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Non-proprietary Request for Additional Information 
NAC International 

Docket No. 71-9225 
Certificate of Compliance No. 9225 

Model No. NAC-LWT Package 
 
By application dated December 28, 2012, as supplemented March 14, 2013, NAC International 
(NAC) requested an amendment to Certificate of Compliance No. 9225 for the Model No. 
NAC-LWT package.  The applicant requested that the certificate be revised to add high 
enriched uranyl nitrate liquid (HEUNL) as authorized contents.  This request for additional 
information identifies information needed by the U.S. Nuclear Regulatory Commission staff in 
connection with its review of the application.  The requested information is listed by chapter 
number and title in the applicant’s safety analysis report (SAR).  NUREG-1609, "Standard 
Review Plan for Transportation Packages for Radioactive Materials,” was used by the staff in its 
review of the application. 
 
Each question describes information needed by the staff for it to complete its review of the 
application and to determine whether the applicant has demonstrated compliance with 
regulatory requirements. 
 
Chapter 1 – General Information Evaluation 
 
1. See Enclosure 1. 
 
Chapter 2 – Structural Evaluation 
 
1. See Enclosure 1. 
 
2. Provide further information on the volumetric expansion of the HEUNL. 
 

a. See Enclosure 1. 
 
b. See Enclosure 1. 

 
c. An ANSYS calculation was used to determine the effect of uranyl nitrate solution 

expansion on the material.  Was this methodology validated, for example, by 
comparing the ANSYS results from a known material (i.e., water) and its 
corresponding coefficient of volume expansion?  Provide this validation. 
 

d. Provide calculations (pressure, strain, etc.) that consider the volume expansion of the 
liquid from the lowest filling temperature to the maximum liquid temperature for normal 
conditions of transport and hypothetical accident conditions.  This should be answered 
considering page 2.7.7-74 states that the “internal elements representing the HEUNL 
fluid were removed” when determining the internal pressure.  In addition: 

 
i. Page 2.6.12-100 states, “The container wall was also evaluated for potential 

buckling…”  Did this analysis consider the expansion of the liquid from the lowest 
filling temperature to the maximum normal conditions of transport fluid 
temperature (139°F)? 

 



 

 
Page 2 of 9 

 

ii. An analysis should show that the HEUNL container bolt covers, O-ring/O-ring 
groove, vessel boundary, quick-disconnect valves, etc., can withstand the higher 
pressure from the expansion of the HEUNL at normal conditions of transport and 
hypothetical accident conditions, whether expansion as it freezes or the 
expansion of liquid during heating.  The calculations should reflect the initial 
conditions (filling temperature, etc.) that result in the greatest expansion and 
resulting plastic strain. 

 
This information is needed to determine compliance with Title 10, Code of Federal 
Regulations (10 CFR) 71.33, 71.43, and 71.51. 

 
3. Provide additional information on the substance used to dilute the HEUNL solution and 

corresponding volumetric expansion value. 
 
a. Page 1.2-6 and Page 1.1-2 indicate the solution may be diluted to achieve container fill 

capacity.  Indicate the substance used to dilute the HEUNL solution.  Are bounding 
concentrations used to determine the effect of radiolysis and liquid volume expansion? 

 
b. See Enclosure 1. 
 
c. Provide evidence that the contents remain homogenous over the temperature range 

for the cold and heat tests for normal conditions of transport. 
 
If the contents do not remain homogeneous over the temperature range specific for the 
cold and heat tests for normal conditions of transport, address how the properties of 
the homogenous mixture (e.g., freezing temperature, density, volumetric expansion) 
are bounding for the HEUNL and the dilutant.  For example, if freezing occurs, the 
HEUNL may freeze at a different temperature than the dilutant.  Different densities of 
the HEUNL and dilutant can result in separation of the HEUNL and dilutant.  This can 
become a consideration if the HEUNL or dilutant have a larger volumetric expansion 
than the value for the homogeneous mixture. 

 
This information is needed to determine compliance with 10 CFR 71.43 and 71.71. 

 
4. See Enclosure 1. 
 
5. See Enclosure 1. 
 
Chapter 3 – Thermal Evaluation 
 
1. Provide complete calculations in the SAR to show that the HEUNL container pressures for 

the cold and heat tests for normal conditions of transport and hypothetical accident 
conditions consider all possible sources of pressure on the HEUNL container.  Show that 
these maximum pressures do not exceed the allowable values for the HEUNL container 
and the HEUNL container quick disconnect valves. 
 
