
__Yest jav IO T - _Critetis
A Lestage current 408 vac wone :ﬂﬁ‘ te measvured leatage 3 4
osi0l® current during test
Test was oniy & post -
test LOCKA soas 3 L

wrPss wyle weldeu!lsr |
(morcol SAR Types monitored by fuse in A
{same THs an snd diecrates Line
tested BY sonitoring «f
weirdeuller, jeshage Curtents and 20 peig, 100%
relative humidiry

pet. 3
o stess

Geaneric/ Phomir

wWyile 85k Series wone speciflied 7 superhested ateawm

imoctce) Cacramic per iods wo leakage
SRR St ies rurrTent Seasu’ements
Corasic of
S55 Beriess
We lamine
£ Series
Polyestel
{3 Yypes)

oC clircults
<« 43 A o

769 ;h corcrent
obeerv