
NRC Questions and Holtec Reponses

Telecon on May 22, 2007

Participants: Chris Regan, NRC
Mike Water, NRC
Indresh Rampall, Holtec
Debu Majumdar, Holtec
Stefan Anton, Holtec

Several questions were posed by NRC during the telecom, and partial responses were given by
Holtec at that time. Below is a summary of all questions, together with the completed responses.

Question 1: The application is for normal and high burnup fuel, and for the previously approved
and for the increased heat load. Which of the burnup/heat load combinations rely on the
supplemental cooling system (SCS)?

Response 1: Principally, the concern relates only to high bumup fuel (HBF), due to its lower
allowable cladding temperature limit. The initial version of the LAR relied on the SCS for HBF
at higher heat loads. The final (current) version uses three-dimensional models of the MPC,
which show that the maximum cladding temperature of HBF is below the allowable limit even
for the maximum heat load. However, the FSAR could be revised to require the SCS to provide
additional margin. The SCS would then be required once a conservatively postulated cask heat
load is exceeded and HBF is present in the cask. This requirement would also be listed in the
Technical Specifications, and would therefore be immune to the 72.48 process.

Question 2: The application takes credit for natural convection in the HI-TRAC water jacket. a)
Which of the burnup/heat load combinations rely on the convection in the water jacket? b) Is the
credit of convection in the water jacket new in this application?

Response 2: a) Only a single bounding analysis is performed that includes the natural
convection, and covers both HBF and normal fuel. Therefore, all bumup/heat load combinations
rely on the natural convection.
b) Credit for the convection was added in this LAR. The convection was also the subject of an
RAI (RAI 4-7, November 30, 2005). As a response to the RAI (February 18, 2006), section
4.5.1.1 of the FSAR was extended to discuss the approach, and Holtec Report HI-2043317 was
submitted, with additional information in Appendix C and G of this report. The RAI response is
attached to this document (Attachment 1). The proprietary calculation package was submitted
with the RAI response (see Holtec Letter 5014587, February 18, 2006).
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Question 3: Does the application rely on both natural convection in the water jacket and
supplemental cooling system to show that cladding temperatures are within the limit?

Response 3: As discussed in the response to Question 1, the FSAR does currently not rely on the
SCS. Should the SCS be used, then it will provide additional margin.

Question 4: Is the correlation for the heat transfer coefficient in the water jacket based on
laminar or turbulent flow?

Response 4: The correlation for turbulent flow is used, based on the value of the Rayleigh
number. See HI-2043317, Appendix C, Page C-1I (provided with the RAI responses) and the
extract from the referenced literature (Holman, "Heat Transfer", Attachment 2 to this document).

Question 5: What is the final heat balance in the vacuum drying calculation?

Response 5:

Residuas
I--energy

1 e-08

I e-09

le-10

le-11

le-12

le-13

10500 11000 11500 12000 12500 13000 13500 14000 14500 15000 15500

Iterations

Scaled Residuals May 22, 2007
FLUENT 6.2 (3d, dp, segregated, lam)

Page 2 of 3



FLUENT recommends an energy residual of lxl0-6 as a criteria for energy convergence. As
shown in the figure above, the energy residuals at the end of the solution for the vacuum drying
case (reported in Appendix I of HI-2043317) is well below the recommended criteria (- lxl0-
13), and shows no further changes with increasing numbers of iterations. Moreover, the peak
cladding temperature is unchanged to within three significant decimal places over the last 1000
iterations. These provide assurance that the CFD solution is converged.

Currently, we do not use heat balance as an indicator for convergence of the CFD solutions. We
do not have a QA Validated post-processing procedure to perform such heat balance calculations
for determining convergence. To answer your underlying question regarding convergence, we
have confirmed the solution of the vacuum drying CFD model using the criteria stated above
recommended by FLUENT.

Question 6: What radiation model is used in the vacuum drying calculation?

Response 6:

The Fluent calculations use the DTRM radiation model. This is the same model used in all the
thermal analyses for the HI-STAR and HI-STORM systems since Rev. 0 of the Safety Analyses
Reports. Note that the use of this model has never been questioned in any of the licensing
reviews.

