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4.  CONTAINMENT 

This chapter describes the containment configuration and test requirements for the   10-160B Cask.  Both 

normal conditions of transport and hypothetical accident conditions are discussed. 

 

4.1  Containment Boundary 

4.1.1  Containment Vessel 

 

The package containment vessel is defined as the inner shell of the shielded transport cask and the pri-

mary and secondary lids together with the associated o-ring seals and lid closure bolts.  The inner shell of 

the cask, or containment vessel, consists of a right circular cylinder of 68 inches inner diameter and 77 

inches inside height (nominal dimensions).  The shell is fabricated of an outer shell of 2-inch thick steel 

plate, a 1 7/8 inch layer of lead, and an inner shell of 1 1/8 – inch thick steel.  The cylindrical shell is at-

tached at the base to a circular end plate construction with full penetration welds.  The primary lid is at-

tached to the cask body with 24, 1 ¾ inch 8 UN bolts.  A secondary lid covers the 31 inch opening in the 

primary lid and is attached to the primary lid using 12, 1¾ inch 8 UN bolts.  See Section 4.1.4 for closure 

details.  

 

4.1.2  Containment Penetrations 

There are two penetrations of the containment vessel.  These are (1) an optional drain line, and (2) an op-

tional cask vent port located in the secondary lid.  The optional drain line is located at the cask base and 

consists of a ½ inch diameter hole drilled into the stainless steel cask bottom. The optional vent port pene-

trates the secondary lid into the main cask cavity.  Both the vent and drain are sealed at the base of the 

exterior opening with an elastomer Parker Stat-o-Seal and a cap screw.  The exterior openings are 

plugged by self-sealing Teflon-coated hex socket plugs. 

 

4.1.3  Welds 
 
The containment vessel is fabricated from steel using full penetration welds. 
 
4.1.4  Closure and Seals 
 
The primary lid closure consists of a two layer steel plate construction, stepped to fit over and within the 

top edge of the cylindrical body.  The lid is supported at the perimeter of the cylindrical body by a 3.00-

inch thick plate (bolt ring) welded to the top of the inner and outer cylindrical body walls.  The lid con-

fines two (2) solid, high temperature elastomer o-rings (Parker or equivalent) in machined grooves.  

Groove dimensions prevent over-compression of the o-rings by the lid closure bolt preload forces and 
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hypothetical accident preload forces.  The primary lid is attached to the cask body by 24 bolts.  The pri-

mary lid is fitted with a secondary lid of similar construction attached with 12 bolts.  The secondary lid is 

also sealed with two (2) solid, high temperature elastomer o-rings (Parker or equivalent) in machined 

grooves.  Only the inner o-ring of each lid is part of the containment boundary. 

 
The optional vent penetration, test ports, and drain penetrations are sealed as described in Section 4.1.2.  

The seal plugs in these penetrations are lockwired prior to each shipment.  Table 4.1 gives the torque val-

ues for bolts and cap screws. 

 

Table 4.1 
Bolt and Cap Screw Torque Requirements 

 
Torque Values +/- 10% (Lubricated)  

Location 
 

Size In-lb Ft-lb 
Test Ports (2) 1/2 NPT 144 12 
Primary Lid 1-3/4 inch, 8 UN 3600 300 
Second Lid 1-3/4 inch, 8 UN 3600 300 
Vent Port* 1/2 - 20 UNF 240 20 
Drain Port* 1/2 - 20 UNF 240 20 

 
 *Optional - These ports may not be installed on cask. 
 

4.2  Containment Requirements for Normal Conditions of Transport 

 

4.2.1  Leak Test Requirements 

The   10-160B cask is designed, fabricated, and leak tested to preclude a release of radioactive material in 

excess of the limits prescribed in NRC Regulatory Guide 7.4, paragraph C and 10CFR71.51(a)(1).  The 

limits on leakage during normal conditions of transport are defined by 10CFR71.51(a)(1). 

 

The leak test procedure must be able to detect leaks of 2.57x10-6 ref-cm3/sec (based on dry air at 25oC 

with a pressure differential of one atmosphere) to assure compliance with 10CFR71.51(a)(1). A descrip-

tion of the calculational procedure used to determine this value follows. 

