
_ ____________ _ ___ -

5-33 St:ff Exh. 33-
#

8-3fS|36y--(lit //
M /9[9 2 - I:0LKEILO'

/
tow;;r

92 NAR 13 P12.,

di!G JJ 5!(ettI w <
00 Chi f iNG .% r [ n V!CI.

!* AHL H

I . ~ .
*

QUALITICATION TESTING OF RAYCHT.M ENVIRONMENTAL

SEALS FOR ALABAMA POWER COMPANY

JOSEPH M. FARLEY NUCLEAR FIANT

.
.

#

*

,

4

'

.

e

b

9204060258 920219
PDR ADOCK 05000348
C PDR

- _ __-____ ____

j



,u...-~..._._-,.-_mmm... ,.a,. , g g .. . ._ o m _. m m. _ ,,,,,,,m. _ , _ .__ , , , , ,_ , _

4h bl - L

- e_. tJahuna b luccNmjuy
'b b f N(f , .

*.m ,c .

.~-Y - wam. Aw oma u n :

NA}}Utt,,fflI |.>n_______.. n uist o

iew . _ _ , _ _ _ _ _ _ kil!CIED -

'"
_ _ . . _ . _ _

i

it a a N ___._ ___ .__ __ D A f l C /' M h
. . _ ._

i/
Meer _ / _ /) Viittmst

kt'|'JT!{.f '
-

4

.

4

I

_. _

|

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



.---__- - _ __

.

a.

.

'
.

Qualification Testing of
Raychem Envi onmental Seals for

Alabama Power Company
Joseph M. Farley Nuclear Plant

.

I :1. . INTRODUCTION

b' hen HAMCO CONTROLS environmentally qualified their model EA 180
series limit switches, the interior of the evitch was sealed against
the test environment by using rigid conduit to bring the conductors
outside the tett chamber. As a result, when the switch is installed
in a safety-related system in a harsh environment, means sust be
provided to seal the switch internals from that environment, and at
the same time provide electrical connections'to the switch.-

As a result of NRC's 1 & E Bulletin 79-01A. Alabama Power Company
committed to replace all Class 1E limit switches in Unit 1 containment -
during the first refueling outage. .Since-time was limited, it was-
decided to develop a switch seal with materials that had already been,

environmentally qualified. The Raychem heat shrink cable breakput-
bgot was selected as a seal method, and working"iiith Eychem, a kit (1)
consisting of fully qualified-material was developed and installed on
all Class 1E limit switches in the containment, and subsequently in

,

the main steam room.
*

. . .

Subsequently. Raychem performed some developmental test,t on a seal.,

c]nfiguration similar (but not identical) to the Farley configuration.
As a result of the tests, a failure mode was established whish might
apply to the Tarley installation.

The f ailure mode identified-by Raychem occured when the seal was at -
elevated temperature and pressure. Because c. the elevated temperature
(in excess of 300 F) the heat-shrink mat,arial undergoes a phase change
wherein the mechanical strength is reduced. tn addition.the adhes}ve
becomes fluid and starts to flow., As A result, the unrestrained con-
ductors of the Raychem test speciman were forced through.the breakout
due to the pressure. In some cases..the breakout legs were. inverted.
Also, the seal boundry was breached due to overstressing the breakout-
material.

.

After being informed of the matter, Alabama Power Company requested*

that tests be performed to establish the admquacy of the Farley-
configuration (2),

II. TEST PHILOSOPHY
.

The Raychem breakout material has been environmentally qualified (3}..
.

including accelerated aging to-the equivalent of 40 years, irradiated,
and LOCA (ttted. However, the.configuratien was associated with a
cable. The Tarley approach was to use the breakout at the end of a

,

pipe nipple which was attached'to the ruitch. The conductors were"

1
-

'
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then brought through the breakout legs.

Since the breakout had been cualified previously, the Parley con-
figuration needed only to be tested for pressure and temperature
with time dependent variations approximating the postulated Tarley .

LOCA profile (4).

III. TEST APPARATUS

Thetestapparatusconsistedofatestspecimengbricatedinaccord-.

ance with instructions issued for construction , and consirted of

a 1 inch pipe nipple (which in the plant is .utschad to the limit
switch), the Raychem breakout kit, two compression fittings, a li, incht
pipe coupling, and a short length of flex conduit.

The test specimen was installed in the test chamber, shown in figures
1 and 2. The chamber we pressurized with air through a supply header
shown in figure 3. in which the tressure could be regulated using a
Hammel pressure regulator.