Regarding the radiation models in Fluent please note the following:

Fluent offers a total of 5 radiation models. The manual states that typical applications well suited
for simulation using radiative heat transfer include, among others, surface-to-surface radiant
heating or cooling and coupled radiation, convection and/or conduction heat transfer. This
applies to the problem at hand. Regarding the choice of the model for a specific application, the
manual states that an important parameter is the "optical thickness" of the medium between
surfaces. With helium or vacuum in the cask, the optical thickness is effectively zero. According
to the fluent manual, both the DTRM and DO models are suitable for this condition.
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Attachment 1

Response to RAI 4-7

February 19, 2006
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From the CFD calculations, the wall shear stresses should be obtained separately for bare fuel
rods and for fuel rods plus grid straps. These results combined with the flow Reynolds number
(based on the applicable hydraulic diameter (dh)) can then be used to calculate F using
Equation (3) as follows:

(2 4Y 2 (6)

F f Re (7)

And finally D, the viscous resistance parameter, is calculated using Equation (5)

This information is needed to determine compliance with 10 CFR 72.230(f).

Holtec Response: The flow resistance calculations for PWR and BWR fuel (the latter modeled
with its fuel channel) are documented in a Holtec calculation package (Holtec Report HI-
2043285) (see response to RAI 4-4). The resistance values are computed from explicit 3-D fuel
models and used in 3-D MPC models for HI-STORM thermal analysis. The use of 3-D MPC
models removes the need for flow resistance "mapping". The FLUENT solution of the fuel
assembly as described in the calculation packages models all physical aspects of the fuel with
utmost rigor. The single fuel assembly flow resistance solutions are post-processed to obtain
the equivalent porous media resistance as a function of the helium flow rate,

The post-processing method outlined in the RAI is also implemented in the above-mentioned
calculation package (HI-2043285, Appendix C). A comparison of the results indicates the
original post-processing method employed by Holtec is conservative and in line with the staffs
expectation of F around 100 (as the calculation package documents, the value of F for BWR
and PWR fuel compute to be 91 and 99.4, respectively). Thus, the resistance values previously
used continue to be used in the licensing basis thermal analyses.

4-7. Provide additional detail of the calculations used to obtain a Nusselt number of 79 for the
water in the water jacket of the transfer cask. Additionally, provide either experimental
data or a CFD analysis to justify a Nusselt number of 79 for the water in the water jacket
of the transfer cask.

This information is needed to determine compliance with 10 CFR 72.11, 72.24(d), and
72.236.

Holtec Response: The Nusselt number calculations were performed using empirical correlations
for an enclosed vertical space. This equation is applicable for Prandtl numbers between 1 and
20 (the HI-TRAC water jacket is approximately 1.2) and vertical surface height to spacing ratios
between 1 and 40 (the HI-TRAC water jacket is approximately 29). The temperature difference
between vertical surfaces of 101F was assumed and was confirmed to be lower than the
subsequent surface-to-surface temperature gradients in the HI-TRAC water jacket.
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To comply with the staff's request, two three-dimensional CFD models of the HI-TRAC water
jacket have been constructed on the FLUENT CFD code. The first model uses FLUENT's RNG
k-c turbulence model with a standard wall function. The second model also uses the RNG k-c
turbulence model, but replaces the standard wall function with FLUENT's enhanced wall
treatment, which explicitly resolves the boundary layer near the model walls. The same
temperature difference applied in the analytic calculations was applied to the FLUENT models,
and the total heat fluxes through the water jacket water post-processed from the results.

The following table compares the results of the analytic calculations with the Nusselt numbers
obtained from the CFD model heat fluxes.

Analytic Solution I CFD Solution 1 CFD Solution 2
80 80 76

It is noted that the difference between the maximum and minimum Nusselt numbers in this table
is about 5%.

Another analytic equation, similar to the equation used in the HI-STORM FSAR, is available.
This equation is applicable for vertical surface height to spacing ratios greater than 5 (the HI-
TRAC water jacket is approximately 29) and width to spacing ratios greater than 5 (the HI-TRAC
water jacket is approximately 6). This correlation yields a Nusselt number of 104.8 and has a
maximum error of 10% versus the experimental data. Considering this maximum error, the
Nusselt number could be as low as 94.3. It is observed that the all of the Nusselt numbers in the
above table are conservative compared to this minimum value.

The agreement between the analytic method used in the HI-STORM FSAR, the two CFD
analyses, and the alternate analytic method, confirms the Nusselt number used in the licensing
basis thermal calculations. Additional details are provided in Holtec calculation package HI-
2043317 provided in response to RAI 4-4.

4-8. Provide a bounding thermal calculation that includes the effect of site elevation on the
atmospheric pressure. The location of the site where the HI-STORM 100 or HI-STORM
100U storage system is deployed may have an impact on the operating pressure. This
in turn will have a direct impact on the calculated peak cladding temperature.

