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SAFETY EVALUATION SUMMARY

By letter dated February 10, 2006, General Electric (GE) - Hitachi Nuclear Energy (GHNE,
formerly known as GE Nuclear Energy) submitted licensing topical report (LTR) NEDC-33173P,
"Applicability of GE Methods to Expanded Operating Domains" to the U.S. Nuclear Regulatory
Commission (NRC) staff for review (Reference 1). In LTR NEDC-33173P, GE evaluated the
impact of operation at higher void conditions characteristic of an extended power uprate (EPU)
and maximum extended load line limit analysis plus (MELLLA+) operation on most of its
licensing analytical methods.

1.0 EPU/MELLLA+ CORE CONDITIONS

To implement EPU and maintain a 24-month cycle, a higher number of maximum powered
bundles are loaded into the core and the power of the average bundle power also increases,
leading to a flatter core radial power distribution. Due to the resultant increase in two-phase
pressure drop and higher coolant voiding, the flow in the maximum powered bundles decreases.
This leads to a higher bundle power-to-flow ratio and a higher exit void fraction. For the
proposed MELLLA+ operation, plants will operate at EPU power levels at core flows as low as
80 percent of rated flow. Therefore, the number of bundles operating at higher power-to-flow
conditions and consequently higher exit void fractions is expected to increase. Since the
maximum powered bundles operate nearest to the thermal limits, for EPU operation the number
of maximum powered bundles operating near the thermal limits increases. Depending on the
core configuration in terms of size, for some EPU core designs, the power levels of the
maximum powered bundle increase relative to the pre-EPU conditions in order to meet the
energy needs of EPU operation and long cycle length. There is no regulatory limit on the power
level of the maximum powered bundles provided the bundles are operated within the calculated
thermal limits and meet the regulatory requirements. However, for operation at EPU and
MELLLA+ conditions, the core designs and operation will continue to be constrained by the
requirement to meet the thermal limits. Since the high-powered bundle's ability to operate
within the thermal limits is analytically determined, it becomes important to ensure that the
analytical tools are being applied within the ranges for which it was derived and benchmarked.

Review Objective

The overall objectives of the LTR NEDC-33173P review are to confirm the following for
operation at EPU and the expanded operating domains:

1. The analytical methods and codes used to perform the design safety analyses will be
applied within the applicable NRC-approved validation ranges.

2. The calculational and measurement uncertainties applied to the thermal limit calculations
and the models simulating physical phenomena will remain valid for the predicted
neutronic and thermal-hydraulic core and fuel conditions during steady-state, transient,
and accident conditions.

3. The qualification database supporting analytical models simulating physical phenomena
remains valid and applicable to the conditions under which it is applied, including those
models and key parameters in which specific uncertainties are not applied.

4. If the NRC-approved analytical methods, models, and codes are extended outside the
applicability ranges, the extension of the specific models are demonstrated to be
acceptable or additional margin is applied, to the affected downstream safety analyses
until such time the supporting qualification data is extended.

9
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5. The commitments made by GE to support the approval of LTR NEDC-33173P are

acceptable. These commitments are generally related to obtaining additional validation
data to benchmark GE's analytical methods in order to extend the validation data to
account for the impact of the current fuel design features and operating conditions.

Impact on Methods Qualification Databases

The high void conditions and other characteristics of EPU and MELLLA+ conditions could affect
the key assumptions in the analytical methods that impact the safety analyses supporting EPU
and MELLLA+ operations or safety features. This LTR review evaluates these effects and the
adequacy of the qualification database supporting the analytical methods. The topics of review
are as follows:

1. Extension of the neutronic methods to void fractions greater than 70 percent.

2. Generating the lattice physics data based on core average void of 40 percent instead of
70 percent for the instantaneous cases.

3. Reliability of the neutron monitoring instrumentation due to bypass voiding during
steady-state and some transients.

4. Assessment of the performance of the void-quality correlation prediction to high void
fractions and the applicability of the supporting qualification database.

5. Extension of the qualification data supporting the thermal-mechanical methodology to
high exposures.

2.0 SUMMARY OF LTR NEDC-33173P APROACH

GE addressed these topics and proposed an interim approach. LTR NEDC-33173P parallels
and references Entergy Nuclear Operations, Incorporated's interim approach in the Vermont
Yankee Nuclear Power Station EPU application (NRC staff approval is Reference 26), including
the request for additional information (RAI) responses (References 27, 28, 29, and 30).

The major technical positions in LTR NEDC-33173P and the associated RAI responses are
summarized below.

1. LTR NEDC-33173P identifies the key parameters affected by the lattice physics
uncertainties and proposes increasing the power distribution uncertainties to account for
potential non-conservatisms. LTR NEDC-33173P proposes a 0.02 additional margin to
the safety limit minimum critical power ratio (SLMCPR). The increased power
distribution uncertainty is also accounted for in the steady-state linear heat generation
rate (LHGR) limit.

2. LTR NEDC-33173P evaluates conservatisms and available margins in the safety
analyses. LTR NEDC-33173P concludes that there are sufficient margins and
conservatisms in the operating limit minimum critical power ratio (OLMCPR), the
emergency core cooling system (ECCS) loss-of-coolant accident (LOCA) calculations,
LHGR limit, exposure accounting, and shutdown margin.

3. LTR NEDC-33173P evaluates the impact of the 40 percent depletion history assumption
on the accuracy of the fuel isotopics generated. Inaccuracies on the predicted isotopics
at the high-void-fraction nodes result in a significant bias on void reactivity coefficients.
LTR NEDC-33173P quantifies the void reactivity coefficient bias and justifies its impact
on the safety analysis, such as transients and stability. LTR NEDC-33173P concludes
that impacts on the safety analyses are within the assumed uncertainties, or they are
minimal.

10
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4. LTR NEDC-33173P evaluates the occurrence of bypass voiding during steady-state

operation and concludes that bypass voiding at the D-level local power range monitor
(LPRM) will not exceed 5 percent at nominal conditions. Therefore, the reliability of
LPRM measurements during steady-state operation will not be affected.

5. LTR NEDC-33173P and the RAI responses state that some transients may result in
higher bypass void fraction levels, but the effect is minimal. LTR NEDC-33173P
concludes that the reliability of the response of the neutron monitoring system will only
have a minimal effect on the stability long-term solutions (LTSs).

6. LTR NEDC-33173P states that the void-quality correlation is supported by measurement
data up to 95 percent void fraction. It proposes that extension of the void-quality
correlation to pure steam is acceptable.

3.0 NRC STAFF EVALUATION

The NRC staff reviewed the justification provided in LTR NEDC-33173P, the RAI responses,
associated referenced documents, and the GE licensing methodology specified in GESTAR II
(Reference 38). All of the limitations resulting from the NRC staff review of LTR NEDC-33173P
are in Section 9.0, "Limitations and Conditions," of this safety evaluation (SE). Additionally, GE
made several commitments related to obtaining additional measurement data to support
application of the analytical methods to EPU/MELLLA+ conditions and application of newly
developed and improved methodologies to support plant-specific EPU/MELLLA+ applications.

Review Summary

The main NRC staff conclusions are as follows:

1. SLMCPR

The neutronic methods are extrapolated to higher void conditions for EPU and MELLLA+
core conditions. However, the available pin and bundle power validation data do not extend
to the current fuel and lattice designs as operated. GE has committed to perform and has
begun pin and bundle power gamma scan benchmarking to establish the pin and bundle
power uncertainties that factor into the safety analyses, including the SLMCPR. As an
interim measure:

a) A 0.02 adder will be included in the cycle-specific SLMCPR value for EPU plants.

b) A 0.03 adder will be applied to the cycle-specific SLMCPR value for plants implementing
EPU/MELLLA+. The additional 0.01 accounts for the impact of the higher void
conditions characteristic of MELLLA+ operation.

2. R-factor

The R-factor goes into the SLMCPR calculation and is characterized by within bundle
relative pin power-peaking. The current R-factor methodology is generated for each new
product line with [[

]] The R-factor will be calculated consistent with the lattice axial void conditions.

3. ECCS-LOCA

a) The ECCS-LOCA calculation will be performed for all statepoints, including the
MELLLA+ 55 percent core flow at approximately the original licensed thermal power
(OLTP). The higher initial power-to-flow ratio will result in a more limiting peak clad
temperature (PCT) value.

11
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b) The ECCS-LOCA analysis will also be performed with top-peaked power shape, which
was demonstrated to be more limiting due the higher initial void conditions.

4. Transient LHGR limit

a) The transient LHGR limit is not reported in the licensing process and documentation
(e.g., Core Operating Limits Report (COLR) and Supplemental Reload Licensing Report
(SRLR)). The thermal overpower (TOP) and the mechanical overpower (MOP) will be
reported in the SRLR in order to demonstrate that the plant response will meet the
overpower acceptance criteria.

b) EPU/MELLLA+ operating strategy is expected to result in a higher overpower response
during pressurization transients relative to pre-EPU conditions, due to the higher core
reactivity response associated with the core design necessary in order to meet the EPU
and long-cycle length energy requirements. The local pin power-peaking, the bundle
powers, the 3D power distributions, and the void reactivity are all factors that contribute
to the anticipated operational occurrence (AOO) response. EPU/MELLLA+ operation,
including the spectral shift operation at EPU power levels will entail operation outside the
current experience base. The transient response and the associated thermal overpower
response will be calculated on cycle-specific bases. However, the fuel rod thermal and
mechanical overpower response is currently not reported in the COLR or the SRLR or
the plant-specific EPU applications. Plant-specific EPU and MELLLA+ applications will
include discussion of the plant-specific thermal and mechanical overpower response.

c) Sensitivity analyses show that the 40 percent depletion assumption results in
under-prediction of the thermal overpower response by [[ 11 The margin was
increased to 10 percent since the sensitivity analyses may not be bounding for all boiling
water reactors (BWRs) operating at EPU and MELLLA+ conditions. To account for the
impact of the void history bias, plant-specific EPU and MELLLA+ applications using
either GE Transient Reactor Analysis Code (TRACG) or ODYN will demonstrate an
equivalent to 10 percent margin to the fuel centerline melt and that the 1 percent
cladding circumferential plastic strain acceptance criteria due to pellet-cladding
mechanical interaction for all of limiting AOO transient events, including equipment out-
of-service. Limiting transients in this case, refers to transients where the void reactivity
coefficient plays a significant role, such as pressurization events. This margin can be
reduced if it is shown that the sensitivity analysis in which the [[ ]] was
derived will bound all BWR EPU and MELLLA+ applications. If the void history bias is
incorporated into the coupled neutronic and transient code set, then the additional 10
percent margin to the fuel centerline melt and the 1 percent cladding strain is no longer
required.

d) The qualification data for the internal rod pressure (e.g., up to 20.5 GWd/MTU) and the
fuel centerline temperatures (e.g., 30 GWd/MTU) do not extend to the current exposures
that the fuel bundles experience. GE committed to perform fission gas inventory and rod
exposure gamma scans. There is a restriction associated with this commitment.
Appendix F contains associated T-M follow-up RAIs pertaining to the status of the
benchmarking data.

e) In the Economic Simplified Boiling Water Reactor (ESBWR) review, the NRC staff
determined that the General Electric Stress and Thermal Analysis of Reactor Rods -
Mechanical (GESTR-M) prediction of the fuel centerline temperature becomes non-
conservative with exposure. This non-conservatism is not associated with the
GESTR-M calculation of the gadolinia (Gd)-bearing rod, which is the bases for the
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overpower acceptance criteria, since the Gd rod accommodates lower TOP during
transients. The NRC staff requested GE to perform a Part 21 evaluation to determine
the safety significance of the potential non-conservatism. The associated limitation
states that the conclusions of the NRC staff evaluation of GE's Part 21 report will be
applicable to the T-M methodology for EPU and MELLLA+ operation. In addition, the
FRAPCON GESTR-M TOP comparisons in Section 3.2.6.5.6 provide the NRC staff
assessment of the GESTR-M fuel temperature underprediction. The NRC staff
determined that the uncertainties treatment compensates for the U0 2 fuel temperature
underprediction. Appendix F provides additional NRC staff follow-up RAIs pertaining to
the adequacy of the GESTR-M internal rod pressure calculations and subsequent NRC
staff evaluations of GE's Part 21 report.

5. Steady-State Bypass Voiding

The technical specification for the neutron monitoring system (e.g., LPRMs) limits the
bypass voiding to 5 percent. For the EPU and MELLLA+ operation, the bypass voiding
could be 5 percent or higher at the exit. There is a limitation that the bypass voiding will be
limited 5 percent for the LPRM D-level for implementation of EPU and MELLLA+. The
steady-state bypass voiding will be reported in the SRLR for every reload.

6. Stability Setpoint Setdown

During some transients, such as recirculation pump trip events, the hot channel bypass
voiding could reach a maximum of [[ ]] depending on the code used. The high
in-channel and bypass voids will primarily affect the LPRM neutron detectors by reducing
the detector response, assuming the same power in the adjacent fuel bundle. This
reduction in detector response is due to a decrease in the moderation caused by the
presence of high in-channel voiding at the upper part of the fuel bundle and in the bypass.
The in-channel and bypass voids decrease the thermal neutron flux incident on the
detectors for the same neutron flux generated in the adjacent fuel. The NRC staff concludes
that the instrument calibration error is less than 5 percent for oscillating power range monitor
(OPRM) cells and less than 2 percent for average power range monitor (APRM) signals.
There is a restriction that requires setdown of the instrumentation to preclude the presence
of the high in-channel and bypass voiding for EPU and MELLLA+ conditions.

7. Application of 10 Weight Percent Gd

The overpower limit for the Gd bearing rod, with 10 weight percent Gd, appears to be less
than the expected pressurization response for operation at EPU and MELLLA+ conditions.
Therefore, there is a limitation that, prior to implementing 10 percent Gd rod for EPU and
MELLLA+ bundle designs, the NRC staff needs to review and approve the TOP response of
10 percent weight percent Gd-bearing rod against EPU and MELLLA+ overpower response
at the most limiting statepoints, considering the operating flexibilities (e.g., equipment out-of-
service).

8. Void-Quality Correlation

In LTR NEDC-33173P and the corresponding RAIs, GE justified extension of the Findlay-Dix
correlation to up to pure steam. Historically, the NRC staff had never directly reviewed or
approved the correlation and its supporting database. However, the NRC staff had
reviewed the application of the void-quality correlation in certain codes.

In this review, the NRC staff evaluated: (1) the qualification database provided in the
Findlay-Dix correlation source document (Reference 35); (2) the EPU and MELLLA+ core
conditions during steady-state, transient, and accident conditions; (3) the current fuel design

13
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geometric features (part-length rods, spacer design changes, and hydraulic diameters); and
(4) the current lattice designs as operated (e.g., lattice radial power distribution for controlled
and uncontrolled conditions, bundle axial power-peaking). The NRC staff determined that:

a) Although the supporting data does not cover all of the current operational conditions
(e.g., the current radial and axial lattice peaking, the 1Ox10 bundle design features, such
as the part-length rods and new spacer design), the NRC staff finds that, overall, the
correlation does not exhibit unexpected behavior and remains relatively predictable. The
NRC staff expects that most likely the uncertainty levels are higher than those reported.

b) The Findlay-Dix validation database is limited in that the database does not appear to
cover the full operational and accident parameter space in a way that assures that all
local parameter sets are encompassed by the supporting bundle data. Evaluation of the
radial within bundle power distribution of the database shows that the validation
database is not representative of the current bundle axial or radial power distribution and
peaking. This is a deficiency in the database supporting the correlation in relation to the
current fuel design as operated. Therefore an additional margin of 0.01 will be applied to
the OLMCPR, as discussed in 8.d) below.

c) The reported accuracy is not well supported and additional measurement data is needed
to both validate the correlation and develop the appropriate correlation uncertainty
levels.

d) The conclusion to obtain additional data to validate the impact of non-uniform
(e.g., skewed) power distributions is supported by the recommendations made in the
initial 1977 LTR NEDE-21565 (Reference 52). The NRC staff believes the weaknesses
of the validation database identified in LTR NEDE-21565 are more relevant for the
current EPU operating strategy and the proposed expanded operating domain.
Specifically, the Findlay-Dix source document recommendations are important in terms
of power skewing and countercurrent flows.

Therefore, the NRC staff decided, as an interim measure, the impact of having higher
voids than predicted can be accounted for in the impact of the void reactivity coefficient
on the transient analyses. The content of LTR NEDC-33173P and the RAI responses
did not provide sufficient confidence for the NRC staff to approve the extension of the
correlations to new operating domains without interim margin improvement. Since
higher uncertainties in the void-quality correlation will result in the existence of higher
voids than predicted, the core average voids could be higher assuming that the
correlation uncertainties are higher for all lattice levels due to the different power skew,
part-length rods, and new design features (e.g., new spacer designs). Higher core
average voids will potentially affect the magnitude of the void reactivity coefficient, which
is directly proportional to the core average void fraction.

The NRC staff concludes that a 0.01 margin will be applied to the OLMCPR, until the
NRC staff reviews and approves a void-quality correlation supplement or revision to LTR
NEDC-33173P. The supplement/revision shall provide sufficient assessment of the
void-quality correlation prediction as applied to the current fuel geometric and lattice
designs as operated under EPU and the proposed high power-to-flow MELLLA+
condition. The supplement/revision shall also include additional measurement data to
establish the performance of the correlation and the associated uncertainties. The
supplement/revision should address the recommendation in the source document. Note
that the NRC staff considers the significance threshold for the critical power ratio (CPR)
change for transients to be 0.01. To support the long-term resolution of the qualification
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of the void-quality correlation, the NRC staff will issue additional RAIs that provide
guidance in terms of the NRC staff position and the necessary information needed.

9. MELLLA+ Implementation

LTR NEDC-33006P, Revision 2 (Reference 2), provides the GE safety analysis report for
operation at the proposed expanded operating domain (MELLLA+). LTR NEDC-33173P
(Reference 1) provides the bases for accepting the application of GE NRC-approved
analytical methods and codes to MELLLA+ high power and low flow conditions. The NRC
staff SE approving LTR NEDC-33006P, Revision 2, was issued on September 17, 2007
(Reference 56).

10. Use of TRACG for EPU and MELLLA+

Licensees are expected to transition to the TRACG for AQOs and calculation of peak
anticipated transient without scram (ATWS) pressure calculations. Some of the sensitivity
analyses supporting the methods review are based on TRACG. There are also a number of
restrictions associated with the use of GE's methods that apply to TRACG as well. These
methodology deficiencies that need to be evaluated for TRACG include: (1) the biases in
the void reactivity coefficient associated with the 40 percent depletions assumption; (2) the
applicability of the lattices used to develop the void coefficient biases and uncertainties in
the response surface in TRACG; (3) the conservatism of the control rod (CR) blade patterns
and the associated axial and radial power distribution assumed in TRACG for AOO
application relative to the power distributions cores will experience based on the actual plant
control rod (CR) patterns; and (4) the adequacy and applicability of the qualification data
supporting the coupled PANACEA/TRACG Findlay-Dix correlation and interfacial shear
model void fraction calculations.

The NRC staff is currently reviewing a new version of TRACG in LTR NEDE-32906P,
Supplement 3, "Migration to TRACG04/PANAC1 1 from TRACG02/PANACI0," May 2006
(Reference 40). The LTR NEDC-33173P review defers the review and conclusions related
to the topics discussed above to the TRACG supplement currently under review. Therefore,
there are additional margins such as the 10 percent TOP and MOP margins and the
0.01 OLMCPR adder that have not been applied to the TRACG application. The bases of
this approach was to investigate the potential to implement modeling changes in TRACG
(e.g., increase in void reactivity biases described in Section 5.0 of TRACG), which has the
capability to simulate 3D reactor core model rather than requiring specific margins to be
added to plant-specific applications. In addition, it is appropriate to investigate the adequacy
of the supporting data in the review of a specific code for application to EPU and MELLLA+.
Therefore, any conclusions specified in the NRC staff SE approving Supplement 3 to LTR
NEDC-32906P will be applicable as approved.

However, if GE does not adequately address the methodology deficiencies identified in LTR
NEDC-33173P in the review of Supplement 3 of NEDE-32906P, the additional margins as
described in this SE apply as appropriate.

11. Mixed Core Method Limitations

Plants implementing EPU or MELLLA+ with mixed fuel vendor cores will provide
plant-specific justification for extension of GE's analytical methods or codes. The content of
the plant-specific application will cover the topics addressed in LTR NEDC-33173P and
additional subjects relevant to application of GE's methods to legacy fuel. Alternatively, GE
may supplement or revise LTR NEDC-33173P for application to mixed cores.
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The NRC staff did not assess the Toshiba, GE Boiling Lattice Analysis Code upgrade
(TGBLA06) for use with 1 lx1 1 and higher lattices, water crosses, water boxes, or MOX fuels
at EPU or MELLLA+ conditions. For any plant-specific applications of TGBLA06 with the
above fuel types, requiring changes to the code, GE needs to provide assessment data
similar to that provided for the GE fuels.

4.0 CONCLUSION

The NRC staff reviewed the application of GE analytical methods and codes to operation at
EPU and to the MELLLA+ expanded operating domain. The NRC staff reviewed: (1) the
methods to determine if NRC-approved analytical methods were being applied within the
approved ranges; (2) the adequacy of the uncertainties applied to the safety analyses; (3) the
conservatism in the analytical methods; (4) the margins available; and (5) the adequacy of the
available qualifications data. Additional margins were implemented to compensate for
uncertainties where the NRC staff found that the extension of the methods to EPU and
MELLLA+ operation merited additional benchmarking data.

The review of the LTR NEDC-33173P included a number of commitments by GE to obtain
experimental data that, in the long term, will provide additional confidence in the extension of
the methods to EPU and expanded operating domain operation. GE also developed new
improved neutronic and thermal mechanical methodologies. These methods will be
benchmarked against the additional measurement data. In the future, the review and approval
of these improved methods will provide adequate bases to remove these interim margin
improvements.

Since the GE analytical methods and codes used to perform the safety analyses supporting
BWR plants' EPU and MELLLA+ response are described in number of different generic LTRs,
the SE approving LTR NEDC-33173P does not address or cover all aspects of the applicable
LTRs. The NRC staff approval of LTR NEDC-33173P is limited to those topics or areas covered
in: (1) LTR NEDC-33173P; (2) the associated RAI responses; and (3) the NRC staff SE.
Therefore, any topics covered in the specific generic LTRs approved in the past but not
currently reviewed under this SE are not considered to be part of this approval.

Based on the review performed, the information provided in the RAI responses, the insights
from the NRC staff confirmatory analyses, the additional margins included in the methods and
the changes in the calculational methodology delineated in the associated limitations, the NRC
staff finds that there is reasonable assurance that the application of GE methods to EPU and
the expanded operating domain is acceptable. The NRC staff approval is contingent on the
conditions and limitations discussed in Section 9.0 of the SE.
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ACRONYMS AND ABBREVIATIONS

TERM DEFINITION

3D Three-dimensional

AOO Anticipated Operational Occurrence

APLHGR Average Power Linear Heat Generation Rate

APRM Average Power Range Monitor

ASME American Society of Mechanical Engineers

ATLAS GE's 8.6 MW Heat Transfer Loop

ATWS Anticipated Transient Without Scram

Ba Barium

BOC Beginning-of-Cycle

BT Boiling Transition

Btu/Ibm British thermal unit per pound mass

BWR Boiling Water Reactor

CF Core Flow

CFR Code of Federal Regulations

CHT Conduction Heat Transfer (a GE task code)

COLR Core Operating Limits Report

CPPU Constant Pressure Power Uprate

CPR Critical Power Ratio

CR Control Rod

DIVOM Delta CPR over Initial CPR vs. Oscillation Magnitude

DR Decay Ratio

DRC Density Reactivity Change

DSS-CD Detect and Suppress Solution - Confirmation Density

ECCS Emergency Core Cooling System

EOC End-of-Cycle

EOP Emergency Operating Procedure

EPU Extended Power Uprate

ESBWR Economic Simplified Boiling Water Reactor

Gd Gadolinia

GDC General Design Criterion

GE General Electric

GESTAR GE Standard Application for Reload

GESTR-M General Electric Stress and Thermal Analysis of Reactor Rods - Mechanical

GEXL GE Critical Quality Correlation

GNF Global Nuclear Fuels

18



MFN 08-513
Enclosure 2
Page 19 of 286

Non-proprietary Version

GWd/MTU Giga Watt Days per Metric Ton of Uranium

GWd/ST Giga Watt Days per Short Ton

HBB Hard Bottom Burn

ICPR Initial Critical Power Ratio

IV Instantaneous Void

kW/ft Kilo Watt per foot

kW/I Kilo Watt per liter

La Lanthanum

LHGR Linear Heat Generation Rate

LOCA Loss-of-Coolant Accident

LPRM Local Power Range Monitor

LTR Licensing Topical Report

LTS Long Term Solution

LVDT Linear Variable Differential Transformer

MAPLHGR Maximum Planar LHGR

MAPRAT Maximum Average Planar Ratio

MCNP Monte Carlo N Particle Transport Code

MCPR Minimum Critical Power Ratio

MELLLA+ Maximum Extended Load Limit Analysis Plus

MFLPD Maximum Fraction of Linear Power Density

Mlbm/hr Mega pound mass per hour

MLHGR Maximum Linear Heat Generation Rate

MOC Middle-of-Cycle

MOP Mechanical Overpower

MSIV Main Steam Isolation Valve

MSIVC Main Steam Isolation Valve Closure

NMP2 Nine Mile Point Unit 2

NRC US Nuclear Regulatory Commission

ODYN GE Transient Analysis Code

OLMCPR Operating Limit MCPR

OLTP Original Licensed Thermal Power

OPRM Oscillating Power Range Monitor

PANAC1 1 GE Three Dimensional BWR Core Simulator

PANACEA GE Three Dimensional BWR Core Simulator

PBDS Period Based Detection System

PCT Peak Clad Temperature

PIRT Phenomena Identification Ranking Table

psia Pounds per Square Inch Atmosphere
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psig Pounds per Square Inch Gauge

RAI Request for Additional Information

RMS Root Mean Squared

RPT Recirculation Pump Trip

SAFDL Specified Acceptable Fuel Design Limit

SDM Shutdown Margin

SE Safety Evaluation

SLCS Standby Liquid Control System

SLMCPR Safety Limit Minimum Critical Power Ratio

SLO Single Recirculation Loop Operation

SRLR Supplemental Reload Licensing Report

SRP Standard Review Plan

SRV Safety Relief Valve

TGBLA Toshiba, GE Boiling Lattice Analysis

TIP Traversing In-core Probe

T-M Thermal-Mechanical

TMOL Thermal-Mechanical Operating Limit

TOP Thermal Overpower

TRACG GE Transient Reactor Analysis Code

TS Technical Specification

TVA Tennessee Valley Authority

TVAPS Transient Varying Axial Power Shape

UB Underburn

VYNPS Vermont Yankee Nuclear Power Station

20



MFN 08-513 Non-proprietary Version
Enclosure 2
Page 21 of 286

FINAL SAFETY EVALUATION BY THE OFFICE OF NUCLEAR REACTOR REGULATION

LICENSING TOPICAL REPORT NEDC-33171P

"APPLICABILITY OF GE METHODS TO EXPANDED OPERATING DOMAINS"

GENERAL ELECTRIC HITACHI NUCLEAR ENERGY

PROJECT NO. 710

1.0 INTRODUCTION AND BACKGROUND

By letter dated February 11, 2006, General Electric (GE) - Hitachi Nuclear Energy (GHNE,
formerly known as GE Nuclear Energy) requested U.S. Nuclear Regulatory Commission (NRC)
review of licensing topical report (LTR), NEDC-33173P, "Applicability of GE Methods to
Expanded Operating Domains" (Reference 1). The purpose of this LTR is to provide the
methodology used to demonstrate the adequacy of the GE methods for expanded operating
domains. This safety evaluation (SE) provides a generic licensing basis for GE methods
applications to operating envelope up to and including extended power uprate (EPU) and
maximum extended load line limit analysis plus (MELLLA+).

The NRC reviews and approves fuel vendor analytical methods and codes used to perform
safety analyses. Section 5.0 of the boiling water reactor (BWR) Technical Specifications (TSs)
specifies that the LTRs document the licensing methodology and codes used to perform the
safety analyses supporting the safe operation of BWR plants. In addition, applications involving
changes to a plant's licensed operating conditions shall explicitly specify which NRC-approved
methods and codes are used to perform the supporting design-bases safety analyses
(e.g., Table 1.1 of the power uprate safety analysis report). Therefore, licensing applications do
not, in general, involve review of the analytical methods or codes used to model a plant's
response.

For operation at EPU and MELLLA+, the coupled neutronic and thermal-hydraulic core
conditions could extend to higher void conditions outside the current experience base. The
NRC staff review verified the following:
1. The analytical methods and codes used to perform the design-bases safety analyses will

be applied within the applicable NRC-approved validation ranges.

2. The calculation and measurement uncertainties applied to the thermal limit calculations
and the models simulating physical phenomena will remain valid for the predicted
neutronic and thermal-hydraulic core and fuel conditions during steady-state, transient,
and accident conditions.
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3. The qualification database supporting analytical models simulating physical phenomena

remains valid and applicable to the conditions under which it is applied, including those
models and key parameters in which specific uncertainties are not applied.

4. If the NRC-approved analytical methods and codes are extended outside the
applicability ranges, the extension of the specific models are demonstrated to be
acceptable or additional margins are applied to the affected downstream safety analyses
until such time the supporting qualification data is extended.

The NRC staff reviewed and evaluated the applicability of GE nuclear and thermal-hydraulic
methods and codes for operation at EPU and MELLLA+. The NRC staff assessments are
based on review of:

1. LTR NEDC-33173P, "Applicability of GE Methods to Expanded Operating Domains,"
dated February 2006 (Reference 1),

2. LTR NEDC-33006P, Revision 2, "General Electric Boiling Water Reactor Maximum
Extended Load Line Limit Analysis Plus," November 2005 (Reference 2),

3. Requests for additional information (RAIs) and commitments (References 3 through 25),

4. Vermont Yankee Nuclear Power Station (VYNPS) Constant Pressure Power Uprate SE
(References 26 through 30), and

5. Audits.

The NRC staff concludes that implementation of MELLLA+ will result in operation outside the
current experience base. Specifically, for some applications, the maximum powered bundles
will operate outside the current operating experience base in terms of key parameters such as
bundle power-to-flow ratio and exit void fractions. However, the core designs and operation will
continue to be constrained by the requirement to meet the thermal limits.
In order to capture the uncertainties in the neutronic methods for operation at EPU and
MELLLA+, GE committed to embark on "on-going benchmarking" program in MFN 06-434
(Reference 8). In the long term such program will benchmark bundles and pins that are
operated as close as possible to the MELLLA+ operation through gamma scan, thereby
validating the accuracy of the analytical methods and codes for operation at EPU and
MELLLA+. As part of the generic method review and formulation of the interim approach, GE
presented to the NRC staff: (1) the scope of the planned power distribution and
thermal-mechanical (T-M) gamma scans; and (2) the description of the gamma scans process
and technique. Reference 31 contains the slides. In Reference 7 of the interim methods
review, GE committed to perform the bundle and pin power gamma scans. The commitment
letter provided an update of the planned power distribution gamma scan scope only. In RAI 9
response (Reference 25), GE acknowledged the T-M qualification limitation and agreed to
perform and submit the thermal mechanical gamma scans needed to benchmark thermal
mechanical models for the current fuel designs. Therefore, GE's measurement plan, updating
the qualification database supporting the power distribution and T-M models are:

1. fission gas benchmarks for T-M models,

2. rod exposure benchmarks for lifetime integrated rod power,

3. rod-by-rod power-peaking benchmarks, and

4. bundle power allocation benchmarks around instrument positions.
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In addition, GE submitted a commitment letter (Reference 14) that presented updated plan for
the review and qualification of the void fraction correlations for the current fuel designs and
operating strategies as part of the COBRAG code submittal (Reference 14).

Given that the specific measurement data will not be available for some time, the NRC staff
review of LTR NEDC-33173P (Reference 1) will:

1. identify the key parameters that are affected by potential errors in the cross-sections
important to the downstream safety analyses,

2. account for potential increases in the uncertainties associated with the prediction of the
key parameters that are affected, and

3. propose additional margin in the short-term where warranted, in order to ensure that
sufficient margins will be available in the affected downstream safety analyses.

The NRC staff review of LTR NEDC-33173P (Reference 1) concludes that these methods may
be applied to plants that implement EPU and MELLLA+, given the limitations and conditions in
Section 9.0 of this SE. Specifically, this SE imposes an additional 0.02 adder to the cycle-
specific safety limit minimum critical power ratio (SLMCPR) for operation with 20 percent power
uprate, or a 0.03 SLMCPR adder for plant's approved for implementation of MELLLA+
operation.

LTR NEDC-33173P (Reference 1) refers in generic terms to expanded operating domains. For
clarity, MELLLA+ is defined as the expanded power-to-flow operating domain defined in LTR
NEDC-33006P, Revision 2, "General Electric Boiling Water Reactor Maximum Extended Load
Analysis Plus."

2.0 APPLICABILITY OF GE METHODS AND CODE TO EPU AND MELLLA+

2.1 EPU AND EXPANDED OPERATING DOMAINS CORE CHARACTERISTICS

To implement EPU and maintain a 24-month cycle, a higher number of maximum powered
bundles are loaded into the core and the power of the average bundle power increases, leading
to a flatter core radial power distribution. Due to an increased two phase pressure drop and
higher coolant voiding, the flow in the maximum powered bundles decreases. This leads to a
higher bundle power-to-flow ratio and a higher exit void fraction. Since the maximum powered
bundles set the thermal limits, EPU operation reduces the margins to the thermal limits. For the
proposed MELLLA+ operation, plants will operate at EPU power levels at lower core flow
conditions. Therefore, the number of bundles operating at higher power-to-flow conditions and
consequently higher exit void fractions will be expected to increase.

There are no direct limits on the operating bundle powers, bundle operating power-to-flow ratio,
or void fractions. Instead, the core design and the operating strategy employed are constrained
by the thermal limits. The maximum powered bundles must meet the thermal limits so that the
technical specification safety limits or the specific fuel design limits are not violated during
steady-state, transient, and accident. conditions. Since the high-powered bundle's ability to
operate within the thermal limits is analytically determined, it becomes important to ensure that
the analytical tools are being applied within the ranges for which it was derived and
benchmarked. It is for this reason that in this section, the applicability of the analytical methods
and codes used to predict EPU and MELLLA+ responses during steady-state, transient, and
accident conditions are being investigated.
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2.1.1 Key Operating Parameters

The core thermal-hydraulic conditions for operation at EPU and MELLLA+ can be measured by

review of the following key parameters:

1. Power of Peak Bundle
The bundle power (in MW) is a fundamental direct input to the critical power ratio (CPR)
safety parameter calculation, the linear heat generation rate (LHGR), the initial
conditions for loss-of-coolant accident (LOCA) response, and the calculation of other
intermediate quantities. It represents a local metric of operating conditions and is
relevant particularly to the performance of the steady-state nuclear methods.

2. Coolant Flow for Peak Bundle
The active bundle flow (in Mlbm/hr) is also a direct input to the calculation of the CPR
safety parameter, as well as other intermediate quantities.

3. Exit Void Fraction for Peak Power Bundle
The void fraction results from the integration of the bundle power and flow, as well as the
axial distribution of power deposition along the bundle.