The pressure calculations should clearly show all sources of pressure were considered, 
such as expansion of contents due to temperature, the change in volume of the HEUNL 
container due to temperature, gases initially present in the package, saturated vapor 
including water vapor from the contents, hydrogen or other gases resulting from thermal or 
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radiation induced decomposition of materials such as water or plastics over 1 year, 
dynamic movement of the contents, the hydrostatic pressure due to the height of the fluid, 
etc.  Accordingly, modify any other analysis, calculation packages, and portions of the 
application to ensure that the maximum HEUNL container pressures are used. 

 
a. Provide complete pressure calculations in Sections 3.4.4.9.2 and 3.5.4.8.2 of the SAR 

for the HEUNL container that take into account the change in volume of the HEUNL 
contents that completely fill the HEUNL container and the change in volume of the 
HEUNL container due to the temperature changes that occur over normal conditions of 
transport and hypothetical accident conditions.   
 
Pressure calculations for the HEUNL container during the cold and heat tests for 
normal conditions of transport and hypothetical accident conditions do not take into 
account the expansion of contents or the contraction of the HEUNL container during 
the normal conditions of transport cold test.  Consider as temperature increases from 
ambient to normal conditions of transport hot or to hypothetical accident conditions 
how the contents will expand at a greater rate than the HEUNL container over the 
change in temperature.  Ensure that the phenomenon that the HEUNL container will 
contract as temperature decreases and the contents will expand when frozen is 
accounted for when determining the pressure.  The temperature changes, their impact 
on the change in volume of the HEUNL container and change in volume of the 
contents, should therefore be taken into account when calculating the pressure inside 
the HEUNL container. 

 
b. Provide the following pressure contributions when considering if a void space is 

present in the HEUNL container.  The following contributions to pressure were not 
included in the SAR. 

 
i. The pressure due to water vapor in the normal conditions of transport HEUNL 

container pressure calculation in Section 4.5.6.1 of the SAR; complete 
calculations should be shown. 

 
ii. The pressure due to the dynamic movement of the contents (sloshing) in normal 

conditions of transport and hypothetical accident conditions, which are not 
necessarily the same value, in Section 4.5.6.1 of the SAR; complete calculations 
should be shown.   
 

iii. A reduced void volume should also be addressed due to liquid contraction or 
expansion over the normal conditions of transport and hypothetical accident 
conditions temperature range. 

 
Although it has been stated in the application that the HEUNL containers will be 
fully loaded at 70°F, address through pressure calculations the presence of a void 
space that will be created as the ambient temperature decreases below 70°F 
during transport due to the thermal contraction of the contents relative to the 
HEUNL container.  Also consider a small void volume that may be present at 
loading and how that void space will decrease in size as the ambient temperature 
increases above 70°F during transport due to the thermal expansion of the 
contents relative to the HEUNL container.  If not loading at 70°F, a conservative 
initial filling temperature should be used for all calculations.  A small void volume 
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along with all sources of gases can cause significant pressure increases within the 
HEUNL containers. 

 
c. Provide the pressure contribution due to the hydrostatic pressure from the maximum 

height of the fluid. 
 

This information is needed to determine compliance with 10 CFR 71.43(c), (d), and (f), 
71.71, 71.73, and 71.87(d). 
 

2. Provide the maximum allowable pressure for the HEUNL container. 
 

Page 4.1-3 of the SAR states that “No HEUNL material will be released from the HEUNL 
container during any transport condition.”  This statement indicates that the HEUNL 
container will not fail, thus precluding contact between the HEUNL contents and the 
package containment boundary.  To ensure that a pressure that develops within the 
HEUNL container is within the maximum allowable pressure for the HEUNL container and 
the HEUNL contents will not contact the containment boundary during any transport 
condition, the maximum allowable pressure for the HEUNL container should be provided.   
 
This information is needed to demonstrate compliance with 10 CFR 71.33 and 
10 CFR 71.51. 

 
3. See Enclosure 1. 
 
4. See Enclosure 1. 
 
5. Address the following relevant to the hypothetical accident conditions temperature of the 

contents. 
 

a. Justify whether the analysis method described in Section 3.5.3.16 of the SAR is 
appropriate for calculating the maximum temperature of the contents during the fire 
and post-fire cool down.  Alternatively, run a fire and post-fire cool down analysis with 
the HEUNL containers and contents inside the NAC-LWT to calculate the maximum 
fire and post-fire temperatures of the contents and provide the hypothetical accident 
conditions analysis input and output files. 

