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"3 w. 14 nast mac pos 100 stfttts tt.tCTtte PEMETMTIONS '
'

,

+- - m
~ ' ' '

'

1.0 PTm0Dutil0It,

This duument sweseHaas the desip veHfication of the 100 Series'

tiectric Peutration. The 100 Series electric penetrattens are 4Wa11. . -

fled for installation and senice in nuclear containment butidings .

where the emironrental and electrical loading conditions do not
.

escoed these Itsits estabitsbed by analysis and/or testing, as sweer.-

taed bemin. 9 - -

Only sedules 0 w Volease) eensteveted wiqh n5126 6 H5237 evstowe
*

.

Upony and ill sich Vo' tone and ventum Volusce penetratioM are aua' i- , , , , ,

"1ed ear i sin deeveem. ,,.; ,;., , e,4, , , , , , . , , ,.

~~

Millstone f mndules. consteveted with W"tf custome eoery em evalified'

-

ta_m an_tmarntia ti necili ttirtm a ra . L 4. 5' ) ,

o 2.0 Refervaces F -

-

. .. ~

* The subject penetmtions are in compliance with the following docments:
. .,,,

1.1 Design Rwiew neport 243 Alt 43 ,- g*

o ''"

3.1 Itt! std 317 1972. Standard for Electric Penetrattens . - . . ,

'

t.3 ASE Beller & Pressure Yessel Code. Section !!!. Subsection NE

in 1.4 Itt! 5td 344-1971 Standard for leismic Qualification'

f4 3.0 Qualified toe.finuration
* 3.1 General *

The 100 seHes electHe penetrattons'evalifted by this d6ement
o _ are def1ned peurically by the fallow 1ng drew 1ngs: .

I,aw Voltage 15531747.Pt.20$:200

. , ,

flediusVoltage 133t4408. PL 3461193
'

+ Righ Voltage 17439302.PL,3tsx397

Other drawings, tallend to soecifte moutsittent'may asist, but
'AeSe udstions must be Itsited to length, noule sizeIationswire
wfwirdt2cs, and general accessories. Noule size var
u'st be aulysed in the approprieta Plant 5 tress Analysis Report.

.
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.3.2 Identification of Test Hardwartt , - -

t +. ,.

.R. The following taentifies the qualification hardware: .' . g
.

, ,w ..

. ,jD 3.I.T ibitdu 1 MieiYe1tase ' ~~ L. ,,', c . ., .,; ,, Coa $tNdion.
- -i'

-

,,, ,

,

'

,
~

|
. !

-

og jagg, ; , E , , i .m.., w o g G,. 3. ,... w . ...3 3 w .; q y_ Cassients __ .y~ p __
n .c - .

.
p,5 e

' ,Ii? W Vib g4674,127,p w N 11101643 w u meir o r@r + o m 4 rw e . J
8'' t 1VVjb '6574047 199C45190001

. '

-hc W Qal. 65740M 17499302G001 r.4 .- 'su.r .t._
"'" '

'. f. W reedthru rTICTt-1 - 157CAS690001
- - -

'

- . . ,

'
i. W Qual. 64 m 88

~

163C1055G001 ,

~

: t W reaam m 0-r i m 4 m = 0i
. .

. g- " = - ' - - '' -

3.1.2 LV 0;a14ficatim Mules
- "*

4 f4/0 T7267 M 157C44374012 R229 Customer Epoxy
- W "e-*

>

BAmb.

* *

t9 f2 M 57 23 157C44376014 - __ ,
.-

* *
e f6 Y7257152 157C44370019 ,.

''* *

(10 'Y7154,140 174891033013 -
,

* *

T/C' M57.M 157C48640012
; * *

ns.59 T7154.M 174990603003 *'

I m
3.3.3 LV Onitficatien ttsies RQ

19 p; --e

.o T/C ~ T7156 341 163C10684*c3 IR51ts Crtmer Epoxy r- -

DesWnt'* *

sRM M 57-135 195t94760001o * * EWW
16 Y7257 169 195t9474m01 .

, = -n
10 T7257 151 195894740002 -

* * m
~ jo T7257-211 1HtH744002 ModifIW per ECN Nt47750 ,

"+ 'g/0 ms7-454 1MBH740004 IR5237 Epoxy & Scotchkote E1@
#4/0 M57 392 IM*9474 GOD 4 1 0125 Customer Epony

,

'
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- ::.....:. *=.

