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QUALTFICATION SUMMARY
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1.0 [NTROCTION

™is docummnt susmarizes the design varification of the 100 Serime
Dlectric Penetration, The 100 Serfes electric penatrations are qualtls
fied for fnstallation and service fn nuclear containment builidings
whers the environmental and electrical Toading conditions do mot

sxcoed those Tiwits astabliished by anelysis and/or tasting, 8t suwar.
1206 barein, ;

Only soduies (Low Yoltage) comtructed with XRS126 L!l}lju_mnq_v';
iy §7d 811 Wigh Voltage and Vegium 7013008 PEnetrations 47e Quiil-
&.n.:l‘ LADLS_eocyrent.

M 11stone 2 modyles, constructed with X229 cuttomgr gpoxy are ouslified
YA aexirnneents A% soecifind 1n para, (8,5%]

Meferences

™he subject penatretions are in complfance with the following documents:
2.1 Design Review Report 24849260

£.2 1EEE Sed 7-1972, Standard for Dlectric Penetrations

2.3 ASME Bofler & Pressure Yessa) Code, Section 1il, Subsection NI
2.4 JLEE Std 34-197Y, Standard for Sefsmic Qualification
Qualified Confiauration

3.1 e

T™he 100 Series electric penetrations qualified by this document
are dafined genarically by the following drawings:

aw "-. u” ChPRAN I

b AL wRS
IPPRFiInt g e v nnww

Mediua Yo!tage 13300408, PL 3861193
High ¥oltage 12489302, M. 3281397

Other drawings, tatlored o soecific recuisitions ‘Riy €iist, but
et voations st be Yimited to leagth, notzle size, wire
arwint (10qe, and genera) accetsories, MNoxxle size variations
<3t b analyzed 1n the approoriata Plant Stress Analyeis Raport,
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A1 Jantitiotien of Tyt Nerdars
s ™he following 1oentifies the qualification hrdware:
e LR A mmn.n_nn R
p , Construction
PRI ALY TR pha ey m..,...,,,, ST 1 T !
el IR 1 - G8I1E7 - it t 12701643 - - ¢ Pve IS ety & it s j
+ |[Lrvie " sru04? 169045195001 |
WY Quel, $574036 174293026001
WY Feedthry — TIOY2-Y 157048696001 — -
- W oual, $ATT788 163010856091
WY Feadthry  TZ0R0-1 159046796001
b 3.2.2 LY Ouelificasion Wodules
e /0 Y7267-38 157048376012 K225 Customer Epoxy
» 1 7267.2 167048376014 . .
o= |1 Y7257-182 157¢48370019 . d
no 7156140 174891035013 . .
7t Y7257.% 157048645012 . .
v | Y7156 17489060003 . .
o 3.0.9 Ly Qualiticasion Yogules
@ | Y7156~ 381 163010686003 RE126 Customer Epo
o | ™ Y7257-138 195894766001 . .
-~ | Y7257-169 19589474600 . .
10 7257428 196894745002 ' .
10 ms-an 195054765002 Mod!fied per ECN NEATTSO
+ | Y7257 484 195094745004 TMS237 Epoxy b Scotehkote
#/0 7287952 195894746004 IK3126 Custommr Epony
PN © .., © 99478011
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3.3 Other Qualifigegion Dets
Cables qualifind for use In electric penatrations are as follows:
- bl - e s
& Wikens 18 176A7293, 209M108
Rayches Flamtrol™ 17489404
Reychem Coaxia) 2250706
Rayches My1ticonductor 18704283

Terwinal blocks qualified for vie on electric penetrations,
except for faylt current Toads, are 0 Tollows:

N

. Block Preving Yo '
2 & 15 BS58624, 8568208
5 States type N7, £2eM 0?7 r
. R Atipin comactors were not tasted for alectrica) cparation 13
n

o

q

o

during o LOCA event,
Stona) (eoaxial) tyve connectors ware ot tasted for glactrica!
operation during a LOCA avent.
4.0 Qualification Sumary
41 Gemn)

This section of the document surmarizes the opertting 1imit for
WICh the Proauct Ml Deen tastad or andlyzed.

