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ABSTRACT

I

IThis report describes tests of elastomeric seals that are used '

in the mechanical penetrations of nuclear power plant contain-
ments. These tests assessed the effects of thermal aging,
radiation and thermal aging, sealing surface separation, and
squeeze on the performance of several gasket designs: o-ring,
gum drop, double dog ear, and tongue and groove. Both ethylene '

propylene rubber and silicone rubber gaskets were tested. The
environment for testing enveloped a hypothetical severe
accident: 143 psig and up to 700 F. The performance of the0

seals is quantified in terms of the leakage onset point on the
,time-temperature curve. !,
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EXECUTIVE SUMMARY

These tests were conducted at Sandia National Laboratories as
part of the Integrity of Containment Penetrations Under Severe
Accident Loads Program, which is sponsored by the U.S. Nuclear
Regulatory Commission and managed by Sandia National
Laboratories. The tests were denigned to measure leak rates
from seals that are typically used in the mechanical
penetrations of nuclear power plant containments. Gasket cross
sections were actual size, but gasket circumferences were much
smaller than actual size in order to reduce the cost of testing.

A total of 22 tests were performed. Eighteen tested 1/4-inch
0-rings. One test each was run on the following designs:
1/2 inch o-ring, gum drop, double dog ear, and tongue and |
groove. Gaskets tested were of two elastomers: silicone (SI) '

rubber and ethylene propylene (EP) rubber. Some gaskets were
tested in the unaged condition; others were given one of the
following aging histories:

01. 300 F for 168 hours

02. 300 F for 168 hours and 200 Mrad at 1 Mrad / hour

Gaskets were aged in a fixture that provided the same squeeze as
the leak test fixture.

,

Steam was the environment for 20 of the tests; hot air for 2 of
the tests. Leakage was measured in each test; however, soveral
experimental deficiencias made it impossible to have confidence
in the leak rate data.

The results reported are the leakage onset points as indicated
on the temperature vs. timo plots, and the posttest photographs,
which indicate the extent of the gaskets' degradation at the end
of the test.

Some of the observations derived from the test results are as !
follows:

1. The thermal and radiation aging that was snocified in those
tests had a negligible dolotorious offect on leakage onset
temperature.

2. Motal-to-motal contact at the scaling surfaces virtually
provonted significant leakago.

<

J

l

'
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3. Leakage onset temperature did not appear to be significantly
affected by increasing squeeze from 9% to 17%. This may
suggest that the seals prevent leakage a.s long as positive
compression exists.

0 04. Leakage onset temperatures ranged from 626 F to 669 F
for the five steam tests of EP rubber 1/4-inch 0-rings with
a gap between the sealing surfaces.

0 05. Leakage onset temperatures ranged from 486 F to 592 F
for the eight steam tests of SI rubber 1/4-inch 0-rings with
a gap between the sealing surfaces.

6. Posttest visual inspection indicated that all gaskets
experienced severe degradation, including those that were
tested without a gap between the sealing surfaces.

t

|

*
Squeeze = x 100

whore: U = uncompressed soal dimension
C = compressed soal dimension

(both dimansions measured normal to the
scaling surfaco)

-2-



1. INTRODUCTION

Since the accident at Three Mile Island, a major effort in
safety studies has been directed toward understanding the risks
and consequences of severe accidents. Knowledge concerning the
leakage behavior of nuclear plant containments is important
input to accident mitigation strategies, risk studies, and
emergency preparedness planning. Five NRC programs are
concerned with containment integrity and leakage behavior under j

severe accident conditions: the Containment Safety Margins
Program, the Valve Isolation Program, the Integrity of
Containment Penetrations Under Severe Accident Conditions
Program, the Electrical Penetrations Assemblies Program, and the
Containment Integrity Under Extreme Loads Program.,

1.1 Loss of Penetration Intecrity

calculations made under the Severo Accident Sequence Analysis
Program indicate that pressures and temperatures significantly
above the design basis levels are likely to occur during a i
severe accident. Loss of penetration integrity could occur as a
recult of (a) excessive pressure differentials across the
penetrations, (b) degradation of seal materials resulting from
exposure to high temperatures, (c) distortion of sealing
surfaces as a result of containment deformation, and
(d) enlargement of pre-existing leakage paths or creation of new
leakage paths as a regult of stress-induced cracks in liners,
hatches, and flanges. The probability of these failure modes
is unknown, and the magnitude of any particular failure is
difficult to predict.(1)

1.2 Failure of Seals in Penetrations

Containments subjected to severo accidents (static pressure
conditions) have the potential to leak as a result of seal

,

failure in a penotration t ather than by failure of tho
containment shell. Some of the reasons for this are as follows:'

1. Elautomers used in soals are gonorally not qualified for
the savoro accident environment.

2. Deformation at the penetration /containmont interfacs is
detrimental to soal integrity; this is especially [
significant when an aquipment hatch sloovo deforms
relative to the hatch cover and tensioning ring. ,

,

! * The inflatable seals that are used in some penetrations
(e.g. , personnel airlocks) are not discussed in this report.

,

1 ,

I
'

I :

l
|
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3. The sealing surfaces of pressure unseating hatches will
begin to separate when the bolt preload is nullified by
the internal pressure.

Note: Clauss (2) discusses the leakage pctential of
pressure unseating hatches. He gives a formula for the
separation between the sealing surfaces and a formula for!

i the pressure at which leaking begins in terms of he
applicable stiffnesses, thermal strains, and bolt
preloads. Clauss tabulates some of these numbers for
existing containments. For one type of equipment hatch ini

I BWR Mk IIIs, he calculates that separation would begin at
| 2X design pressure, and that at 3X design pressure the ,

j separation would be approximately 0.003 inch. |
1

1.3 Aeolication Caveats
i The following caveats should be considered before applying the

test results given in this report to full-sized penetrations:

1. The test fixture, with its reduced circumference, has
,

relatively rigid surfaces; the gap between the flanges in'

nearly uniform around the perimeter. The full-sized
penetration, on the other hand, might exhibit a varying4

gap around the perimeter.

2. In the event of a severe accident, sealing surfaces might
move relative to each other. In these tests, such
movement was not modeled; the test fixture's sealing
surfaces were fixed.

