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September 22, 2008

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. 161 - Related to ESBWR Design Certification Application
- RAI Number 21.6-114

The purpose of this letter is to submit the GE Hitachi Nuclear Energy (GEH)
response to the U.S. Nuclear Regulatory Commission (NRC) Request for
Additional Information (RAI) sent by the Reference 1 NRC letter. GEH response
to RAI Number 21.6-114 is addressed in Enclosures 1, 2 and 3.

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 the non-proprietary version, which does not
contain proprietary information and 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 in Enclosure 1 be withheld from public
disclosure in accordance with the provisions of 10 CFR 2.390 and 10 CFR 9.17.

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

Sincerely,

Richard E. Kingston
Vice President, ESBWR Licensing
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NRC RAI 21.6-114

How would the TRACG nodalization and flow-regime maps in the chimney capture the
phenomenon of flow oscillations caused by the turbulence of the slug/churn regime or
transition to annular flow regime?

The ESBWR chimney channel at full power may be in either slug/churn or transitioning
to annular flow regimes. In either case, static head fluctuations may occur that will
affect the core flow.

A. How would the TRACG nodalization and flow-regime maps in the chimney capture
the phenomenon of flow oscillations caused by the turbulence of the slug/churn
regime or transition to annular flow regime?

B What experimental evidence exists that random fluctuations of void fraction (e.g.,
slug/churn flow) or transition between different flow regimes (e.g., slug to annular) do
not cause core flow fluctuations that could be a concern for safe ESBWR operation.

C. If the experimental evidence is not for full power/flow/pressure conditions, provide a
scaling analysis to support the above conclusions.

GEH Response

A. The TRACG nodalization of the chimney is adequate for evaluating the effects of
disturbances in the chimney. The axial nodalization coupled with the use of an implicit
numerical scheme does introduce some numerical damping. Comparisons were made
to results from an explicit solution scheme with a fine axial nodalization (such that the
material Courant number was close to 1) to minimize numerical damping. This
comparison showed the numerical damping with the default nodalization led to some
attenuation of the density wave as it traveled through the chimney. The results using
the explicit scheme for the core wide stability, regional stability and channel stability are
not significantly different when compared to TRACG results that employ an implicit
scheme [1]. Hence, the nodalization is adequate to investigate the response of the core
to any perturbations in the chimney.

The TRACG flow regime map calculates a transition from churn turbulent flow to
annular flow based on a transition void fraction. An annular flow regime is calculated
above a void fraction of approximately 0.75. Thus, at rated conditions TRACG would
calculate some of the chimney cells to be in annular flow with entrainment and others in
churn turbulent flow. The Wallis criterion requires the vapor velocity to be high enough
to lift a liquid film on the wall for a transition to annular flow. The superficial vapor
velocity (jg) in a central chimney cell is of the order of 3 m/s at rated power, which
corresponds to a dimensionless vapor velocity (jg) of 0.28. The Wallis criterion requires
jg > 0.4 +0.6 jf* for the transition to annular flow; hence, a churn turbulent flow regime is
calculated in the chimney cells. For the central chimney liquid flow rate (Of = 0.44 m/s), a
superficial vapor velocity of 5.4 m/s would be needed for transition to annular flow.
Based on these considerations, it is more likely that a churn turbulent flow regime exists
in the chimney cells even at the higher void fractions.
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Random fluctuations in void fraction can exist in the churn turbulent flow regime. The
TRACG flow regime map does not capture the effects of flow oscillations caused by
turbulence and periodic nature of the churn flow regime. The adequacy of TRACG for
ESBWR analysis is justified on the grounds that phenomena related to chimney void
fraction perturbations are not important for safe ESBWR operation. Justification for this
statement is provided below.

The effects of potential periodic flow and void fraction disturbances (due to either
regime transitions or periodic fluctuations within the churn turbulent flow regime) were
evaluated by performing sensitivity studies in which void perturbations at various
frequencies were introduced at the chimney inlet, and the effect on impacted core
channel flows was examined.

