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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. The revised
GEH response to RAI Number 4.4-2 Supplement 3 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 / ingston
Vice President, ESBWR Licensing
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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 09-153, Mr. Richard E. Kingston to U.S. Nuclear Energy Commission, entitled
"Revised Response to Portion of NRC Request for Additional Information Letter No.
276 - Related to ESBWR Design Certification Application - RAI Number 4.4-2
Supplement 3," dated March 10, 2009. The proprietary information in enclosure 1,
which is entitled "MFN 09-153 - Revised Response to Portion of NRC Request for
Additional Information Letter No. 276 - Related to ESBWR Design Certification
Application - RAI Number 4.4-2 S03 - GEH Proprietary Information," is delineated
by a [[dpttpýttedueq..luenderlineinside doube square brackets ý31 ]]. 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 Enerqy 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;

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;
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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) is classified as proprietary because it
contains details of GEH's design and licensing methodology. The development of
the methods used in these analyses, along with the testing, development and
approval of the supporting methodology was achieved at a significant cost to GEH..

(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
goes beyond the extensive physical database and analytical methodology and
includes development of the expertise to determine and apply the appropriate
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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 1 0 th day of March 2009.

David H. Hinds
GE-Hitachi Nuclear Energy Americas LLC
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NRC RAI 4.4-2 S03

Provide the additional void fraction correlation information committed to in the response
to RAI 4.4-2 S02.

The response to RAI 4.4-2, Supplement 2 (MFN 08-115) and in Operating Fleet letter
MFN 06-435, GEH committed to supply additional information to support the void
fraction correlation. This information has not been provided on the ESBWR docket.
Please provide this information.

MFN 06-435 commits to provide GE14 pressure drop data and an analysis relating this
data to void prediction error. Also, COBRAG code benchmarking studies were to be
provided in Licensing Topical Reports. MFN 08-218 requested withdrawal of the
COBRAG topical report NEDE-32199P from the ESBWR docket, 52-010. A statement
was made that "Subsequent developments have eliminated the need for use of the
COBRAG code to support the ESBWR DCD application." Provide a discussion of the
subsequent developments (aside from recognition of the proposed OLMCPR penalty).

During the week of April 28, 2008, at the GNF Technology Meeting in Wilmington, N.C.,
a presentation was made related to the removal of the void fraction penalty for the
Operating Fleet. Since it is also applicable to ESBWR, please provide a 'copy of the
presentation material on the ESBWR docket.

GEH Response

The requested information supporting the void correlation was transmitted to NRC in
Reference 1.

Comparisons to pressure drop data for 1OX10 GE14 and GNF2 fuel to support the void
fraction correlation have been submitted to the NRC in Reference 1. The COBRAG
Model Description was previously submitted to NRC in Reference 2. This document
was submitted in support of the application of the COBRAG model to justify the use of
the GEXL14 correlation for the GE14E fuel design, as documented in Reference 3. The
application of the GEXL14 correlation for GE14E fuel was based on GE14 data and
COBRAG calculations to evaluate the impact of the differences in fuel rod lengths and
spacer locations. Subsequent testing at the Stern Laboratories test loop provided full-
scale data for the GE14E fuel bundle and therefore eliminated the need for the use of
the COBRAG subchannel code. The submittal of the COBRAG Model Description in
support of ESBWR DCD application was therefore withdrawn [Reference 4]. However,
it was requested that the COBRAG Model Description report be retained as part of
project 710 (IMLTR and MELLLA+). The validation of the GEXL14 correlation against
the GE14E data is documented in Reference 5.

An updated and verified version of the presentation material from the week of April 28,
2008 at GNF related to the removal of the void fraction penalty for the operating fleet is
contained in the attachment "NRC Initial Critique of GEH's Void Error (Uncertainty)
Analysis and GEH Comments", which provides additional information to clarify the
material in Reference 1.
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References

1. Letter from Richard E. Kingston (GEH) to USNRC, "Transmittal of Supplement 1
to NEDC-33173P, Void Fraction Error Based on 10xlO Fuel Pressure Drop Data
(TAC No. MD0277)," MFN-07-478, August 29, 2007.

2. Letter from Andrew A. Lingenfelter to USNRC, "Transmittal of GNF Report
"COBRAG Subchannel Code - Model Description Report," NEDE-32199P,
Revision 1, July 2007, Supporting the GE ESBWR Design Control Document,"
FLN-2007-023, July 5, 2007.

3. Letter from Richard E. Kingston (GEH) to USNRC "Submittal of Licensing
Topical Report (LTR) NEDC-33237P, Revision 4, "GE14 for ESBWR - Critical
Power Correlation, Uncertainty, and OLMCPR Development," MFN 08-553, July
11,2008.

4. Letter from Richard E. Kingston (GEH) to USNRC, "Request for Withdrawal of
GNF Topical Report "COBRAG Subchannel Code - Model Description Report,"
NEDE-32199P, Revision 1, July 2007," MFN 08-218, March 6, 2008.

5. Letter from Richard E. Kingston (GEH) to USNRC, "Submittal of NEDC-33413P
Revision 1 NEDO-33413P Revision 1, "Full Scale Critical Power Testing of
GE14E and Validation of GEXL14,"" MFN 08-711 Supplement 1, December 16,
2008.

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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NRC Initial Critique of GEH's Void Error (Uncertainty)
Analysis and GEH Comments

The NRC performed an initial review [1] of GEH's analysis of 10xl0 fuel pressure drop
data and void correlation performance [2]. The outcome of this review was the
identification of several deficiencies, which are detailed below., The NRC feedback has
been reviewed by GEH. Responses and additional information are included below for
each of the identified areas of deficiency.

References:

1. Michelle Honcharik (NRC) to Rick Kingston (GEH), Subject: Void Report
Deficiencies, Electronic Communication, October 18, 2007.

2. NEDC-33173P Supplement 1, Void Fraction Error Based on 1 Ox] 0 Fuel
Pressure Drop Data, DRF 0000-0060-5204-01, Rev. 0, August 2007.

Deficiency #1
The staff recommended that low-flow critical power and pressure drop data collected at
the ATLAS facility be used as it is representative of transient conditions during
recirculation pump trip (RPT). The database provided convolutes uncertainties based on
all ATLAS data and therefore does not provide any detailed information regarding the
conditions of staff concern. Furthermore the staff finds the use of the ATLAS data
acceptable when there is a strong correlation between the pressure drop and the void
fraction, as occurs when the buoyancy term, in the pressure drop is relatively large. Many
cases were considered along side the subject subset of data, thereby masking any effects
that are strongly dependent on void fraction. The LTR should consider these applicable
data separately.