,

3. Radiolytic damage to elastomers may depend not only on the
absorbed doso, but also on the length of time that tho

; elastomer is subject to radiation and hence on the dose
rate. The damage caused by low doso rate exposure for a4

long time may be more severo than the damage resulting
from high doso rate (but identical total dose) exposure,

i over a short time. Thermal damago exhibits a similar i

phenomenon. These effects woro not considered in the1

] tests. '

1.4 Previous Work !

, This section briefly montions sono of the previous work in
clastomoric seal testing.'

Argonne National Laboratory (AHL) produced a study (3) of i,

j oxisting penetrations that were believed to have a high
probability of leaking when subjected to temperatures and |

1 pressures excooding design values. They concentrated on largo, '

operating typo penotrations such as personnel airlocks,1

equipment hatchos, and bellows seals. Tho ANL study is an
,

extensive collection of text and drawings for the panotrations -

-

j in 48 nuclear plants. !

;

-4-
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(4) investigatedWelch,and Kurzekasurface finish, and squeeze,ghe effects of temperature,gland on leakage behavior.
They also investigated the effects of temperature on the
permeability and the compression set of elastomeric gaskets.
They concluded that compression set is virtually independent of !
the amount of squeeze. ;

1

| Welch and Kurzeka chose a compression set of 90% to represent

| end of useful life. Employing this number, they created some
- Arrhenius plots to show maximum allowable operating temperature

'

for a given life.

| Chivers and Hunt (5) offer a concise explanation of the issues
I in alastomaric seal performance. They include plots of com-

pression set versus time and expected life versus temperature;|

I end of life is defined to be when compression set reaches 100%.
|

Blakeston ,Tomblin, and Ward (6) plotted percentage loss ofg
; standoff versus time and compression set versus time for
i selected temperatures and elastomers. They also studied the
| effects of oxygen on polymer degradation.

Wonsel (7) reports that the change in sealing force is the best
indicator of seal performance, and that it correlates well with
compression set, which is easier to measure. He suggests com-
pression set equal to 75% as a conservative estimate for the end
of a gasket's useful life.

0Wonsol and Cotnam (8) subjected elastomeric gaskets to 350 F
0

| and 450 F water for up to one year. They concluded that
| compression set is an effective indicater for the extent of
I degradation, and that changes in hardness and weight are not
i offective indicators of degradation. All of the leakage in
i their experiments occurred at compression sots excoading 75%.

|
1

* land the cavity into which an 0-ring is installed. Ig --

includos the groovo and the mating surface of the
I second part that together confine the 0-ring.

**Squooze =U}Sx100
whore U = uncompressed soal dimension !

| C = compressed soal dimension
;

| (both dimensions measured normal to the
sealing surface)

*** tandoff the amount by which the gasket projects froms --

the groovo.

5-
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_ _ _ _ _ _ _ _ _ _ _ _ _ _ . . _ _ _

There seems to be a strong consensus that compression set is an
effective indicator of degradation in an elastomeric gasket and
that the end of a gasket's useful life occurs at a compression
set ranging from 75% to 100%.

Thomas Bridges (9), at Idaho National Engineering Laboratory,
tested elastomeric gaskets (under contract to Sandia National

0Laboratories) at 160 psig and temperatures up to 700 F, unaged
and thermally aged. Flange rotation was simulated by machining
one flange at an angle (up to 120) relative to the mating
flange. The pressurized fluid was dry nitrogen. Some of his
conclusions:

1. Flange rotation had little effect on failure temperature.

2. Thermal aging had little effect on failure temperature.*

3. Seepage leak rate ** increased as flange rotation
increased.

4. Seepage leak rate increased as squeeze docreased.

5. Faepage leak rate was not affected by thermal aging.

6. Leak rates after gasket failure increased as flange
separation increased.

7. Failure temperatures increased as squeeze increased.

l
|
,

*
Thermal aging probably does affect leak rates in
pressure-unseating hatches, howo'.or, because it changos
compression sot rotontion.

**
Seepage leak ratos are thoso loak rates occurring prior to
failure of the gaskot.

-6-
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|

|

'

2. DESCRIPTION OF TESTS

f Tests were performed on five seal designs: double 1/4-inch
| O-ring, double 1/2-inch 0-ring, double tongue and groove, double
| gumdrop, and double dog ear. A study by Argonne National ,

| Laboratory (3) determined that these seal designs are among the |
most commonly used in nuclear containment penetrations.

The test matrix is given in Table 1. The gaskets testeg were of
silicon (SI) rubber and ethylene propylene (EP) rubber. The
compound numbers are given in Table 2. :

,

l
|

| 2.1 Leak Rates

A total of 20 tests were performed in a steam environment;
2 were performed in a hot air environment. The leak rate for
the steam tests was measured by condensing the steam and then !
weighing the water collected during a given time. Leak rates !
associated with dry air tests were measured with flovmeters. (

)
2.2 Temperature Profile

The temperatures and pressures chosen for testing enveloped the
,

predicted severe accident conditions for the following types of
| nuclear containments: PWR, BWR Mk I, and BWR Mk III. The
i predicted worst-caso temperature and pressure profiles are shown
I in Figures 1 through 3. The tyrical test temperature profile is
I shown in Figure 4. (This temperature profile was chosen so that ;

'failures would probably occur during regular working hours.)
The temperature was first held at 360 F then increased up to

0 0 0500 F, 600 F, and 700 F on successive days. The pressure
was maintained at 143 psig V sughout the tests. !

| 2.3 Acina

Aging of the clastomers was in throo categories: no aging, i

i thermal aging only, and radiation followed by thermal aging. |
| All aging was performed with the gaskots installed in the test ,

fixture. Thormal aging was at 300 F for 168 hours. Radiation L

i

| aging consisted of a 200 Mrad dose of gamma radiation applied at 1

1 Mrad / hour.'

2.4 Flanco Seoaration |

Scaling surface separation was simulated by placing shima |,

| betwoon the flanges of the test fixturo. Tosts woro run with
gaps of 0.006, 0.012, 0.024, and 0.048 inches as well as with
metal-to-mot.a1 contact.

|

Note Flange separation was fixed (constant) during the tests.
|

*One test was attempted with gaskots of fluorocarbon rubbort
this elastomer dotoriorated the fixturo so soverely that the
test was aborted.

