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AN EVALUATION OF A FOAMED NONRIGID PLASTIC AS A SEAL

J. W. Anderson

Abstract

The work reported here was done to evaluate the
use of a foamed nonrigid plastic as a material to seal
sleeve-type penetrations into cells maintained under

megative pressures wherein radioactive processing or

research is being conducted. Criteria were developed
to define the desired material properties as related

to the geometric design of the sleeve and plug, the
fabrication and installation methods, and the opera-
tional environment. Flexible urethane foams and sponge
or expanded cellular rubber products were selected for
testing. The test equipment, procedures, and results
are described. Closed-cell expanded neoprene seals may
be satisfactory for installation in sleeve-type penetra-
tions into radioactive hot cells at pressures up to 40
inches of water if the radiation exposure is substan-
tially less than 108 roentgens. Further investigations
are needed to determine the change in effectiveness of
neoprene foam-with age and radiation exposure.

ix
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CHAPTER T
INTRODUCTION

The sealing of service penetrations into cells that are maintained

at negative pressures where radioactive processing or research is being

cénducted has for many years presented a major problem to the design and
operation of hot cellé; In the past, designers have attempted to solve
the problem by using two principal approaches: [1] the installation of
permanently'fixed service lines (conduit, pipe, etc.) into the cell with
eithervcoupling or disconnect cénhections.and [2] the installatiénAof
permanently fixed sleeves through which éhielded service plugs may be
inserted or removed as necessary. With the advancement of atomic
research and production requiring thicker shielding walls and completely

remote maintenance and operation, the second approach has become more

1
[

widely accepted in the field.

For the most part, the sleeve-type service penetrations are made
up of an outer sleeve,gast‘ihto the walls, floors, and ceilings of the
cells into which a two-part plug is installed to carry services or equip-
ment into the cell. These service penetrations have a great variety of
sizes and shapes; howeve?, the majority are of cylindrical form similar

to that shown in Figure 1.
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Construction of the High Radiation Level Examination Laboratory
(HRLEL) (1)* at Oak Ridge National Laboratory was completed in 1962.

The cells in this facililLy are equipped with many sleeve-type service
penetrations, and the designers chose to seal these penetrations by
using a standard design for an O-ring static seal. This design requires
the inside diameter of the embedded sleeve to be accurately machined
and the plug upon which the O-ring is mounted to be accurately fitted
to the sleeve. The seal resulting from this design was found to be
satisfactory but very expensive to construct and install because of the
dimensional tolerances required. Installation and removal of the plugs
presented handling problems because of the large forces required to
move an individual plug in or out of the sleeve with the O-ring in
place.

The Thorium-Uranium Fuel Cycle Development Facility (TUFCDF) (2),
presently under construction at Oak Ridge National Laboratory, has
approximately 450 sleeve-type penetrations into the cell bank through
which electrical, hydraulic, and pneumatic services are fed into the
cells. Remote handling and viewing equipment are also installed through
certain of these penetrations for operating the in-cell process equip-
ment.

The hot cells of TUFCDF, shown in Figure 2, were designed to bhe

operated initially with an air atmosphere under negative pressure, but

*
Numbers in parentheses refer to items in the List of References
in this thesis.
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they were also designed to be operated with an inert gas atmosphere
under negative pressure. Because of Fhe laFter requirement, it is
imperative tha£ the service penetrations be effectively seéled fo
eliminate inleakage of air to the cells. This requirement for near
zero leakage and the difficulties and expense encountered with pre-
vious sealing methods lgd the designers of this facility to design
the service penetrations with foam gasket seals near the in-cell
ends and back-up bolted_closures at the out-of-cell ends. However,
this back-up out-of-cell flat-gasket seal proved to be eXpen;ive
and difficult to-construﬁt and install.

These problems.expgrienced with designs for preyious'seals
provided the incentive to evaluate the true effectiveness of a foaye@
nonrigid plastic ﬁsed'as a seal betwee& the service plug and its

sleeve. This evaluation is the thesis work carried out and reported

here.



CHAPTER II
SEAL CRITERIA AND MATERIAL SELECTION
I. CRITERIA

The criteria defining the desired seal material were developed
frém an ‘investigation of the variables of the service sleeve andvplﬁg
related to the

1. geomettic deéign of the sleeve and plug,

2., fabrication and installation, and

3. environment of operation.

As indicated in Chapter I, the majority of service penetratioﬁs are of
cylindrical form. Thié investigation was fherefore confined to appli-
cations having only cylindrical concentric plugs and sleeves.