 

10CFR71.51(a)(1) states the containment requirements for normal conditions of transport as: 

 

…no loss or dispersal of radioactive contents, as demonstrated to a sensitivity of 10-6 A2 
per hour, no significant increase in external radiation levels, and no substantial reduction 
in the effectiveness of the packaging; 
 



Consolidated SAR  Rev. 0 
  December 2007 
  

4 - 3 

(Equation 1) 

(Equation 2) 

ANSI N14.5-1997 (Reference 4) states that the permissible leak rate shall be determined by equation 1 

(below): 

 

C
R

  L =  

 

where: 

 

L = permissible volumetric leak rate for the medium 

R = package containment requirement (Ci/sec) 

C = activity per unit volume of the medium that could escape from the containment system 

 

In Section 3.4.4, it is noted that the saturated water vapor in equilibrium at 188 degrees-F and 12.2 psig 

could exist within the internal shipping containers (liners or drains).  It is assumed that these conditions 

exist within the cask cavity.  The containment must limit the leakage of this water vapor to that prescribed 

in ANSI N14.5.  It is very conservative to assume that the concentration of nuclides in the free liquid is 

equal to that of the solids which comprise the vast majority of material being transported in the cask.  This 

value is determined below: 

 

CavityCask in  Volume Void Minimum
Vapor ofContent  Curie Total  C =  

 

• Cask curie content = 3000 x A2 or less 

• Free water is limited to restriction of one-percent of solid volume 

• Hence the curie content  = 0.01 x 3000 A2 

• The minimum void volume occurs when the largest liner is shipped 

 

32 in  269,064  75.75 x 67.25 x 
4

  cavity)(cask  V ==
π

 

 

The largest liner will have at least ¾ inch of radial clearance and a 1½ inch of height difference, giving a 

volume, 
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(Equation 3) 

(Equation 4) 

(Equation 5) 

3in  252,103 

3in  1.5) - (75.75 x 20.75) x 2 - (67.25 x 
4

  (liner) V

             =

π
=

 

 

Void Volume  = 269,064 – 252,103 = 16,961 in3 

  = 16,961 in3 x 16.4 cm3/in3 

  = 278,161 cm3 

Hence, 

 

3Ci/cm 2A 4- 10 x 1.08  3cm 278,161

Ci 2A30
  C ==   

And, 

/sec3cm 6-10 x 2.57               

3Ci/cm 2A 4-10 x 1.08

Ci/sec 2A-1010 x 2.78
  

C

Rn
 Ln 

=

==
  

 

A leak rate at standard conditions will be calculated which is equivalent to a volumetric leak rate of 2.57 x 

10-6 cm3/sec. 

 

Equations B.3, B.4,and B.5 are used to determine the diameter of hole that would give a leak rate of 2.57 

x 10-6 cm3/sec. 

⎟
⎠
⎞

⎜
⎝
⎛+=

u

a
dumc u

P
P)P - )(PF  (F L  

a

33

m
P a

M
TD10 x 3.81

  F =  

 

 

μ
=

 a
D2.49x10  F

46
c  

where: 

Eqn. 3, Ref. 4 

Eqn. B.5, Reference 4 

Eqn. B.4, Reference 4 

Eqn. B.3, Reference 4 
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Lu = upstream leakage rate, cm3/sec 

μair = 0.0185cP 

T = 188ºF = 360ºK Section 3.4.4 

Pu = 12.2 psig = 1.83 atm 

Pd = 1.0 atm 

Pa = (1.83 + 1.0)/2 = 1.42 atm 

Mwater = 18 g/gmole  

a = length of hole; assume 0.6 cm 

 

Substituting into Eqns. B.3, B.4, and B.5: 

 
4810 x 1.98   DFc =    
3410 x 1.48   DFm =   

⎟
⎠
⎞

⎜
⎝
⎛+=−

2.05
1.531.0) - 05.2)(1.48x10  D(1.98x10  1057.2 34486 Dx           Solve for D    

D = 3.54 x 10-4  cm 

Next, using Equation B.5 from Reference 4, determine the flow of air at standard conditions through a 

hole of this size.  Where: 

a = 0.6 cm 

Mair = 29 g/gmole 

μair = 0.0185 cP 

Pu = 1.0 atm 

Pd = 0.01 atm 

Pa = (1.0 + 0.01)/2 = 0.505 atm 

T = 298oK 

 

 

Substituting into B.5: 

sec
cm-ref 10 x 2.45  

3
6-=stdL     

4.2.2  Pressurization of the Containment Vessel 

The molecular weight of air is 29 g/gmole; using the 
molecular weight of water here is conservative. 
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Section 2.4.4 summarizes normal condition temperatures and pressures within the containment vessel.  

