U.S. Department of Energy
P.O. Box 450, MSIN H6-60
Richland, Washington, 99352

MAY 2 9 2012
12-WTP-0191

The Honorable Peter S. Winokur
Chairman

Defense Nuclear Facilities Safety Board
625 Indiana Avenue, NW, Suite 700
Washington. DC 20004-2901

Dear Mr. Chairman:

TRANSMITTAL OF DEFENSE NUCLEAR FACILITIES SAFETY BOARD (DNFSB)
RECOMMENDATION 2010-2 IMPLEMENTATION PLAN (IP) DELIVERABLE 5.3.3.5

This letter provides you the deliverable responsive to Commitment 5.3.3.5 of the U.S. Department of
Energy plan to address Waste Treatment and Immobilization Plant (DOE-WTP) Vessels Mixing Issues;
IP for DNFSB 2010-2.

The attachments provide the comment resolution form and summary document for the National Energy
Technology Laboratory (NETL) review of the Bechtel National, Inc.’s Experimental Data Gap Analysis
Jor CFD Verification & Validation (Commitment 5.3.3.4). The NETL also provided to DOE-WTP a
document, Recommendations for CFD V&V and Test Plan, to illustrate their issues and
recommendations. Open comments and recommendations that impact testing will be resolved prior to
the start of NQA-1 testing for Computational Fluid Dynamics (CFD) Verification and Validation
(V&V) and the evaluation of whether additional Large Scale Integrated Testing data sets are needed to
complete CFD V&V (Commitment 5.3.3.6).

If you have any questions, please contact me at (509) 376-8830, or your staff may contact Ben Harp,
WTP Starteup and Commissioning Integration Manager at (509) 376-1462.

Sincerely,

17 I oottt H,

~Scott L. S/a/n'fu/ gn, Manager N
WTP:RB Office of River Protection
Attachment

cc w/attachment: See page 2




Hon. Peter S. Winokur -2-
12-WTP-0191

cc w/attachment:

D. M. Busche, BNI
W. W. Gay, BNI

F. M. Russo, BNI
R. G. Skwarek, BNI

C. G. Spencer, BNI

D. McDonald, Ecology

D. G. Huizenga, EM-1

M. B. Moury, EM-1

T. P Mustin, EM-1

K. G. Picha, EM-1

C. S. Trummell, EM-1

A. C. Williams, EM-2.1

M. N. Campagnone, HS-1.1
R. H. Lagdon, Jr., US

M. R. Johnson, WRPS
S. A. Saunders, WRPS
M. G. Thien, WRPS
BNI Correspondence
WRPS Correspondence
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Summary Document for the NETL Review of the Experimental Data Gap Analysis

for CFD V&V

This document serves as a summary of the NETL team’s review of the Experimental Data Gap
Analysis for CED V&V contained in document 24590-WTP-RPT-ENG-11-152, Rev 1. Details of
the review of this document and explicit comments and questions from NETL related to this
document are contained in the NETL Comment Resolution Form for the Gap Analysis. This
document contains 4 different areas of concentration:

General overview

Discussion on dimensional and dimensionless parameters
Recommendation to help fill data gaps

Technical justification for the recommendation

Wb o=

The NETL team feels that BNI’s gap analysis has not adequately captured sufficient details to
justify the use of proposed leading order dimensionless parameters to define and/or fill
experimental data gaps. The NETL team has reservations about the lack of verification data in
the gap analysis that would allow the leading order dimensionless groups chosen by BNI to
sufficiently scale across different length and time scales and operating conditions which would
allow extrapolating these leading order dimensionless parameters to actual full-scale WTP
vessels. The NETL team has concerns that the proposed 8’ tank experiments do not adequately
capture all the relevant physics of a full-scale WTP vessel. Because of these issues discussed
above, the NETL team feels that there are significant risks in the use of the data gaps defined in
the BNI gap analysis report to allow sufficient V&V of BNI’'s CFD FLUENT model for
assessing full-scale WPT vessel performance. There is insufficient data and gaps in the proposed
experiments using the 8’ tank and in general there is a lack of a systematic approach in
assessment of model errors and uncertainty at different length scales to extrapolate BNI's CFD
FLUENT model to full-scale WTP vessels. That is, using the proposed BNI experimental plan to
V&V the CFD FLUENT model is not sufficient to guarantee with confidence that this V&V’ed
model can be extrapolated to full-scale WTP vessels because the physics captured in the 8’ tank
experiments used in this process might not be the same as the physics of a full-scale WTP vessel
and hence any uncertainties quantified at the 8’ scale cannot be extrapolated to full-scale with
confidence.