The experience gained from the HRLEL program indicated that the
plﬁg should be designed to provide a clearance gap Setween the outside
d;ameter of the plug and the inside diameter of the sleeve. This
clearance gap should be designed with due consideration being given to
the loss of radiation shielding resulting from the gap and t6 the eco-
nomics of fabrication and installation of tﬁe sleeve. From the viewpoint
of economics; the gap should be sufficiently large té permit fabricatiqn
of the sleeve from mill-run pipe, either seamless or welded with inside

weld bead removed, produced in accordance with standards accepted by

the manufacturing industry (3). No machining on the inside diameter
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of tﬁe pipe shoﬁld be necessary to product the required inside-diameter
tolerance. * No additional surface finishing operations on the inside
diameter of the pipe should be required beyond the approximate 125 micro-
inches, root mean square; normally furnished by industry.

The service penetrations of interest in this investigation were
all between four and ten inches in diameter. A review of the ASTM (3)
and ASA (4) standards revealed that the clearance gap should bé approxi-
mately one-quarter inch. However,'extensive discussions with National
Tube Company, Swepco Tube Corporation, and Grinnell Corporation led the
author to conclude that no premium in cost resultedlfrom reducing this
clearance gap to one-eighth inch. A shielding analysis performed aside
from this investigation showed that accéptable radiation levels wefe
not exéeedgd whén a clearance gap of one-eighth inch was used. Tﬁe‘
annular clearance of one-eighth inch was therefore established as the
gap between the plug and its sleeve across which thg §eal must be
effective.

In the third and last area of consideration, study revealed
that the nature of hot cell operation requires the service plugs to
remain in place for extended periods of time. During much or all of
this time, the plug and any component or attachment are subjected to
nuclea; radiation. Gamma radiation is of primary concern in TUFCDF
and is therefore used in this investigétion as a basis for criteria
in material selection. The philosophy of plug replacement reduires
that the plug and seal that have been in place fof a iong period of

time will be thrust into the cell by an incoming new plug and seal.
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During this change-over operation, the seal must remain effective while
being pushed through its sleeve. This requirement makes it impefative
that the seal material not retain its total permanent set after.deforq
mation under compressive loads for a period of time of up to one year,
during which radiation exposure of 108 roentgens may be received.

The‘temper;ture range within which the seal must function was
diétated'by the cell atmosphere as being from A0 degrées F. to 180

degrees F. The pressure differential across, the seal may vary from a

positive 1 inch of water,.gage, to a negative 20 inches of water, .gage.
II. MATERIAL SELECTION

With criteria established, a search was begun to find a nonrigid
foam elastomer or plastic material from thch the desired seal might be
produced. Virtually no published data were available.ahnnr the properties
of fo;m materials under compression in a radiation environment. However,
a considerable amount of published data were found that defined the cha?-
acteristics of solid‘elastomers and plas;ics,

In view of this situation, those clastomers and plastics available
in both the foam and the solid states were first determined. Then the
published data of Bopp and Sisman (5), Harrington (6), and others related
to the properties‘of solid elastomers in radiation fields were reviewed.
The solid elastome?s with the best properties that are also commercially
available as foams were chosen for further investigatioﬂ. ~All possible
choices of material, including natural rubber, were eliminated for

undesirable properties of ultraviolet sensitivity, abrasion resistance,
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resilience} etc., until only the flexible urethane foams produced in
" accordance with ASTM D-1564 (7) and the closed-cell expanded neoprene

-produced in accordance with ASTM D-1056 (8) were selected.

Polyurethane Foam

In 1962, data weré éublished by J. K. Backus and E. C. Haag (9)
listing properties of the‘flexible urethane foams, as given in Table I.
Some of these polyurethane foams began to be used in a radiation environ-
ment in 1959, aﬁd the results of Fhis usé published in 1960‘indic;ted
satisfactory resistance to radiation exposure of 1 x 108 roentgens.

| In order to evaluate ufethanelféam as a seal, some sample seals
were bought from the S;erling Aldifer‘Company'of Akrpn, Ohio, for test
purposes. The test seais were ordeted”in accordance with Figure 3;
which shows the design of the plug seal. "The procureﬁent of these
seals proved that foam can be satisfactorily cast or molded. However,
this molding process requires expensive tooling and a greét deal of
time, and for ;his reason, the unit cost of molded urethane seals was
found Lo be relatively high, as showﬁ in Table II. It was further
learned from the manufacturers of urethane that closed-céll foam could
only be produced in rigid form; therefore, no further consideration
was given the closed-cell fabricated seals. |

A test sample of the open-cell urethane foam molded to a density
of from 8 to 10 pounds per cubic -foot is shown in Figure 4. Séctions

cut from this test seal were placed in compression fixtures, as shown

in Figure 5. One of the samples was‘placed in a radiation field and |



TABLE I

TYPICAL PRCPERTIES OF FLEXIBLE

URETHANE FOAMS®

Property. Polyether Types Polyester Types
Density (1lb./ft.3) 1.1 to 2 1.6 to 6
Tensile sfrength (p.s.i.) 9 to 20 17.7 to 39
Ultimate elongation (per cent) 220 to 310 235 to 600
Tear limit (1b./linear inch) 4 2.2 to 4
Load for indent of 50 in2 x 2 in.
thiclk

25/25P 11/9 to 32/28 62/55¢

50750 14/12 to 41/37 119/101 ..