GEH Comment #1
Analysis Approach

The analysis provided to the staff essentially followed a two-step process:

1. First, an approach was developed for quantitativelydetermining the performance
of the void correlation from thermal-hydraulic test data. This data is comprised
primarily of 1Oxl 0 fuel.pressure drop measurements. This approach was then
applied over a power and flow range, with the intent of "defending" general
application of the void correlation to modern IWxOG fuel designs. The predicted
versus measured errors (or residuals) were then examined statistically and
compared to the original Findlay-Dix database.

2. The second step was to examine the assumptions made in developing the
approach (from step 1) and ensure that they were justifiable. If not, the
conclusions based on the approach would not be supportable. This examination
was done by:



Attachment Page 2 of 32
NRC Initial Critique of GEH's Void Error (Uncertainty) Analysis and GEH Comments-

a. Performing trend and correlation analyses to examine the error dependencies

b. Evaluating a subset of data, i.e., very low flow / low power data

c. Examing local versus integral pressure drop errors

A key issue related to the basic data is that the constituent terms of the measured pressure
drop error cannot be resolved. While the AP can be easily calculated in terms of
constituents, there is only one measured AP value available from the experiments.

However, the analysis of the data demonstrated that over the broad power/flow range,
collectively, the errors could be segregated as shown in Equation 1.1.

!(IAcc + gpIric ±j5YLoc) ~ p~v(1

Average error for calculated terms Average error for
proportional to the square of mass calculated term

flux (AP -c G') proportional to void
fraction (AP oc a)

where the superscripts refer to acceleration, frictional, local, and elevation head loss. The
subscript "i" indicates that these components can be considered on a nodal or segment
basis, as well as for a channel or instance (e.g., test run). The residual error is defined

5P, = AP Meas - APcalc (1.2)

The trend analysis, correlation analysis, and low flow evaluation point to the fact that the
prediction errors are dominated by the "frictional" terms (really more than friction, i.e.,
friction, local losses, and acceleration). The errors are only weakly influenced by
elevation head, which strongly depends on the calculated void fraction. This justifies the
basis of the error analysis, where all of the residual error is assigned to the elevation
(void) term, regardless of the source. While the errors cannot be fully resolved, they can
be resolved enough to support the analysis approach.

Accepting the void uncertainty based on zIP measurements as a reasonable upper bound,
it is possible to show that the lOx 10 uncertainty is not significantly different from the
original Findlay-Dix multi-rod validation data sets'. No claims are made regarding the
exact magnitude of the Findlay-Dix correlation uncertainty, only that there is no evidence
of degradation between 8x8 and contemporary fuel designs.

The void error analysis is ultimately a relative comparison between new data
(contemporary designs) and the original Findlay-Dix validation basis. This relative basis
is the most appropriate way to consider the correlation's adequacy. Since predictive
performance has not degraded, the original qualification bases for the methods that utilize
the Findlay-Dix correlation are preserved.

'I[
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Steady State Low Flow Tests (Subset)

In the void error analysis provided to the staff, low flow steady state data was provided as
a separate, stand-alone data set in Section 5 of the report [I]. The flow rates in this series
of test runs were sufficiently low that there was very little frictional contribution to
pressure-drop. In other words, in this particular set of tests, the friction, local loss, and
acceleration pressure drops were very small in both the physical experiments and the
calculations.

By definition, for the low flow tests set, the situation is opposite of what is depicted in
Equation (1.1).

I nn
8pElev > ( Acc +..phric ±sIoc+o5ri +or 13

ni ni
APocca O

AP oc -,,-,etc.

az

So for these tests, accuracy in the prediction is driven by the void correlation. The results
support the conclusions. The calculated void uncertainty for this data set was smaller
than the value derived for the overall data set.

Additional Steady State 1OxlO Test Data

During discussions with the staff, a question came up regarding the availability of
additional IOx10 low flow data (e.g., GE12). Table I is provided on page 5. Also, an
additional set of GEl4 low flow test data is provided in Table 2. This test series was
(originally) used to compare experimental results between ATLAS and Stem Labs. This
data had not been provided previously. Table 3 shows the GNF2 low flow test data that
was provided in the original AP analysis. The GNF2 data is presented in the same format
as Tables 1 and 2.

The definitions of the column headings in the table are as follows:

* Test run and conditions - these columns contain the assembly ID, test run
number, assembly power, and hydraulic conditions.

" DPX - the "X" is a number corresponding to the differential pressure transducer
in the test facility. The transducers were configured to measure axial segments of
the test assemblies. The height corresponding to the segment is given in inches.

* Top Quality - the one-dimensional average flow quality at the top of the axial
segment, as determined by a steady state heat balance.

" 5P - given by Equation (1.2).

* Sa - determined from 35P using the method outlined in the report [1].

Figures 1 and 2 follow the tables. They are graphical representations of the tabular data.
Figure 3 shows an example of calculated axial void profiles for one of the test series.

Full-Scale 10xlO Bundle Transient Tests

The additional data provided here is steady state data. Comparisons to transient ATLAS
tests with 1Oxl0 fuel have already been provided to the staff. These comparisons include



Attachment Page 4 of 32
NRC Initial Critique of GEH's Void Error (Uncertainty) Analysis and GEH Comments

representative Recirculation Pump Trip (RPT) simulations. The results indicate that the
Findlay-Dix correlation and other relevant models (heat transfer, boiling initiation,
subcooled boiling energy distribution, pressure drop, etc.) perform well for 0xlO0 fuel.
This is discussed further under item #4 (Table 5).

Application of the Findlay-Dix Correlation to Licensing Analyses

The accuracy of GEH!GNF methods depends on many individual models or correlations,
not just the drift flux model. Also, for fuel/core licensing applications, GEH/GNF
methods accuracy (e.g., steady state core simulator, transient methods, and ECCS-LOCA
models, etc.) is established on the basis of predictive capability for parameters used to
limit operation, such as:

* Shut Down Margin (SDM),

* Local power or Linear Heat Generation Rate (LHGR),

* Fuel exposure (Peak Pellet Exposure, PPE),

* Minimum Critical Power Ratio (MCPR),

* Peak Clad Temperature (PCT), maximum cladding oxidation, hydrogen
generation, coolable geometry, and long-term cooling.

Predictions of these parameters can be validated against

" Operating reactor data - plant critical demonstrations, Traversing In-core Probe
(TIP) data, bundle and fuel rod gamma scans, transient event data, etc., and

" Full-scale and scale experiments - transient and steady state ATLAS/Stem
thermal-hydraulic tests for critical power; TLTA, etc., for LOCA

These tests are integral in nature. The integral tests are also most relevant for assessing
the performance and ultimate purpose of the models.