. g .. 14 gr.,, M ,, 100 sm!!s t!.tcTRIC PtutTRAT10Rs' ' - d.
'
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j 3.3 Othee Qualifiestitm Data

i

-

Cables quelfffed for use in electric penetrations an as follows: "
,

.
.

\ ..~ Idk1L &* -,.
__

St W1kane 5!S 175A7293,109A4108
. _ _

,

+ Raychen Flantrol 174B9404

Roychen Coutal 215A4706

Asychen N1ticonductor 157C4853
-'

Terwinal blocks evalified for use on s'1ectric penetrations. .
-

' -

except for fault current loads, am as follows:
.

N - -,
_-*g g, g, __

et
SE CA 151 - 8558624, 8568208 .'1

.

States type R.T. 22$A4707 ':*3
'

_

N1tipin connectors wre not tasted for electrical operation . ,
during a LOCA event. --,

'

signal (coaxial) troe connectors wre not tasted for slactrical -

A operation during a LOCA event. .

_

o 4.0 haltfieation swmarv
-

_

D 4.1 General '

D This section of the doeurent sumartres the operating limit for
~

whicn the proouct has been tasted er analytsd.-

,*

Mardwam identified by part. 3.2.2 has been subjected to the M,

.t. following sequential tasting: --

,

1 Thornst cycle --
-

*
2 Games exposun

3 Less of coolant accident, transtant,
st =1taneous with _ _ , .

E.

.
-

#.
-a n m _.

._ c. LUIYk Ifb. 78. IIM _ , _ % , _ _ _ __ g .f Q jj
1 SM Jost ._- . 5 14

.|..... . , - | - ,.==:.= .a -
. . .

.

. .. . . . . . . .. . . . . . . . ..

_

- -- ._ -
_

.
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, , i vr

. r. nave ses
s.O.*.

I ; ~~ ~

.%.2am;;,,:::.;:.w.s..;; Se Short streult . m., -..,:;.'
.

1

J'M:-
~

3b Sh:rt tir:: cier.l.o.rd
-

#4- , , * r.- .

Sc Rated curru t
r-" ' *"**"~'' .c- - - ,-

Y r

.:|
4

' EE $%u
,.Hadrs^ identified by pare. 3'.t.3'has M subjected to the y @, g J:' .

j y'' following sequential testing: 4---", m ..r.

|
.

u%.-- .

4 1 The m ) cyc1e ' N.-- 9. _

, . . ..-.

f +y
_

.m,

t Gemina espesure <
-

'N "2
" ""

3 Less of coolant accident, transient,'
sisultaneous with' '

~ -<- w ._

.. . , _

34 Operating currut .
44 "

. ..
.

_

M 3b Operating voltage
.

> , , . . _

,

-

e - 4 post LOCA envirorunental conditions 't
-

.

;r

M W and W cualificatten units identified by para. 3.2.1 have J,'e
~'

'
.

been subjected to the following sequential testing {.i.:;*

g
1 Corona testing (W only) % 'f, ,_4 . . . . .. , _ , . . , ,

_

*
--t Sawat exposure

3 Loss of coolant accident sirvitaneous with
"-

=

tn 3a short circuit ,.

U 3b Short time overload I.
_

e Sc Rated current 4'~ --

o 4 Post LOCA envirorrental conditions k'

O W and W feedthru identified by cara. 3.2.1 has been subjected
to the following sequential testing: ,5 y,

1. Thereal cyc1e 5. - ,
'

t-
. , ,

, ~ " '

+ t Gasma exposure --

,
-

3 Impulse test --

,.

W feedthru identified by para. 3.2.1 has been subjected to the T.

following sequential testing:

1 Thermal cycle
t Impulse testing 7.

' g.q. .

-mm to
suas yi - 2 -

- - -
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,
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, J.; ,3 -,-
, , +,

I .,7 . 14 |rwermes,w'100 statts EttcTRtc ptntTRAT!tms
i +

mensona* -
,

'

i 4.8 Theres1 Cycle -

! the following exposure stuulates plant startup and shutdown:-

Tempereturs 30 to 150'F to #F ,

Cycle frequency 4 cycles per day
'

Relative humidtty 405 0 50'F. 965* 91MF
'

'

+ ihm6er of cycles : 120,
,

4.3 lasma hposure :-. ,,

. . u ..
8 The electric penetrations are qualtfled for the following contain- ;
; sent level gasuna exposumst

~

7 *'

1 10 AAD loo m 1 service Enytrennent .