-7-
|
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TA4LE 1

Test Wetrix
,

I
SEAL DESIGN ELA87044 A0thG ATM0$PHERE ) FIXfutt T F)

,

j tt 0.275" 00R EP None stoes .0% 26 A 692*

| E2 0.275" 00e EP ume steen 024 17. A 626

C3 0.275" D04 EP None steen .044 9 3 669 f8

E4 0.275" Dot EP R8f steen 000 26 B DNL i
;

E5 0.275" 004 EP None hot Air .024 17 8 651
|

86 0.275" 004 EP R8f stese .024 17 B 657

87 0.275" 004 EP R8i Steen .048 9 3 637 ;

E8 0.275" 004 SI a4? Steen .024 17 8 524 [D

D(9 0.275" 00R SI R8T steen .048 9 s 506

E10 0.275" 00R EP T steen .024 17 8 648 .

l

[E11 0.275" DOR Si i Steen .024 17 8 497.

! (12 0.275" Oct Si t&T steen .024 17 8 592 !

I (13 0.275" 004 s1 Nme steen .012 21 8 506

E14 0.275" 004 5t None Steen .006 24 g 456
1

$1 0.275" 004 51 None Steen .000 26 A Du

52 0.275" 00R si mone steen .024 17 8 493i

,
$3 0.275" 004 si kone steen .048 9 8 493 ,

a ,

; $4 0.275" DOR $1 None Mot Air .024 17 8 681

i !
<

DCD D@* EP wone Steen .012 22 000 g F
'

&

CCE D0l IP Nee Steen .012 26 00t 617 f
d

DTG OtG' (P None Steen .012 N/A DTG 609

|

1 004 0.500" Doe EP mene steen .012 23 0 ring 590 *

}' (

"{T:=j bnge-iA.in. |i.ig: g gri n8t"

M: bgTn%gk: Wt,:::!") i "*r:- '
s

not L sing fest ;unt4 scre "

#T,Wi P ls 'l '''T !pE:t*#:p%:fd '' 9'*'n:igbp:."N 'E:.'' T,rh g'e'@My" ||nw
' *

iR e3Gir !t *" ' #''' ' " ' " r " '' ''" i1
ti.

I

b See note 2, page 23 j
]j c See Figure 5.

d See figwre 6.
e See figure 7.
f two flatures were used to test 1/4-ir@ 0 rings; tney are designated "A" and "B" (see Amendia B). *

g See Amerdia A, p. A 46.
'
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TABLE 2

Caskets fested

Ik' kthffbN FEtlMtf!R ELASTCMER Wume DUROMETER MA WFACTVttR

**
0 ring 0 275" dia 3 11 EP (603 70 70 Parker Hamifin

**
; o ring 0.275" dia 3 11 st $604 70 70 Parker Hamifin

0 ring 0.5" dia 23 25 EP (603 M 60 Presray

Gn Drop Fig. 5 18 20 (P E603 60 60 Presray

comte Fig. 6 13 15 EP E603 60 60 Presray

|
Dog tar

|

| Tongw & Fig. 7 28 30 EP E603 60 60 Presray
Croove

|

|

|

|

|

l

*

,this colm gives page risters in arwtiin B.
The largest dianeter groove Cn the "S" flature was twt used.

1

!
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Figure 5
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Figure 6
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3. TEST PROCEDURE

3.1 Eauiomont

The steam system used for these tests has two boilers (3 hp and
6 hp) , a 16-cubic-foot sccumulator with 8-cubic-feet of water, and
a 20-kW superheater. The system can deliver superheated steam at
up to 750 F and 200 psig.
The environmental chamber is shown in Figure 8. The test
environment fills the chamber and surrounds the test fixture.
Schematics of a typical test apparatus are given in Figures 9 and
10.

.

Test fixture drawings are in Appendix B. Test fixtures were
fabricated for each gasket design. Two different 1/4-inch 0-ring
fixtures were used in the tests (see Table 1).
3.2 Testina Scouence*

The typical procedure for testing a gasket is as follows:

1) Measure compression set, hardness, and diameter of virgin
gaskets.

2) Irradiate gaskets (in test fixture) to 200 Mrad at
1 Mrad / hour.

3) Measure diameter and hardness of gasket.
4) Thermally age gaskets (in test fixture) for

168 hours at 300 F.
5) Mcasure diameter and hardness of gaskets.
6) Install gaskets in test fixture.
7) Install shims to achieve desired gap setting.

Note: Squeeze was constant throughout the test.
8) Torque assembly bolts to 100 lb-in.
9) Place fixture in environmental chamber.

0
10) Apply steam at 143 psig and 360 F; hold overnight.

Note: Pressure was held constant throughout the tests.

11) Next day increase temperature to 500 F and hold for 2
hours.

0
12) Return to 360 for evening.

13) Next day increase temperature to 600 F and hold for 2
hours.

014) Return to 360 for evening.

*For a gasket that was only thermally aged, steps 2 and 3 were
deleted. For a gasket that was to have no aging, steps 2,3,4 and
5 were deleted.

-16-
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015) Next day increase temperature to 700 F and hold for 2
hours.

Note: A typical temperature profile is shown in
Figure 4.

16) Return fixture to room temperature.
17) Disassemble.
18) Photograph gaskets and sealing surfaces.

-17-
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4. LEAK RATE DATA EVALUATION

one of the original goals of thia test program was to measure
Icakage rates for several different seal and gasket materials
and cross-sectional shapes. However, for the reasons described
below, only the onset of leakage was determined. It was
impossible to accurately measure the leak rate past a single set
of gaskets during these tests. The difficulty arose because of
breakup of the seal material, which then caused clogging of the
leakage detection lines. Another problem was in the design of
the test fixturc, which was meant to measure leakage past
several different seals during a single test.

| 4.1 Failure Characteristics of the Elastomers
|
|

During some of the tests, the gaskets melted, allowing m
clastomer to move and clog the leakage collection ports.giten

;
'

Clogging occurred to such an extent during several tests that
| the ports were completely obstructed and leaking stopped. In
I other tests, the data suggests that ports were obstructed and
I then reopened; these tests exhibited leak rate variations that

are otherwise inexplicable. The leak rates would decrease and
then increase again as the material plugged the ports and then
later blow through the system. Clearly, such leak rates do not
represent an accurate picture of gasket performance.

