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ama Fower Company

NTROLS environmentally qualified their wmodel EA |B(
mit switches, the interior of the swvitch vas sealed sgainst
environment by using rigid conduit to bring the conductors
the test chamber. As a result, vhen the switch is installed

y=related systen in a harsh environment, means 2ust be
seal the svitch internals from that environment, and at
provide electrical connections to the switch.
E Bulletin 79«0lA, Alabama Pover Company
Class lE limit switches in Unit | containment
outage. Since time was limited, it wvas
seal vwith materials thst had already beer
The Raychem heat shrink cable bieakout
method, and working with Raychem, a kit
d material vas developed and installed or

the containment, and subsequently in

Raychen performed some developmental tests on a seal
similar (But not identical) to the Farley con:
f the tests, a failure mode vas established whi
Farley installation

AEUratior
b

might

by Raychem occured whan the seal vas at
sure., Because r. the elevatsd temverature
t~shrink material undergoes a phase change
is reduced., Tn addition the adhesjve
and starts to fiow., As A result, the unrestrained con-
the Raychem test specimin vere orced through the breakout
pressure. In sode Cases, the breakout legs vere inverted

seal boundry was breached due to overstrassing the breakout

the matter, Alabama Pover Cowpany requested
te establish the adequacy of the Farley

@ breakout material has been environmentally qualified '~/
srcelerated aging to the equivalent of 40 years, irradiated,
.ed However, the configuratico was associated vwith a
¢ Farley approach was to use the breakout at the end of
pire nipple which was attached to the switcel Th ‘

™
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been cualified rdously, the rarley con:
to tested ) essure and temperature
variastions approxi L4y the postulated Farl

"PARATVS

pparatus consisted of & test specimen fabricated in acce
instructions issued for construction (‘1. and consirted

ipe nipple (vhich in the plant is tached to the liliait

the Raychen breskout kit, two comvression fittings, a l% inct
ing, and a short length of flex conduit

pecimen was installed in the test chamber, shown in figures
The chamber was pressurized with air theough a suprly header
figure 3, in vhich the jreasure could be regulated using «
sgure regulator.

vas heated with heaters of & type normally used for post
reatment (stress relief) in Weldaments. The temperature
amber was controlled with a Honeywell Temperature control
ith heater pover supplies shown in figure
upply=~leak detection piping vas fabricated
shown in figure 5.

the thermal inertia of the test chamber,
required by the test profile could not
modify the test chamber to permit its heating
test specimen. A hole was cut in the top flange, and
 ing plate wvas fabricated. The mounting plate wvas
on the flange with four bolts. A cover plate was
the chamber was brouiht to temperature. In additic
added to more accurately determine the internal ter
chamber The arrargement is shown in figure ¢

test vas conducted as described in the attached test procedure’
discussed in section 11I, the temperature >f the test chamber could
ot be brought t¢ the required temperature rapidly. As a result, the
test specimen was exposed to elevated temperatures for as long ss 4§
minutes prior to the application of air pressure., Figure & shows a test
specimen prior to heat .» and testing.

A change was made to the test chamber which permitted its being brought
to temperature prior te inserting the test specimen and applying priisure,
more closely simulating the required temperature-pressure profile
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TEST RESULTS

Tvo test specimens, assembled as installed in the plant, failed the
test. The first specimen, which was tested prior to the chamber
modification, failed tvo minutes after pressure vas spplied. 1In

this instance, the specimen (shown ip Figure 7) vas subjected to
temperatures above 200°F for 30 minutes prier to reaching the required
peak temperature and application of pressure. During this period

the heat-shrink sateriai was softened, permitting & blow-through in
the center +f the breakout 2 minutes after pressure was applied,
Figure 8 shows this specimen sfter it was removed from the chamber,
and Figure 9 shows how the specimen failed,

A second specimen vas prepared and this time the chamber was heated
with just an insulation blanket covering the top. When the interior
of the chamber reached the required temperature, the top flange,
together with the specimen was installed. This time, the breakout
failed after J minutes inte the test in much the same way as the
first one failed. 1In this case, it merely took longer for the break-
out to become heated enough for failure to occur,

After modifying the test chamber as described in section 1II, & third
specimen was prepared. After bringing the chamber to temperature, the
specimen was quickly installed and the chamber pressurized. The seal
failed after 17 minutes into the test.

1t was then apparent the breskout material was being overstressed in
{ts veakened (heated) condition, and there was no physical support

for it at the end of the nipple. It was then decided to fabricate a
fourth specimen the same as before, except that in this case, the
Crouse-Hinds pot < 'g product CHICO "A" vas poured into the nipple after
the breakout and keeper sleeve were shrunk on.

After the CHICO "A" had cured, the specimen was placed into the mod-
{fied test chamber which had been pre~heated, and pressure applied.

The seal held, and the prescribed temperature/pressuie profiles wvere
folloved for the nex: twenty four hours. This configuration successfully
par td the test,

CONCLUSIONS

The failure of the first two test specimens indicate that the limit
svitch seals as they are presently installed in units 1 and 2 will
require additional vorh. The simplest "fix" requires that the cover
plate of the limit switch be removed, and liquid CHICO "A" {njected with
s syringe into the nipple attached to the switch, After the CHICO "A"
has cured, the switch cover plate is replaced.

