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ABSTRACT

When mockups of typical gasketed Jolnts proposed for
the HWCTR were subjected to thermal and pressure
cyelling that simulated reactcor operating conditions,
the average leakage rate was less than 0.11 1b of
water per year per linear inch of gasket. The Joints
were exposed to deicnized light water and were cycled
100 times from about TO®C and atmospheric pressure to
250°%C and 1000 pslg.
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LEAKAGE OF WATER FROM GASKETED JOINTS PROPOSED FOR THE HWCTR
PART I

INTRODUCTICON

A major phase of du Pont's study of power reactors concerns the deslgn,
construction, and operation of the Heavy Water Components Test
Reactor (HWCTR). The HWCTR is a pressure vessel reactor that will be
uged to irradiate candidate fuel elements for power reactors. The
reacter will be cooled and moderated by heavy water at an operatlng
temperature of about 250°C; bolling will be prevented by pressurizing
to about 1000 psig with helium 1n the gas space above the liquid
level. Because of possible contamination of the operating area with
tritium, an important conslderatlon in the deslgn of the HWCTR is

the leakapge of moderator from gasketed Jeints that seal closures on
the reactor vessel. Leakage is also of econcmic 1mportance in the
evaluatlon of Dy0-moderated-and-cooled power reactors. Insufficlent
Information exists in the literature for adequately estimating the
vapor loss from such Jolnts at the operating conditions of the HWCTR.
An experimental study was therefore undertaken to determine the
leakage of water from mockups of typlcal gasketed Jolnts. This
report describes the results of leakage tests 1n which gasketed
Joints were subjected to thermal and pressure cycling under

silmulated reactor conditlons.

SUMMARY

The average leakage from mockupg of typlcal HWCTR gasketed Joilnts
was less than 0.11 1b of water per year per linear lnch of gasket
during a 100-cycle test wlth delonized light water at a maximum
temperature of 250°C and a maximum pressure of 1000 psig. The test
gaskets, which were available commerclally, conslsted of two ashestos
gaskets with stalnless steel Jackets and a splral-wound gasket of
8tainless steel with an asbestos filler. Reprocduclbllity of the
leakage measurements was not determined because the leakage was much
less than the value of 2 1b/yr/in. that had been assumed for deslgn
of the HWCTR. In a typlcal three-hour cycle, each Joint was
maintained at the maximum temperature and pressure for cne hour;

the balance of the time was for heating, cooling to abcut 70°C, and
venting to atmespheric pressure.

DISCUSSION
BACKGROUND

In the deslgn of the HWCTR, an enclosure 1s provided to house the
reactor vessel and other assoclated process equlipment and plpilng as
well as to confilne the release of radlcactive material 1n the event
of an accldent to the system. During normal operation, the
ventllating system for the reactor enclosure bullding 1s designed to
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maintain a safe trltlum concentration when the leakage of D 0 from
all gasketed Joints in the process system does not exceed 2000 1b/yr.
Half of this total allowable leakage 1s assligned to the gasketed
joints that seal closures on the reactor vessel. A leakage of

1000 1b/yr corresponds to an allowable leakage rate of 2 lb/yr of D0
for each linear inch of gasket on the reactor vessel. The linear
extent of each joint corresponds to the lnner circumference of the
gasket.

DESCRIPTION OF TEST EQUI PMENT

A typical test unit, shown in Figure 1, consisted of two 3-inch,
1500-pslg plpe flanges Jjoined together by a short section of pilpe.
Each unit, which was mounted vertically, was capable of testing
two Joints simultaneously, one at each flanged end. Thermal
eyeling of the test jolnts was accomplished with alternate streams
of light water at 260 and 3%0°C and at a pressure of 1000 psig to
the test units, as shown in the flow diagram of Flgure Z. Hellum
was supplied to a vapor space maintailned adJacent to those Jjolnts
that would be exposed in the HWCTR to a DL0 vapor - helium mixture.
Timers and timed relays operated valves that supplled the hot and
cold water to the test unlts, In a typical cycle of about three
hours duration, the Joints were heated for one hour, maintained at
the maximum temperature and pressure for one hour, and then cooled
for cne hour. At the end of each cycle all of the Joints were
vented automatlcally to atmospherlc pressure.