65/65 ~8.5/16.5 to 61/54 229/168

75/75 ‘ 30/25 to 97/84  428/726
Compression deflection (p.s.i.)

25/25b : (..8/0.15 to 0.54/0.46 £.40/0.30 to 0.86/0.76

50/50 0.21 to 0.63 £.40/0.50 to 1:31

65/65 . 4.51/4.51

75/75 2.40 to l.44 0.80/1.05 to 1.68
Compression set, 158 F (per cent)

50% compression, 22 hours "3 to 4 3.5 to 4.1

907 compression, 6 hours 4 to 4.5 2.3 to 15

907 compression, 22 hours 6 to 8

" %This material was taken from Johr E. Backus and Earl C. Haag, 'Urethanes,"
Machine Design, 34:155, September, 1962. o

b - . . A
At percent compression/at percent compression after one minute rest.

“For 6 1b./£t3 density.

0T
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Figure 3. Typical plug seal.
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TABLE II

COST OF MOLDED URETHANE FOAM SEALS

Quantity Unit Price
10 $8.54
25 . o 8.11
50 . 7.76
100 A -~ 7.37
500 . 6.64

1000 6.30
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Figure 4. Urethane foam seal.
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Figure 5. Urethane foam seal shown in as-received condition and
in compression test fixture.
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received an exposure of 7.5 x 107 roentgens. The other sample was
allowed to remain at room conditions for the same period of time. The
sample deformed and held at room conditions recovered to approximately
98 per cent of its original shape when released from the fixture. The
sample exposed to radiation was observed to be unaffected as to color,
flexibility, surface adhesion to metal, or hardness. However, when
removed from the compression fixture, this sample retained 100 per cent
of its compressed form.

The results of these tests combined with the high production
cost and the leakage inherent through an open-cell foam make the

urethane foam relatively unattractive as a seal material.

Sponge or Expanded Cellular Rubber Products

Properties of closed-cell expanded neoprene published by the
Rubatex Corporation of Bedford, Virginia (l1), are given in Table III.
Their products are being used for applications in the nuclear field, but
discussions with them revealed that they are unaware of any test data
relative to the effect of radiation upon their neoprene foams. From the
Radiation Effects Information Center at Battelle Memorial Institute it
was learned that because of the expansion of the base polymer into a
cellular form primarily by mechanical means, the effects of radiation on
foam are not expected tn be appreciably different from those on the solid
neoprene elastomers that are given in Tables X and XI of Appendix A.

To make a better evaluation of the closed-cell expanded neoprene,

efforts were initiated to procure some sample seals from the Rubatex
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TABLE III

PHYSICAL AND THERMAL PROPERTIES OF CLOSED-CELL RUBBER EXTRUSIONSa

Property Neoprene
Color Black
ASTM Specifications D-1056 (meets specifica- SCE-41
tions shown on one-fourth inch to one-half

inch cheet thicknesc)

SAE Specification 18-R SCE-41
Compression Deflection (p.s.i.)

Weight required to compress a 1.129 inch 3.0 to 5.0

diameter disc by 25 per cent. Varies : '

according to thickness.
Water Absorption by Weight (maximum)

ASTM method 5 per cent
Density (p.c.f.) 25 to 40
Temperature Resistance

Low —/5°F.

High Continuous 150°F.

High Intermittent 200°F.
Migration Stain Good
Weather Resistance Good
Chemical Resistance (Room temperature)

Water Good

0il Good

Gasoline Fair

a

This material was taken from "Rubatex Closed Cell Rubber
Extrusions,'" Catalog E-61, issued by Rubatex Division of Great
American Industries, Inc., Bedford, Virginia.
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Corporation for testing. As in the case of urethane foams, molded
seals were found to be too expensive. For this reason, samples of
extruded stock were procured from Rubatex for use in an attempt to
fabricate a seal from extruded stock. Several seals were made with
bonded joints by using neoprene cement. These fabricated seals appeared
to be satisfactory; therefore, several sample seals with bonded joints
were procured from Rubatex for testing. A photograph of one of these
sample seals is shown in Figure 6.