Where the parameter of interest is difficult to observe, data is limited, and/or scale is a
concern (e.g., PCT for a postulated LOCA), GEH advocates the Code Scaling,
Applicability and Uncertainty (CSAU) evaluation methodology.

Additional discussion is contained in item #4 and item #2 of the second section.
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Table 1 - GE12 (10x10) Thermal-Hydraulic Tests: ATA-365 and ATA-246 -, Cosine APS

Test Run and Conditions (1.75 -149.7 4 in) _______ ___(118.07,- 152,82 ,...... 7___ __._... .. __.___. . 149.74 in) (3.75 - 118.07 in)' - 1 .0 -1 28 in

ATA Ru Power (Mass/Fr P Top 6P CaIc3  Top 5P CaIc , Top' SP Caic3

- (M.t) ft2  (psia) (0F) Quality (psid) 'c. Quality (psid) 6a Quality (psid) .6
[[_ _ _ _I_ _ _

I- 4 .4 -I 4 4 I- I 4 4 4 4 4 -I

I 4 .4 4 + 4 .4 4 4. .4 4 4

+ 4 4 4 + 4 F 4 4 F 4 F F 4

+ 4 4 4 4 4 . F 4 4 4 4 1- F 4

+ i 4 4 4 i F 4 i + 4 i + 4

-. .~2i.> .. . .. . Stand'arýdDeviation _ _I_ __'I_ _ _ _

2 At the conclusion of the GEl2 AP test series, pressure transducers DP3 and DP4 were diagnosed as having been affected by backpressure from a leaking valve. There
was some impact on DPI and DP2 as well.

3 These calculated values are unadjusted for ATLAS pressure drop measurement error
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Table 2 - GE14 (IOxlO) Thermal-Hydraulic Tests: STA-DP-GE14 Test Series With Bottom Peaked Axial Power Shape
/-,•. .... DP2: -... ,DP9 •- • -DP4 :•

Test Run and.Conditions D2D9DP
___ •__(2 -_150 inche s)(84-102 inch es) (102- 150 inches)

Power Mass Flux P Till TPp 6P CalC ....
STA Run Pwr(Mlbm/hr- P T~Tp~ ac~o P C~ o P C~....... . Q u lt siuali 6a

S( ) ft 2  (psia) iiato(0FI p Quality (psid) Quality, (psid).

Stadar _eitin
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Table 3 - GNF2 (10x10) Thermal-Hydraulic Tests: STA-DP-GNF2 Test Series With.Bottom Peaked Axial Power Shape
DP24 - DP1O DP4

Test Run and Conditions 15ic Ž _ - inches , - inches.... " :(2- 150 inches)- (102 11l8 nes(12-50inches)

Mass Flux
ST Power. M ,.r P Ti. Top 8P Calc Top 6P Calc Top 6P -CalcSTA Run (Mlbm/hr- .... s ,

(MWt) 2 (psia) (OF) Quality, (psid), 8a Quality (psid) 6 - Quality (psid) 8(x
[ft

Av~erage}
Iii. ~~Standard Deviatin. I___ I___I I I___ ____ ___ ___

4 The GNF2 data originally presented in NEDC-33173 Supplement 1 were based on a set of pressure transducers that spanned 130 inches of the heated length. This data
is from the same set of tests, but based on a different transducer (DP2).
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[1

Figure 1. Calculated Sa versus quality by segment

Figure 2. Calculated 5a versus quality (from Figure 1) presented by fuel type
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Figure 3. Example calculated void profiles for GE14 low flow tests

GEH Comment #1 Continued - Discussion of Results

Table 1 - GE12

The results for two test assemblies are presented. Three sets of axial segments are given
for each run: full length, the lower test section up to 118 inches (which contains the PLR
transition at [[ fl), and the uppermost test section (high void fraction region).

Test runs 322 and 570 were at relatively high power levels (4 MWt), especially given the
low mass flow rates. The total measured pressure drop for these cases is less than the
comparable single-phase (0 MWt) case, so the void contribution to pressure drop is
important. However, the friction, local, and acceleration losses are relatively high. These
cases have significant acceleration and relatively high velocities, especially in the upper
elevations of the bundle. These cases could be excluded from the set on this basis. The
frictional losses are about 65% of the total, where the elevation loss makes up the
remaining 35%.

If the 4 MWt cases are included, the data sets are normal, with the exception of the 118 to
152 inch segment data. However, excluding the 4 MWt cases (consistent with the
discussion above) for the purpose of comparing data, the residuals ((5a) for the various
axial segments are all normally distributed. Performing comparisons with the normal
data, the 4 to 118 inch set is statistically different relative to the other two sets, which is
consistent with the transducer problem noted in the test records. The uncertainty for this
set is significantly larger than the other sets. The 2 to 150 inch and 118 to 153 data sets
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(which were not directly affected by the transducer problem) are not different (means or

variances) at the 95% confidence level.

Table 2 - GE14

Three sets of axial segments are presented: full length, a mid-height test section from 84
to 102 inches, and the uppermost test section from 102 inches to the end of the heated
length (high void fraction region). The end of the heated length of the GE14 PLR is at
[[ ]]. The physical end of the PLR is at [[ ]] (flow area
transition).

The residuals (Ja) for the various axial segments are normally distributed. The three data
sets are not different (means or variances) at the 95% confidence level. The data from
upper segment with the highest void fractions, the segment straddling the PLRs, and the
full-length section are not significantly different.

Table 3 - GNF2

Three sets of axial segments are presented: full length, a mid-height test section from 102
to 118 inches, and the uppermost test section from 102 inches to the end of the heated
length (highest void fraction region). [

The residuals (Sa) for the mid-height axial segments are normally distributed. The
residuals for the full-length and uppermost sections are slightly non-normal (P = 0.039
and 0.042, respectively, calculated with a = 0.05). Ignoring this and comparing the three
data sets, they are not different (means or variances) at the 95% confidence level.

Summary

The residuals (Sa) from all three tables of low flow data are presented in Figures 1 and 2.
The figures do not indicate any obvious biases or trends. Even though the two GEI2
high power test cases noted above could be considered to be outliers, they still lie within
the expected range of results. [[

Reference:

1. NEDC-33173P Supplement 1, Void Fraction Error Based on lOx]O Fuel
Pressure Drop Data, DRF 0000-0060-5204-01, Rev. 0, August 2007.

Deficiency #2
The staff recommended that axial points of interest be investigated. Particularly the staff
does not find the original qualification to be valid based on geometry dependent effects
above the part length rods and does not find that the application of the uncertainty quoted
in NEDE-21565 to be well justified. The subject LTR considers only the entire length of
the bundle, and therefore, does not provide the required information necessary to
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determine the adequacy of the void quality correlation to model flow phenomena above
the part length rods. The LTR should consider a subset of pressure drop measurements in
the axial range just below and above the part length rods.