Based on the concerns above and the gaps in the BNI gap analysis that still exist, the NETL team
has submitted for consideration by WTP a document titled “Recommendation for Experimental
Test Matrix” recommending additional tests to be conducted. These tests when completed should
provide additional information for verification that the selected leading order dimensionless
parameters can be scaled. The additional data generated from these tests would provide support
in the ability of these parameters to scale to full-scale WTP vessel conditions and provide data




which could be used to both V&V the BNI Fluent model and conduct the confirmation
calculations. The recommendations by NETL include the use of three different size vessels the
existing/planned 4’ vessel and 8’ vessel, and a new 14’ vessel identified by BNI and WTP which
could be used to fill data gaps. Justification for conducting the experimental test matrix
recommended by NETL is because the tests will provide three critical functions:

1. A consistent set of data over wider test vessel scales and parametric range which can
be used to demonstrate that the current leading order dimensionless parameters do
scale and support to allow extrapolating this information to full-scale WTP vessels.
However, in the event these tests show that current parameters do not scale then that
would prove that these parameters do not adequately capture the required physics and
raise concern about missing leading order dimensionless parameters that have not
been identified.

2. By performing the recommended experimental test matrix, it will provide BNI an
opportunity to V&V the CFD FLUENT model at the 4’ scale rather than using data
from various sources which might not be consistent. Once the model is V&V’ed at
the 4’ scale, the larger 8’ and 14’ experiments can be used to conduct confirmation
calculations with the model. It is noted that currently there are no plans by BNI to
validate their confirmation calculation plan.

3. The data collected on three different scales under a set of consistent conditions will
allow BNI to exercise both the transient 3D multiphase Eulerian-Eulerian model and
the Integrated Pump-Down model in parallel. In addition, the data sets should be used
to identify if there exist significant change in relevant physics associated with pulse
jet mixing among different scales. The finding can be further used to justify the
capability of CFD model in capturing all physics correctly and the feasibility of
applying it to full scale.

By performing all the CFD calculations at the three different scales defined in the experimental
test matrix recommended by NETL using the same mesh size will allow BNI to evaluate the
effect of coarsening the mesh on the predictions. This is a critical issue since BNI is not planning
on keeping the mesh size constant throughout the CFD model as they apply the model to full-
scale WTP vessels. In summary, the NETL team recommends WTP to implement additional
testing into their experimental test program to provide data to support the V&V of BNI’s CFD
FLUENT model. The details of the additional testing are outlined in the document
Recommendation for Experimental Test Matrix provided to WTP. For several reasons the NETL
team finds the current experimental test plan and also BNP’s current approach inadequate: it is
not able to support the choice of leading order dimensionless parameters; it is not able to provide
evidence that these parameters hold across larger length scales; it is not able to provide sufficient
data to satisfactorily V&V the BNI FLUENT model; it is not able to demonstrate confidence in
the integrated pump-down model; and it is not able to provide evidence to support extrapolation
of the leading order parameters and models to full-scale WTP vessels.
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NETL Recommendations for CFD V&V and Test Plan

According to the current plan, V&V of the FLUENT CFD model will be done at 8ft scale and
the uncertainty calculated at this scale will be used at the plant scale level. In the original V&V
plan, BNI had proposed a multivariate approach to propagate uncertainty from 8ft to plant scale.
However, according to the information provided to NETL review team, the multivariate
technique will not be used anymore. NETL recommends a validation of the current confirmation
calculation plan. Since the current V&V plan is for the 8ft vessel, validating confirmation
calculation at the mid plant scale of 14ft may not be viable. Therefore, in order to validate BNI’s
confirmation calculation plan, NETL recommends additional V&V of the FLUENT model for
the 4ft vessel. NETL recommends that 4ft vessel should be used to perform NQA-1 compliant
experiments. The test matrix for the experiments is also recommended at the end of this report by
NETL. The V&V’ed FLUENT model for the 4ft vessel should then be applied for confirmation
calculations of the 8ft vessel. Since BNI plans to perform very detailed experiments for the 8ft
vessel, the confirmation calculations based on 4ft vessel V&V’ed FLUENT model will quantify
the accuracy/robustness of the current confirmation calculation plan. During this exercise, it is
recommended that FLUENT model for the 8ft vessel is exercised in manner identical to that
planned for plant scale simulations during confirmation calculations.