Two sets of test samples were taken from these seals. Each set
was placed in a compression fixture as shown in Figure 7. One set of
samples was placed in a radiation field and received an exposure of
108 roentgens. The other set of samples was allowed to remain at room
conditions. The purpose of these tests was to evaluate not only the
compression set characteristics of the extruded stock but also the
bonded joints. Table IV indicates the type of joint in each test
sample and the results of the test. Even though all samples irradiated
retained 100 per cent of their compressed form, the samples were still
flexible and were unaffected as to color and surface adhesion to metal.
The joints bonded with cement were observed to be relatively unaffected
by the radiation exposure.

The results of these tests indicate the neoprene foam is affected
by radiation much like the polyurethane foam; however, the relatively
low production cost, as tabulated in Table V, and the inherently greater
sealing capacity of the closed-cell material make the closed-cell

expanded neoprene the most attractive seal material known to be available.
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OAK RIDGE NATIONAL

Figure 6. Closed-cell expanded neoprene seal.
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Figure 7. Compression test fixture with samples of closed-cell
expanded neoprene seals.



TABLE IV

RESULTS OF COMPRESSION TEST ON SAMPLES OF CLOSED-CELL EXFANDED NEOPRENE

Per Cent Per Cent
Initial Recovery Recovery
Sample Joint Compression Unirradiated Irradiated
No.2 (Butt) (Inches) Samplesb Samples®
1 45° 3/16 66.6 0
2 9C° 3/16 66.6 0
3 None 1/4 50.0 0
4 90° 1/4 50.0 0
5 45° 5/16 40.0 0
6 90° 5/16 40.0 0

a :
All samples cemented to epoxy surface with neoprene cement.

bAll samples held compressed at room conditions for 178 days. Upon
release of compression, recovary took place continuously for four days with
no perceptible recovery in an additional three days.

CxT samples exposed in air to 108 roentgens. All samples hardened with
the least damagz experienced by the lesser compressed samples.

0¢
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TABLE V

COST OF FABRICATED CLOSED-CELL
EXPANDED NEOPRENE SEALS

Quantity Unit Cost
10 $0.35
100 0.30

1000 h 0.28




CHAPTER III
DESIGN OF SEAL EVALUATION TESTING
I. SFAT. AND MOUNTING GROOVE

Having chosen the seal material, as reported invChépter II,.
attention was turned to the task of evaluating the effectiveness of
tﬁe seal. 1In Chapter I; it was mentioned that the approximately 450
éervice penetrafions in TUFCDF (2) were constructed by using a foam,
seal between the in-cell portion of the plug, feferred to as the expend-
able push-throughbplug, and its sleevé., The design chosen for TUFCDF
for mounting the seal is shown in Figure 8. The configuration for the.
seal to be evaluated and the plug-to-sleeve ciearance gap were designed
ag defined in Chapter II énd were the same as usgd in TUFCDF.

The design for the seal mounting groove in the seai Elug was
developed, taking into uonsiderétion thé amount of seai compression
required to effect a se;l. The axial forces reduired‘to thrust the
plug with seal comprésséd into'position in thé sleeve were.also con-
sidered.

ASTM D-1056 (8) indicates that the upper limit of compression of
Aeoprene foam is approximately 50 per cent. Compression appreciably
above this point will rupture cells, causing ﬁermanent internal damage
ﬁo the seal. A compression of 30 per cent was selected as the design
objéctivé. This waé judged tolprovide the maximum sealing capacity and

2

22
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also to permit a small margin of safety for fabrication and installation
tolerances on both the sleeve and the plug. |

A 4-inch schedule-40 pipe sleeve was selected to be used in the
test. This size pipe, manufactured in accordance with ASTM A312 (3), .
has an inside diameter of 4.026 inches. A seal was chosen with an |
inside diameter of 3 1/2.inches. The total volume of the seal in its
free state, |

Volume = ASﬁB s

where
A_ = cross sectional area of the seal = 0.394 inch,
D = centrodial diameter of the seal = 3.5 + 94%ﬁ§,

3.924 inches.

]

Volume = (0.394)(3.924)

J

4,866 cubic inches .

Using the 3 1/261nch-diameter seal compressed between the

3 1/2-inch diameter of the plug and the 4.026-inch diameter of the

sleeve,
% Compression = orlg COTP (100) ,
orig

where

V. . = 4,866 cubic inches,

orig

= volume of the seal in its compresséd state,
comp

(9/32) () (3.763) ,

P4

3.325 cubic inchesL
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4866 - 3.325
4.866

% Compression = (100) )

31.62 .

From this approximate calculation, it was co;cluded that a seal
mounting groove 1 1/4 incﬁés wide and 1/8 inch deep wag‘sufficient for
this investigation.