 
In Section 3.5.3.16 of the SAR the application describes an inner shell temperature 
difference from two different analyses (normal conditions of transport and hypothetical 
accident conditions) with completely different spent fuel contents compared to the 
contents of the application to calculate the maximum hypothetical accident conditions 
temperature of the HEUNL contents within an HEUNL container.  The maximum inner 
shell temperature during the fire and post-fire cool down and the minimum inner shell 
temperature during normal conditions of transport hot conditions are used to calculate 
the maximum temperature increase of the HEUNL contents during hypothetical 
accident conditions.  This appears to be an inappropriate comparison of contents and 
may not necessarily result in a conservative temperature for the HEUNL contents 
during the fire and post-fire cool down.  The maximum HEUNL content temperature is 
then used to calculate the saturation pressure from steam tables.  The staff notes that 
a slight change in calculated content temperature results in a large saturation pressure 
increase from water saturation tables.  Many other calculations in the SAR are based 
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on the maximum HEUNL content hypothetical accident conditions temperature and 
these values should be recalculated. 

 
b. Clarify whether the minimum inner shell temperature of 180°F described in Section 

3.5.3.16 of the SAR is truly a minimum temperature of the inner shell during normal 
conditions of transport hot conditions, or a minimum of two maximum temperatures 
each calculated using two different loading conditions.     

 
This information is needed to determine compliance with 10 CFR 71.73(c)(4). 

 
6. See Enclosure 1. 
 
7. See Enclosure 1. 
 
8. See Enclosure 1. 
 
9. Describe the method used to determine the total decay heat and the margin of error 

associated with the value. 
 

Section 3.1 of the SAR states that the total decay heat in the NAC-LWT is 12.88 Watts, the 
method used to determine the value was not addressed and the error associated with the 
value was not provided.   
 
This information is needed to determine compliance with 10 CFR 71.33(b)(7). 

 
Chapter 4 – Containment Evaluation 
 
1. See Enclosure 1. 

 
2. Provide further information on the void space within the HEUNL container. 

 
Page 1.2-18 and page 1.1-2 state: “Fill capacity is defined as the point when material 
reaches the vent port during fill operations.”  Likewise, page 2.6.12-95 states that there is a 
“minimal air void.”  The void headspace should be provided for vertical and horizontal 
HEUNL containers.  Note question 1 in Chapter 7 that requests justification for adequate 
space, or other specified provisions, during loading for the expansion of the HEUNL. 
 
This information is needed to determine compliance with 10 CFR 71.33, 71.51, and 71.87. 

 
3. See Enclosure 1. 
 
4. See Enclosure 1. 

 
Chapter 6 – Criticality Evaluation 
 
1. See Enclosure 1. 
 
2. Clarify the cross section sets used for the validation and for analyses. 
 



 

 
Page 6 of 9 

 

SAR Section 6.7.2.2 states that the ENDF/B-VII cross-section set is used for analyses.  
However, Section 6.7.3.1 and elsewhere states that the ENDF/B-VI cross-section set is 
used for validation.  Also, ENDF/B-VI is used for some of the materials in analyses (e.g., 
natural silicon).  Explain these inconsistencies. 

 
This information is needed to determine compliance with 10 CFR 71.55 and 71.59. 
 

Chapter 7 – Operating Procedures Evaluation 
 

1. Show how full HEUNL containers will meet 10 CFR 71.87(d) which states, “Before each 
shipment of licensed material, the licensee shall ensure that the package with its contents 
satisfies the applicable requirements of this part and of the license.  The licensee shall 
determine that – ... (d) Any system for containing liquid is adequately sealed and has 
adequate space or other specified provision for expansion of the liquid.” 

 
A sealed HEUNL container that is completely filled does not have adequate space or other 
specified provision for expansion of the liquid.  A sealed HEUNL container when frozen with 
HEUNL contents that was filled at 70°F does not have adequate space or other specified 
provision for expansion of the liquid.  Consider a sealed rigid container (constant volume) 
that is completely full of liquid (constant mass); this is an isochoric process (or constant 
specific volume).  Although a rigid container is an idealized case, Reference 1 can be used 
to show the container pressure that can be reached within a sealed rigid container loaded 
full of water that has a density of 997.97 kg/m3 (the density of water at 70°F) when heated 
or cooled based on an isochoric process.  In an isochoric process, relatively small 
deviations from the loading temperature result in very large pressure changes and 
uncontrollable pressurization as contents are heated.  Note the pressure generated in an 
isochoric process is excluding any combustible gas generation that should also be 
considered which could create additional  pressure.  