4. Maximum Channel Exit Void Fraction
The peak power bundle (hot channel) may not always coincide with the bundle with the
highest channel exit void fraction, since this parameter is based not only on total bundle
power, but also on bundle flow.

5. Core Average Exit Void Fraction
The core average exit void fraction is a core-wide metric on the amount of heat being
carried by the coolant.

6. Peak LHGR
The peak LHGR (in kW/ft) is a reasonable measure of degree of peaking in the core
since it is comprised of the combination of radial, axial, and local (pin) power-peaking. It
is also a key design constraint and monitoring parameter.

7. Peak Nodal or Pin Exposure
The nodal and pellet exposures are determined by integration of the energy extracted
from the local physical area of the fuel given its original specific mass.

The hot bundles set the steady-state fuel design thermal limits. Therefore, review of these
parameters as function of cycle exposure statepoints provide insight into the core conditions of
the plant-specific application against current EPU experience base. Figure 2-1 through
Figure 2-4 show the key parameters at different exposures for several EPU plants. As depicted
by the figures, the limiting bundles would be operating at void fractions above 85 percent. The
maximum powered bundles for the non-EPU high-power density BWR (Plant B) are operating
within the ranges of EPU plants. However, EPU plants will be operating with cores loaded with
a greater number of maximum powered bundles, which will be operating close to the thermal
limits. These are the key parameters that influence the plants thermal limit performance and
response in the safety analysis.

2.1.2 MELLLA+ Core Conditions

For MELLLA+ (see Figure 2-5), the operation at the EPU power levels at core flow as low as
80 percent rated core flow results in higher voids conditions. Table 2-1 compares the hot
channel exit voids fraction at the MELLLA+ statepoints and to that at increased core flow. The
calculation was preformed using the core simulator (PANACEA1 1). As shown in Table 2-1, the
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exit void fraction at the 55 percent rated core flow statepoint (e.g., Knee) is around [[

]] Depending, on the plant-specific core conditions and the code used to perform the
calculations (TRACG versus PANACEA), the hot bundle exit void fraction for MELLLA+
operation during steady-state can be projected to be above 90 percent void fraction.
Considering the hot bundle void fractions for all the BWR fleet operating at MELLLA+
conditions, the exit void fraction for the high powered bundles could be projected to be less than
95 percent. As can be seen in Table 2-1, the void fraction for the rated EPU power and core
flow is expected to fall within the range of minimum flow and the increased core flow values.
The channel operating minimum CPR (MCPR) reflects the actual operating limit for a given
bundle power and flow condition.

Therefore, for operation at the MELLLA+ statepoints, BWRs will be operating at higher void
fractions than the EPU statepoint. The NRC staff reviewed LTR NEDC-33173P (Reference 1)
to determine if the operation at the high void fraction alters key assumptions in the analytical
methods and codes. A change in the assumption in the neutronic methods that feed all the
downstream codes used to perform the safety analyses may have model uncertainties that are
sensitive to void fraction characteristic of MELLLA+ operating conditions.

Table 2-1 Exit Void Fraction

Plant / Parameter Power Exit Voids

Hot Channel (%OLTP)/Core
Flow (%rated)

PANACEA 11 (Channel MCPR 1.30) 120/85 [[

PANACEA11 (Channel MCPR = 1.48) 120/104.5

PANACEA 11 (Channel MCPR = 1.37) 93/55 1]

It is noted that although the MELLLA+ core conditions are presented in the review LTR
NEDC-33173P, evaluation of BWR response for operation at MELLLA+ conditions is covered
under LTR NEDC-33006P. Section 9.0 of this SE contains a limitation regarding the
implementation of MELLLA+ and the application of LTR NEDC-33173P for MELLLA+ operation.
Plant-specific approval and implementation of MELLLA+ operation is contingent upon approval
of LTR NEDC-33006P (Reference 2). This SE focused on evaluating the GE analytical
methods to the projected high power/low flow MELLLA+ core conditions.

2.1.3 EPU and High-power density Plant Core Tracking Data

Evaluation of the operating thermal margins of EPU plants provides additional means to
examine the impact of EPU operation. The core simulator monitors the bundle operating
conditions and calculates the available thermal margins for compliance with the thermal limits.
Sections 3.2.4, 3.2.5, and 3.2.6 of this SE define the specific thermal limits. In response to NRC
staff RAI 25 (Reference 11), GE provided a comparison of thermal limits core-tracking for the
reference EPU and high-power density plants. The calculation was performed using the steady-
state neutronic method (TGBLA/PANACEA). The ratio of the predicted limiting bundle operating
thermal limits against the respective TS thermal limit value provides an assessment of the
thermal margins available.

The Reference Plants (A through E) are high-power density plants operating at expanded power
levels, except for Plant C. Plant B is a high-power density BWR/6, which operates at 5 percent
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above the original licensed thermal power (OLTP). Only Plants E (BWR/6) and D (BWR/4) are
operating at 20 percent above the OLTP. Plant A (BWR/4) is operating at 12 percent above the
OLTP, although it is licensed to operate at EPU power levels.

Figure 2-6 through Figure 2-8 provides the Reference Plant's core-tracking thermal margins. A
ratio of 0.9 indicates that the plant is predicted to operate with 10 percent margin to the limit.
Core tracking data shows that at some cycle statepoints, the plants operate at the limit.
The RAI response in MFN 04-026 (Reference 5) states that the infrequent thermal margin
values greater than 1.0 for maximum fraction of linear power density (MFLPD) and the MAPRAT
are not unexpected for states that are close to the limit. The response states that the there is
not a perfect agreement between the nuclear methods and the plant monitoring measurements.
It is reasonable that there are some uncertainties associated with the plant measurement and
the nuclear methods coupled thermal-hydraulic and neutronic predictions of the core conditions.
However, thermal margins at subsequent cycles for the same plant with the same measurement
uncertainties do not appear to result in over-predictions. Therefore, the closer the plants
operate near the limit, the more significant the accuracies of the methods and the validation of
the uncertainties of the methods become. Note that Plant B, Cycle 9 and Plant E, Cycle 9, core
monitoring and offline calculations are based on PANAC10. Current PANAC1 1 core simulator
includes improvements in the nuclear methods. However, since some plant's BWR 3D
MONICORE core monitoring systems may rely on PANAC10, assessment of its capability is
valid, until all plants transition to TGBLA06/PANAC1 1.

The LTR NEDC-33173P evaluates the analytical methods used to perform the safety analyses
supporting EPU and MELLLA+ conditions. The objective of the evaluation is to demonstrate the
following for EPU and MELLLA+ conditions:

1. the NRC-approved methods and codes will be applied within the approved and
benchmarked ranges,

2. if the NRC-approved analytical methods and codes are extended outside the
applicability ranges, the impact is acceptable, and

3. the uncertainties and biases applied to the safety analyses remain applicable and valid
for the EPU and MELLLA+ operation.

2.2 TOPICS OF REVIEW

The EPU and MELLLA+ thermal-hydraulic core conditions will affect the following topics:

2.2.1 Extrapolation of the Neutronic Methods to High Void Conditions

Assumptions were made in the generation of the lattice physics data that established the
neutronic feedback. This review involves evaluating the:

1. impact of extrapolation of the neutronic parameters to void fractions [[
]] in the neutronic feedback and

2. impact of assuming core average void fraction of [[ ]] in generating the R-
factors that are used in the SLMCPR.

2.2.2 Assessment of the 40 Percent Depletion Assumption
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The main effect of the 40 percent depletion history assumption in generating the branch cases
of the lattice physics calculation is an increased bias for the void reactivity coefficient. This
review involves:

1. quantifying the impact of the 40 percent depletion assumption on void reactivity.

2. review of increased uncertainties on safety analysis, including transients, stability, and
anticipated transient without scram (ATWS) events.

2.2.3 Assessing the Impact of Bypass Voiding

Reliability of the response and prediction of the instrumentations located in the out-channel
regions (i.e., transversing in-core probes (TIPs) and local power range monitors (LPRMs)) is
assessed. This review involves evaluating the impact on neutronic methods and the impact on
steady-state calculations.

2.2.4 Assessing the Impact of Neutronic Method Assumptions

The expected impact of a transient on stability is a transient that is affected by the neutronic
methods assumptions. This review involves the evaluation of the impact of these assumptions
on the stability long term solutions (LTSs) for bypass voiding and void coefficient bias.

2.2.5 Applicability of the Thermal-Hydraulic Models

Applicability of the thermal-hydraulic correlations used to model physical phenomena. This
review involves evaluating the GE critical quality correlation (GEXL) and the void-quality
correlation.

Figure 2-1 Maximum Bundle Power vs. Cycle Exposure for EPU Plants and a High-power density
5 percent Uprate Plant
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Figure 2-2 Maximum Power/Flow Ratio vs. Cycle Exposure for EPU Plants and a High-power
density 5 percent Uprate Plant
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Figure 2-3 Exit Void Fraction of Maximum Power Bundle vs. Cycle Exposure for EPU Plants and a
High-power density 5 percent Uprate Plant
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Figure 2-4 Peak LHGR vs. Cycle Exposure for EPU Plants and a High-power density 5 percent
Uprate Plant
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Figure 2-5 Power Flow Map
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Figure 2-6 LHGR operating History for EPU and a High-power density Plant

Note: Plant B, Cycle 9 and Plant E, Cycle 9 core monitoring and offline calculations are based on
PANAC 10.
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Figure 2-7 OLMCPR operating history For EPU and a High-power density Plant (Un-adapted
PANACEA Calculation)

Note: Plant B, Cycle 9 and Plant E, Cycle 9 core monitoring and offline calculations are based on PANAC10
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Figure 2-8 MAPLHGR Operating History (Unadapted PANACEA Calculation)

Note: Plant B, Cycle 9 and Plant E, Cycle 9 core monitoring and offline calculations are based on PANAC10

3.0 EXTRAPOLATION OF NEUTRONIC METHODS TO HIGH VOID FRACTIONS

3.1 ASSESSMENT

This section contains assessment of the extension of the neutronic methods to the high void
conditions characteristic of EPU and MELLLA+ conditions. The NRC staff evaluates: (1) the
NRC-approved validation ranges; (2) the insights from independent code-to-code confirmatory
comparisons; (3) the core-tracking data for EPU plants; and (4) the available bundle and pin
power gamma scans supporting the power distribution uncertainties currently applied to the
safety analyses.

3.1.1 Assessing Extrapolation of the Neutronic Methods

The neutronic parameters feed into almost all codes that are used to perform the steady-state,
transient, and accident conditions and establish the core operating thermal limits. Therefore,
the accuracy of the methods to calculate the neutronic parameters affects the analyses
supporting operation at the EPU and MELLLA+ condition. The following sections cover the
adequacy of the extrapolation of the neutronic methods outside the NRC-approved applicability
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ranges. They also discuss the currently available benchmarking data and assess its adequacy
for operation at EPU and MELLLA+ conditions.

3.1.1.1 Neutronic Methods Not Assessed by the NRC Staff for Void Fraction Greater Than
70 Percent

The GE lattice physics (TGBLA) and core simulator (PANACEA) codes have only been
assessed by the NRC staff for void fractions up to 70 percent (Reference 32). Plant-specific
EPU data predicts exit void fractions greater than 85 percent. Operation at the EPU power
levels with minimum core flow conditions as low as 80 percent rated core flow, which is
characteristic of the proposed MELLLA+, would lead to higher exit void fractions. Therefore, the
NRC staff reviewed and assessed the extension of the neutronic methods to higher void
fractions.

The neutronic methodology employed by GE generates cross-sections and lattice physics
parameters at [[ ]] The bypass
and water rod is assumed to be at saturated liquid conditions. These neutronic data are then
parameterized by a quadratic fit as a function of the lattice-average water density, which
includes the bypass region and water rods. For nodes operating between [[

]] the neutronic data is interpolated. For nodes operating above [[
]]the neutronic parameters are obtained by extrapolating the quadratic fit.

In response to NRC staff RAIs, GE submitted Enclosure 3 to MFN 04-026 (Reference 5), which
evaluated the extension of the neutronic methods to MELLLA+ conditions. This evaluation was
mostly based on code-to-code comparisons to assess the extrapolation errors without additional
benchmarking with data. Enclosure 3 to Reference 5 also proposed performing eigenvalue
tracking to assess the neutronic methods after implementation of MELLLA+.

In Enclosure 3 to MFN 04-026 (Reference 5), GE examined the extrapolation errors for the
historical cases based on a comparison between the Monte Carlo N Particle Transport Code
(MCNP) and TGBLA. In its assessment, GE recognized that MCNP is not normally used for
lattice depletion and the code was not formally benchmarked. For the historical cases, any
MCNP/TGBLA comparison requires the use of the TGBLA isotopics in MCNP. In addition,
MCNP does not model the pseudo-fission product and any comparison with TGBLA will require
turning off the TGBLA pseudo-fission product model.

For the historical case, GE also investigated the accuracy of the fit to high void technique, using
a development code. However, the uncertainties in the lattice physics data as fitted could not
be established by comparing it to a developmental code. Therefore, GE used MCNP
comparisons.

In addition to the difficulties associated with performing independent code-to-code comparisons,
the assessment did not include propagation of the errors associated with the lattice physics
code for both the historical and the branch cases to the downstream safety analyses.
Independent assessment would require the use of two independent lattice physics and core
simulator codes that have been benchmarked against measurement data.

In the MCNP/TGBLA comparisons, GE reported high extrapolation errors in some of the nuclear
parameters (e.g., migration area [[ ]] and flux ratio up to
[[ ]] Therefore, there is a need to establish the impact of these
errors on the core response including axial power profile and pertinent thermal limits. However,
propagation of error poses the added difficulty of determining: (1) which key parameter of the
cross-sections should be propagated, (2) in which direction should it be propagated, and (3) if
individual parameters or several parameters should be propagated per case run. While such
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propagation of errors are doable, it is time consuming and the outcome may not yield
meaningful conclusions to establish accuracy in terms of uncertainties and biases of the
analytical methods and codes that are used to support safety analyses of nuclear reactors.

Uncertainties associated with the predictions of the neutronic methods for operation at high void
conditions are not limited to the biases associated with the lattice physics data generated by
TGBLA or the errors associated with fit/extrapolation techniques employed by PANACEA. They
also include the additional inherent errors and biases associated with the neutronic and thermal-
hydraulic method employed by PANACEA. These errors need to be quantified as well.
Therefore, establishing the accuracy associated with the neutronic method in its predictions of
bundle and pin powers, as depleted for the current operating strategies requires obtaining and
using actual bundle and pin power measurement data (e.g., gamma scans and heavy isotopic
and fission inventory measurement).

Subsequently, the NRC staff focused its evaluation on the available EPU plant data from TIP
measurement (see Section 3.1.3, "Core-Tracking Data Validation" of this SE), and benchmark
measured data (see Section 3.1.4, "Available Gamma Scan Data" of this SE). In addition, the
ORNL staff performed confirmatory lattice physics code-to-code comparisons using HELIOS. It
is important to note that the NRC staff confirmatory lattice physics data comparisons do not
establish the accuracy and uncertainties associated with GE's coupled lattice physics and core
simulator codes (TGBLA/PANACEA), but only serve to confirm consistency between .the lattice
physics codes results. Specifically, the NRC staff used the lattice physics comparisons to
evaluate the acceptability of specific improvements in TGBLA06. Section 3.1.2 "Confirmatory
Lattice Physics Data Comparisons (TGBLA06/HELIOS)" of this SE provides a summary of the
ORNL staff lattice physics code-to-code comparisons and the evaluation contained in Appendix
B provides the conclusions of the lattice physics comparisons.

3.1.2 Confirmatory Lattice Physics Data Comparisons (TGBLA06/HELIOS)

Assessment by code-to-code benchmarking of TGBLA06 with other independent codes for
lattices and operating conditions typical of EPU and MELLLA+ conditions can reasonably
ensure the consistency of the results from the GE lattice physics methods. Code-to-code
comparisons are included in MFN 04-026 (Reference 5), comparing TGBLA to MCNP for
particular lattices. Given that depletion cannot be performed with MCNP and the code was not
coupled independently with depletion code, additional results were obtained with the HELIOS
lattice physics code. Additional code-to-code comparisons were also included in the RAI
SRXB-66 response in BVY 05-088 (Reference 30) comparing CASMO and TGBLA.

As indicated above, code-to-code comparisons are useful for confirming consistency of results,
evaluating numerical and method approximations used in the codes, and identifying code errors.
In most cases, it is unknown which code is more accurate, and the code with the higher fidelity
methods is typically taken as the reference. However, unless the codes are carefully assessed
with measured data, the absolute accuracy, in terms of bias and uncertainty, of the codes
cannot be established, because the codes may use common fundamental data
(e.g., ENDF/B-VI) and methods that may lead to better agreement than would be observed with
comparisons with measurements. Also, without measurement data, the overall applicability of
the data and methods to expanding ranges of operating conditions cannot be established.

For this evaluation, comparisons were performed for representative lattices and comparisons of
Kinf, peak pin power, plutonium isotopic inventory, and cross-sections, and lattice physics
parameters. Example results are presented in Appendix B based on the confirmatory analysis
performed with HELIOS for a lattice configuration (enrichment and gadolinium loading) typical of
EPU designs. The assessments performed are limited to lattice results computed with lattice



MFN 08-513 Non-proprietary Version
Enclosure 2
Page 37 of 286
physics codes. Since the confirmatory analyses did not include three-dimensional (3D) core
simulations, there is no independent assessment of the core axial and radial power-peaking and
distributions. Therefore, the comparisons cannot evaluate the GE tools for predicting radial and
axial bundle power profiles within the core. Appendix B contains additional discussions and the
associated figures. A summary is provided in the following sections.

3.1.2.1 Kinf Comparisons

Comparing lattice Kinf values allow evaluation of the lattice physics methods and data for
predicting lattice reactivity versus exposure. This information, along with additional cross-
section parameters, is used in the full-core analysis to predict the core eigenvalue and global
power distribution. Lattice Kinf values were compared for typical designs as a function of
exposure based on calculations with HELIOS and TGBLA06. In summary, the error in Kinf
introduced in this extrapolation process has been demonstrated to be small; therefore, a
comparison of directly calculated values at 90 percent void fraction is appropriate. Overall,
there is excellent agreement in Kinf, with a larger difference for higher void fractions. The level
of agreement is not expected to result in any major differences in predicting core eigenvalue
and the global bundle power densities. The NRC staff also finds that, while some of the cross-
sections do exhibit errors in the extrapolation process, it was found that Kinf was a parameter
that did not exhibit significant extrapolation errors.

3.1.2.2 Power Distribution Comparisons

The ORNL staff compared the pin-fission densities computed with TGBLA06 and HELIOS, the
root mean squared (RMS) difference, and the peak pin-fission rates. The pin-fission densities
are related to the pin power distribution used in calculating the LHGR and R-factors for the
SLMCPR limits. Appendix B provides further discussion and related figures showing the
comparisons. Based on these code-to-code results, the NRC staff finds that RMS power
distribution differences indicate that the RMS differences may exceed the [[

]] determined previously. Therefore, this supports the need for increasing the pin power-
peaking uncertainty to [[ ]] as was done for the SLMCPR. Section 3.2.2, "Safety
Limit Minimum Critical Power Ratio," of this SE discusses the need for increases in the pin
power-peaking uncertainties.

3.1.2.3 Isotopic Comparisons

Isotopic comparisons were performed for key actinides (uranium and plutonium), which are
computed using the lattice physics tools. Of particular interest are the comparison of the
plutonium compositions as an indication of the prediction of the neutron spectrum and the
further investigation of the potential impacts on the void reactivity coefficient and shutdown
margin (SDM). The neutron spectrum is highly dependent upon the local void fraction, which
has an impact on the neutron moderation. In addition, BWRs can be operated to enhance the
plutonium production in the upper part of the core by using a bottom-peaked power distribution
with higher void fractions in the core's upper regions. This spectral shift operation results in
more energy generation as power distribution becomes more top-peaked near end-of-cycle
(EOC), in which the generated plutonium is used. This is particularly relevant for operation at
MELLLA+ in which plants can operate at 20 percent above the OLTP at a minimum core flow as
low as 80 percent. As a result, the prediction of isotopic compositions can have a substantial
impact on the axial power distribution as well. Further discussion and comparisons are provided
in Appendix B.
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3.1.2.4 Confirmatory Analysis Conclusions

The NRC staff concludes that the code-to-code comparisons provide reasonable assurance that
the modified TGBLA06 neutronic methods are acceptable for analyzing the lattices and
conditions for EPU and MELLLA+. The differences in the pin-fission rates observed indicate the
need for additional measured data to confirm the accuracy of the lattice physics and core
simulator prediction. The code-to-code comparisons are insufficient for assessing the
uncertainties in the code predictions because of potential commonalities in fundamental data
and methods employed as well as general applicability to EPU conditions of interest.

3.1.3 Core-Tracking Data Validation

In addition to code-to-code comparisons, GE uses eigenvalue trending and TIP power
distribution (calculated versus measured) comparisons to benchmark the lattice physics code
(TGBLA) and the core simulator code (PANACEA) performance. GE receives the plant
operating data and performs eigenvalue tracking. In response to RAIs 5, 25, 26, and 27
(Reference 11), GE provided core-tracking data for the Reference Plants. High bundle
power-to-flow conditions are characteristic of EPU conditions. The objective was to establish if
operation at the high bundle power-to-flow conditions will result in changes in the eigenvalue
trending and power distribution uncertainties. Sections 3.1.4 through 3.1.6 present a summary
of the observed trending in the core-tracking data and the conclusions of the adequacy of the
core follow data in benchmarking the extension of the nuclear methods to EPU and MELLLA+
conditions.

3.1.4 Eigenvalue Tracking

The changes in the performance of the nuclear methods can be assessed globally by evaluating
core-tracking data. The plant tracking calculations simulate the behavior of the reactor during
operation, using the actual plant operational data (e.g., measured core flow, CR patterns, etc.).
The prediction of the 3D simulator includes the accuracy of the cross-sections generated from
the lattice physics model, the thermal-hydraulic models, and all other model assumptions that
are used to simulate the core response. In predicting the critical state of the core, the simulation
of the reactor condition involves the reactor power, total core flow, pressure, inlet conditions,
and reactivity control inventory as a function of cycle exposure. Since the actual operating
reactor is critical, the calculated keff is compared to 1.0. The deviation of the eigenvalues from
1.0 indicates bias in the nuclear model, including the adequacy of the methods in accounting for
the uncertainties in the measured parameters. The cold and hot critical eigenvalue predictions
can be evaluated to determine any changes in the biases and uncertainties associated with the
nuclear method in simulating global core-wide response. In RAI 25 response (Reference 11),
GE provided cold and hot critical eigenvalue tracking database on the Reference Plants (EPU
and high-power density plants).

3.1.4.1 Cold Critical Eigenvalue

The design basis eigenvalues are based on the prior history of the particular plant and known
trends of the nuclear methods used for design. The measured cold critical eigenvalue is based
on the SDM demonstration for the specific plant. The cold critical eigenvalue is predicted using
the actual plant critical CR patterns. Since the measured state may be at slightly higher
temperatures and for a slightly super-critical state, the cold critical eigenvalue is corrected for
temperature and period. The cold critical eigenvalue data provided included distributed CR
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patterns (as would occur during normal startup or shutdown) and local criticals where CR(s) are
withdrawn in a particular core location.

For the cycles studied for the Reference Plants, the RMS difference between the nuclear design
bases and the actual measured critical eigenvalue is [[ ]] The calculations were based
on TGBLA06/PANACEA 11. An RMS value of [[ ]] was reported in the initial licensing
nuclear methods in LTR NEDC-30130P-A (Reference 32). The differences reflect improvement
in the nuclear methods relative to the challenging core designs and operating strategies.

GE also investigated any sensitivity of the cold critical eigenvalues to power density. The RMS
differences of the nuclear design bases and the cold critical eigenvalues for Plants B, D, and E
were [[

This indicates the need for continued assessment of the cold
critical eigenvalue trending for EPU based on the high-power density plants instead of all
historical BWR fleet.

Figure 3-1 presents the variation in the prediction of the cold critical eigenvalue, which results in
bias and uncertainty values. However, as can be observed, the deviation of the cold critical
eigenvalue from unity in some cases is significant. This difference from unity indicates a bias in
the calculational model resulting from unidentified sources. While the GE procedure for
determining a design eigenvalue includes an eigenvalue trendline to account for this recurring
bias, significant deviation from unity indicates that there is a significant unknown reactivity effect
that is not accounted for in the model. However, the study of the EPU plant data shows that the
bias of the nuclear methods remain within the current bases of [[ ]]

The adequacy of the current nuclear methods bias of [[ ]] and the SDM value of 0.0038
are discussed further in Section 3.2.8, "Shutdown Margin," of this SE.

3.1.4.2 Hot Critical Eigenvalue

GE letter MFN 05-029 (Reference 11) included hot critical eigenvalue tracking of the
Reference Plants. Figure 3-2 shows the hot critical eigenvalue data for all the evaluated plants
and the trendline showing the bias. In the overall, GE states that overall the RMS difference
between the eigenvalue data of the Reference Plants and the trendline is approximately [[

]] which remains the same as the reported value in LTR NEDC-30130P-A (Reference 32).
Note that LTR NEDC-30130P-A is based on a previous version of GE's nuclear methods.
As can be seen in Figure 3-2, the data is widely dispersed from the trendline. In MFN 05-029
(Reference 11), GE provided discussion and assessment of the deviations seen in Figure 3-2.
The evaluation included assessment of individual plant hot critical eigenvalue data in order to
determine the bases for the significant deviation. Reference Plants A and E show deviations
from the trendline and also implemented EPU since the introduction of two-year cycles and
1 Ox1 0 fuel. Therefore, GE selected these plants for specific evaluation of the impact of
increases in power density, power-to-flow ratio, and void fraction on the hot eigenvalue trending
behavior. GE compared the individual cycle data to the trendline and determined that [[

]]

Since the exit void fraction is directly related to the power-to-flow ratio (MWt/Mlbm/hr), GE used
the power-to-flow ratio as a correlating parameter in assessing changes in the individual plant
hot critical eigenvalue with void fraction. Plant A implemented EPU early in the cycle (at
4 GWd/MTU), which corresponds to 37 MWt/Mlbm/hr. Comparisons of the Plant A, Cycle 18,
hot critical eigenvalue for bundle power-to-flow ratio less than and greater than 37 MWt/Mlbm/hr
showed the decreasing trendline with no significant changes at the transition. This comparison
indicates that the higher power-to-flow ratio or higher exit void fraction did not significantly
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change the hot critical eigenvalue bias for Plant A, beyond the plant-specific downward trendline
with implementation of 12 percent uprate.

Similarly, GE letter MFN 05-029 (Reference 11) provided hot critical eigenvalue trending for
Plant E, Cycles 8, 9, and 10 (Figure 3-3). Reference Plant E implemented EPU in Cycle 9, with
the power density increasing by 10 percent and the cycle exposure increasing from 11.5 percent
to 16.0 percent GWd/MTU. The increased cycle energy was achieved by increasing the GE14
reload batch fraction from 188 to 268 and by increasing the average enrichment from 3.53 to
3.89 weight percent. The power density also increased from 52.5 KW/I to 58 kW/I and the
corresponding power-to-flow ratio increase from 27 to 41.42 MWt/Mlbm/hr. Therefore, the three
cycles for Plant E provide a good example for assessing the changes in the hot eigenvalue
behavior for EPU core design and operating strategy.

Figure 3-2, shows the hot critical eigenvalue comparisons for the different cycles. In its
assessment of Figure 3-2, GE states that the figure shows very little change in the eigenvalue
from Cycle 8 to Cycle 9, in spite of the significant changes in cycle energy, power density,
reload batch size, and reload enrichment.

In assessing the eigenvalue deviation early in Cycle 10, GE states that both Cycles 9 and 10
operated at the essentially the same power (approximately 115 percent) and over the same flow
range at this power level. Thus, there is no difference in power density and Power/Flow Ratio,
and no significant change in exit void fractions. [[

]] A reload batch fraction of 312 GE14 fuel bundles with enrichment of 4.21 was
loaded in Cycle 10. GE attributed the eigenvalue deviation in Cycle 10 to the loading of high
reactivity fuel on the core periphery. Loading of highly reactive bundle in the periphery resulted
in higher fast neutron leakage from the core, which could be contributing to the hot eigenvalue
differences. GE concludes that while eigenvalue differences exist for Plant E, Cycle 10, the cold
critical eigenvalues and 3D power distribution comparisons to the TIP measurements are in
good agreement.

Although the Cycle 8 and 9 eigenvalue differences are not marked as Cycle 10, the trendline for
Cycle 9 appears to deviate from the downward eigenvalue trendline bias characteristic of GE's
nuclear methods. The Cycle 9 hot critical eigenvalue seems to be increasing from 10 to
15 GWd/MTU. Considering the large batch fraction of fresh fuel (268), the upward trendline
later in the cycle could be attributed to the modeling the burnup of the gadolinia (Gd) in the fresh
GE14 fuel or the modeling of the buildup and burnup of plutonium under the hard spectrum for
the EPU operation of a high-power density plant.

For all cycles studied, GE's assessment is reasonable and plausible. However, the eigenvalue
deviation in the hot and cold critical eigenvalue indicates the limitation of relying heavily on
eigenvalue trending and TIP power distribution uncertainties in the benchmarking of the nuclear
methods. The eigenvalue tracking provides an excellent method to trend changes in global
quantities but needs to be supported by benchmarking of the nuclear methods against
experimental data for assessing the bases for the deviations with implementation of major
operating strategy changes.

3.1.5 Assessment of TIP Core Tracking Data

BWRs are instrumented with TIPs. The TIP readings provide a means to assess the normalized
axial power shape along the length of the bundles surrounding the individual TIP. The core
simulator models the response of the instrument to the appropriate particle species (thermal
neutrons or gamma rays) at the detector location to produce a simulated signal. For TIP



MFN 08-513 Non-proprietary Version
Enclosure 2
Page 41 of 286
comparisons, this simulated detector response is compared to the relative strength of the
measured signal. For a given TIP string, the measurement is a response to the integrated
influence of the surrounding bundles.

Typically, the actual four-bundle peaking uncertainties are derived by averaging the readings
from all string nodes across the core for a given exposure. The bundle, axial and nodal TIP
uncertainties are in fact weight averages of the nodal TIP string data (e.g., calculated and
measured) across the core and for all exposures. In the GE methodology, the [[

]] that are applied to the thermal limit [[
calculations are based on the measured/calculated TIP RMS data for all cores.

The available TIP core follow data include all historical BWR data, thus do not lend itself to
investigating any changes in the core average power distribution uncertainties for the high-
power density EPU core strategies. In RAI 5, 25, 26, and 29 responses in letter MFN 05-029
(Reference 11), GE compiled core follow TIP comparisons for EPU plants and for a high-power
density BWR/6.

All of the Reference Plants (A through E) operated with 24-month cycles, except for Plant C,
which operated with a 12-month cycle. The Reference Plants consisted of high-power density
plants (from 51.7 to 62.9 kW/I) and different BWR types.

Figure 3-5 through Figure 3-7 show the TIP RMS comparison uncertainties for EPU plants and
a high-power density EPU plant at a given cycle statepoint. These figures show the bundle,
radial, and axial TIP comparisons for a given plant. The EPU plant TIP comparisons are
intended to establish if there are any changes in the [[ ]]
The bundle RMS uncertainty represents the four-bundle .P 4B. Table 3-1 shows bundle
averaged RMS based on the compiled EPU core-tracking data relative to the previous historical
data. Table 3-1 also shows the [[ ]] based on the previous version
of GE's neutronic code set. Based on the currently approved power distribution uncertainty
treatment, the EPU TIP data confirms that the currently applied average bundle RMS for all the
plants [[ ]] remains applicable for EPU. For MELLLA+
operation, the value of Op4B would need to be confirmed. This is discussed further in Section 8.4
of this SE. Note that in the GE NRC-approved licensing process, the axial and the radial TIP
uncertainties are not directly applied to the safety analyses, because the 3D simulator adapts
the TIP axial power distribution of the TIP. The actual thermal limit calculations are performed
without adaption, but the monitoring is performed with the adaption feature. However, the
current Reference Plant core-tracking study is based on unadapted TGBLA06/PANAC1 1
calculation, because it is intended to assess the power distribution uncertainty of the neutronic
method that feeds into the downstream safety analyses.

Table 3-1 Summary of Bundle Average TIP Comparisons, Eight Cycles

Document Nuclear Model # of TIP Sets Weighted
RMS

Differences

NEDE-32694 (Used in TGBLA04/PANAC10 67
SLMCPR Calculation)

Current EPU DATA TGBLA06/PANAC11 106
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3.1.5.1 TIP Comparisons with Increased Power Density and Voids

GE also investigated if there are any observable trends in RMS differences as the power density
increases and the operating domain is expanded. The core power-to-flow ratio was selected as
correlating parameter, because there is a direct relationship between core power-to-flow ratio
and the amount of voiding in the core

All of the Reference Plants have gamma TIPs except Plant E, which has thermal neutron TIPS.
The sensitivity of these TIP systems are different, therefore the power distribution RMS
differences vary. Figure 3-4 depicts the bundle (radial), nodal and axial RMS as the core
power-to-flow ratio increases. The radial, nodal, and axial calculated/measured TIP
comparisons are derived by combining the actual nodal TIP comparisons (e.g., six-inch node of
a string) across the core for given cycle statepoint. Therefore, one value of bundle, nodal, and
axial RMS uncertainty corresponds to every reading per cycle exposure.

GE states that the TIP comparisons for both the gamma and thermal TIP data show a slight
decrease in the bundle power distribution. This calculated TIP response was performed using
unadapted TGBLA06/PANACEA1 1. Therefore, the core simulator did not adapt the predicted
axial power distribution to the measured TIP axial power distribution. As can be seen in
Figure 3-4, the nodal and axial RMS differences [[

Based on the trendline, GE extrapolated the trendlines for the gamma TIP plants to
50 MWt/Mlbm/hr and determined the nodal and axial RMS values of [[ ]] and bundle
RMS of [[ ]] GE selected 50 MWt/Mlbm/hr as the limit, because this power-
to-flow ratio is expected to bound the plants in the BWR fleet operating at the MELLLA+. For
example, operation of the high-power density Plant E at 120 percent power, 85 percent core
flow corresponds to 48.4 MWt/Mlbm/hr. It is noted that some plants targeted to reach 80
percent core flow may exceed the 50 MWt/Mlbm/hr limit. This will require additional justification.

Although the [[
1] the maximum RMS values throughout the entire cycle for the TIP comparisons

were [[ ]], axial and nodal RMS,
respectively. GE notes that this indicates that the power shapes generated by the 3D Simulator
are in good agreement with the TIP measurements, even though this cycle has hot eigenvalues
that were higher than expected early in the cycle.

In its assessment of the fidelity of the neutronic methods with increased power distribution and
voiding, GE states that the global comparison of TIP RMS differences for the eight studied
cycles shows good agreement between the TIP measurements and the 3D Simulator. GE
acknowledges [[

]] GE states
that theTIP comparison results are within the results previously provided to the NRC
(Table 3-1).