These pressures and associated temperatures are used to evaluate the integrity of the   10-160B package.  

None of these conditions reduce the effectiveness of the package containment. 

 

4.2.3  Coolant Containment 

Not applicable; there are no coolants in the   10-160B package. 

 

4.2.4  Coolant Loss 

Not applicable; there are no coolants in the   10-160B package. 

 

4.3  Containment Requirements for Hypothetical Accident Conditions 

 

4.3.1  Leak Test Requirements 

Section 2.7 demonstrates that the   10-160B cask will maintain its containment capability throughout the 

hypothetical accident conditions.  Fission gas products will not be carried within the cask so there can be 

no release of fission gases.  The   10-160B cask is designed, fabricated, and leak tested to preclude a re-

lease of radioactive material in excess of the limits prescribed in NRC Regulatory Guide 7.4, paragraph C 

and 10CFR71.51(a)(2).  The limits on leakage during normal conditions of transport are defined by 

10CFR71.51(a)(2). 

 

The leak test procedure which assures compliance with leakage during normal conditions of transport will 

also be sufficient to assure compliance during hypothetical accident conditions.  A description follows of 

the calculational procedure which demonstrates that the maximum leakage requirement during normal 

conditions of transport is more stringent than the maximum leakage requirement during the hypothetical 

accident. 

 

10CFR71.51(a)(2) states the containment requirements for the hypothetical accident conditions as: 

 

… no escape of krypton-85 exceeding 10 A2 in 1 week, no escape of other radioactive material 
exceeding a total amount A2 in 1 week, and no external radiation dose rate exceeding 10 mSv/h 
(1 rem/h) at 1 m (40 in) from the external surface of the package. 
 

Since the cask does not carry fission products or radioactive gases, only the A2 per week require-

ment is limiting.  A release of A2 in one week is equivalent to the activity release rate, Ra, given 

by equation 9. 
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(Equation 10) 

(Equation 9) 
 

hr/ A 10 x 5.952     

hr)  week/168/week)(1(A R

 23-

 2 a

=

=
 

 

In Section 3.5.4, it is noted that the saturated water vapor in equilibrium at 250 degrees-F and 34.7 psig 

could exist within the internal shipping containers (liners or drains).  It is assumed that these conditions 

exist within the cask cavity.  The containment must limit the leakage of this water vapor to that prescribed 

in ANSI N14.5.  It is very conservative to assume that the concentration of nuclides in the free liquid is 

equal to that of the solids which comprise the vast majority of material being transported in the cask.  This 

value is determined below: 

 

CavityCask in  Volume Void Minimum
Vapor ofContent  Curie Total  C =  

 

• Cask curie content = 3000 x A2 or less 

• Free water is limited to restriction of one-percent of solid volume 

• Hence the curie content  = 0.01 x 3000 A2 

• The minimum void volume occurs when the largest liner is shipped 

 

269,064  75.75 x 67.25 x 
4

  cavity)(cask V ==
π

 

 

The largest liner will have at least ¾ inch of radial clearance and a 1½ inch of height difference, giving a 

volume
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(Equation 11) 

(Equation 12) 

(Equation 13) 

3in  252,103 

3in  1.5) - (75.75 x 20.75) x 2 - (67.25 x 
4

  (liner) V

             =

π
=

 

 

Void Volume  = 269,064 – 252,103 = 16,961 

  = 16,961 in3 x 16.4 cm3/in3 

  = 278,161 cm3 

Hence, 

 

3Ci/cm 2A 4- 10 x .081 3cm 278,161

Ci 2A30
  C ==  

 

The corresponding volumetric leak rate, L, is calculated by substituting C given by equation 12 and Ra 

given by equation 9 into equation 1.  Equation 13 results from these substitutions. 

 

/sec3cm 2-10 x 1.53               

sec 3600
hr 1 3Ci/cm 2A 4-10 x 1.08

Ci/hr 2A-310 x 5.952
  La

=

=
  

 

The allowable leak rate during the hypothetical accident is larger than during the normal conditions of 

transport, 2.45 x 10-6 ref-cm3/sec.  Thus, the leak rate for normal conditions of transport is limiting and 

will determine the maximum permissible leak rate during tests. 