An earlier study [2] presented results from a simple calculation for a channel and
chimney combination. In this calculation, a void fraction perturbation of +/- 2.5% and at
a frequency of 0.2 Hz was prescribed at the inlet to the chimney. The pressure drop
perturbation resulting from this oscillation was then imposed on the fuel channel,
assuming the total pressure drop for the channel plus chimney was constant. The mass
flux perturbation in the channel corresponding to the imposed void fraction perturbation
in the chimney was of the order of 1.5%, which falls in the range of normal flow noise.

A more detailed study has now been performed using the full ESBWR TRACG model.
Chimney void fraction perturbations were created by artificially adding liquid and vapor
alternately over half cycles at the bottom of a chimney cell. By following this procedure,
periodic perturbations were created in the chimney void fraction. The mass flow
additions were adjusted to produce an amplitude of +/- 5% in the void fraction of the
chimney cell. The response of the fuel channels below this chimney cell was examined
for changes in the mass flux and power as a consequence of the chimney void fraction
changes. The amplitude of the void fraction perturbations was chosen based on the
Ontario Hydro test data (see B, below). The range of frequencies was chosen to
bracket the natural frequency of loop oscillations (0.1 Hz) and the core natural
frequency for density wave oscillations (-1 Hz). The system will be less responsive
outside this range of frequencies.

Results of the TRACG calculations are shown in Figures 1 to 3.

Figures 1 a and b show the response for the imposed frequency of 1 Hz in the chimney
void fraction. Figure 1 a shows the changes in the channel power as a consequence of
the. chimney void perturbation. The channel groups associated with the perturbed
chimney cell are plotted in this figure. The changes in channel power were of the order
of [[ ]]. The perturbations in the channel exit mass fluxes are plotted in Figure 1b.
These perturbations have amplitudes of [[ 11 to 11 ]]. The corresponding plots
for 0.5 Hz and 0.1 Hz are shown in Figures 2 and 3. Figure 2 shows a channel power
perturbation of less than [[ ]], and the channel mass flux perturbation has an
amplitude of [[ ]]. For the perturbation frequency of 0.1 Hz, Figure 3 shows a
channel power noise of and a channel mass flux perturbation with an
amplitude of [[ 11 to 11
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These results confirm that perturbations in the chimney void fraction that could be
expected during operation result in perturbations in channel power and mass flux that
are small and are of no safety significance.

Physical arguments can also be made as to why the core flow is not sensitive to
perturbations in the chimney. The natural frequencies of the chimney for loop flow
oscillations (-0.1 Hz) and for density waves in the core (- 1 Hz) are very different.
Disturbances in the chimney at frequencies close to 0.1 Hz are quasi-static with respect
to the core dynamics, and nuclear feedback tends to maintain a constant void fraction in
the core to keep the core critical. On the other hand, frequencies close to the core
density wave frequency of 1 Hz occupy several wavelengths in the chimney. Hence,
these perturbations create only small changes in the total chimney static head.
Frictional losses in the chimney are insignificant. Hence, the impact on core flow is
minimal. Frequencies in the intermediate range are not close to the natural frequency in
either the core or the chimney.

B. Experimental data: The ESBWR chimney is a partitioned structure, consisting
primarily of vertical cells of a square cross-section (0.61 m X 0.61 m). Each chimney
cell is fed by the outflows from 16 fuel bundles and the associated bypass region. The
average mass flux in the chimney is [[ ]] kg /M2 -s at rated conditions. The void
fraction ranges from [[ ]] in the peripheral chimney to [[ ]] in the central region
at rated conditions. The Dodewaard plant had a similar chimney configuration, though
with a smaller chimney cell (0.3 m vs. 0.61 m), and flow from four bundles and the
associated bypass region feeding the chimney cell. The operating pressure of 75.5 bar
was similar to ESBWR. The plant operated with a typical average chimney void fraction
of 0.50 and chimney mass fluxes in the range of 370 kg /M2_S, (as obtained from
Reference 3). At these conditions, a churn turbulent flow regime would be expected in
the chimney (void fraction greater than 0.3 and less than that for transition to annular
flow). Flow noise typical of the churn turbulent flow regime must have been present in
the chimney during Dodewaard operation. The plant operated for 29 cycles without any
reported instances of excessive noise in the core resulting from unsteady phenomena in
the chimney.

