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January 8, 2009

U.S. Nuclear Regulatory Commission
Document Control Desk
Washington, D.C. 20555-0001

Subject: Response to Portion of NRC Request for Additional
Information Letter No. 262 Related to the ESBWR Design
Certification - TRACE Momentum Equation - RAI Number
21.6-123

The purpose of this letter is to submit the GE Hitachi Nuclear Energy (GEH)
responses to the U.S. Nuclear Regulatory Commission (NRC) Request for
Additional Information (RAI) sent by NRC letter dated October 2, 2008
(Reference 1). GEH response to RAI Number 21.6-123 is addressed in
Enclosure 1.

Enclosure 1 contains GEH proprietary information as defined by 10 CFR 2.390.
GEH customarily maintains this information in confidence and withholds it from
public disclosure. Enclosure 2 is a non-proprietary version that is suitable for
public disclosure.

The affidavit contained in Enclosure 3 identifies that the information contained in
Enclosure 1 has been handled and classified as proprietary to GEH. GEH
hereby requests that the information of Enclosure 1 be withheld from public
disclosure in accordance with the provisions of 10 CFR 2.390 and 9.17.

If you have any questions or require additional information, please contact me.
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Sincerely,

Richard E. Kingston
Vice President, ESBWR Licensing

Reference:

1. MFN 08-763, Letter from U.S. Nuclear Regulatory Commission to Robert
E. Brown, GEH, Request For Additional Information Letter No. 262
Related To ESBWR Design Certification Application, dated October 2,
2008

Enclosures:

1. Response to Portion of NRC Request for Additional Information Letter No.
262 Related to ESBWR Design Certification Application - TRACE
Momentum Equation - RAI Number 21.6-123 - GEH Proprietary
Information

2. Response to Portion of NRC Request for Additional Information Letter No.
262 Related to ESBWR Design Certification Application - TRACE
Momentum Equation - RAI Number 21.6-123 - Non-Proprietary Version

3. Affidavit - Larry J. Tucker - January 8, 2008

cc: AE Cubbage USNRC (with enclosures)
RE Brown GEH/Wilmington (with enclosures)
DH Hinds GEH/Wilmington (with enclosures)
LJ Tucker GEH/Wilmington (with enclosures)
eDRF 0000-0095-1131
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NRC RAI 21.6-123:

TRACE Momentum Equation Error

The NRC identified an error in the TRACE code momentum equation, which over
predicts pressure drops. Our preliminary assessment concluded that the error was in
the original TRAC-P and TRAC-B, which were the basis to develop TRACG and
TRACE. We request that GEH determine the magnitude of the error in the TRACG
momentum conservation for the flow from the downcomer through lower plenum to core
inlet for the BWR configuration. In addition, please provide an assessment of the
impact of the error in momentum formulation of the analyses supporting the ESBWR
DCD and topical reports. Please address if there are any changes in design
parameters anticipated, as a result of the error.

GEH Response:

Summary

" GEH determine the magnitude of the error in the TRACG momentum
conservation for the flow from the downcomer through lower plenum to core inlet
for the BWR configuration. This is addressed in Section B below.

" In addition, please provide an assessment of the impact of the error in
momentum formulation of the analyses supporting the ESBWR DCD and topical
reports. This is addressed in Section C below.

" Please address if there are any changes in design parameters anticipated as a
result of the error. This is addressed in Section D below.

A) The following paragraphs cover how GEH identified the error in TRACG 3-D
momentum formulation and what caused this error.

To assess whether TRACG has the same issue with the 3-D momentum equation as
TRACE code, the same 3-D input model was used in TRACG as was used by NRC in
TRACE (Figure Al-1). In this simplified model, flow enters from the top of the outer ring
("downcomer", Ring 2 in Figure 1), runs downward, makes a turn at the bottom ("Lower
Plenum"), and then runs upward through the inner ring ("Core", Ring1 in Figure 1).
Constant pressure condition is specified at core exit, and constant flow rate is specified
at the downcomer inlet. [[

]] TRACG and TRACE
pressure drop comparison is shown in Figure A1-2 in Attachment 1.