 

4.4  Determination of Test Conditions for Preshipment Leak Test 

 

4.4.1  Test Method 

The preshipment leak test is performed using the Gas Pressure Drop Method as shown in A.5.1, Table A-

1 of ANSI N14,5-1997.  The Gas Pressure Drop test is conducted on the   10-160B by pressurizing the 

annulus between the O-rings on the primary and secondary lids with dry air or nitrogen.  If vent and drain 

ports are installed, these are tested by pressurizing the ports with dry air or nitrogen. 
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As required by ANSI N14.5, the test is conducted by holding the test pressure on the component being 

tested for a prescribed period of time (calculated below) and monitoring for any detectable drop in pres-

sure. ANSI N14.5 – 1997 states (Reference 4, Table 1) that the acceptance criteria for the preshipment 

leak test is a leakage rate that is either less than the reference air leakage rate, LR, or no detected leakage 

when tested to a sensitivity of 1x10-3 ref-cm3/sec. This section will show that the requirement of ANSI 

N14.5 is met by testing to a sensitivity of 1x10-3 ref-cm3/sec when performing the Gas Pressure Drop test 

for 15 minutes (10 minutes for vent or drain lines). 

 

The calculations in 4.4.2 and 4.4.3 below are performed assuming dry air is the test gas, although as indi-

cated in the above paragraph and in Chapter 8, nitrogen may be used as well.  If nitrogen is the test gas 

used, the calculations for the required charge time in 4.4.2 and 4.4.3 below are conservative.  Since air is 

primarily nitrogen, the physical properties of the two gases are very close.  However, because the molecu-

lar weight and viscosity of nitrogen are slightly less than air’s, the pressure drop experienced during the 

required charge time using nitrogen as the test gas will be slightly greater than for air. 

 

 molecular wt Viscosity (cP) 

air 29.0 .0185 

nitrogen 28.01 .0173 

 

4.4.2  Determining Required Charge Time for Gas Pressure Drop Test 

The preshipment leak test is performed by charging the annulus of the O-rings (of the vent and drain port) 

with air and holding the pressure for the prescribed time.  Any pressure drop larger than the minimum 

detectable increment on the pressure measuring instrument shall be corrected.  In this section the mini-

mum hold time is determined. 

 

The annulus between the O-rings is pressurized with air.  The annulus is centered between O-rings and is 

1/8” deep and 1/8” wide with a minimum inner diameter of 68-15/16”.  The minimum volume of the an-

nulus is 55 cm3. 

 

The required hold time for the Gas Pressure Drop test is determined using Equation 15 below, which is 

Equation B.14 of ANSI N14.5-1997.  The same hold time determined below will be used for both the 

primary and secondary lids.  Since the volume of the secondary lid annulus is approximately 28 cm3, the 

test sensitivity will be greater than the primary lid’s. 

 

(Ref. 8) 
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(Equation 15) 
⎥⎦
⎤

⎢⎣
⎡=

2

2

1

1

s

s
R

T
P - 

T
P 

HP 3600
T V  L  

where: 

 

LR = atm-cm3/sec of air at standard conditions 

V = gas volume in the test annulus cm3 

Ts = reference absolute temperature, 298oK 

H = test duration, hours 

P1 = gas pressure in test item at start of test, atm, abs 

P2 = gas pressure in test item at end of test, atm, abs 

Ps = standard pressure = 1 atm 

T1 = gas temperature in test item at start of test, oK 

T2 = gas temperature in test item at end of test, oK 

 

4.4.3  Required Hold Time at the Test Pressure 

As discussed in Section 4.4.1 above, the maximum sensitivity for the preshipment leak test as prescribed 

in ANSI N14.5-1997 is 10-3 ref-cm3/sec.  Further, ANSI N14.5-1997 states that in cases where the test 

sensitivity has been established and the Gas Pressure Drop test is used, the maximum permitted leak rate 

is: 

 

L < S/2 

 

Therefore the maximum permitted leak rate for the preshipment leak test is 5 x 10-4 ref-cm3/sec.  Substi-

tuting this in Eqn. B-17 above, determine the required hold time, where: 

 

V = 55 cm3 

Ts = T1 = T2 = 298oK 

P1 – P2 = pressure instrument sensitivity = 0.1 psig 

 

⎟
⎠
⎞

⎜
⎝
⎛=−

KhrH
Kx

o

o

3
4

298
atm 007.0

atm) 1)( (3600
)298)(cm (55  105       

Solve for H: 

 

H = 0.214 hr = 12.8 min.

