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flectrical Tarminatiors for inside conteinmert application were tested
under Design sis Accident conditiors for North Anno 1 ond 2 Nuclear
Power Plants, Test items comsisted of termiml block connections ond
splices contoined in encloswres, ond splices vhich were .expeud directly
to the environment. Test irems utilized corductor sizes from F16 AWC
to 250 MCH , Approximoiely fifty=perc ent (507..) of the test iters were
irradiated to on intc roted daso o
prior to DUA Testing, Inoddition, one enclasure containing test iters
was olso thermally cged prior to DA Testing,

love' of 2,5 x 107 rods minimum

Test results show equivalent performence of enclosed terminel Liock
cannectiors and,/or enclmed splices and indicote acceptobility of either
method for irside containment application,

Section | of the following report presents the test procedure utilized to
conduct the test program, Section || presents detoils of test item
corstruction, test details ond concliusiors.
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. 3.0 ASSEMBLIES TO BE QUALIFIED
3N Tests of items shown in Toble | shall quolify these items iar their intended we
irside the containment during design basi- accident conditions .,
- % Tests of ltem A will, in oddition to the obove, be wed to quolify penetration

types 11 A, 11 B, 11 E,and 1V, These porticulor types will not be tested
due to their lock of criticality and to their similarity to the tested types,
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5.2.3

5.3

5.3.1

5.3.2

S53.2.)

5.3.2.2

5.3.2.3

5.3.2.4

$5.3.2.5

Emergency Coolont Spatem « introduction of o water chemical sproy onto the test
iterms both during ond ofter LOCA incident conditions, The spray system simulates
that brought about in resporse to o LOCA condition inside ¢ PWR containment ,

Amenbly of test iters into test focility,

Radiotion Expasure = Prior to omembly into enc losures or test focility, o selection

of test i"m woi subjocted to gommo irradiation, An integrated dosoge of

2.5 x 10" rods minimun. wos imposted on the (est iterms thot composad Rodiotion

Bundle | (RB)) and Rodiation Bundle 2 (RE2), Refer to Table | of Appandix A for

o breakout of thase items contained in RE) and RB2, RB items were irradioted

on the weekend of 3/30/73, RB2 wos irrodioted on weekend of 4/21/73, Pra-

ond post-rodiation photographs of the test items are contained on poges to

of the Photogaphic Appendix, Irradiated test items comprisnd 4% of the tote| number
of test items,

The test items, along with test control samples, were assembled into the
ervironmenta ! test focility os follows:

Ernclosure 2, along with its built=in test items, was fiist ploced nside the test

craciber, |t wos positioned such thot the bottom of tha enc losure was abcut 12

inches from the bottom of the test chomber, The bock side wos ploced cgeimst the steam
inlet standof! brocket (obout 1-1/2 inches from the rear chamber wall), The
conductors from this enclosure were directed out the front opening of the test

c.‘dﬂin.r.

Enclosure 1, along with its built=in test itenms, wos then ploced insive the test
chomber immediotely in front of enclasure 2 and ot the same height from the
chonber bottom, The conductors from this enclosure were directed out the front
opening of ine test chamber,

The itens 1o be tested 03 non-enclosed field splices aid non~enclosed factory
splices were mounted directly to the front header flange of the test chamber,

The 1est conductors from both enclosures were directed throogh parts in the
header floange and sealed with Conax PG pocking glords o Comax MHC pocking
glords, The flange was then fitted and senled to (he test chamber,

The rest conductors routed through the seoled header flange were terminated
to the contro!l switchboard . Wiring diagroms of the switchbaard and control
bench circuitry are contained in Figures 3A, 3B, 3C, 3D, and 3E of Appendix
A,

Page &8
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TEST OPERATIONS

Insulotion Resistance = The test iterms were subjected to imvlotion resistonce
measurements of 500 vo'ts DC in accordonce with the following schedule:

IR Test No, Description

] Initio! readings; Terminotiors have been built but otherwise
hove not been instelled into test setup,

2 Post=Radiation readings; Dote on those termirations exposed
to gomma irrediation,

3 Irstallation mdlrll- Dota on those terminotions imsto!led
inte test enclosures .

4 Post = ge readings; Dato on enclosure | test items ~ rer
thermal aging.

5 Pre~Incident readings: Dote on oll terminotions ofter

installation into test chamber,

b thru 16 Daiiy readings during Phases | ond |l of LOCA emwironment,
17 Post=DBA readings; Test iterms were still scaled into test
¢ hamber
18 Post=DBA readings; Test items removed from test chomber ,

Dielectric Strength (Hypot) = The test items were subjected to Hypot tests
immediotely ofter IR Test Nos, 3, 5, 6A, and 17, All 300 volt rated

test iterms were tested ot (600 volts RMS, oll 600 volt roted test iters were
tested ot 2700 velts RMS,

Continuity = The test iters were tested for continuity with an oudible
continuity checker immediately ofter IR test No, 2.