4.2 ADoaratus Des 1 D Deficiencies9

The apparatua was designed uo that three sets of two seals each
could be tested simultaneously, thus tripling the amount of data
generated by each test. A schematic of the test apparatus and
associated leakage detection piping is shown in Figure 9.
Valves V , v , Vu were all open at the beginning of the3 ntest and remaine'd open until leakage was first detected. At
this point the valves were all closed and then reopened one at a
time until the location of the leak was determined. As can be
seen in Figure 9, when valves V ' Y M were closed andbegan to leax,' Y5 L

| gaskets T /T1 2 or T /T6 the apparatus
i gaskets (Ag or A )5may have been subjected to the full test2
| pressure. Because the apparatus gaskets were made of the same
i material as the gaskets under test, they would be expected to

leak under approximately the same pressure and temperature
'

conditions. Leakage past the apparatus gaskets would have,

| appeared to result from failure of T /T3 4 The degraded
condition of the apparatus gaskets after the tests indicates

1
1

*For example, see the photog.aphs in Appendix A for tests El,

I and E8.

-21-
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that such spurious leakage probably did occur. (see posttest
photos, Appendix A). obviously, leakags past the annaratus
gaakata could cause serious errora in the measured leak rates,
which were originally thought to be solely a result of itat
gasket failure.

{
Tne pressure and temperature conditions at the point of leakage
onset for the first set of gaskets to begin leaking were not
affected by this problem. Thus, the measured pressure and
temperature at onset of leakage for these seals are considered
Correct.

-22-
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5. RESULTS i
i

5.1 Lankaae onset Point [

Theleakageonsetpogntisindicatedonthetemperatureprofiles
I shown in Appendix A. A summa n of the leakage onset !

temperatures for all the issts is provided in Table 1. For
1/4-inch 0-rings, these data are displayed in Figures 11 and 12.

For purposes of these tests, leakage onset point was defined to :
be when the leakage rate reached 1.0 al/ min of condensate, j

:

Note: 1. The time required for the steam to pass through the i
leakage piping and be condensed in the heat exchanger ;

caused some imprecision in the leakage onset j
temperatures; therefore, the data should be considered i

approximate. |
t

2. For tests E8 and E9, one of the three sets of gaskets j
that had been radiation and thermally aged failed to '

provide a seal when the leak test was begun. This one I

set was replaced by a set of unaged gaskets. During I
the tests, the unaged gaskets were the first to fail. !
After the first failure occurred, leakage onset point !

for the remaining gaskets was undetectable (see f
Section 4.2), so these data are not available for E8 {

j and E9. Since the radiation and thermally aged i

| gaskets were still providing an effective seal when
[

1 the unaged gaskets failed, they performed at least as
! well as the unaged gaskets. Therefore, the [0 0| temperatures reported for E8 (524 F) and E9 (508 F) !
I are lower bounds of the leakage onset point for the ;

radiation and thermally aged gaskets.
|

f5.2 Posttest Photoaraohs

lPosttest photographs of the gaskets are displayed in Appendix A.
|

5.3 Tyoical Temoerature Distribution

A typical temperature distribution on the 1/4-inch 0-ring test
fixture is shown in Appendix c. |

t

!

!
!
)
i

|
*The typical location of the thermocouple used to determine (
fixture temperature is shown in Figure 9. |

f
!
,

-23-
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5.4 Observations

Notes Keep in mind that relatively few data points are reported
from these tests. The observations are significant as
indicative of trends only, not as oroof of gasket
performance under particular conditions.

1. Table 3 gives the leakage onset temperatures in each aging
category for the tests with gaps of 0.024 and 0.048 inch.
The data indicate that the aging soecified in these tests had
no deleterious effect on the leakage onset temperatures.

2. The highest leakage onset temperatures for steam environment
tests occurred with no gap between the sealing surfaces (see
Figures 11 and 12). Visual inspection indicates, however,
that degradation of gaskets from these tests was similar to
that for gaskets tested with a gap. (See posttest photos of
tests El, E4, and S1 to note gasket degradation for the tests
with no gap.) It appears likely that the metal-to-metal
contact delayed leakage; gasket condition apparently had
little effect on the seal's performance when metal-to-metal
contact was present.

3. Leakage onset temperature does not appear to be significantly
affected by the amount of squeeze. Refer to Table 4. Note
that of the four comparisons in the table, one shows no
change in performance, and one shows deteriorated performance
as squeeze increases from 9% to 17%.

4. Posttest visual inspection indicated that all gaskets
experienced severe degradation, including those that were
tested without a gap between the sealing surfaces.

-24-
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+ STEAM TESTS S AIR TESTS A STEAM TESTS
NO LEAKAGE

(.XXX) = gap in inches

700 - (.000)
_

680 - e (.024)

660 -

_

640 -

- .

u.
620 -

C _

E'

!'' 600 -

3 - + (.024)
y SSO -

0 -

D
cE 560 -

E _

u
W 540 -

**

520 - + (.024)

500 -
+ (,012) + (.048) * *

~

+ (.024)
- * (.048)

UO -_ (.024)
-

460 - I I I
+

NO AGING THERMAL AGING RADIATION AND
THERMAL AGING

r

LEAKAGE ONSET TEMPERATURES

1/4 - inch Si rubber 0-rings
Test E- 14, wh:cn is in this cctegory, is not included on this p:ct due to o test system fc 'u'e

See n:tc 2 :n Sec.t',cn 51.

figure 11
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+ STEAM TESTS 9 AIR TESTS A STEAM TESTS
NO LEAKAGE

(.XXX) = gap in inches

700 p A (.000)
- + (.000)

660 -

~ + (.048)
660 '-

+ ('024)
# (.024) + (.024)

