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4.5 Periodic Verification Leak Rate Determination Using R-12
. Test Gas

This section contains calculations to determine the periodic
verification test measurement that is equivalent to the maximum

permissible leak rate as determined sing ANSI N14.5-1997 (Refer-
ence 4).

4.5.1 Introduction

The purpose of this calculation is to determine the allowable
leak rate using the R-12 halogen gas and R-134a that may be used |

to perform the annual verification leak tests on the CNS 8-120B
cask.

The text of this document is prepared using Mathcad, Version 6.0,
software. Most conventions used in the text are the same as nor-
mal practice. A benefit of the Mathcad code is that it automati-
cally carries all units with the variables used in the calcula-
tions. The code also allows output of variables in any form of
the fundamental units (length, mass, time, etc.), allowing for
automatic conversions between unit systems without the need for
conversion factors. All Mathcad calculations in this Section 4.5
have been verified by hand calculations.

This calculation uses formulas presented in ANSI N14.5 - 1997
(Ref. 4).

4.5.2 Detector Sensitivity Calculation - Test Conditions

This section determines the sensitivity necessary for a leak test
performed with R-12 halogen gas. This test is performed using a
General Electric Model H-25 leak detector, along with a Yokogawa
Model LS-20 leak standard containing R-12 halogen gas. The leak
standard is used to calibrate the leak detector to alarm at the
maximum allowable test leak rate. The test is performed by fill-
ing the region between the o-rings with 25 psig of R-12 halogen
gas.

First, using the Standard Allowable Leak Rate from Section 4.3.2

of the SAR, determine the maximum possible diameter hole in the

cask o-ring that would permit this leak rate at standard condi-

tions.
3

Lgg 20910°sd.“" Section 4.3.2 of 8-120B SAR
se¢

Where, for air at standard conditions:

T =298K

Py =l0am  Upstream test pressure
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4.5 Periodic Verification Leak Rate Determination Using R-12
. Test, Gas

This section contains calculations to determine the periodic
verification test measurement that is equivalent to the maximum
permissible leak rate as determined using ANSI N14.5-1997 (Refer-
ence 4).

4.58.1 Introduction

The purpose of this calculation is to determine the allowable

leak rate using the R-12 halogen gas and R-134a that may be used |
to perform the annual verification leak tests on the CNS 8-120B
cask.

The text of this document is prepared using Mathcad, Version 6.0,
software. Most conventions used in the text are the same as nor-
mal practice. A benefit of the Mathcad code is that it automati-
cally carries all units with the variables used in the calcula-
tions. The code also allows output of variables in any form of
the fundamental units (length, mass, time, etc.), allowing for
automatic conversions between unit systems without the need for
conversion factors. All Mathcad calculations in this Section 4.5
have been verified by hand calculations.

This . 'culation uses formulas presented in ANSI N14.5 - 1997
{(Ras. “,.

4.5.2 Detector Sepsitivity Calculation - Test Conditions

This section determines the sensitivity necessary for a leak test
performed with R-12 halogen gas. This test is performed using a
General Electric Model H-25 leak detector, along with a Yokogawa
Model LS-20 leak standard containing R-12 halogen gas. The leak
standard is used to calibrate the leak detector to alarm at the
maximum allowable test leak rate. The test is performed by fill-
ing the region between the o-rings with 25 psig of R-12 halogen
gas.

First, using the Standard Allowable Leak Rate from Section 4.3.2
of the SAR, determine the maximum possible diameter hole in the
cask o-ring that would permit this leak rate at standard condi-

tions.
3

Lgg 20910 st ™ Section 4.3.2 of 8-120B SAR
sec

Where, for air at standard conditions:

T =298 K

Py =10am  Upstream test pressure
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Py Olam
. Downstream test pressure

Py ~S05am Average test pressure

Mg 29 8"
els Molecular weight of air
Hair 00185¢P Viscosity of air

The diameter of the o-rings on the CNS 8-120B are 0.275 in. As-
sume a, which is the length of the hole in the o-ring is 25% of
the o-ring diameter; then:

Oting ~ 27%in Diameter of the o-ring
a 25%0 ring
a=0175cm

From ANSI N14.5 - 1997:

2.4910" D" .cP-std
F (D) Eqn. B3 - ANSI N14.5
& g -sec-atm

38110 L) -cmgmos
M air

Fm(D) = et Egn. B4 - ANSI N14.5
a~P.~K mole sec
Pa
Lgg(D)  F D) FdD) - P,-Pgy 'P Egqn. B5 - ANSI N14.5

Solve this equation iteratively for D. Therefore, the maximum
possible diameter of hole in the O-ring is that would permit a
leakage rate of L,, is:

D 235510 *¢

Next, determine the equivalent air/R12 mixture (Lpix) that would
leak from Dpax during a leak test. Assume the O-ring void is
pressurized to 25 psig (2.7 atm) with an air/R12 mixture.

p 2.7 atm

mix
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Py 108tm

Sl
P Fmix P air P, = 1.85-atm

a
2 =
Mgyp 121 ¥ ANSI N14.5 - 1997
mole
HRi2 00124cP ANSI N14.5 - 1997
MR12PRI12 MirPai
My RP : otk Egn. B10 - ANSI N14.
mix
. =86.93 &M
= Mmm mole
B aP o
i air ' air RI12" RI Eqn. B1l - ANSI N14.5
P _;
mix
Moo= 0015«P
- mix

Determine Lpjx as a function of temperature.
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Assume the viscosi-

ties of air and R12 do not change significantly over the range of

temperatures evaluated:

T 273K,278K . 318K
113°F

Temperature range for test: 32°F to approx.

Substitute these properties for the air/R12 mixture and the maxi-

mum diameter hole (D,,) into equations Egn. B2, B3, and BS

from ANSI N14.5:

2.4910°D oy cPstd

P Fo=299210°

3.8H0"-Dm”:- L) 1:mgm°S

mix
F"‘(T) 0s 0s
l-P.-K ‘mole -sec
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4

a
Lmi:”) Fc Fm(T) : Pmix Plir' .
mi

9
TT) - (TF- 213K) 2 . 32
K 5K

agxi0®

382510 ©

38210 ©

L mixd Th 81510 © 1//

38110 © ///I
380510 ®
310 ®
20 40 60 80 100 120

THT)

The R-12 component of this leak rate can be determined by multi-
piying the leak rate of the mixture by the ratio of the R-12 par-
tial pressure to the total pressurs of the mix, as follows.

P

R12

LridD) L™
mix
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240510 ©
LridT)
24010 8
239510 ®
23910 ©
20 2) 60 80 100 120
T ¥ T)
i £ 3 g
perature, deg.F
Determine the equivalent mass flow rate for Lgis in oz/yr:
PRizv
N(T) 2 T Ideal Gas Law
o
where,
R 82.05cm"-ltm
0
mole K

This data can then be used to convert the volumetric leak rate
for R-12 calculated above to a mass leak rate. By dividing N by
V, the number of moles per unit volume can be multiplied by the
molecular weight of the gas and the maximum allowable volumetric
leak rate to determine the maximum allowable mass leak rate, as a
function of test temperature as shown in the graph below. The
convergion from grams per second to ounces per year is also shown
below.

N(T) yr
UT) LgAT) ‘M
R12 v RIZOZ

& O

m
:szJIJW .W Conversion of gm/sec to oz/yr
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Fig.4.3 - Allowable R-12 test leakage, oz/yr, versus test tem-
perature, deg.F

The graph above can be used to determine the allowable leak rate
based on the temperature at the time of the test. According to
ANSI N14.5 methodology, the maximum allowable leak rate must be
divided by 2 to determine the minimum sensitivity for the test. A
graph of the required sensitivity in oz/yr is presented below:

00125

0012

Ut
001158
2

0.011

0.0108

The values presented in Figure 4.4 should be used to determine
the sensitivity to calibrate the leak detector prior to the test.

4.6 Periodic Verification Leak Rate Determination Using R-134a
Test Gas

This section contains calculations to determine the periodic
verification test measurement that is equivalent to the maximum
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permissible leak rate as determined using ANSI N14.5-1997 (Refer- |
ence 4). .

4.6.1 Introduction

The purpose of this calculation is to determine the allowable
leak rate using the R-134a halogen gas that will be used as an
alternative to perform the annual verification leak tests on the
CNS 8-120B cask. This halogen gas is now in widespread use as a
replacement gas for R-12 in many industrial applications. Prop-
erties for Rl34a are attached in Appendix 4.1.