The chamber was heated with heaters of a type normally used for post
veld heat treatment (stress relief) in Waldaments. The temperature of
the test chamber was controlled with a Honeywell Temperature controller /
recorder with heater power supplies shown in figure 4.

The air supply-leak detection piping was fabricated according to the
arrangement shown in figure.5.

Becauss of the thermal inertia of the test chamber, the rapid temp-,

erature rise required by the test. profile could,not be achieved. It.

was decided to modify the test chamber to permit its heating prior to,

inserting the test. specimen.- A hole was cut in the top flange, and
a specimen mounting plate was f abricated. The mounting plate was
held in position on the' flange with four bolts. .A cover plate was

i

installed while-the chamber was brou3ht to temperature. -In addition,
a thermovell was added to more accurately determine-the' internal temp-
erature of the chamber. The arrangement is shown in figure 6.

IV. TEST PROCEDURE *

- The test was conducted as described in the attached test procedure (5) ,

As discussed in section III, the temperature of the test. chamber could
not be brought to the required temperature rapidly. As a result, the
test specimen was exposed to elevated temperatures for as long as 45'
minutes prior to the application of air pressure.- Figure 6 shows a test
specimen prior to heat up and testing. .

A change was made to the test chamber which permitted-its being brought
- 3

to temperature prior to inserting the test specimen' and- applying pressure,
more closely simulating the required temperature-pressure profile.

9
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V. TEST RESULTS

Two test specimens, assembled as installed in the plant, failed the ,

test. Ihe first specimen, which was tested prior to the chamber <

modification, failed two minutes af ter pressure was applied. In
; this instance, the specimen (shown in Figure 7) was subjected to,

temperatures above 200'T for 30 minutes prior to reaching the required
peak temperature and application of pressure. During this period: the heat-shrink raterial was softenad, permitting a blow-through in4 *

.

the center of the breakout 2 minutes af ter pressure was applied.*
-

Figure 8 shows this specimen af ter it was removed from the chamber,
and Figure 9 shows how the specimen failed.

A second specimen was 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 af ter 5 minutes into the test in much the same way as the
first one failed. In this case, it merely took longer for the break-
out to become heated enough for failure to occur.

Af ter modifying the test chamber as described in section III, a third
~

specimen was prepared. Af tdr bringing the chamber to temperature, the
specimen was quickly-installed and the chamber pressurized. The seal
failed af ter 17 minutes into the test.

It was then apparent the breakout material was being overstressed in
its weakened (heated) condition, and there was no. physical support

'

for it at the and 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. 4 !g product CHICO "A" was poured into the nipple af ter
the breakout and keeper sleeve were shrunk on.

I Af ter the CHICO "A" had cured, the specimen was placed into the mod-
) ified test chamber which had been pre-heated, and pressure applied.

Ihe seal held, and tha prescribed temperature / pressure profiles werel

followed for the next twenty four hours. This configuration successfully
par e ad the test. ,

VI. CONCLt1SIONS

The failure of the first two test specimens indicate that the lheit
switch seals as Obey are presently installe,d in units 1 and 2 will
require additional oork. The simplest "fix" requires that the cover
plate of .the limit switch be removed. and . liquid CHICO "A" injected with
a syringe into the nipple attached to .tha switch. - Af ter- tEs CHICO "A"
has cured, the svttch cover plate is replaced.

CHICO "A" is not the only material that may be used, however, quali-
fication documentation is available and CHICO "A" is stocked in the
TNF warehouse.

.
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VII RECOMMEEATIONS

Although the CHICO "A" fix is the most expediant, there are some-

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 a conductor becomes
damaged, all conductors must be replaced. gecond, in some cases,
the switch may be in a position such that the CHICO cannot be,

injected. In such a case, the switch must be unsounted, positioned.
,,

such that the nipple points ciownward, and then injected with CHICO "A".*
--

It may be desirable to utilize pressure tight flex-pipe to connect
the switch and the pressure boundry at a remote, more accessible
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, if available.

Submitted: Approved:; , ., , ,
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G. M. LangYord J. . Love ' I
IEngineering Specialist E ineering Supervisor

.

'
i

i

i

i
|

|
|
|

:

005538-4-

.

b



_ ._ _ _ _ _ _ _ _ .
..

* . . . - . .

.

.

.

References
*

-
.

.. .

(1) Raychem part 502A823-52/144 WCST Cable Breakoot with Keeper sleeve
(Raychem Kit #NCBK-04-04)

(2) Drawing A-177541 shts. 23K, Rev. 0; 23L, Rev. 0, and 23P, Rev. 0

(3) Raychem Energy Division Report EDR 5033 dated April, 1981 (Wyle
Report No. 58442-2)

(4) TVP TSAR T18eres 6.2-4 and 6.2-6 ,

(5) Bechtel letter AP-6559, File E-91 dated November 24,-1981 to 0. T
Kingsley

.