-

640
+ (.048)_

'C (.024)620 -

U -

600 -

5 -

;p SEO
-

$
~

d 560 -
w

S
~

W 540 -

-

520 -

-

500 -

e

480 -

-

460 - I I I

NO AGING IHERMAL AGlNG RAD:ATION AND
THERYAL AGING

LEAKAGE ONSET TEMPERATURES

1/4 - inch EP rubber 0-rings

Figure 12
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'IABIE 3

Performance of A; ped Gaskets ocupared to
Performance of Unaged Gaskets

(1/4-inch 0-rings, stema envirtrnent)

IZAKAGE CNSET 'ITMP. (O )F
GAP SQUD2E

EIATITMER (in) (%) UNAGED '1HD8RL RAD. & 'nG3NAL

U .024 17 626 648 657

EP .048 9 669 637-

SI .024 17 493 497 524*/592

508*SI .048 9 493 -

See note 2, page 23

TABIE 4

Performance of 17% Squeeze Otmpared to Performance of 9% Squeeze
(1/4-inch O-rings, steam erwirurment)

IZADGE CEET 'IDtP. (O )F

AT 9%** AT 17%*** PU W H SNCE OF 17%
EIAT!tMER MDC SQUD2E SQLTs22E CEMPARED 'IO 9%

--_

FS None 664 626 Worse

D Red & 'Ibermal 637 657 Better

SI Hone 493 493 Same

SI Red & 'Ihemal 508* 524*/592 Better

ef,Seenote2,page23
g,, Gap = 0.048 inch

Gap = 0.024 in:h

-27-
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6. SUMMARY

The observations resulting from this test program may be
summarized as follows:

1. The thermal and radiation aging that was specified in these
0tests (300 F for 168 h and 200 Mrad at 1 Mrad /h) had a

negligible deletcrious effect on leakage onset temperature.

2. Metal-to-metal contact at the sealing surfaces virtually
prevented significant leakage.

3. Leakage onset temperature did not appear to be significantly
affected by increasing squeeze from 9% to 17%.

0 0
4. Leakage onset temperatures ranged from 626 F to 669 F

| for steam tests of EP rubhgr 1/4-inch 0-rings with a gap
| between the sealing surfaces.

0 0
5. Leakage onset temperatures ranged from 486 F to 592 F

for steam tests of SI rubber 1/4-inch 0-rings with a gap
between the sealing surfaces.

6. Posttest visual inspection indicated that all gaskets
experienced severe degradation, including those that were
tested without a gap between the sealing surfaces.

f
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l

THERIIOCOUK E RECORDINGS FOR TEST E.4 (doerees F)

T1st CN 32 CN 36 CN 40 CII 42 CN 44 CN 50 CN 54 CN 55 CN 34
'

|

11:30:07 M.9 M.9 65.0 M.7 65.1 44.0 H.2 M.2 M.1
11:44:01 M.9 65.0 65.1 M.9 65.1 M.0 H.1 M.1 M.1
11:M:30 M.9 M.t 65.0 H.9 65.0 65.9 M.1 M.1 M.0
11:45:00 294.2 293.if 292.2 62.2 2 74.8 2 72.1 249.0 304.1 305.7
11:45:30 350.6 347.4 349.7 68.0 34.1 34.6 340.8 344.2 M7.7
11:46:00 348.9 345.9 347.7 H.4 345.4 347.2 344.2 246.5 34.2 [11:4:30 347.8 344.7 344.4 67.9 344.3 346.1 364.5 345.4 345.4
11:47:00 347.1 344.1 34.2 70.9 343.9 345.8 343.5 344.8 345.0
11:47:30 346.6 343.6 345.8 77.8 343.4 345.5 343.1 344.2 344.7

7

'
11:44:06 346.3 143.3 345.3 86.? 343.1 345.3 343.0 343.8 344.5 f11:48:30 345.9 343.4 345.1 97.7 342.6 344.8 342.6 343.4 344.3 [11:49:00 5'.5.8 342.7 344.8 110.9 342.5 345.1 342.5 343.3 344.2;

11:49:30 345.8 342.8 344.9 125.3 342.6 345.2 342.5 343.2 344.2
'

11:50:00 345.7 342.7 344.8 139.9 342.5 345.1 342.5 343.1 M' .1
11:55:01 344.6 343.7 345.8 262.4 343.4 34.6 343.5 344.1 A '

[
'

; 12:10:30 354.7 355.8 354.1 349.3 355.6 354.9 355.6 354.3 E.'

;12:25:00 362.1 359.2 361.4 359.7 359.0 362.2 358.9 359.4 M0.8 '

12:40:00 362.0 359.1 361.5 360.5 359.0 362.2 354.8 350.2 360.6 f,

12:55:00 361.9 359.0 361.4 360.5 359.0 362.2 354.7 359.2 360.4
13:10:00 360.8 357.8 360.3 359.4 357.9 361.0 357.6 358.0 359.5
13:25:00 361.3 354.4 360.4 359.7 358.4 361.6 354.1 354.6 360.0

; 13:40:00 361.6 354.6 M1.0 359.8 354.6 361.9 354.3 354.8 340.3
;

13:55:00 Mt.8 358.8 361.2 359.9 358.7 362.1 354.6 359.0 32.5
-

14:10:00 361.7 354.8 361 3 360.3 358.8 362.1 358.6 359.0 360.5
,
'

14:25:00 M1.3 354.4 340.9 359.2 354.4 341.8 354.2 354.6 360.0 i

1(140:00 362.0 359.1 M1.6 360.2 359.1 362.5 358.8 359.3 360.7 |
1 14:5? 00 361.9 359.0 341.4 360.2 358.9 362.3 358.8 359.1 360.6
; 15:10:00 362.0 359.1 M1.6 360.2 359.1 362.4 358.9 359.3 340.8'

15:25:00 361.8 354.9 341.3 360.1 354.9 362.3 354.6 359.1 360.5
t

15:40:00 361.9 359.0 M1.4 360.1 359.0 362.3 354.8 359.2 360.7
15:41:00 341.9 359.0 361.4 360.1 359.0 362.4 354.8 359.2 360.6
16:00:00 362.0 359.1 361.5 360.2 359.0 362.5 32.8 159.1 360.6 |
17:00:00 361.7 358.9 361.3 360.1 354.9 362.1 358.7 358.9 360.4

'