GEH Comment #2
The comparisons provided were on an integral basis, so the impact of the flow area
change above the Partial Length Rods (PLRs) is included in the error residuals. If PLRs
were a source of significant, additional error, then the comparison to the original
validation database would have been unfavorable, even on an integral basis, since the
original database did not include this feature. Furthermore, additional data is provided in
the response to item 1, which includes data above, including, and straddling the PLRs.
These results are consistent in that they do not indicate sensitivity to the PLR.

The discussion provided in the report [4] references a more detailed analysis. Reference
I was provided to the staff in response to a Request for Additional Information (RAI)
concerning void fraction uncertainty. The attachment contains experimental results; void
fraction measurements taken with and without PLRs. The comparison (experimental data
versus experimental data) indicates that the local void fraction perturbation introduced by
the PLRs is very small (within the uncertainty of the data). This is consistent with the
results based on the 1Oxl 0 pressure drop tests.

It is also worth noting that the void fraction uncertainty quoted in NEDE-21565 is not
directly "applied" to set limits or margins in PANAC-ODYN based methodology. [[

]] The discussion of power predictions brings up an interesting point,
in that 1 Oxi 0 gamma scans can be considered relevant for assessing the performance of
models used in the simulator (all models, including the drift flux model, TGBLA models,
etc.). Nodal comparisons can be used to examine the spatial (axial) accuracy, i.e., power
predictions above the PLRs.

A void model uncertainty value was provided to the staff as part of a supporting analysis
for the application of ODYN. The statistical adders used in setting the Operating Limit
MCPR (OLMCPR) are based on comparisons to the Peach Bottom turbine trip tests, but
were supported by an additional confirmatory analytical perturbation analysis [2]. In this
analysis, void fraction, as well as other important parameters, were varied and combined
using the propagation of errors technique. [[

This discussion is analogous to a previous response provided to a staff RAI, "Provide a
summary of how the void-quality correlation uncertainties are accounted for in the model
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uncertainties for the codes and the analytical methodologies used to perform the licensing
bases safety analyses." The staff evaluation of the GEH response is included in
Appendix A of the safety evaluation for NEDC-33173P [3]:

"GE notes that uncertainties for core power are generated for SLMCPR, LHGR, LOCA
related limits are in general taken from in core power measurements in operating plants.
These are developed by comparing code predictions to TIP response in operating plants.
For OLMCPR, LHGR, and Stability limits power uncertainties are determined using
overall uncertainties in the transient models that are generally developed from
comparison to plant transients. Thus the uncertainty in these limits is not dependent
directly on the uncertainty in the void prediction, but rather relies on uncertainties
developed directly from power measurements or from overall transient prediction
uncertainties. The NRC stafffinds that void uncertainty levels therefore do not directly
impact core power predictions for these cases."

References:

1. NEDC-3260 1 P-A, Methodology and Uncertainty for Safety Limit MCPR
Evaluations, August 1999, Attachment A, "BWR Fuel Void Fraction."

2. MFN-003-86, J.S. Charnley (GE) to H.N. Berkow (NRC), "Revised
Supplementary Information Regarding Amendment II to GE Licensing Topical
Report NEDE-240 11 -P-A," January 16, 1986.

3. MFN-07-189, Stacey L. Rosenberg (NRC) to Robert E. Brown (GEH), "Draft
Safety Evaluation for General Electric (GE) Nuclear Energy (GENE) Licensing
Topical Report (LTR) NEDC-33173P, 'Applicability of GE Methods to Expanded
Operating Domains,' TAC No. MD0277, March 14, 2007.

4. NEDC-33173P Supplement 1, Void Fraction Error Based on lOxlO Fuel
Pressure Drop Data, DRF 0000-0060-5204-0 1, Rev. 0, August 2007.

Deficiency #3
The staff recommended that axial regions of the bundle where the void fraction is very
high be investigated. The staff notes that as the in-channel void fraction increases in the
annular flow regime, an increasingly large fraction of the liquid flow is attributable to the
liquid droplet field and that the basic assumptions regarding the physical nature of the
semi-empirical correlation may not be valid in this range of flows and voids. The staff
finds that the subject LTR only considers the entire length of the bundle, and therefore,
does not address the staff concerns regarding the applicability of the void quality
correlation to high void fraction axial regions of the bundle. The staff therefore cannot
reach a conclusion regarding the adequacy of the void quality correlation for high void
fractions based on the information provided in the subject LTR. The LTR should
consider a subset of pressure drop data near the top of the fuel bundle above the point
where a void fraction of 85% is predicted.

GEH Comment #3
Additional axially dependent data is provided in the response to item #1. Comparing the
results for axial segments versus the ititegral comparisons does not indicate any local
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anomalies or dependencies. The uncertainty values are consistent, regardless of axial
location.

The original evaluation [7] was based on a broad range of data, where the high mass flux
points (typically lower void fraction) were shown to dominate the error. Restricting the
uncertainty analysis to high void fraction would drive omission of some of these points
and generally improve agreement. Furthermore, the comparisons included high exit void
fraction cases (e.g., > 90%). Because of the power shapes considered, in these cases,
high void fraction values (e.g., > 80%) exist over roughly half the length of the bundle.
Figure 3 shows a low flow case as an example. So representative points for the purpose
of assessing high void fraction performance were included.

The drift flux model is widely applied to predict two-phase flows. A brief review of the
drift flux model basis is relevant for addressing the staff s concerns. Defining the relative
velocity between the phases as

-u Jg Jfugf = Ug9-~ -u g - i (1.4)
a• (1-a)

Clearing fractions gives an expression for the drift flux

Jgf = a(l-a)ugf = jga- I (1.5)

The drift flux physically represents the volumetric rate that vapor passes through a unit of
area in a plane normal to the direction of flow, where the plane is moving at the speed of
the mixturej. In order to preserve continuity, an equal and opposite drift flux of liquid
must pass through the same plane. This relationship must be true for any unit area in the
flow field (anywhere in the plane), regardless of the flow regime. Rearranging (1.5) and
integrating over the channel flow area to define cross sectional averaged quantities gives

jg =jgf +aj (1.6)

For convenience, the distribution parameter and weighted mean drift velocity are defined-(j£C=( ) and v- (a (1.7)

which gives a familiar form of the drift flux model for one-dimensional two-phase flow.

-7-g (1.8)CojI+

By definition, Co and v91 are functions of the flow pattern (e.g., subcooled boiling, bubbly

flow, churn, annular, etc.), degree of thermal equilibrium, channel characteristics, and
total mass flow rate. These parameters are usually empirically correlated.

