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Fuel Cycle Safety Branch

Division of Fuel Cycle, Medical, Academic
and Commercial Use Safety

U. S. Nuclear Regulatory Commission

7915 Eastern Avenue

Silver Spring, Maryland 20910

RE: Project No. M-40: Safety Analysis Report (Revision 2) For
The NAC Storage/Transport Cask For Use At An Independent
Spent Fuel Storage Installation

Dear Mr. Roberts:

The Nuclear Assurance Corporation (NAC) TSAR, Revision 2 (Project M-40)
currently under review was the subject of several questions by Mr. Ramsey Chun
of Lawrence Livermore National Laboratories during a phone call to NAC on
September 9, 1987 regarding the thermal analysis of the NAC S/T cask:

1. Do the spacers in the basket actually contact the aluminum fuel
channel walls?

2. The spacing between spacer grids is not the same in the thermal
model as in the actual basket drawing. Why?

3.  In the basket model, an aluminum region (196) exists at the bottom
of one of the fuel regions (195). Why?

4. The conductivity used in the cask analysis is for aluminum at 300°F.
The aluminum in the basket is calculated to be as high as 584°F,
Will a Tower aluminum conductivity result in higher temperatures
than those reported in the TSAR for the hottest fuel channel wall?

5. How was the conductivity of the fuel region calculated?

6. Why were values used in insolance calculations a factor of 2.0 lower
than the values recommended in NRC Regulatory Guide 7.8? Why was
the emissivity of the cask taken into account in the calculations?

7. What are the values for the specific heat of the materials analyzed
in the SCOPE analysis? What are the values for the emissivities
used in the SCOPE Wooten-Epstein correlation?
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Based on our discussion and further consideration by NAC, the following
answers are provided:

1. The spacers are considered to be in contact with the aluminum fuel
channel walls for heat transfer analysis purposes. The basket is a
tight fit (but not an interference fit when heated) in the cask and
leaves very little empty space. The spacers are installed during
fabrication by spot welding to the aluminum fuel channel wall.
Therefore, from a heat transfer standpoint, the spacers are
initially touching. Heat-up of the cask following fuel load, and
the subsequent thermal expansion of the aluminum fuel channel walls
and the spacer grids, will ensure that any gaps between the fuel
channel wall and the spacer grids will be insignificant for heat
transfer considerations.

2. The spacing of the heat transfer model is equivalent to the actual
basket when considering the heat transfer from the fuel regions to
the basket outer shell. The discrete modeling of the spacer grid
was modeled because the conductivity of the spacer grid was
determined to be a function of the direction of heat transfer
through the spacer grid. The model is sufficiently detailed to
permit the HEATING-5 computer code to determine the actual heat
transfer paths through the basket.

3. Region 196 was required due to a limitation of the HEATING-5
computer code which would not allow the modeling of a heat
generation region with a zero-flux (insulated to simulate symmetry)
boundary. Region 196 is thus a "dummy" region to allow the
HEATING-5 computer code to function without substantially altering
the results. For ease of modeling, the thickness of region 196 was
chosen to match that of region 134.

4. When this analysis was performed, the aluminum alloy to be used had
not yet been determined. Once alloy 5052 had been decided upon, the
ASME Table 1-4.0 showed the conductivity of 5052-aluminum at 70°F to
be almost 10% higher than that used in the TSAR analysis. At 400°F,
the conductivity was more than 20% higher. Because the ASME tables
did not go above 400°F, it was decided tc use the results based on
the TSAR conductivity at 350°F (though highly conservative). Refer
to TSAR Table 4.2-13.

5. The fuel conductivity was calculated using a technique for
evaluating post-accident debris effective conductivities. The At
across the fuel region was determined using the Wooten-Epstein
correlation found in the SCOPE computer code. The cask body model
was not used to evaluate temperatures in the fuel region other than
to supply the temperature of the aluminum fuel channel wall used for
the insert temperature in SCOPE. The fuel region conductivity used
in the HEATING-5 analysis was provided for completeness of the
computer model. Therefore, the value used ir the HEATING-5 cask
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Enclosure

body analysis for the conductivity of the fuel region will not
affect the temperature of the fuel rod cladding determined using
SCOPE. Enclosed for your information is a copy of the paper
entitled "Effective Thermal Conductivity of Debris Beds" presented
by 1. Cook and R. S. Peckover at the Post Accident Heat Removal
Information Exchange Meeting in 1982.

In order to perform a steady state analysis of the caik during
normal operations conditions, the 1475 BTU/12 hr.ft.c°F daily
insolance was applied as 737.5 BTU/hr.ft.2°F since the average
daytime heating period is 12 hours long. It was also decided that
the emissivity should be taken into account for this calculation
because the cask reflects some of the incident energy. This is the
NAC interpretation of the application of the guidelines given for
the analysis of insoiance found in NRC Regulatory Guide 7.8 and
10 CFR 71.71. The use of the 12 hour day/night cycle has little
effect on such a massive object as a cask, especially considering
the presence of its internal 26 kw heat source.

SCOPE uses heat capacities for the materials analyzed which are

shown on TSAR page 4.8-197. The values used for the emissivities in

the Wooten-Epstein correlation are 0.7 for the clad material, and

0.22 input for the emissivity of the aluminum fuel channel wall.
Sincerely,

NUCLEAR ASSURANCE CORPORATION
B /7 ( 7 L /
7okl ALE8b

Todd H. Lesser
Lead Nuclear Engineer
Engineering and Transportation Systems
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POST ACCIDENT DEBRIS COOLING

PROCEEDINGS OF THE FIFTH POST ACCIDENT HEATY
REMOVAL INFORMAT [ ON EXCHANGE MEETING

JULY 28 - 30, 1982
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body aralysis for the conductivity of the fuel region will not
affect the temperature of the fuel rod cladding determined using
SCOPE. Enclosed for your information is a copy of the paper
entitled "Effective Thermal Conductivity of Debris Beds" presented
by 1. Cook and R. S. Peckover at the Post Accident Heat Removal
Information Exchange Meeting in 1982.

In order to perform a steady state analysis of the cagk during
normal operations conditions, the 1475 BJU/12 hr.ft.€°F daily
insolance was applied as 737.5 BTU/hr.ft.2°F since the average
daytime heating period is 12 hours long. It was also decided that
the emissivity should be taken into account for this calculation
because the cask reflects some of the incident energy. This is the
NAC interpretation of the application of the guidelines given for
the analysis of insolance found in NRC Regulatory Guide 7.8 and
10 CFR 71.71. The use of the 12 hour day/night cycle has little
effect on such a massive object as a cask, especially considering
the presence of its internal 26 kw heat source.

SCOPE uses heat capacities for the materials analyzed which are
shown on TSAR page 4.8-197. The values used for the emissivities in

the Wooten-Epstein correlation are 0.7 for the clad material, and
0.22 input for the emissivity of the aluminum fuel channel wall.

Sincerely,

NUCLEAR ASSURANCE CORPORATION
4 /.,. ‘/". " N ”"
Tkl Ak

Todd H. Lesser

Lead Nuclear Engineer
Engineering and Transportation Systems