3.1.5.2 NRC staff Assessment of Reference Plants TIP Core Tracking Data
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In SRXB-A-27 RAI response (Reference 27), GE discussed the criteria for acceptance of the
power distribution uncertainties obtained from the core-tracking data. Inaccuracy in axial power
distribution may indicate a fundamental problem in the fuel or poison depletion model. In most
cases, these effects show up when a significant change is made either in the power density,
discharge exposure, or cycle length for a particular plant. Note that the core design changes
needed to achieve the energy requirements for operation at EPU at extended cycle length,
result in increases in the power density, reload batch fractions and exposure accumulation. The
RAI response provides the power distribution uncertainty acceptance criteria based on the RMS
difference of all predicted to measured TIP responses as [[

]] for the nodal RMS difference. Although the axial RMS
difference is not included in the licensing process as an applied uncertainty, an average
difference of less than [[ ]] for the Reference BWRs indicate that the axial power
distributions are also predicted adequately.

The global RMS value of all the plants, the bundle, axial and nodal power distribution
uncertainties meet the power distribution acceptance criteria based on the current
NRC-approved methods. As depicted in Figure 3-5 through Figure 3-7, the bundle, axial and
nodal RMS difference for Plant E, Cycle 9, remains [[ ]] This is
attributed to the use of TGBLA04/PANAC1 0. Plant B Cycle 9, which is also based on
TGBLA04/PANAC10, shows some trend [[ ]] It is not clear that all BWRs
applying GE methods have transitioned to TGBLA06/PANAC1 1. Review of the cold and hot
critical eigenvalue tracking also indicates improvements in the versions of neutronic method
employed. Therefore, for EPU/MELLLA+ applications, the NRC staff needs to verify that the
nuclear methods are transitioned to TGBLA06/PANAC1 1 or other NRC-approved neutronic
method.

TGBLA/PANAC Version Limitation

The neutronic methods used to simulate the reactor core response and that feed into the
downstream safety analyses supporting operation at EPU/MELLLA+ will apply
TGBLA06/PANAC1 1 or later NRC-approved version of neutronic method.

It is also not apparent that the on-line 3D MONICORE core simulators installed at BWRs using
GE core monitoring system have all transitioned to TGBLA06/PANAC1 1. The axial and nodal
power distribution uncertainties do not factor into the safety analyses including the SLMCPR
value, because the calculated power distributions are adapted to the measurements. The core
simulator [[ ]] is applied to the SLMCPR calculation; therefore
trending outside the RMS value for specific plants employing TGBLA04/PANAC10 is an
important consideration. GE usually derives the uncertainty using all historical TIP uncertainty
data. However, for those plants using TGBLA04/PANAC10 as can be seen in Figure 3-5, the
(Op4B) uncertainty is [[ ]] for those plants using the PANAC10. Therefore,
the uncertainty for those particular plants will be higher than employed in the SLMCPR
calculation. For those plants using the TGBLA04/PANAC1 0 core simulator, individual plant
core-tracking data will be used to establish [[ ]] In the short-term,
this will ensure that uncertainty used in the calculation is relevant to the plant core monitoring
system performance. This approach will capture the plant-specific trendline and the
TGBLA04/PANAC10 nuclear methods performance.

3D Monicore Limitation

For EPU/MELLLA+ applications, relying on TGBLA04/PANAC10 methods, the bundle
RMS difference uncertainty will be established from plant-specific core-tracking data,
based on TGBLA04/PANAC10. The use of plant-specific trendline based on the
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neutronic method employed will capture the actual bundle power uncertainty of the core
monitoring system.

In MFN 05-022 (Reference 3) GE had provided a comprehensive evaluation of the changes in
the power distribution uncertainties with increase in power density and power-to-flow ratio. The
[[ 1] shows marked
differences between the thermal and gamma TIPs, indicating the sensitivity of the thermal TIPs
(See Figure 3-4). However, the fact that the Plant E Cycle 10 Axial and Nodal RMS differences
are [[ ]] indicates that deviation cannot solely be attributed to the
impact of thermal TIPs sensitivity on the axial and nodal power distribution uncertainties. It is
feasible that the use of TGBLA04/PANAC1 0 attributed to the [[

]] with power-to-flow ratio for Cycle 9. In addition, Plant E Cycle 10 data did
not extend to the EOC. Therefore, it does not reflect any changes in all of the power distribution
with exposure as the Gd depletes for the large batch fraction of the 312 GE14 fuel bundles.
Thus, the NRC staff finds that sufficient information is not available to conclude the impact of the
thermal TIP sensitivity to the power distribution with increased power-to-flow ratio characteristic
of MELLLA+ operation. For future EPU/MELLLA+ applications involving plants with thermal
TIPs, the NRC staff should evaluate the plant-specific TIP core-tracking data against compiled
EPU Reference Plant core-tracking data. The objective is to determine if the power distribution
uncertainties need to be increased for cores with thermal TIPs installed.

Core Thermal Power-to-Total Core Flow Ratio Limitation

Plant-specific EPU and expanded operating domain applications will confirm that the
core thermal power to core flow ratio will not exceed 50 MWt/Mlbm/hr at any statepoint
in the allowed operating domain. For plants that exceed the power-to-flow value of
50 MWt/Mlbm/hr, the application will provide power distribution assessment to establish
that neutronic methods axial and nodal power distribution uncertainties have not
increased.

3.1.6 TIP Core Tracking Data

GE relies heavily on TIP measured/calculated four-bundle power-peaking discussed in
Section 3.1.5 of this SE and the code-to-code comparisons (MCNP/TGBLA) to benchmark its
neutronic methods. These TIP data do not provide bases to ascertain the accuracy of the
bundle-by-bundle prediction, because it assumes that the TIP reading is predominantly due to
the four surrounding bundles even in the highly voided top of the fuel bundle. In addition, TIP
readings only provide relative bundle powers and it cannot be used to establish the [[

]] due to the power allocation within the four bundles surrounding the
TIP (e.g., OPAL). TIP data also does not provide a means to validate the pin power uncertainties.

Section 5.2 of the initial TGBLA/PANAC LTR (Reference 32) compared the relative merits of
using TIP comparisons (core follow) for validating neutronic code systems, stating, "The TIP
signals provide a good picture of the axial power distribution, but do not provide a detailed
bundle-by-bundle distribution, because there is only 1 TIP location for every 16 bundles. A
more accurate estimate of the reactor power distribution can be obtained just prior to a reactor
shutdown by the procedure known as gamma scanning...."

Therefore, even though the TIP signals provide a good picture of the axial power distribution,
TIP comparisons do not give a detailed bundle-by-bundle power distribution measurement.
Therefore, using the TIP data is not sufficient to determine the uncertainties due to the
extension of the neutronic methods to greater than 70 percent or uncertainties associated with
individual axial bundle and pin power uncertainties.
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Gamma scans provide an alternate method for estimating the reactor power distribution just
before reactor shutdown. Most importantly, gamma scan method is completely independent of
the core simulator. Both pins and bundles can be scanned. The gamma scan technique
involves removal of the fuel bundles from the reactor core and measuring the gamma ray
intensity as a function of axial position in the bundle. Bundles at different exposures and pins
can be scanned.

The PANACEA models the operating history of the selected bundles using the neutronic data
generated using TGBLA for all the lattices. Therefore, the gamma scan technique captures the
accuracy of both the lattice physics codes and the core simulator by comparing the axial
measured and calculated power histories just before the reactor shutdown. This comparison
quantifies the uncertainty of both the lattice physics and the core simulator in predicting axial
bundle and pin power distribution as operated (e.g., depletion at high void condition, control
blade history).

The gamma scan benchmarking would provide the bases to validate the neutronic methods
prediction of the axial power and distribution of individual bundles and pins.

Therefore, the NRC staff concludes that while the core-tracking data is useful in performing
global assessment of the nuclear methods performance, it does not suffice in validating the
extension of the neutronic methods to operation at high void conditions for the upper part of the
fuel bundle and the corresponding change in the core void distribution. Most importantly, the
periodic TIP core follow data is not adequate in establishing the power distribution uncertainties
that are important to the thermal limits calculations. The NRC staff focused on evaluating the
adequacy and applicability of the current available gamma scan data, supporting the power
distribution uncertainties applied to the thermal limits calculations.
The following section describes the gamma scan technique, the available measurement data
and the assessment of the adequacy of the available measurement data.

3.1.7 Gamma Scans

Gamma scanning is a non-destructive method that is used to determine the relative fission
product inventory in nuclear fuel. In gamma scanning, the fuel is removed from the reactor core
and the gamma ray intensity is measured as a function of axial position in the bundle

The gamma scan technique measures the 1.596 Mega electron Volt (MeV) gamma ray
produced by the decay of lanthanum-140 (Lal40). The La140 comes from the beta decay of
barium-140 (Ba140), a fission product with a half-life of 12.79 days. The La140 has a half-life of
1.68 days, which provides an active mono-energetic gamma source that can be readily
measured. Measurement of the La140 activity and correction for the Ba140 decay yields a
relative Ba140 concentration as a function of position in the core just prior to shutdown. The
Ba140 distribution, in turn, closely follows the actual power distribution. The Ba140 distribution
in fuel is characteristic of the fission distribution or integrated power history over the last 5 half-
lives or so (approximately 60 days) of reactor operation. Thus the scan results can be used to
determine "recent" core power distribution.

The TGBLA and the PANACEA predictions of the nodal relative Ba140 are compared against
the measured Ba140. The technique involves: (1) generating the lattice physics data for all of
lattice designs using TGBLA, (2) simulating the operating history (e.g., exposure accounting) of
the bundles using PANACEA, (3) calculating the estimated nodal relative Ba140 predictions
using the power and exposure distributions from approximately the last 60 days of operation,
(4) correcting the experimental nodal La140 (Ba140) predictions for decay between shutdown
and measurement, (5) correcting the experimental nodal La140 (Ba140) predictions for decay
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between shutdown and measurement, and (6) comparing the experimental and predicted Ba140
predictions. This benchmarking provides the axial power distribution uncertainties for bundles.

Bundles and pins with different designs (e.g., legacy fuel), exposures, Gd content, and
operating power history can be scanned. The gamma scan comparisons can provide
assessment of the lattice physics and the core simulators codes in predicting the bundle and pin
power distribution with depletion. The integral effects of the neutronic methods modeling of the
Gd burnup, fuel isotopic at the highly voided upper portions of the fuel bundles, the control blade
history effects, higher enrichment impact, geometric design differences impact (e.g., water cross
legacy fuel designs), and burnup can all be indirectly validated through the axial power
distribution uncertainties.

3.1.8 Available Gamma Scan Data

Comprehensive qualification of GE steady-state neutronic method (TGBLA04/PANAC10) was
last performed in 1985. In NEDE-30130PA, (Reference 32) GE qualified their methods for the
fuel designs and operating strategies of the time with TIP measured/calculated comparisons
(core follow data), gamma scan comparisons, cold critical measurements, and isotopic burnup
verifications. The initial TGBLA/PANAC LTR also included measured fissionable nuclide
densities (isotopic inventory) and rod exposure measurements.

The gamma scan and isotopic measurements performed in the initial application were based on
the following:

4.
I]

Since the initial qualification of the steady-state neutronic methods in 1985 in NEDE-30130PA
(Reference 32), GE has not performed any gamma scans to benchmark the codes' adequacy in
predicting the bundle and pin powers for the current fuel designs and for the current operating
strategies (depletion at higher void conditions). Submittal approving TGBLA06/PANAC1 1
(1996) contained code-to-code comparisons with assessment that was limited to 70 percent
void fraction.

Changes in fuel design, pin loading/zoning, burnup, and operating strategies (e.g., operation at
the 100 percent rod and OLTP compared to the current MELLLA at 120 percent of OLTP)
require demonstration of the lattice physics and core simulator codes' capabilities to accurately
predict these design features and operating strategy effects. The main differences are as
follows.

1. Moderation within bundle (e.g., 14 part-length rods and two water rods).

2. Axial pin and bundle power-peaking changes.

3. Gadolinium concentration and axial zoning.

4. Radial power distribution.
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5. Reactivity effects (e.g., higher enrichment).

6. Fuel isotopics depletion and production (hard spectrum in upper part of fuel bundles).

7. Fission gas generated temperature of the fuel and volume available.

8. Geometric and lattice fuel design differences (e.g., water cross in legacy fuel).

Based on the assessment of the differences in the current fuel and core designs and operating
strategies in comparisons to the historically available measurement data, the NRC staff
concludes that additional gamma scans are necessary to establish the power distribution
uncertainties. At issue is not the soundness of the neutronic method, but rather the actual
values of uncertainties that are applied to the safety analyses supporting the operation at EPU
and MELLLA+.

For example, in the NRC-approved SLMCPR methodology in LTR NEDC-32601 P-A
(Reference 33) and LTR NEDC-3269P-A (Reference 34), the [[

]]and the pin power uncertainty OYPeak are both established using the historical
gamma scans and these uncertainties cannot be verified through TIP comparisons. These
uncertainties affect the value of the calculated SLMCPR. Therefore, review and approval of the
extrapolation of the neutronic methods to higher void conditions characteristic of EPU and
MELLLA+ require additional gamma scan benchmarking data.

3.1.9 Assessment Conclusions

In RAI 28 of MFN 05-053 (Reference 6), GE committed to perform gamma scan measurements
to confirm that the assumptions used in the neutronic method are still appropriate. GE also
presented plans for gamma and plenum fission gas scans (Reference 31). The planned
measurement data includes:

1. fission gas benchmarks for T-M models,

2. rod exposure benchmarks for lifetime integrated rod power,

3. rod-by-rod power-peaking benchmarks,

4. bundle power allocation benchmarks around instrument positions, and

5. core octant bundle-by-bundle nodal power benchmarks.

Operation at the EPU and MELLLA+ will represent operation outside the current operating
experience base. Specifically, for some applications, the hot bundle conditions may be outside
the current operating experience base in terms of key parameters such as bundle power-to-flow
ratio, exit void fractions, and bundle powers. In order to capture the uncertainties in the
neutronic methods for operation in MELLLA+, GE committed to begin an on-going
benchmarking program. In such a program, bundles and pins that are operated as close as
possible to the MELLLA+ operation will be benchmarked through gamma scan, thereby
validating the accuracy of the analytical methods and codes for operation at MELLLA+.
(Reference 31) outlined GE's plan for performing additional gamma scans data.

Given that the specific measurement data would not be available for some time, the review
emphasis shifted to an interim approach, which would:

1. identify the key parameters that are affected by potential errors in the cross-sections
important to the downstream safety analyses,

2. account for potential increases in the uncertainties associated with the prediction of the
key parameters that are affected, and
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3. ensure that there are sufficient margins in the affected downstream safety analyses.

3.2 INTERIM APPROACH

The LTR NEDC-33173P (Reference 1) approach seeks to:

1. identify the impact of potentially increased uncertainties and biases in the neutronic
methods for operation at EPU and MELLLA+,

2. establish the key parameters and safety analyses that are impacted,

3. evaluate the conservative assumptions and available margins in the safety analyses,
and

4. apply additional margins to the impacted safety analyses, if warranted.

In addition, to assess the extension of the neutronic methods, LTR NEDC-33173P
(Reference 1) also includes evaluation of the applicability of the thermal-hydraulic correlations
and the stability methodology to operation at the EPU and MELLLA+.

This section presents GE's proposed interim approach and the NRC staff review and
conclusions. The NRC staff review covers the content of LTR NEDC-33173P (Reference 1), the
RAI responses, and additional evaluations provided in MFN 05-005 (Reference 4).

3.2.1 Safety Parameters Influenced by Uncertainties and Margin Evaluation

This section presents the impact of potentially higher uncertainties in the neutronic methods on
the key parameters that influence the safety analyses.

3.2.1.1 Impacts of Bias and Uncertainties in Nodal Reactivity

Uncertainties and biases in the macroscopic cross-sections and the neutron flux distribution
used to calculate reactivity result in uncertainties and biases in the nodal reactivities. It is
difficult to quantify the impact of the errors due to each nuclear parameter individually because
only the accumulative error is measurable. Reference 4 describes the potential impacts as
discussed below.

3.2.1.1.1 Reactivity Prediction Impact
The core is critical when operating at steady-state. The accumulative error in the cross-sections
at any given exposure is measurable as an error in the ability to predict the critical core
eigenvalue at that exposure. Thus both the bias and the uncertainty in the calculated
eigenvalue can be quantified for a wide range of plant operation by comparing the predicted
eigenvalue to the known value of 1.0 for the critical state. The net effect of any particular error
in the cross-sections at a nodal level is reflected in the error in predicting the core eigenvalue.

Section 3.2.8, "Shutdown Margin," of this SE reviews the deviation of the predicted core
eigenvalue from 1.0 and its impact on the SDM calculation. Section 3.2.8 also evaluates the rod
withdrawal error and the cold shutdown requirements under the standby liquid control system
(SLCS).

3.2.1.1.2 Power Peaking and Distribution Impact
Local errors in reactivity are more difficult to assess because they are easily masked by a small
change in the predicted nodal water density. Localized errors in nodal reactivities can be
quantified indirectly in the integral sense by how they impact the power distribution. Practically,
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the power and its distribution are of the most interest because the propagation of the reactivity
error into a power error impacts the core safety margins in two distinct ways.
The first way that a nodal reactivity error impacts the core safety margins is through its impact
on the steady-state power and its distribution. In addition, the error in predicting the nodal
power results in an integral error in determining the nodal exposure.

In LTR NEDC-33173P (Reference 1), conservative biases and uncertainties are applied to the
power distribution uncertainties for the purposes of determining the licensing parameters. The
increased uncertainties can be propagated into the SLMCPR calculations. Section 5.2 of LTR
NEDC-33173P (Reference 1) covers the increased power distribution uncertainties in the
SLMCPR calculations. The impact of potentially higher uncertainty in the nodal power
prediction is evaluated in Sections 5.3, 5.4, and 5.7 of LTR NEDC-33173P (Reference 1).

3.2.1.1.3 Void Reactivity Coefficient
The second way that an error in predicting the nodal reactivity impacts the determination of core
safety margins is in how it impacts the transient nodal power responses. The transient power
responses in a BWR are dominated by how nodal reactivity changes in response to changes in
nodal moderator density. In other words, a nodal reactivity error causes an error in the void
coefficient that in turn propagates into an error in the transient nodal power.
The licensing parameter that reflects the transient safety margin is the OLMCPR. The impact of
nodal reactivity errors on the calculated OLMCPR is covered in Section 5.3 of LTR
NEDC-33173P (Reference 1). In addition, Section 4.0 of this SE evaluates GE's approach in
calculating the void reactivity coefficient.

3.2.2 Safety Limit Critical Power Ratio (SLMCPR)

The SLMCPR is a fuel design limit that protects fuel cladding integrity. The SLMCPR limit
ensures sufficient margin to transition boiling such that fuel cladding damage due to cladding
overheating would not occur. Boiling transition (BT) degrades the heat transfer characteristic
leading to cladding overheating. The following section presents a review of the proposed
interim approach for the SLMCPR for operation at EPU and MELLLA+.

3.2.2.1 Regulatory Requirements and Guidance

Title 10 of the Code of Federal Regulations (10 CFR) establishes the fundamental regulatory
requirements with respect to the reactivity control systems. The regulation at 10 CFR Part 50,
Appendix A, General Design Criterion (GDC) 10, "Reactor design", states in part, that "the
reactor core and associated coolant, control, and protection systems shall be designed with
appropriate margin to assure that specified acceptable fuel design limits are not exceeded ......
Section 4.2 of NUREG-0800, The Standard Review Plan (SRP) (Reference 19) specifies the
acceptance criteria for the evaluation of the fuel design limits as it related to the thermal limits.
SRP Section 4.4 provides guidance on the review of the thermal-hydraulic design in meeting the
requirement of GDC 10 and the fuel design criteria established in SRP Section 4.2. For the
critical power correlation, there should be a 95 percent probability at 95 percent confidence
level, that the hot rod in the core does not experience a departure from nucleate boiling or BT
condition during normal operation or anticipated operational occurrences (AOOs), or, for the
critical power ratio (CPR) correlations, the MCPR is to be established such that 99.9 percent of
the fuel rods in the core would be expected not to experience BT during normal operation or
AQOs. SRP Section 4.4 also states that the uncertainties in the values of process parameters,



MFN 08-513 Non-proprietary Version
Enclosure 2
Page 50 of 286
core design parameters, and calculational methods used in the assessment of the thermal
margin should be treated with at least 95 percent probability at a 95 percent confidence level.

3.2.2.2 Application of Power Distribution Uncertainties

To meet GDC 10 requirements, the SLMCPR is calculated such that 99.9 percent of the fuel
rods do not experience BT during steady-state operation or AQOs. The MCPR is defined as the
ratio of the bundle power required to produce onset of transition boiling somewhere in the
bundle (critical CP) to the actual operating bundle power. Therefore, the value of the SLMCPR
must be greater than 1.0.

The SLMCPR calculation involves statistical treatment that accounts for uncertainties in the
measured quantities and key parameters that affect the cores steady-state thermal-hydraulic
conditions. The SLMCPR is calculated at different exposures as the core depletes and the base
steady-state condition is perturbed in establishing the actual bundle powers that will ensure
99.9 percent of the fuel rods will avoid BT. The power distribution uncertainties are among the
significant uncertainties that impact the value of the SLMCPR.

The onset of BT is predicted using CPR correlation derived from full-scale bundle experimental
data for each new fuel product line. The uncertainties associated with the CPR correlation are
established using separate experimental validation data. The GEXL uncertainties are treated at
95 percent probability at 95 percent confidence level. Section 7.1 of this SE evaluates the
applicability ranges of GEXL.

The GE SLMCPR methodology and the associated uncertainty treatments are specified in the
NRC-approved GE LTRs NEDC-32601 P-A (Reference 33) and NEDC-32694P-A
(Reference 34). The technical evaluation report approving the SLMCPR licensing methodology
states that the pin and bundle power uncertainties would be confirmed though gamma scan for
new fuel designs and operating strategy. Review of the SLMCPR methodology indicates that
the [[ ]], and the peak pin uncertainty OPpeak should have been
confirmed through pin and bundle power gamma scans for the GE14 fuel as currently operated
for EPU conditions. The SLMCPR calculational uncertainty also includes the [[

]] which is derived from the TIP data. GE had provided TIP
core follow data for EPU plants to reaffirm the [[ ]] While these
uncertainty components are factored specifically into the GE SLMCPR methodology, the key
issue is to confirm the accuracy of the predicted pin and bundle powers for the EPU and
MELLLA+ core thermal-hydraulic conditions such that 99.9 percent of the fuel rods avoid BTs.
GE has committed to perform gamma scans to confirm the pin and bundle power distribution
(see Reference 31).

As an interim measure, LTR NEDC-33173P (Reference 1) proposes [[

11
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LTR NEDC-33173P (Reference 1) proposes adding a combined value of 0.02 to the core
configuration specific SLMCPR values calculated every reload for operation at EPU and
MELLLA+. The NRC staff concludes that for plants implementing MELLLA+ operation, a margin
of 0.03 will be added to the cycle-specific SLMCPR value. The additional 0.01 value is to
account for the fact that operation at lower core flow conditions at rated or EPU power levels are
generally more limiting. In addition, operation at MELLLA+ could place the bundle operating
conditions outside the current experience base. Note that the 0.03 adder is applicable for
operation at all of the EPU/MELLLA+ domain, including the rated conditions.

The NRC staff evaluated the acceptability of the additional 0.02 margin for EPU operation. The
NRC staff assessment of the adequacy of the additional 0.02 margin for EPU and 0.03 margin
for MELLLA+ follow:

1. In general, an adder of 0.02 or 0.03 to the SLMCPR is a significant value because most
plant-specific changes in SLMCPR changes have historically remained within those
bounds, considering the SLMCPR methodology changes and generic evaluations of the
impact of EPU operation on the SLMCPR. In addition, the 0.02 adder for EPU is also
included in the single recirculation loop operation (SLO) SLMCPR methodology.

2. The SLMCPR difference between the EPU statepoint of 120 percent power at the
achievable rated core flow and the 120 percent EPU power at the minimum core flow for
MELLLA+ is projected to be within the range of 0.01 or slightly higher. Therefore, an
additional 0.01, yielding a total SLMCPR adder of 0.03 for operation in MELLLA+
including the rated core flow conditions is a reasonable value.

3. The NRC staff's confirmatory pin power RMS values indicate a value of [[
uncertainty is a reasonable value. Although, a peak pin RMS of [[

]] provides reasonable
assurances that the calculated SLMCPR limit is acceptable for EPU and MELLLA+
conditions. Reference 28 contains trending of the local power-peaking in
TGBLA/CASMO/4, which indicates that the two codes are, in general, consistent. Both
code-to-code lattice physics data comparisons show known TGBLA behavior with Gd
burnup. However, with the increased power distribution uncertainties, TGBLA pin
power-peaking is reasonably acceptable.

4. The additional 0.03 SLMCPR adder for operation at EPU/MELLLA+ is meant to account
for potential changes in the uncertainties due to the higher bundle power-to-flow ratio on
both the pin and bundle power. Note that the current SLMCPR methodology will
calculate the actual SLMCPR value at the EPU power levels at the minimum core flow.
Therefore, the 0.03 will be added to the bounding core design-specific SLMCPR value
every reload, providing reasonable assurances on the uncertainties associated with both
the pin and bundle powers.

5. Since there are no independent comparisons of coupled lattice physics and core
simulator code results, it is difficult to obtain code-to-code insights on the bundle powers
for trending purposes. However, the actual 0.02 adder for EPU and 0.03 adder for
EPU/MELLLA+ for the cycle-specific SLMCPR value is reasonable in that a 0.01 value
added for MELLLA+ is significant in terms of SLMCPR calculation.

6. The confirmatory TGBLA/HELIOS comparisons indicate that the pin power-peaking
uncertainty in which a 0.01 SLMCPR adder is derived appears to be within a reasonable
range. However, RAI (Reference 3), states that the pin peaking uncertainty could be
[[ 1] that was propagated through the
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SLMCPR calculation. However, there is some conservatisms in the manner in which the
SLMCPR adders were derived by propagating each uncertainty separately into the
SLMCPR calculation methodology and the values rounded up. Therefore, the NRC staff
accepts the current value of [[ 1] However, the NRC staff proposes that the
bundle power-to-flow conditions under which the rods selected for gamma scans were
operated be scrutinized to ensure that the pin power-peaking uncertainty is derived from
spectrally hard conditions expected of MELLLA+ core conditions.

Based on the fact that the additional margin was obtained by a [[
]] than currently used in the NRC-approved SLMCPR methodology and that the

code-to-code trending did not indicate degraded performance of the corrected TGBLA at high
void conditions, the NRC staff accepts a 0.02 adder for EPU and a 0.03 adder for operation at
EPU/MELLLA+ as sufficient with reasonable assurance, until GE's neutronic method is
confirmed against appropriate measurement data.

SLMCPR Limitation 1:

For EPU operation, a 0.02 value shall be added to thecycle-specific SLMCPR value.
This adder is applicable to SLO, which is derived from the dual loop SLMCPR value.

SLMCPR Limitation 2:

For operation at MELLLA+, including operation at the EPU power levels at the
achievable core flow statepoint, a 0.03 value shall be added to the cycle-specific
SLMCPR value.

3.2.3 R-factor

The R-factor is a measure of the relative pin power-peaking within a lattice and is a number that
is an input into the GEXL correlation. The R-factor characterizes the local within bundle peaking
pattern relative to any given rod. It accounts for the effects of the within bundle power
distributions and the fuel assembly and channel geometry on the fuel assembly critical power
distribution. The uncertainties associated with the R-factor feed into the SLMCPR calculation
methodology.

MELLLA+ RAI 31 (Reference 48) requested that the key assumptions in the R-factor
methodology be evaluated to ensure that it remains applicable to the EPU/MELLLA+ conditions.
Specifically, the RAI requested that the pin power-peaking factors used in the R-factor
methodology be evaluated to ensure that it is representative of the pin power-peaking at high
void conditions, characteristic of the EPU and proposed operating domain pin peaking. The
MELLLA+ RAI 31 (Reference 48) response (Reference 9) states the R-factor is a function of

]] The
response to RAI 31, GE examined the potential impact of a higher in-channel average void
fraction on the R-factor on higher axial bundle averaged void fractions on the R-factor.

In the current methodology, the R-factor methodology assumed a bundle averaged void fraction
of [[ ]] GE selected six bundles designed for high power density plants, with bundle
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averaged voids of [[ ]] and [[ ]] to assess the impact of higher
bundle averaged axial void on the R-factor. For the selected 6 bundles, the R-factors calculated
at [[ ]] core averaged void fraction were compared against the production R-factors
calculated at [[

]] Table 31-1 of Reference 9 presented the calculated R-factor for one of the
bundles (e.g., bundle 2). The RAI 31 response discussed the R-factor results from the
comparisons of the production R-factor and the modified R-factor methodologies. Figure 3-8
shows the bundle averaged void fraction used in the modified R-factor calculations. Changes in
the R-factor methodology affect: (1) the SLMCPR and (2) the operating CPR. An increase in
the magnitude of the R-factor will decrease the SLMCPR and decrease the operating CPR.
Using a general relationship between the decrease in SLMCPR and a decrease of the operating
CPR of approximately 1 part in 3, a reduction of core operating limit CPR of 0.01 from an R-
factor increase will result in decrease of SLMCPR of approximately 0.0033.

For the 6 selected lattices, Figure 3-9 shows the differences in bundle R-factors calculated at
[[ ]] with exposure and its impact on the
operating limit CPR. The relationship between the void fraction and the bundle R-factor
depends upon the location within bundle of the limiting R-factor rod. Since each bundle design
is unique, it exhibits different response to changes in void fraction. As shown in Figure 3-9, the
uncontrolled modified R-factor for bundles increases or decreases with exposure. GE
acknowledges that there is no obvious approach that would create a conservative R-factor for
all core conditions. [[

Figure 3-9 and Figure 3-10 show the variations in the ACPR and the SLMCPR with exposure for
the selected for the lattice with the modified R-factor methodology. As can be seen from
Figure 3-10, the magnitude of the R-factor increases and decreases with [[

]] resulting associated changes in the ACPR and the SLMCPR.
GE acknowledges that the [[

]] However, GE states that
based on the current R-factor methodology, [[

]] and therefore there is no conclusive evidence that a change in the assumed
bundle void conditions is warranted.

The NRC staff evaluated the RAI response and the sensitivity analyses provided. The modified
R-factor based on the core average within bundle void fraction does show that both the CPR
and the SLMCPR change with core average void fraction. As discussed above, the ACPR
changes early in the bundle life for core average voids of 70 percent can be approximated as
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0.01 which is within the significance level. In addition, for operation at expanded operating
domains the exit voids in the maximum powered bundles could be greater than 92. As stated in
the RAI response, the impact of the assumed bundle average void is highly dependent on the
lattice design. There is no sufficient evidence that the production R-factor methodology
calculated for given product line will bound the R-factor performance for specific lattices
representing given bundle designs as operated. Therefore, a change in the R-factor
methodology is warranted.

The R-factor methodology needs to be updated to reflect the current lattice design and
operating void conditions. The NRC staff concludes that the R-factor calculation at a lattice
level shall be consistent with the nodal void conditions. However, the change may require
modifications of the NRC-approved method specified in LTR NEDC-32505, Revision I
(Reference 37), which could not be implemented immediately.

In discussion with GE, the NRC staff discovered that similar corrective approach can be
achieved through changes in the input such that the axial R-factor lattice calculations will be
consistent with the actual lattice-specific void fractions. Instead of performing the R-factor
calculation based on the core averaged [[ ]] the R-factor can be calculated
such that the lattices representing different elevation of the fuel bundle will be calculated
consisted with the axial lattice void fraction. This approach may result in some lattices
experiencing lower R-factor than the production methods, while lattices at higher void conditions
may yield higher R-factor with exposure. The corrective R-factor approach will canvas the axial
power profiles and exposures so that the exposure and void dependency is accounted for
conservatively and consistent with the maximum powered bundle. GE will document the
specifics of the proposed interim approach in a letter to NRC. This is approach is intended as
an interim methodology change.

R-Factor Limitation

The plant specific R-factor calculation at a bundle level will be consistent with lattice
axial void conditions expected for the hot channel operating state. The plant-specific
EPU/MELLLA+ application will confirm that the R-factor calculation is consistent with the
hot channel axial void conditions.

For the long term, the R-factor methodology needs to be updated and submitted so that the
NRC staff can assess whether a core average void of [[ 1] would be sufficient relative
to calculating the R-factor for each lattice design consistent with axial void fraction. The R-
factor methodology LTR update needs to incorporate the impact of void fraction and within
bundle pin power peaking on the both the controlled and uncontrolled R-factor calculations for
the current fuel designs and EPU/MELLLA+ operating strategy.

3.2.4 Operating Limit CPR

The OLMCPR and the SLMCPR limits ensure that transition boiling would not be encountered
resulting in fuel cladding damage due to cladding overheating. BT degrades the heat transfer
characteristic leading to cladding overheating. The OLMCPR and the SLMCPR ensure fuel
cladding failure would not occur because: (1) the steady-state MCPR limit is established by
comparing the predicted rod power level that would result in transition boiling against the actual
rod operating power, and (2) the OLMCPR is established by combining the change in the MCPR
due to the transient event to the initial SLMCPR value such that rod operating power is limited to
preclude transition boiling. Plants operate above the OLMCPR limits so that if a transient event
does occur, the change in the MCPR would assure that the SLMCPR would not be violated. In
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the standard reload methodology, the limiting transient response is calculated based on the
cycle-specific core configuration based on NRC-approved licensing methodology and codes.

Section 2.2.2 of LTR NEDC-33173P (Reference 1) evaluated fuel parameters that affect the
OLMCPR calculation and the treatment of uncertainties in the analytical methods and codes
used to establish the OLMCPR. The following sections present the justifications provided in
LTR NEDC-33173P (Reference 1) and assesses if additional margins are warranted for
operation at EPU and MELLLA+.

3.2.4.1 Fuel Parameters that Affect OLMCPR

The local pin power-peaking, the bundle power, the 3D power distributions, and the void
reactivity are all factors that contribute to the AOO response. The accuracies of the predictions
of these key fuel parameters, the conservatisms assumed in the calculational methodology, and
the plant-specific inputs need to be evaluated for EPU and MELLLA+ operation.

Typically, pressurization transient response is dominantly affected by the void reactivity
coefficient and the axial power distribution. In terms of power distributions, top-peaked core
power profile will reduce the scram reactivity early in the transient and the reduced scram
reactivity may increase the transient MCPR change. For the pressurization transients that set
the OLMCPR such as turbine trip, a larger void reactivity coefficient increases the initial flux
increase. The resulting higher power due to the pressurization will result in re-voiding and the
void reactivity coefficient will then aid in the reactor shutdown.

3.2.4.2 Assessment of Power Distribution Assumptions and Conservatism

The core axial power distribution affects the transient response, however the NRC-approved
transient methodology does not directly include uncertainties and biases in the axial power
shape. GE justifies the reasoning behind this approach, stating that instead of applying
uncertainties in the inputs, the transient analyses assumptions are developed in a way that
ensures that the axial shape is conservative.

The transient analyses assume [[

For operation at MELLLA+, plants generally operate at reduced core flow for the beginning part
of the cycle (i.e., spectral hardening) and increased core flow towards the EOC conditions. For
EPU operation, most plants are limited in terms of recirculation flow capability and operate with
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limited core flow window. MELLLA+ operation increases the core flow window as low as
80 percent core flow at EPU power levels.

