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ODH ANALVYSIS OF MW FARADAY ROOM

I.

INTRODUCTION

The MW Faraday Room, or Faraday Cage as it 1s commonly
referred to, encloses the LAr dewar Rabbit Hutches and the
vessel flange which joins the dewar upper and lower shell.
The Cage is totally enclosed and is air conditioned so it is
reasonably air tight. As such, argon leakage from the dewar
which is at a positive pressure, through the Rabbit Hutch
feed~through plates and the dewar flange into the Cage
presents a potential ODH hazard to personnel in the Cage.
The purpose of this study was to determine if such leskage
could create an ODH condition in the Faraday Cage, and if

so, recomnend actions to prevent this occurrence.
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DISCUSSION OF CALCULATIONS

There are two sources for leakage of argon vapor into the

Faraday Cage:

[N

The Rabbit Hutches, and
The dewar flange joining the upper and lower dewar
shells.

The Cage is & totally enclosed structure as shown on Fermi
Drawing No. 2802.150 - SE~770051. There are two air
conditioning units for the Cage each rated at 7.5 tons of
refrigeration. Argon vapor could possibly infiltrate into
the Faraday Cage from the dewar through "joints" or "ecracks”

connecting the two volumes. During normal operation, the

deway wi he at an elevated pressure velative to the Cage.

The desired dewar operating

essure is 1.136 ata (2.0 psig]

oy less. However, rise to as high as 7.0

psig in the dewar

TeSsunre

provides the driving force for arge

Cage. The model as described herein was developed to be

able to estimate argon leakage rates into the Faradsy Cage
for various slize leak channels. From these calrulated leak

ﬁ

rates d assumed Cage air change rates, eguilibrium oxvoen

conrentrations were gstermined.
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The physicel descriprions contained

ih

represent our cucrent understanding of the Rabbit Hutches

P

gnd flange assexblies. It is on this basis that the
estimated leskage rates were calculaved. Im addition, it Iis
our pnderstanding Thaer each Rebhit Fonoh dunoticon bo ie,
signal Ffeed-through assexnbly) is presently or soon will be



helium leak tested to an acceptable leakage rate of 3 x 10-"
ce-atm/sec (Ref. 1). This testing will include all of the
epoxy joints. The dewar flange joint, we assume, will also
be checked for gross leaks, and any found repaired.
Therefore, any subseguent leakage of argon vapor from the
dewar into the Faraday Cage through the Rabbit Hutches or
dewar flange will be via esmall, capillary-like openings, or

"eak channels®.

For the purpose of this study, all leak channels were
assumed To be rectangular with the flow area being the
product of the height and width of the leak channel. The
height was a variable; width was the distance between

hold-down bolts on the dewar flange, hold-down bolts cn the

Trical

Rabbit Hutch cover plates, and the length of the elec
fead-throughs on the Rabbit Hutches. The bolt hole spacings
are shown on COT Drawings 7437-D and 7432-D; the electrical

= P

feed-through's are shown on Figure 1 (which was excerpt

we 1). The distance between any two bolt

' each represent a potential leak

gy o “ T g g ey g Ty b - A §re oy oy N e g ehe by g
chaonel. The total I number of leak channels ls the
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sum of 211 the individusl electrical feed-through's, the
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where:

AP = pressure driving force, psi

e
i

length of leak path, ft

gas viscosity, lbs/ft.hr

=
i

= gas velocity, ft/sec

equivalent diameter of the leak channel, ft

mog <
i

= material porosity, dimensionless

e
i

acceleration of gravity, 32.2 lbmass £t
lbforce sec?

The leak rate is then calculated by multiplying the
velocity, V, by the cross sectional area of the leak

channel.

2 second correlation whic

n defines theoretical flow through

s .

& capillary (or pipe) is the Poiseullle-Hagen equation

{Reference 2):

o

¥ = gas Flow Tate, lbs/sec
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a2 = yvadius of the leak path, Inches

¥ = moleculary welcht cf the ges, lbs/lbmole
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= gas viscosity, lbs/ft.sec

il

ideal gas constant, 10.73 f£t.lbs/lbmole.®R
temperature, °R
length of the leak channel, ft

w W o
i

i

This latter egquation was used to check the results of the

Darcy Eguation.

RABBIT HUTCHES LEAKAGE

The Rabbit Hutch junction box connections to the dewar are
shown on CCI Drawing 7437-D. The junction box itself is
attached to the dewar and sealed with an "0V ring. The two

access ports on the top and bottoms of the box are also

sealed with "OY ngs {(not shown on drawing). Leakage from

rhese Two sources can be assumed to be non-exis

10

feed-through plates bolt to the box. Here an €poxy mater

negligible. The other connection is where the two G-

LAntT. Lo ad on there

18 Used as & se

paddle connections per and

box. These feel-~thro 15 BTEe alED sealed

most likely spurece of argon infilitration into the Faraday

Cage is through these epoxyed commections.