In Section 7.2.7 of the Safety Evaluation for NEDC-33173P, the staff expressed concerns
for the effect of local peaking on the distribution parameter. It should be noted that the
distribution parameter (CQ) quantifies the effect of the radial void and volumetric flux
distribution as a function of flow pattern (flow regime). In this sense, C, is a measure of
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the global slip due to cross-sectional averaging and should not be considered to represent
local (subchannel) effects. In the one-dimensional formulation of the drift flux model,
the local information has essentially been lost. However, the usefulness of the drift flux
model in many practical engineering systems comes from the fact that even two-phase
mixtures that are weakly coupled locally can be considered, because the relatively large
axial dimension of the systems usually gives sufficient interaction times [3].

The drift velocity, Vgj, is representative of the local slip and is closely related to the
terminal rise velocity of the vapor phase-through liquid [1]. For co-current up-flow
conditions at relatively high void fractions characteristic of the annular flow regime, the
total volumetric flux must approach the vapor volumetric flux as the void fraction
increases, or j --+ jg' v, -> 0, and C, -> 1 as a -> 1. At high void fractions, the

Findlay-Dix correlated parameters behave (trend) as expected, consistent with the
findings of other investigators [1,4,6].

The drift flux model can be used with or without reference to any particular flow regime,
as long as the base data used to correlate C, and V g are not restricted to a particular range.

Ishii examined this issue directly [2,3,4], which is briefly discussed in Collier's textbook
[5]. The Findlay-Dix correlation was developed considering data extending to very high
void fractions [[ ]], covering the flow regimes from subcooled boiling well into
annular flow, which avoids this potential limitation. In summary, there is no void
fraction range restriction imposed on the application of the correlation. GEH does not
have a concern for the correlation's validity in the annular flow regime.

References:
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2. Ishii, M., One-Dimensional Drift-Flux Model and Constitutive Equations for
Relative Motion Between the Phases in Various Two-Phase Flow Regimes,
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3. Mamoru Ishii and Takashi Hibiki, Thermo-Fluid Dynamics of Two-Phase Flow,
Springer Science, 2006.

4. Takashi Hibiki and Mamoru Ishii, "One-Dimensional Drift-Flux Model and
Constitutive Equations for Relative Motion Between the Phases in Various Two-
Phase Flow Regimes," International Journal of Multiphase Heat and Mass
Transfer, 46 (2003) 4935-4948.

5. John G. Collier and John R. Thome, Convective Boiling and Condensation,
Oxford Science Publications, 3rd Ed., 1996.

6. Spore, J.W. and Shiralkar, B.S., A Generalized Computational Model for
Transient Two-Phase Thermal-Hydraulics in a Single Channel, NR-1 3, pp. 71-76,
Sixth International Heat Transfer Conference, Toronto, 1978.

7. NEDC-33173P Supplement 1, Void Fraction Error Based on lOxlO Fuel
Pressure Drop Data, DRF 0000-0060-5204-0 1, Rev. 0, August 2007.
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Deficiency #4
The staff recommended that the uncertainty in the void-quality correlation be addressed
in a generic sense, such that independent review of each subject methodology in the suite
of GEH analytical methods is not required. The LTR does not provide a strong basis to
address the staff concerns and compares the global uncertainty in void-fraction based on
a large database of pressure drop measurements over the entire length of the bundle. The
staff notes that large portions of the bundle experience single phase conditions, and
therefore, would artificially result in a lower standard deviation if accuracy in predicting
single phase flow is credited in the uncertainty analysis (e.g., several points credited
would accurately predict the void fraction of zero when the subject correlation is not even
used). The LTR should provide a means for assessing the impact of uncertainty in void
fraction at axial points of interest, where void is present, in a generic sense.

GEH Comment #4
In the report, zero-power cases appear on some graphs for comparative purposes.
However, these points were excluded from the statistics. These points were not included
in the uncertainty analysis.

Considering the remaining (non-zero) power cases presented in the report [1], only a few
points have relatively long non-boiling lengths (5 points out of the 96 total points, i.e., I
MWt and greater than 1.0 Mlb/hr-ft2) . These high flow rate points tend to have low void
fractions, but also have relatively large calculated uncertainty values and do not
artificially lower the standard deviation. Instead of being a credit, the opposite is true, in
that the high flow rate (low void) points tend to inflate the calculated void fraction
standard deviation (because of the poor pressure drop agreement). The remainder of the
points in the data set have voids present (calculated voids ý! 80% of the bundle length).
Calculations for the higher power cases indicate that boiling begins as early as 3 inches
into the bundle.

GEH believes that the void correlation should not be assessed in a generic, stand-alone
sense. There is no independent, objective measure of "correctness" for the drift flux
model. While smaller is generally better, in general, it is not possible to determine a
priori if 5, 10, or 20% uncertainty in void fraction would be acceptable for a particular
application. Consider the example of heat transfer coefficient correlations, many of
which are notorious for 20% or more uncertainty relative to their databases. Despite
relatively large uncertainties, these correlations can be successfully applied to produce
temperature predictions for plant licensing evaluations. GEH believes that "each subject
methodology" must be assessed, not individual models, which is consistent with the steps
defined in the CSAU methodology (NUREG/CR-5249). Uncertainties must be
considered based on their impact on safety parameters.

The Findlay-Dix void correlation appears in several methodologies and NEDE-21565 is
sometimes incorporated (directly) by reference in the subject Licensing Topical Report
(LTR). Some of the key methods that utilize the correlation are summarized below in
Table 4.
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Reference:
1. NEDC-33173P Supplement 1, Void Fraction Error Based on l Oxl 0 Fuel

Pressure Drop Data, DRF 0000-0060-5204-01, Rev. 0, August 2007.
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STable - Major Teclhology. Code's That, Employthe Findlay-Dix Correlation

Code Name' -Application- Qualification

PANACEA PANACEA (or PANAC) is the steady state nuclear Plant operating and Post Irradiation Examination

NEDE-30130-P-A analysis code (3-D core simulator) for core design and (PIE) data
reload licensing evaluations. It has nuclear and Critical Eigenvalue (e.g., start up
thermal hydraulic models suitable for predicting: demonstrations)

* Depletion (fuel isotopic changes with 0 TIP comparisons
exposure) 0 Gamma scans

• Power and flow distribution (radial and axial" * Radiochemical analyses of fuel segments
0 Total core thermal power
* Reactivity changes

PANAC is applied to predict margin to limits (SDM,
MCPR, LHGR, etc.).