NRC staff RAI 7 (Reference 25) asked GE to justify why the conservatism associated with the
scram worth and the [[ 1] assumed in the power history bound the axial power-
peaking the plant will experience at different exposure ranges. The RAI also asked that GE
include in the assessment the impact of TVAPS which would result from the scram during power
profiles other than top-peaked power shape.

3.2.4.2.1 GE's Axial Power Profile Assessment
The RAI 9 response (Reference 25) states that pressurization events are most limiting at EOC,
because the CRs are full withdrawn, which minimizes the scram reactivity. [[

I]

Table 3-2 (Table 7-1 in Reference 25) provided a comparison of the limiting transient ACPR
result for the [[

Table 3-2 Axial Power Profile Sensitivity for Limiting Pressurization Events

HBB Node4 HBB UB Node 4 UB

Axial Peaking ACPR Axial Peaking ACPR

Plant A

Plant B

Plant C
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As shown in Table 3-2, the NRC staff finds that at BOC to MOC, [[

In addition, the sensitivity analysis did not include double hump power shape, in which the
TVAPS may be less limiting, but the scram worth would be less compared to the bottom-peaked
power shape (UB). Therefore, it appears that if the BOC to MOC yields the limiting transient
response relative to MOC to EOC, the axial power shape assumed needs to include both
bottom-peaked and double hump early in the cycle. In other words, the axial power shapes
assumed in the ODYN/ISCOR/PANCEA/TASC code sets for transient analyses do not seem to
be as conservative as stated in LTR NEDC-33173P (Reference 1).

3.2.4.2.2 GE's CR Pattern Assessment

[1
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1]

3.2.4.2.3 NRC staff Assessment

In justifying the conservatisms of the exposure dependent CPR response methodology,, the RAI
response (Reference 9) essentially states that the conservatism due to the assumed [[

Considering the fact that ODYN models average bundle and the burn assumptions are
established to yield limiting core average conditions, the NRC staff accepts the conclusions
drawn from the sensitivity analysis. Based on the technical discussion above, the conclusions
of the sensitivity analyses, the NRC staff finds that ODYN demonstrates reasonable
conservatism and additional margin is not necessary. However, the relative CPR magnitude
attributed to the [[ ]] in the sensitivity analyses is an
important bases for the NRC staff acceptance of the standard ODYN burn strategy for the
calculating the exposure dependent CPR. Therefore, the NRC staff notes that these sensitivity
analyses may be potential audit items for plant-specific applications.

3.2.4.2.4 TRACG Application for EPU and Operation at Expanded Operating Domains
Considering the CPR response benefit from the use of TRACG instead of ODYN code set, the
NRC staff expects most licensees will migrate to TRACG for AOO. For operation at EPU and
•MELLLA+ conditions, where the pressurization response would be expected to be higher,
TRACG, which has the capability to model 3D core conditions, is expected to be more attractive
to licensees. Therefore, it is important to evaluate the TRACG AOO methodology for defining.
the CR patterns and the corresponding axial power shapes modeled in TRACG applications.

Section 7.4.2.7, "High Worth Scram Rods for Pressurization event OLMCPR," of LTR
NEDC-32906P (Reference 39), describes the initial conditions used to minimize the worth of the
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reactivity scram. The "Demonstration Analysis" section covers the bases for application of
TRACG for AOO, using sensitivity analyses to establish the initial conditions and assumptions
that will be applied on plant-specific bases. Section 8.2, "Initial Conditions and Plant Parameter
Review," defines the initial conditions that are demonstrated to have an impact the AOO
response. Table 8-9 of LTR NEDC-32906P (Reference 39), "Allowable Operating Range
Characterization Basis," lists the key parameters that influence the AOO response. For the
axial power shape, the table states that the cases are analyzed at nominal (top-peaked) EOC
conditions and at EOC bottom-peaked conditions. For the CR pattern, Table 8-9 of LTR
NEDC-32906P (Reference 39) shows that cases are analyzed at MOC with a nominal CR
pattern and with a conservative black-white CR pattern.

From the discussion in Section 8-9 of LTR NEDC-32906P (Reference 39), it is not apparent that
the bounding axial power shapes or CR patterns assumed ensure that the plant operates with
some CR flexibility while ensuring that the assumed axial power shapes bound the power
shapes the plant experiences. Therefore, the adequacy of these assumptions in terms of the
CR patterns and the corresponding axial power shapes assumed needs to be re-confirmed for
operation at EPU and expanded operating domains. Supplement 3 to LTR NEDC-32906P
(Reference 40), is currently under NRC staff review. The conservatism of the TRACG
methodology in terms of the limiting depletion CR pattern assumed and the exposure dependent
power distribution assumed will be addressed in the Reference 40 review. The conclusion of
which will apply to EPU and expanded operating domains applications, using TRACG.

3.2.4.3 Assessment of Void Reactivity Coefficient

The reactor core response during transient situations is highly dependent upon the changes in
reactivity with changes in void content in the coolant. The impact of the changes in the void
content are accounted for in cross-sections and lattice physics parameters in GE nuclear
methods cross-section model. This approach involves using the TGBLA06 lattice physics code
to perform depletion lattice physics calculations for a particular lattice at 0 percent, 40 percent,
and 70 percent void fraction. These "historical" cases are important for capturing the change in
the isotopic composition of the fuel with exposure and void fraction.

In addition, instantaneous changes in the void fraction are performed for the 40 percent void
history case to capture the change in the cross-sections for the instantaneous void (IV) changes
that would occur in transients. [[

I]
It is feasible that the bases for the 40 percent depletion assumption could stem from the core
average 40 percent void fraction for the historical operating strategies (OLTP at the 100 percent
rod line). However, for the current operating strategies including EPUs and high-power density
BWR/6 plants, the core averaged void fraction is 50 percent. For the proposed expanded
operating strategy, the core average void fraction would be expected to be greater than 70
percent for operation.

Given that the void reactivity depends particularly on the plutonium content of the fuel, the void
reactivity effects for fuel exposure at high void conditions may not be correctly accounted for in
the GE nuclear methods primarily impacting the safety analysis calculation. The top part of the
fuel bundles would be depleting at void fractions greater than 40 percent and the bottom part of
the fuel bundles would be operating at lower void fractions. Figure 4-1, Figure 4-2, and
Figure 4-3 show the void reactivity coefficient for 40 percent and 70 percent depletion history.
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The differences in the isotopic composition with the assumed historical void fraction will result in
bias and uncertainties in cross-sections.

Section 5.0 of this SE contains evaluation of GE methodology for parameterization and
depletion history assumption for the branch cases. The NRC staff performed confirmatory
analyses and evaluates GE's MCNP/TGBLA comparisons that quantifies increased
uncertainties and biases in the void reactivity coefficient that affect the transient response
discussed.

3.2.4.4 Sensitivity Analysis Results

As shown in Table 5.2.1 of LTR NEDC-33173P (Reference 1), the void depletion assumption
results in some under-prediction of the transient response. It is important to note that the
sensitivity analyses results in Table 5.2.1 of LTR NEDC-33173P (Reference 1) are not
necessarily bounding, but instead provide a general assessment of what the potential impact
could be. LTR NEDC-33173P (Reference 1) states that the study found that the use of higher
void history results in slightly larger void coefficient and a slightly larger transient impact. LTR
NEDC-33173P (Reference 1) adds that the void reactivity coefficient for the part of the core
depleting at lower void history provides compensating effect since the void reactivity response
will be slight more conservative than the assumed 40 percent void history.

Since ODYN is a ID transient model, it is not possible to evaluate the impact of an exposure
bias. Therefore, GE performed a comparative assessment of the impact of high exposure bias
using TRACG. [[

]] Currently, a majority of the
licensing applications including EPUs use ODYN for performing the transient analyses. Since
TRACG is approved for AOO applications, GE used TRACG to establish the impact of the
exposure dependent bias on the transient response. In the sensitivity analyses, GE performed
two TRACG cases: one with high exposure void coefficient bias and one without. Section 6 of
LTR NEDC-33173P (Reference 1) discusses the sensitivity analyses that established the void
reactivity bias with exposure due to the treatment of the void history and extrapolation of cross-
section in the higher IV.

The NRC staff conclusions of the transient response sensitivity analyses follow.

1. American Society of Mechanical Engineers (ASME) Overpressure. Since EPU operation
increases the peak ASME overpressure response, the NRC staff finds that sufficient
margin and conservatisms are important. GE performed an ASME overpressure main
steam isolation valve (MSIV) closure (MSIVC) with a flux scram sensitivity analyses with
exposure dependent bias. The analyses showed that accounting for the bias due to the
void history impact results in 1 psig under-prediction of the peak pressure.

A 1 -psig under-prediction is not significant for plant-specific EPU response showing
sufficient margin in the peak (TS dome and vessel) pressure. In addition, considering
that for actual operating plants, the reactor will scram earlier (based on 10 percent MSIV
valve closure for two valves) than flux scram, a 1-psig under-prediction is also not
significant. Additional conservatisms also included in the ASME calculations are: (1) a
102 percent power is assumed in the analysis and (2) the safety and relief valves lift at
the upper limit of the valve tolerances. Therefore, the NRC staff concludes that the
impact of uncertainties and bias in the void reactivity coefficient for the ASME
overpressure response is marginal. However, plant-specific application with a margin a
of 5 psig or less warrants NRC staff review attention in terms of key parameters
assumed in the analysis.
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2. Pressurization Transient MCPR Calculation. [[

]]

3. Impact of Void History Bias on the Transient LHGR. Table 4.1 of LTR NEDC-33173P
(Reference 1) shows that the void history bias results in under-predictions of the thermal
and mechanical overpower (MOP) criteria used to establish that the transient LHGR
acceptance criteria are met. This is discussed in Section 3.2.6.5, "Transient Linear Heat
Generation Limit," of this SE.

3.2.4.5 OLMCPR Conclusion

The NRC staff finds that the sensitivity analyses show that the impact of the void reactivity
coefficient due the void history bias is not very significant. For ODYN, the response to
SRXB-RAI 68 (Reference 28) also provided relevant update of the ODYN model uncertainty
derived from Peach Bottom turbine trip using TBLA06/PANAC1 1 methods. The analysis used
EPU core design to quantify the sensitivity to void coefficient perturbation. A void coefficient
perturbation of 2u [[

Based on the sensitivity analysis provided, the NRC staff concludes that for ODYN the applied
uncertainty perturbation is sufficient and the impact of the void history bias on the transient
response is acceptable.

3.2.5 LOCA Related Nodal Power Limits

For operation at EPU and the expanded operating domains, this section: (1) evaluates that
the key assumptions and conservatism in the calculation of the LOCA related thermal limits
remain applicable and conservative; (2) evaluates the potential impact of increased
uncertainties in the nodal powers on the calculation of the maximum planar LHGR (MAPLHGR);
and (3) determines if additional margin is warranted.

The MAPLHGR limit assures adequate protection of the fuel during LOCA event. Section 2.5 of
LTR NEDC-33173P (Reference 1) covers the conservatisms in the calculational methodology
and codes used to establish the MAPLHGR.

3.2.5.1 LOCA Related Nodal Power Limits

The MAPLHGR is the licensing fuel design parameter that ensures safety margin in the peak
clad temperature (PCT) during a postulated LOCA. The value for MAPLHGR is determined so
that the maximum PCT will not be exceeded during a LOCA. The LOCA fuel design limit
minimizes gross fuel failures due to the severe cladding heatup or fuel fragmentation as result of
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the quenching of the emergency core cooling system (ECCS) flow. The amount of stored
energy in the fuel is proportional to the average kW/ft in each node (bundle-wise) before the
scram. Gross cladding failure is prevented by limiting the power level, which would result in
PCT of 2200 OF during a design-bases accident such as LOCA. The LOCA MAPLHGR is
obtained by averaging the LHGR over each fuel rod in a given plane of a particular fuel bundle
and selecting a limiting value as a function of fuel burnup. The PCT is considered to be a
function of the average kW/ft of all the rods in a bundle at a given axial location. Amendment 19
to GESTAR approved selecting the MAPLHGR limit based on: (1) the LOCA PCT being below
2200 OF and (2) not exceeding the maximum LHGR (MLHGR).

The NRC-approved LOCA methodology accounts for uncertainties in the bundle power and
distribution. Similar to the LHGR, the local pin power-peaking and the bundle powers factor into
the generation of the MAPHGR limit. Increased uncertainties in the pin power-peaking and
bundle power determine the predicted local nodal powers which could translate into an under-
prediction in the calculated MAPLHGR. Therefore, increases in the uncertainties in the
predicted nodal powers for operation at MELLLA+ could impact the MAPLHGR calculation.
In the LOCA scenarios, the PCT depends more on the stored energy than on the instantaneous
power change early in the event prior to the scram. Therefore, the PCT is not expected to be
sensitive to the void-coefficient. GE also states that the SAFER methodology uses a bounding
curve for the reactivity response in the early stages of the accident MFN 05-005 (Reference 4)
and this conservatism has been confirmed by recent TRACG LOCA analyses. Note that the
NRC staff did not approve TRACG for LOCA calculations, but had accepted the use of TRACG
for sensitivity analyses in some circumstances.

The ECCS-LOCA analysis is based on the NRC-approved SAFER/GESTR application
methodology documented in Volume III of Reference 41. The analytical methods used to
perform the ECCS-LOCA analyses are documented in Volume II of Reference 41.

GE cites the following conservative assumptions in the SAFER/GESTR LOCA methodology in
terms of local pin and bundle powers:

1.

2. In the 10 CFR Part 50, Appendix K calculation, a 2 percent core thermal power
uncertainty is applied to the hot rod in order to account for plant core thermal power
uncertainty. Note that some plants implemented improved feedwater measurement
instrumentations and apply a lower power uncertainty. In the measurement uncertainty
uprates, some plants operate at higher powers equivalent to the increased accuracy of
the feedwater flow measurement instrumentation. However, for plants that implement
EPUs up to 20 percent, additional power measurement uprate due increased accuracy
of the feedwater flow measurement uncertainty is not allowed. The EPU is limited to
20 percent above the OLTP. Therefore, the ECCS-LOCA analysis will continue to
assume 2 percent above the EPU power level.

3. In order to ensure that the SAFER analysis is bounding for all exposures, the hot rod of
the hot bundle is placed at the exposure corresponding to the [[

]]

4. The plants' core simulator calculates the margins to the fuel design limits (OLMCPR,
SLMCPR, LHGR, and MAPLHGR). As a general practice, plants operated with margins
to the MAPLHGR limit for most of the cycle operation.
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5. Since the total bundle power is important to the severity of the ECCS-LOCA response,

higher bundle power is therefore conservative. The SAFER/GESTR methodology
]] In an iterative calculation

assuming different OLMCPR and a low the R-factor, the power-peaking is maximized.

6. The full spectrum base ECCS-LOCA analysis is performed during initial implementation
of SAFER methodology or transition to GE methodology and fuel. For new fuel
introduction, or if new operating conditions are implemented, the limiting areas of the full
spectrum base ECCS-LOCA analysis are reanalyzed to assure continued compliance
with the 10 CFR 50.46 acceptance criteria for the new fuel or operating conditions.
Depending on the specific licensing topical report, full break spectrum analysis may be
performed for implementation of new operating strategies. During standard reloads, the
assumptions in the ECCS-LOCA analysis-of-record are confirmed to remain applicable
in terms of assumed OLMCPR and bundle LGHR and MAPLHGR limits. Therefore, the
hot bundle operating power is maximized such that the ECCS-LOCA OLMCPR bounds
the OLMCPR calculated from the limiting cycle- and core-specific AOO analyses.

7. To ensure that the ECCS-LOCA results are bounding, the pin power-peaking for the hot
rod is also set to a [[

GE concludes that the above liste.d assumptions provide significant conservatisms in the ECCS-
LOCA methodology in terms of the accuracy of the assumed local pin and bundle powers as an
initial condition.

3.2.5.1.1 ECCS-LOCA Axial Power Distribution Evaluation
Considering the assumed axial power profiles in the SAFER/GESTR methodology, LTR
NEDC-33173P (Reference 1) cites the conclusions from recent sensitivity analysis. For large
break LOCA, [[

power shape was found to result in more limiting PCT. GE states that large break LOCA usually
results in more limiting PCTs.

In terms of axial power distribution, the NRC staff concludes that for small break LOCA, the
SAFER/GESTR LOCA analysis should include the mid and top-peaked power distribution for
application involving implementation of maximum operating domains. This conclusion is based
on the review of EPU applications, which indicate that small break LOCA PCT does increase
with EPUs. In addition, the large break ECCS-LOCA PCT is expected to be higher for operation
at the minimum core flow conditions at EPU power levels, characteristic of the operation at the
higher operating domain. The impact of operation of MELLLA+ on the ECCS-LOCA
performance is addressed in MELLLA+ LTR (Reference 2).
The NRC staff confirmatory calculations indicate that the difference in PCT could be up to
200 OF when top-peaked power shape results are compared to mid-peaked power shape
results. Plant-specific analyses performed by GE show a difference of approximately
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[ 1]1 In these specific applications, even a modest increase in PCT could have a

significant impact in the plant's ability to meet the ECCS-LOCA PCT requirements. Therefore,
the best alternative approach to resource intensive plant-specific PCT margin evaluation is to
amend the SAFER/GESTR licensing methodology.

ECCS-LOCA Limitation 1:

For applications requesting implementation of EPU or expanded operating domains,
including MELLLA+, the small and large break ECCS-LOCA analyses will include top-
peaked and mid-peaked power shape in establishing the MAPLHGR and determining
the PCT. This limitation is applicable to both the licensing bases PCT and the upper
bound PCT. The plant-specific applications will report the limiting small and large break
licensing basis and upper bound PCTs.

In addition to the assumptions in pin power-peaking, bundle powers distribution, LTR
NEDC-33173P (Reference 1) also discussed the statistical uncertainty treatment in the ECCS-
LOCA methodology. The PCT calculations of 10 CFR Part 50, Appendix K, include the
conservative modeling assumption. In calculating the upper bound SAFER/GESTR PCT, the
nominal PCT is adjusted to account for model uncertainties (at 95 percent probability). The
95 percent probability PCT includes a [[ ]] applied to the LHGR.

GE adds that the SAFER/GESTR methodology assumes a bounding post-LOCA core power
decay and therefore the core kinetics are not modeled. The average and hot bundle void profile
is determined by SAFER at the limiting conditions cited above.

Section 2.5 of LTR NEDC-33173P (Reference 1) concludes that the conservatisms in the
ECCS-LOCA methodology used to determine the MAPLHGR limits adequately consider the
effects of the uncertainties in local and bundle powers. These conservatisms provide sufficient
and reasonable assurance that those limits provide adequate margin to protect the fuel.

3.2.5.1.2 Plant-Specific Review Process
For EPU and MELLLA+ application, the NRC staff will review the plant-specific ECCS-LOCA
response and the available margins to the key parameters in the ECCS-LOCA requirements
(e.g., PCT limit of 2200 OF). The licensing application will include comparisons of the key
parameters for each application against the experience (see Section 4.3, "Plants Specific
Application Process" of LTR NEDC-33173P (Reference 1)). For those applications, in which the
key parameters are outside the experience base in terms of the hot bundle powers or bundle
power/flow conditions and/or in those cases in which the margins to the PCT are deemed to
have low margins, the NRC staff will audit and review the specific input parameters applied in
the ECCS-LOCA analysis. In these cases, the NRC staff can request additional sensitivity
analyses in order to obtain additional assurances that ECCS-LOCA assumptions and
methodology are acceptable.

The ECCS-LOCA response is sensitive to initial conditions, including the initial power and flow
conditions. Most EPU plants operate with a minimum core flow window at the uprated power
levels. MELLLA+ operation expands the operating window and allows operation at as low as
80 percent rated core flow at EPU power levels. The expanded operating domain also includes
operation at 55 percent rated core flow and about 100 percent OLTP level. MELLLA+ RAI 25b
(Reference 5) address the ECCS-LOCA at the limiting statepoints for MELLLA+ operation.
Operation at the higher power/low flow condition, characteristic of the MELLLA+ operation
affects the large break ECCS-LOCA response. The specifics of the ECCS-LOCA calculations
at the different statepoints in the upper boundary are address in the in the MELLLA+
(Reference 2) review; however, for consistency, the restriction is also covered here. To ensure
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that the ECGS-LOCA analysis is performed at the limiting statepoint and that the limiting PCT is
reported, the follow restriction applies.

ECCS-LOCA Limitation 2

The ECCS-LOCA will be performed for all statepoints in the upper boundary of the
expanded operating domain, including the minimum core flow statepoints, the transition
statepoint as defined in Reference 2 and the 55 percent core flow statepoint. The plant-
specific application will report the limiting ECCS-LOCA results as well as the rated power
and flow results. The SRLR will include both the limiting statepoint ECCS-LOCA results
and the rated conditions ECCS-LOCA results.

3.2.5.1.3 LOCA Conclusions
The NRC staff reviewed the conservative assumptions cited in LTR NEDC-33173P
(Reference 1). With the exception of the NRC staff concerns covered in the ECCS-LOCA
limitations, the NRC staff finds that the conservatisms provide reasonable assurance that
potential increases in nodal power uncertainties will not result in significant changes to the
calculated PCT, and therefore are acceptable.

3.2.5.2 Approval of the ECCS-LOCA Analytical Models

Section 2.5 of LTR NEDC-33173P (Reference 1) cites LTR NEDC-32950P (Reference 42) as
one of the documents that specify the analytical models used to perform the ECCS-LOCA
analyses. The ECCS-LOCA analytical model improvements documented in LTR NEDC-32950P
(Reference 42) were approved by the NRC in Reference 43. GE will submit an update of LTR
NEDC-32950P (Reference 42), which will document the cumulative changes to the ECCS-
LOCA analytical models (see MFN-06-424 (Reference 7)). The NRC staff issued a letter to GE,
requesting that the LTR include the identified follow-up topics that are relevant to the application
of the ECCS-LOCA models to high void conditions. These topics will be addressed separately
from NEDC-33173P review.

3.2.6 Fuel Rod T-M Performance

This section evaluates that steady-state and transient response of the fuel rods operated under
EPU and the expanded operating domain will continue to meet the fuel rod thermal mechanical
(T-M) limits. The section also evaluates: (1) the key assumptions in the methodologies used to
establish the thermal mechanical limits; (2) assesses potential impact of increased uncertainties
in the nodal powers; and (3) determines if additional margin is warranted.

The regulation at 10 CFR Part 50, Appendix A, GDC 10 requires that specified acceptable fuel
design limits (SAFDLs) are not exceeded during any condition of normal operation. To
demonstrate compliance with GDC-10, fuel rod T-M design limits are established to ensure fuel
rod integrity for the core lifetime along the licensed power and flow domain, during normal
steady-state operation and in the event of an AOO. The T-M acceptance criteria for new fuel
product line are specified in Amendment 22 to the NRC-approved GE licensing methodology
GESTAR I1. The LHGR is an exposure-dependent limit (in kW/ft) placed on the rod peak pin
nodal power that ensures the integrity of the fuel cladding during normal steady-state operation
and limits the initial kW/ft during transient thermal overpower (TOP) and mechanical overpower
(MOP). The internal rod pressures during steady-state, the maximum fuel temperature, and the
cladding strain during transients (i.e., AOOs) all affect the fuel integrity. The fuel T-M design
criteria requires, in part, that:
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1. Loss of fuel rod mechanical integrity will not occur due to excessive cladding pressure

loading.

The fuel rod internal pressure is limited so that the cladding creepout rate due to internal
gas pressure during normal operation will not exceed the instantaneous fuel pellet
irradiation swelling rate. In establishing the LHGR limit, at each point of the exposure
dependent envelope, the fuel rod internal pressure required to cause the cladding to
creep outward at rate equal to the pellet irradiation swelling is determined. The
calculated internal rod pressures along the LHGR envelope are statistical treated so that
there is assurance with 95 percent confidence that the fuel rod cladding creep rate will
not exceed the pellet irradiation swelling rate.

2. Loss of fuel rod mechanical integrity will not occur due to fuel melting.

The fuel rod is evaluated to ensure that fuel melting will not occur during normal
operation and core-wide AOOs. For every fuel product line, the TOP limit is established
to preclude fuel centerline melting. The acceptable TOP during transient event is
established by assuming continuous operation at the applicable exposure dependent
LHGR envelope followed by instantaneous overpower at selected exposure points in the
envelope. The fuel rods loaded in the core must meet the permissible TOP limit that will
assure the incipient fuel centerline melt criteria are not exceeded. The TOP limit is
determined for both the UO2 and the (UGd)O 2 bearing pellet rod nodes.

3. Loss of fuel rod mechanical integrity will not occur due to pellet-cladding mechanical
interaction.

The fuel rod is evaluated to ensure that the calculated cladding circumferential plastic
strain due to pellet-cladding mechanical interaction does not exceed 1 percent during
normal operation and AOOs. For every fuel product line, the MOP limit is established to
preclude fuel 1 percent diametric strain during an AOO. The acceptable MOP limit
during a transient event is established by assuming continuous operation at the
applicable exposure-dependent LHGR envelope for each fuel design followed by
instantaneous overpower at selected exposure points in the envelope, The fuel rods
loaded in the core must meet the permissible MOP limits during all transient events. The
MOP limit is determined for both the U0 2 and the (UGd)0 2 bearing pellet rod nodes.

Therefore, the fuel rods loaded in the core are monitored to ensure that the exposure dependent
LHGR (in kW/ft) envelope for each product line is met. The LHGR limit is specified in the TS
and/or the core operating limit report. The ratio of the steady-state operating peak nodal kW/ft
over the steady-state LHGR limit is referred to as MFLPD. Fuel parameters that affect the local
pin powers such as pin power-peaking, void reactivity, and bundle powers all factor into the
development of the LHGR limits. Therefore, increases in the power distribution uncertainties
affect the prediction and monitoring of the operating LHGR during steady-state operation and
transient conditions. Operating experience data shows that fuel rods can operate at or near the
LHGR limit at some point in the operating cycle; therefore, the accuracy of the prediction of
MLHGR becomes important.

GE has committed to performing gamma scans to benchmark the power distribution
uncertainties. In the interim, LTR NEDC-33173P (Reference 1), Section 2.4 provides evaluation
of the conservatisms in the T-M analyses performed in developing the LHGR limits and the
additional margins in the applied power distribution uncertainties.

The LHGR limit is developed for each fuel type (e.g., U0 2 or Gd-bearing rod for different
concentrations) and varies with exposure. Table 3-10 shows the exposure-dependent LHGR
limit for GE14 U0 2 and a 6 percent Gd-bearing rod changes linearly with burnup. The limit
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decreases linearly with exposure from 16 GWd/MTU for U0 2 rods and from 13.53 GWd/MTU for
the rods with 6 percent Gd concentration. Note that most licensing applications are currently
based on Gd concentration of 6 to 7 percent. However, the Gd content can increase to
8 percent and this concentration is expected to be used in the MELLLA+ applications. The T-M
confirmatory analyses in Appendix C are based on 8 percent Gd concentration.

3.2.6.1 Power Distribution Uncertainties

[[ ]] is applied in the development of the LHGR limit.
As shown in Table 3-11, increasing the infinite lattice-pin power-peaking [[

]] based on
recent code-to-code core simulator analyses of current lattices. Considering that the applied
uncertainty is within the increased power distribution uncertainty, the NRC staff finds that the
currently applied power distribution uncertainty is acceptable.

3.2.6.2 Conservative Assumption for Steady-State LHGR Limit

The LHGR limits are developed assuming that the peak power node of the fuel rod operates
along the projected power-exposure envelope throughout the lifetime. The fuel rod power
shape is alternated from bottom-peaked, middle-peaked, and top-peaked at a selected
frequency. The varying axial power shapes account for changes in the axial power shape
during steady-state operation and affects the fission gas released from the fuel columns. This
"operating history" assumption yields higher internal rod pressures than operating nodes would
typically experience.

Sensitivity analyses performed in the VYNPS EPU application (approved by NRC staff in
Reference 26) resulted in internal rod pressures of 560 psia for peak node that accumulated the
highest exposure (higher integrated power). The selected rod accumulated the most exposure.
In comparison, the best-estimate calculation assuming operation at the LHGR limit envelope
resulted in a calculated internal pressure of 1180 psia at EOC. This calculation demonstrates
conservatisms introduced by the "operating history" assumption in the development of the
LHGR limit.

3.2.6.3 EPU T-M Operating History Data

Core tracking data (see Figure 2-4) show that the predicted peak node could operate close to
the LHGR limit and any potential under-prediction in the operating kW/ft could result in
exceeding the limit. However, most licensees operate the plant so that there are margins to the
limits. During steady-state operation, the T-M criteria require that loss of fuel rod mechanical
integrity will not occur due to excessive cladding pressure loading. As can been seen from the
LHGR limit envelope, the LHGR limit decreases with exposure while the internal rod pressure
increases with exposure.

In response to RAI 1.1 (Reference 9), GE provided an actual operating LHGR (i.e., MLHGR) of
an EPU plant. In the pre-EPU cycle, the plant was loaded with GE13 fuel, which had a higher
LHGR limit. The EPU cycle LHGR limit data are based on GE14 fuel. Figure 3-12 shows the
margins between the operating LHGR limit for peak nodes at a given exposure against the
GE14 LHGR limit as the plant was operated at EPU conditions.
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To bound the operation of other EPU plants, the actual operating LHGR for peak nodes (U0 2
rods) at five exposures were increased to the LHGR limit. The objective of the sensitivity
analyses was to determine if nodes that operate at the LHGR limit for reasonable duration for
different exposures would remain bounded by the "operating history" assumption in terms of
diametric strain (internal rod pressure). [[

]] Table 3-12 provides the
internal rod pressure results corresponding to each exposure case and at EOC. This table
gives the nominal values which do not include the statistical treatment (upper 95 percent
confidence level).

As seen from Table 3-12, if a node operates at the LHGR limit for reasonable duration, the
resulting internal rod pressure will continue to be bounded by the internal rod pressure based on
the "operating history" assumption at that exposure. However, if a U0 2 rod operates at the limit
early in the fuel life for reasonable duration [[ 11 the margin in terms of internal
pressure would be low [[ ]] for the nominal case. Therefore, it is essential that the fuel
cycle operation is designed with a margin to the operating LHGR limit as is usually the case and
that the actual CR patterns selected throughout the cycle limit peaking of the fresh fuel rods.

For example, in the Browns Ferry Unit 1 restart cycle, the core is loaded with an atypical
number of fresh fuel rods. The data provided by the licensee shows there is a margin in the
LHGR as projected to operate the plant at BOC, MOC, and EOC. Note that the BOC data did
not necessarily cover the most limiting point early in the cycle for the fresh fuel. In addition, the
Browns Ferry Unit 1 startup core consists of GE13 and GE14, which have different limits. The
sensitivity analysis is based on GE14, fuel but the T-M performance analysis methodology
remains the same.

Considering the margins available in an actual EPU plant operating LHGR limit data and the
sensitivity analyses provided, the NRC staff finds that there is reasonable assurance that peak
nodes operating at the MLHGR limit will continue to be met and bounded by the steady-state
LHGR limit envelope. However, the margins are expected to be low, requiring additional
scrutiny. Section 3.2.6.5 of this SE and Appendix C provide an additional assessment based on
confirmatory analyses.

3.2.6.4 Monitoring Gd-bearing Nodes

The LHGR limit for the Gd-bearing fuel rod peak pellet [[

Figure 3-13 and Figure 3-14 present the actual gadolinium fuel rod local power data as a
function of fuel burnup. This data is based on actual operating history of GE14 Gd-bearing rods
of an EPU plant. As can be seen from the figure, the operating LHGR limit of the Gd rods
remain within the envelope of the LHGR limit for 6 weight percent Gd. As expected, the powers
of the Gd rods are low.

Since the operating margin to the LHGR limit for the Gd-bearing rods are not monitored, GE
investigated the impact of operation outside the envelope on fuel-mechanical performance
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during transient and accident conditions. Although the gadolinium fuel rod operating LHGR is
not limiting in terms of power-peaking at low exposures, the uncertainty in the predicted
operating LHGR for gadolinium rod may be greater at the early life of the Gd rod. GE performed
sensitivity analyses to determine whether greater uncertainty in the predicted LHGR early in life
may significantly affect the fuel performance at later in life after the gadolinium isotopes
transmutation.

In order to quantify the impact of operation outside the early life LHGR envelope, [[

]] The bias is decreased in order to reflect the progressive transition to normal
unbiased conditions after the transmutation of the gadolinium isotopes and reduction in the
uncertainty associated with the prediction of the LHGR limit in the presence of Gd.

Table 3-13 provides the resulting calculated fuel centerline temperature and cladding midplane
circumferential stress at selected points. Power History A presents the results corresponding to
operation at the normal T-M envelope from early in life through the end. Power History B results
correspond to the biased operation early in life and transition to normal T-M after 5 GWd/MTU.

The results show that the minor variation in the actual operating history in early life is not
significant, because substantial margin exists in terms of fuel centerline temperature and
compressive cladding stress relative to the limiting condition later in life. Therefore, the NRC
staff concludes that there is reasonable assurance that the practice of monitoring at the peak
LHGR limit for low exposures will not result in a limiting adverse condition.

3.2.6.5 Transient Linear Heat Generation Limit

The number of fuel bundles operating at the peak LHGR envelopes is expected to be higher for
plants operating with 24-month cycles at EPU and MELLLA+ conditions. Local pin power-
peaking, bundle powers, 3D power distributions, and void reactivity are all factors that contribute
to the AOO response. EPU/MELLLA+ operating strategy, including the spectral shift operation
at EPU power levels will entail operation outside the current experience base. Although
dependent on the core design and the specifics of the cycle energy needs, EPU/MELLLA+
operating strategy could result in a more limiting transient response relative to pre-EPU
operation. Thus, the thermal and mechanical overpower response could be higher. The
transient response and the associated overpower responses will be calculated on cycle-specific
bases. This section evaluates the plant-specific licensing methodology that ensures that plants
meet the TOP and MOP limits, during AOOs for the fuel designs currently loaded in the cores
and the proposed EPU/MELLLA+ operating strategy.

3.2.6.5.1 Thermal and Mechanical Overpower Licensing Process
Amendment 22 to GESTAR II demonstrates compliance with the transient LHGR limit
acceptance criteria based on TOP and MOP limits. Reference 5 provides the TOP and MOP
screening criteria for the GEl3 and GE14 fuel designs for limiting transients, shown in
Table 3-3. Plant-specific applications must show compliance to the TOP and MOP acceptance
criteria (e.g., fuel centerline melt and 1 percent diametric strain) based on the limiting transients
and allowed equipment out-of-service operation.

Table 3-3 TOP and MOP screening criteria for GE13 and GE14 fuel designs for limiting transients

TABLE SBWB-38-1
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TOP (%) MOP (%) TOP (%) MOP (%) Condition of Applicability

GE13 GE13 GE14 GE14
38 38 52 52 Load Rejection/Turbine Trip, No Bypass
37 39 51 51 Feedwater Controller Failure
25 45 29.5 52 Loss of Feedwater Heater
25 45 29.5 52 Slow Recirculation Flow Runout

The NRC staff finds the acceptance criteria is established in Amendment 22 to GESTAR II, but
the methodology in which this criteria is met for plant-specific application is not well defined in
the NRC-approved licensing documentation. The NRC staffs assessment is largely based on
audits and RAI responses. The referenced documentation for the T-M methodology appears to
be limited to Reference 45 (e.g., 1984 approval) and Reference 46 (e.g., 1986 approval). If a
plant-specific AOO response does not meet the TOP and MOP screening limits, GE performs
General Electric Stress and Thermal Analysis of Reactor Rods - Mechanical (GESTR-M)
calculations for slow transients. For fast transients, GE performs further evaluations, using a
transient heat transfer analysis of anticipated spectrum of transients (CHT). A fast or slow
transient is defined by the transient response time relative to the fuel thermal time constant of 5
to 10 seconds.