18:00:00 361.7 354.8 Mt.2 340.0 354.8 362.0 354.5 354.9 340.4 i
19:00:00 361.7 358.8 Mt.2 360.0 354.8 362.2 354.6 354.9 360.5 I
20:00:00 M1.7 354.4 341.1 360.0 3?S.8 362.1 354.6 354.8 344.5 I

71600:00 361.4 359.0 361.3 360.1 359.0 362.3 354.8 354.9 340.8 !22:06:00 M1.8 3M 9 361.2 340.1 354.8 362.3 358.6 354.8 360.6
23:00:00 362.1 359.3 Mt.5 360.3 359.2 362.7 354.9 359.2 360.9
0:00:00 342.0 359.0 341.4 360.2 359.0 362.6 354.9 359.2 360.9 :1.00:00 362.0 359.1 361.5 360.2 359.1 362.6 354.8 359.1 360.9 '

2:00:00 362.0 359.0 361.4 340.2 354.9 362.5 354.8 359.1 360.8 f3:00:00 361.9 354.5 M1.2 360,1 354.8 362.3 354.7 354.9 360.7
4:00:00 M1.5 354.7 361.2 360.0 354.7 362.3 358.6 358.9 360.6
5:00:00 Mt.7 354.7 341.1 360.0 358.6 362.1 354.4 354.7 360.5 f4:0i. 00 M1.7 354.7 341.1 359.9 354.6 362.1 358.4 354.8 340.4 !
6:15:01 341.7 354.8 36'.2 359.9 358.7 362.1 354.6 354.8 360.6

C-3
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THERMOCOUPLE RiconelleG8 FOR TEST E 4 (detrees F)
,

TIME CN 32 CN M CN 40 CN 42 CN M CN 50 CN 54 CN 55 CN 56
.

4:30:00 346.8 M7.9 368.8 340.6 359.6 367.3 359.4 370.0 370.0

6:45:00 380.3 381.1 386.9 340.4 372.9 3 72.3 Mt .1 379.7 388.8

7:00:00 404.0 403.6 409.6 340.9 390.2 380.9 387.9 403.4 411.9 '

7:15:00 424.4 423.9 430.4 346.3 407.6 395.3 403.8 423.4 434.3

7:30:00 438.3 438,0 449.6 376.4 420.5 406.7 417.9 434.0 450.1 ;

7:45:00 447.6 447.1 454.4 386.9 430.4 416.4 427.0 447.2 454.8 i

4:00:00 454.6 453.4 441.8 396.9 4M.9 424.6 434.1 453.9 47.4

8:15:00 460.2 458.7 444.6 406.5 442.6 432.8 440.1 459.8 471.5

8:30:00 444.4 42.4 470.6 415.0 44.2 437.4 445.6 43.4 476.3
4

8:45:00 MT.3 445.8 473.1 422.6 450.0 442.9 449.4 446.9 478.7
.I 9:00:00 470.4 448.3 475.9 429.5 453.9 447.6 452.4 470.0 480.6 i

i 9:15:00 4 73.1 470.5 4TT.9 435.5 4M.8 451.4 454.5 4 72.0 442.0

9:30:00 4 74.9 472.5 479.5 440.8 459.5 454.7 458.7 473.7 483.7
;
'

9:45:00 478.1 475.4 442.1 445.6 42.8 40.2 42.6 4 77.0 445.9 i

? 10:00:00 480.3 4 77.5 444.3 450.2 45.2 464.6 466.3 479.1 487.8

; 10:15:00 441.8 479.1 486.0 454.6 47.9 468.5 449.4 480.9 489.0 |
'

i 10:30:01 483.1 440.6 447.4 458.5 470.2 471.8 471.6 22.4 449.7

i 10:45:00 444.4 481.8 448.1 462.0 471.8 473.5 4 73.6 483.6 490.1

11:00:00 486.2 483.0 449.6 445.1 473.9 4/6.1 475.6 484.4 490.8 .

11:15:00 487.1 444.3 490.4 464.0 474.6 4 77.8 477.2 485.7 492.1

11:30:00 487.6 445.2 490.9 470.3 476.1 478.8 478.4 486.3 491.9
3

11:45:00 489.0 445.3 491.3 4 72.4 476.7 440.6 479.6 486.5 492.4
t

12:00:00 489.3 4M.0 492.3 474.4 4 77.4 481.3 440.7 4',/.5 493.0 |

12:15:00 490.1 446.5 492.6 476.0 478.5 442.2 441.6 488.5 493.3 r

12:30:00 490.6 487.3 493.1 4T7.5 479.4 483.2 442.1 488.3 493.4

12:45:00 491.1 447.4 493.5 478.7 479.4 443.9 483.0 449.3 4M.2 j
'

13:00:00 491.6 488.2 493.8 479.8 480.5 444.3 483.4 449.6 4M.1
I

i 13:15:00 491.6 447.9 493.4 480.9 480.6 444.7 483.9 449.6 493.6

I 13:30:00 498.1 4M.8 501.3 481.7 445.5 488.0 448.3 4M.0 502.8

13:45:00 502.7 499.0 SM.2 483.3 489.1 491.7 491.6 500.7 507.8

14:00:00 505.8 502.1 509.4 485.4 492.2 4M.8 4M.9 503.8 510.7

14:15:00 512.3 508.7 516.5 447.9 497.2 498.3 499.2 510.9 519.1

14:30:00 516.8 514.0 521.9 491.0 502.6 502.9 504.3 514.6 525.4

14:45:00 520.7 518.0 525.5 4M.4 505.7 506.9 508.0 520.0 528.9

15:00:00 524.3 521.2 529.0 498.3 509.2 510.1 512.0 523.6 531.5

15:15:00 526.7 523.4 530.8 501.4 512.2 513.4 513.9 525.8 533.4

15:30:00 529.4 525.8 532.9 505.4 513.9 516.8 517.2 527.5 535.4
I 15:45:00 498.7 496.1 498.1 500.2 501.6 504.5 504.1 495.9 500.5

14:00:01 .67.9 455.2 452.1 5#.8 475.5 482.5 444.3 458.0 45.4
17:00:00 437.4 431.5 438.1 474.5 440.1 444.1 441.2 42.1 424.3