 
Uncontrollable pressurization of the HEUNL container could lead to failure of the HEUNL 
container and could impact the containment boundary.  Therefore ensure through 
calculations that there is adequate space for expansion of the HEUNL contents in a sealed 
container, or other specified provision to protect against over pressurization, and that these 
design features are implemented in the operating procedures. 

 
This information is needed to determine compliance with 10 CFR 71.43(c) and (f), and 
71.87(d). 
 
Reference 1: E.W. Lemmon, M.O. McLinden and D.G. Friend, "Thermophysical Properties 
of Fluid Systems," in NIST Chemistry WebBook, NIST Standard Reference Database 
Number 69, Eds. P.J. Linstrom and W.G. Mallard, National Institute of Standards and 
Technology, Gaithersburg MD, 20899, http://webbook.nist.gov. 
 

2. Revise Chapter 7 to provide the following additional information on the HEUNL loading and 
unloading procedures. 
 
a. The unloading procedure is based on the horizontal unloading of the HEUNL container.  

Procedures for vertical loading and unloading should be provided or vertical loading and 
unloading not be a specified option. 
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b. Figure 1.2.3-19 shows an HEUNL container with a drain tube.  It should be specified in 
Chapter 7 that the HEUNL container with the drain tube is for vertical filling and 
draining.  Likewise, Chapter 7 should indicate that the HEUNL container without the 
drain tube is to be used for horizontal filling and draining. 

 
This information is needed to determine compliance with 10 CFR 71.33 and 71.87. 
 

3. Clarify that the filling procedure prevents overfilling and over-pressurizing of the HEUNL 
container. 
 
There is no indication from step 11 of Section 7.1.13 that measures are taken to prevent 
over-filling and, hence, over-pressurization of the HEUNL container during the fill process.  
This should be addressed in the loading procedure. 
 
This information is needed to determine compliance with 10 CFR 71.87(d) and (f). 

 
5. Clarify steps 6 and 22 in the operating procedures in Section 7.1.13 to specify that alternate 

vent and drain port covers must be used during transport of the HEUNL container. 
 

Per Chapter 4, shipment of HEUNL containers will use the alternate vent and drain port 
covers.  For clarity, this should be specified in steps 6 and 22 of Section 7.1.13. 
 
This information is needed to determine compliance with 10 CFR 71.87(c). 
 

6. Provide the following details of the vacuum rate-of-rise test described in step 12 of Section 
7.1.13. 
 
a. Clarify the “valve annulus” that is to be evacuated.  Is this the space between 

component 19 and component 20 O-rings listed in Drawing No. 315-410-181 or is it at 
the component 17 nipple?  Where is the vacuum and vacuum gauge attached?  Further 
explanations in the procedure should be provided. 
 

b. Provide the basis for detecting a leakage rate of 1E-3 ref-cm3/sec, the test sensitivity, 
and the instruction for measuring the leakage rate.  For example, the American National 
Standards Institute (ANSI) in ANSI N14.5-1997, “Radioactive Materials - Leakage Tests 
on Packages for Shipment,” provides guidance, acceptable sensitivity, and equations for 
performing a pressure rise test (Section B.12, B.14, A.5.2, etc.).  
 

c. Step b indicates the vacuum pump should be isolated.  It is recognized that a running 
vacuum pump can pull vacuum across “closed” valves.  The procedure should provide 
instruction to physically remove or power-off the vacuum pump.    

 
This information is needed to determine compliance with 10 CFR 71.87(d). 
 

7. Provide the following details of the pressure-drop test described in step 24 of Section 
7.1.13. 
 
a. The “acceptable” test leakage rate and sensitivity should be provided.   
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b. Provide the basis for detecting the acceptable leakage rate, test sensitivity, and 
instruction for measuring the leakage rate.  For example, ANSI N14.5 provides 
guidance, acceptable sensitivity, and equations for performing a pressure-drop test 
(Section B.11, B.14, A.5.1, etc.).  

 
c. Step c indicates the gas supply should be isolated.  It is recognized that gas can leak 

across “closed” valves.  The procedure should provide instruction to physically remove 
the gas supply.    