GE states that the TOP and MOP limits serve as screening criteria only. Therefore, not meeting
the TOP and MOP limits - does not imply that a plant's AOO response will exceed the fuel
centerline melt and 1 percent diametrical strain acceptance criteria. According to GE, TOP and
MOP screening criteria is not included in the NRC-approved licensing process. If a plant-
specific transient response exceeds the TOP/MOP screening criteria, detailed analyses will be
performed using NRC-approved GESTR-M and CHT codes (References 44 and 47).

Although the transient fuel centerline melt and 1 percent strain limits are SAFDLs that ensure
that the fuel integrity limit will be met during an AOO, the current licensing process does not
include the TOP and MOP screening criteria or the demonstration that the T-M fuel design limits
will be met during an AOO on cycle-specific bases. The NRC staff determined that the transient
overpower limits are not controlled in the plant-specific TSs, core operating limit reports or the
SRLR. Therefore, the NRC regulatory process does not monitor the compliance with the TOP
and MOP criteria during an AOO. Considering that for EPU and MELLLA+ operation, the plant
overpower response may increase and compliance with the fuel centerline melt and 1 percent
diametric strain criteria is important, the NRC staff concludes that the plant-specific EPU and
MELLLA+ applications must include the plant overpower response. In addition, since the
transient response is cycle- and core-specific, the plant T-M response will be provided with the
SRLR, or COLR or it will be reported directly to the NRC as an attachment to the SRLR or
COLR. RAI 11 response (Reference 49) addresses the inclusions of the TOP and MOP limits in
the SRLR.

Transient LHGR Limitation I

Plant-specific EPU and MELLLA+ applications will demonstrate and document that
during normal operation and core-wide AOOs, the T-M acceptance criteria as specified
in Amendment 22to GESTAR II will be met. Specifically, during an AOO, the licensing
application will demonstrate that the: (1) loss of fuel rod mechanical integrity will not
occur due to fuel melting and (2) loss of fuel rod mechanical integrity will not occur due
to pellet-cladding mechanical interaction. The plant-specific application will demonstrate
that the T-M acceptance criteria are met for the both the U0 2 and the limiting GdO 2 rods.

Transient LHGR Limitation 2
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Each EPU and MELLLA+ fuel reload will document the calculation results of the
analyses demonstrating compliance to transient T-M acceptance criteria. The plant T-M
response will be provided with the SRLR or COLR, or it will be reported directly to the
NRC as an attachment to the SRLR or COLR.

3.2.6.5.2 Impact of 40 percent Depletion Assumption on Transient LHGR Response
As discussed in Section 3.2.4.3, "Assessment of Void Reactivity Coefficient," of this SE, the void
depletion assumption results in a bias in the void reactivity for the nodes depleting at greater
than 40 percent void fraction. NRC staff had performed confirmatory analyses to assess the
impact of the 40 percent depletion history and determined that the assumption results error in
increasing void reactivity coefficient with exposure. Figure 4-1 and Figure 4-2 show the bias in
the void reactivity coefficient due to the 40 percent depletion history for the branch cases.
Figure 4-3 also shows GE assessment of the bias on the void reactivity coefficient.
Section 2.2.2.2 of LTR NEDC-33173P (Reference 1) presents the results of sensitivity analyses
with the bias shown in Figure 4-3 propagated in the safety analyses. Table 3-9 reproduces the
results of the sensitivity analyses.

Table 3-9 shows that the 40 percent depletion assumption can result in a under-prediction of
5 percent for the TOP and MOP. As depicted in a plant-specific EPU application, plants may
not meet the initial TOP and MOP screening criteria with the allowed equipments out-of-service.
In a plant-specific application (Reference 49) a detailed T-M calculation was performed after not
meeting the TOP and MOP screening criteria. The detailed T-M calculations demonstrated that
there was a 10 percent margin to the TOP and MOP acceptance criteria.

Since the margins to the transient LHGR limits could be low and the conclusions of the
sensitivity analyses that established the 5 percent under-prediction in the TOP and MOP may
not bound all the BWR fleet, the NRC staff concludes that additional margin greater than
5 percent is warranted. Until such time that GE changes its depletion assumption for the
instantaneous cases, plants will demonstrate that there is an equivalent of 10 percent margin in
the TOP and MOP response during AOOs. Specifically, plant-specific EPU and MELLLA+
applications will provide confirmation that there is a 10 percent margin to the centerline melt and
the 1 percent diametric strain acceptance criteria for the transient LHGR limit calculation.

Transient LHGR limit Limitation 3

To account for the impact of the void history bias, plant-specific EPU and MELLLA+
applications using either TRACG or ODYN will demonstrate an equivalent to 10 percent
margin to the fuel centerline melt and the 1 percent cladding circumferential plastic strain
acceptance criteria due to pellet-cladding mechanical interaction for all of limiting AOO
transient events, including equipment out-of-service. Limiting transients in this case,
refers to transients where the void reactivity coefficient plays a significant role (such as
pressurization events). If the void history bias is incorporated into the transient model
within the code, then the additional 10 percent margin to the fuel centerline melt and the
1 percent cladding circumferential plastic strain is no longer required.

3.2.6.5.3 Qualification Database Supporting the T-M Methodology
In response to RAI 1 (Reference 9), GE presented the qualification database supporting the T-M
methodology. Table 3-14 (Table 1.3-1 of the RAI 1 response) provided a summary of the
experimental qualification database as compared to the GE14 fuel design characteristics.

The RAI response states that the qualification of the GNF fuel rod T-M performance model
(GESTR-M) was performed in a manner to challenge the prediction capability over a wide range
of not only duty conditions, but also dimensional conditions and fabrication parameters, to
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confirm the robustness of the embodied fundamental physical process and mechanism
representations. GE added that the range of conditions covered in the experimental
qualification database extends beyond the commercial fuel rod conditions, including power
uprate conditions. The experimental qualification included comparison of predictions to the
following:

(1) fuel temperatures as obtained by, placement of and continuous measurement by, a fuel
thermocouple in the center of the fuel pellet column,

(2) cladding diametral deformation, as obtained by diametral profilometry performed at
various times during normal steady-state operation as well as before and after
intentional power ramps,

(3) cladding axial deformation, as obtained either by continuous on-line LVDT length
measurement or periodic conventional length measurements,

(4) fission gas release, as measured by fuel rod puncture, gas collection, and gas
chromatography to determine the amount and composition of released gases, and

(5) fuel rod internal pressure, as measured continuously by a bellows pressure transducer
located in the fuel rod fission gas plenum.

3.2.6.5.4 Assessment of the Qualification Data
The qualification data parametrically cover wide ranges; however some of the qualification data
for some of the key parameters does not extend to current conditions. As can be seen from
Table 3-14, the fuel centerline temperature data are limited to [[ ]] The rod
internal pressure data is also limited to [[ ]] Much of the old GESTR-M
qualification data (data acquired prior to 1984) are atypical of today's fuel designs and do not
cover the combination of LHGR at the burnup levels of the LHGR limits achieved for the GEl 3
and GE14 designs. The inadequacy of the GESTR-M qualification database is apparent even
at low burnups when the GESTR-M best estimate calculational results of U0 2 fuel temperature
and rod pressure are compared to those calculated from the new GHNE developed fuel
performance code, PRIME, and the NRC audit code FRAPCON 3.3 at low to high burnup levels.
Both the PRIME and FRAPCON 3.3 fuel performance codes predict higher best estimate U0 2
fuel temperatures and rod pressures (see Table-4 and Section 3.2.6.5.5 below) and both have a
much more extensive qualification databases (higher LHGRs at higher burnups) than GESTR-
M. These new databases are based on fuel designs much closer to current designs with higher
LHGRs at higher burnups that match the LHGR limit curves for these designs. It is noted that
the PRIME code was recently submitted to NRC for review but has not been approved at this
time.

The internal rod pressures increase with exposure due to increased fission gas release.
Therefore, the lack of supporting data for exposures greater than [[ ]] means
that the accuracy of the T-M model is not validated for the current rod lattice designs (e.g.,
higher enrichment) as operated with higher exposures. The differences between the current
fuel designs in terms of geometric configurations such as the fuel column length and part-length
rods also need to be benchmarked in terms of the available gas volume, which also affects the
internal rod pressures. Qualification data provide the means to establish the adequacy of the
uncertainties applied in the calculation of both the steady-state LHGR limits and the calculation
of the plant's operating MLHGR response. Therefore, the NRC staff finds that GE needs to
expand the database supporting the T-M methodology to the current fuel designs and licensed
exposures.
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The GE's licensed T-M methodology qualification data was reviewed and approved in
MFN 170-84 (Reference 45) and MFN 027-086 (Reference 46) in 1984 and 1986 respectively.
The NRC staff audited GE T-M methodology through the vendor inspection program and GE
submitted supporting information demonstrating compliance with the inspection findings.
However, it is not clear if the code had been specifically updated and reviewed by the NRC staff
since the initial approval. Therefore, the NRC staff finds information provided through RAI
responses and in LTR NEDC-33173P (Reference 1) is not sufficient to conduct a detailed
assessment of GE's T-M methodology.

GE submitted a notification in accordance with 10 CFR Part 21, "Reporting of Defects and
Noncompliance," by letter dated January 21, 2007 (Reference 57). Section 3.2.6.5.8 of this SE
provides summary of the content of the GE Part 21 report in Reference 57. The NRC staff
performed an evaluation in response to a GE Part 21 notification on the GESTR-M T-M
methodology. The most recent NRC staff evaluation of the GESTR-M T-M methodology and its
qualification database is provided in Appendix F.

3.2.6.5.5 Internal Rod Pressure Assessment

Internal Rod Pressure Gamma Scan

The December 2005 presentation slides (Reference 31) provided the scope of planned gamma
scans for updating the benchmarking data supporting GE analytical methods also included
intention to perform internal rod pressure measurement qualification. In NRC staff RAI 9
response (Reference 25), GE agreed to perform fission gas and exposure gamma scans,
although no specific schedule or plan is specified.

Internal Rod Pressure Confirmatory Analysis

The NRC staff performed confirmatory analysis using best-estimate FRAPCON code in order to
assess independently the internal rod pressure that the GE14 fuel rod will experience.

The rod internal pressure acceptance criterion is that the rate of clad creep-out is less than the
fuel thermal swelling rate. In other words, the fuel pellet-to-clad gap does not widen during
normal operation. The best estimate rod internal pressure which would be expected to cause a
clad creep-out rate is approximately 3200 psia.

The confirmatory analyses applied manufacturing tolerances that minimizes the plenum volume
and maximizes the fission gas release. The results showed that the U0 2 fuel rod is more
limiting than the (UGd)0 2 fuel rod due to less plenum volume and higher rod power. Although
the Gd rods exhibit significantly higher operating fuel temperatures ((UGd)0 2 = 3340 OF versus
U02 = 2989 OF), the extra plenum volume ((UGd)02 = 16.6 cm3 versus U02 = 13.8 cm 3) is able
to accommodate the higher fission gas release.

The FRAPCON-3 algorithms are tuned to produce best-estimate predictions. Even though
manufacturing tolerances are set at worst case, the modeling uncertainty (which represents the
spread in the empirical database) needs to be accounted for. Operating a single rod on the T-M
operating limit (TMOL) peak nodal power for its entire lifetime is extremely conservative (as the
peak node would migrate to many different fuel rods). This scenario coupled with a 10 percent
margin to the fuel centerline melt and the 1 percent cladding circumferential plastic strain
acceptance criteria is judged to be more than adequate to accommodate any modeling
uncertainty.

Examination of Table 12-3 (Appendix C) results show that the worst rod internal pressure
experienced is 2656 psia (UO2) and 1854 psia (UGdO 2). As this peak rod internal pressure
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remains below the pressure, which would cause an outward creep of the fuel cladding, the
independent calculations show that the GE14 fuel rod continues to satisfy these design criteria.

FRAPCON-GESTR-M Internal Rod Pressure Comparisons

The NRC staff compared FRAPCON U0 2 rod internal rod pressure calculations against GESTR-
M. The internal rod pressure calculations provided in Table 3-12 did not include the statistical
treatment to account for the uncertainties. The follow-up response to RAI 9d (MFN 06-481,
Reference 25) provided GESTR-M internal rod pressure prediction based on the 95 percent
confidence level. Table 3-4 below compares the GESTR-M and FRAPCON rod internal
pressure for GE14 U0 2 rod. As can be seen in Table 3-4, the GESTR-M internal rod pressure
prediction is substantially lower than the FRAPCON prediction. However, using the higher
FRAPCON internal rod pressure predictions, there remains sufficient margin to the internal
pressure expected to cause clad creep rate of 3200 psia. The lower prediction demonstrates
that although the internal rod pressure prediction meets the acceptance criteria, the adequacy of
the GESTR-M uncertainty treatment needs to be confirmed through measurement qualification
data.

Table 3-4 Steady-state Operation at the LHGR Envelope

(GESTR-M and FRAPCON Rod Internal Pressure for GE14 U0 2 Rod)

Peak Nominal U95% Rod Internal FRAPCON U02 and (UGd)0 2
Pellet Pressure Pressure Press (psia) Pressure (psia)
GWd/MTU Psia Psia Acceptance U02 U02 (UGd)0 2  (UGd)0 2

Criteria Nom 10% Nom 10%
Rate)

7.2 436 [[
22.2 644
40.8 1109
55.4 1189
63.4 1204 J] 3200 1986 2656 1558 1854

The rod internal pressure for the (UGd)0 2 (8 percent) calculation for the GESTR-M is not
available. However, as seen from the independent confirmatory analyses, the internal rod
pressure of the U0 2 rod is more limiting.

Although GE had consistently stated its plan to perform the necessary gamma scans to
benchmark its currently licensed T-M methodology, as of this date, GE had not submitted
specific schedule outlining when the additional internal rod pressure and exposure accounting
qualification data will be submitted to the NRC. Therefore, GE's commitment is documented in
this SE as limitation.

LHGR and Exposure Qualification Limitation

In MFN 06-481, GE committed to submit plenum fission gas and fuel exposure gamma
scans as part of the revision to the T-M licensing process. The conclusions of the
plenum fission gas and fuel exposure gamma scans of GE 1 0x1 0 fuel designs as
operated will be submitted for NRC staff review and approval. This revision will be
accomplished through Amendment to GESTAR II or in a T-M licensing LTR. PRIME (a
newly developed T-M code) has been submitted to the NRC staff for review
(Reference 58). Once the PRIME LTR and its application are approved, future license
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applications for EPU and MELLLA+ referencing LTR NEDC-33173P must utilize the
PRIME T-M methods.

In addition, the most recent NRC staff evaluation of the GESTR-M T-M methodology and its
qualification database provided in Appendix F includes a requirement to provide additional
conservatism in determining the acceptability of the rod internal pressure. This NRC staff
evaluation was performed in response to a GE Part 21 evaluation on the GESTR-M T-M
methodology. Section 3.2.6.5.8 of this SE provides further information on the GE Part 21
Evaluation and corresponding NRC staff evaluation.

3.2.6.5.6 TOP Confirmatory Analyses
Since the qualification database did not extend to current exposures for the fuel centerline melt,
NRC staff performed the confirmatory overpower analyses using FRAPCON. The calculation is
based on single rod overpower initiated from the most limiting exposure of the LHGR envelope
in terms of fuel centerline melt. The acceptance criterion for the TOP is the fuel centerline
temperature remains below the incipient melting temperature. The calculation used GE14 fuel
design for both UO2 and (UGd)0 2 rods. The Gd-bearing rod calculations assumed 8 weight
percent Gd.

The fuel centerline temperature for both the Gd-bearing rod and the U02 rod decreases with
exposure. The (UGd)O 2 rod centerline melting temperature also decreases with the Gd
concentration.

The calculation applied manufacturing tolerances that maximizes fuel temperature
(e.g., maximum clad thickness, maximum crud/oxide). The confirmatory calculations results
show that the (UGd)O 2 fuel rod is more limiting than the UO2 fuel rod due to the lower fuel
thermal conductivity.

The limiting fuel centerline temperature occurs at overpower from 16 GWd/MTU exposure.
Examination of the Table 1 (Appendix C) shows that the U0 2 fuel rod is able to accommodate a
65 percent TOP condition, exhibiting a centerline fuel temperature of [[ ]] The
(UGd)0 2 fuel rod remains below fuel melt conditions with a 55 percent thermal power at [[

I]
The modeling uncertainty related to the fuel temperature prediction increases significantly with
burnup. At 16 GWd/MTU (knee in TMOL), the uncertainty is judged to be bounded by a
10 percent margin to the fuel centerline melt and the 1 percent cladding circumferential plastic
strain acceptance criteria. Based on high confidence level, the NRC staff determined that GE14
fuel rod design can accommodate a TOP limit of 55 percent UO2 and 45 percent (UGd)O 2 for
the GE14 fuel rod design.

Table 3-5 below summarizes the FRAPCON results for overpower initiated at 16 GWd/MTU. As
can be seen from Table 3-5, a TOP of 55 percent provides a margin of 368 'F, which
considering the 10 percent penalty provides sufficient margin. For 8 percent Gd content,
Table 3-5 also shows that a TOP of 45 percent provides sufficient margin considering the
reduction in the fuel melting temperature at 50 percent overpower.
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Table 3-5 FRAPCON TOP for U0 2 and UGdUO 2 rod

FRAPCON TOP
U02: 13.4 kW/ft at 16 GWd/MTU
Gd: 12.3 kW/ft 16 at GWd/MTU

Rod Type Overpower (%) T centerline (OF)

U02 45
U02 55
U02 60
U02 65

8 weight percent Gd 28
8 weight percent Gd 40
8 weight percent Gd 50
8 weight percent Gd 55 ]]

* FRAPCON 3.3 calculation/melt temperature

FRAPCON-GESTR-M TOP Comparisons

Table 9-2 of MFN 06-481 (Reference 25) provides the fuel centerline melt temperature of GE14
U0 2 rod and a 10 weight percent UGdUO 2 rod. Table 3-6 below provides the steady-state fuel
temperature, the nominal overpower temperature, and the overpower fuel temperature based on
the 95 percent confidence level. The U0 2 rod temperature calculations are based on 45 percent
overpower initiated at the knee of the envelope (16 GWd/MTU). The Gd rod temperature
calculations are based on 28 percent overpower initiated from 11.71 kW/ft knee of the
10 percent LHGR limit envelope.

U0 2 Rod calculation

For the steady-state temperature of the UO 2 rods at 16 GWd/MTU, the nominal FRAPCON and
GESTR-M temperature are relatively close for code-to-code comparisons, differing by 152 OF.
The differences become substantial once the 10 percent penalty is included in the FRAPCON
calculation, with [[ 1] for GESTR-M and 3312 OF for FRAPCON. Although the RAI 9
response (Reference 25) did not specifically state, it is probable that the GESTR-M steady-state
fuel temperature in Table 9-2 of Reference 25 is nominal value.

As can been seen in Table 3-6 below, the GESTR-M U0 2 overpower temperature with
95 percent [[ ]] is higher than the FRAPCON temperature calculation with 10 percent
margin to the fuel centerline melt and that the 1 percent cladding circumferential plastic strain
acceptance criteria (e.g., 4606 OF). Therefore, based on the confirmatory analysis, with the
statistical treatment, the GESTR-M U0 2 overpower temperature prediction up to the knee in this
case is reasonable and acceptable. The fuel centerline temperature is determined to be limiting
at the knee of the envelope, in which case the LHGR envelope limit is reduced with exposure.
Both the FRAPCON and GESTR-M calculations show that the U0 2 rods have the capacity to
withstand 45 percent overpower, while avoiding fuel centerline melt at the limiting exposure
statepoint.

Table 3-6 below shows both the steady-state and 28 percent overpower fuel temperature for
10 weight percent UGdUO 2 rod temperature. The current BWR reloads are based on less than
7 percent Gd content, therefore the NRC staff confirmatory analysis is based on 8 percent Gd
content. While direct one-to-one comparison cannot be made, the higher Gd content is
expected to yield higher temperature for the same overpower. For 28 percent overpower,
FRAPCON calculated 4175 OF for 8 percent Gd. As can be seen in Table 3-6, GESTR-M
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calculates a nominal temperature of [[ ]] which is higher than the FRAPCON 8 percent
Gd calculations. The 10 percent Gd rod fuel temperature shows that fuel centerline temperature
may not be avoided with 10 percent Gd content. However, the 10 percent Gd calculation is
based on non-barrier fuel, which is more conservative. Currently, nonbarrier fuel is no longer
loaded in BWRs. Table 3-7 shows changes in the fuel melting temperature with Gd
concentration and exposure.

Table 3-6. Fuel Centerline Temperature Results for GEl4 UO2 and 10 weight percent Gd Rod for
Overpower at the Knee of the LHGR Limit Envelope

GESTR-M Fuel Centerline Temperature

Rod Type Overpower TCenterline At TOP Nominal TOP Tmelt

(%) Knee Tmeit ('F) U95% Acceptance
(OF, steady-state) Tmeit (F) Criteria ('F)

U02 45 R[ 4987
10 weight 28 ]] 4954

percent Gd*

11.71
*13.4U KW/It and 16.00 GWd/MTU pellet exposure for U02.

kW/ft and 12.93 GWd/MTU pellet exposure for 10 weight percent Gd rod.

Table 3-7 Fuel Melting Temperature as Function of Gadolinium Concentration and Exposure

Exposure Gadolinium Concentration (weight percent)
(GWd/MTU) U02 6% 7% 8% 10%

0_L[
5

10
12.93

15
16
20
25
30

35
40

45
50

55
60

Tm,, =5080 - 4.68G - 0.0036G 3 - 5.8B
Where G is the Gadolinium concentration in weight percent and B is the burnup in GWd/MTU

Licensingof 10 Percent UGdUO 2

It appears that GE has not submitted the T-M LTR for the use of 10 weight percent Gd in
licensing applications. Therefore, before applying 10 percent Gd, GE must submit the T-M LTR
demonstrating that the fuel centerline melt and 1 percent strain acceptance criteria can be met
for overpower conditions expected of EPU and MELLLA+ operation overpower response and
other T-M criteria for normal operation and AOOs. The inclusion of 10 weight percent data in
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RAI 9 response does not mean that through LTR NEDC-33173P, the NRC approved the use of
10 weight percent Gd.

In addition, the NRC staff did not review or approve the use of 10 weight percent Gd for fuel
designs for operating reactors. Specifically, TGBLA06 has not been qualified for Gd loadings
above 8 weight percent.

Application of 10 Weight Percent Gd Limitation

Before applying 10 weight percent Gd to licensing applications, including EPU and
expanded operating domain, the NRC staff needs to review and approve the T-M LTR
demonstrating that the T-M acceptance criteria specified in GESTAR II and
Amendment 22to GESTAR II can be met for steady-state and transient conditions.
Specifically, the T-M application must demonstrate that the T-M acceptance criteria can
be met for TOP and MOP conditions that bounds the response of plants operating at
EPU and expanded operating domains at the most limiting statepoints, considering the
operating flexibilities (e.g., equipment out-of-service).

Before the use of 10 weight percent Gd for modern fuel designs, NRC must review and
approve TGBLA06 qualification submittal. Where a fuel design refers to a design with
Gd-bearing rods adjacent to vanished or water rods, the submittal should include
specific information regarding acceptance criteria for the qualification and address any
downstream impacts in terms of the safety analysis. The 10 weight percent Gd
qualifications submittal can supplement this report.

TOP Conclusion

Based on the FRAPCON confirmatory analysis and the data provided for the U0 2 rod with
95 percent confidence, there is reasonable assurance that the GESTR-M overpower fuel
temperature up to the knee of the GE14 LHGR limit is acceptable. The confirmatory analysis
indicates that the U0 2 rod can accommodate a TOP of 55 percent.

The NRC staff concludes the plant-specific application will demonstrate that for both the U0 2
and the UGdUO2 rods the steady-state and transient overpower response will meet the
acceptance criteria. In addition, the adequacy of GESTR-M modeling of the fuel temperature
and an associated Part 21 evaluation is discussed further in Section 3.2.6.5.8, "Part 21
Evaluation," of this SE.

3.2.6.5.7 MOP Confirmatory Analysis
The MOP acceptance criterion is that cladding strain be limited to 1 percent plastic strain.
Manufacturing tolerances were selected to maximize fuel thermal expansion and clad stress
(e.g., minimum clad thickness, maximum fuel pellet diameter, maximum crud/oxide). Based
upon comparable strain at lower power levels, the (UGd)0 2 fuel rod is slightly more limiting than
the U0 2 fuel rod.

Examination of the Table 12-3 (Appendix C) results reveal that the U0 2 fuel rod is able to
accommodate 65 percent MOP, with a circumferential permanent strain of 0.67 percent
(0.85 percent total). The (UGd)0 2 fuel rod experiences a circumferential permanent strain of
0.66 percent (0.84 percent total) with a 65 percent MOP.

The FRAPCON-3 algorithms are tuned to produce best-estimate predictions. Even though
manufacturing tolerances are set at worst case, the modeling uncertainty (which represents the
spread in the empirical database) needs to be accounted for. The modeling uncertainty related
to predicted fuel swelling and cladding strain is high, especially as burnup increases. The
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spread in empirical data for power ramp tests may exceed 50 percent. As a result, an
uncertainty on the best-estimate FRAPCON cladding strain calculations should be
approximately 50 percent. Based upon the calculated strains and a 50 percent uncertainty in
the model accuracy, a high confidence MOP for both UO2 and (UGd)0 2 fuel rods would be
55 percent. Table 3-8 shows that at 55 percent MOP based on 50 percent uncertainty in the
model, sufficient margins exists for the 1 percent strain acceptance criteria. No GESTR-M MOP
data was available to make equivalent comparisons, however the criteria is expected to be met,
since the TOP sets the limit.

Table 3-8 Confirmatory FRAPCON MOP (U0 2 rod and UGdUO 2 rods)

FRAPCON MOP
U02:13.4 kW/ft at 16 GWd/MTU
Gd: 12.3 kW/ft 16 at GWd/MTU

Rod Type Overpower (%) Strain Total %

U02 45 0.60
U02 55 0.72
U02 65 0.85

8 weight percent Gd 45 0.60
8 weight percent Gd 55 0.72
8 weight percent Gd 65 0.84

3.2.6.5.8 Part 21 Evaluation

In a separate ESBWR design certification review, the NRC staff discovered a discrepancy in the
GESTR-M T-M calculations, supporting the GE14 fuel designs. Specifically, the NRC staff
discovered that the GESTR-M under-predicted the U0 2 fuel temperature calculations in
comparison to both FRAPCON-3 and PRIME calculations for high exposures. PRIME is a new
T-M code, which GE used for sensitivity analysis in response to ESBWR RAIs. From the review
of the ESBWR, the NRC staff attributed the observed differences were primarily due to GESTR-
M U0 2 fuel thermal conductivity model, which does not model exposure dependency compared
to the other two codes. The concern seems to lie in GESTR-M U0 2 temperature calculation
with exposure.

Currently, the same GESTR-M is used in both ESBWR and the operating reactors; therefore the
issue was pursued further for operating reactors in general and in this review in particular. The
NRC staff asked GE to initiate a Part 21 evaluation to determine the safety significance and
adequacy of GESTR-M fuel temperature calculations. NRC staff requested GE to evaluate the
overall conservatism of GETSR-M fuel T-M models, specifically the predicted fuel temperatures,
against the most up-to-date expanded empirical database (e.g., database used to validate
PRIME). As part of the Part 21 evaluation, the NRC staff asked GE to demonstrate the impact
of burnup degradation in U0 2 thermal conductivity on the T-M calculations, fuel design analysis
and the downstream safety analyses.

On January 21, 2007, GE submitted MFN 07-040 letter, "Part 21 Notification: Adequacy of GE
Thermal-Mechanical Methodology, GESTR-M," (Reference 57). The letter provided an
assessment of the GESTR-M fuel rod temperature prediction with exposure. It compared both
the GESTR-M and PRIME against fuel centerline temperature measurement data. By letter
dated January 19, 2007 (Reference 58) GNF submitted a TR for the PRIME Model for Fuel Rod
Thermal-Mechanical Performance for NRC staff review and approval. The comparisons show
non-conservative exposure dependent bias in the GESTR-M temperature predictions. The
Reference 57 letter also identified the key fuel design parameters and safety analyses that will
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be affected by fuel rod centerline temperature under-prediction and justified the impact. GE's
conclusions are as follows:

The primary parameters in fuel thermal-mechanical calculations, fuel design analyses
and downstream safety analyses that are impacted by fuel temperature are fuel
centerline melting, cladding strain, loss-of-coolant accident (LOCA) response, and fuel
rod internal pressure. [[

]] Therefore, GESTR-M and its associated statistical methodology are
adequate for fuel licensing and design calculations within its qualification domain...

Reference 57 letter also states:

Additionally, GNF has developed a new fuel rod thermal-mechanical model to support
high exposure fuel designs ... This model will be submitted to NRC for review and
approval, and will be incorporated into the GNF new fuel rod design and licensing
process upon approval.

The NRC staff considers this to be a commitment to migrate to PRIME upon NRC staff
approval. However, the commitment seems to be limited to new fuel introduction. Therefore
the "LHGR and Exposure Qualification" limitation of this SE requires migration and use of
PRIME upon NRC staff approval for all future EPU and MELLLA+ applications.

The NRC staff needed to evaluate appropriately the technical merit of GE's Part 21 evaluation.
At the time the draft SE for NEDC-33173P was issued to the Advisory Committee for Reactor
Safeguards (ACRS), the GE Part 21 was still being evaluated by NRC staff. Therefore, the
following limitation associated with the GESTR-M fuel temperature calculation was imposed at
the time of issuance of the draft SE, to capture that any conclusions from the NRC staff
evaluation of GE's Part 21 report would be applicable to the GESTR-M T-M assessment in this
SE.

Part 21 Evaluation of GESTR-M Fuel Temperature Calculation Limitation

Any conclusions drawn from the NRC staff evaluation of the GE's Part 21 report will be
applicable to the GESTR-M T-M assessment of this SE for future license application.
GE submitted the T-M Part 21 evaluation, which is currently under NRC staff review.
Upon completion of its review, NRC staff will inform GE of its conclusions.

The NRC staff completed its evaluation of GE's Part 21 evaluation (Reference 57) which is
provided in Appendix F. The NRC staff evaluation concluded that although the GESTR-M best
estimate calculation under-predicts the fuel centerline temperature, the conservative uncertainty
treatment compensates for the under-prediction, resulting in bounding 95/95 fuel centerline
temperatures. The NRC staff concludes that the GESTR-M fuel temperature calculation with
the 95 percent uncertainty treatment is acceptable.

In Appendix F, the NRC staff evaluated the adequacy of GESTR-M methodology and its
qualification database to determine the licensing rod internal pressures. Regarding the rod
internal pressure calculation, the NRC staff concludes that the adequacy of the GESTR-M
uncertainty treatment needs to be confirmed through measurement qualification data and
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corrected for licensing applications. Therefore the NRC staff position as provided in Appendix F
is applicable for GESTR-M rod internal pressure calculations.

In response to the NRC staff concerns, GE now plans to revise the GESTR-M Part 21
evaluation. Preliminary discussions reveal that GE will identify conservative aspects of the rod
internal pressure calculation methodology which compensate for the potential non-conservative
U0 2 fuel temperature calculation. The revised Part 21 evaluation will conclude that the'overall
methodology remains conservative and that the proposed 350 psi penalty on P-critical (from
Appendix F) is not required. Based upon initial discussions, it appears that GE's goal is
achievable. The NRC staff will assess the adequacy of the revised Part 21 evaluation when it
becomes available. Until then the NRC staff conclusions in Appendix F remain in effect.

3.2.6.5.9 Overall T-M Methodology Conclusion
The objective of the interim evaluations of GE's thermal mechanical (T-M) methodology is to:
(1) evaluate changes in the fuel T-M performance at EPU and the proposed MELLLA+;
(2) assess the conservatisms of the T-M methodology; (3) evaluate the applicability of the
experimental qualification database supporting the T-M methodology; (4) establish if there is a
need to expand the supporting qualification database in order to achieve additional confidence
in the accuracy of the methods; and (5) identify the necessary corrective actions required in the
application of the T-M methodology to operation at the EPU and the proposed expanded
domains.

The NRC staff concludes that:

1. The core design required in order to achieve a 24-month cycle length and operation at
EPU and MELLLA+ could affect the fuel T-M performance, during steady-state and
transient conditions. The number of maximum powered bundles operating near the
LHGR limit during steady-state increases. In addition, the higher plant response during
transients could increase the fuel pellet overpower response, depending on the specifics
of the core design utilized to achieve the energy needs for operation at EPU and
MELLLA+.

2. The power distribution uncertainties applied and the assumptions in the development of
the T-M limits (e.g., operating history assumptions) provide some confidence in the
conservatisms in the T-M model.

3. Plant-specific EPU and MELLLA+ applications will demonstrate and document that
during normal operation and core-wide AGOs, the thermal mechanical acceptance
criteria as specified in Amendment 22 to GESTAR II will be met. Specifically, during an
AOO, the licensing application will demonstrate that the: (1) loss of fuel rod mechanical
integrity will not occur due to fuel melting and (2) loss of fuel rod mechanical integrity will
not occur due to pellet-cladding mechanical interaction. NRC-approved methods will be
used to perform these analyses. The plant-specific application will demonstrate that the
T-M acceptance criteria are met for both the U0 2 and GdO 2 rods, whose T-M
performance differ.

4. To account for the impact of the void history bias, plant-specific EPU and MELLLA+
applications will demonstrate 10% margin to requirements for fuel centerline melt and
the 1 percent cladding circumferential plastic strain due to pellet-cladding mechanical
interaction, for the most limiting AOO transient events, including equipment out of
service.

5. The licensing process does not include reporting of the fuel overpower performance,
although the fuel design requirements include demonstrating that the SAFDLs should be
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met during AQOs. Each EPU and MELLLA+ fuel reload will document in the SRLR the
calculational results of the analyses to demonstrate compliance to transient thermal
mechanical acceptance criteria.

6. NRC staff evaluation of the T-M qualification data indicates that the current database
does not extend to the current fuel designs and need to be expanded to the current fuel
designs and exposures. GE intends to perform additional scans as presented to the
NRC staff (Reference 31), as stated in the initial RAI 28-1 response (Reference 3) and
as committed to in RAI 9 response (Reference 25). The NRC staff agreed with this
proposal and the NRC staff approval of LTR NEDC-33173P (Reference 1) relies in the
long-term on the confirmations of the internal rod pressures and the exposure for the
GE14 fuel up to the licensed exposure. The confirmation will also include extension of
the fuel temperature data to the current licensed exposures.

7. The conclusions of the plenum fission gas and fuel exposure gamma scans will be
submitted for NRC staff review and approval and inclusions in the T-M licensing process.
This can be accomplished by supplementing LTR NEDC-33173P (Reference 1),
amending GESTAR II, or including it in the benchmarking of the PRIME T-M models.