Hot or Cold
3-inch, I500-psig Flan? Water Inlet

ZENN

Typical Test Assembly
{Shown in Detail in Fig.4)

] G

faNimm]

Hot or Gold
Water Qutlet

Leakage Coflection Chamber

FIG. 1 TYPICAL TEST UNIT SHOWING GASKETED JOINT OF INHSTRUMENT PIN
IN LOWER TEST POSITION




Typicsl Tast Assambly

an
Luaknge Collection Chamber

Hslivm Supply Cylinder Typical

Test Unit

Het or Cold
Water Outler

Daulonizad Water Inlet,
30°C ond 1000 psig

Yent to Atmosphere

Daicnized Woter Inlet,
250°C and 1000 paig

FIG. 2 FLOW DIAGRAM OF CYCLIC TEST FACILITY

As shown in Figure 3, llght water leakage was collected by passing

a metered flow of nitrogen of low water content through a sealed
chamber that was bullt around each test Joilnt. The nitrogen stream
served both to vaporize any liquid leakage and to sweep out the total
leakage from the chamber. The meisture contents of the supply and
effluent nitrogen streams were determined by continuously passing
metered sample flows through hygrometers. Each hygrometer was of the
Keldel* type, essentially an electrolytic cell conglsting of a film
of phosphorus pentoxide between platinum wire electrodes. The
electrical signal from each hygrometer cell was recorded at about
one-minute intervals. Water leakage rates between 0,005 and 50 1b/yr
could be detected within *5% by this system.

The temperature of each test Joint, as sensed by a thermocoupie

peened into the metal adjacent to the gasket, was recorded at one-
minute intervals. The Pressure was l1lndicated by a Bourdon gage.

RESULTS

GASKETED JOINT OF AN INSTRUMENT PIN

The average leakage from a Joint with a stalnless-steel-Jacketed
asbestos gasket was 0.014% 1b/yr/in. during a 100-cycle test under

*Keldel, F. A. "Determination of Water by Dlrect Amperometric
Measurement". Anal. Chem. 31, 2043-48 (1959).
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Rotameter

Typical
Moisture Coll

F1G.3 FLOW DIAGRAM OF LEAKAGE DETECTION SYSTEM

the conditions specifled above. The test gasket, which willl be used
to seal an instrument pin in the HWCTR, was 1 inch in 0D, 3/4 -inch
in ID, and 3/32 inch thick, and was commerclally avallable from the
Johnas-Mansville Company as Goetze No. 920, Type J. As shown In
Figure 4, the gasket was compressed between two smooth faces of

Type 304 stalnless steel by a carbon steel nut. At the start of the
test a torque of 600 ft-~1b was applled to the nut; the torque required
to remove the nut after completion of the cyclic test was 20 ft-1b.
The initial torque of 600 ft-1b was selected after prelimlnary tests
showed that the leakage exceeded the allowable rate when an iniltial
torque of 500 ft-1b or less was applled to the nut. In these
preliminary tests, the torque required to remove the nut after
completion of only a few test cycles was found to be 1lnsignifilcant.
The minlmum and maximum leakage rates obsgerved durlng the test were
0.0022 and 0.11 1b/yr/in., respectively. No significant difference
was observed between the average leakage rates of the hot and cold
phases of the cycle, as shown in Table I, or between the average
rates at the start and end of the test.




Thermocouple

Nitrogen
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Stainless Steel
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FIG. 4 TEST ASSEMBLY OF GASKET FOR INSTRUMENT PIN JOINT




TABLE T

Summary of Leakage Rates

Leakage Rate, 1b/yr of water per llnear inch cf gasket

Joint Average Rate Average Rate Minimum Maximum
Description During 100-Cycle Test Hot Phase (Cold Phase Rate Rate

Jacketed asbestos
gaskets

Smooth sealing

faces 0,014 0.013 0.015 0.0022 0.11

"v" Groove in

sealing faces .01k 0.016 0.012 0.0022 0.11

Jacketed asbestos
gasket and "Swagelok”
tubing fltting 0.003 0.004 0.0013 0.0013 0.12

Jacketed asbestos
gasket and "Midlock"
tubing fitting 0.10 0.13 0.026 0.0013 2.,k

"Flexitallic" gasket Q.07 0.06 0.07 0.C004 0.3

The average leakage from a second joint, in which a "V" groove was
machined concentrically in the center of each sealing face of
stalnless steel, was not significantly different from the leakage
rate obtained for the test Joint with smooth faces. Except for the
"y" grooves, which were 1/64 inch deep and about 1/32 inch wide, the
Joint and test gasket were ldentical wlth those descrilbed in the
previous paragraph.