Tests were performed at the Ontario Hydro test facility in which the void fraction was
measured in a 51 cm vertical pipe. Tests were conducted at 64 and 28 bar. Cavitation
of the recirculation pump affected the data at the lower pressure, and these data were
not useful. At 64 bar, data were obtained over a range of mass flow rates and void
fractions. As the loop was drained into a storage tank, the loop void fraction increased
and the mass flux decreased from 3500 to 800 kg /M2_S . At a void fraction of 0.7, the
mass flux ranged from 1000 to 1500 kg /M2_S . The Ontario Hydro test data show some
noise in the void fraction data at these conditions. There was a high frequency
component at about 3 Hz and a low frequency component of about 0.15 Hz. The
amplitude of the noise was of the order of 5 %(1 a) [4]. The flow regimes in the pipe
were inferred from the signature of the flow noise. Transition to annular flow occurred at
a superficial vapor velocity ag) of 5.5 m/s at a void fraction of 0.7.
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C. Scaling: The Dodewaard chimney operated at a similar pressure to the ESBWR
and at a similar mass flux. The hydraulic diameter of the chimney cell was half of the
ESBWR chimney cell. The void fraction in the chimney was 0.5, putting it clearly in the
churn turbulent flow regime. The effects of periodic flow and void fraction disturbances
characteristic of the churn turbulent flow regime were present during Dodewaard
operation.

The Ontario Hydro tests provide data at high pressure (64 bar) for a pipe with a similar
diameter as the chimney hydraulic diameter. The mass fluxes in the tests were higher
than those expected in the ESBWR chimney and covered the churn turbulent and
annular flow regimes. The flow noise in these tests (at higher mass fluxes than in
ESBWR) should bound the perturbations expected in the ESBWR chimney.
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1]
FIGURE la. Channel Power Response at 1 Hz

1]
FIGURE lb. Channel Mass Flux Response at 1 Hz
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1]
FIGURE 2a. Channel Power Response at 0.5 Hz

1]
FIGURE 2b. Channel Mass Flux Response at 0.5 Hz
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1]
FIGURE 3a. Channel Power Response at 0.1 Hz

[[

1]
FIGURE 3b. Channel Mass Flux Response at 0.1 Hz
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DCD Impact

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

AFFIDAVIT

I, David H. Hinds, state as follows:

(1) I am General Manager, New Units Engineering, GE Hitachi Nuclear Energy
("GEH"), and 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 sought to be withheld is contained in enclosure 1 of GEH's letter,
MFN 08-715, Mr. Richard E. Kingston to U.S. Nuclear Energy Commission, entitled
"Response to Portion of NRC Request for Additional Information Letter No. 161 -
Related to ESBWR Design Certification Application - RAI Number 21.6-114," dated
September 22, 2008. The proprietary information in enclosure 1, which is entitled
"MFN 08-715 - Response to Portion of NRC Request for Additional Information
Letter No. 161 - Related to ESBWR Design Certification Application - RAI Number
21.6-114 - GEH Proprietary Information," is delineated by a [Ld.otdu.ndQder!i.ne
ins~id•e•d•oubJle•squarebraEý!pdl r et•3s{3]]. Figures and large equation 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 Proiect v. Nuclear Regulatory Commission,
975F2d871 (DC Cir. 1992), and Public Citizen Health Research Group v. FDA,
704F2d 1280 (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;

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;

MFN 08-715 Affidavit Page 1 of 3



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 details of GEH's evaluation methodology.

The development of the evaluation process along with the interpretation and
application of the analytical results is derived from the extensive experience
database that constitutes 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
comprehensive BWR safety and technology base, and its commercial value
extends beyond the original development cost. The value of the technology base
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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 2 2 nd day of September 2008.

David H. Hinds
GE-Hitachi Nuclear Energy Americas LLC
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