ODYN ODYN is a 1-D transient analysis code, used to Plant transient data and various separate effects tests

NEDO-24154-A predict system performance. It has models necessary 0 Peach Bottom Unit 2 turbine trip tests, which
to characterize the plant response to AOOs and simulated void collapse, reactor protection
ATWS scenarios: system performance, and reactivity feedback

0 Reactor core 0 KKM turbine trip tests
* Major system volumes, e.g., vessel, steam 0 Vallecitos boron mixing tests

lines, recirculation piping, etc. 0 BWR/6 loss of feedwater. event
* Valves, pumps, instruments, steam separators, 0 BWR/5 flow increase event

etc. * BWR/4 MG-set plant-flow decrease event
0 Control system Comparisons include predictions versus plant

ODYN is applied to predict transient MCPR instrument responses during transients: neutron flux,
performance and peak vessel pressure. For MCPR dome pressure, water level, core flow, and pump
calculations, boundary conditions from ODYN are speeds.
used to drive a single, decoupled (hot) channel model



Attachment Page 18 of 32
NRC Initial Critique of GEH's Void Error (Uncertainty) Analysis and GEH Comments

e: .-. ajor:: ech .. .... .. ' - th " ' " -D ix,'C " .. ... ion r .. .Table 4- Major Tec nology Codes That Employ the FinCdlay Correlation

Code Name, Application Qualification

(TASC).

TASC TASC is a l-D, single channel "hot bundle" transient Comparisons to full-scale transient experiments

NEDC-32084P-A model. In the ODYN based methodology, the hot (ATLAS and Stern Labs). The comparisons have
channel is decoupled from the core (no feedback). been performed for 8x8, 9x9, and IOxl0 fuel designs.
TASC model includes: 0 Simulated turbine trips, with and without

* One-dimensional transient heat conduction recirculation pump trips
" A 5-equation drift flux model 0 Simulated internal pump plant recirc trips
* Multiple rod groups, pin power radial profile, 0 Predicted ACPR magnitude and timing are

hot channel gap conductance, etc. compared to data
* Direct moderator heating Test section parameters such as power, pressure, and

TASC is applied to predict transient ACPR in the inlet flow were varied in the tests (i.e., the fuel

limiting channel. reactivity feedback response was simulated).

ODYSY ODYSY is a linearized, small perturbation, frequency ODYSY has been qualified by comparisons to plant

NEDC-32992P-A domain model of the reactor core and coolant data (instability events and tests), including Vermont
circulation system. ODYSY is based on ODYN and Yankee, LaSalle, Peach Bottom, Laguna Verde, KRB,
employs a I-D kinetics model. Cofrentes, Caorso, Leibstadt, Nine Mile Point 2 and

ODYSY can be applied to predict decay ratios for Perry.

single channels, as well as reactor cores.

SAFER SAFER is an ECCS-LOCA model. The code contains Separate effects tests and integral experiments,

NEDE-30996P-A the thermal-hydraulic and fuel related models including
NEDE-23785-1-PA necessary to evaluate LOCA scenarios: TLTA, ROSA-Ill, FIX-II, and FIST-ABWR

* Physical models for critical flow, post boiling 0 Blow Down Heat Transfer (BDHT) tests and
NEDE-20566-P-A transition heat transfer (including radiative ATLAS



Attachment Page 19 of 32
NRC Initial Critique of GEH's Void Error (Uncertainty) Analysis and GEH Comments

Table 4 - Major Technology Codes That Employ the Findlay-Dix Correlation

Code Name Application Qualification

heat transfer), etc. * CCFL
* Models for metal-water reaction
* Counter Current Flow Limiting behavior
* Vessel volumes for tracking liquid inventories
" ECCS system models (ADS, low and high

pressure injection systems, etc.)

SAFER is applied to evaluate conformance with 10
CFR 50.46 criteria.
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Additional Feedback Provided by the NRC Staff
Concerning the Void Correlation and GEH Comments

The NRC provided additional feedback regarding the Findlay-Dix void correlation in the
draft SER for the ESBWR Design Control Document (DCD), 26A6642, Revision 4,
September 2007. Selected observations from the NRC staff and GEH comments are
presented below. The GEH comments included here are presented in terms of the
operating BWR fleet and the corresponding methods that utilize the Findlay-Dix
correlation.

Staff Observation #1
The report was prepared in 1977 and includes data for 4x4, 6x6, 7x7, and 8x8 fuel bundle
designs. It does not include test data for newer fuel designs with greater than 8x8 bundles
(such as the IOx10 arrangement of the ESBWR fuel)- The uncertainty in the correlation
related to geometry effects should be addressed for the newer fuel designs.

GEH Comment #1
The pressure drop / void analysis for 1Oxl 0 fuel is intended to address staff concerns.

Staff Observation #2
Most of the test data were concentrated at approximately normal operating pressure (1000
pounds-force per square inch absolute (psia)). A limited number of measurements were
taken at lower or higher pressures (400 to 1400 psia) for the various bundle geometries.
The void fraction correlation is based on an extensive database for the expected normal
operating pressures and flow rates. Outside the normal range, there is a significant
uncertainty associated with extrapolation of the correlation to high or low void fractions.

GEH Comment #2
The simple geometry database used to validate the correlation extends from atmospheric
pressure up to 2,000 psia. The rodded geometry data used in correlation development
ranged from roughly 400 to 1,400 psia. Several related points worthy of further
discussion are provided below.

The majority of normal BWR steady state operating time is spent at a rated pressure of
- 1,000 psia. It is important that the correlation is accurate at this pressure in order to
provide good predictions of operating margin. Off-rated, low-pressure (usually < 800
psia) operation is constrained by a technical specification limit, which requires that the
reactor power shall not exceed 25% of rated power. This mitigates concerns for safety
margins below 800 psia, which may be encountered during power ascension. Reactor
trip points typically limit off-rated, high-pressure BWR operation (e.g., -1,090 psig).
The high-pressure trip point is selected to protect the over-pressure limit based on ASME
Boiler and Pressure Vessel Code criteria (typically -1,325 psig). While the Findlay-Dix
correlation database supports application over a broad pressure range (atmospheric
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pressure to roughly twice the operating pressure of a BWR), a much narrower range is
usually of interest for normal operation (roughly 800 to 1,100 psia).

As far as transients are concerned, pressurization events generally tend to limit BWR
operation. Pressurization events inject positive reactivity due to void collapse, which
increases power. Depressurization transients reduce reactor power. Qualification data
for lOxl0 fuel bundle transient predictions, including pressurization events, is presented
in NEDC-32084P-A. This was discussed under item #4 of the previous section.

Predictions of accident scenarios, like Loss of Coolant Accidents (LOCA), involve low
pressures. The ECCS-LOCA model (SAFER) has specialized thermal-hydraulic models
to predict mass, momentum, and energy transfer between regions of the reactor vessel.