14:00:00 398.1 397.2 403.7 434.6 402.7 406.7 408.3 397.7 393.8

19:00:00 373.9 M9.8 377.9 398.7 374.0 378.9 3??.9 375.7 370.4

| 20:00:00 363.4 M1.0 M5.9 364.5 362.0 367.1 366.7 360.3 362.2
i 21:00:00 362.4 359.7 362.4 362.7 359.7 364.3 361.7 359.6 341.1

l 22:00:00 362.2 359.4 341.7 361.1 359.6 M3.3 359.9 359.5 361.1

| 23:00:00 362.1 359.3 361.6 360.5 359.4 362.8 359.2 359.3 361.1

0:00:00 362.2 359.4 M1.7 360.5 359.4 M2.7 359.2 359.4 361.1
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fletaM0 COUPLE SECOR0lNGS F08 TEST E 4 (de9rees f)

TIME CN 32 CN M CN 40 CN 42 CN 46 CN 50 CN 54 CN 55 CN 56

1:00:00 342.3 359.4 361.6 360.4 359.3 3M.7 359.2 359.4 361.2
2:00:00 3M.2 359.3 361.6 360.5 359.2 362.7 359.1 359.3 361.1
3:00:00 362.0 359.1 361.4 360.4 359.1 362.5 358.9 359.1 360.9
4:00:00 361.6 358.7 361.0 360.0 358.4 362.2 358.6 358.7 360.5 i
5:00:00 360.9 358.0 360.2 359.4 357.9 361.5 358.0 358.0 359.9
6:00:00 359.4 3M.5 358.9 358.5 354.5 360.3 3M.9 3M.5 358.4
6:23:59 361.8 358.9 361.3 359.9 354.9 3M.3 358.8 358.9 360.7
6:30:01 361.7 358.8 361.2 360.0 358.9 362.2 358.6 358.4 360.5
6:45:00 M1.9 359.0 Mt.3 359.8 359.0 3M.3 358.8 359.0 360.7 ;

1 7:00:00 Mt.8 358.9 361.3 360.1 354.8 362.2 354.6 358.9 360.5
7:15:00 361.3 358.4 360.8 359.7 358.4 M1.7 358.2 358.5 360.0
7:30:00 359.8 3M.9 359.4 358.9 357.0 360.3 3M.8 357.1 354.6
7:45:00 386.3 M5.9 399.7 360.2 380.0 3 77.3 PJ.5 390.3 390.9

| 8:00:00 466.1 469.0 481.0 346.1 439.6 419.7 436.5 469.1 482.4
8:15:00 501.0 501.8 516.6 343.9 45.9 447.5 445.3 504.4 521.9

; 4:30:00 518.9 519.4 534.5 405.6 489.1 466.9 442.0 523.2 539.6
J 4:45:00 541.8 540.4 555.1 428.2 507.6 491.4 507.6 544.2 561.0

9:00:00 555.7 554.0 566.0 451.2 523.5 512.4 522.4 557.8 574.8
I 9:15:00 562.4 559.6 572.4 472.0 533.4 521.8 533.5 565.4 578.8

9:30:00 MS.5 M7.0 578.7 489.8 542.6 532.2 540.8 571.4 542.9
9:45:00 574.4 570.7 581.3 505.3 547.0 542.7 549.1 575.2 547.7

j 10:00:00 576.1 5T3.7 543.5 518.1 552.9 549.7 555.6 577.5 588.8
10:15:00 577.2 574.0 543.9 528.7 5M.5 554.4 554.9 5 78.2 589.0

, 10:14:35 576.9 5 74.4 M4.0 529.7 557.2 553.2 559.1 5 77.9 588.7
4

10:17:34 5 77.6 574.7 543.3 530.4 SM.1 554.3 559.0 578.1 588.9
10:32:34 575.7 5 73.3 542.3 538.4 557.1 5M.2 559.5 576.5 546.2
10.47:34 584.8 541.7 548.9 54.7 M3.8 M7.3 567.7 586.9 594.4
11:02:34 589.2 586.6 593.5 551.3 M9.9 572.3 572.9 589.6 597.9

| 11:17:34 592.0 589.1 596.1 557.5 573.9 5T7.0 577.6 593.0 600.7
11:32:34 595.1 592.5 600.2 M3.1 5 77.3 540.9 581.8 596.0 603.6 ,

11:47:34 601.0 598.0 605.9 568.4 '43.0 585.0 546.8 600.9 608.6
12:02:34 607.3 604.6 411.9 575 5 548.6 592.2 592.7 609.2 615.1
12:17:34 412.3 600.4 614.2 579.1 593.2 596.8 598.1 614.1 620.3
12:32 M 615.2 411.3 618.8 M4.3 597.0 600.5 601.3 617.2 622.1
12:47:M 617.7 613.7 621.3 549.3 599.8 604.7 605.2 619.2 624.1
13:02:34 619.3 615.7 623.0 593.8 602.2 607.2 647.2 621.6 625.5
13:17:34 621.0 617.5 M4.6 597.8 603.8 609.0 609.8 M3.9 626.2

113:32:34 Mt.9 618.2 626.3 601.2 606.1 611.0 610.7 625.3 627.7 |
13:47:34 M3.2 619.0 627.1 604.1 407.7 612.6 412.6 626.0 628.2 !
14:02:34 620.5 417.0 M3.2 606.5 606.6 612.5 611.1 Mt.4 623.0
14:17:34 617.9 414.9 620.3 608.3 606.4 611.5 610.0 419.4 619.0
14:32:34 612.4 609.8 615.0 608.9 603.4 608.9 607.5 611.2 611.0 ,

14:47:34 607.5 606.5 612.1 608.6 600.9 606.0 605.3 606.4 605.7
15:02:34 603.1 601.3 606.9 607.5 598.3 602.8 602.3 601.5 600.9
15:03:15 603.0 600.8 606.1 607.4 598.1 602.8 602.2 601.4 600.9 !