* *
..

4

. e . $ . , ,

. . . ..

.

.

$

.

,e

h g

005539

1.
-

.
. . , _ _ . J



u I

e

9

'

a

hO s. # ##ss /< # 4
, -.. -

,y.,y t#..k + ' ..
..

,+ ;

._

__
.

.
N

e,
b .

e.

"

. ,
-

s-
/ / / // / / ,- / J' ,.



// p/ //////////////

t

4

0

.

.

h # ##s4 /.
.

..
* ' ./

s

+?h v ^~. c w~& .4 O.
*4 /

.

.
_

_.

.
s

+

Q
+.-
. ,

=

'

- ,'.

r-
*

/ ./ / , ///'/, // . -



.

.

.

M E E5 i- ~0yq -

'
'

as
. . , . ..

7
'

.. C ('
. .

I.. ,

. . . . . . . .

.. . ..

w ..
'

'i .-

.

. g. ' ''

,*
..

,

~ *
,

,e

- - - _ - _ - .

,m5-
- ~

'

Figure 4 Heater rectifier, temperature recorder and'
heater controller

- -
.

, ,

9 9

* 8

e

O

.

Y

e

055410

.

- _ _ _ _ _ _ _ _ - _ . _ _ - . - . _ _ _ _



_ _ _ - - - _ _ _ - - _ . .

.. r c
-

. . .,

PT CALCULATION SHEET;(. S ff CALC.NO. M E v. NO.

(* omGINAtom bbNbb D AT E .- CHECKED DATE

PROJECT N b6 ~
JOB NO.

$UBJECT UN bD8Y b $HEET NO

1

2 -

'; :-
i

0-too pg FR.5%0R5 RESOLAToR

'

PRE %)RE
/ REUEF

* I VAWE.

Ch

: 6'' gg o b

@(oiE%
" ^ =w x o.w g4'' .

VjE P&s. E "

[ X "

%*
, "

,

. youes
17 *

,

18 s u PL4 tPPLE 4" ' '

_ ( g r y Q\ Pig,E

,

21

"
TEST

23 ,

d ANABER. ~

24

25

26

21

29
*

y
.

*
.

31

YfM
34

36

36

Gap.?--a * 7a

_ ____________.__________J



.. ..- -.____._-- ___. _ _ __._

.

.=
"

-,
.

.. - .
-

. ,

F ,'. f~- . .,r;.. - --
. . ., ,

a *
,

'

. 's.

s 5k .
-

a

..'

g4 > s,

.R se ~~ - M
~ k

-s a . , .

I 'wM hY, . O
N'

.

T - , 4, ,.

w y ,3 ,.. ;
,

..
.

- _e :_

.

~

*%, . -..

| '

.c #
.

I. , .^~
~

' '' f. h. j fW -

'
,

Figure 6. * Top of test chamber af ter modificatiota j
|

.

:.

-
.

,

.

.

' -
,

_
i'

~+ * * ,
. .

*M * -

mas * ,- .

, .

_

,,

. ms 9} e..

c 0 '

' V g .4 . . ,'--*

g/y .
.

>,
,

o,

-
,

. . g , . . . ,.

,

,' , , .

- ..
, , ,

}.
'

'

Uq
-,.-

,,

b

.. -

o

,e *
* .

*
..

. .

"
' -

.
.

Top of test chamber showing method of installin g o G 5 @Figure 7.

test specimen
i

I

6

s.

,.--r-r--#. . - - - - - . . _ - + . - , , - - . _ _ _ _ _ _ _ _ _ _ _ _ -- -- - - - .*



_ _ _ _ _ _ _ _ _ _ _ _ _ _ - _ _

.

.

|
. '

(

'.
,

N

8
%

\

n

'

. , , .

'.Y<

a

Figure 8. Failed test specimen af ter removal from chamber
.

.

.

.'|
i

,
- ,'

. .
,

,
*

- - ..
See *-

'

'

.

.

<

;

m. .*

*

Oo6 *6Fipre 9. Breakout boot showing hole in c. enter where
failure occured

______E_____________.____._



-. .

|
1

:.

*
1

.

.

.

~
.

-
.

Appendix A

Test Procedure

Limit Switch Cable En:rance Seel Test
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J. H. Farley Nuclear Plant
11oits 1 and 2

Lieft Switch Cable Entrance Seal Test.

* .

'
, , .