From a test conducted by F. E. Adley (12), it is found that>a
coﬁpressive fofce of approximéfely 4 3/4 pounds per square inch ?s
required to cémpress neoprene foam by 31 to 32 per cent. A goefficienﬁ
of sliding friction of 0.40 between the compressed sealland thé stain-
less steel sleeve was used to detérmine the axial force required to
install or remove the plug. This axial force, |

F = NF C.
. where ‘

N = number of seals normally installed on a push-through plug

i

=2,
‘Fn = normal compressive force éxerted between the seal and the
_ sleeve
= (4.75) (%) (3.763) = 56.2 pounds,
Cf = coefficient of ffiction

0.40.

e |
I

(2) (56.2) (0.40)

45 pounds
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This axial force was not considered to be excessive since it is within
the capacity of an average man to exert this amount of force to push

the plug into place within its sleeve.

II. FIXTURE FOR TESTING

A test fixture was deéigned, as shown in Figure 9,'50 furnish
the Fequirements outlinéd in the previous pffagraphs. The test sleeve
was fabricated from ASTM A-312 (3), l4-inch schedule-4U seamiess pipe.
All joints were welded and received a full visual and liquid penetrant
ekaminétion (13). The test plug was fabricéted from aluminum to simu-
late én epoxy expendable bush;through plug. A thrust-plate for position-
ing and holding the plug ;n place wés held in the sleeve by a modified

breech locking joint.
IIT. TESI SETUP

A'testing setup was designed by using the test fixture with a
teﬁperétufe-compensating leak detector (14) shown schematically in |
Figure 10, The leak detection instrument basically provides two
volumes: one is a reference volume, and the other a test volume will a
differential pressure gage in between. Both volumes are pressurized
with gas from a‘common.supply across the sensitive differential pres-
sure gage. When the desiréd test pressure is reached, the two volumes
are isolatedt Any ensuing relative change in pressure will be reflected
by the differential pressure gage. The instrument is temperature com-

pensating by virtue of the fact that the reference volume is immersed
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in the test volume. The instrument is not affected by changes in
atmospheric pressuée.becausé both volumes have a common medium within:.
rigid coniainers.

The-differeﬁtial pressure gage-used iﬁ.thié test was a direct-
reading 0-to-l-inch-water-scale Magnehelic gage manufactured by the
" F. W. Dwyer Company. The gage scale was graduated in increments of
0.02 inch of water. A reading of 0.0l inch of Qacér could be
estimated from the gage scale.

The leak detection sensitivity of. this .instrument can be esti-
ﬁated by knowing the volume of the test chamBer and the interconnecting ‘
tubing. This volume,

br(d 2 -‘di?)

Ve = 4 t AL

where

h = height of annular test chamber = 1.750 inches,
d = inside diameter. of.the piﬁe sleeve = 4.626 inches,
di'; outside diameter of the reference vélume = 3.500 inches,
£ = length of l/a-inch interconnecting tubing = 41 inches,
A_ = 'cross-sectional area ofll/4 inch tubing with 0.040 wall

= 0.0227 square inches,

v, = (1.750) (x/4) ([4.026% - [3.5007%) + (41)(0.0227) ,

Vt = 6.40 cubic inches .

By assuming that the movement in the diaphragm of the Magnehelic

gage is negligible and that nitrogen behaves as a perfect gas with the
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leakage expansion taking place isothermally, the minimum volume leakage

detectable can be estimated as,

P;
AV = Vt ‘F;  — l) Fs"
where o ’ .
Vt = the volume of the test chamber = 6.40 cubic inches,
Pi = ;he absolute pressure in the test volume at the beginning
of the test,
Pf =Vthe absblute pressure in the test volume at the completion
of the test, )
F = the correction of test conditions to standard conditions

of temperature and pressure.

With the test pressure set at 20 inches of water, gage and the ambient

temperature at 70 degrees F., .

| 427.90 _ .\ [427.90 , 519 \]
6V = (6,400 35789 ~ 1) [407.90 (530 )]’

= 1.56 x 10 * cubic inches at standard conditions.

This leakage occurs over the period of time during which the differen-
tial pressure gage is observed. to change bj one—half a graduation.
When used in a hold test of one hour duration, the instrumént could
detect any loss in pressure greater than 9.04 x 10 8 cubic feeg per

hour at standard conditions.



CHAPTER 1V

TEST RESULTS AND CONCLUSIONS

I. TESTS

The fixture for leak testing the seal was fabricated and
assembled in the test setup described in Chapter III and shown in
Figure 11. The seal for test evaluation was mounted in the middle
of the groove in the test plug, as shown in Figure 12, and bonded to
the bottom of the groove with Magic Bond foam neoprene cement manu-
factured by Sportsways, Inc., of Paramount, California. The surface of
the seal was lubricated with a very light film of silicone valve
lubricant manufactured by Dow Corning Corporation of Midland, Michigan.