 
This information is needed to determine compliance with 10 CFR 71.87. 
 

8. Provide the ambient temperature, temperature of the HEUNL containers, and temperature 
of the HEUNL diluted contents during loading of the HEUNL containers in Chapter 7 of the 
SAR. 

 
Many analyses throughout Chapters 2, 3, and 4 of the SAR assume an ambient 
temperature of 70°F during loading, yet this temperature is not specified within the loading 
procedures.  The temperature of the HEUNL container and HEUNL diluted contents could 
also impact the quantity of material that fills the HEUNL containers and the void volume 
within the container once steady state temperatures are reached.  These temperatures 
should be addressed in the loading procedures. 

 
This information is needed to determine compliance with 10 CFR 71.35(c), 71.87 and 
71.89. 
 

9. Address the possibility of a rapid release of hydrogen gas that could be dissolved in the 
HEUNL content solution in a full HEUNL container during unloading in Section 7.2.7 of the 
SAR. 
 
Section 7.2.7 of the SAR, “Procedure for Unloading of HEUNL Contents,” does not address 
the possibility of a rapid release of hydrogen gas that could be dissolved within the HEUNL 
content solution that fills the HEUNL container.  The procedures should consider a rapid 
release of hydrogen gas could result in a highly flammable situation and an unexpected 
high pressure. 

 
This information is needed to determine compliance with 10 CFR 71.35(c) and 71.89. 
 

10. Address whether a quantity of time, an ambient temperature, an HEUNL container 
temperature, or other parameters should be specified in Section 7.2.7 of the SAR so the 
HEUNL contents will return to the “as loaded” state before they are unloaded. 

 
Section 7.2.7 of the SAR does not address the possibility that the contents may need to 
return to the “as loaded” state before unloading, or what surveys are necessary to ensure 
the contents have returned to the “as loaded” state.  Not returning the contents to the “as 
loaded” state before unloading could result in the rapid depressurization of the container, or 
rapid release of flammable gases. 

 
This information is needed to determine compliance with 10 CFR 71.35(c) and 71.89. 
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11. Identify any inspection or other actions necessary to address the pressure and stresses on 
the drain pipe due to an HEUNL container full of liquid or frozen contents, an HEUNL 
container partially full of liquid or frozen contents taking into account the freezing process 
as well as dynamic movement of contents like sloshing or liquid surge pressure that could 
occur during filling or transport. 

 
Failure of the drain pipe could cause problems with vertical unloading the HEUNL contents 
leading to a delay in unloading. 

 
This information is needed to determine compliance with 10 CFR 71.35(c) and 71.89. 
 

Chapter 8 - Acceptance and Maintenance Tests Evaluation 
 
1. Justify the basis of 50 fill/drain cycles that appears in Section 8.1.4.4 of the SAR and how it 

relates to the expansion and contraction that a full HEUNL container (with liquid or frozen 
contents) will go through during normal conditions of transport. 

 
a. Based on the thermal expansion and contraction of the full contents due to varying 

ambient conditions and solar insolation that would also vary throughout the day, a full 
HEUNL container may go through multiple expansion and contraction cycles during 
one transport.  It has not been shown how 50 fill/drain cycles relates to the actual 
conditions that a package will go through during transport.  Consider how Section 8.2 
and Table 8.2-1 should be modified based on the thermal expansion and contraction of 
the full contents. 

 
b. The basis for the 50 fill/drain cycle periodic hydrostatic test (Section 8.1.4.4) of the 

HEUNL container should be provided.  The basis should reflect phenomena that can 
affect the integrity of the container, including high stresses (due to the expansion of the 
liquid during transport), corrosion rate, etc. 

 
This information is needed to determine compliance with 10 CFR 71.33 and 71.43(d). 

 
2. Ensure that the hydrostatic test on the HEUNL container is appropriate for the pressures 

generated in the HEUNL container.  Ensure consistency with items 1 and 2 in the thermal 
evaluation above. 

 
The hydrostatic test in Section 8.1.4.4 of the SAR should be performed in accordance with 
the “ASME Boiler and Pressure Vessel Code,” Section III, Subsection NB, to 1.25 times the 
design pressure.  The design pressure should bound the pressure generated in the HEUNL 
container.  Note see item 1 in the Thermal Evaluation section above. 
 
This information is needed to determine compliance with 10 CFR 71.43(c) and (f), 71.71, 
71.73, and 71.87(d). 

 
3. See Enclosure 1. 


