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From: Birk, Sandra M [mailto:sandra.birkdinl.gov]
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To: Soils, Jorge
Subject: Re: Your comments on draft NUREG-2152
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Jorge, attached are the commetns. They are in blue text. We have one key staff member that would like to
offer additional services to the NRC in this area if you are interested in discussing such a relationship. INL as
you know has done considerable work with the NRC and continues to do so. We would be happy to discuss
your needs at your convenience. Regards

On Wed, Dec 5, 2012 at 4:33 AM, Solis, Jorge <Jorge.Solispnrc.gov> wrote:

Hello Sandra,

I am assuming you are the person who gave some comments to James Rubenstone for me on this
draft NUREG. I just want to ask you if you could send an electronic version so I can send them to the
person collecting the comments to docket them accordingly. These comments are then made public
unless you have any objection. Thanks,

Jorge Solis

Sandra M. Birk, Ph.D.
Department Manager
Nuclear Materials Disposition & Engineering
Idaho National Laboratory
PO Box 1625
Idaho Falls, ID 83415-3710

208 526 1866 voice
208 520 5398 cell
208 526-5337 fax
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Comments on NUREG-2152

1. On page 62 at the third bullet under Guideline on Weakness of the Standard k-e model, please

add the following at the end of sentence.

Realizable k- E turbulence model and shear stress transport (SST) k-w model are also

recommended to use as part of the sensitivity study. Realizable k-6 model intended to address

deficiencies of traditional k-e model by adopting a new eddy-viscosity formula and a new model

equation for dissipation based on the dynamic equation for the mean-square vorticity

fluctuation.

SST k-w model incorporates a damped cross-diffusion derivative in the w equation and it

includes a blending function to ensure that equations behave appropriately in both the near-

wall and far-field zones from the wall sublayer.

The following section is recommended to add 3.1.5

3.1.6 Grid sensitivity and convergence

The objective of this CFD calculation is to validate the experiment. It is therefore necessary to
achieve the best prediction with less numerical error either in a spatial or temporal dimension. The
Richardson extrapolation method is a well known method to validate the CFD result and give asymptotic
value at zero spacing (Roche 1998).

In order to prevent numerical diffusion and assure a low courant number as shown in Equation 1,
Richardson extrapolation method is recommended.

Courant Number = VAt/Ax (1)

where

V = Fluid velocity (m/s)

At = Time step (sec)

Ax = Mesh length (m).

With grid triplet (set of fine mesh, normal mesh, and coarse mesh) solutions, the unknown variables
A, B, and p ought to be obtained from simple algebra as shown in Figure 1 where p is the order of
convergence in the Richardson extrapolation curve and A is the predicted value of CFD simulation result
at asymptotic zero spacing grid. With constant p value, two solutions from normal grid and coarse grid
allow the A value (Asymptotic front heat speed) to be calculated as:

ln(Y3.Y2
"P -Yl (2)

y = A + Bx P ,p, (x 2,Y 2 ), (x 3 ,Y 3 ) are known (3)

ln(y - A) = ln(B) + p ln(x) (4)
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Figure 1. Correlation of grid spacing and prediction value in grid conversion.

where p = order of convergence, y, = variable in coarse grid, Y2 = variable in normal grid,Ys = variable in
coarse grid, and x = normalized grid spacing. Ifp is greater than unity, it converges while p values less
than unity make the solution diverge.

The uncertainty of CFD prediction is also performed based on the Grid Convergence Index (GCI)
method (Roach 1998) to make certain that solutions are checked within the asymptotic range of
convergence, which should be close to unity. An example of these calculations is shown in Oh and Kim
(2010).

Reference

Roache, P. J., Verification and Validation in Computational Science and Engineering, Hermosa
Publishers, Albuquerque, New Mexico, 1998.

Oh, C.H. and Kim, E.S., "validation of CFD code for density-gradient driven air ingress stratified flow,"
Proceedings of the 181h International Conference on Nuclear Engineering (ICONE 18), Xian, China,
May 17-21, 2010.

In section 5 of V&V of the calculation and numerical method, the following subsection is recommended.

The CFD specification and models recommended are listed as follows:

* Solver:



- Solver: pressure based

- Formulation: implicit

- Space: 3-D double precision

Time: steady or unsteady

- Velocity formulation: absolute

Gradient I option: green-gauss cell based
Unsteady formulation: 2da-order implicit

- Pressure-velocity coupling: PISO.

" Discretization:
- Pressure: PRESTO!

- Momentum: 2ndOorder upwind
- Turbulent kinetic energy: 2nd-order upwind
- Turbulent dissipation rate: 2nd-order upwind
- Species: 2nd-order upwind
- Energy: 2nd-order upwind.

" Viscous Model:
- Turbulence model: realizable k-e or RSM
- Wall function: standard wall function.

* Energy equation.

" Species transport model:
- Mixture material: Mixture-template

* Species transport model:
- Mixture material: Mixture-template.

* Radiation heat transfer model

Subsection 7.3 Regulatory Requirements is recommended to add.

7.3 Regulatory Thermal Requirements

This section identifies Title 10 of the Code of Federal Regulations (CFR) Part 72 relevant to the review
areas, in particular, for material temperature limits. According to the ISG-11 (cladding consideration for
the transportation and storage of spent fuel, interim guidance-11, revision 3), NUREG-1567, and
10CFR72,128(a), the temperature limits of the PWR fuel cladding should be within normal operating
condition and accident condition for 20 years dry storage for ISFSI or MRS design and environmental

condition at 4000C and 5700 C, respectively.

Comments on 7.0 APPLICATION

This section describes CFD calculations on VSC-17. We recommend the following:



* Section 7.1.3 CFD modeling needs to be created and the current subsections from 7.1.3 to

7.1.10 need to be 7.1.3.1, 7.1.3.2 and so on.

* Under 7.1.3, FLUENT specific models that were used in these calculations need to be included

here in terms of solver, discretization, viscous model, and etc.

" Under 7.2 conclusions, the following sentence needs to be added.

o The CFD predictions on the liner and MSB wall axial temperatures are not accurate and

more turbulence models such as RSM and realizable k-e model are recommended.

Comments on 8.0 BREIF BPGs CHECKLIST

Grid Generation

* Are the ratios of adjacent volumes less than 2?

This volume ratio of 2 is too big. The volume should be gradually increased from the fine mesh

and the recommended ratio is 1.2. If the ratio of 2 is used, there is no accuracy in its

computation.

* Are the aspect ratios below the values given in the solver manual (typically, 10-50)?

This aspect ratio of 10-50 is too big. The recommended aspect ratio should be less than 20.

Selection of physical models

" Is one dealing with laminar, transitional, or turbulent flow?

It is turbulent flow. But the flow inside the MSB is laminar.

" Does the choice of turbulence level adequately represent the study objective?

The choice of the turbulence model depends on the application. RSM, realizable k- C, or SST k-w

turbulence models are recommended.

* Is the selected wall turbulence model appropriate with the flow features?

When the wall function is used, y-plus values are very important to model the sublayer of the

wall for the turbulence model.

Numerical Methods

Was the first-order upwind spatial discretization avoided unless necessary (to avoid numerical

diffusion)?

The second-order upwind is recommended and also grid sensitivity study has to be performed

along with grid convergence index calculations to avoid the numerical diffusion.