To permit installation of the plug and test seal, the tubing
joint at Point A shown in Figure 10, page 28, was disconnected. The
seal was then installed and locked in place. Prior to remaking the
connection at Point A, the system was back-pressurized to 10 pounds per
square inch and all joints and the total surface of all the tubing were
leak checked with soap solution. All leaks were eliminated, after which
the joint at Point A was reconnected. The system was then ready for
leak testing.

Test runs werc made at pressures of 10, 15, 20, 30, and 40
inches of water, gage. Each test run was carried out in accordance

with the procedure outlined in Appendix B. Test runs 1, 2, and 3, at

31
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Figure 11. Test equipment setup for leak testing.
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Figure 12. Leak testing fixture with seal mounted on plug.
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pressures of 10, 15, and 20 inches of water, gage, respectively, were
held for one-hour periods of time. Test runs 4 and 5, at pressures
of 30 and 40 inches of water, gage, respectively, were held for half-
hour periods of time. From these tests, the relationship of leakage
at the seal as a function of test pressure was determined and plotted,
as shown in Figure 13.

The data from test runs 1 and 2 indicate an increase in pressure
within the test volume. It is believed that these test runs were made
before the gas from the nitrogen supply bottle was allowed to stabilize
at ambient temperature. The gas was bled into the test equipment from
a high-pressure cylinder, and it therefore cooled considerably when
expansion into the test equipment took place. For this reason, these
points were neglected when the leakage curve shown in Figure 13 was
plotted.

The loss of presgure during Lesl rung 1 through 5 was observed
to vary approximately linearly with time. The rate of leakage was
therefore calculated by using the total rhange in precscure during eacl
test run.

After completion of test runs 1 through 5, the apparatus was
allowed to sit with the test seal compressed in position. Approxi-
mately four days after the first series of tests, a second series was
run. Test runs were again made at pressures of 10, 15, 20, 30, and
40 inches of water, gage. 1In this series of tests, each run was held

for a one-hour period of time. The relationship of leakage at the seal
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as a function of test pressure.was determined and plotted, as shown in
Figure 14f' ’
| In the second series of tests, runs 1A through 4A, the near
constant rate of pressure change in the test volume found in the‘first

series of tests did not reappear. The rate of change in test pressure

was found to decrease with time. The rate of leakage was therefore

-

calculated by using the maximum rate of pressure loss. This maximum

rate of change was found to occur at the beginning of each test run.
IT. CONCLUSIONS

‘The inQestigations carried out and reported in Chapters II and
III, as well as those prebiéusly described in this chapter, lead to
the following conclusions.

1. The most promising flexible foam material for use as a seal
is closed-cell expandgd Levprene.

2. Both polyurethane foam and expanded neoprene will experience
a compression set of approximately 100 éer cent wﬁen exposed to a gamma
radiation dose of 7.5 x 107'Lu'l x 1OR'roehtgens.

3. Molded seals afe twenty to tﬁirtywtimes more expensive than
'seals fabricated with a cement-bond joint.

4. The results of this investigation have shown that foam
'neoprene seals ﬁay be satisfactory for installation in service sleeves
in radioactive hot cells at pressures up to 40 inches of water provided

the radiation exposure is substantially less than 108 roentgens.
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6. This investigation has pointed up the change in sealing

=~

effectiveness of neoprene foam with age and radiation exposure. More

’

extensive evaluation of these effects should be carried out over a

longer period of time under conditions of actual operation.
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APPENDIX A

MATERIAL PROPERTIES

The following data are included to give the reader a better
understanding‘of the various properties and characteristics of

elastomers considered in this investigation.
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TABLE VI.

N .
RADIATION STABILITY OF ELASTOMERS?

» . . . . Breaking elongation .
: Initial value

Initial Exposure for of dynamic
: ~ absorption =~ value 507% decrease Young's modulys
Formulation (rad./10 n.v.t.). (%) (10° rad.) (108 dynes/cm.z)

Group I. Irradiated in air-filled containers

Natural rubber 0.6 420 Uu.5 2.3
Neoprene _ 2.5 450 0.06- -
Hycar OR 0.6 250 0.10 -
Butyl rubber ’ 0.6 525 - 0.10 b
GR-S 0.6 270 0.10 1.8
Hycar PA 0.6 230, 0.10 -
Thiokol ST 0.4 162 0.10 -
Silastic 7-170 0.7 520 0.06 -
Group II. Irradiated in helium-filled containers
Polybutadiene 0.8 360 0.1 0.9
Hycar OR-15 0.8 320 0.1 ‘1.2
Hycar 0S-10 0.8 380 0.1 1.2
Neoprene GN 2.5 475 0.1 1.2
Thiokol 0.4 180 ° 0.1 o=
Silastic 250 0.7 320 0.1 4.0
Natural rubber 0.8 46U u.1 0.3
Hycar PA 0.8 660 0.05 0.6
Hypalon S2 2.5 250 0.1 3.0
Group ITI. Natural rubber with plasticizer
L.P. oil ' 0.8 560 0.1 0.33
Dioctyl phthalate 0.8 440 0.1 0.25
Dioctyl sebacate + 0.8 520 0.1 0.30
Tributoxy ethyl phosphate 0.8 440 © 0.1 0.47
TB90B n.a 3AN 0.1 -
"sc" 0.8 390 0.1 -