Eqn B.14, Reference 4 

Equation B-17, Reference 4 
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For conservatism, the test will be conducted for 15 minutes. 

 

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 equiva-

lent to the maximum permissible leak rate as determined using ANSI N14.5-1997 (Reference 4). 

 
The purpose of this calculation is to determine the allowable leak rate using the R-12 halogen gas that 

may be used to perform the annual verification leak tests on the   10-160B cask.   

 

4.5.1 Introduction 

 

The text of this document is prepared using Mathcad, Version 6.0, software.  Most conventions used in 

the text are the same as normal practice.  A benefit of the Mathcad code is that is automatically carries all 

units with the variables used in the calculations.  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.   

 
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 halogen leak detector.  A leak standard, traceable to NIST, is used to calibrate 

the leak detector to detect the maximum allowable test leak rates specified in Figure 4.3. The test is per-

formed as follows: The annulus between the o-ring seals of the  10-160B primary and secondary lids will 

be evacuated to a minimum vacuum of 20”Hg, and then be pressurized to a minimum pressure of 25 psig 

with R-12 halogen gas.  In section 4.2.1, it was determined that the maximum possible diameter hole in 

the cask O-ring (Dmax) that would permit the standard leak rate  (Lstd = 2.45 x 10-6) is: 

 
The maximum possible diameter of hole in the O-ring is: 
 
Dmax = 3.54 x 10-4 cm From Section 4.2.1
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μ R12 0.0124 cP⋅:=

 

d

a
dumcstd P

P
)P - (P )D(F  )D((F )D(L ••+=  

Determine the equivalent air/R12 mixture (Lmix) that would leak from Dmax during a leak test.  Assume 
the O-ring void is first evacuated to 20"Hg vacuum (9.92"Hg abs) and then pressurized to 25 psig (2.7 
atm) with an air/R12 mixture. 

 
 
Pair 9.92 in_Hg⋅:=    

 
 
 

 

  

Pa
Pmix Pair+

2
:=

     
⇒

 
 

MR12 121
gm

mole
⋅:=

 
ANSI N14.5 – 1997 

 
ANSI N14.5 – 1997 

 
 

Mmix
MR12 PR12⋅ Mair Pair⋅+

Pmix
:=

  
Eqn. B7 - ANSI N14.5

 
 

⇒
 

Mmix 109.7
gm

mole
=

 
 

μmix
μair Pair⋅ μR12 PR12⋅+

Pmix
:=

 
Eqn. B8 – ANSI N14.5 - 1997

 
 
⇒ μmix 0.0131cP=  
 
 
Determine Lmix as a function of temperature.  Assume the viscosities of air and R12 do not change sig-
nificantly over the range of temperatures evaluated: 
 
T 273 K⋅ 278 K⋅, 318 K⋅..:=   Temperature range for test: 32oF to 113oF 
 

Pmix 2.7 atm⋅:=

Pair 0.33atm=

PR12 Pmix Pair−:=

PR12 2.37atm=

Eqn. B5 – ANSI N14.5 - 1997 

Pd 1.0 atm⋅:=

Pa 1.85atm=
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Fc
2.49 106

⋅ Dmax
4

⋅ cP⋅ std⋅

a μmix⋅ sec⋅ atm⋅
:=

 
 
then, 

  

Fm T( )

3.81 103
⋅ Dmax

3
⋅

T
Mmix

⋅ cm⋅ gm0.5
⋅

a Pa⋅ K0.5
⋅ mole0.5

⋅ sec⋅
:=

 
 

Lmix T( ) Fc Fm T( )+( ) Pmix Pair−( )⋅
Pa

Pmix
⋅:=

 
 
 
 
The R-12 component of this leak rate can be determined by multiplying the leak rate of the mixture by the 
ratio of the R-12 partial pressure to the total pressure of the mix, as follows. 
 