0 [[I

In summary, with respect. to void fraction, the SAFER methodology has specialized
hydraulic models for application to ECCS-LOCA evaluations. The accuracy of the void
correlation must be considered in the context of these models and their intended
application. Furthermore, the SAFER-based application methodology considers
Appendix K criteria, resulting in the incorporation of additional conservatisms. SAFER-
based evaluations for licensing are not strictly best estimate.

Regarding the accuracy of the Findlay-Dix correlation as applied in SAFER, some of the
low-pressure void fraction comparisons (e.g., 15 to 150 psia) have relatively high
uncertainties, as shown in Table 5-2 of NEDE-21565. However, the SAFER application
of the bubble rise and drift flux models for two-phase level prediction is supported by
qualification against experimental data. Section 6 of NEDE-30996P-A includes
comparisons against data from the TLTA, ROSA-Ill, FIX-Il, and FIST-ABWR test
series. These are integral tests that demonstrate SAFER's accuracy in predicting system
depressurization behavior and liquid inventories.

The SAFER model was also discussed briefly in the previous section, under item #4.

Staff Observation #3
The correlation is biased downward by a factor of two weighting with the CISE (Ciencias
de la Seguridas test facility) (4x4) data, since the quick-closing valve arrangement of the
C ISE tests was considered most reliable. Expected differences in results for IOxl 0
bundles should be addressed.



Attachment Page 22 of 32
NRC Initial Critique of GEH's Void Error (Uncertainty) Analysis and GEH Comments

GEH Comment #3
The pressure drop / void analysis for 10xl0 fuel is intended to address staff concerns.

Also note that the CISE data is a similar hydraulic diameter to 1Oxl 0 fuel designs and
includes both low pressures and high void fractions.

Staff Observation #4
No data are available for the counter-current flow regime. Test data should be acquired
for this regime, or justification should be provided for not considering this flow regime.

GEH Comment #4
The Findlay-Dix void correlation is applied to conditions where counter-current flow
may exist, but not in the manner described in NEDE-21565. The SAFER code is applied
for ECCS-LOCA evaluations where counter-current flow conditions are likely. SAFER
considers counter-current flow phenomena in order to perform the mass, energy, and
momentum balances between regions inside the vessel. To this end, SAFER employs the
Modified Wallis correlation to model Counter-Current Flow Limiting (CCFL) behavior at
specific locations (geometrically restricted areas). Once the mass flow rates at the region
boundaries are established, the Findlay-Dix or bubble rise models may be applied within
the region as described in item #2 of this section. More discussion has been provided in
thenewest revision of NEDC-32950 (Section 8). Letter MFN 07-406 also contains
responses to RAIs concerning CCFL.

NEDE-21565 was provided to the staff in order to support Vermont Yankee's power
uprate application and the review of NEDC-33173P. The NEDE-21565 report is an
internal document. While it contains an accurate description of the void correlation and
its associated database, the suggestions for further investigation contained therein (e.g.,
applying Findlay-Dix to counter-current flow) are outdated.

Staff Observation #5
No transient testing was performed. Transient data should be acquired to confirm the
void fraction correlation accuracy in transient conditions, or justification should be
provided for not considering transient conditions.

GEH Comment #5
Transient testing has been performed and used to validate GEH!GNF methods.

ODYN is applied to predict BWR system transient performance. ODYN utilizes the
Findlay-Dix correlation and has been qualified against plant transient data. Confirmatory
uncertainty evaluations were also performed. Boundary conditions from ODYN
calculations are typically used to drive a single-channel calculation in order to determine
the limiting bundle's response.

Both ODYN and TASC employ the (same) Findlay-Dix correlation. The TASC code is
applied to predict bundle transient performance (i.e., a single "hot" or limiting channel).
TASC has been compared to full-scale transient tests for IOxl0 fuel products. The
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qualification comparisons show that TASC accurately predicts bundle transient
performance.

TASC and ODYN were discussed briefly in the previous section, under items #2 and #4.

Staff Observation #6
Some of the test data were skewed by radial peaking of the power distribution. Additional
full-scale void fraction data with skewed radial peaking should be acquired, or
justification should be provided for not considering this effect.

GEH Comment #6
Insertion of a control blade will suppress bundle power and "skew" the pin-wise power
distribution (increasing away from the blade). The lattice physics code TGBLA has the
capability to utilize a non-uniform void distribution in order to capture this effect [1].
The TGBLA model incorporates the local void effect on pin peaking directly into the
nuclear calculations that produce data for downstream analyses. In the PANAC-ODYN
methodology, TGBLA output (e.g., nuclear cross sections and local peaking factors)
essentially forms a multi-dimensional library of parameters as a function of average void
fraction, state (controlled or uncontrolled), exposure, and lattice position (as applicable).
The peaking data from this library is used in downstream analyses to establish cycle
specific design margins to critical power and Linear Heat Generation Rate (LHGR)
limits. Note that the SAFER based accident analyses are not tied to the TGBLA
calculation in this manner, e.g., LOCA evaluations are cycle independent.

Critical power predictions consider pin-by-pin peaking through the GEXL methodology,
which is both developed and validated based on full-scale tests. These tests include both
steady state and transient thermal-hydraulic experiments. In order to translate between
the critical power database and the designs developed for operating reactors, the TGBLA
based power distributions are used as input into the GEXL methodology. This implies an
equilibrium or quasi-steady assumption. However, analytic studies considering fully
coupled problems confirm that this approach is also adequate for rapid transients [7,8].

BWR fuel bundles are typically designed considering a line of symmetry. The rod
enrichments are evenly distributed with respect to the line of symmetry. This promotes
symmetric (not "skewed") pin-wise radial peaking patterns in the uncontrolled state.

The ASEA-813 test bundle simulated a "skewed" power radial distribution, but
independent of the power suppression that would be expected with an inserted control
blade. The ASEA-813 tests were part of the Findlay-Dix validation set and included void
fractions in excess of 90%.

Also note that the discussion of Deficiency #3 in the previous section contained relevant
comments concerning local peaking, the drift flux model, and the distribution parameter.
The one dimensional drift flux formulation essentially loses local information through the
averaging process. In application to fuel calculations, the objective of the 1-D correlation
is to properly calculate the average void fraction given the nodal ("global slip")
conditions within the channel. However, in order to properly consider this effect, the
approach taken with TGBLA is to re-introduce local void information into the lattice
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calculation through an empirical correlation. The model is applied over the range where
sensitivity is expected.

TGBLA06 In-Channel Void Distribution Model

TGBLA06 has the capability to calculate the impact of non-uniform void distributions on
pin-by-pin power and lattice reactivity. [[

Table 5 - Values of Edge Rod Factors k(xy) Used in Equation (1.9)- for Controlled
Lattices

(x,y) (X !) (x,2) (x, .. ... '

(3,y)

(4 ,y),

(5 ,y)

S[I
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6 Geometry characteristics associated with the databases supporting the COBRAG constitutive relations can

be inferred to limit maximum and minimum subchannel sizes, but not their number. Note that any
limitations of this nature could be extended by validation against experimental data.