8'

1 10 AAD Total Integrated Dose (nornst and LOCA).

3.5 x 10'r/hr Rate kring nom 1 servica*
,

'

PS .

4.4 Less of teeient Accident (LOCA)C ~-

The electdc penetrations are qualifted for the following contain.
sent envirtmeent with respect to pressure integrity. twents 1 thru -

*

5 are defined as transient conditions.

tn 13), 1 1 3 4 5
'

Temperature 340'F 325'T I'60'F 150*F tts'FM >

e pressure 103 psig 81 psig 13 psig 15 psts to psig
e Anlative hurridity 1005 1005 1005 '100s 100s

e Containment pH 4.4 8.0 7.5 7.5 -

Duration 4 kn 3 hrs 18 hrs 158 hrt 61 year
Outstes taperature 150'T 150'T 1MF Idf 80'F

5 4.5 Itat' d Cvetent eed tated vettane Dartne LOCAe t
.

i,

Electric eteatrations have been tasted on selected generic cable
'

stres. such as 4/0. #10Avt. Using the rules of the National
Electrical Code, ratings were calculated for other wire sizes in
the same generte design categoriet (Iow voltage oower. Iow voltage

,

control).
.

*100s let is practically not attainable in test changers.*
,

*

+
runtrato

.

U. Ltml A. Fab. De.1eM
'
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= = = = = = 5 = = 14 nave mer,,e 11W stRtts Ettttit!C'Ptzt7m4Tiews C
,

4
ecswoms

M n/(AWG) Cable line .
Current Voltage ;

'
-

(MPS) -(VAC) 'fj .,

. . . . .-. . . . . . . ~ . . 5 . a n r : e m t r. :' i . . . . .- -

'' /0 * 95 460
y'.

..

4
g. g 30 . ,.'.!' . c n . g ;- . ..

,

4 .r;.A, - v~.g g g4.g p- .- , .
,

.f d! Mge ; nn-m:- y (,t t !?r. p3* * g*'
2 ,

;,2
,

4 . , . . . . .. - ..
- s* N 440 ,

, . s ,, ..
,

8*. 16 460 ;;J -
- '-

..

'N ' " " -46010 3
- --

_ . . - .-
~ ',. g genw u1g :. ~ v .. . . .,

.

14 3" 460 ";.~. |.
-

<f 5In le 1 125 -

#'.$''o 13 1 133 .. .

*i. tatted to six months post LOCA for PWR (events 1 4) ,Y~

M
.

.-g}.
a for environments not to exceed the foll Ming: ,z

] ;,N j ,s ; . g 3 .g 3... '4 g,r.

Temperature.'F 189 260 220 160 160
" ' ' ' '

Pnssume psis M 40 to 5 5tn
- Heidity. 5 M 100 100 100 100 100 pg

Duration 15 min 45 min 13 hrs 6 ses 6 ses J. .* / 8.4 8.4 7.5 (neutrt1)(neutml) l'-
~

*o
ettwited to 30 4eys for SWR (envirvunent per 4.4) -

e
4.6 Rated turnnt & itated _Voltano Durins Nemal service

.

N eltetric penetrations are rated for the following levels.

Airing normal service envirorments not to ancoed 136 F. -

+ -

h rules of the Maticat1 Electrical Code are to be used to
deterutna the curnnt capacity of the electric penetration.
m maxisus applied voltage is in accordance with the insu-
lation rating less 205.

,

Total penetration heat dissipation frtm conductors are tivali.
fled for 56 Watts /ft of penetration nor.21e length.

+
Mnwis to;

7.G.LURiA.Feb. 28.1975 .,, ..IP4 "L" 994-75-011
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'For the above lindts, the penettetten assem6ly, es installed,
o ,

i '
4

. v111 not snata a conditty where the containment concreta
; . tempeettw o will reach 100 F...

,

A1:e refer to Fig.1 for current . time reting. |.

4.7 Fault turfent (single fatture criterion) ,

i

+ ' thert Time Overleed

For both normal service and less of coolant accident conditions)..i, ;

the electric penetration is quote'ied for the following current '

time reittionships. (Also refer to Fig.1 for currentaties
.- reting). .