To investigate further, the NRC test model was modified in TRACG so that the [[
]] was used in the "downcomer", bottom radial path ( Level 1) and the "lower

plenum" region to ensure the [[ ]] through these cross sections. The
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TRACG nodalization is provided in Figure 1. Furthermore, the additional [[
]] in order to determine any pressure drop

error that is only due to code discretization. By assuming that the [[ ]] along the
flow path is negligible, the theoretical Pressure Drop (DP) should be zero between the
two cells in Ring 1 and Ring 2 at Level 2 (Figure 1). Therefore, the calculated TRACG
pressure difference between these two cells can then be considered as DP error
introduced by the code discretization.

Figure 2 shows the TRACG results for a case with an inlet flow velocity of [[ A].
Please note that along the horizontal axis, the cell pressure values decrease from left to
right. It was identified that TRACG overpredicts the pressure difference between two
Level 2 cells, which can be clearly seen for the case of 10 m/s in Figure 2. The
pressure drop in the "lower Plenum" is [[ ]] when the downflow turns
radially inward (from cell (1, 2) to cell (1, 1)) and when the flow goes upward afterwards
(from cell (1, 1) to cell (2, 1)). The downward flow in "downcomer" [[ 11
pressure increase in TRACG due to deceleration (from cell (2, 2) to cell (1, 2)).

[[

]]

The issue is a fundamental limitation of the abilities of all finite difference methods to
model nodal boundary conditions. In essence, the issue arises from the inability to
represent the velocity gradient using only a few nodes. The recognition of this issue is
one reason that the Code Scalability Applicability Uncertainty (CSAU) methodology
stipulates that the same nodalization be used for application as was used for
qualification.

The DP overprediction impact becomes less significant when more nodes are used
because the finite difference approximation to the velocity gradient improves. The
nodalization effect depends on the scenario being modeled. This is the reason why the
impact of nodalization is assessed for each type of application.
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GEH / GNF licensing and design applications of TRACG apply the standard VSSL
nodalizations that have been assessed by performing nodalization sensitivity studies to
determine the impact on key parameters.

B) Magnitude of the error in the TRACG momentum conservation for the flow from the
downcomer through lower plenum to core inlet for the BWR configuration.

It should be noted that "BWR" in the RAI text is interpreted to be ESBWR configuration
since this is an ESBWR RAI. The following response is applicable to the ESBWR
configuration.

The test case with TRACG nodalization (Figure 1) helps identify the cause of the
pressure drop error. However, the big DP error in Figure 2 is attributed to a very high
velocity, and a very coarse nodalization (one ring represents the downcomer and one
ring represents the core). The ESBWR RPV uses 3 rings to model the reactor core
region in TRACG. Furthermore, the ESBWR lower plenum flow velocity at operating
conditions is much lower than in the simplified test model. (See Figure 7 vs. Figure 1).

To assess the DP error related to the ESBWR condition, sensitivity studies are
performed with different flow velocities. The downcomer inlet flow velocity was varied at
10 m/s, 2 m/s, and 0.5 m/s using the 2-ring model (Figures 2, 3, and 4). As expected, it
shows that the DP error is proportional to the product of (fluid density p)*(square of the
velocity) (Figure 6). For ESBWR normal operation, the radial velocity at the lower
plenum turning location is about [[ ]]. As a result, the DP error is about [[

]] smaller than that in the simplified test case. The maximum axial velocities in
ESBWR lower plenum is about [[ ]], which also significantly reduces the DP
error in the axial direction.

Further sensitivity studies were performed to assess the effect of 4-ring model (used in
ESBWR) versus 2-ring model (the simplified test model). The results show that the finer
nodalization in the core significantly reduces the DP error to about [[ ]], as
seen in Figure 5 and Figure 6.