.  Nardwarw fdentified by pare, 3.2.2 has been subjected 12 the
following sequential tasting:

1 Therma! grecle
! Gemsa exposure

3 Lots of coclant accident, transient,
i) taneous with
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A s 3 Short cireuit
s . ® Short tirs cverlesd e
e e Ratyd wmﬂt -

Kardeare 1dentified by pare, 3.2.0 hu m subjnw to the
i " following sequentia) tasting: ‘ ‘

+ 1 Therm) erele . a;t
§ Gomsg axpoture oy |
3 Loss of coolant pccident, tramient, ' -1l
sioy) taneovs with :
3 Operating current
® Operating voltage oA
& Post LOCA environments) conditions

MY and MV auelification units fdentified by pare. 3.2, have “ | -
bear subjected to the following sequential tasting: oin e

1
gt

'.1

o .

0363

1 Corona testing (MY only)
! Gewne axposure
i 3 Loss of coolant sccident simitansous with
3 Short circuit
B Shert tire ovariond o b
3 Rated currant o
¢ Post LOCA environantal conditions ..

|

t J

036 35

WY and WY feedthry fdentified by para. 3.2.) has been subjectad

to the following sequential tasting: _
! Thermal oycle -

1 Gy sxpoture

o 3 Ispulse tast

MY feedthry fdentified by para, 3.2.7 has bean subjected to the oit

4 following sequential testing: .

‘ n ! Therma! otle by

P £ Ispuise tasting e
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4.1 Thersal Qrgle

The following exposure simulotes plant startup and shutdown:
Temoe rature ’ B0 to 150°F to WO%r
Qele frequeney ' 4 cyeles par duy
Melative hmidity 1 405 0 50°F, 965 0 180%
habar of oyclies ' 120

faewy Lxpotyry

T™e electric penetrations are qualified for the following contain.
ment level gEwa exposuUres!

1= 10’% Morea! Scrvice Environment
» 10".\0 Tota) Intagrated Dose (normal and LOCA)
0.5 2 10% /e Mate during norme! sarvics

Loty ef mhns ssign! (LOCA)

The electric penetrations are qualified for the following containe

ment environment with resoect to pressure Intagrity. Events 1 thm
§ are defined a3 transient conditions.

frent 1 ? 3 ‘ '

Tospersture 0% 3 200%r 250 pus%r
Pretsure 103 paig 81 pstg 23 patp Y6 patg 20 paiyg
Relative humidity 1002 100% 100% 1008 1008
Contaimment pH 8.4 8.0 7.% 1.% -

Dyration 4 W Inm 18 hrs 168 hrs ' ) year
Outsice tesperature 180%F  180°r  1%r  120% 0%

pnd Mated Yoltage Durd

Plectric seratrations have been tested on selected genaric cable
siges, such as 470, MOA, Using the rules of the Kational
Dlectrica) Code, ratings were calculatad for other wire 81288 in

the sarme generic design categories (Tow voltage sower, Yow voltege
contrel ).

¢ 1008 ™ 15 practically mot sttainadle Tn tast chamgers,
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Wre/Cable $iae _ Current Yolte
S ) ...‘.Y_S.tA

.. L

n
"
L1
" 1}

*Linfted to s1x months post LOCA for PWR (events 1 « &)
for enviromments not Lo exceed the following:

© Rt 1 K i 4 b
Y-nnum." s 0 20 180 10
Pressure, i M ) 20 £ [ ]

Maidity, T 100 100 W0 100 10
Burstien 1Ewin &5 min 23 hrs € w0t 6 w03
" 8.4 04 L5 (revtrs])(nevtrsl)

*Limited to 30 days Tor BNR (environment per 4.4)
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4.6 Rated Currert | Rated Veltage During Normal Servics

™e electric penetrations are rated for the fedudn% hnh
during norval service environments not to exceed 125°F

™e rules of the Natican) Dlactrical Code are to be vied to
detoming the current capacity of the electric penetration,
The maximm  applied voltage 18 1r accordances with the insu-
Ystion rating less 208,

Total penetretion hest dissipation from conductors are quilie
fied for 58 Watts/ft of penetration moxzle leagth,
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Por the sbove Vimits, the penetration stsebly, o installed,

wil)l a0t credta & mdm.‘ whars the containment concrets
pemnaretura will reach 180°F,

Alse refer to Fig. 1 for qurrent « time reting.

fauls Surrens (single fatlure critarion)
$hort Time Overlosd

for both normal service and To4s of coolant accident conditions,
the alectric pematration 15 gual “{ed for the following current/

time relationships, (Alse rafer to Fig. 1 for current-time
rating).