15:18:14 549.5 548.4 592.1 605.5 549.6 595.0 594.2 548.1 585.4
15:33:14 576.1 576.6 5 78.9 601.8 580.6 585.1 543.8 573.4 5T2.7 t

!
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THERMOCOUPLE RECORDINGS FOR TEST E 4 (degrees F)

TIME CN 32 CN 36 CN 40 CN 42 CN 4 CN 50 CN 54 CN 55 CN M

15:33:44 5 75.2 575.8 581.2 601.6 580.0 544.6 583.4 5 72.9 572.2

14:00:01 554.5 548.8 557.1 590.2 %3.1 %6.7 %4.5 561.5 547.0

17:00:00 505.4 497.3 505.2 551.1 514.0 518.5 514.7 510.4 493.1

18:00:00 460.0 452.7 460.4 505.9 47.6 468.8 46.2 445.8 443.9

19:00:00 412.7 411.2 417.3 463.3 417.3 420.1 421.3 420.4 404.6

20:00:00 341,3 381.0 384.0 419.2 382.5 346.4 386.0 380.8 378.2

21:00:00 370.6 367.3 368.3 391.7 M7.5 3 73.1 3 71.3 369.7 366.8

22:00:00 MS .3 M1.6 362.7 376.8 %3.2 367.9 M5.8 36 .4 362.6

23:00:00 362.2 360.0 361.6 368.7 361.1 365.3 362.4 361.1 361.9
'

0:00:00 361.4 359.0 Mt .1 %3.6 358.4 %3.7 360.3 359.8 360.9

1:00:00 M1.2 354.3 360.8 360.8 354.2 362.5 359.2 354.7 360.3

2:00:00 360.7 357.9 360.4 359.8 357.8 361.7 358.3 358.0 359.7

3:00:00 360.4 357.5 359.9 359.1 357.4 M1.1 357.8 357.5 359.4

4:00:00 360.2 357.3 359.5 358.6 357.2 360.8 357.3 357.2 359.1 ,

5:00:00 360,1 357.2 359.5 358.4 357.2 360.7 357.2 357.2 359.0

6:00:00 360.8 357.9 360.2 359.7 357.8 361.3 357.7 357.9 359.8

6:15:01 388.7 396.0 402.6 359.5 382.0 3 78.3 342.0 398.8 403.4

6:30:00 493.4 496.3 509.3 365.2 452.7 430.3 453.8 495.5 511.2

6:45:00 545.3 547.1 566.4 387.3 503.5 4 72.7 499.2 550.0 571.9

7:00:00 579.4 579.5 598.6 419.0 537.4 505.2 532.9 585.0 605.3

7:15:00 603.0 602.0 622.2 452.9 559.4 534.1 558.2 608.0 628.9

7:30:00 619.7 617.5 635.3 485.3 579.8 5%.7 579.5 623.9 643.5

7:45:00 633.6 630.4 647.0 514 4 593.3 5 77.1 593.8 637.9 655.9'

8:00:00 645.2 641.5 655.8 540.4 608.6 594.1 610.4 648.3 664.0

8:15:00 6%.5 650.2 665.1 562.8 620.1 608.9 624.8 657.8 673.1

8:30:00 M2.3 654.8 670.0 582.1 631.4 623.3 633.1 664.7 679.6

8:45:00 669.1 665.1 676.2 598.9 640.4 634.1 642.7 670.6 644.4

9:00:00 674.4 670.4 681.0 613.4 647.9 644.8 650.5 675.3 689.4

! 9:15:00 679.0 674.6 684.0 625.7 653.3 653.3 658.0 679.9 691.4

9:30:00 M2.4 679.3 687.6 6M.2 65T.7 661.1 662.7 644.1 694.4

9:45:00 644.9 Mt.4 690.9 645.0 661.9 665.4 667.9 686.3 695.7

10:00:00 M7.3 683.8 692.6 652.5 665.2 670,0 6T2.0 689.7 697.1
4

f 10:15:00 689.3 685.8 M4.7 654.8 664.9 673.7 675.2 690.9 698.2

10:30:00 M1.1 M7.6 695.6 664.2 671.4 676.0 678.4 692.5 M9.1

10:45:00 692.5 688.7 697.8 668.6 673.4 678.4 679.7 M3.3 700.1'

11:00:00 M3.5 609.6 698.3 672.3 674.7 680.6 Mt.7 694.9 700.8

11:15:00 #4.1 690.6 698.8 675.4 676.5 682.3 682.4 695.9 700.7

11:30:00 695.4 Mt.3 699.2 678.0 678.1 643.7 684.1 697.3 701.F.
g

11:45:00 #6.4 692.5 700.3 680.2 679.0 644.8 685.2 697.8 701.9

12:00:00 M7.3 693.0 701.2 682.0 680.1 646.1 6a6.6 698.2 702.3

12:15:00 HT.4 693.7 701.8 683.5 680.9 686.9 687.3 698.5 702.8

12:30:00 697.8 693.9 701.9 684.9 681.3 687.5 687.8 699.2 703.1

12:45:00 698.6 694.5 701.7 685.9 682.0 688.6 688.1 700.0 703.2

13:00:00 698.9 695.0 702.6 686.7 682.6 689.1 689.2 700.7 703.7

13:15:00 701.5 697.9 705.7 687.6 684.2 690.8 691.2 702.7 707.4

13:30:00 703.3 699.7 708.1 688.6 686.1 692.3 693.1 704.0 708.9
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This report describes tests of elastomeric seals that are used in the mechanical pene-
trations of nuclear power plant containments. These tests assessed the effects of
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onset point on the time-temperature curve.

.. ooc o .,...s......... .a cia..,o..

4 .,, .g. . . .,elastcreric seals
rochinical renetrations
severe accident Unlimited

. u c $. ., . c 6.u .. <.v .c.

(In2assified.....,,......i..,...

, , . . -

Unclassified
, , . .. . . . . . . s u

is e n.c.

*J, t se et e s.t es tiit s. ce,i:t ,, ...,n.2,,,,3,ii

'

.__ ___



r-

UNITED STATES ,,,c,,,,3,,,u,,,,,,,
ecstace e nts **o

NUCLEAR REGULATORY COMMISSION
WASHINGTON, D.C. 20555 ,,,]f[',,,

OF$l01AL BUSINESS
P(NALTY FOR PRIVATE USE. 6300

12055513917-5 1 1AN1R1190
US NRC-0 ARM-ADM
DIV FO!A & PUBLICATIONS SVCS
RRES-TECH PUR UNIT
P-210
WA$HINGTON OC 205S5

I
1