ESBWR lower plenum nodalization and the cell pressure and velocities are summarized
in Figure 7. The pressure distribution in the lower plenum is non-uniform due to 3-D
effect. But the maximum DP errors are found at the radial turn from the downcomer to
the lower plenum, and the upward flow in ring 3 (representing the outermost core
region). The radial direction DP error due to the code is estimated to be about [[

]], and the axial direction DP error is estimated to be about [[ ]]. The total
error is estimated to be less than [[ ]].

C) The following is the assessment of the impact of the error in momentum formulation
of the analyses supporting the ESBWR DCD and topical reports.
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As discussed earlier, the pressure drop error occurs when the flow [[
]]. The ESBWR Reactor Pressure Vessel (RPV),

containment and the annular region between the RPV and the Reactor Shield Wall
(RSWV), are modeled using the 3-D VSSL component. A VSSL component is used to
model the RPV in LOCA, AOO, ATWS and stability analyses. A VSSL component is
used to model the containment for LOCA containment pressure and RPV level
analyses. An Annular VSSL component is used in annulus pressurization analysis.
These three VSSL applications are discussed below in the context of the DP error issue
mentioned earlier in this response. Results of evaluation show that the DP error
impacts are conservative or insignificant for these ESBWR applications.

* RPV Lower Plenum

RPV lower plenum pressure drop overprediction has been estimated in the previous
section. The DP overprediction would lower the core flow, which will be conservative for
stability because lower core flow causes higher power/flow ratio and leads to higher
decay ratio.

A sensitivity study was done for the AOO bounding case, which simulated the core flow
reduction due to channel DP increase, and the result does not show any impact on the
key parameter ACPR/ICPR. The core flow reduction in this sensitivity case is
[[ ]], which is higher than flow reduction caused by lower plenum DP
overprediction. Therefore, for AOO analysis, core flow reduction caused by the lower
plenum DP over-prediction will not be expected to have any significant impact on the
key parameter ACPR/ICPR.

For ESBWR ATWS, core flow reduction due to channel spacer loss increase up to 80%
has only a minimal effect on ATWS performance. Therefore, the core flow reduction
caused by the lower plenum DP overprediction is expected to have a minimal effect on
ATWS performance, which also would be conservative.

Lower plenum DP error will have no significant impact on the RPV level and the long-
term containment pressure in the LOCA analyses. In the LOCA events, the power
output drops very quickly after the reactor SCRAM. The natural circulation flow through
the downcomer and core reduces correspondingly. As a result, the DP error decreases
even faster to the negligible level, since it is proportional to the square of the
downcomer flow.

* Containment

In the containment analysis, the flow velocities in the drywell from the limiting case
(Main Steam Line Break (MSLB) in DCD Tier 2, Section 6.2, Rev. 5) were investigated
to assess the DP error impact. It was determined that the highest velocity occurs near
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the MSLB discharge location (VSSL Cell 3405, or at Level 34, Ring 5, in Figure 8)
during the first [[ ]]. The pressure differences between this cell and the
neighboring cells were examined. During the initial time period, the maximum radial
and axial pressure drops from cell 3405, which may introduce DP error are in the order
of [[ ]] and [[ ]]. It should be noted that [[ ]] equals to
approximately [[ ]] of the DW total pressure. Based on these values, it is
judged that the error impact is negligible because the error is small compared to the
total pressure and occurs in the first few seconds of the transient.

* Annulus Pressurization

Velocity distribution is also examined in the annulus between the RPV and the
reactor shield wall. It is found that the azimuthal velocity, where the flow moves
away from the vertical symmetrical plane, has the potential to cause larger DP error
(Figure 9). The peak pressure in the VSSL cell that includes mass and energy
addition during the LOCA transient, was calculated to be higher than would occur if
the additional pressure drop resulting from the DP error is credited with the
assumption that the downstream pressure is constant for the first [[ ]] second,
the period of interest. Therefore, the DP error has a conservative effect on the
calculated annulus peak pressure.

* 1-D momentum formulation

The above discussion covers the impact of the 3-D momentum formulation in ESBWR
TRACG analysis. It should be noted that the 1-D momentum formulation is modeled
correctly in TRACG04P, and the discussion of the TEE modeling can be found on Page
3 of RAI 21.6-109 response (Reference 1.)