b

8This material was' taken from C. D. Bopp and O. Sisman, "Radiation Stability
of Plastics and Elastomers,' ORNL-1373, 1954.

b
Durometer hardness decreases.
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TABLE VII

RELATIVE RADIATION RESISTANCE OF ELASTOMERS. AND OTHER MATERIALS®

Induced‘Damage “Utility of Magérial

"1 Incipient to Mild Nearly Always Usable

Mild to Moderate Often Satisfactory
Elastomers e Moderéte to Severe ‘ Limited Use
Acrylics — ‘RSNN»NQ§&¢NAm
Butyls C - T
. Fluoroelasfomers —
Hypalons ‘ I
Natural Rubbers ) - A
Neoprenes . . — ,, SN NN e
"Nitriles .~ . [ R NN, 57
Polysulfides . L
Silicones [
Styrenes o [
Urethanes"  E—
Vinylpyridines ' C *

Plastics —-Inorgahics — Metals

Polyethylenes : [ : J NNNNNNNNNNNRNNNN -,
Polyfluorocarbons [ NN ]
Polyvinyl Chlorides  m—
Siiicone ‘Resin-Glass T : i B NANANAANANN ]
Ceramics ‘ L - il
Metals - g —R
Relative Exposure Time I Low Intermediate High
| 1 1 1
T | i 1
10° ~10° 10’ 108 10°

Gamma Ray Exposure in Roentgens

aThis;materi.al was taken from R:'Ha:rington, "Effects of Gamma
Radiation on Miscellaneous Elastomers and Rubberlike Plastics Material,"
Rubber Age, 81, September, 1957.
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TABLE VIII

RELATIVE RADIATION STABILITY OF ELASTOMERS®

Damage Utility of Plastic

C——— Incipient to Mild Nearly Always Usable
AN Mild to Moderate Often Satisfactory
EEEEEUNEEE Moderate to Severc Limited Use

S Incumplete Data

Polyurethane Rubber

(o INNNSNNNNN: S ]
Natural Rubber [ I NNANNANANNNNNNNNNNRNNN
Adduct Rubber — 3 ANNNNNNNANNNNKG . #5552, 2
Styrene-butadiene (SBR) I ANNANNNNNNNNAN L L
Viton-A I INNANRRNNNNNRNY. 7]
Poly FBA - ENNANNNNRN- 77
Cyanosilicone Rt_;bber C
" Vinyl Pyridine Elastomer L th\\ﬂ\\\‘g AR
Acrylonitrile Rubber - BANNNNNNNNYE
Nitrile Ruhber [ - - ONMNANNNNY ]
Neoprene Rubber [ v JONNNRN ]
_ Hypalon [ E—— |
Kel-F L NN
Silicone RL;bber [ o RS
Polyacyylic Rubber | : TR
Butyl Rubber C NN, |
Polysulfide Rubber ( JINNKANANN
106 107 102 - 7 10’ 1010

Gamma Exposure Dose, ergs g_l C)

8This material was taken from N. J. Broadway and S. Palinchak, 'The
Effect of Nuclear Radiation on Elastomeric and Plastic Components and Mate-
rials,'" REIC Report No. 21 (Addendum), Radiation Effects Information Center,
Battelle Memorial Institute, August 31, 1964. '
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* TABLE IX

RADIATION RESISTANCE OF ELASTOMERSa

Threshold dose
for 257 changeb

Material R - (10 rads.)
Polyethylene® - o .96
.Polyisoprene (natural rubber)ci ' . éS
Styrene-butadiene rubber® 10
Ni.trile.rubberc 7
Neoprene rubberd> 6
"Silicone rubber® \ . : 6

: ﬁutyl rubberd | | 4
‘vFluoroelastomersd . l 4
Acfylate rubber € . 3
Polysu]fided ’ 2

%This material was taken from J. G. Carroll and
_R. 0. Rolt, "Radiation Effects on Organic Materials,"
Nucleonics, 12(7), September, 1960.

bBased on the most sensitive elastomer property,
usually tensile strength.