8. The NRC staff best-estimate analyses with some penalty show that the GE14 fuel can
accommodate TOP and MOP values that are within the ranges of the Amendment 22 to
GESTAR II TOP and MOP for both the U0 2 and (UGd)0 2 rods. The observed GESTR-
M/FRAPCON differences indicate some potential non-conservatism in GESTR-M fuel
temperature calculations, but with statistical treatment the GESTR-M calculation is
acceptable up to the limiting envelope knee of [[ ]] for the U0 2 rod.
Regarding the rod internal pressure calculation, the NRC staff concludes that the
adequacy of the GESTR-M uncertainty treatment needs to be confirmed through
measurement qualification data and corrected for licensing applications. Therefore the
NRC staff position as provided in Appendix F is applicable for GESTR-M rod internal
pressure calculations.

9. The Gd rod sets the overpower limit. Any increases of the Gd concentration should be
scrutinized to ensure that the T-M evaluation is based on overpower conditions
characteristic of EPU and expanded operating domains.

10. This review does not approve the use of 10 percent Gd concentration, unless GE
demonstrates that the use of the 10 percent Gd was specifically approved through
licensing action.

Based on the assessment covered in this section, the insights from the confirmatory analyses,
the NRC staff concludes that the application of the current T-M methods to EPU and MELLLA+
are acceptable with compliance to the associated limitations.

3.2.7 Fuel Rod Exposure

An exposure limit is applied to the GE fuel designs to ensure that fuel integrity is maintained and
that the fuel is not operated beyond the basis supporting the thermal mechanical limits. For the
fuel of interest, GE14, the local exposure limit is 70 GWd/MTU (Reference 1). The fuel
exposure is directly related to the integrated LHGR over the course of the fuel exposure and is
monitored via the plant process computer to ensure that the limit is not exceeded. Therefore,
the ability to predict and monitor the exposure is directly related to the ability to monitor the
LHGR and is subject to the same biases and uncertainties applied to LHGR.
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In Reference 1 and 29, GE stated that near the exposure limit the fuel rod T-M parameter of
most interest is the internal rod pressure. In the fuel rod T-M calculation, the fuel rod is
assumed to operate on the exposuredependent LHGR curve over its entire lifetime without
exceedingthe internal rod pressure criteria. Given that the pellet exposure resulting from
operation this LHGR curve would greatly exceed the licensed exposure, this evaluated fuel rod
internal pressure conservatively bounds the conditions that result in actual operation. The
justifications provided are that even if the peak pellet exposure is exceeded, when the
monitored condition is at the peak exposure limit, the fuel integrity is not challenged given the
level of conservatism assumed in the fuel T-M analysis.

However, the fact still remains that there are no exposure accounting measurements to confirm
the accuracy of GE's methods for the current fuel design and operating strategies. In the
response to RAI 9 (Reference 25), GE committed to perform the exposure gamma scans as
well as the associated fission gas gamma scans. The NRC staff considers the exposure
benchmarking important, because a hot rod can accumulate higher exposure early in its core
resident life and remain in the core. The NRC staff will track the RAI 9 commitment to ensure
that the qualification data is submitted for NRC staff review and approval. The NRC staff should
request that GE includes the status of this item in the annual fuel design meeting agenda.

Considering the margins demonstrated in the internal pressure calculation and that the peak
pellet exposure is monitored via the process computer, the NRC staff concurs with the GE
assessment that in the interim, no additional conservatism in the fuel exposure limited is
necessary to maintain the fuel integrity.

3.2.8 Shutdown Margin

The regulation at 10 CFR Part 50, Appendix A, GDC 26, "reactivity control system redundancy
and capability," states:

Two independent reactivity control systems of different design principles shall be
provided. One of the systems shall use control rods, preferably including a positive
means for inserting the rods, and shall be capable of reliably controlling reactivity
changes to assure that under conditions of normal operation, including anticipated
operational occurrences, and with appropriate margin for malfunctions such as stuck
rods, specified acceptable fuel design limits are not exceeded. The second reactivity
control system shall be capable of reliably controlling the rate of reactivity changes
resulting from planned, normal power changes (including xenon burnout) to assure
acceptable fuel design limits are not exceeded. One of the systems shall be capable of
holding the reactor core subcritical under cold conditions.

The CR based system uses the control blades and the core designs are developed such that
the reactor will be in a subcritical configuration at cold (20 °C), xenon-free conditions with all
control blades inserted and the strongest reactivity worth blade fully withdrawn at any point in
the cycle. The difference between the effective multiplication factor for this state and unity is
known as the SDM. In order to ensure that the system will not be critical the reactor core design
must be such that the SDM exceeds the uncertainties and biases that exist in the nuclear
analysis methods and in knowledge and variability of the fuel parameters used as input in the
SDM calculations.

The SDM is dependent on the prediction of the fuel exposure, isotopic compositions, and reload
batch size and enrichment, all of which are impacted at EPU conditions. As will be discussed
below, the SDM relies on the calculation of the exposure and isotopic conditions in the core, and
therefore, is subject to the accuracy of the neutronics methods, which must be confirmed with
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measurements. Given the impact of EPU operation on these parameters and little available
data for validation of the neutronics methods, an assessment of adequacy of the SDM was
performed along with a review of supporting data. The NRC staff evaluated the cold critical
demonstration data to establish if there are any changes in the code predictions for the EPU
core configurations and operating conditions.

3.2.8.1 Cold Critical Demonstration

An SDM demonstration is performed after each outage to ensure the SDM is met. This
demonstration consists of the comparison of the cold critical condition during startup (an in-
sequence demonstration) with the calculated criticality at the same CR position to determine the
difference in the calculated criticality and the demonstrated criticality. The worth of the
strongest CR in this in-sequence test is based on calculations. The SDM requirement for this
in-sequence cold critical demonstration is 0.38 percent Ak/k and is given by the following:

ksro - kdemo(1 - 0.0038),

where kdemo is the calculated eigenvalue corresponding to the cold critical configuration and ksro
is the calculated eigenvalue for the strongest-rod-out configuration. The 0.0038 value is a two
standard deviation value of the combination of uncertainties evaluated to account for reactivity
effects associated with fuel manufacturing tolerances, variations in the predictive capability of
the neutronics methods, and variations in exposure on the critical configuration.

The accuracy in the prediction of the SDM, therefore, depends on the accuracy of the
neutronics methods to predict the distributed criticality (corresponding to kdemo) and local
criticality (corresponding to ksr). A distributed critical configuration is represented by the
in-sequence cold critical measurement, where control rods are pulled in a relatively uniform
manner in all regions of the core. A local critical configuration is represented by a configuration
in which the core becomes critical with a relatively small number of adjacent control blades
removed. The local cold critical provides a demonstration of ability to predict the worth of the
strongest-rod-out configuration.

The accuracy of the prediction of the cold critical eigenvalues is indicated in Figure 3-16 for five
Reference Plants. This figure shows a comparison of the actual and projected cold critical
eigenvalues for both local and distributed measurements. The majority of the data is provided
for Plant C, which is a small [[ ]] (see Table 3-15). In most cases the
actual eigenvalue is lower than the projected eigenvalue, which is conservative in terms of
SDM. Further evaluation of the local criticality measurements for Plant C will be discussed
below.

In the response to RAI SBWB-28 (Reference 49) recent cold critical demonstration data was
provided for Browns Ferry Units 2 and 3 based on in-sequence measurements. Local critical
measurements are not available. The results provided for six measurements indicate that all
but one case is within 0.2 percent Ak/k. The remaining case differs by [[ ]]
which exceeds the SDM requirement: However, because of the use of a [[
design SDM, this case still meets the 0.38 percent Ak/k requirement. However, this reflects the
need for additional margin in the SDM calculations to compensate for potentially higher model
uncertainties.

The impact of EPU operation was assessed by the review of data provided in request to RAI 2.2
of MFN06-195 (Reference 10), which provides data for three successive cycles (23, 24, and 25)
for a plant that began EPU operation in Cycle 25 (see Figure 3-15). However, both Cycles 24
and 25 were designed for EPU operation. The data provided indicates that the there is
essentially no change in the cold critical prediction based on EPU core designs.
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3.2.8.2 Accuracy of the Prediction of the Strongest Blade

Since the worth of the strong rod is based solely on calculations and is not directly
demonstrated in the in-sequence startup, it is necessary that the accuracy of the prediction of
the worth strongest rod be evaluated. Should the worth of the strongest rod be under-predicted
by the calculational methodology, the available SDM will be over-predicted and the in-sequence
cold critical demonstration will not be sufficient to ensure that the SDM is met.

Local cold critical measurements are performed at some plants and on an infrequent basis.
These local cold critical measurements can be used to assess the calculation accuracy of the
neutronics methods for the worth of the strongest rod. In MFN 06-195 (Reference 10), data
were provided to demonstrate the accuracy of the prediction of both distributed and local critical
.measurements for high power density plants. The overall standard deviation of prediction of the
cold critical eigenvalue was [[ ]] with the repeatability of the prediction of the
cold critical eigenvalue for the same core of [[ ]] In response to RAI 2.1
(Reference 10), GE extracted the local critical measurements to allow the assessment of the
accuracy of the local cold critical measurements and calculated values. The standard deviation
of the differences between the test data and the design basis multiplication factor for these local
critical measurements is [[ ]] [[

3.2.8.3 Design Shutdown Margin

In addition to the uncertainties discussed above, GE has historically applied a design margin of
[[ ]] SDM to ensure that the 0.38 percent Ak/k requirement is met. According to
Reference 2, this larger design margin is to account for the following factors that affect the
prediction of the SDM:

6.

GE reports that the largest variation is due to the allowance for operation different from that
projected which are related to the flexibility required for operational variations.

3.2.8.4 Assessment

The data provided by GE in support of the assessment of the accuracy of the cold critical
predictions supports the SDM requirement of 0.38 percent. Given that the in-sequence cold
critical demonstration relies on calculation.of the worth of the strongest rod, additional review of
the prediction accuracy for local critical measurements was performed. Based on the data
provided, the accuracy of the local critical predictions, including a [[ ]]
indicates acceptable accuracy of the prediction of local critical states. Per Section 2.3.2 of LTR
NEDC-33173P (Reference 1), the normal design SDM is taken as [[ ]] to
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ensure that the 0.38 percent margin is met primarily to account for the range of items above.
The use of this increased margin is highly recommended and has been shown to be necessary
to ensure that the 0.38 percent margin is met.

The review of local critical data indicates that the accuracy of the prediction worth of the
strongest rod is acceptable when including [[ ]] However,
additional data to support the accuracy of the prediction of the worth of the strongest rod is
desired. The accuracy of local criticality prediction should also be considered for future
significant changes in operating conditions and core designs.

It is recommended that SDM demonstration be included in inspections to ensure that there are
no trends in the reduction in SDM with operation at EPU and expanded domains for plant-
specific applications of LTR NEDC-33173P (Reference 1).

3.2.9 Standby Liquid Control System

The second, independent shutdown system is the SLCS in which soluble boron is introduced
into the core to maintain the core in a subcritical condition. The requirement for the SLCS
shutdown is provided in the TS, which gives the minimum soluble boron concentration that is to
maintain the core in the subcritical condition. Calculations are performed as a function of
exposure throughout the cycle to determine the minimum SLCS SDM during the cycle.

The GESTAR methodology specifies that the SLCS analysis be performed at the TS boron
value and at the maximum reactivity conditions with no xenon present. In addition, the current
GE process is to assume an [[

There is no demonstration of the SLCS shutdown capability, and therefore the calculational
SDM must account for all biases and uncertainties. The determination of uncertainties is based
on comparisons of TGBLA with a benchmark MCNP code, the bias and uncertainty in the
MCNP code based on borated cold critical experiments, and bias and uncertainty in the
assumed cold critical eigenvalue for PANACEA, the core simulator. The roll-up of the biases
and uncertainties is on the order of [[ ]] depending upon the specific methods
(code versions) and fuel production line.

The impact of operation at EPU and MELLLA+ on SLCS margins is related to the overall ability
of the methods to compute the core reactivity. Such cores may have higher reload batch
fractions and the burned fuel may have differing isotopic compositions than non-EPU cores.
Since the soluble boron is distributed throughout the core, the SLCS SDM is determined more
by core-wide reactivity effects rather than local effects (exposure and isotopic content).
Therefore, the assessment of the ability of the nuclear methods to predict the SLCS margin is
based on their ability to compute the core reactivity along with the ability to predict soluble boron
worth. Based on the results provided for the cold critical demonstration (Section 3.2.8.1 of this
SE) and the analysis of the one-rod-out SDM, the biases and uncertainties for the cold critical
calculations for EPU core designs are similar to those for non-EPU core designs. The
prediction of soluble boron worth is confirmed by the comparison of TGLBA with MCNP code
results. The accuracy of lattice physics data generated at different boron conditions will factor
into the calculation of the SLCS SDM. However, in this review the NRC staff did not perform
code-to-code comparisons to assess TGBLA generated boron libraries.

Based on this assessment above and the additional level of conservatism resulting from the
all-rods out assumption, the SLCS calculational procedure remains applicable to EPU and
MELLLA+.
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Table 3-9 TRACG Impact of High Exposure Void Coefficient Bias

1]
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Table 3-10 GE14 LHGR Limit

Exposure LHGR (U02) Exposure LHGR
(GWd/MTU) kW/ft (GWd/MTU) (6% Gd)
0.0 0

16 5

63 13.53

70 60.625

67.067

Table 3-11 LHGR Power Distribution Uncertainty Components

Component NEDC- Revised
32601

Infinite Lattice Pin Power Peaking [[

Manufacturing Uncertainties

Gradient Effect Uncertainty

Channel Bow Uncertainty

Pal Uncertainty

TIP Uncertainty

P4B Uncertainty

Update Uncertainty

Total Uncertainty ]
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Table 3-12 Internal rod pressure as function of exposure
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Table 3-13 Effect of Early Life LHGR Variation GE14 Six Weight Percent Gd203-UO2
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Table 3-14 GSTR Mechanical Qualification Database
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Table 3-15 Key Core Parameters for Reference Plants (from MFN05-029 (Reference 11))
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Figure 3-1 Cold Critical Eigenvalue Tracking
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Figure 3-2 Hot Critical Eigenvalue Tracking
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Figure 3-3 Hot Critical Eigenvalue Tracking for Plant E
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Figure 3-4 Gamma and Thermal TIP Power Distribution Uncertainties
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Figure 3-5 Four-bundle uncertainty

Note: Plant B, Cycle 9 and Plant E, Cycle 9 core monitoring and offline calculations are based on PANACl0
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Figure 3-6 Axial RMS Uncertainty

Note: Plant B, Cycle 9 and Plant E, Cycle 9 core monitoring and offline calculations are based on PANAC10
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Figure 3-7 Nodal RMS Uncertainty

Note: Plant B, Cycle 9 and Plant E, Cycle 9 core monitoring and offline calculations are based on PANAC10
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Figure 3-8 Axial Void Profile (R-factor Calculation)
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Figure 3-9 Bundle R-factor and Estimated CPR Response
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Figure 3-10 Bundle 2 RIP and Estimated SLMCPR Impact
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Figure 3-11 Lattice 7009 Void Coefficient Comparisons
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Figure 3-12 EPU LHGR Operating History
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Figure 3-13 GE14 Six Weight Percent Gd 203-UO 2 LHGR Operating Limit and Analysis Basis
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Figure 3-14 Six Percent Gd-bearing Rods Operating History for EPU plant
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Figure 3-15 Sensitivity of Cold Critical Eigenvalue to EPU Operation
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Figure 3-16 Difference Between Actual and Projected Cold Critical Eigenvalues

4.0 40 PERCENT VOID FRACTION DEPLETION ASSUMPTION

The reactor core response during transient situations is highly dependent upon the changes in
reactivity with changes in void content in the coolant. The impact of changes in the void content
is accounted for in cross-sections and lattice physics parameters in GE nuclear methods cross-
section model. The NRC staff evaluated GE's neutronic methods to evaluate the impact of void
history bias on the void reactivity coefficient.

4.1 ASSESSMENT OF IMPACT ON VOID REACTIVITY COEFFICIENT

The reactor core response during transient situations is highly dependent upon the changes in
reactivity with changes in void content in the coolant. The impact is measured by computing a
void reactivity coefficient, which is defined as follows:

Coolant Void Reactivity Coefficient = 1Ik (dk/da)

In the above equation, k is the multiplication factor and a is the void fraction. Since a derivative
is involved, the coolant void reactivity coefficient is essentially proportional to the slope of the k
versus void fraction curve. A different shape in the Kinf versus void fraction for a particular lattice
would be expected for lattices that have been depleted with different historical void fractions
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because they will experience a different neutron spectrum resulting in different plutonium
content. Therefore, it is expected that the void reactivity coefficient will have some variation with
the historical void fraction used in the lattice depletion.

The transient analysis code ODYN performs a one-dimensional analysis of the core using
cross-sections that are determined via GE's cross-section model. This approach involves using
the TGBLA lattice physics code to perform depletion calculations for a particular lattice at
0 percent, 40 percent, and 70 percent void fraction. These "historical" cases are important for
capturing the change in the isotopic composition of the fuel with exposure and void fraction. In
addition, instantaneous changes in the void fraction are performed for the [[

]] to capture the change in the cross-sections for the IV changes that would occur
in transients. [[

]] used to determine cross-sections at other instantaneous and
historical void fractions (the fitting procedure actually uses water density as the independent
variable).

Therefore, while ODYN does not specifically use a void reactivity coefficient, the sensitivity
study/uncertainty studies performed with ODYN consider a specific value for the uncertainty in
the void reactivity coefficient. For example, the analysis performed in response to plant-specific
RAI (VYNPS RAI SRXB-A-68; Attachment 1 to Reference 30), assumes a [[ ]]
uncertainty. However, given that the void reactivity coefficient is sensitive to the plutonium
content and that [[

]], an investigation of the potential error in the void reactivity coefficient is
warranted. In addition, errors related to the extrapolation [[

]]

To assess the potential impact of the [[ ]] assumption on the void reactivity,
the NRC staff requested ORNL to perform confirmatory analyses. ORNL performed
confirmatory analyses using the HELIOS code system. The calculations were performed for a
lattice with high enrichment, gadolinium loading, and with vanished rods typical of the upper
portion of the fuel bundles. The calculations were performed for bundle exposures up to 60
GWd/t and for instantaneous and historical void fractions ranging from 0 to 90 percent.

Comparisons of the void reactivity coefficients for the different void history cases and exposures
based on ORNL HELIOS calculations are presented in Figure 4-1 and Figure 4-2. Note that
additional instantaneous branch points were calculated at the higher void conditions to resolve
the non-linearity of the void coefficient with respect to IV fraction at high fuel exposures. The
impacts of the different void histories are evident at the higher void fractions with the increasing
differences in the void reactivity profiles with increasing exposure. The difference in the profiles
[[ ]] represents a potential error resulting from GE's
methodology. The errors for exposures of about 30 GWd/ST and less are consistent with the
[[ ]] assumed in the ODYN analysis. However, for higher exposures at
high void fractions the error increases [[ ]] In addition, the deviation of
the void reactivity from a linear variation represents an error that results from the quadratic
extrapolation used in GE's methodology. As shown in these figures, at high void fractions and
high exposures the profile deviates from linear.

The GE approach to cross-section parameterization and fitting [[
]] combined with the assumption that the

change in cross-sections with instantaneous change in voids is not sensitive to the void history,
results in a substantially larger error in the void reactivity coefficient than assumed in the ODYN
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uncertainty analysis, particularly at high fuel exposures. The NRC staff determined that the
impact of these increased errors on the response of the core during a transient needed to be
evaluated to ensure that there is no impact on the core transient response.

However, criteria applied to the fuel are also exposure dependent (e.g., LHGR), and therefore it
is important to provide a demonstration that the fuel integrity is not compromised in the event of
a transient event.

4.2 GE EVALUATION OF INCREASED VOID COEFFICIENT UNCERTAINTY

Section 2.2.2 of LTR NEDC-33173P (Reference 1) covers GE's void reactivity coefficient
analyses. Additional expanded discussion is presented in response to NRC staff RAI
SRXB-A-RAI 68 (Attachment 1 to Reference 30). GE evaluated the errors in the void coefficient
resulting from the cross-section model as described above. The model assumptions that have a
significant impact on the void coefficient are:

1

2. The assumption that the void reactivity coefficient determined at a
]] condition applies to all other void histories. At high exposures the difference

in isotopic compositions resulting from differing void histories results in significantly
different void reactivity coefficients.

GE considered the cross-section model impacts separately for exposures less than
11 ]] and greater than [[ ]] The calculation and
comparison of the void coefficients at exposures of less than ]] indicated that the
void reactivity coefficient errors were within those assumed in the ODYN ACPR/ICPR
uncertainty analysis. The results for exposures greater than [[ ]] are shown in
Figure 4-3 as a ratio of the MCNP to TGBLA06 void coefficients, and are quite similar to the
confirmatory results discussed above. These relatively large differences required additional
analysis to ensure that they do not result in a significant impact on safety parameters.

To justify the potential under-prediction of void reactivity coefficient in the top portion of the core
experiencing the high voids, LTR NEDC-33173P (Reference 1) provided additional assessment
of the behavior of the void reactivity. LTR NEDC-33173P (Reference 1) states that typical plot
of the void-quality relationship shows that [[

1] Small power changes in the lower quality range correspond to
a void fraction change. In general, the void coefficient becomes more
negative with increasing core average void fraction. However, in general the net power effect
considering the void-quality behavior is that core power response is

GE states that the void coefficient uncertainties and biases also have a
GE

adds that Figure 4-5 depicts the relative difference, which was derived from the void and quality
values relationship in Figure 4-4 [[

]] Figure 4-5 shows the reactivity effect
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of a small quality perturbation (AX = 0.001) using a representative void coefficient over a range
of void fraction values.

[[

4.3 IMPACT OF VOID COEFFICENT UNCERTAINTIES ON ATWS

For an isolation ATWS event, closing the MSIV causes a rapid increase in reactor vessel
pressure, which results in core void reduction and an associated power increase. A
recirculation pump trip (RPT) is initiated on high pressure and the core flow begins to decrease.
When the steam production decreases to the point at which the SRV capacity is sufficient to
relieve all of the steam generation, the pressure and core power begin to fall. To reduce further
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the core power, the vessel water level is lowered, which uncovers the feedwater spargers and
reduces the subcooling. Boron injection through the SLCS is initiated if the suppression pool
begins to heat up or oscillations are developed.

Typically, the limiting criteria for ATWS events are: (1) the early pressure rise must not result in
pressures higher than the ASME Level C criteria for the weakest link in the primary (typically
1500 psi), and (2) the suppression pool temperature must remain low enough to prevent over-
pressurization of the containment to the point where it may fail. Criterion 1 is challenged in the
early phase of the transient (less than one minute) and Criterion 2 is challenged at the end of
the transient (20 to 30 minutes after initiation for stand-pipe BWRs).

The neutronic methodology errors will affect an ATWS through the void reactivity coefficient. An
increase of void coefficient magnitude has two competing effects:

1. The initial pressure increase after MSIVC will result in a larger power response, which in
turn will increase the pressure further; and

2. The flow reduction after the RPT, results in a larger reduction of core power due to the
re-voiding effect.
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4.4 VOID REACTIVITY CONCLUSION

Based on the NRC staff confirmatory analyses, the content of the RAI responses, the
assessment and justifications presented in LTR NEDC-33173P (Reference 1), the evaluation of
the sensitivity analyses provided, the NRC staff concludes that the GE void history assumption
provides reasonable assurance that the impact is not significant and therefore is acceptable,
given the limitations below.

Void Reactivity Limitation 1:

The void reactivity coefficient bias and uncertainties in TRACG for EPU and MELLLA+
must be representative of the lattice designs of the fuel loaded in the core.

Void Reactivity Limitation 2:

A supplement to TRACG /PANAC1 1 for AOO is under NRC staff review (Reference 40).
TRACG internally models the response surface for the void coefficient biases and
uncertainties for known dependencies [[

]] Therefore, the void history bias determined through the
methods review can be incorporated into the response surface "known" bias or through
changes in lattice physics/core simulator methods for establishing the instantaneous
cross-sections. Including the bias in the calculations negates the need for ensuring that
plant-specific applications show sufficient margin. For application of TRACG to EPU and
MELLLA+ applications, the TRACG methodology must incorporate the void history bias.
The manner in which this void history bias is accounted for will be established by the
NRC staff SE approving NEDE-32906P, Supplement 3, "Migration to
TRACG04/PANAC1 1 from TRACG02/PANAC1 0," May 2006 (Reference 40). This
limitation applies until the new TRACG/PANAC methodology is approved by the NRC
staff.
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Table 4-1 Void Coefficient Comparisons between TGBLA06 and MCNP

1]
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Void Coefficient vs Void Fraction
Hellos Calculations

Lattice 5168, Bumup = 30 GWd/MT
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Figure 4-1 Void coefficient vs. instantaneous Void Fraction for a Range of Historical Void
Fractions at an Exposure of 30 GWd/MT
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Void Coefficient vs Void Fraction
Helios Calculations

Lattice 5168, Burnup = 60 GWd/MT
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Figure 4-2 Void Coefficient vs. Instantaneous Void Fraction for a Range of Historical Void
Fractions at an Exposure of 60 GWd/MT
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Figure 4-3 Void Coefficient Ratio MNCP / TGBLA06
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Figure 4-4 Typical Void-Quality Relation at High Power-to-Flow Ratio
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Figure 4-5 Reactivity Change for a Small Quality Perturbation (AX = 0.001) as a Function of Void
Fraction
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Figure 4-6 TRACG Power and Flow Response for MSIVC Event
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Figure 4-7 TRACG Pressure and Relief Valve

5.0 BYPASS AND WATER ROD VOIDING

GE's cross-section methodology relies on a polynomial fit to the lattice physics results at
0 percent, 40 percent, and 70 percent in-channel void assuming no voids in the channel and
water rod. The polynomial fit is then performed as function of the lattice-average density, which
includes the in-channel, bypass, and water rod. In the response to NRC staff RAIs 3.1 and 3.2
(Reference 24) GE describes this methodology. To obtain the cross-section to be used by
ODYSY or TRACG for a given operating condition, first the lattice-average density is computed
from the calculated void distribution, and then the polynomial parameters are interpolated or
extrapolated. Thus, the bypass and water rod voids are included in the ODYSY and TRACG
methodologies, but not in the same way that was considered in the lattice code (TGBLA06),
which considers no voids in the bypass or water rod. The substance of the NRC staff review
was to determine the impact, if any, on stability calculations. The impact of bypass voids on
instrumentation used for stability solutions is described in Section 6.0, "Stability," of this SE.

GE uses four main codes to support stability calculations: ISCOR, PANACEA, ODYSY, and
TRACG. Each models the bypass and water rods in a slightly different manner. All codes,
except for TRACG, use one average radial node to model the bypass. TRACG uses a minimum
of two (one for the periphery channels and one or two for the core center). TRACG uses
[[ ]] while the other codes use the same
number as the fuel component (24 to 25). [[
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There is often confusion when comparing between different reported results because of these
different assumptions.

Table 5-1 shows the void fractions calculated using the different models (and their standard
assumptions) for a high-power-density plant. These void fractions are calculated at the limiting
point in the operating map. As stated above, the differences between the values calculated by
the different codes are a function of the code assumptions. This table provides a comparison of
bypass boiling levels for OLTP, MELLLA, and MELLLA+. The increase in bypass boiling
between OLTP and MELLLA+ is not significant [[

]] Therefore the impact of bypass boiling on the
methodology affects OLTP reactors and plants operating in the MELLLA+ domain.

5.1 IMPACT ON NEUTRONIC METHODS

The GE methodology used to account for bypass voiding is provided in the GE response to
RAI 3.1a (Reference 10). In this methodology, the cross-section parameterization is based on
the use of lattice-averaged water density including the in-channel, bypass, and water rod
regions. The lattice physics calculations that are performed with TGBLA assume that no voiding
occurs in the bypass and water rods. In the 3D core simulator (PANACEA) and transient
simulator (TRACG) the node-average water density is calculated by combining the water
densities in the in-channel, bypass, and water rod regions. This node-average density is used
to obtain the representative cross-sections to be used in the calculation.

Should voiding occur in the bypass region, the assumed condition in the lattice physics
calculations will be different than the actual conditions.

5.2 IMPACT ON STEADY-STATE

An assessment of the accuracy of the use of lattice-averaged water density on Kinf,
cross-sections, and peak rod fission density was provided by GE in the response to RAI 3.1b
(Reference 10). Calculations were performed for two conditions that have identical
node-average water densities, but with and without bypass and water rod voiding. These cases
consisted of calculations with a 90 percent in-channel void fraction without water rod voiding
and 85 percent in-channel void fraction with a 25 percent water rod and 10 percent bypass
voiding. The results provided (lattice Kinf, cross-sections, neutron flux ratios, and the peak
fission density) indicate that there is essentially no error introduced by the use of the node-
average water density.

Additional results were provided in the response to RAI 3.1 b (Reference 10) for the R-factor
response with 90 percent in-channel void fraction with no bypass voiding and a 20 percent
bypass and water rod void fraction. A comparison of the R-factor response as a function of
exposure indicates that there is little impact. GE stated in response to RAI 3.1b (Reference 10),

*that the R-factor generation process is neither conservative nor non-conservative, when
comparing the "production" R-factor based on three void fraction points (0, 40, and 70 percent)
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without bypass and water rod voiding to the R-factor at 90 percent void fraction with 20 percent
bypass.

Confirmatory analysis was performed using the HELIOS code for a typical lattice with a high
in-channel void fraction (e.g., 90 percent) and a 30 percent bypass void fraction. For high
in-channel void fractions the source of neutrons that drive the fission process are predominately
from outside the fuel region because of the limited moderation occurring within the channel.
The bypass region, which typically contains water in the liquid phase, has a strong influence on
the bundle power distribution. Should voiding occur in the bypass region, the power generation
in the bundle is shifted away from the bypass region to the interior regions of the bundle
because of the reduction in the moderation in the bypass. This results in a more uniform power
distribution improving the R-factor response. In addition, the loss of moderator generally results
in a reduction of the lattice Kinf values resulting in a local reduction in the nodal power.
Independent analysis performed with HELIOS by ORNL confirmed this behavior based on
calculations with an in-channel void fraction of 90 percent and a bypass and water rod void
fraction of 30 percent as a bounding value.

Figure 5-1 provides a comparison of the peak relative pin-fission rate for 90 percent in-channel
void fraction with and without a 30 percent bypass void fraction. Figure 5-2 provides a similar
comparison, but based on an RMS of the difference of the relative pin-fission rates from unity.
This later parameter provides an indication of the overall "flatness" of the lattice pin power
distribution. The results indicate, as discussed above, that the peak pin-fission rate is reduced
and the lattice pin-fission rate distribution is more uniform (flatter) for the case with bypass
voiding. Therefore, as far as lattice peaking is concerned, bypass voiding does not have a
negative impact. In addition, the 30 percent bypass voiding considered greatly exceeds the
maximum value of 5 percent indicated by GE for steady-state operation.

5.3 IMPACT ON TRANSIENTS

The impact of bypass and water rod voiding on stability transients is addressed in
Section 6.1.1.1, "Bypass and Water Rod Voiding Uncertainties," of this SE.

5.4 BYPASS AND WATER ROD VOIDING CONCLUSION

The NRC staff, therefore, concludes that the use of the node-average water density for
parameterization of the cross-section data is acceptable for a range of the bypass voiding
included in analysis provided by GE (10 percent bypass voiding). Furthermore, in response to
RAI SBWB-30 (Reference 49), GE stated that specific calculations performed for Browns Ferry
Unit 1, Cycles 7 and 8, show that the core will not experience bypass voiding in excess of
5 percent in steady-state operation, which is within the range of the analyzed conditions for the
neutronics methods. In addition, independent analysis of bypass voiding in steady-state
conditions with high in-channel void fractions demonstrates a reduction in local power and a
more uniform power profile resulting in additional margin to thermal limits.

GE is required to confirm on a cycle-specific basis that the 5 percent bypass voiding assumed in
its analysis is not exceeded. This requirement also ensures the reliability of the monitoring
system, which is also susceptible to errors with high voiding in the bypass region.

Single recirculation loop operation (SLO) is prohibited in MELLLA+ operation unless a plant-
specific deviation is requested and evaluated by the NRC staff. SLO operation is however
allowed for the currently licensed MELLLA domain. The NRC staff will evaluated on plant-
specific presence of greater than 5% bypass voiding for the SLO operation, depending on the
duration of the operation. In addition, the power/flow conditions of the SLO operation is near or
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within the Option III armed instability region. The bypass voiding is expected to be less than the
value calculated for the natural recirculation statepoint. As a guidance, the NRC staff will
assess on plant-specific bases if APRM setdown is needed for SLO operation to satisfy bypass
voiding limitations.

Steady-State 5 Percent Bypass Voiding Limitation:

The instrumentation specification design bases limit the presence of bypass voiding to
5 percent (LRPM levels). Limiting the bypass voiding to less than 5 percent for
long-term steady operation ensures that instrumentation is operated within the
specification. For EPU and MELLLA+ operation, the bypass voiding will be evaluated on
a cycle-specific basis to confirm that the void fraction remains below 5 percent at all
LPRM levels when operating at steady-state conditions within the MELLLA+ upper
boundary. The highest calculated bypass voiding at any LPRM level will be provided
with the plant-specific SRLR.

Table 5-1 Bypass Void Fractions Calculated for Different Reactor Operating Domains
T -- I T I

[[

+ 4 1. 1 4

4 4 + * 4

T 4 4 4

Impact of 30% Bypass Voiding on Peak Pin Fission Density
with 90% In-channel Void Fraction (HELIOS Calculations, Lattice 5166)
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Figure 5-1 Impact of Bypass Voiding on Peak Pin Fission Rate
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Impact of 30% Bypass Voiding on RMS of Relative Pin Fission Density
with 90% In-channel Void Fraction (HELIOS Calculations, Lattice 5166)
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Figure 5-2 Impact of Bypass Voiding on Uniformity of Lattice Pin Fission Distribution

6.0 STABILITY

This section evaluates the impact that the methodology errors documented in this SE have on
reactor stability. This review is based on LTR NEDC-33173P (Reference 1), information
provided during audits and conference calls, and the GE responses to NRC staff RAIs.

The impact of the methodology errors on BWR stability can be grouped in two generic
categories:

1. errors that impact stability calculations (i.e., power distribution uncertainties that affect
the calculated decay ratio (DR)), and

2. errors that impact instrumentation relied upon by stability LTSs (i.e., measurement errors
induced by bypass voiding impact both setpoint applicability and the actual
measurement of an oscillation should it occur).

6.1 UNCERTAINTIES THAT IMPACT STABILITY CALCULATIONS

The main methodology uncertainties that impact stability calculations are:

1. [[

3.
11

6.1.1 Power Distribution Uncertainties
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Power distribution uncertainties have a potentially large impact on stability calculations. First,
they directly affect the calculated radial and axial power distributions, which are one of the most
important parameters that define the stability of a core or channel. Second, they affect the initial
conditions of the hot channel, which will affect the MCPR calculations for setpoint and DIVOM
(Delta CPR over Initial CPR versus Oscillation Magnitude) calculations.

LTR NEDC-33173P (Reference 1) proposes the following to resolve this error:

1. The GE stability methods have been benchmarked against a variety of plant data.
Power distribution uncertainties were included in these benchmarks; therefore, the effect
of these uncertainties is included in the uncertainty penalty applied to GE stability
methods (i.e., the stability acceptance criterion, which is typically ±0.2 in calculated DR).