LR12 T( ) Lmix T( )
PR12

Pmix
⋅:=

 
 
 
Determine the equivalent mass flow rate for LR12 in oz/yr: 

N T( )
PR12 V⋅

Ro T⋅
:=

  
Ideal Gas Law 

where, 
 

Ro
82.05 cm3

⋅ atm⋅

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 conversion from grams 
per second to ounces per year is also shown below. 
 

L T( ) LR12 T( )
N T( )

V
⋅ MR12⋅

yr
oz
⋅:=

 
 
gm
sec

1.113 106
×

oz
yr

=
 

Conversion of gm/sec to oz/yr 

F c 4.84 10 
6 −  x cm 

3 

atm sec ⋅ 
= 
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 Fig.4.1 - Allowable R-12 test leakage, oz/yr, versus test temperature, 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: 

20 40 60 80 100 120
0.085

0.09

0.095

0.1

0.105

L T( )

12020 T F T( )
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Fig.4.2 - Allowable R-12 test leakage sensitivity, oz/yr, versus test temperature, deg.F  

 

The values presented in Figure 4.4 should be used to determine the sensitivity to calibrate the leak detec-

tor prior to the test. 

20 40 60 80 100 120 
0.044 

0.046 

0.048 

0.05 

L T( ) 
2 
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4.6 Periodic Verification Leak Rate Determination Using Helium Test Gas 
 
This section contains calculations to determine the periodic verification test measurement that is equiva-

lent to the maximum permissible leak rate as determined using ANSI N14.5-1997 (Reference 4). 

 

4.6.1 Introduction 

 
The purpose of this calculation is to determine the allowable leak rate using the Helium gas that may be 

used to perform the annual verification leak tests on the   10-160B cask.   

 

 

4.6.2 Detector Sensitivity – Test Conditions 

 

In Section 4.2.1, it was determined that the maximum possible diameter hole in the cask O-ring (Dmax) 

that would permit the standard leak rate (Lstd = 2.45x10-6 ref- cm3/sec) is: 

Dmax = 3.54 x 10-4 cm 
 

Next, determine the equivalent air/He mixture (Lmix) that would leak from Dmax during a leak test.  As-

sume the O-ring void is pressurized to 25 psig (2.7 atm) with an air/He mixture. 

Pmix .2.7 atm  

P air .1.0 atm  

P He .1.7 atm  

Pa
Pmix Pair

2
 

=P a 1.85 atm  

M He .4.0 gm
mole

          ANSI N14.5 - 1997 

μHe .0.0198 cP          ANSI N14.5 - 1997 

 

Mmix
.MHePHe .MairPair

Pmix
        Eqn. B7 - ANSI N14.5 

 

From Section 4.2.1
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=M mix 13.26 gm
mole

 

μmix
.μairP air .μHeP He

Pmix
      Eqn. B8 - ANSI N14.5 

 

=μ mix 0.019 cP  

Determine Lmix as a function of temperature.  Assume the viscosities of air and Helium do not change 

significantly over the range of temperatures evaluated: 

 

T ..,.273 K .278 K .318 K               Temperature range for test: 32oF to approx. 113oF 

F c
....2.49 106 D max

4 cP std

...a μ mixsec atm  
 

F m( )T

.....3.81 103 D max
3 T

M mix
cm gm0.5

....a P a K0.5 mole0.5 sec
 

L mix( )T ..F c F m( )T P mix P air
P a

P mix
 

T F( )T .( ).T F .273 K 9
.5 K

32  

 

The Helium component of this leak rate can be determined by multiplying the leak rate of the mixture by 

the ratio of the Helium partial pressure to the total pressure of the mix, as follows. 

LHe( )T .Lmi( )T
PHe
Pmi

⇒
 

⇒
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Determine the equivalent mass flow rate for LHe in oz/yr: 

N( )T
.PHeV

.Ro T       
 Ideal Gas Law 

where, 

R o
..82.05 cm

3
atm

.moleK
 

This data can then be used to convert the volumetric leak rate for Helium 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 conversion from grams 

per second to ounces per year is also shown below. 

L( )T ...L He( )T N( )T
V

M He
yr
oz

 

=gm
sec

1.113 106 oz
yr

    Conversion of gm/sec to oz/yr 

 

  
Fig.4.3 - Allowable helium test leakage, oz/yr, versus test temperature, deg.F 
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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: 

  
Fig.4.4 - Allowable helium test leakage sensitivity, oz/yr, versus test temperature, deg.F  

The values presented in Figure 4.8 should be used to determine the sensitivity to calibrate the leak detec-

tor prior to the test. 