*

1. Purvese

The purpose of this test is to demonstrate the capability of the
Rayche= Ereakout ges! Assambly, when installed in accordance with
Reference 1, to withstand simulated DEA pressure and temperature
without less of function or breach of pressure _ boundry. In addition,

the adequacy of the conductor sesi method, at specified in Reference
2, to prevent migration through conductor intersti es will also be
desenstrated.

.

II. Ba:Vereu.d

Infer =al tests conducted by Raychem on a similar (but not identical)
cen!1guration of the seal-euggests a possible failure mode due to
prolonged elevated temperature with the subsequent application of
pressure. Although the Raychem breakout is fully environmentally
qualifted, the configuration employed by Th7 is somewht.t different
than,the qualification configuration. This test will demonstrate the.

, , adequacy c.f the .Tb7 configuration. ,
. .

. .,. ,

111. Test Pecuf reeents

1.0 Test feecieen
i

-

| 1.1 1" pipe nipple ( 4' long)

1.2 Rayche= c5I.-2/502A823-52/144 WCST cable Breakout with keeper
sleeve (Raychem Kit fNOBK-04-04) .

,.

1.3 1k" Fipe coupling

1.4 Creenfield compression fitting (or equivalent)

1.5 Creenfield 2" flex conduit (approx. 8" long)

1.6 7 in B insulated ring tongue luss-(#12 AVC)
L

-

.
.

''
1.7 4 - 1/C #12 Cable (Cable code J0-2)

|

| 1.8 Raychem WCST Esat shrink aleeving for #12 AVC
!

.

| 2.0 Test teutt-ent
d

Test container used for test per 2EE-1049-3 or equivale 603f
2.1

-isee ric. n g
Dt gy;CCPY JOR I\ 20RMAT10N ON_Y

7 597 o'3 6W-2 2 - /
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J. M. Farley. Nuclear Plant
,

Units 1 and 2

1.tett Sulteh Cable Entrance goal Ten.

| 1

%.

I *
.

-L Purpose

Ihe purpose of this test is to demonstrate the capability of the
Rayche: 3 eakout Seal Assembly, than installed in accordance with
Reference 1, to withstand simulated DEA pressure and temperature
without loss of function or breach of pressure boundry. In addition,
the adequacy of the conductor seal method, as specified in Reference
2, to prevent migration through conductor interstices will also be
de=enstrated.

.

II. Sect;reund

Informal tests conducud by Rayhem on a 'imilar (but not identical)
ccnfiguratien of the sual suggests a possible failure mode due to
prolonged elevated temperature with the subsequent application of
pressure. Although the Raychem breakout is fully environmentally
qualified, the configuration employed by TNP is somewhat different.

than the qualification configuration. . This test will demonstrate the . .

adequacy of the .TFp configuration. '

.,

*

III. Test Recuireeents *

1.0 Test seeefeen

1.1 1" pipe nipple ( 4' long)
.

1.2 Rayche= CBI.-2/$02A823-52/144 VCST Cable Breakout with keeper
sleeve (Raychem Kit fNC3K-04-04) ,-

1.3 li" pipe coupling

1.4 Creenfield compression fitting (or equivalent)

1.5 Creenfield 1" flex conduit (approx. B" long)

1.6 7 di 3 insulated ring tongue lugs (f12 AVG)
'
.

"1.7 ' - 1/C #12 Cable (Cable Code J0-2)
*

L.8 Raycham VCST Esat Phrink sleeving for $12 AVG
. -c ,,

, 7. . M W L,. i.' E,! c' 2,0|;
-

e re s t reuto-ent-

I'tl . sl

Test container used for test per 25t-1M9 3 or equivalentp@.1
i$ee ric. n j

FOR INFORMATION ONLY
u

'

Qq7 _.20 - E9/ -l'8-l
.
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sheet 2
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i

2.2 dirpressureregulator 0-2 0C .g'

2.3 Air pressure gage. 0- M psig f,, 0.25%

2.4 Air pressurs gages,0-100 psig ,+,,0.25% (t)-

t =
,

2.5 ku stein 1+sh steel teing and fitting as required' to connect-
. .

gages cad regulators {.

L6 Temperature regulated vessel; rtress relief heating blanket with
tesperat we controls

2.7 Iron-Constantan thermoccuple with readout meter*

end data logger

.'['
; IV. Seferences ,

{ '

-

1. Drawing A-177541 shts 23K, Rev. O and 23P, Rev. 0 -

2. Drawing A-177541 shts 231, Rev. O and 23P, e.

V. Precedure

1.0 Telt. Specteen Preparation ;\1
\.

1.1 Asse=ble the Raychem seal configuration as shown.in Refere%t 1
and Tigure 1.

,,
.