4.7.1 Peult Current « Single Phase ‘DS :nl for s
Three Poeae CLPEVlY .

Cabls $ize furetion

(G A As B ATS  Resond
000 MM 80,000 63,000 b -
e 42,000 38,000 L1
26,000 19,50 L0132

8,100 6,100 QR

8,200 4,00 0132

"3.,%9 1,48 LN

w 1,000 $0 O1R

w

: 13,000 10,000 013
‘

t

$

4.7.2 ! ort Time Ovarised

Cable Size buration
Jm-

Surrent
-
o00 Wt 4300 - 4%
&8

mns
470

180
m

9478011
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4.0  orems xginciion

- ¢ & + et 9
T™he bigh voltaps penetration axhibils the following corona
tion level!

Py~

“exting.

§plco coviomds @ 11,87
opeve® Tataaly 200 e W2 Ie)

b geric Teoutse Leve) (BIL)

™e Mgh and mediva voltage pene.rations are capibie of the follow=
ing crest voltage: )

Nigh 10KV (Wave shape = 1.5 x 40 wicroseconds)

Padium TSEY

4,10 Sefgwic Yibration Test

The medium voltage and Tow voitage penetrations wers sefsmically
tasted, Tha high voltage senetration {3 verifird thry andlysis
only, singce structuraily, this m"ﬂiuration has & higher stiff.
Aess than those of medium and Yow voltage penetrations. Testing
{5 in compliance with 1EEE Std 344.1971.

A1l panstrations have a structura! mature] frequency greater
than &0 M2,

During tha Tow voltage vibration tast, conductor comtinuity
was saintained,

™e Jow electric penetrations are aualified for Insta’ilations
whare building accaleration Tevels, ot the point of attach-
sent, u mot exceed 2.8¢ (horizontal) and 2.5¢ (vertical),

The medium v=1tsna penetration 15 qualified ¥or dual axis
fnput of 1 ¢ (o tontal) and 1.25 (vertical),

o 4.1 Figid weld Simyiey o Ten

50635

4 Based on the worst case 1ow woltage denetration, where comductors
are 10 the closest proximity to the field weld joint, all pene-
trations are cualified for flald welding 1n sccordanca with thwe
irstruction manusl.

Specifically, the penetrations say be walded to scheduls

80 (max) pipe. The recorded P o terpearatyre at the

steel body of the sodule was 161°F, Directiy below the

weld ared, the module surface wmaximm teroerature was 202°r,
T™he saxins eno«mc temperature 15 mtadlished by the cadlss,
which s 1857F contimuous,

— T T :
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4.2 Dermcouple o) ibrasen . prees

™e electric penetration thermocourle modules am nmm.g for
& system error (thermocouple and extansion leads) with ¢ 4°F,
for contaigment temeratures (applied to the pemstration) net to
exceed 290°F, The system error reduces 81 the containment
Lamperaturs 15 Towered,

+ .13 Pasmabiiity of nos Metaliic Matarisls

A1 non metallic matarials, except for EPR {n high and medium
voltags vsed In the construction of tha penetration sedl, are |
self exting “shing par ASTHDEIS excapt that 41) tast serples |

4.4 fon Box P ure T {

.. The fwcuon box dafined by drawing M 1506688 or equivalent, 18
qualified for an ovarpressure of 82 psig 14 10 seconds without
ey damage,

The junction box defined by drawing #115D6631 or equivalent
when dubject to 62 psfg 1n 10 seconds will;

0368

) collapse whan completely sealed, but meintatn electris
cal circuft intagrity

b) sustain without demage with & vent hole 1 1/4 fneh n
$lamter.