This information is needed to determine compliance with 10 CFR 72.11, 72.24(d), and
72.236.

Holtec Response: The staff is correct in its observation that the reduced ambient pressure at
site elevations significantly above the sea level will act to reduce the ventilation air mass flow,
resulting in a net elevation of the peak cladding temperature. Accordingly, analyses of the effect
of elevation on the peak cladding temperature have been included in Subsections 4.4.4.3 and
4.1.4.2 of the FSAR. These analyses, for an elevation of 1,500 feet that we believe bounds all
U.S. reactor sites, show a minor increase in the PCT for both the aboveground and
underground WM cases. The 7520 F temperature limit continues to be met with a margin.

In light of these results from the 1500 feet elevation, it is not necessary to place any ISFSI
elevation constraints for HI-STORM deployment at elevations up to 1500 feet. If, however, an
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Attachment 2

Extract from

Holman, "Heat Transfer," McGraw-Hill Book Company,
Sixth Edition, 1986.
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ýC4 -rycv-"qeý Free convection in enclosed spaces 347

trious Surfaces to Air at Atmospheric
Nuf =. = 2 + 0.392 Grf"4 for I < Grr < 105 (7-49)

Gry Pry > 101
This equation may be modilied by the introduction of the Prandtl number to
give

h = 1.3t(AT)"3 Nu. = 2 + 0.43 (Grf Prj)"'4 (7-50)

h = 1.24(AT)"'
Properties are evaluated at the film temperature, and it is expected that this
relation would be primarily applicable to calculations for free convection in
gases. However, in the absence of more specific information it may also be
used for liquids. We may note that for very low values of the Grashof-Prandtl
number product the Nusselt number approaches a value of 2.0. This is the
value which would be obtained for pure conduction through an infinite stagnant
fluid surrounding the sphere.

For higher ranges of the Rayleigh numbers the experiments of Amato and
Tien [79] with water suggest the following correlation:

h = 1.52(AT)"I

0.59AT14

Nuj-= 2 + 0.50 (Grr Prj)"4 (7-5 1)
sfer coefficient, W/m2 - •C
, C

)r horizontal dimension, m
i..m

for 3 x 105 < Gr Pr < 8 x 108.

7-.1 FREE CONVECTION IN ENCLOSED SPACES

7-5 using the simplified relations

The free-convection flow phenomena inside an enclosed space are interesting
examples of very complex fluid systems that may yield to analytical, empirical,
and numerical solutions., Consider the system shown in Fig. 7-10, where a fluid
is contained between two vertical plates separated by the distance 8. As.. a
temperature difference AT,,. = T,- T1 is impressed on the fluid, a heat transfer
will be experienced with the approximate flow regions shown in Fig. 7-11,
according to MacGregor and Emery [18]. In this figure, the Grashof number
is calculated as

gj8(T, -7_,)5
Gra = . (7-52)

T, . T,

1.57 kW/m

kately 4 percent higher than Eq.
q

tion for free-convection heat
Fig. 7-10 Nomenclature for free convection in enclosed vertical spaces.



348 Natural-convection systems

The heat flux is calculat,
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Fig. 7-11 Schematic diagram and flow regimes for the vertical convection layer, ac-cording to Ref. 18.

At very low Grashof numbers, there are very minute free-convection currentsand the heat transfer occurs mainly byconduction across the fluid layer. Asthe Gras~hf* number is increased, different flow regimes are encountered, asshown, with a progressively increasing heat transfer as expressed through theNusselt number

In terms of the above disc

Nu, =_h
.k

Although some open questions still remain, the experiments of Ref. 18 may beused to predict the heat transfer toa number of liquids under constant-heat-flux conditions. The empirical correlations obtained were:

Heat transfer in horizont
If the upper plate is mainta
the lower-density fluid is
currents will be experience
will be by conduction alondistance between the plates
rienced when the lower pla
For values of Gr8 below alNu, = 1.0. As convection
shown in Fig. 7-12. These tbegins at about Gr, = 50,00

Free convection in incl:Somerscales [12]. Evans ani
convection heating Or coolinjil~)i' ures may be calculated with

N u 8 = 0.42 (G ra P r) ",4 P rO -012 -0.30
q,,. = const

104 < Gr 8 Pr < l07

I < Pr < 20,000

(7-53)

10 < LIS < 40

10, 0~h < PP N. .q,,. const
.106 < Gr8 Pr < 109

1< Pr < 20

I < L16 < 40

,v

(7-54)

N
for the range 0.75 < Lid < 2.1
of the cylinder L.

The analysis and experimen