CCrosslinks predominantly.

dScissions predominantly.
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TABLE X

PERCENT RECOVERY OF IRRADIATED RUBBERS COMPRESSED 25 PER CENTa

Percent Recovery Compressed 25 Per Cent

Unirradiated Irradiated
Doses Recovery Recovery
Folymer_ ) ' | (r) (%) . 23
Polyisobutylene 5 x 107, . 91 | o2
P.q{T.F.E. - T i}
Polysulphide ' 313‘x lO7 90 | 2:
Silicone 5 x 107 97 27
Neoprene 7.5 x 107 62! 20
Nitrile 5 x 107 92 o 62
Chlor Sulphonated. - . - .-
Polyelhylene” o )
Natural 5% 107 93 © 52
Rutadiene Styrene s k107 90 L '53

8This material was taken from R. Sheldon, "A Guide to the
Irradiation Stability of Plastics and Rubbers," NIRL/R/58, National
Institute for Research in Nuclear Science, September, 1963.



TABLE XI ' -

TYPICAL LOAD AND DEFLECTION PROPERTIES OF FLEXIBLE -URETHANE FOAMSa

Polyester foam Polyether foam

Density, 1b./ft.3 Density, 1b./ft.3

1.8-2.2 2.25-2.75 4.5-5.5 1.4-1.6 1.6-1.8 1.8-2.1
Compressioh set,*%b (50%) 1C max. 10 max. 10 max. 10 max. 10 max. 10 max.
Indentation-load® (25%) 30-40 "35-45 50-60 ~13-16 18-22 29-35
deflection, 1b. (50%) . 40-50 - - 18-22 24-30 38-42
- (75%) 110-140 - - 40-50 55-65 90-100
Compression-load (25%) 0.50-0.60 0.55-0.65 0.75-0.85 0.18-0.22 0.28-0.32 0.45-0.55
deflection, (50%) 0.55~0.75 0.65-0.75 0.10-1.30 . 0.27-0.33 0.32-0.38 0.60-0.70
(p.s.i.) (75%) 1.50 1.80 1.80-2.20 .3.25-3.75 0.72-0.88 '0.80-1.00 1.60-2.00
Compression resilience, %d' " 38-42 38-42 55-65 55-65 55-65 55-65
Ball-drop reSiliénce, % 25-30 25-30 40-45 45-55 -45-55 45-55

a

b

Constant "deflection compression set; set based on original thickness.

CSpecimen size = 15 inches x 15 inches x 2 inches.

dBall. 5/8 inch diameter, 18 inch drop.

Table prepared by Nopco Chemical Company using methods according to ASTM D-1564-60T.

15 .



TABLE XII

TYPICAL PROPERTIES OF URETHANE ELASTOMERS®

Hardness, durometér range
Specific gravity
Tensile strength (p.é.i.)
Ultimate elongation” (per cent)
Resiliencé (per cent)
Compression set, 158 degrees F., (per cent)
Tear strength, split sample method, (pounds per inch)
Abrasicn resistarce
Flexural médulus (p.s.i.)
Compression-deflection at 5 per cent (p.s.i.)
. Low—tedperature brittle point (degree F.)
Clash-berg glass transition (dzgree F.)
Flame resistance :
Heat rasistance (degree F.)
Heating aging, 212 degrees F.

Oxidation resistance

50 Shore A
1.1

4000

400

50

0

50

to
to
to
to
to

to

‘to

70 Shore D
1.3

8000

700

80

50

400

Excellent

8000
100

to

-to

"to

to
to

to

90,00C
800
—90
—70
Good
250

Good

Excellent

8This material was taken fram J. K. Backus and E. C. Haag, 'Urethanes,"

Machine Design, 34, September, 1€612,
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APPENDIX B

OPERATING PROCEDURE FOR OPERATING TEMPERATURE COMPENSATING
LEAK DETECTOR

(Refer to Figure 10, page 28)

Closé all valves on the test assembly.

Connect regulated supply (2 psigj to valve 1.

Connect 0—60 inch manometer to valve 3.

Open valves 2 and 3.

Open valve 1 and pressurize system to 40 inches, as indicatedAon,

~the manometer.

Close valve 1 and soap test all.exposed joints of the test system.
After the test system is'proven to be leak tight and the manometer
‘remains steady at 40linches water, close valve 1 and break hose
connection to manometer to bleed system down to beginning'test

run pressure. ' |

Close valves 2 and 3. Record time, ambient temperature, and
reading of manometer. Set Magnehelic gage on 0.500 inches.

Hold test for one hour. At the eﬁd of each ten-minute interval,
record the ambient temperature and the reading of Magnehelic
gage.

At the end of one hour, open valve 3 and recofd reading of manometer.

Open valve 2. Break hose connection to manometer .to vent system.
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