 

20 40 60 80 100 120
0.0012

0.00125

0.0013

0.00135

0.0014

0.00145

L T( )

2 

12020 T F T( )



Consolidated SAR  Rev. 0 
  December 2007 
  

4-20 

4.7 Periodic Verification Leak Rate Determination Using R-134A Test Gas 

 

This section contains calculations to determine the periodic verification test measurement that is equiva-

lent to the maximum permissible leak rate as determined using ANSI N14.5-1997 (Reference 8). 

 

4.7.1 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   10-160B cask.  This 

halogen gas is now in widespread use as a replacement gas for R-12 in many industrial applications.  

Properties for R134a are included in Appendix 4.1. 

 

 
4.7.2  Detector Sensitivity Calculation - Test Conditions 

This section determines the sensitivity necessary for a leak test performed with R-134a halogen gas. This 

test is performed using a halogen leak detector.  A leak standard, traceable to NIST, is used to calibrate 

the leak detector to detect the maximum allowable test leak rates specified in Figure 4.11.  The test is per-

formed as follows: The annulus between the o-ring seals of the  10-160B primary and secondary lids will 

be evacuated to a minimum vacuum of 20”Hg, and then be pressurized to a minimum pressure of 25 psig 

with R-134a halogen gas.  In section 4.2.1, it was determined that the maximum possible diameter hole in 

the cask O-ring (Dmax) that would permit the standard leak rate  (Lstd = 2.45 x 10-6) is: 

 Dmax = 3.54 x 10-4 cm 

Next, determine the equivalent air/R134a mixture (Lmix) that would leak from Dmax during a leak test.  
Assume the O-ring void is first evacuated to 20"Hg vacuum (9.92"Hg absolute) and then pressurized to 
25 psig (2.7 atm) with an air/R134a mixture. 

 
 
Pair 9.92 in_Hg⋅:=  
 

PR134a Pmix Pair−:=  

 
 

Pa
Pmix Pair+

2
:=

 

Pmix 2.7 atm⋅:=

P air 0.33atm=

PR134a 2.37atm= Pd 1.0 atm⋅:=

Pa 1.85atm=
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The properties of R134a are given in the attached literature: 
 

MR134a 102
gm

mole
⋅:=

 
 
μR134a 0.012 cP⋅:=  
 

Mmix
MR134a PR134a⋅ Mair Pair⋅+

Pmix
:=   Eqn. B7 - ANSI N14.5 

 
 

⇒ Mmix 93.04
gm

mole
=

 
 
 

μmix
μair Pair⋅ μR134a PR134a⋅+

Pmix
:=    Eqn. B8 - ANSI N14.5 

 
 
⇒ μmix 0.013cP=  
 
 
Determine Lmix as a function of temperature.  Assume the viscosities of air and R134a do not change 
significantly over the range of temperatures evaluated: 
 
T 273 K⋅ 278 K⋅, 318 K⋅..:=    Temperature range for test: 32oF to 113oF 
 

Fc
2.49 106

⋅ Dmax
4

⋅ cP⋅ ref⋅

a μmix⋅ sec⋅ atm⋅
:=

 
 
 

Fm T( )

3.81 103
⋅ Dmax

3
⋅

T
Mmix

⋅ cm⋅ gm0.5
⋅

a Pa⋅ K0.5
⋅ mole0.5

⋅ sec⋅
:=  

 

Lmix T( ) Fc Fm T( )+( ) Pmix Pair−( )⋅
Pa

Pmix
⋅:=  

 

TF T( ) T F⋅ 273 K⋅−( )
9

5 K⋅
⋅ 32+⎡⎢

⎣
⎤⎥
⎦

:=
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The R-134a component of this leak rate can be determined by multiplying the leak rate of the mixture by 

the ratio of the R-134a partial pressure to the total pressure of the mix, as follows. 

LR134a T( ) Lmix T( )
PR134a

Pmix
⋅:=

 
 

 

 

 

 

 

 
Determine the equivalent mass flow rate for LR134a in oz/yr, the measurement used by the detector: 

N T( )
PR134a V⋅

Ro T⋅
:=   Ideal Gas Law 

 
where, 
 

Ro
82.05 cm3

⋅ atm⋅

mole K⋅
:=

 
Universal Gas Constant 

 
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 volumetric leak rate to determine the maximum allowable 
mass leak rate, as a function of test temperature as shown in the graph below.  The conversion from grams 
per second to ounces per year is also shown below. 
 

