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1.0 PURPOSE AND SCOPE 

Robatel Technologies is designing the RT-100 transport cask to transport radioactive waste 
in the form of dewatered resins and filters. The RT-100 transport cask is required to meet 
the requirements of 10 CFR Part 71 (Ref. 3.1).  The purpose of this calculation is to 
calculate the cask cavity Maximum Normal Operating Pressure (MNOP) for the cask under 
the Normal Conditions of Transport (NCT).   

2.0 SUMMARY OF RESULTS AND CONCLUSIONS 

A pressure of 342.7 kPa [49.7 psia] is recommended for use in the cask analysis under 
normal conditions of transport (NCT) requiring MNOP. 

3.0 REFERENCES 

3.1 Nuclear Regulatory Commission, 10CFR Part 71, “Packaging and Transportation of 
Radioactive Material” 

3.2 J. Chang, P. Lien, and M. Waters, Evaluation of Hydrogen Generation and Maximum 
Normal Operating Pressure for Waste Transportation Packages, WM2011 Conference, 
Feb 27 – Mar 3, 2011, Phoenix, AZ 

3.3 ENERCON Calculation RTL-001-CALC-TH-0201 Rev. 01, “RT-100 Cask Thermal 
Analyses” 

3.4 Fundamentals of Engineering Thermodynamics, 5th Edition, M. Moran and H. Shapiro 

3.5 Fundamental of Fluid Mechanics, 4th Edition, B. Munson, D. Young and T. Okiishi 

4.0 ASSUMPTIONS 

(1) Ideal gas law is used to calculate the cask cavity pressure at a given temperature. The 

content inside the cask is dewatered resins and filters, water amount is very limited. Air 

occupies the cask cavity. The gas within the cask, a mixture of air, water, oxygen, and 

hydrogen generated through radiolytic decomposition of the water residual, behaves as 

an ideal gas, and the ideal gas law is used to calculate the change in pressure due to 

change in temperature. 

(2) The cask at the time of loading has an internal pressure equal to ambient pressure, which 

is assumed to be 1 atm absolute (101.35 kPa, 14.7 psia) at 21.1 °C (70 °F, 294.25 K). 

(3) Open Assumption: The amount of hydrogen generated inside the cask cavity is not 

greater than 5% by volume. 

The shipper needs to confirm for each shipment that the content will not generate 

hydrogen greater than 5% of the cavity volume for flammability concerns. 
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There are no unverified assumptions in this calculation.  Other design assumptions used, if 

any, will be noted and referenced as needed in the body of the calculation. 

 

5.0 DESIGN INPUTS 

5.1 Temperature 

Initial temperature of the gas in the cask = 21.1 °C (See Section 4.0) 

Final temperature of the gas = Maximum internal cask temperature (Ref. 3.3) 

= 80 °C [353.15 K, 176 °F] (Upper Bound) 

= -29 °C [244.15 K, -20.2 °F] (Lower Bound) 

5.2 Pressure 

Initial pressure of the gas in the cask = 1 atm abs. [14.7 psia, 101.35 kPa] (See Section 4.0) 

6.0 METHODOLOGY 

To determine the MNOP, the temperature of the gas mixture within the cask is evaluated.  

The maximum temperature of the cask cavity under normal condition is bounded by upper 

and lower temperature range of 80 °C to -29 °C (See Section 5.1). 

 

The maximum pressure is the sum of three components: 

1. the pressure due to air in the cavity; 

2. the pressure due to water vapor in the cask; and 

3. the pressure due to the gas (hydrogen and oxygen gases generated) by radiolysis. 

 

The restriction of the contents to inorganic materials eliminates the potential for gas 

generation due to thermal degradation or biological activity. Thus, these gas sources are not 

considered in the evaluation. 

 

Per the ideal gas law, air pressure and water vapor pressure are directly proportional to the 

temperature and with an increase in temperature, the total pressure also increases.  Thus, 

upper bound temperature will result in a higher maximum normal operating pressure for the 

cask compared to lower bound, so the gas mixture in the cavity is conservatively assumed to 

be 80 °C. 
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7.0 CALCULATIONS 

7.1 Pressure Due to the Increased Temperature of the Gas Initial Air in the Cavity 

Per the ideal gas law, the increased partial pressure of the air (Pair) initially sealed in the 

fixed volume of the cask at the ambient temperature as it is heated to 80 °C is: 

P1xT2 = P2xT1 (Ref. 3.4) 

Pair = 101.35 kPa[(353.15 K) / (294.25 K)] = 121.64 kPa (17.64 psia) 

7.2 Pressure Due to the Water Vapor in the Cask 

The cask cavity is assumed to contain a small amount of water. Thus, conservatively 

assuming a condensing surface temperature of 80 °C, the water vapor pressure, Pwv, at this 

temperature is 47.36 kPa [6.87 psia] (Ref. 3.5, Table B.1).  

 

Adding the water vapor pressure at 80 °C to the partial pressure of the air in the sealed cask 

at this temperature gives: 

Pressure  P2 = Pair + Pwv = 121.64 + 47.36 = 169.0 kPa [24.51 psia] 

7.3 Pressure Due to Generation of Gas 

Solid inorganic materials have a G value of zero, i.e., solid inorganic materials do not 

generate hydrogen or other gases through radiolysis.  Solidified or dewatered material may 

contain some water and, if the cask is loaded underwater, a small amount of water may 

remain in the cavity after draining.  The radiolytic generation of gases is limited to the 

radiolysis of this residual water.  Hydrogen and oxygen may be produced in the cask by 

radiolytic decomposition of residual water in the cask contents.  The amount of hydrogen 

generated in the cask cavity must not be greater than 5% by volume for the contents that 

include water (Open Assumption).  Hence, the cask atmosphere is assumed to contain five 

volume percent of hydrogen (H2) gas due to radiolysis of the water.  By stoichiometry of 

the water molecule (H2O), the cask atmosphere will also contain 2.5 vol. % oxygen (O2) 

gas generated by radiolysis.  Noting that partial pressures in an ideal gas mixture are 

additive and behave the same as ideal gas volume fraction or mole fractions, the partial 

pressure of hydrogen is described by the following equation: 

 

  PH2 = 0.05 Ppt  

Where, Ppt = Pair + Pwv + PH2 + PO2 

Combining Pair + Pwv = P2 per Section 7.2, and noting that PO2 = 0.5 x PH2. 
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  PH2 = 0.05 x (P2 + 1.5 PH2) 

Solving the equation explicitly for PH2 gives: 

 PH2 = [0.05 P2] / [1 – 0.05 (1.5)]  

  = [0.05 * 169.0 kPa] / [1 – 0.05 (1.5)]  

  = 9.14 kPa [1.32 psia] 

7.4 Total Pressure  

Based on the stoichiometric relationship between hydrogen and oxygen liberated by 

radiolysis of water, and again combining the pressure of the initially sealed air and water 

vapor as P2, the total pressure in the cask at 80 °C is: 

 PTotal  = P2 + 1.5 PH2  

  = 169.0 kPa + 1.5 * 9.14 kPa  

  = 182.71kPa [26.5 psia] 

 

The MNOP value is conservatively set at 342.7 kPa [49.7 psia] for use in the cask analysis 

under normal conditions of transport (NCT).  

 