D) Are there any changes in design parameters anticipated as a result of the error?

No changes in design parameters are anticipated as a result of the DP error due to the
TRACG 3-D momentum equation discretization.
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1]
Figure 1 - Simplified Test Model Nodalization (2-ring model)

[1

1 ]
Figure 2 - TRACG Results for 2-Ring Model Cell Pressure (velocity =10m/s)
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FM
Figure 3 - TRACG Results for 2-Ring Model Cell Pressure (velocity =2m/s)

]]
Figure 4 - TRACG Results for 2-Ring Model Cell Pressure (velocity =0.5 m/s)
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I]
Figure 5 - TRACG Cell Pressure Comparison of 2-Ring and 4-Ring Models.

(velocity =10 m/s)

Figure 6 - DP Error Sensitivity to Flow Velocity and Nodalization
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I]
Figure 7 - ESBWR Lower Plenum Cell Pressure and Flow Velocities
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Figure 8 - The Drywell Cell Location - Most Impact on DP Error

(Magnified Partial figure of Figure 6.2-7 in DCD Rev 5)
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Figure 9 - The Nodalization for Annulus Pressurization Analysis

References:

1. MFN 08-710 Response to Portion of NRC Request for Additional Information
Letter No. 120.

2. NEDE-32176P, TRACG Model Description, Revision 4, Jan 2008.

3. NEDE-33083P Supplement 2, TRACG Application for ESBWR Anticipated
Transient Without Scram Analyses, Revision 1, February 2008.
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Attachment 1

TRACG and TRACE results comparison is shown in Figure A1-2. In Figure A1-2, GEH
used the same test model as NRC did for identifying TRACE evaluation (Figure Al-1).

F]
Figure Al-I Test Model Nodalization Received from NRC
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1]

Figure A1-2 Results Comparison between TRACG and TRACE using the same
test model from NRC

DCD Impact:

No DCD changes will be made in response to this RAI.

No changes to the subject LTR will be made in response to this RAI.
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GE-Hitachi Nuclear Energy Americas LLC

AFFIDAVIT

I, Larry J. Tucker, state as follows:

(1) I am Manager, ESBWR Engineering, GE Hitachi Nuclear Energy Americas LLC
("GEH"), have been delegated the function of reviewing the information described
in paragraph (2) which is sought to be withheld, and have been authorized to apply
for its withholding.

(2) The information to be discussed and sought to be withheld is delineated in the letter
from Mr. Richard E. Kingston to U.S. Nuclear Regulatory Commission, entitled
"Response to Portion of NRC Request for Additional Information Letter No. 262
Related to ESBWR Design Certification Application - TRACE Momentum Equation -
RAI Number 21.6-123," dated January 8, 2009. The information in Enclosure 1,
which is entitled "Response to Portion of NRC Request for Additional Information
Letter No. 262 Related to the ESBWR Design Certification Application" - TRACE
Momentum Equation - RAI Number 21.6-123" - GEH Proprietary Information,
contains proprietary information, and is identified by [[dot.t.ed.. und.erline ....i n.nside
double s.quare brackets (3 ]]. Figures and other large objects are identified with

double square brackets before and after the object. In each case, the superscript
notation (3) refers to Paragraph (3) of this affidavit, which provides the basis for the
proprietary determination.

(3) In making this application for withholding of proprietary information of which it is the
owner or licensee, GEH relies upon the exemption from disclosure set forth in the
Freedom of Information Act ("FOIA"), 5 USC Sec. 552(b)(4), and the Trade Secrets
Act, 18 USC Sec. 1905, and NRC regulations 10 CFR 9.17(a)(4), and 2.390(a)(4)
for "trade secrets" (Exemption 4). The material for which exemption from disclosure
is here sought also qualify under the narrower definition of "trade secret", within the
meanings assigned to those terms for purposes of FOIA Exemption 4 in,
respectively, Critical Mass Energy Project v. Nuclear Regulatory Commission,
975F2d871 (DC Cir. 1992), and Public Citizen Health Research Group v. FDA,
704F2d1280 (DC Cir. 1983).