€15 Aren Plgmg Tast

Low voltace .oower and contro) modules contatning GF Yulkens
wire and Raychem Flamtrol Wire Leads, and 2 low voltage signal
mdule with Raychen 10483 Coaxtal Leads wars subiectad to an
§red Tiame of 21,000 BTU/Ar from & 10 1ACh ribbon burmer on one
end of the mdules for 10 minvtas, In mo case ¢id the Mo
propogats 10 the oppesite recundant seal, or were any of the
wire and cadles damiged at the opposite end. A1) flames extin.
4 . WVished within § minctes sfter the ribbon burmer was turmed of?,

€16 Terwinal Block Test

Avtoctave . a11f( a0 on tests simlating LOCA defined in
pare. 4.4 everts 1 thry & were conductay on Gemeral flectric
CR 157 and States Co, type N.T. and recorded o minimm (nsy.
Tation resistanca 2 x 10" ohms # 500 YOC, This 43 the perere!
value of satuiated staam,

g 26
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N et
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017 frvetura) Integrity

- M ﬁnoum’m are certified to be lf;‘uceor«nco with the o
2 regirements of the ASHE Bofler & Pressure Vessel Cody,
factfon 111 Class M on o per requisition Basfs. The amalysis

1_‘ includes Jot force caleulations, sefseic calewlatfons in adef- -
= S i tion to the nermal structural analyses recuired in Yesse)
- 3 Desfgn., Mafer to refarence 2.1 for soecific information,
b .4 + Generally, the penatrations are artlyzed for the following
" Toadings:
. C o a) Teseraturs 40°r ¢
T b)) Pressure ® psig
¢) Creles 120 -
o ¢) Steem Line Brect whare Temparature [ ¥
< Pressure 1250 psig
™ Distance from 3.5 1t .
penetration
S e) Accalerstion where Yertical 1.5 ot
Hori zonts) 1., r

.18 Missile Impact Losds

Khare missila cbiects are specifind to originata within the .
contaimment Dutlding, the peretration must be instalied on 3
the outsice wall of the building. This instaliation Jccation
preciudes any wistiie furtes from affecting the integrity of '
the penstration.

00635

An analysis for aissile or jet force loads on the penetration N
{8 provided o3 part of Strets Report 24229004 TA for low
valtage, #24B8A5008 TL for high voltape, and F295A1424 TA for
madive voltege, Howsver, no testing has been performed to
¢ verify the calculations,

4.1 Pressure Tranient

Low voltage penetrations are ovalified for & trantient pressure
of 0 psig in 10 seconds without viclation of the pressure
imtagrivy.

4.20 Triaxia) (RG-11) Impedancy Wigmateh Test

T™e R5-11 type trias cable mssently (defined by module drawing
-« Bo. 174297102600%) can perfom with & waveform distortion less

o o @
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than that cavied by ¢ 65 ohe terwinstion on & 75 ohe cable
gown to & mulse rise time of 1.0 nencsecond,

O Il .

The electric penatrations wers tested in & manner which simye

Yetes cutside containment fnstallation, This 15 the worst

case errangement and, therefore, the penetrations are gualifind

m‘z‘m or outsice horizontal mounting In the contuimment
.

5.0 Ascaptance Criterts

Blectric r«trmo«g and modules, after completion of the spaci®ied
tosting, hav

¢ et the following acceptance criteria:

1) Miulnk tight they entire assembly ot Tess than
12 10 cesec at 1 atm of pressure (a1) hardware)

2) Imsuletion resfstance greater than 1 x 10' ohms § 500 YOCU
;ttuaunt temperature.  (Hardware fdentified in para. 3.2,

3) Nipot withstand voltage at 2 times rated voltage of cable
frsulation plus 1000 volts for one minute. (Mardware
‘m“”“ b" ”n. un’l ’020;)

4) Mo Yoss of continuity &s & result of the gualification
test. (For hardware fdentified by para, 3.2.) and 3.2.3)

.--_-“-m-‘ﬂ-—.
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