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August 3, 2006

Mr. Christopher Regan
Spent Fuel Project Office
United States Nuclear Regulatory Commission
Washington, DC 20555-0001

Subject: Benchmarking of Holtec's FLUENT based Pressure Drop Method by Comparison
with Experimental Hydraulic Resistance Work by NRC/Sandia

Reference: Holtec Docket No. 72-1014

Dear Mr. Regan:

We thank the SFPO for sharing the hydraulic resistance data obtained from a prototypical BWR
fuel assembly tested at the Sandia Labs. This work provides valuable experimental data for
quantifying bundle resistance under axial laminar flow conditions. The laminar flow regime
exists in our MPCs, which as you know, are expressly designed for thermosiphon action.

As you are aware, Holtec International had prepared a comprehensive 3-D model of the BWR
fuel bundle to determine the total pressure loss as a function of the axial flow rate in 2004 in
support of our Licensing Amendment Request. The loss coefficients derived from the 3-D CFD
simulation were used to characterize the porous media, as described in paragraph 4.4.1.2 of the
FSAR (Rev. 3.C). We would expect that the loss coefficients obtained from our FLUENT
solution will be greater than the values that one would obtain from the experiments because of
the deliberate modeling conservatisms in the former (such as, sudden expansion at the bundle
inlet, use of a bounding grid thickness, modeling partial length fuel rods as full length rods and
neglect of flow holes in the bottom nozzle). We are pleased to observe that the NRC/Sandia test
data fully corroborates this expectation.

The Sandia/NRC work has measured prototypical BWR fuel bundle pressure drops (AP) in two
test configurations, namely (a) water rods blocked, and (b) water rods unblocked. The range of
air flow varied between 50 and 600 slpm. The corresponding Reynolds number (Re) values are
reported to vary from 70 to 900. Using the AP data, the NRC report [1] provides hydraulic loss
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coefficients SLAM' and IkI for certain flow ranges for the blocked water rod case. Bounding
results for the full range of flows are the only values reported for the unblocked flow case.

NRC's experimental work is most relevant to benchmarking our numerical simulation results
from CFD analysis documented in the HI-STORM FSAR, which, as we state in paragraph
4.4.1.2, forms the basic building block for the 3-D CFD model of the HI-STORM System. This
benchmarking is possible because of the technical fact, conclusively affirmed by the
NRC/Sandia work, that the resistance coefficient decreases monotonically with decreasing
Reynolds number. (Table 4 of the NRC/Sandia report shows that the principal fuel bundle
hydraulic loss coefficient SLAM decreases from 109 to 75 as Re goes down from 900 to 70.)
Therefore, we can use the Re = 70 results from the NRC/Sandia report with the knowledge that
these flow resistances are undoubtedly conservative for the low Reynolds number flow regime in
the HI-STAR/HI-STORM MPCs (; )

The results corresponding to lowest test Reynolds number flow condition (Re=70) is used for a
direct comparison with bundle flow resistances obtained from the 3-D CFD model documented
in the Calculation Package HI-2043285 previously submitted to the NRC. The numerical data
processing of both the FLUENT solution and the experimental data is presented in Attachment A
to this letter. The results show that the value of the flow resistance coefficient Seq from our CFD
solution [reference 2] (which is the condition in the MPCs) is j compared to the corresponding
value of 84.5 deduced from the test data [I].

Of course, the test data based value of Seq = 84.5 corresponds-to Re = 70. For • or less, it
will be even lower. Therefore, the value of • predicted by our CFD model indicates a robust
margin of conservatism in the basic "building block" of our thermal solution of the HI-STORM
System.

The above summarizes the representations we made to you and Mr. Solis in our conference call
yesterday. We trust that the above presentation pre-emptively answers the new question raised to
us two days ago by the Staff reviewer with regard to the so-called "shear stress" method. As we
explained in our phone call, taking the wall shear stress at mere two locations (one in the bare
rods region and the other in the grid strap region), and using them to compute the total pressure
loss in the fuel bundle is an inherently crude approach. It will provide an approximate value of
the pressure loss, but it can obviously not match the accuracy of FLUENT which computes the
total pressure loss by integrating the shear stress along the entire length of the bundle (including

'Terms used in the NRC/Sandia report.
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the inlet nozzle and grid strap regions), using a large number of elements. Placing credence on a
manually computed pressure loss over a rigorously calculated FLUENT result would be
technically inappropriate.