The text of this document is prepared using Mathcad, Version 6.0,
software. Most conventions used in the text are the same as nor-
mal practice. A benefit of the Mathcad code is that is automati-
cally carries all units with the variables used in the calcula-
tions. The code also allows output of variables in any form of |
the fundamental units (length, mass, time, etc.), allowing for |
automatic conversions between unit systems without the need for
conversion factors. All Mathcad calculations in this Section 4.6
have been verified by hand calculations.

This calculation uses formulas presented in ANSI N14.5 - 1997. |

4.6.2 Detector Sensitivity Calculation - Test Conditions |

The test is performed by filling the region between the o-rings
with 25 psig of R-134a halogen gas. In Section 4.5.2, it was de-
termined that the maximum possible diameter hole in the cask o-
ring (D”,) that would permit the standard leak rate (L,, =
2.09x10" std cm'/sec)is:

D 235510 ¢

max
Next, determine the equivalent air/R134a mixture (lqix) that

would leak from Dpax during a leak test. Assume the O-ring void
is pressurized to 25 psig (2.7 atm) with an air/R134a mixture.

p 2.7 atm

mix

p 1.0-atm

air
PRisey - 17em

Pmix P air

s - Pa = | .85 «atm



Revision 3
May 1999

The properties of Rl34a are:

Mpi3ge 102 &7

i & Appendix 4.1
HR134 0012:¢P Appendix 4.1

MR134aP R134a MairP air

M mix il Eqn. B10 - ANSI N14.5
mix
Z gm
Mmix 7"%rmolt:
-
Hair P air - P R1346P R134a
H mix ~ g Egqn. Bll - ANSI N14.5
mix
Moo= 0014 P
- mix

Next, determine Lpjx a8 a function of temperature. Assume the

viscosities of air and R134a do not change significantly over the
range of temperatures evaluated:

T 273K.278K. 318K Temperature range for test: 32°F to approx.

113°F

Substitute these properties for the air/Rl134a mixture and the
maximum diameter hole (D,,) into equations Egqn. B2, B3, and B4
from ANSI N14.5:

24910°D , -cP-std

c F.=3.04410°
ap mi*sec-atm = s$ec-atm

3
cm

38HOD | cmgm’

mix
FmT 05 05
a'P.~K ‘mole -sec

Pa
LmikT)  F¢ FfT) - Ppix Pair'P ;
mix
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Fig.4.5 - Allowable R-134a/Air Mixture Test Leakage, cm3/sec
versus test temperature, deg.F

The R-134a component of this leak rate can be determined by mul-
tiplying the leak rate of the mixture by the ratio of the R-134a
partial pressure to the total pressure of the mix, as follows.

PR134a
LR13dD) L
mix
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246910 °

24610 °
Lrisad ™)

245510 %

24510 ©

244910 ©
2

perature, deg.F

Determine the equivalent mass flow rate for Lgj3gs in oz/yr, the
measurement used by the leak detector:

PRi34aV
Ry T

N(T) Ideal Gas Law

where,

82.05cm -atm
moleK

Ro

This data can then be used to convert the volumetric leak rate
for R-134a calculated above to a mass leak rate. By dividing N
by V, the number of moles per unit volume can be multiplied by
the molecular weight of the gas and the maximum allowable volu-
metric leak rate to determine the maximum allowable mass leak
rate, as a function of test temperature as shown in the graph be-
low. The conversion from grams per second to ounces per year is
also shown below

NT) yr
UT) LgysedT v -0

0z
z:"il3"f'yr Conversion of gm/sec to oz/yr
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The graph above can be used to determine the allowable leak rate
based on the temperature at the time of the test. According to
ANSI N14.5 methodology, the maximum allowable leak rate must be
divided by 2 to determine the minimum sensitivity for the test. A
graph of the required sensitivity in oz/yr is presented below:

oon

00108
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0.009

20 a 60 80 100 120
1 ’( T)

: - Allowab] leal :
temperature, deg.F

The values presented in Figure 4.8 should be used to determine
the sensitivity to calibrate the leak detector prior to the
test.
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