COMBINED TEST OF INSTRUMENT PIN JOINTS

The combined leakage from the two nearby Jolnts on an HWCTR
instrument pin - the l-1nch-0D gasketed Joint dlscussed above plus
a tublng fitting, as shown in Figure 5 - was measured in 100-cycle
tests wilth two types of tubing flttings. An average total leakage
rate of 0.003 1b/yr/in. was obtained when a "Swagelok" tubing
fittlng was employed. The rate was 0.1 1b/yr/in. with a "Midlock"
fitting. The leakage from the tubing fittings alone could not be
determined by the difference between the total and l-inch gasket
leakages because the reproducibility of the gasket leakage
measurements was not established. The "Swagelok" fitting, which was
fabricated from stainless steel, sealed 3/8-inch-0D tubing; the
"Midlock" fittlng, which was also fabricated from stainless steel,
sealed 1/4-1nch-0OD tubing.
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T Jacketed — |
Asbestos Gosket

7
Seai Weld ”/—d—}‘/
“Midlock'’ "Swagalock’’

N

L

Tubing Fitting Tubing Fitting

3/8” 0D x 0.035” Wall Tubing

FIG. 5 INSTRUMENT PIN JOINTS

Seal Weld

1/4" 0D x 0.035” Wall Tubing

The variation in the leakage rates that were observed during the
test is shown in Table I. The average total leakage rates for

the hot and cold phases of the test were, respectively, 0.004 and
0.0013 1b/yr/in. for the joint assembly with the "Swagelok" filtting
and 0.13 and 0.026 1b/yr/in. for the assembly wilth the "Midlock"
fitting. The 1nitlal and final torques on the test Joints were

as follows:

Jacketed Asbestos Gasket Tublng Fittlng
Torque, ft-1b Torque, ft-1b
Start of Test End of Test Start of Test End of Test

Test assembly with
"Swagelok" fitting 600 180 50(@) 40

Test assembly with :
"Midlock" fitting 600 140 30(33 25

(a2) Manufacturer's recommended torgue

GASKET JOINT FOR THE CONTROL ROD CLUSTER HOUSING

During a 100-cycle test, an average leakage rate of 0.07 lb/yr/in.
was obtalined from a mockup of & Jolnt for the HWCTR control rod
cluster houslng that lncorporates a spiral-wound, stainless steel
gasket with an asbestos flller. The test asgembly, which 1s shown

in Figure 6, consisted of two 6-inch flanges, rated at 1500 psig, and
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Nitrogen aeje
Inlat

Lackage \
Collection Chamber
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Collection Chambar @

“Flexitellic”" Gosket, 6-inch, 1500 psig Flange
B-1/2”0D x 7-1/21D x 1/8" thick

FIG. 6 TEST ASSEMBLY OF GASKET FOR CONTROL ROD CLUSTER HOUSING

a "Flexltallic" gasket. The gasket, which was 8-1/2 inches in OD,
7-1/2 inches in ID, and 1/8 inch thick, was compressed 0.025 inch
between the smooth faces of the flanges. A groove that was machined
in the face of one of the flanges retalned the gasket. An initial
torgue of 600 ft-1b on each of the flange bolts was used to compress
the gasket; at the end of the test a torque of 600 ft-1b still
remained on the bolts. In the HWCTR, the Joint wlll be exposed to a
D50 vapor-helium mixture, and consequently a similar mixture of H:0
vapor and helium was maintalned on the Jjolnt durling cycllc testing.
As shown 1n Table I, the average leakage rates for the hot and cold
phases of the test were 0,06 and 0.07 1lb/yr/in., respectively. The
minimum and maximum leakage rates observed during the test were

0.0004 and 0.3 lb/yr/in., respectlvely.

F. C. Apple
Pile Engineering Division

- 11 -