With regard to the reviewer's statement in yesterday's telecon w.r.t. local effects, i.e. the effect
of variation in the hydraulic resistance in the bundle in the axial direction, we recall that the same
question was asked in a different context earlier this year. At that time a Staff reviewer had'-

speculated that the axial variation in the hydraulic resistance may cause a significant inaccuracy
in the calculated fuel temperatures. We had addressed this concern by running two cases, namely

The results of these two cases, summarized in Appendix H (Section H.4) of H1-2043317, show
that the computed peak temperatures are essentially the same. This parametric analysis serves to
confirmn the heuristically apparent fact that axial variation in the hydraulic resistance in the fuel
bundle should have little effect on the computed peak fuel rod temperature.

Finally, during yesterday's NRC telecon, Mr. Solis had also pointed out (correctly) that the
NRC/Sandia experiments were performned using a 9x9 GE bundle whereas Holtec's design basis
fuel is a more recent vintage (GE-10xl0). We should recall that the subject of hydraulic
equivalence between GE bundle designs was discussed with the staff over a year ago in a White
Flint meeting, and NRC had concurred with Holtec's position that the different contemporary GE
bundle designs must be hydraulically equivalent to enable a stable flow regime in the reactor.

We should also observe that our design basis fuel is a hydraulically more resistive adaptation of
the 10xl0 GE bundle by virtue of the many geometric conservatisms (stated in the foregoing)
incorporated in the CFD model. It is because of these conservatisms that our computed pressure
loss coefficient is substantially greater than those measured in the NRC's experiments.

We trust that the above information will meet with SFPO's concurrence.

To archive the above benchmarking information, we propose to add the following verbiage to the
bottom of paragraph 4.4.1.2 by way of additional substantiation of the appropriateness of the
FSAR methodology:

A comparison of the pressure loss coefficient predicted by the CFD model with test
data obtained by the USNRC/Sandia National Laboratory, documented in the Q.A.
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validated letter firom S. Anion to C. Regan dated August 3, 2006 (Holtec letter ID
5014599, docketed as proprietary material), shows that the loss coefficients
obtained from the CFD solution are substantially conservative.

We would appreciate SFPO's use of this letter to expedite your ongoing composition of the SER.

ISwrrely,

S. Anton, Dr.-lng.,
Licensing Manager

Technical Concurrences:

Dr. Indresh R Dr iDra-Majumdar

References: [1] Sandia/NRC Prototypical Assembly Testing Letter Report from E.W.
Brach (NRC) to Dr. K. Singh (Holtec) dated May 8, 2005.

[2] Holtec Fuel Resistance Report HI-2043295, Rev. 3

Attachment A: Procedure for Calculating Lumped Laminar Resistance Coefficient (3 pages)

Doc. I.D. 5014599



Attachment A

Procedure for Calculating Lumped Laminar Resistance Coefficient

A. I Lumped Resistance Equations

The fuel assembly pressure drop AP is the sum of two components, namely, viscous
pressure drop APIam and inertial losses APini. Using classical pipe flow principles the
viscous and inertial pressure losses are defined in terms of two dimensionless loss
coefficients SLAM and XK as follows:

A/fM = SLAM ( L )( Vh,,dIe) (Eq. 1)

A =-K P ndej (Eq. 2)2

Where L is fuel rods length, Dh is bundle hydraulic diameter, Vbundle is average bundle
fluid velocity, p is fluid density and p is fluid viscosity. The total bundle pressure drop
(AP) is obtained by summing the viscous and laminar flow pressure drops. Using the
bundle pressure drop an effective laminar hydraulic resistance coefficient Seq is computed
as shown below:

Sq = AP (Eq 3)
(LD)(Vburnilej

Using the above definition for effective hydraulic resistance and Equations I and 2 above
for viscous and inertial pressure drops an explicit formula for Seq is obtained as shown
below:

Se LAM + YK (Eq. 4)

A.2 Calculation of Lumped Resistance Coefficient from Sandia Test Data

The Sandia test has measured prototypical assembly pressure drops (AP) in two test
configurations, namely (a) water rods blocked and (b) water rods unblocked for a range
of air flows between 50 and 600 slpm (corresponding Reynolds number between 70 and
900) [1]. Using the AP data hydraulic loss coefficients SLAM and XK were obtained and
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reported for several flow ranges for the blocked case and bounding results for the full
range of flows for unblocked flow case. The blocked water rods results for the lowest
Reynolds number flow' (Re=70) is used herein for direct comparison of bundle flow
resistances obtained via the 3D CFD model with experimental data. The fuel assembly
hydraulic coefficients for this lowerbound flow are given in Table Al. In Table A2
relevant test assembly data obtained from the NRC/Sandia report is provided. Using the
hydraulic loss coefficients in Table Al and test assembly data in Table A2 the lumped
hydraulic coefficient Seq is computed as follows:

Step 1: Compute average bundle velocity at lowerbound flow Qlb using bundle flow area
A from Table A2 (Vbundle = Qlb/A).

Step 2: Compute lumped flow resistance Seq using Eq. 4 from Section Al.

The computed result is reported in Table A3.

A.3 Calculation of Lumped Resistance from CFD Simulations

For making a fair comparison of CFD modeling results to test results we have adopted
the following procedure:

i) Use the bounding flow resistance run from CFD simulations (Run no. 10 [Ref.
2]).

ii) Obtain blocked water rods bundle flow (Q) by subtracting water rods flow from
the total flow obtained from CFD simulation.

iii) Compute average bundle velocity Vbundl, = Q/A where A is the bundle flow area.
iv) Compute the lumped laminar flow resistance parameter Seq from assembly

pressure drop (AP) and VbundJe using Eq. 4 from Section A. ].

Steps (i) through (iii) have been used in post-processing CFD pressure drop data and
results compiled in Appendix C of Ref. [2]. A copy of these results is provided in Table
A4. Using these results the hydraulic loss coefficient is computed and the result reported
below.

Hydraulic resistance coefficient, Seq from Hydraulic resistance coefficient Seq from
CFD model NRC/Sandia test data

84.5

The results above show that the flow resistance determined by the CFD model has a fair
amount of excess conservatism

This benchmarking is possible because of the technical fact, conclusively affirmed by the NRC/Sandia
work, that the principal resistance coefficient SLAM monotonically decreases with Reynolds number. Table
4 of the NRC/Sandia report shows that SLAM decreases from 109 to 75 as Re goes down from 900 to 70.
Therefore, we can use the Re = 70 test results with the knowledge that these flow resistances are
conservative for HI-STAR/HI-STORM storage flows C
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A.4 References

[1] Sandia/NRC prototypical assembly testing letter report from E.W. Brach (NRC) to

Dr. K. Singh (Holtec) dated May 8, 2005.

[2] Holtec fuel resistance report HI-2043295, Rev. 3.

Table A : NRC/Sandia Test Lowerbound Reynolds Number

Hydraulic Coefficients (Ref. [I])

Coefficient Value

SLAM 75

1K 64

Table A2: Test Assembly Input Data (Ref. [1])

Bundle Flow Area (A) 0.0098 m2

Hydraulic Diameter (Dh) 0.0119 m

Length (L) 4.19 m

Air Viscosity (p) 1.85x 10-5 Kg/m-s

Air Density (p) 0.98 Kg/mi3

Lowerbound airflow (Qlb) 50 slpm

Table A3: Lumped Flow Resistance Computed From Test Data

Seq 84.5

Table A4: BWR CFD Run #10 No-Water Rods Flow Data (Ref. [2])

Bundle Velocity (Vbundle) 'ji m/s

Hydraulic Diameter (Dh) 0.0 1027 m

Length (L) 4.115 m

Helium Viscosity (p) 2.86x10 5 Kg/m-s

Bundle Pressure Drop (AP) 5 Pa
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