' A lOxl0 lattice with 3.61% average enrichment, 8 Gadolinia rods at 5%, and no vanished rods.
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Table 6-. Controlled Lattice Void Distribution Based on TGBLA.

(1,y)
(2,y)

(3 ,y),
(4,y)

(5 ,y)

(6,y)

.(7 ,y)

(8,y)

(9 ,y)
(O0,y)

Table 7 7,Controlled Lattice Void Distribution Based on COBRAG

(xy) (x,1) (x,2) (x,3). (x,4) (x,,5) (x,6) (x,7).. (x,8) (x,9) (X,10)
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(94y)
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Table 8,-'Uncontrolled Lattice Void Distribution Based on TGBLA
<x,y) ( .. x,!): (x, = :....2) :'( , (x,3,i) (x,4)': (x5 (x6" .) x8 (x,9) (xj10)

(1,y) [[

(2 ,y)

(3 ,y)
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Staff Observation #7
In a follow up to the applicant's response (RAI 4.4-2 Supplement No. 2) the staff
indicated that the indirect justification provided in the supplemental response for the void
correlation at high void fractions using operating fleet GEI 4 pressure drop data is not a
substitute for actual void fraction measurements.

GEH Comment #7
In Section 7.2.3.5 of the Safety Evaluation Report (SER) for NEDC-33173P, the staff
stated that "Since critical power and two-phase pressure drop testing in the 1Oxl 0 bundle
geometry have been performed, the NRC staff also notes that these tests could potentially
be a source for additional void fraction data that would help verify the void-quality
correlation for IOx 10 bundle designs under low flow conditions." Also, under Section
7.2.7, the staff states, "As part of the requirements to remove the 0.01 penalty on the
OLMCPR, GE will provide a report of GEl4 pressure drop data and an analysis relating
this data to void prediction error." The passage goes further to say: "The radial and axial
power distributions used in the pressure drop experiments would help to assess the void
correlations accuracy. The conclusions of this study will be factored into the
acceptability of the void-quality correlation for EPU applications."

Both GEH and the staff agree that the pressure drop based evaluation is a relevant form
of validation data. The degree of relevance will require staff review and concurrence.

As discussed in the response to Deficiency #1, GEH has examined the 1Oxl 0 tests over a
broad range of power / flow (void) conditions, including (specifically) very low flow
conditions. Also, GEH has provided transient test results for 1Oxl0 fuel designs in
NEDC-32084P-A.

As stated in MFN 06-435, GEH considers the Findlay-Dix correlation to be applicable
and adequate for advanced fuel designs. The analysis of IOx 10 pressure drop data is
confirmatory. The data does not indicate degradation in performance between modern
fuel designs and the original validation database. Bundle lOxl 0 gamma scan data,
operating plant TIP comparisons, and full-scale steady-sate and transient thermal-
hydraulic testing also agree with this finding.
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Staff Observation #8
The staff is not certain of the appropriateness of the correlation for predicting void
fraction above its originally qualified range for new designs. Specifically, the staff is
uncertain as to the ability of the model to adequately account for the effects of entrained
liquid droplets in the vapor core for high void fractions, where the liquid droplets
represent an increasingly large fraction of the liquid flow.

GEH Comment #8
GEH considers the Findlay-Dix correlation to be applied within its originally qualified
range for advanced designs. The.qualified range is based on Reynolds number (hydraulic
diameter), pressure, mass flux, and void fraction. This was discussed in the response to
NRC RAI 5-2 in Reference 1.

The applicability of the drift flux model to flow regimes was discussed in the previous
section (item #3).

Reference:

1. MFN 06-211, Bob E. Brown (GE) to US Nuclear Regulatory Commission
Document Control Desk, "Compilation or Responses to Methods RAIs - Interim
Methods LTR," July 18, 2006.

Staff Observation #9
Because the void reactivity coefficient is a strong function of the void fraction (increasing
in magnitude with increasing void fraction), and given the specific concerns regarding the
void quality correlation listed above and concerns regarding the efficacy of the core
simulator code, PANACEA, to output reliable nuclear data for use in downstream
transient analysis codes where void fractions may exceed 90 percent locally, the staff
approval of the PANAC 11 methodology for the ESBWR will be contingent upon an
additional margin to the ACPR in the OLMCPR determination.

GEH Comment #9
The void coefficient increases (i.e., becomes more negative) with increasing void
fraction. However, the rate of void production with increased power tends to decrease
and offset this effect. Void production as a function of power is non-linear, which can be
seen by plotting void fraction in the void versus quality plane (Figure 4). Recognizing
that AX oc APower, the net void reactivity feedback due to a power change is given by
Equation (1.15).

Ak_ 1- Aa •---- k(O
k k 1a IOa I AX (1.15)

k k aa ka C 0X)

The Ak effectively diminishes for energy addition at high void fraction values, as
depicted by Figure 2-2 in NEDC-33173P. The derivative Oa/OX becomes very small at
high void fractions. In other words, reduced liquid in the fuel lattice equates to reduced
reactivity (Ak - -~0 as a -* 1.0). This relationship (alone) would lead one to believe that
a core with a higher (initial) void content would generally tend to have a milder transient
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response than the same core with lower void content, which would help explain why
calculated OLMCPR values do not radically change between pre-EPU and post-EPU
designs.

Figure 4. Void quality relation (Figure 2-2 in NEDC-33173P)

During a pressurization event (transient), many changes occur in a BWR bundle.
Computer programs applied to predict such an event are modeling a fairly complex set of
coupled phenomena, i.e., the void collapse, nuclear power feedback, heat transport, and
the subsequent density wave that propagates through the channel [I]. The void-quality
relation as depicted in Figure 4 is still conceptually valid (in terms of the characteristic
change in slope that is shown), but for this situation it would be more accurate to present
a family of curves corresponding to the different pressures or a 3-D surface plot.

All core designs change from cycle to cycle, due to the efforts expended to optimize the
designs. So comparisons of pre and post-EPU cores are confounded with other changes
made for reload considerations. Furthermore, the system characteristics (pre versus post-
EPU) may change due to equipment upgrades necessary to support EPU or expanded
operating domains. Regardless, core transient results (e.g., peak pressure) have been
shown to be insensitive to the void coefficient as discussed in Reference I under staff
Observation #8.

The void coefficient trend with void fraction is adequately modeled in GEH's methods
and the effect is appropriately captured. The void coefficient trend "in and of itself' does
not pose a concern.
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