(4) Some examples of categories of information which fit into the definition of
proprietary information are:

a. Information that discloses a process, method, or apparatus, including
supporting data and analyses, where prevention of its use by GEH's
competitors without license from GEH constitutes a competitive economic
advantage over other companies;
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b. Information which, if used by a competitor, would reduce his expenditure of
resources or improve his competitive position in the design, manufacture,
shipment, installation, assurance of quality, or licensing of a similar product;

c. Information which reveals aspects of past, present, or future GEH customer-
funded development plans and programs, resulting in potential products to
GEH;

d. Information which discloses patentable subject matter for which it may be
desirable to obtain patent protection.

The information sought to be withheld is considered to be proprietary for the
reasons set forth in paragraphs (4)a. and (4)b. above.

(5) To address 10 CFR 2.390(b)(4), the information sought to be withheld is being
submitted to NRC in confidence. The information is of a sort customarily held in
confidence by GEH, and is in fact so held. The information sought to be withheld
has, to the best of my knowledge and belief, consistently been held in confidence
by GEH, no public disclosure has been made, and it is not available in public
sources. All disclosures to third parties, including any required transmittals to NRC,
have been made, or must be made, pursuant to regulatory provisions or proprietary
agreements which provide for maintenance of the information in confidence. Its
initial designation as proprietary information, and the subsequent steps taken to
prevent its unauthorized disclosure, are as set forth in paragraphs (6) and (7)
following.

(6) Initial approval of proprietary treatment of a document is made by the manager of
the originating component, the person most likely to be acquainted with the value
and sensitivity of the information in relation to industry knowledge, or subject to the
terms under which it was licensed to GEH. Access to such documents within GEH
is limited on a "need to know" basis.

(7) The procedure for approval of external release of such a document typically
requires review by the staff manager, project manager, principal scientist, or other
equivalent authority'for technical content, competitive effect, and determination of
the accuracy of the proprietary designation. Disclosures outside GEH are limited to
regulatory bodies, customers, and potential customers, and their agents, suppliers,
and licensees, and others with a legitimate need for the information, and then only
in accordance with appropriate regulatory provisions or proprietary agreements.

(8) The information identified in paragraph (2) above is classified as proprietary
because it contains TRACE Computer Code development methodology developed
by GEH. Development of this TRACE Computer Code methodology was achieved
at a significant cost to GEH, and is considered a major GEH asset.

(9) Public disclosure of the information sought to be withheld is likely to cause
substantial harm to GEH's competitive position and foreclose or reduce the
availability of profit-making opportunities. The information is part of GEH's
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comprehensive BWR safety and technology base, and its commercial value
extends beyond the original development cost. The value of the technology base
goes beyond the extensive physical database and analytical methodology and
includes development of the expertise to determine and apply the appropriate
evaluation process. In addition, the technology base includes the value derived
from providing analyses done with NRC-approved methods.

The research, development, engineering, analytical and NRC review costs
comprise a substantial investment of time and money by GEH.

The precise value of the expertise to devise an evaluation process and apply the
correct analytical methodology is difficult to quantify, but it clearly is substantial.

GEH's competitive advantage will be lost if its competitors are able to use the
results of the GEH experience to normalize or verify their own process or if they are
able to claim an equivalent understanding by demonstrating that they can arrive at
the same or similar conclusions.

The value of this information to GEH would be lost if the information were disclosed
to the public. Making such information available to competitors without their having
been required to undertake a similar expenditure of resources would unfairly
provide competitors with a windfall, and deprive GEH of the opportunity to exercise
its competitive advantage to seek an adequate return on its large investment in
developing and obtaining these very valuable analytical tools.

I declare under penalty of perjury that the foregoing affidavit and the matters stated
therein are true and correct to the best of my knowledge, information, and belief.

Executed on this 8 th day of January 2009.

Larry J. Tucker
GE-Hitachi Nuclear Energy Americas LLC
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