,, ,,

.... .
' '

*
. .

.

1.2 Terminate conductors on the pressure side-of the seal as speci- ,

fied in Reference 2.

1.3 Bend concuctors on the yressure side of the seal leaving the
flex conduit and attach to the side of the flex conduit with Ty-wraps
conductors should not extend more than k" beyond the end of the flex
condutt.

1.4 Inaert the 1" nipple with seal attached into the 1" coupling !
at the pressura kee.3 dry and tighten.

2.0 Test Asseeb1v Preraration
'

e 2.1 Assembis the test container as shown'in Figure-1.

2.2 Attach k" pressurization / instrumentation tubing .

*
.

2.3 Conne;t the tubing as shown in Figure 2. -

2.4 Cut conductors in 1stkoff nipple approximately k" beyond the-

end of the nipple and install pipe tap.- .

.O

.
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!
*3.0 Operational Test

i

Note: The test specimes temperature shs11 be monitored at 5
minute intervals throughout the test, using the test specimen
theroocouple and the data logger. Times of shanges of all-
test parameters shall be recorded.

, .

3.1 Adjust temperature sentroller en vesse.1 to 305 degrees raren.*
.

* nest and energize. -

. .

. I
~

3' When vessel temperettre has stabilised at 305 degrees rarenheit,
place test specimen, _ with all t*ir.;; att: chad, in the- ow and
allow test specimen tertperature, as read on thermocot.ple,-to
resch 305 degrees Tarenheit.

3.3 When test avecimen reaches M5'F, oressurise the test
chamber as follows: (Refer to pigure 2)

.

3.3.1 set pressure regulator for minicum pressure. .

3.3.2 f. lose Valves 3 and C.

3.3.3 k*ith Valve A connected to a servite Air supply -not*

exceeding 150 psis,-slowly open valve A. a

3.3.4 11 sing the p'ressure regulator, increase the test 7
chamber pressure rapidly ,to 40 pais.

. ,
,, ,

3.4 After test chamber pressure has reached 60 psig, immediately .'''

set. vowel ta=perature contgol to 180*T and allow w$tel to cool
. *

at a rate of about 13*F in; ten minutes until the W5tel temp *

urature is 180'F. Ccatinuously monitor. Pressure Cage 3--for
evidence of leakage. .

.-

,

3.5 Allow t6st chamber pressure to remain at 60 psis for 7 migutes,
at which time slowly re. duce pressure at the tae.e of 5 psi in
10 minutes until the test-chsaber; pressure is 1) psis.'

. .
.-

3.6 Maintain test chamber pressure at 15 psig fot 5 hours, at=
which time reduce pressure to 5 pois and maintain 5 psis for
19 hours. At -the same time set vowsel temperature control, for
120*T and allow veel to cool' to that .tamperature.--

3.7 Terminste the testiapproximataly'24 hours after3nitia11y - '
.

pressv-laing test shaaber-to 60 pais.- ,

Note: h test shall be terminated any time pressure gege
''5" .shows an increase in pressure,1 indicating the pressure
seal bcundry has been-breached.-

0
e

ms- .
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'

> | 3.8 De test shall be terminated as follows:
.

ka t.3.8.1 ' Remove power to beab3

3.8.2 close' Valve "A", and set pressure regulator for minimum
* pressure.

", 3.3.3 slowly open Valve "C", allowing pressure to bleed off.-
.

3.8.4 open valve "B"..

3.8.5 Allow Test chamber to cool.

4.0 Port Test Exa:f netien

4.1 Disassemble test chamber and remove test specimen.

4.2 Carefully examine test specimen for gross deformations of
p

the seal, or svidence of conductor migration into the nipple
in which they pass.

.

.0 cen:1usions~

5.1 D e test shall be deemed to be acceptable if:

5.1.1 nere are no gross deformatiens of the seal system, and,

5.1.2- Scre is no evidence of a breach of the pressure boundry,
as indicated by a buildup of pressure in the leakoff i

nipple.as indicated by pressure sage "3".

5.1.3 Minor deformations are acceptable if there is no evidence
of a breach of the seal boundry.

5.2 Test results indicate that the Raychem Seal System, when installed
in accordance with references 1 and 2 (is) (is not) acceptible

.

for its design function.

,

.

Test performed by:
..

Date
"

Test Vitnessed by:

Date .

_

Test Results accepted by:
4' Date /e'

-

' ----------__------,__.__.___m_ _ _ _ _ . , _ _ _ _ _ _
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