2. While defining initial conditions for the hot channel for MCPR calculations, the hot
channel is placed at OLMCPR limits. The OLMCPR will include a penalty because of
these uncertainties (this SE specifies that this uncertainty magnitude be 0.02.);
therefore, the uncertainty is captured by the OLMCPR.

In support of item 1, the response to NRC staff RAI 4.1(d) (Reference 24), GE presents the
benchmark basis for ODYSY and TRACG. The ODYSY benchmarks database includes the:

1. VYNPS tests (core-wide mode, [[ ]]

2. 1988 LaSalle instability event (core-wide mode, [[

3. Leibstadt tests (regional mode, [[ ]

4. KRB-C tests (regional mode, [[ ]
5. 1991Cofrentes instability event (regional mode, [[
6. 1995 Laguna Verde instability event (core-wide mode, [[ ]

7. 2003 Nine Mile Point Unit 2 (NMP-2) instability event (core-wide mode, [[

8. 2005 Perry instability event (core-wide mode, [[ ]]

The TRACG benchmarks documented in the TRACG qualification report include:

1. 1988 LaSalle instability event (core-wide mode, [[

2. 1991Cofrentes instability event (regional mode, [[

3. Leibstadt tests (regional mode, [[ ]

4. Forsmark tests (core-wide mode, [[

5. 2003 NMP-2 instability event (core-wide mode, [[ ]
All these ODYSY and TRACG benchmarks include the uncertainty on the power distribution
related to the methodology. These benchmarks and previous NRC staff reviews are the basis
for the approved stability acceptance criteria, which define the ±0.2 penalty on both core and
channel DR. These benchmarks also support the ODYSY regional stability acceptance criteria,
which is based on the "dog-bite" correlation that estimates the stability of the regional mode
based on the values of the core-wide and channel DRs. Note that, [
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6.1.1.1 Bypass and Water Rod Voiding Uncertainties

GE has not performed a detailed evaluation of the effect of bypass boiling on ODYSY or
TRACG stability calculations; however, the NRC staff notes that:

1. ODYSY models the bypass channel with [[ ]] and feeds back to the core
reactivity effects; therefore, at least to first order, ODYSY models the effect on stability of
bypass boiling.

On the response of NRC RAI 4.1d (Reference 24), GE provides a [[

Thus, the NRC staff concludes that both ODYSY and TRACG provide a reasonable model of
bypass voiding. [[

I]

The NRC staff also concurs with GE's evaluation of the impact of bypass voids on ODYSY
stability calculations for stability LTSs as presented in the response to NRC RAI 3.2(a)(iii)
(Reference 24). This evaluation indicates that [[

6.1.1.2 Cross-section Methodology Uncertainties

[[
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]] Void reactivity coefficient is one of the primary parameters that affect

]] as defined in Figure 6-3. As response to NRC RAI 4.2
(Reference 24), a series of TRACG calculations were performed to demonstrate that [[

The NRC staff concludes that, when the effective core-average effect on stability of the
40 percent void history assumption error is computed, its effect [[
therefore is acceptable.

]] and

6.2 ERRORS THAT IMPACT INSTRUMENTATION RELIED UPON BY STABILITY LTS

The primary mechanism that impacts the instrumentation readings is bypass boiling. [[

LTR NEDC-33173P (Reference 1) evaluates the impact of this effect on instrumentation
accuracy and concludes that APRM readings will be approximately 1 percent lower, and [[

I]

In the response to RAI SBWB-35 (Reference 49), Tennessee Valley Authority (TVA) performed
a series of bounding calculations, which included a [[
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]] The NRC staff concurs that this effect is
negligible, and it is likely to be significantly smaller than this bounding evaluation, and therefore
is acceptable.

The NRC staff also evaluated the argument that [[

]] Of particular interest are the following assumptions:

4.

]] This assessment came about due to comments received from
the Advisory Committee on Reactor Safeguards and subsequent NRC staff review of
Susquehanna Power Uprate.

5.

I]

The NRC staff evaluation considered: (1) the complications involved in quantifying some of the
physical phenomena such as oscillating quality at the LPRM D level; (2) the fact that the some
assumptions are conservative while others may not be conservative for the hot channel bypass;
and (3) the impact of offsetting any potential OPRM miscalibration error can be reasonably
accommodated by setdown.
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Therefore, the NRC staff concludes that until such time that additional justification is provided
that the OPRM setpoint bias error (miscalibration) will in fact cancel out considering the onset of
power oscillation, the OPRM setdown is warranted. It is noted that for the average power range
monitors (APRMs), the error cancellation is not relevant because the LPRMs readings feed
directly into the APRMs. The averaging of the bias is accounted for in the determination of the
APRM bias; however there is no cancellation effect since there is no comparison of peak-over-
average signals in initiating APRM scram signal.

Based on this evaluation, the NRC staff concludes that the presence bypass voiding at the
low-flow conditions where instabilities are likely can result in calibration errors of less than
5 percent for OPRM cells and less than 2 percent for APRM signals. Each LTS is affected
differently by this instrumentation miscalibration error:

1. All solutions that rely on a scram setpoint that applies to the APRM signal need to
reduce the scram setpoint by the APRM error (2 percent). These LTSs are Option E1A,
Option I-D, and Option II. For all these solutions, the scram setpoint must be set down
by the APRM error (2 percent).

2. The limitation below applies only to Option I1l. As an example, if the OPRM scram
setpoint is calculated to be 1.20 (including the 2 percent APRM miscalibration error in
the ICPR), it will need to be reduced to 1.19 (a reduction equal to 5 percent of the
20 percent oscillation setpoint). A 2 percent bias applies APRM setpoint to account for
the under-prediction of the measured power.

3. The detect and suppress solution - confirmation density (DSS-CD) is a special case,
because it does not rely on pre-defined setpoint calculations. The 5 percent OPRM
miscalibration error will apply to the DSS-CD oscillatory component, but will not affect
the ability of detecting and suppressing the oscillations. Since DSS-CD does not rely on
calculated amplitude setpoints, the APRM and OPRM miscalibration errors do not apply.

Stability Setpoints Adjustment Limitation

The NRC staff concludes that the presence bypass voiding at the low-flow conditions where
instabilities are likely can result in calibration errors of less than 5 percent for OPRM cells
and less than 2 percent for APRM signals. These calibration errors must be accounted for
while determining the setpoints for any detect and suppress long term methodology. The
calibration values for the different long-term solutions are specified in the associated
sections of this SE, discussing the stability methodology.

6.3 APPLICABILITY OF STABILITY LTS

Specific analyses are associated with each of the stability LTSs that have been licensed and
implemented in the United States. These LTS include Enhanced Option I-A (Option ElA),
Option I-D, Option II, Option Ill, and DSS-CD.

The methodology errors impact stability LTSs in two generic categories:

1. Errors calculating exclusion regions, and

2. Errors calculating the loss of CPR associated with an unstable power oscillation of given
amplitude before they are detected and suppressed.

Table 6-2 presents a summary of the stability LTS features that would be affected by these
methodology errors.
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As seen in Table 6-2, all solutions have two main features: an exclusion region calculation
and/or a detect and suppress feature. The evaluation of the impact of the neutronic
methodology errors is different for each feature type.

For exclusion region calculations, the evaluation is based on the following facts.

1. Exclusion regions calculation procedures are well-defined by the approved stability LTS
methodology, and they use mostly prescribed power shapes. Therefore, power
distribution uncertainties have a small effect on the size of the exclusion regions.

2. The ±0.2 uncertainty imposed by the DR < 0.8 criterion captures the possible effect of
power distribution uncertainties and cross-section methodology errors (including the
effect on void reactivity coefficient).

3. The ±0.2 uncertainty level is justified by the ODYSY and TRACG validation database.
For these validation analyses, the neutronic methodology included the errors.

For the detect and suppress features, the evaluation is based on the following facts:

1. All detect and suppress features rely on the DIVOM correlation, which defines the
reduction in CPR margin for a postulated power oscillation of given amplitude.

2. The effect on setpoints of methodology errors is captured by the ICPR (typically set at
the OLMCPR) and the final CPR (which is compared to the SLMCPR). The DIVOM
correlation is used to calculate the reduction from the ICPR given the power oscillation
amplitude required to scram. Thus, any penalties imposed on the SLMCPR to account
for the neutronic methodology uncertainty, will also account for the uncertainty in the
detect and suppress setpoint calculations.

3. Instrumentation errors due to neutronic methodology errors have an effect. The main
effect on instrumentation errors is bypass voiding. Based on results presented by GE
and TVA, the NRC staff has evaluated this error and concluded that under the expected
bypass void levels for an EPU plant at natural circulation, the APRM calibration error is
of the order of 1 percent lower than 2 percent, and the [[

]] These calibration errors are
small when compared to other conservatisms involved in all the detect and suppress
stability LTS, but must be included in the calculation of detect and suppress setpoints.

Below, each of the stability LTS is evaluated against the errors identified in Section 5.6.1 and
the instrumentation errors identified in Section 5.6.2 of LTR NEDC-33173P (Reference 1).

6.3.1 Enhanced Option 1-A

Option ElA is a solution based exclusively on prevention of instabilities. An exclusion region
where instabilities are extremely unlikely is defined by cycle-specific calculations based on a
well-defined procedure. This exclusion region is enforced automatically by the reactor
protection system. Option ElA has no licensing detect and suppress features, but it includes
the period based detection system (PBDS) as defense in depth. The PBDS does not provide
automatic protection, but it may raise control room alarms. Thus, Option E1A is susceptible to
neutronic methodology errors induced by the exclusion region feature.

Power distribution uncertainties have a small effect on the calculated ElA exclusion region,
because: (a) the core-wide DR calculation uses a specified Haling distribution, and (b) the hot
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channel DR calculation uses a procedure-specified axial power shape. Therefore, power
distribution uncertainties have only second-order effects on the exclusion region calculations.

The ±0.2 uncertainty imposed by the DR < 0.8 criterion captures the possible effect of power
distribution uncertainties. This is demonstrated by the ODYSY and TRACG qualification
database.

Cross-section methodology errors result in a void reactivity coefficient error of the order of
approximately 2 percent, which has only a small effect on DR calculation. Thus, the effect of
cross-section methodology errors on exclusion region calculation is small in comparison to other
conservatisms built into the solution methodology. This error is also accounted for by the ±0.2
uncertainty, as demonstrated by the validation database.

Bypass voiding only affects the defense-in-depth features (i.e., PBDS) of Option ElA. [[

I]
The NRC staff concurs with GE's evaluation that power distribution uncertainties and the
neutronic methodology errors identified in this SE have a small effect on exclusion region
calculations. Instrumentation errors have a minor effect on the defense in depth features of
Option ElA (i.e., PBDS). Therefore, the NRC staff concludes that the methodology errors do
not affect the licensing basis for LTS Enhanced Option I-A (Option E1A).

6.3.2 Option I-D

Option I-D is a mixed solution, where preventive features are mixed with detect and suppress
features. Option I-D plants must demonstrate by analysis that they are not susceptible to
regional-mode oscillations. An exclusion region is defined using a procedure similar to
Option E1A; this region is enforced administratively. In the event the exclusion region is
penetrated unintentionally, the flow-biased APRM scram is demonstrated by analysis to provide
protection for core-wide oscillations, which are the likely instability mode. Therefore, the
Option I-D is susceptible to neutronic methodology errors associated with both the exclusion
region and detect and suppress features.

The evaluation for Option I-D exclusion region calculations is similar to the one for Option ElA
above. The region-calculation procedures essentially prescribe the power shapes, so the power
distribution uncertainties have only a second-order effect. The ±0.2 acceptance criterion
includes the effects of these uncertainties, as demonstrated by the qualification database.
Additionally, [[

The detect and suppress portion of Option I-D is the flow-biased scram system, which provides
protection against core-wide power oscillations. To demonstrate this protection, a plant-specific
DIVOM calculation is performed by placing the hot channel at OLMCPR limits and
superimposing a power-to-flow oscillation. The DIVOM correlation relates the power oscillation
amplitude with the decrease in CPR during the oscillations. This correlation is used to calculate
the final MCPR at the moment of scram in the presence of oscillations.

The NRC staff concurs with GE's evaluation that any power distribution errors will be captured
by the calculation of the initial OLMCPR and SLMCPR. If these CPR values are defined
correctly, the DIVOM correlation is not affected by these uncertainties. Other neutronic
methodology errors do not affect the Option I-D detect and suppress calculations, because a
postulated oscillation that reaches the scram setpoint is imposed. Errors in DR calculation do
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not affect this portion of Option I-D. Therefore, the detect and suppress portion of Option I-D is
not affected by these errors.

The instrumentation used by the detect and suppress portion of Option I-D is the APRM. APRM
errors are only of the order of 1 percent to 2 percent. These errors are small compared to other
conservatisms in Option I-D, but should be included in the calculation of the Option I-D flow-
biased scram setpoints. Therefore, the NRC staff concludes that the methodology errors do not
affect the licensing basis for LTS Option I-D, but they must be included in the setpoint
calculations.

6.3.3 Option II

Option II is very similar to Option I-D. An administratively enforced region is defined. If upon
unintentional entry an oscillation develops, the quadrant-based APRM scram provides
protection for both core-wide and regional instability modes.

The evaluation for Option I-D covers all features of Option I1. Therefore, the NRC staff
concludes that the methodology errors do not affect the licensing basis for LTS Option II as long
as these errors are included in the setpoint calculation methodology.

6.3.4 Option III

Option III is a detect and suppress solution, without exclusion region features. A scram is
initiated by the OPRM if an oscillation of a pre-defined amplitude and period is detected. A
cycle-specific setpoint is calculated using: the DIVOM correlation, a postulated oscillation
amplitude, and a series of pre-defined power distributions. Option III is, thus, susceptible to the
neutronic methodology errors induced by the detect and suppress features.

The NRC staff concurs with GE's evaluation that any power distribution errors will be captured
by the calculation of the initial OLMCPR and SLMCPR. If these CPR values are defined
correctly, the DIVOM correlation is not affected by these uncertainties. Other neutronic
methodology errors do not affect the Option III calculations, because the postulated oscillation
that reaches the scram setpoint is imposed as a boundary condition and not calculated. Errors
in DR calculation do not affect the effectiveness of the OPRM scram. Therefore, the detect and
suppress features of Option III are not affected by these errors.

The instrumentation used by Option III is the OPRM. [[
]] These errors are small compared to other conservatisms in Option

IIl, but they must be included in the setpoint calculations.

As with the detect and suppress features of Option I-D, the NRC staff concurs with GE's
evaluation that the Option III features do not add any errors in addition to those reflected in the
OLMCPR and SLMCPR as long as these errors are included in the setpoint calculation
methodology.

6.3.5 Option DSS-CD

Option DSS-CD is similar to Option III and it is a detect and suppress solution without exclusion
region features. As opposed to Option Ill, DSS-CD does not compute a cycle-specific setpoint,
but uses a generic, small-amplitude setpoint to discriminate the normal occurring noise from
unstable oscillations. Option III requires only two OPRM cells to trip the reactor (one on each
reactor protection system). DSS-CD requires a relatively large number of OPRM cells to signal
a scram; thus the name "confirmation density."
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The licensing basis for DSS-CD required a demonstration during the DSS-CD LTR
NEDC-33075P (Reference 50) review of margin to CPR violation, which was approved by the
NRC in Reference 51. This demonstration was performed with the TRACG code for a number
of different postulated conditions. DSS-CD demonstrated significant margin to CPR for all
cases studied. The neutronic methodology errors documented in this SE would change the
demonstration database of TRACG calculations, but not its conclusion because:

1. The TRACG calculations in LTR NEDC-33075P (Reference 50) use a conservative
SLMCPR value of [[ ]] The power distribution errors would affect the SLMCPR
and OLMCPR values for a cycle-specific calculation, but not these conservative generic
calculations, and

2. The TRACG calculations in LTR NEDC-33075P (Reference 50) demonstrated very large
CPR margins. [[

]]

Therefore, the NRC staff concurs with GE's evaluation that the DSS-CD features do not add any
errors in addition to those reflected in the OLMCPR and SLMCPR.

Table 6-1 Summary of ODYSY Results for VYNPS High DR Tests

Test Power/Flow Test Data ODYSY Results
Point (% rated) DR Frequency DR Frequency

Table 6-2 Long Term Stability Solution Features
stability LTS Exclusion Region Detect & Suppress Features
Option

E1A Automatic scram NA

I-D Administratively enforced Flow biased APRM scram

II NA Quadrant-based APRM scram

III NA OPRM scram

DSS-CD NA OPRM confirmation density scram

ICA/BSP ICAs administratively enforced. NA
BSP could be automatic or
administrative
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Figure 6-1 NMP2 Instability Event ODYSY Benchmark
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Figure 6-2 Perry Instability Event ODYSY Benchmark
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Figure 6-3 Void Coefficient Ratio MNCP / TGBLA06
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Figure 6-4 Hot Channel Power and Growth Rate with (V33) and without (NV) Void History
Correction for Void Coefficient

7.0 APPLICABILITY OF THERMAL-HYDRAULIC MODELS

In general, correlations are developed from test data that cover specific ranges of thermal-
hydraulic conditions. An independent set of test data is used to validate the performance of the
correlations and establish the correlation uncertainties. The key parameters that define the
correlation (e.g., thermal-hydraulic and geometric parameters), which the test data is based on,
establish the "range of applicability." Changes in these key parameters could affect the
accuracy of the correlation, requiring further evaluation of the performance of the correlation
under the condition it is being applied. The NRC approval of licensing methodology requires
application of the correlations within the ranges for which it was developed, validated, and
approved. Any changes in the correlation's key "dependence" parameters requires further test
data to establish the correlation's accuracy to the conditions it is being applied, as is the case
for the CPR correlation (i.e., GEXL). For new fuel design, involving changes in the fuel T-M
design, GE uses new test data to model the features of the new fuel design and to develop a
modified GEXL correlation applicable to the new design for the thermal-hydraulic conditions to
which it would be applied.

The review in this section entails confirming that for the changes in core thermal-hydraulic
conditions of bundles (e.g., higher bundle power-to-flow ratios) and new fuel designs (1Ox10 fuel
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designs, with two large water rods and 14 part-length rods), the correlations are being used
within the approved applicability ranges for normal steady-state and transient conditions.

7.1 GEXL CORRELATION

The GEXL correlation is developed from test data to predict the critical power for a given bundle
thermal-hydraulic condition. The GEXL correlation uncertainty factor into the SLMCPR
calculation is used to establish the probability of BT. LTR NEDC-33173P (Reference 1)
evaluated the applicability of the GEXL correlation for EPU and MELLLA+.

The critical power correlation is developed from full-scale critical power test data for each fuel
design. Therefore, the critical power correlation for the current GE14 fuel design was developed
from fuel scale tests. The development of GEXL correlation coefficients and constants for a fuel
assembly is based on NRC-approved process described in GE licensing methodology,
GESTAR II (NEDE-24011-P-A, Reference 32). Specifically, Section 2.8, "Critical Power
Correlation," of the NRC staff SE approving Amendment 22 to GESTAR II delineates the
acceptance criteria for development of the CPR for new fuel designs and the licensing process
for NRC staff review and approval (Reference 32).

GE reports that the critical power correlation experimental data ranges are as follows:

1. Bundle mass fluxes ranges from [[
]]

2. Inlet subcooling ranges from the [[

3. Pressures range from [[
4. LTR NEDC-33173P (Reference 1) states that the experimental data ranges of core

flow cover from less than natural circulation to well beyond rated flow and include the
flow ranges for EPU and MELLLA+ applications;

5. The bundle power levels of the database range from up to the actual critical power
for each set of conditions, which is in the range of [[ 1] for 10x10 fuel; and

6. The fluid parameter ranges also cover the expected ranges for LOCA and transient
events.

Figure 7-1 (Figure 2-1 of LTR NEDC-33173P (Reference 1)) shows the GE14 application range
together with the expected range for typical operational transients. In Figure 7-1, the box
representing the correlation application range encloses the expected ranges for transients.

For LOCA application, the GEXL correlation is used for the calculation of the early BT during the
flow coast down immediately following the break. GE states that this typically occurs when the
flow has dropped to 30 to 50 percent of the initial value and the core thermal-hydraulic condition
is well within the application range for the GEXL correlation. LTR NEDC-33173P (Reference 1)
concludes that the range of bundle powers and hydraulic conditions for the GEXL correlation
covers those expected in MELLLA+ and EPU operation.

Since the database appears to cover the ranges of conditions expected for the EPU and
MELLLA+, and both the acceptance criteria for the development of the GEXL correlation and
the licensing process for submittal of the correlation for NRC staff review and approval are
based on NRC-approved process, the NRC staff finds the use of GEXL correlation for EPU and
MELLLA+ acceptable.
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7.2 VOID-QUALITY CORRELATION

The void fraction prediction is determined using an empirically derived void-quality correlation.
The Findlay-Dix correlation that was documented in and developed from data presented in the
1977 GE report "BWR Void Fraction Correlation and Data" (NEDE-21565, Reference 52) is
used in both the neutronic and the thermal-hydraulic calculations. These affect the safety
analyses supporting BWR operation during steady-state, transient and accident conditions. The
accuracy of the void-quality correlation affects the predictions of the steady-state power
distribution, which establishes the steady-state thermal limits and the initial conditions for the
transient and accident analyses. In addition, the void power feedback during transients and
accident conditions is also affected by the accuracy of the void-quality correlation. Different
code sets used to perform the safety analyses may use different void fraction prediction
methods (e.g., TRACG uses shear model); however, the neutronic and thermal-hydraulic
calculations rely on the modified Findlay-Dix correlation in determining the void fraction.

This section evaluates applicability of the void-quality correlation to EPU and MELLLA+ core
thermal-hydraulic conditions, the current fuel design features, and power distribution and
peaking. In LTR NEDC-33173P (Reference 1), and in response to RAIs 5-1, 5-2, and 5-4
(Reference 24), GE discussed the following:

1. Applicability of the void-quality correlation and the corresponding validation ranges to the
EPU and MELLLA+ conditions;

2. Performance of the correlation compared to the validation data;

3. Sensitivity of the correlation to part-length rods; and

4. Uncertainty treatment of the void-quality correlation in the major safety analyses.

GE states that the void-quality correlation is based on test data which covers a broad range of
conditions. The void-quality correlation is based on void fraction data [[

]] which covers the void fraction range expected for normal steady-state operation and
the abnormal operational occurrences that set the OLMCPR. GE asserts that the correlation
supports the full range of conditions expected during BWR operation, including constant
pressure power uprate (CPPU), EPU, and MELLLA+ conditions. The correlation uncertainty is
appropriately accounted for in the SLMCPR. GE concludes that an extrapolation of the void-
quality model to void fractions all the way to pure steam flow is justified, and it is not necessary
to incorporate additional margin to void fraction uncertainty.

7.2.1 Extension of the Void-Quality Correlation

The NRC staff assessed the applicability of the experimental databases used to derive and
validate the correlation to the: (1) core thermal-hydraulic conditions for operation at EPU and
MELLLA+; (2) current fuel design geometries (part-length rods, hydraulic diameters, and spacer
designs); and (3) current lattice designs (e.g., radial power distribution and peaking). The
objective is to determine the performance of the correlation at conditions to which it is being
applied and to establish if current validation data is sufficient for extension of the correlation to
current fuel, core designs and operating strategies. This evaluation is performed with
assistance from ORNL staff.

GE proposes extension of the Findlay-Dix correlation to void fractions of 1.0. Table 7-2 shows
the experimental database ranges supporting the correlation. In Table 7-1, the NRC staff
expanded on the experimental database used to develop and validate the Findlay-Dix
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correlation, including the power distribution, peaking, Reynolds number ranges, the hydraulic
diameters, etc.

7.2.2 GE Void Fraction Model

The GE void fraction model is based on the drift flux model developed by Zuber and Findlay in
1965. Drift flux models have been used to correlate void fraction in a wide variety of
geometries, under different sets of parametric conditions, and for a variety of fluids, by
developing appropriate correlating parameters. The four major parameters used in the model
are:

1. vapor superficial velocity jg ( = G X/pg (m/s)), where
G is the mass flux (kg/m 2/s),
X is the mass quality, and pg is the vapor density (kg/m 3),

2. superficial velocity j (=jg + jf (m/s)), where
jf is the liquid superficial velocity (=G (1-X)/ pf (m/s)), and pf is the liquid density
(kg/m 3),

3. void distribution coefficient C,, and

4. a drift velocity Vgj.

The drift flux equation is:

ct = jg/(Co*j +Vgj)

The coefficient C, reflects the void distribution over a flow cross-section. GE has correlated this
parameter to the GE database as a function of Reynolds number, fluid properties (pressure),
and void fraction. The drift velocity Vgj has also been correlated as a function of the same
parameters. The specific form of the Vgj equation GE has developed also depends on flow
pattern (bubbly-churn-turbulent or annular) with a transition equation between the two. Similar
to the development of Zuber, GE chose to use the property relationship (g*a*(pi - pg)/p)l/ 4 as a
correlating grouping (along with the Reynolds number, etc.), where g is the acceleration of
gravity (in m/s 2) and a is the surface tension (in N/m). In this case p is p, for the bubbly-churn-
turbulent regime and p is pg for the annular region.

Basically, the correlation is therefore a function of 4 parameters; mass flux, local pressure (to
get fluid properties), local quality, and geometry. The Findlay-Dix correlation itself is therefore
similar to other drift flux correlations, except that GE correlated to specific bundle data.

7.2.3 Available Void-Quality Correlation Measurement Database

Table 7-2 shows the experimental database ranges supporting the correlation. Table 7-1,
compiled by the NRC staff, provides the parameter ranges for the GE 1 Ox1 0 bundle and the
current operating ranges during steady-state and transient conditions. LTR NEDE-21565
(Reference 52) provides discussion of the correlation development and validation. GE
referenced NEDE-21565 (Reference 52), but the NRC staff never explicitly reviewed or
approved this document. However, discussion of the correlation was included in a number of
NRC-approved documents. The NRC staff used the referenced database source document in
evaluating the applicability of the correlation validation ranges. The experimental database is
described below.

7.2.3.1 CISE Database
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The CISE data was taken by using quick closing valves to isolate both the
vapor and liquid flows in the bundle. The experiment therefore gives bundle average quality
and void fraction. GE considered this data as the most accurate, and states that these data
11 ]] The
CISE database covers the entire range of normal operating mass fluxes at a single pressure of
11 ]] These data were taken in a bundle
with slightly larger hydraulic diameter than the 1 0x1 0 bundle. The experiment also used uniform
radial and axial power profiles, which differs from the radially-skewed power distribution
characteristic of the current lattices with depletion.

7.2.3.2 GE 7x7 Database

The GE 7x7 bundle data were developed using pressure drop information from GE's ATLAS
test facility. The experiment had a 3-foot adiabatic section at the end of the bundle where they
measured pressure drop. Therefore, this data should provide bundle average exit void
fractions. The pressure drop measurement technique is acceptable in this case because the
flows were low enough [[ 1] such that the frictional pressure drop
component is small compared to the void effect. The GE 7x7 bundle data were used to specify
the extreme low flow conditions of the correlation. The GE 7x7 data were taken at pressures
which range from below steady-state operating conditions [[ ]] to those that occur
during some transients [[ ]] This bundle had higher hydraulic diameters than the
1 0x1 0 bundle design, and the tests covered the very low mass flux and Reynolds number
ranges.

7.2.3.3 ASEA-Atom W Bundle Data

All of the ASEA void fraction data were taken using gamma densitometry (e.g., multiple beam
ray attenuation technique), which gave the local values for the void fraction. As noted in
NEDE-21565 (Reference 52), the ASEA-713 data covered a wide range of variables and were
used to correlate the void fraction trends. Once the correlation was developed from the GE
bundle data [[

1] series of tests were used to validate (e.g., benchmark) against correlation
predictions. Therefore, the ASEA-513 and ASEA-813 databases provide an independent
evaluation of the correlation's ability to predict void fraction under conditions somewhat different
than those for which it was developed.

The ASEA data covered the majority of the mass flux range (lower range of the tests was
slightly above the lower range of expected reactor mass flux under natural circulation conditions
400 kg /M2/S) , and the entire pressure range except for the ATWS maximum pressure. The
maximum quality in the tests was approximately equivalent to the maximum at steady-state
operating conditions. The ASEA-513 test series used a [[ 1] rod bundle test section while
both of the ASEA-713 and 813 tests used the same test section geometry, an [[ 11 bundle.

The ASEA-513 database had uniform radial and axial power distribution. The ASEA-713 series
had a symmetric radial distribution, with peaking of 1.24 at the peripheral rods and internal rod
peaking of around 0.8. The ASEA-813 series were designed to establish the impact of skewed
radial power distribution on the performance of the correlation. Therefore, the ASEA-813
bundles had asymmetric radial peaking, with high peaking range from 1.25 to 1.08 and lower
peaking in the 0.89 range.
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Table 7-3 (provided by GE in response to RAI 5.2, Reference 24) summarizes the overall
uncertainty for each of the database sets, including the ASEA-713 database used to develop
the correlation.

7.2.3.4 Simple Geometry Database

The void database included data based on a variety of other geometries - round tubes,
rectangular tubes, and annular flow channels. GE also compared these simple geometry data
to the Findlay-Dix correlation in NEDE-21565, with indicated errors of [[ ]]
depending on the specific experiment. However, the reported uncertainty components in
Table 7-3 did not include the simple geometry uncertainty levels to establish the total void-
quality uncertainty. However, the reported hydraulic diameter range given in the RAI 5-2
response (Reference 24) of [[ ]] includes
the simple geometry data as justification that the database covers the lower range of hydraulic
diameters.

7.2.3.5 Pressure Drop Optimization

In NEDE-21565, the experimental database was also used to optimize the two-phase pressure
drop correlation and its effect on the elevation pressure drop. Based on the newly developed
void fraction correlation, GE effectively re-optimized their pressure drop correlation using the
new void calculation technique. NEDE-21565 (Reference 52) reports an improvement in
pressure drop calculation, with standard deviations (for pressure drop) ranging from about
[[ ]] depending on the data set to which it is compared.

GE reports in the RAI responses in MFN 06-211 (Reference 24) that comparisons have been
made to pressure drop data taken in the ATLAS test facility using full-scale test assemblies for
all fuel products including the current 10x10 GE14 fuel. This testing covers a wide range of
conditions including EPU conditions. For GE14, the bundle pressure drop was predicted with a
mean error of [[ ]] and a standard deviation of [[ ]] Since the pressure drop
cannot be matched unless the void fraction is accurately predicted (this is increasingly true as
the mass flux decreases), these tests serve to confirm the void-quality correlation at low flow
rates.

Since the void-quality correlation is incorporated into the pressure drop calculation, and
pressure drop measurements are taken by GE for all new bundle geometries, the uncertainties
in the void-quality relationship are accounted for in the overall pressure drop uncertainty. The
void influence should be covered by the pressure drop uncertainties, as long as the pressure
drop database covers the appropriate data ranges. Therefore, the NRC staff finds that the
void-quality uncertainty need not be explicitly incorporated in the pressure drop calculation.

Since critical power and two-phase pressure drop testing in the 1 0x1 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 10x10 bundle
designs under low flow conditions. If testing was performed at sufficiently low flows where
frictional pressure drop effects, grid losses, etc., were significantly less than those due to
density or elevation effects (such as was done in the GE tests discussed above in
Section 7.2.3.2, "GE 7x7 Database"), then pressure drop data in the bundle could be used to
back calculate average void fraction information. This data would add some confidence to
extending the correlation to this geometry for high bundle power-to-flow conditions. During RPT
events, the power-to-flow ratio will be high and the void fraction ranges will also be high,
perhaps higher that that in the existing GE database. By using the 1 0x1 0 geometry tests at low
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flow conditions (high power-to-flow conditions) to extract average void fractions, additional
confidence may also be gained for predicting void fractions during these events. This possibility
depends on whether GE has performed testing using the 1 0x1 0 bundle design at flows
sufficiently low to permit this analysis.

7.2.4 Comparison of Experimental Database to Current Fuel Designs and Operating
Conditions and Fuel (10x10 bundle - GE14)

The comparison of the experimental database to reactor operating conditions was carried out on
an individual parameter basis. As discussed above, the drift flux based void fraction model
developed by GE uses four major parameters: (1) local pressure (for property evaluation),
(2) local quality, (3) mass flux, and (4) geometry. Ideally, the data should be evaluated by
comparing this combination of parameters under appropriate operating or transient conditions
with the same combination of parameters measured in the experiments. For example, each
transient follows a path of parameter values (or a small range of parameter values) that occur in
combination (i.e., mass flux, pressure, quality, etc.), and not all parameters exist in every
possible combination. The validation database needs to be consistent with those parameter
sets. The information provided by GE, did not allow the data (or the pertinent reactor operating
conditions) to be parsed in a manner that allowed a comparison of parameters in proper
combination. Therefore, the evaluation was carried out by examining only individual parameter
ranges.

As shown in Table 7-1, the individual data ranges cover the expected parameter ranges
reasonably well; however, some of the 1 0x1 0 bundle parameters are outside of the range of the
database. Discussion of each parameter range follows.

7.2.4.1 Hydraulic Diameter

As given, in response to RAI 5-2 (MFN-06-207 (Reference 9)), the hydraulic diameter range of
the current fuel designs ranges are:

Although in the response to RAI 5-2, GE notes that the correlation was compared to data with
hydraulic diameters, ranging from [[ ]] it appears that the lower hydraulic
diameter data were taken from rectangular tube experiments (simple geometry data). In
addition to geometry differences, the simple geometry data also can not provide equivalent
power-peaking or distribution characteristics. In the response to RAI 5-1, a plot of Re = 1. 1 E5
bundle data is presented from M bundle tests [[ ]] and compared to
calculations for a 1 0x1 0 bundle [[ ]] at the same Reynolds number. The RAI
response states that "Comparing this calculation on the void fraction data used in the
development of the Findlay-Dix correlation is not perfectly meaningful as the bundle geometries
and the test conditions are not identical." Although GE uses the simple geometry data as
evidence that their correlation can be extended to lower hydraulic diameters, GE did not present
any data from that database to justify the extrapolation, while standard deviation values for the
simple geometry data presented in NEDE-21565 are significantly higher than those quoted for
the rod bundle data.
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As a minimum, in order to make the claim that the correlation was benchmarked over this
parameter range, GE needs to include the simple geometry data in their correlation uncertainty
evaluation. The overall correlation uncertainty in Table 7-3 does not include the uncertainties in
the "simplified geometry" data, which, as expected, is significantly higher that that of the bundle
data.

GE also noted that even though the hydraulic diameter is out of the bundle database range, the
Reynolds number range is still covered. It would provide the NRC staff more confidence in the
void-quality correlation if direct comparison to the "simple geometry" data with low hydraulic
diameters were made over appropriate void fraction ranges and Reynolds numbers. The
applicable Reynolds number ranges for 1Ox1O bundle geometry are delineated below. Also
discussed below, are NRC staff comparisons of the Findlay-Dix correlation at a Reynolds
number of 1.1 E5 against public domain drift flux correlations developed from an experimental
rod bundle database that includes hydraulic diameters as low as [[ ]

7.2.4.2 Pressure

The GE bundle database pressure range [[
]] covers steady-state operation and some transient pressurization

response, with the exception of an ATWS event (10.3 MPa). The GE simple geometry data
covers a pressure range of [[ ]] which is higher than the ATWS peak
pressure range (3.1 - 9.7 MPa). This data, however, was not included in either the correlation
development or uncertainty assessment. Note that the relevant ASEA-813 validation database
with skewed power-peaking is limited to a single pressure of [[ ]] Again, the simple
geometry database is not included in the overall correlation uncertainty calculation; therefore
taking credit for this database does not seem appropriate. GE also did not perform a direct
comparison between the simple geometry database and the correlation predictions for the
higher pressure range. The data should show the performance of the correlation against the
simple geometry database for Reynolds numbers, pressures, and hydraulic diameters of
interest (see Table 7-1).