L T( ) LR134a T( )
N T( )

V
⋅ MR134a⋅

yr
oz
⋅:=

 
 
gm
sec

1.113 106
×

oz
yr

=   Conversion of gm/sec to oz/yr 
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Fig.4.5 - Allowable R134a test leakage, oz/yr, versus test temperature, 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: 
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Fig.4.6 - Allowable R134a test leakage sensitivity, oz/yr, versus test temperature, deg.F 

The values presented in Figure 4.12 should be used to determine the sensitivity to calibrate the leak detec-

tor prior to the test. 
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4.8 Combustible Gas Generation Safety Assurance 
 
Assurance of safe shipment of vessels which may generate combustible gas is based on meeting the fol-

lowing criteria over the shipment period. 

 

i) The quantity of hydrogen generated must be limited to a molar quantity that would be no more 

than 5% by volume at STP (or equivalent limits for other inflammable gases) of the secondary 

container gas void (i.e., no more than 0.063 gram moles/cubic foot, or 

 

ii) The secondary container and the cask cavity (if required) must be inerted with a diluent to assure 

the oxygen, including that radiolytically generated, shall be limited to 5% by volume in those por-

tions of the package which could have hydrogen greater than 5%. This criterion does not apply to 

TRU wastes, which shall be governed by the requirements of Appendix 4.10.2. 

 

Criterion (i) essentially stipulates that the quantity of hydrogen shall be limited to 5% of the secondary 

container gas void at STP.  This 5% hydrogen gas volume at standard conditions is equivalent to a hydro-

gen partial pressure of 0.735 psi or 0.063 gram moles/cubic foot.  By actual experiment (Ref. 6), the pro-

duce an approximate 2.3 psi incremental pressure increase above a nominally atmospheric initial pressure.  

This is because 0.063 gram moles of hydrogen per cubic foot provides such a small source that the peak 

pressure rise resulting from ignition of this source is slight.  (The pressure rise is independent of the total 

volume under test, i.e. the 0063 gram moles per cubic foot relationship to a 2.3 psi pressure rise is valid 

for one or many cubic feet of specimen volume).  Methodology for demonstrating compliance with the 

5% hydrogen concentration limit for TRU waste is described in Appendix 4.10.2, Transuranic (TRU) 

Waste Compliance Methodology for Hydrogen Gas Generation.  This incremental pressure rise is an in-

consequential load on the cask structure. 

 

(Ref. 7), Criteria (ii) is invoked to ensure that when a secondary container’s hydrogen concentration po-

tentially exceeds 5% volume, release of that hydrogen to the then existing total volume (secondary con-

tainer void plus cask void)  will not result in a total mixture of greater than 5% volume hydrogen in a 

greater than 5% oxygen atmosphere.  Maintaining the oxygen concentration lower than five (5) volume % 

assures a nonflammable mixture. 
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4.9 Periodic Verification Leak Rate Determination for Leaktight Status 
 
4.9.1 Introduction 
 
The purpose of this section is to describe the method for performing a periodic leak test to demonstrate 
meeting the leaktight criterion per ANSI N14.5-1997.  This test method is only applicable to a 10-160B 
cask with butyl rubber o-rings and ethylene propylene seals.  
 
4.9.2 Test Conditions 
 
The test is performed with a mass spectrometer leak detector.  The test is conducted on the   10-160B by 
evacuating the cask cavity to at least 90% vacuum then pressurizing the cask cavity with helium (+1 psig, 
-0 psig).  The annulus between the o-rings is evacuated until the vacuum is sufficient to operate the helium 
mass spectrometer leak detector and the helium concentration in the annulus is monitored.  The acceptance 
criterion is 1.0 x 10-7 atm-cm3/sec of air (leaktight).  The detector sensitivity must be less than or equal to 
5.0 x 10-8 atm-cm3/sec.  Similar tests are performed on the vent and drain ports, if so equipped. 
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Appendix 4.10.1 
 
 

Properties of R-134a 
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Appendix 4.10.2 
 

Transuranic (TRU) Waste Compliance  
Methodology for Hydrogen Gas Generation 