' \
''

4.7.1 Fev1t Current Single Phase W5 Post for a
|

-

Three Mate Cittvit _

4

4
3

Duration* Cable line
'

'

.-_3851 015.RZS 12",! LED. 1t$$d1
29

1000 m t 80.000 63,000 .013t ,' ' o -

4/0 44,000 St.000 -- .0131*

t/0 36.000 19.850 .0131' '

1 13.000 10,000 .0132
< g

- 4 8,100 6.100 .0131

M 8 5.200 4,000 0132

4 8 ''3.3t0 2.440 .0132
i

*

o 10 1.000 900 .0131 .
.

r

4.7.1 t. sert Time Overlml
~ ~

Cable Sims current Duration

. . .ims) -

mas suonet.-
-

~

+
1000 mi 4300 45 --

4/0 1050 45"

t/0 7tl 45
I

t M M
I

4 m M
!s m u' -

i
8 170 45

,
10 120 45 nmnsto'

-
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h .. . 4.8 . Cor9ea Extimetton
*. , ~ ~ > . . - s ..

.

. - w.. e ,. .-+ w c*w vem e! #.*H i..sm
. on exvoltap penetrati w.,hibits the follwing corona extint.

. . , .

.? The h1
. .% tien 1 elt -

N,
' '^,,' e . " 5 pico coul e # 11.F i' ;

Mt i o ,% e.re .t m Mir me !cr.) '
-

. .

'

". i,g .S.r.IA 1e501a'e"t.eief(til.) wm

M The higiand mediwa voltage pene.raths are capable of the follow-
-

'

~ ing crest voltagv:- - - -. w ra ~

,11m ' , : s(Waveshape-1.5x40 microseconds)
g

-

~

d. Mgh

';.. Medius 75KY .
.

'

1 4.10 Seisarie Vibration Test
-

'

The medium voltage and low voltap penetrations were seissically . r%9% -

~ . -

4 tasted. The hich voltage 'Annetration is verified thrv analysis
' - only, since structurally, this configuration has a higher stiff. s

ness than those of radium and low voltage penetrations. Testing .

is in complis,nce with IEEE Std 344 1371. Z-

+
_

p All panstrations have a strvetural natural frequency greater . -
.

than 50 HZ. .-

~

During the low voltage vibration test, conducter continuity - -

M was maintained. m. m g
h

The low electric penetrations are cualified for installations k 21"
*

4 where building accaleration levels, at the point of attach. g
sent,4) not exceed 1.69 (horizontal) and 2.59 (vertical). REMIRieO
The sodium v-15 penetration is qualified for dal axis ,o input of 1 f5 OM tontal) and 1.2g (vertical).-

-

,,

4.11 F1eid Weld $4scho igfj,,- ,

. --- - ,. . , . .

t'+ Sased on the worst case 1m voltatt benetration, dere conductors
~

'

- art in the closest proziany to the field weld. joint, all pene. |
. trations ars cualifted for field welding in accordance witn the __y

instruction annul.
.

Soecifically, the pvMtrations sey be welded to schedule
80 (nam) pipe. The recorded pargeum tarporaturs at the
steel body of the setule was 161 F. Directly below the

0weld arta, the redule surface maxinsa tesecrature was 203 F,
The maxims gitowable tamperature is established by the cables,
which is 135 f continuous., , Pemrts to.

T.E, tuRia. Feb. 78. 1975
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..4
y nevooseo 4.12 hermocovete Calibesten .

, , .,

*a f ~

he electric penetration thervocouple rodules are qualifteg forL - 1- a systen error (theruccouple and extansion leads) with a 4 F.
'

.

Q for contaigment tesoeratures (applied to the penetration) not to
-__ exceed 290 f. The system error reduces as the containrent

-

temperature is lowered.

4.13 Flacabfif ty of men Meta 111e Mat 4Hsis-

.
'

,

All non metallic materials..axcept for IPR in high and medium !
voltage used in the construction of the penetration seal, areM- ..

self exting *shing per ASTWD635 except that all test samplas-

g- passed the flame test.

4.14 Jeetion tox pressun Test ' .

,*
U. ;%fhe junction box defined by drawing (11506588 or equivalent is- *

' qualified for an overpressure of 62 psig in 10 seconds without, e ..

to
~ any damage.