The doto collected fromé.1, 6.2, and 6.3 ore comained on the dato
sheets presentad in Appendix B,

Thermo! Aging = Enclosure | wos subjected to o 22 year simuloted life ofter
irstallation of test terminatiors and conducton but prior to assembly into
test chamber, Details of thermo! aging ore contained in Appendix C,

The field coble msembled into Enclosure | exhibited sigrs of domoge of

sufficient mognitude to warrant their replocement with fresh, unoged coble
samples, These replacement cobles were brought inide each enclosure and
connected to the original field conductan about 6 to B inches from the original
solice, Thus, the originol splices were <ept intoct, The new splices were insuloted

os described in 4.2.5 | diti th ti f lic & fr ble
S B e it s aloes St e R R S nalil Tom DTl

inel ot tn abhaid ? lackhee Laimnd the enllaw - SR -
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6.6 LOCA Envirenment Test Operotion,

6,0,1 The test items hod the following electricol conditioning opplied to them
five hows prior to start of Phase 1 LOCA:
a) All 250 MCM test iterms . 230 amperes EMS, 1.1 volts RMS,
b) All 2/0 AWG test itens « 150 amperes RMS, 2.) volts RMS,

e} AILTI0/M2 AWG test iters 15 amperes RMS, 7.7 volts RMS,

d) All F14 AWG test items « | amperes RMS, 600 volts PMS,
e) AlL P16 AWG test items « | omperss RMS, 300 volts RMS,

These conditions were muintained on the test iters for the first ten minutes
of Phase | LOCA environment .

6.,6.2 Phose | LOCA environment begon with the introduction of steam into the test
chamber, Test chamber pressure ond temperoture charocteristics obtoined from
time to (stort of steam) to To + 30 minutes is as follows:

Chamber Pressure Chamber Tempwotuwe
Time (Psig) PF)
To 0 109
To + 30 sec. 24 253
To + 60 sec. 45 282
To+ 90 sec, 48 285
To + 120 sec, 57.5 2%
To + 180 sec, 45 282
To+ 4 min, 48 283
| To+ 5 min, 49 289
Te *+ 10 min, 56 300
To *+ 15 min, 47 293

i Poge 10
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Chamber Pressure Chamber 1 emperoture
Tine (hig) er)
To + 20 min, 47 2%
Te + 25 min, 48 299
To + 29 min, 47 297
To + 30 min, 45 294
6.6.3 At To + 60 seconds, @ decotominont sproy wes introducted into the test

chamber onto the test items . This decontaminant solution comsisted of o
waoter sproy with the following charucteristics:

0.23 molar (approx, 1900 ppm),

a) Boron Content

b NoOH Contert

10 *4 10 4 % 10 *2 molol.

¢) pH - 7.7

d) Temperature: +190° f

e) Sproy Rote: 10 gollors per minute,

f) Amount Avoilable: 310 gollors . At the given sproy mte of

10 gollors/per/minute, the test items had
this initia! solution sproyed onto them for the
first 30 minutes of the test

6.6.4 At To + 10 minutes, the test items were electricolly de~energized, and IR
Test No, 6 wos performed ,

6.6.5 Phose | LOCA conditions were held on the test items for o tote! of 30 minutes,
6.0.6 Phase 11 LOCA environment began ot To + 30 minutes, At that time, the steam
| input to the test chamber was shut off, ond o fresh decontaminant solution

from Tank B was sprayed onto the test items, This new solution hod

characteristics identicol to thase described in 6,6.3 except os follows:

a) pH - 7.8

b) Temperature - 114° F

Page 1)
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é.6.10

6,61

6,612

6,6,13

€.6,14
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During the course of Phose || LOCA emvironment, the we of steam to heot
the decomtaminomt solution required periadic droiring of Tank B to keep the
level down, A new solution wos prepared In Tank A with the storting
chemistry described in 6,4.3 ond used to reploce the Tank E solution in
water spray system, Chongeover wos performed to To + 100 hours, This
Tark A solution wos wed for the remainder of Phase || LOCA,