During their visit to NETL, BNI staff had presented an Integrated Pump Down (IPD) model
which will be used in conjunction with FLUENT CFD model to predict solids accumulation in
heel. Since the CFD simulations of draw down are computationally intractable due to large wall
times, its coupling with the IPD model was shown to significantly reduce the computational
time. The error associated with the IPD model was quantified based on the IPD model’s ability
to recover an analytically known draw down curve. However, this does not constitute a proper
validation of the IPD model which will be used to predict a very critical validation variable. In
order to quantify the modeling errors, the coupled CFD-IPD model prediction should be
compared against a 3-D fully transient CFD model prediction and available experimental data.
The CFD model should ideally be simulated for multiple draw-down cycles in order to assess the
error accumulation in CFD-IPD model. Since the CFD model will be computationally very
expensive, it is recommended that this validation exercise be performed for 4ft vessel. For the 8ft
and 14t vessels it is recommended that the coupled CFD-IPD be compared against the available
experimental data for confirmation calculation. Comparing the CFD model prediction against the
coupled CFD-IPD model and experimental data will quantify the model errors which should be
incorporated into the overall (CFD and CFD-IPD) model error used in the confirmation
calculations.

Recommendations for experimental test plan

During the review of BNI’s V&V plan and experimental test gap documents, NETL review team
had asked for empirical evidence that the dimensionless group identified by BNI is sufficient to




describe the PJM vessels. As an example of an effort that can probe the sufficiency of
dimensionless group, NETL had asked WTP to conduct further experiments on the existing 4ft
diameter vessel and a new 14’ vessel for varying dimensionless parameters identified in the
experimental test gap document (such. as, particle Reynolds number and jet Reynolds number).
The validation variable ZOI measured from experiments will be a function of dimensionless
numbers. It was noted that if the dimensionless group is indeed sufficient, then this dependence
of validation variables on dimensionless group will collapse on top of each other for different
sized vessels and different PJM nozzle diameters and operating conditions. This exercise will
support the arguments made in experimental test gap document with respect to filling the data
gap. For the above stated reasons and also to validate BNI’s current confirmation calculation
plan, NETL recommends that a 4ft vessel should be used to perform detailed NQAI compliant
experiments. The detailed experiments performed on 4ft, 8ft, and 14ft vessels should be used to
demonstrate collapse of ZOI curves. The various test conditions are described below

a) Single PIM

b) Four PIM’s

¢) Six PJM’s

d) Repeat (a-c) with a minimum of two different diameter nozzles.

€) Repeat (a-d) for vessels during pump-down to study the effect of liquid height on ZOL.
(Low, Med, Full)

f) Repeat (a-€) for vessels having 3 different solids loadings (2wt%, 5wt%, 10wt%) while
maintaining the characteristic particle size distribution.

g) Repeat configurations (a-f) above for the 4 ft diameter vessel.

h) Repeat configurations (a-f) above for 8 ft diameter vessel. Perform confirmation
calculations based on V&V’ed CFD model at the 4ft scale. |

i) Repeat configurations (a-f) for the new 14 ft diameter vessel to perform confirmation
calculations, especially for the more challenging mixing conditions encountered in the
WTP vessels. Use V&V’ed CFD models at both 41t and 81t scales.

j) In all the CFD simulations the mesh size must be maintained constant as the calculations
are taken to larger scales (i.e., 8ft and 14ft tanks).

These tests should be accompanied with measurements of the validation variables (such as ZOI,
suction line concentration, etc.) that are currently under the scope of CFD and these values
should be used when necessary in the FLUENT IPD model as input. Since the scope of NETL’s
team is limited to review of CFD V&V plan for PJM equipped vessels, this report does not make
any recommendation on the test simulant properties or the vessel geometry.
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