The junction box defined try drsving #115D6631 or equivalentC s

when subject to 62 psig in 10 seconds will:

-A "'l e) collaese when completely sealed, but maintain electri-
, _ AaB t cal circuit integrity

! b) sustain without damage rlth a vent hole 11/4 inch in -g '
dianeter.'

ms. - F
-

'r=r 4.15 Area F1r:a Test .=,m-
,

99""4 Low vb1 tace. cower and control sedules containing GE YulkeneeB g" wire and Raychem Fla-trol Wire Leads, and a low voltage sig9a1E
-

e sedule with Raychem 10483 Coaxial Leads were subjected to an-

area flame of 21,000 BiWnr from a 10 inch ribbon burner on one
end of the sedules for 10 minutes. In no case did the flame
propcgata to the oppcsita redundant seal, or were any of the
wire and cables damated at the ocposite end. All flames exti9*

+ puished within 5 mitivtes after the ribbon burner was turned off.,

4.16 Terminal 21ock test .

Autoclare ualifkabon tests sieu1 sting LOCA defined in
_

para. 4.4 events 1 thru 4 were conducted on General Electric
CR 151 and States Co. typ N.T. and recorded a minisum insu. -

1ation resistance 2 x 10 ohns 9 500 VDC. This is the general Jvalue of saturated steam.

J .+
'

M ymg
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; .. m a,ans,--

I $ 4.1[ heuttu'rei lateeMtr --'- ['
'

-
-

A11 penetrattens are certified to be Tn,. .. .accordance with.the .. .
_ . . . . . . . . _ . .. ._ ..,. ., _.

S
retreirments of the ASNE Boiler & Pressure Yessel Code.

~

Inction !!! Class MC on a per requisition basis. . The taalysis -
.' includes jet. force calculattens seisric calculations in addi-'

.d i tion to the ncrmal structural analyses recuired in Yesse) .

i.5 +
-Design, . Asfer to reference 2.1 for specific information.?'

. Generally, the penetraHons are analyzed for the folloring
.

'

leadingst .
, .. . 4,

'

- . . -

Ja) . Temperature 340'T -
-

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

,

b) Pressure 30 psig |
- 'c) Cycles 120

-

i

CP' d) Steam Line Brett where Temperature 400 F |0
,

Pressure 1250 psig - !.o -
. ...

Distance frte 3.5 ft |n penetration '

O ,e) Accelerstion where Vertical J1.0g ' '

s
>

;; Hortaontal 1.5g '

,

4.18 Missile fecact toep,

tihere missile objects are specified to originata within then cont 41 ment building, the per.etration mst be installed on -
.

e the outside wall cf the. building. This installation 1ccation _ . _ . _ _ .

-precludes a.9y misstie fates frte affecting the integrity of -

O the penetration.
O An m1ysis for aisstle er jet force loads on the penetration

is provided as part of Stress Report 24tA9004 TA for low
voltage, f 24&A9005 TL for high voltape, and #299A1424 TA for
medive voltage. However, no tasting has been perfonned to

* verify the calculations.4
4.19 Pressure Transient .

Law voltese penetrations are cualified for a transient pressure
of 80 psig in 10 sewds without violation of the pressure
integrity.

4.20 Triasial (W111 1moedemee Missetch Test

The 511 type trian cable assedly (defined by mo&1e drawing
+ no.174891020005) can perform with a waveform distortion less g
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than that caused by a 65 the tersdnetton en a 75 the cable.

down to e pulse rise time of 1.0 nanosecond., '

.
.

4.11 Insta11at h
.

.

TN electric penetrations were tuted in a menner wMch sisu.
lates outside containment installation. This is the worstthe penet n tions are ggalified
case arrangement and, therefeni mounting in the containment ,

'

+
for inside or outside horizonta
building.

'

'f 5.0 Acceptanca CHteria'
,

Electric metrations and modules, after. completion of the speciNed . *

tasting, lave met the following acceptance criteria
o at less than -

1) Heliunjesk tight thrv entire asse'61y(all hartbears)
-

1 a 10 cc/sec at 1 atn of pressure iN
8~" 2) Insulation resistance greater than 1 x 10 ohms 9 500 YDC

at aetent taperature. (Hartbeare identified in part. 3.2.
'

3.1.3)
_

3) Hipet withstand voltage at 2 times rated voltege of table
insulation plus 1000 volts for one minute. (Marchvere

Ig
identified by pare. 32.1,3.2.3)

to 4) No loss cf continuity as a result of the qualification ;
test. (For har6 tare id.entified by para. 3.2.1 and 3.2.3)
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