Detoils of boron analysis on the decontominant solution wed In the water
soray system a. e contained in Appendix D, The pH determinutions for the
solution used are olso contuined in thot Appendix,

The test tems were electrically enargized ot roted current o voltage os
applicoble per €,6,) for of least five houn of every 24 hour Intervel during
Phose 11 LOCA,

'
Irsuletion resistonce measurements were taken on eoch test item ofter the
energization period cnd the reading recorded, Deote accumulated from these
readings ore contained in IR Test Mo, 6 thru 16 of Appendix B,

Hi=lot tests were scheduled to be performed ofter each IR Test of 6,612,
However, these tests were discontinued ofter IR Test No, é becouse of
fraquent lsakoge ond breakdown conditiors imminent from the test items
under ervironment, To preclude any possible coble domage due to repeated
Hi=Pot Testing, it wos decided, with Stone and Webster concurrence, to
procure one fina| set of dote after completion of Phase || LOCA ernvironment ,
Hi=Pot dota are contained in the Dota Sheets of Appendix B,

Floshover Test = At time To + 164 hours, the circuit of Figure 4 of Appendix A
was implemented onto test lters TE ! <01 through TE 1<06 Inclusive ond TE2<0)
through TE2=06 incluwsive, This circuit ollowed thase terminal block test
terminations to hove o voltage potenticl opplied between adjpcent terminals,
Intermittent floshover would be indiceted by ¢ heovy loading on the voltage
tource, Floshover testing wos applied to the chove mentioned test iters at

all times outside of IR measurements or roted power energization, This
emounted to approximately 64 hours of flashover testing on the above
mentioned test itens

Page 13
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Viswa| inspection of the test items showed thit the common couwe of low IR
readings on particulor field splices during LOCA conditiors was due to the
polyolefin sleeving over the solice splitting ond opening from the LOCA high
temperature corditions, This wos especiclly prevolent with the large size,

(2/0 AV C and 250 MCN) non=enc lased, field splices, Splitting of the polyolefin

tleeve could hove been ogiteted ot the finol osse mbly of the heoder flange to
the test chomber, These iters did recover to higher IR reodins cfter LOCA
environment . Low IR reacings from #1 4 termine | block test iters were cowed
from nicks in the kapton (meslotion of the penetration conductons of the test
chamber header flange, | owever, there was no (iscernable couse for the low
IR readings from the 11012 AWC tervinotion as such,

During Phose | LOCA conditiors, the stranded field cobles brougnt outside
the test chamber hod condersed stearm trickling out from between the jocketing
ond stronding, owever, this did not couse ony difficulties in circuit operation,

Examinotion of Enclosure | immedictely after removel from the test chamber

showed thot 2 of the 4 termina| blocks comeined inside wd come lome from
the mounting rail,

Page 15
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8.0 CONCLUSIONS

£ Gemmo irradiations hod no noticeable effect on test item perfarmance through=
out the entire test effort,

8.2 Compored on o common bosis, Enclosure | test items showed corsistent|y lower
IR charocteristics than Enclosure 2 test items, The difference was all within
the sar order of magnitude, but cawe connot be occurately isolated s te
coble fitting manufocturer or thermal aging,

8.3 Enclosed field splice terminations tended 1o perform nearly equol to terminol
block termirations .

8,4  There was no evidence of floshover conditions from the testing of 6.6,14,

B.5 The low IR reoding indicoted on the grophs of Appendix £ were very much common
1o the 110/712 AWG conductor terminations, View! irspection revealed no
opporent domoge to penetration conductors of this group,

E.6 The loosened terming! blocks memtioned in 7.6 appeor to hove been coused of the
installetion of Enclosure | into the test chamber, The room oveilable to iretall
this enclosure into the test chomber mode it necessory to exert corsidemble force
on the enclosure to irstall it, and the terminal blocks loosened vs ¢ result of
this,

Page 16
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TEST ITEM NOMENC LAT LRE

W ——
",’Jv ‘\-‘ 4 F \\‘\
|
’ o Terminotion ldentity
b e e opw Location of Termination

E] = Encloswe |
E2 * Encloswe 2
Blank = Outside of Enclasure

» Termination Type
T =Termimal block
SP = Splice
C =Control Tet Somple

16101  refers to Terminal #1 of Enclosure ) termina! blocks,
SPE2=02 refers to enclosed field splice ¥2 of Encloswre 2,

SP=04 refers to field splice, not~enciased, item number 4,
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A similor test circuit was simultaneowsiy imposed on test items TE2-01 through TEZ
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