The total nuber of possible leakage channels for the Rabbit
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Therefore, the number of bolt hole leakage paths, each 2.10
inches in width, is:
NB = (20)(2)(30) = 1200

and the number of feed-through leakage paths, each 1.25

inches in width, is:

NT = (20)(2)(30) = 1200
Fach of these leakage channels was assumed rectangular in
shape, being either 1.25 inches or 2.10 inches wide. If an
ppening height is assumed, a leakage rate can be calculated
by solving either Bguation 1 or 2. Table I presents results

Al o

For the bolt hole leak path, w = 2.10 inches

Then:
. 210,000 103 e e i e
D= 102:40) o p ppimooy in = 0.00BDILE
é&QQu 0,003
.= 0.75 inches = D.0EZ5 It
LR §§§Xi By () (V)
o -7 (D%)
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essentisllv the same for both lesk paths.
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Solving for V,

_ éﬂg a (Ea)(D)z
VEATL) ¢ 186451079 (1)

and substituting

7.0 \(32.2)(1.67x10"%)2(1.0)°
0625 (9.645x107°%)(0.0548)

180.3 ft/sec

<
i

The leak rate, R in CFM can then be calculated for,

. The bolt hole

R. = (190.33(D.001)(2.00)(60) = D.167 CFM/t
B T44

59 CFM/path
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»
Faca
o

@

=

s

,
%;:K

%
i

dewar urper an

?;v

noe connecting th

dower shells is shown on CU0 Drawing 7432-D. The Zlange
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The Darcy and Poiseullle-Hagen Equations were again used to
estimate leakage rates for various opening sizes as
described previously. These results are also presented in
Table I.
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DISCUSSION OF RESULTS

The likelihood of an ODH condition developing in the Faraday

Cage is remote. Such an occurrence would depend on a number
of factors, including leakage rate through the Rabbit

Hutches and dewar flange and the number of Faraday Cage air
all of which are subject to
(1)
acceptable tested leakage rate of 3 % 10 -"% cec~-atm/sec for
the Rabbit Hutches, (2)

3) a Faraday Cage air change rate of 3-5

changes per minute,

probabilities of occurrence. However, given the maximum

the "0O" ring seal on the dewar

flange, | changes

per hour, and (4) an alr conditioning unit which promotes

and mixing in the @aQ@, +he level in the

should =

alr flow OXVgen

remain well above 17.8% at all times.
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0.2095 (9900 - 17) = 9900 (X)
X = .2091 or 20.91% O,

1f the dewar pressure rises to 7.0 psig and all other
parameters remain unchanged, the new equilibrium oxygen

concentration in the Faraday Cage would be,

0.2085 (8900 - 58) = 9300 (X)
X 0.0283 or 20.83% O,

i}

Although it is difficult to postulate a realistic worst case
condition, consider the following as appreoaching that

situation:

10% of all possible leak paths leak,
Leak path height = 0.001 inches,

volume = 3300 £t °, and

ailr change = 3 per hour

into the dewar, L is

{(0.1)(60) {4.75+2.83]

= 1108 #t %/ hr
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The assumed rectangular cross-sectional configuration of the
leak path as described in the previous section represents a
"worst case' assumption. Any leak channels, or paths, which
develop between bolts will have an irregular cross=-sectional
rea smaller than the assumed rectangular area. The leak
channel height will be zero nearest the bolt holes and
increase to a maximum near the mid-point between adjacent
bolts for a leak caused by a warping or buckling of the
plates. For leaks which develop as a result of cracks in,
or other failure of, the epoxy, the maximum leak channel
height will be simply the thickness of the epoxy layer
between mating plates and the leak channel width the
thickness of the crack or failure. This latter dimension
would be a small fraction of that assumed for the

this study. Leaks due to porosity of

epoxy (Rabbit Hutches) or "0O" rings will also be sm

s g . . -

relative to the cuantities calculated herein. For

-

ry-type leak through a 0.001 inch &

LE8K BT & X

bl

leak through = rectangular opening, 0.001"x2.107.

As an added precaution, oxvgen monitors should be Jocated
inside the Faraday Cage. It is difficult to Iimagine a

sitpation where a catastrophic leak could occour, but should

surh & lesk oecur, the monitors would provide impediate
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The blower on the alr conditioning units provides a useful
function (in addition, of course, to its design purpose) in
preventing localized low-oxygen pockets from developing.
The forced circulation of air promotes mixing to maintain a
uniform oxvgen content in the Cage. The blower also
promotes a higher alr change rate than would be achlevable

in a8 stagnant, or passive, environment.
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CONCLUSIONS

A quantitative definition of the probability of an ODH
condition (ie, O, <17.8%) developing in the Faraday Cage as
a result of argon vapor infiltration from the LAC dewar is
bevond the scope of this study. However, the results
presented herein clearly show that such an occurrence 1s
extremely unlikely, and in the event it should occur, it
would do so gradually and uniformily, and would be detected
by the oxvgen monitors at an early stage. The creation of
an instananeous ODH condition in the Cage could only occur
as a result of & catastrophic fallure of the dewar upper or

lower shell. This study assumes such an ocourrence has a

zero probabllity of occurrence, and as such was not

considered.
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