CHICO "A" {s not the only material that may be used, however, quali-

fication documentation is available and CHICO "A" {s stocked in the
FN? warehouse,
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VIl RECOMMENDATIONS

Although the CRICO "A" fix {s the most expediant, there are sowme
disadvantages that must be considered. First, once the conductors

are sealed in the CHICO "A" they cannot be removed. If switch

gaskets and seals are being replaced, and & conductor becomes

damaged, all conductors must be replaced. Second, in some cases,

the svitch may be in & position such that the CHICO cannot be

injected, In such & case, the svitch must be unmounted, positioued
such that the nipple points cownward, and then injected with CHICO “A",

L

It may be desirable to utilize pressure tight flex-pipe to connect
the switch and the pressure boundry et & remote, more sccessible
location.

Pressure tight couplings may provide for greater ease in switch
replacement or maintenance.

It is recommended that for the present, the CHICO "A" fix be used
until the switches reach the end of their qualified life when gaskets
and seals must be replaced. At that time consideration may be given
te alternative sealing methods, 1f available.

Submitted: Appro§od:
/&%7%4/ /320 /81 (2] 30)#1
G. M. lLa rd R e |

Engineering Specialist Engineering Supervisor
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Figure 3. Air supply header and gages

Test chamber showing heaters
and instrumentation




Heater rectifier, temperature recorder and
heater controller
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Figure 6, Top of tzst chamber after modificarions
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Figure 7. Top of test chamber showing method of 1nstl‘.xn()().1~)

test specimen



Figure 8, Failed test specimen after removal from chamber

Breakout boot snowing hole in

renter where
failure occured




Appendix A
Test Procedure

Limit Switch Cable Encrence Seel Test
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J. M. Farley Nuclear FPlant
Voits 1 and 2

Lisit Switeh Cable Entrance Sesl Test

~1. QRurpese

The purpese of this test s to demonstrate the capabilicy of the
Rayches Breakout Seal Assexbly, when installed in sccordance with
Reference 1, to withstand simulated DBA pressure and temperature
vithout less of function or breach of pressure boundry. In sédition,
the adeguacy of the conductor seal method, as specifind in Reference
2, to prevent migration through conductor interst tes will also be
desonstrated,

11. Jazhgrousd
tnforeal tests conducted by Raychez on & similar (but net fdentical)
cenfiguration f the seal euggests & possidble failure pode due to
prolonged elevated temperature with the subsequent spplication of
pressure. Although the Raycheo breskeut is fully envirenmentally
qualified, the configuration employed by FNP is somevhat éifferent
than the gualification configuratien, This test will desonstrate the
acdequacy of the TNP configuration.

111. Zest Beculresents
1.0 Jest Svecizen
1.1 1" pipe nipple (u* long)

1.2 Rayches CB4«2/5024823-52/144 WCSF Cable Breakout with keeper
sleeve (Raychem Kit #NCBK«04-04) '

1.3 1%" Pipe coupling

1.4 GCreenfield compression fitting (or equivalent)
1.5 Creenfield 1" flex conduit (approx. B" long)
1.6 T &3 insulated ving tongue lugs (#12 AWC)

1.7 & « 1/C #12 Cable (Catle Code JO-2) g
1.8 Raychen WCSF Beat Shrink sleeving for #12 ANC

2.0 st Feuipnen

2.1 Test Container used for test per 2BE-104L5.3 or .QU‘V‘I!%&Q{‘
fSee Tig. 1) qb
o0

OECGTD CCPY| FOR INFORNATION ONLY
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J. M, Farley KNuclear Plant
Vanits 1 and 2

\ Lizit Sviteh Cahble Entrance Seal Test

-

" " ?-.’E‘I“(‘

The purpose of this test 4s to demonstrate the capudilirvy of the
Raychez B eakout Seal Assexbly, vhen installed 4{n accordance with
Relference 1, to withstand sisulated DBEA pressure and tezperature

il vithout loss of functicn or breach of pressure boundry. 1In addition,
the adegquacy of the conductor seal method, as specified {n Reference

4, t0 prevent migration through conductor interstices will alsc be
desonstratec.

LB » -
) RCVETOMUNE
11, Bacrgreuns

nformal tests conductd by Ray.“ez on & “izmilar (but not fdenticel
gnfiguraticn of the seal supggests & possible fallure mode due to
prolonged elevated temperature with the subsequent application of
pressure. Although the Raychex breakout 4s fully environmentally
qualified, the configuration explored by FNP 4s somevhat different
than the qualification configuration, . This test vill demcastrate the
adeguacy of the FNP configuration.

-
” »e

111, TJes: Rezuirements

>

5 - . 4
3.0 Jest Specimen

1.1 1" pipe nipple (4* long)

1.2 Rayches CBL~3/502A823-52/144 WCSF Cadle Breakout with keeper

tleeve (Rayches Kit NCBK«D4«04)
) 1.3 1%" Pipe coupling
1.6 Creenfield compression fitting (or equivalent)
1.5 Greenfield 1" flex conduic (approx. 8" long)

1.6 T &P fosuleted ring tongue lugs (#12 AWC

1.7 4 « 1/C #12 Cable (Cadle Code JO-2) 5

8 Raychen WCST Heat Shrink sleeving for €12 AVC

: 2,0 Yest Ecuipnent

. .

3 Test Container used for test per 2BE-1045+3 or eguivalent ',::3
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Alr pressure regulater 0-10C
Air pressure gage, 0-30 psig ¢+ 0.25%
ALr pressure gagej, 0-100 paig & 0.25% (1)

k' stoinless steel tubing and fitting as required to connect
gages 2ol reguletors

Texsperature regulated vessel; riTess relie? heating blanke: with
tenperat e controls

Iron~Constantan thermocouple with readout meter

wod data logger

Jelerences

1. Draving A«17754) shts 23K, Rev, O and 23P, Rev, O
Draving A=177541 ashts 231, Rev, 0 and 237
0

b |
LR

sen Preparation

Assezble the Ravchen seaxl coniiguration as shown in Refere
and Figure 1.

Terminate conductors on the pressure side of the seal as speci-
fied in Refereanze 2.

Bend corcuctors on the  ressure side of the seal lesving the
flex conduit and attach to the side of the flex conduit with Tyewrips
Conductors should pot extend mote than k" beyonc the end of the flex

con d-il.

Iorert the 1" mipple with seal attached inte the 1" coupling
at the pressurz P 2dry and tighten,

Assenbly FPresaration

Assexzble the test container as shown {n Figure 1.

Attach X" pressurizetion/instrumentation tubing

Conne:t the tubing &s shown in Figure 2.

Cut econductors tn leckof! nipple approxinately !“ beyond the
end of the nipple and install pipe cap.




Sheet 3

‘3.0 Operational Test

Note: The test specimen tesperature shall be monitored at $
minute intervals throughout the test, using the test specime:
therpocouple and the data logger., Times of changes ef all
test paraseters shall be recorded,

3.1 Adjust teaperature controller on Wwesel T 305 degrees laren-
s ne.t ant energive,
e 3 Vher

vessel temperature has stadilized a+ 305 degrees TNarenhel:
pidce test specimen, with all t&ing at2achel, i tie OWwu A
allow ?SE? specimen terpersatre, as resl on thermocowy.e, ¢
reach 30% degrees Farenheix.

3.3 When test svecimen vesches 3¢5°r, pressurize the test
chaszber as follovs: (Refer to Pigure 2)

3.3.1 Set pressure regulater for minloun pressure.

2.3.2 rlose Valves B and €,

3.7.3 With Valve A connectad to & service Alr Supply net
exceeding 150 psig, slovly open Valve A,

3.3.4 Using the pressure regulator, incresse tuo test
chasber pressuve rapidiy to 50 paig.

3.4 After test chagber pressure has reached 60 psig, lmmeciately
pet vossel texperature contrel teo L80°F and sllow wesel to cool
et & rate of sbout 12°F €1 ten minutes until the vesse! tezp-

erature is 180°F. Centinunusly moniter Pressure Cage B for
evidence of leakage,

3.5 Allow test chasber pressure to rema/n at 60 psig for 7 minutes,
at which time slowly reduce pressure &t the za'e of 5 psi in
10 minutes until the test chizmber pressure &5 1) psij.

3.6 Maintain test chasber pressure at 15 psig for 5 hours, at
which time reduce pressure to 5 psig and maintain 5 psig for
1% hours. At the same time set wstl temperature control for
120°F and sallovw vevee! to cool to that temporature.

3.7 Termioste the test approximately 24 hours after=initially
pressyv izing test chaxber to 60 psig.

Fote: The test shall Be terminated any time pressure FOge
"2 shows an {ncrease &{n pressure, indicating the pressure
seal boundry has been breached,




The tés: shall be terminsted as icllovs:
3.8.1 Resove pover 10 htuling blanka b

5.8.2 Close Valve "A", and set pressure regulator for minious
pl<spure,

Slovly open Valve "C", alloving pressure to bleed off,

3.8.4 Open Valve “B",
3.0.% Allow lest chasber to cool,

Poer Test Exazinstion

Disassecble test chazber and remove teit specinmen,

Carefully examine test specimen for gross deformations of
the seal, or evidence of conducter migration {nte the mipple
in which they pass.

test shall be deezed to be acceptable if:

“

.1 There are ne gross deformaticns of the seal systex, and,
.2 There 45 po evidence ©f & breach of the pressure bounéryv,
as indicated by  buildup of pressure in the leakols
pipple.as indicated by pressure gage '

Minor deformations aze acceptable {f there {s mo evidence
f a bresch of the seal boundry.

Test vesults indicate that the Raychexz Seal Systesm, vhen installed

{n accordance with references 1 and 2 (is) (is not) accejpthble
for its design functien,

Test Performed by:

Test Vitoessed by:

Test Results accepted by:
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