7.2.4.3 Subcooling Level

The correlation was validated against a bundle database with subcooling ranging from [[
]] which covers the operating condition subcooling levels, including

equipment out-of-service. The overall bundle database (including both development and
validation data) includes subcooling levels from [[ ]

7.2.4.4 Exit Quality

The steady-state exit quality range is covered by the database.

7.2.4.5 Exit Void Fraction

The NRC staff agrees that as shown in Table 7-1, the void fraction for the bundle data extends
to void fractions of 0 percent to [[ ]] and covers steady-state reactor operating
conditions and pressures. However, the quantity of bundle validation data covering high void
ranges is limited to a few data sets at [[

7.2.4.6 Reynolds Number
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Figure 7-2 shows the correlation prediction against the ASEA-813 database for which the
correlation was validated, as well as, the ASEA-713 database upon which it was developed.
Since the Reynolds number is a function of mass flux, hydraulic diameter, and fluid properties
and the fluid properties are a function of pressure, the void-quality correlation can also be
reformulated as a function of hydraulic diameter, mass flux, quality, and pressure. Using the
mass flux of typical modern fuel bundle of 0.8 Mlbm/hr-ft 2, GE calculated the correlation for a
Reynolds number of 1.1 E5 for the rodded region (below the part-length rods) of a 1Ox10 bundle.
Figure 7-2 provides a qualitative assessment of the correlation for this specific Reynolds
number. GE states that there are no trend differences between the validation and the
development database.

The database covers the steady-state operating Reynolds number range for the 1Ox10 bundle.
However, GE did not systematically provide an assessment of the correlation performance by
identifying the sets of parameters (including the Reynolds number) that correspond to steady-
state operation and transient conditions and then comparing those parameter sets to those in
the database. For instance, Reynolds number ranges were not provided in the RAI responses
for either the data sets or the conditions in the reactor for operation at EPU and the proposed
higher operating domain. Additionally, information was not sufficient in NEDE-21565
(Reference 35) to determine the Reynolds number ranges for all data sets.

As can be seen in Table 7-1, the upper end of the Reynolds number range for the 1 Ox1 0 fuel
designs are bounded by the data when both development data sets (CISE, GE, ASEA-713) and
validation sets (ASEA-813, ASEA-513) are included. Not enough information was provided to
determine the Reynolds number range for the ASEA-513 validation series.

7.2.4.7 Power Distribution (Axial and Radial)

The GE database includes axial and radial (within bundle) power distributions with peaking of
approximately 1.6 and approximately 1.24, respectively. It also includes bundle data with
uniform power distributions. The axial peaking in the reactor could reach 2, and the radial
peaking could approach a value of 1.45. Evaluation of the radial power distribution of the
database shows that the validation database is not representative of the current bundle axial or
radial power distribution and peaking. This is a deficiency in the database supporting the
correlation in relation to the current fuel design operating conditions. For example, Figure 7-3
shows the radial power-peaking in the ASEA-713 data, while Figure 7-4 shows the radial
peaking in the ASEA-813 data. This can be compared to the radial peaking that occurs in the
10x10 bundle design under conditions in Figure 7-5 at 0 burnup. Significantly larger radial
power-peaking exists in the 1Ox10 bundle design than exists in the GE void fraction database.
That, in combination with the conclusions reached in NEDE-21565 (Reference 52), noted below,
raise questions regarding the validity of extrapolating the existing void correlation to the new
bundle designs.

The impact of the power distributions is not just at high void conditions but they also effect the
void distribution throughout the bundle (e.g., an inlet peaked power distribution causes earlier
void formation, and exit peaked later, etc.). In the current fuel lattice designs as operated, fuel
bundles can experience bottom-peaked, mid-peaked, top-peaked, and double hump.
Therefore, the current and proposed bundle power distributions and peaking with depletion to
current burnup levels show significantly higher skewing in both radial and axial directions.

As reported in the experimental data assessment in NEDE-21565 (Reference 52):

1. The ASEA-813 database was taken for the purpose of determining the effects of skewed
radial peaking. GE has not accounted for the shift in the ASEA-813 and ASEA-513 data.
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It is uncertain if the differences in the radial peaking caused the shift for the ASEA-813
series.

2. Had the correlation been fitted to the three ASEA bundle databases only, equally
weighed, the results would have been as much as 2 percent higher in void fraction.

The recommendations in the 1977 NEDE-21565 (Reference 52) concluded the following:

1.

The NRC staff believes the weakness of the validation database are more relevant in the
current EPU operating strategy and the MELLLA+ conditions, because there could be higher
power skews in both the radial and axial directions than existed previously. The current within
lattice peaking would be expected to affect the void distribution parameter and the accuracy of
the functional trends of the empirical parameters, which were derived from the original GE data.
Additionally, the lack of partial length rod data in development or benchmarking of the
correlation does not allow the NRC staff to evaluate accurately the present correlation and the
uncertainty levels presented.

7.2.4.8 Partial Length Rods

GE presented three plots showing the effect of partial length rods on void fraction (Response to
RAI 5.2, Reference 9), which are shown as Figure 7-6 through Figure 7-8. The data in these
plots were Japanese data taken from the open literature. The data indicates only a minor
change in void fraction between bundles with and without partial length rods. GE noted that the
void fraction correlation was not compared to this data because sufficient information about the
test apparatus was not available. This limits the usefulness of data since there is no
quantitative comparison with Findlay-Dix void that would allow the performance of the Findlay-
Dix void-quality correlation to be evaluated for partial length rods.

7.2.5 Comparison of the Findlay-Dix Correlation and Other Drift Flux Models

As can be seen by both Table 7-2 and Figure 7-2, the rod bundle database on which the
void-quality correlation was statistically validated does not extend to void fractions of 1.0.
Additionally, GE did not provide additional experimental data that incorporate the new fuel
design features and power distribution. Also, GE did not use either available public or non-
public domain data in rod bundle geometries to support extension of the correlation to the higher
void fraction, higher pressures observed during some of the hypothetical transients, lower
hydraulic diameter geometries of the new bundle design, or bundle geometry features such as
partial length rods.

Therefore, the ORNL staff compared the Findlay-Dix void-quality relationship to other drift flux
correlations developed for rod bundle geometry, using Figure 7-2. The objective of this
comparison is to assess the overall performance of the correlation rather than to establish the
uncertainties associated with correlation prediction for given bundle thermal-hydraulic
conditions. Note that this comparison is limited to a single Reynolds number and does not
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extend to all BWR operating regimes that occur during steady-state, transient, and accident
conditions.

The comparison is based on a mass flux value of [[ ]
Figure 7-1, which includes the Findlay-Dix correlation and the ASEA-713 and 813 data, is
reproduced in Figure 7-9. Three other void fraction correlations are also included in the figure.
Two of these correlations were developed from rod bundle data and taken from a paper by
Coddington and Macian of the Paul Scherrer Institute (Reference 53).

The Coddington and Macian database was developed from experiments taken in 9 different rod
bundle facilities. The two correlations plotted in Figure 7-9 are: (1) the Inoue correlation (1993)
that was developed from Japanese 8x8 data and (2) the Maier and Coddington Correlation
developed from the rod bundle data presented in the Coddington and Macian paper.
Coddington and Macian note a standard deviation for their correlation of 7.1 percent when
compared to the overall database, and a standard deviation of 8.3 percent for the Inoue
correlation when compared to the same database.

GE states a standard deviation for the Findlay-Dix correlation of [[ ]] based on its
specific data. This small standard deviation may be possible with very specific experiments
using only GE's bundle configurations, while the Coddington and Macian data cover a "world"
data set. The correlation, which is labeled "Collier" in Figure 7-9, is a "standard" drift flux based
void-quality correlation that is often used and is presented in Collier "Convective Boiling and
Condensation" (Reference 54). This correlation was not developed specifically for bundles, and
is generally not claimed to be good for all flow patterns. The data was included for a sanity
check and is not referenced further.

As can be seen in Figure 7-9, the trends in all of the correlations (GE, Maier and Coddington,
and Inoue) are all very similar, and almost identical up to void fractions of 60 percent, with
differences between the GE correlation and the Maier and Coddington correlation of about
5 percent and the Inoue correlation of 8 percent at void fractions near 1. Coddington and
Macian included comparison of their data to a correlation by Dix; however, this correlation is not
the same as the Findlay-Dix model used by GE. Both the Maier and Coddington and Inoue
correlations use a drift velocity that is independent of void fraction (or quality), and thus, do not
predict a void fraction of 1 at a quality of 1. The GE correlation uses a drift velocity that is
proportional to (1-a) for high void fractions [[ ]] so it gives a
void of 1 at a quality of 1. The Maier and Coddington correlation tends to under-predict void
fractions at high quality levels as shown in Figure 15 of the Coddington and Macian paper
(Reference 53) (the Inoue correlation may be lower). Therefore, the GE correlation could
actually be slightly better under high quality (or void) conditions.

7.2.5.1 Key Parameters Discussion

The key parameter range evaluation of the Findlay-Dix correlation showed that some of the
parameters were outside the ranges of current fuel designs. Assessment of the Coddington and
Macian "world" data and the correlations representative of that data shown in Figure 7-9 follows.

7.2.5.2 Hydraulic Diameter Ranges and Partial Length Rods

The Coddington and Macian database (which is all bundle data) appears to include hydraulic
diameters as low as [[ ]] with 5 of their 9 data sets having hydraulic diameters [[

]] Thirteen of the
fourteen correlations that are included in the database comparisons are based on the drift flux
model, and were able to predict all of the data reasonably well. In Figure 7-9, two of the best
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performing correlations appear to be similar in performance to the Findlay-Dix correlation. This
comparison adds some confidence in the acceptability of extending the Findlay-Dix correlation
to the lower hydraulic diameter ranges. However, there were no bundles in the database that
were identified as having partial length rods.

7.2.5.3 Pressure Ranges

The required extension of the Findlay-Dix correlation to pressures beyond the GE bundle
database range is not large (from [[ ]] The Coddington and Macian "world"
database extends to a pressure of 15 MPa with two facilities gathering data at pressures over
10.3 MPa at low mass fluxes. The correlations that Coddington and Macian compared to this
data performed well at the high pressures as well as data taken at lower pressures. The
Findlay-Dix correlation seems to behave similarly to correlations examined in the Coddington
and Macian paper.

7.2.5.4 Power Peaking and Distribution

Evaluation of the database benchmarking the Findlay-Dix correlation shows that the axial and
radial power distribution and peaking are not consistent with current (or proposed) in-bundle
power conditions. Currently, bundles operate with top-, bottom-, and mid-peaked axial power
distributions. Also, the radial power distribution characteristics within the bundle differ from the
validation database supporting the Findlay-Dix correlation. The quality levels (flow patterns)
that occur are still covered by the combination of development and validation databases. The
differences in the power distribution and peaking between the experimental data supporting the
correlations and the current and proposed core operating conditions makes assessment of the
reported correlation uncertainties difficult.

The NRC staff evaluated the Coddington and Macian data in order to establish if relevant local
power distributions are covered by this database. The Coddington and Macian database
included cosine shaped axial power profiles as well as uniform axial power profiles. The drift
flux correlations evaluated by Coddington and Macian seem to predict both uniform and shaped
profiles equally well. Although, the details of the power-peaking of the database is not clear, the
fact that both the uniform power profile void data as well as the power peaked bundle data can
be correlated with the same approach also provides some assurance of the performance of the
drift flux correlations.

7.2.5.5 Conclusion of the Comparison to the "World" Data

The NRC staff compared the performance of the Findlay-Dix drift flux correlation to other
correlations based on multiple bundle experiments with wider parameter ranges than the
Findlay-Dix database (a range that does cover higher pressures, lower hydraulic diameters in
bundle geometry, and void fractions up to 1.0). This was performed for the set of conditions
shown in Figure 7-9. The limited assessment indicates that the Findlay-Dix correlation performs
similarly to other drift flux based models. Therefore, the Findlay-Dix correlation is expected to
perform similarly at higher void fractions, higher pressures, and smaller hydraulic diameters
than are covered in the GE bundle database.

However, the NRC staff cannot predict explicitly from this data the impact of the advanced fuel
design features, current operating parameters, and current operating strategies on the
performance of the correlation (e.g., axially varying hydraulic diameters, higher power-peaking,
the presence of grid spacers, 14 part length rods, 2 large water rods as well as smaller rod
diameters combined with differences in the operating ranges). The above comparisons serve
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as an overall check and cannot be used to establish the accuracy or uncertainty of the GE
correlation for application to BWR operation.

7.2.6 GE Assessment

LTR NEDC-33173P (Reference 1) justifies the applicability of the current experimental database
supporting the correlation, the accuracy of the correlation and the extension of the correlation to
void fractions of 100 percent. GE concludes that additional margin is not warranted for
application to EPU and MELLLA+. GE's assessment is summarized below.

LTR NEDC-33173P (Reference 1) states that a void fraction of [[ ]] is relatively
high and typical of the conditions where BT will occur in a BWR fuel bundle. Since for plant-
specific application the OLMCPR is determined such that BT will not occur, "it is highly unlikely
that a void fraction of [[ ]]will be exceeded (e.g., perhaps momentarily during a
transient) by any significant amount.... Some aspects of void fraction and bundle power warrant
a brief discussion."

Considering the relationship between the void fraction and the bundle powers, the flow quality is
a function of pressure (fluid properties), inlet flow rate and subcooling, and the heat addition
rate. For the case of "z" equal to the exit elevation, the integral term essentially represents the
channel power. Therefore, the steady-state exit quality is directly proportional to the integrated
channel power.

Since BWR fuel bundle is designed and operated such that BT will not occur during steady-state
or AQOs, therefore, void fractions that are higher than [[ ]] will not occur. Figure 2-4
of LTR NEDC-33173P (Reference 1) illustrates this point (see Figure 4-4). Less than half of the
quality range (X < 0.5) covers up to 90 percent void fraction. GE stated that, "A significant
power increase (or a factor of 2 change in quality) is required to drive the void fraction from 90 to
100 percent. It would require a bundle power of approximately [[ ]] for a bundle at rated
flow to reach a void fraction of 0.95 percent, while in reality a high power fuel bundle operates at
approximately 7 MW."

The void-quality correlation is based on sound physical principles, particularly for high void
fractions, and extrapolation of the measured data to a void fraction of 1.0. Using the Zuber-
Findlay expression for two-phase flow, the void fraction a can be expressed as

ax = jg/(Co*j +V9 j)

Where:

C, = distribution parameter

Vgj= drift velocity

jg = volumetric flux of steam vapor

j = volumetric flux of the mixture

The drift velocity is the difference in velocity between the vapor and liquid phase. Generally the
vapor phase velocity is greater because of buoyant forces. At high quality, the annular flow
regime predominates. In the annular flow regime the liquid phase surrounds the fuel rods and
channel. As the void fraction increases, the drift velocity decreases, as the buoyant forces
become less important. In the GE void-quality correlation, the drift velocity is characterized as

vj (I- a).
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This characterization is applied over the entire annular flow region, or for void fractions [[

]] For high void fractions and small values of Vgj, the void fraction is dominated
by the ratio of vapor mass flux to total mass flux, determined by a simple mass and energy
balance for each node. GE states that the outstanding agreement with the data demonstrated
by Table 7-2 (Table 2-8 of LTR NEDC-33173P (Reference 1)) and the trends shown in Figure
7-6 and Figure 7-7 (Figure 2-2 and Figure 2-3 of LTR NEDC-33173P (Reference 1)) over the
entire range shown in the response to SRXB-A-69 (Reference 47) (See Appendix B) and
validates this simple model for the drift flux.

7.2.6.1 GE Conclusion

An extrapolation based on this model to void fractions all the way to pure steam flow is justified.
In summary, the GE void-quality correlation is based on test data and covers a broad range of
conditions. The correlation supports the full range of conditions expected during BWR
operation, including CPPU, EPU, and MELLLA+ conditions. The correlation uncertainty is
appropriately accounted for in the SLMCPR. It is not necessary to incorporate additional margin
for void fraction uncertainty.

7.2.6.2 The NRC Staff Review of GE's Assessment

The GE justifications provided in LTR NEDC-33173P (Reference 1) seem reasonable to a
certain degree. Specifically, the NRC staff agrees with GE that:

1. At high void fractions, a high power change is necessary to drive the void fraction
from 90 percent to 100 percent during a transient;

2. At steady-state EPU operation, core thermal-hydraulic prediction data indicates
bundles operate at powers up to 7 - 8 MW, which is lower than the [[ ]] that
GE states could result in BT for operation with void fraction of [[ ]] The
current EPU operating experience shows that predicted void fraction ranges are less
than 90 percent for the steady-state operation; and

3. For the drift flux correlation, at high void fraction [[ ]] and
low drift velocities, the ratio of the vapor mass flux to total mass flux which is
determined by a mass and energy balance is predominant in the void fraction
calculations.

However, the NRC staff evaluated GE's assessment and determined that:

1. For a BWR /4 operating at MELLLA+ conditions, RAI 7 (Reference 5) shows that the
exit void fraction can be as high as [[ ]] Since the specific-plant
conditions is not bounding for all MELLLA+ operation plant conditions, the steady-
state void fractions can be projected to be greater than [[ ]] at the lower
core flow ranges at EPU power levels. Therefore, for operation at the expanded
domains, a void fraction in the greater than the 90 percent range is not limited to
"momentary" transient conditions. Instead, bundles can operate with higher exit void
conditions as an initial condition. Therefore, for certain plant-specific applications, it
is feasible that the void-quality correlation will be extended to close to the 95 percent,
during steady-state operation. Meanwhile, it is important to note that the current
available operating domain core design's thermal-hydraulic calculations do not
indicate significant change in the bundle powers beyond the current EPU bundle
powers. The NRC staff does recognize that plants will continue to be constrained to
operate within the T-S specified SLMCPR. Therefore, operation with high void
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conditions will limit the plants' ability to operate with maximum powered bundles
operating at high void conditions or high bundle power/flow conditions. Hence, it is
not projected that bundles will operate with a high bundle power [[ 1] or
high power/lower core flow conditions, such that BT is not mitigated. It is also
feasible that despite the design goals of operation at MELLLA+, plants may be
limited in operating at low flow MELLLA+ boundaries by the thermal limits
constraints. However, it is precisely because of the impact of operation at high void
conditions on the SLMCPR response and void reactivity coefficient prediction on the
CPR that it becomes important to ensure that the void fraction is not under predicted.
Note that bundle powers or bundle power/flow conditions are not directly regulated
but compliance with the fuel design limits is required. Thus, higher operating
OLMCPR will ensure that plants will operate at lower bundle powers and thus lower
corresponding voids fraction such that the SILMCPR is not violated during transient.

2. Although the correlation is dominated by simple mass-energy balance at high void
conditions, the available measurement benchmarking does not include or represent
fuel design features, bundle powers, peaking, and power and void distribution
characteristic of the current operating strategies. Therefore, extension outside of the
current operating experience base to MELLLA+ core thermal-hydraulic conditions
during steady-state operation based on the currently available measurement data
would entail additional extrapolation without the corresponding supporting data. In
addition, it does not appear that uncertainties are applied in the void-quality
correlation prediction in the codes involved. The underlying assumption is that the
impact of the void prediction uncertainties are covered by the overall uncertainty
assigned to the power predictions. There are no sensitivity analyses demonstrating
the errors in the void prediction to the predicted bundle power levels. TIP calculated
versus measured data does not suffice in establishing the sensitivity and
uncertainties associated with the within bundle void fractions and the associated
predicted bundle powers. The NRC staff could therefore not determine if the bundle
power uncertainty applied to the predicted bundle powers would account for an
increase in void fraction prediction uncertainty.

Therefore, the NRC staff finds that while the assessment in LTR , NEDC-33173P (Reference 1)
has merit, it does not provide sufficient bases to conclude that the current available data suffices
in the long term for operation at MELLLA+ and this is discussed further below.

7.2.7 Void-Quality Correlation Overall Assessment and Conclusion

In general the performance of the Findlay-Dix correlation does not exhibit any unexpected
behavior, and its performance is consistent with other drift flux based correlations that have
been developed and compared to a wider range of rod bundle void fraction data.

However, the NRC staff finds that the Findlay-Dix validation database is limited in that it does
not extend to the full set of reactor operating conditions for the current and proposed operating
strategies. The database does not appear to cover the full operational and accident parameter
space in a way that assures that all local parameter sets are encompassed by the supporting
bundle data. The quantity of data validating the high void ranges is limited to few data sets.

Moreover, the experimental database benchmarking the Findlay-Dix correlation shows that the
axial and radial power distribution and peaking are not consistent with current (or proposed)
in-bundle power conditions. Evaluation of the radial within bundle power distribution of the
database shows that the validation database is not representative of the current bundle axial or
radial power distribution and peaking. This is a deficiency in the database supporting the
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correlation in relation to the current fuel design operating conditions. The impact of the power
distributions is not just at high void conditions, but they also effect the void distribution
throughout the bundle (e.g., an inlet peaked power distribution causes earlier void formation,
and exit peaked later, etc.). Although the qualities (flow patterns) that will occur are still covered
by the combination of development and validation databases, the differences in the power
distribution and peaking between the experimental data supporting the correlations and the
current and proposed core operating conditions makes assessment of the reported correlation
uncertainties difficult.

The NRC staff also finds that since the void fractions can be close to the [[ ]] at
steady-state for the proposed MELLLA+, extrapolation of the void-quality correlation is not
"momentary" during transients as characterized in LTR NEDC-33173P (Reference 1).
Operation of all BWRs at the proposed EPU/MELLLA+ could result in bundles operating outside
the current experience base in terms of bundle power-to-flow ratio. For EPU operation where
plants are limited in terms of available core flow window, the void ranges are expected to remain
less than [[ ]] void fraction during steady-state, but will exceed the [[ ]]
range during some transients and accident conditions. Note that GE states that the void
fractions will remain below [[ ]] for EPU/MELLLA+ operation (See Figure 4-4). The
NRC staff does acknowledge that significant power increase is required to drive the void fraction
from 90 to 100 percent. However, there is no regulatory limitation on either the bundle powers
or the void fractions. The LTR also did not limit the extension of the correlation to [[

]] void fraction. Thus, the current experimental database needs to be extended in
order to confirm the accuracy of the void-quality correlation for the fuel design features (e.g., 14
part-length rods, impact of the spacer design), bundle powers, power-peaking, and void
distributions characteristic of the proposed operating strategies.

The NRC staff also finds that for GE's analytical methods and codes, uncertainties are not
applied to the void-quality correlation prediction. Implicitly, the safety analyses assume that the
void-quality correlation is supported by applicable benchmarking data and that the uncertainties
associated with it are small. Historically, the NRC staff had also never directly reviewed or
approved the correlation and its supporting database. The accuracy of the void-quality
correlation affects the coupled neutron and thermal-hydraulic predictions during steady-state,
transient, and accident conditions. For most analyses, GE presently applies an uncertainty
value directly to the core power. This uncertainty value is used to cover a variety of prediction
uncertainties, including the void fraction uncertainty. Some of these uncertainties would impact
the power uncertainty in one direction, while others in the opposite direction. Without
performing a sensitivity analysis of power to void fraction prediction errors, it is impossible to
determine the impact that void fraction uncertainties have on power predictions. GE has not
provided this analysis. In a December 14, 2006, meeting, GE did present preliminary bundle
gamma scan data and states that gamma scan data provides confirmation of the adequacy of
the uncertainty level that they are placing on power. However, GE has not yet submitted the
gamma scan results for NRC staff review. Also, the presented scan data did not include the
sensitivity of bundle powers gamma scans with voids. Additionally, because gamma scan data
can only cover parameters up to normal operating conditions, predictions must be used to
extrapolate beyond those conditions. It is therefore important to understand the sensitivity of
power to void fraction prediction uncertainty, as well as the uncertainty levels themselves.

Therefore, the NRC staff concludes that the reported accuracy is not well supported and
additional measurement data is needed to both validate the correlation and develop the
appropriate correlation uncertainty levels. This conclusion is specifically relevant in support of
operation at MELLLA+ in which plants would be operating outside the current experience base.
It is important to note that the conclusion to obtain additional data to validate the impact of
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non-uniform (e.g., skewed) power distribution is supported by the recommendations made in the
initial 1977 document NEDE-21565 (Reference 52). The NRC staff believes the weaknesses of
the validation database identified in NEDE-21565 (Reference 52) are more relevant in the
current EPU operating strategy and the proposed expanded operating domain, where there
could be higher power skews in both the radial and axial directions than existed previously.
Radial power skewing can develop from bundles next to a controlled cell or due to the influence
of an adjacent controlled four-bundle cell. Review of the radial power distribution as bundles
deplete with exposure for MELLLA+ lattice designs indicates that the radial power distribution is
more peaked early in the cycle and becomes more uniform as the Gd burns up and different pin
peak. Therefore, radial power skewing similar to ASEA-813 qualification is most probable early
in the cycle and from the influence of a controlled cell. The current within lattice peaking would
be expected to affect the void distribution parameter and the accuracy of the functional trends of
the empirical parameters, which were derived from the GE database. Additionally, the lack of
partial length rod data in development or benchmarking of the correlation does not allow the
NRC staff to evaluate accurately the present correlation and the uncertainty levels presented.

The NRC staff considered applying higher uncertainties to the void-quality correlation
predictions. Since many of the void-quality correlation applications do not apply uncertainties
directly to the void predictions, this would require re-review of all NRC-approved code-sets. In
addition, the uncertainties to be applied need to be quantified through sensitivity analyses
(perturbation of the voids) for the impact of: (1) the new design features (14 part-length rods);
(2) within bundle power-peaking and distribution (lattice loading as operated in the current and
proposed operating strategies); and (3) 10x10 fuel and spacer mechanical design. These
uncertainties will need to be propagated through all of the steady-state, transient and accident
safety analyses to quantify any non-conservative impacts that must be applied to comply with
the design bases requirements. Such sensitivity analyses may involve the use of sub-channel
codes that had not been approved by NRC. Therefore, the NRC staff believes that a better
approach is extension of the experimental validation instead of relying on code perturbations
and predictions for qualifying the performance of the correlation for the current and proposed
fuel designs and operating strategies.

Although the supporting data does not cover all of the current operational conditions (e.g., the
current radial and axial lattice peaking, the 10x10 bundle design features such as the part-
length rods and new spacer design), the NRC staff finds that overall the correlation does not
exhibit unexpected behavior and remains relatively predictable. However, the NRC staff
expects that most likely the uncertainty levels are higher than those reported.

The NRC staff concludes that considering the deficiencies as discussed above, additional
relevant experimental data is required to support operation at EPU and MELLLA+. Obtaining
experimental data requires time. Therefore, the NRC staff assessed the feasible short-term
action plan as discussed below.

As an immediate short-term confirmation for EPU transients, the NRC staff recommends that
GE evaluate the use of the bundle pressure drop measurement data taken in the ATLAS facility
using 10x10 bundles to back-calculate the void fraction in those tests, comparing those results
with predicted void fraction (using Findlay-Dix) for low flow conditions, characteristic of RPT
conditions. This data will be relevant to the EPU applications, in which the [[ ]] void
fraction range will be exceeded during transients such as RPT. Similar to the NEDE-21565
(Reference 52) approach, the low flow GE 10x10 pressure drop data could potentially be used
to re-establish the functional trends of the empirical parameters. In MFN 06-435 (Reference
14), GE states that during the development of fuel product lines, GE's current practice is to
obtain full-scale experimental data for both critical power and pressure drop performance. As
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part of the requirements to remove the 0.01 penalty on the OLMCPR, GE will provide a report of
GE14 pressure drop data and an analysis relating this data to void prediction error. The NRC
staff finds that for PANCEA/ODYN/ISCOR/TASC applications, this data will provide additional
confidence in the performance of the correlation in the low flow ranges. The objective is to
evaluate the axial void fractions calculated from the pressure drop data in order to determine if
accuracy of the correlation changes axially at the part-length rods elevation and at the highly
voided upper portion of the fuel bundles. 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.

In addition, the NRC staff considered short-term margin increase until such time that the
qualification database is expanded to include data, which is more representative of current fuel
designs. Since higher uncertainties in the void-quality correlation will result in the existence of
higher voids than predicted, the core average voids could be higher assuming that the
correlation uncertainties are higher for all lattice levels due to the different power skew,
part-length rods and new design features (e.g., new spacer designs). Higher core average
voids will potentially affect the magnitude of the void reactivity coefficient, which is directly
proportional to the core average void fraction.

Appendix E contains an assessment of the impact of void fraction error on the value of the void
reactivity coefficient. The results are shown graphically in Figure 12-34 in Appendix E. As
observed in this figure, the density reactivity change (DRC) error is a function of the void
fraction, but it levels to an approximate value of 1.25 percent for void fractions greater than
60 percent, which is the range of interest. Therefore, the NRC staff concludes that a DRC error
of 1.25 percent is a reasonable approximation of the error induced by a change in actual void
fraction of 1 percent. For example, if the predicted void fraction is 70 percent, but the actual
void fraction is 71 percent, the actual DRC is 1.25 percent higher than predicted. An error of the
magnitude of the void fraction prediction by 5 percent could be approximated to result in
6.25 percent error in the density reactivity coefficient.

Note that the numbers used in the Appendix E assessments are representative of a BWR/6
plant, but DRC values change with core loading, exposure, operating condition, etc. Therefore,
the 1.25 percent error should be considered as an indication for order of magnitude calculation
and not a bounding number.

The NRC staff does not believe in changing intermediate parameters such as the void reactivity
coefficient, because it may result in an inadvertent non-conservatism in some of the safety
analyses. Therefore, the NRC staff decided as an interim measure, the impact of having higher
voids than predicted can be accounted for in the impact of the void reactivity coefficient on the
transient analyses. In some of the RAI responses, GE states that the significance threshold for
change in the CPR is 0.03. However, the NRC staff considers the significance threshold for
CPR change for transients is 0.01. Therefore, as an interim measure, the NRC staff concludes
that until sufficient assessment of the void-quality correlation prediction as applied to the current
fuel geometric and lattice designs as operated under EPU and the proposed high power-to-flow
MELLLA+ condition is provided, a 0.01 margin will be applied to the OLMCPR. The following
limitations will be added until such time that GE expands the experimental database supporting
the Findlay-Dix void-quality correlation:

Void-Quality Correlation Limitation I

For applications involving PANCEA/ODYN/ISCOR/TASC for operation at EPU and
MELLLA+, an additional 0.01 will be added to the OLMCPR, until such time that GE
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expands the experimental database supporting the Findlay-Dix void-quality correlation to
demonstrate the accuracy and performance of the void-quality correlation based on
experimental data representative of the current fuel designs and operating conditions
during steady-state, transient, and accident conditions.

7.2.8 TRACG Interfacial Shear Model Qualification

Most MELLLA+ applications are expected to transition to TRACG. TRACG uses an interfacial
shear model in the prediction of the void fractions. Section 3.1 of NEDE-32177PA, "Licensing
Topical Report, TRACG Qualification"' (Reference 55), covers the adequacy of TRACG in
predicting void fraction. FRIGG OF-64 tests simulate a full-scale 64-rod BWR fuel bundle. The
test was designed as a full-scale simulation of an Oskarshamn-I fuel assembly, consisting of
64 heated rods placed in a 8x8 array. The test simulated a realistic and somewhat conservative
(outlet peaked) BWR heat flux and the TRACG interfacial shear model void fraction prediction is
compared against FRIGG OF-64 void fraction data.

Table 3.1-1 of NEDE-32177 (Reference 55) shows the ranges of the FRIGG OF-64 test
parameter ranges as follows:

Table 3.1-4 of NEDE-32177 (Reference 55) provides the mean and standard deviation for
TRACG Model based on the FRIG OF-64 tests as follows:

Pressure (MPA) Mean Standard Deviation
4.8
6.8%

NEDE-32177 (Reference 55) concludes that TRACG void fraction predictions agree very well
with the OF-64 measurements. While the TRACG shear model agreement with the OF-64 tests
appears acceptable, however the qualification range is below the steady-state void conditions
for operation at MELLLA+. The pressure ranges are also slightly below the steady-state void
ranges for BWRs, and the data does not cover the ranges that BWRs experience during
pressurization transients as well as accidents (e.g., ATWS). The impact of the lack of data
covering the transients (both pressurization and depressurization) and accidents to the
adequacy of the interfacial shear model needs to be assessed.

In addition, TRACG is coupled with neutronic methods (TGBLA/PANCEA) that rely on the
Findlay-Dix Correlation in calculating the void fraction. Therefore, the coupled neutronic and
thermal-hydraulic models appear to use different methods in calculating the void fraction. For
the neutronic methods conclusions reached in the assessment of the Findlay- Dix correlation
applies. The adequacy of the TRACG interfacial shear model qualification for application to
EPU and MELLLA+ will be covered during the NRC staff review of NEDE-32906P,
Supplement 3 (Reference 40). Therefore, any conclusions specified in the NRC staff SE
approving Supplement 3 to LTR NEDC-32906P (Reference 40) will be applicable as approved
for EPU and MELLLA+ application.

Void-Quality Correlation Limitation 2
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The NRC staff is currently reviewing Supplement 3 to NEDE-32906P, "Migration to
TRACG04/PANAC1 1 from TRACG02/PANAC1 0," dated May 2006 (Reference 40). The
adequacy of the TRACG interfacial shear model qualification for application to EPU and
MELLLA+ will be addressed under this review. Any conclusions specified in the NRC
staff SE approving Supplement 3 to LTR NEDC-32906P (Reference 40) will be
applicable as approved.

7.2.9 Void-Quality Correlation Conclusion

Based on the assessments detailed in this section, the void perturbation studies performed in
the past, the ranges of the current supporting database and the relative predictability of the
correlation behavior, and the additional margin included in the OLMCPR, the NRC staff
concludes that there is a reasonable assurance that the use Findlay-Dix correlation will result in
adequate safety margin. The safety findings in Section 7.2, "Void-Quality Correlation," of this
SE are contingent on Void-Quality Correlation Limitations 1 and 2.
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Table 7-1 Comparison of GE Experimental Database and 1 0x1 0 bundle Operating Conditions

Data used in development and evaluation of the GE correlation
Used to develop correlation Used for correlation comparison

Data Source CISE GE ASEA- Simple ASEA- ASEA- 10x10 BWR Bundle
713 Geometry 813 513 (GE14)

Geometry 4X4 7x7 8x8 Round and 8x8 6X6 10xl0 Bundle
Bundle Bundle Bundle Rectangular Bundle Bundle

Tube/Annulus
Hydraulic
diameter (m)

Pressure
(MPa)

Mass Flux
(kglm/2 s)

Inlet Sub-
cooling (K)
Exit Quality

Void fraction

Reynolds No.

Measurement
Type

Axial power
distribution
Radial power
distribution

Quoted std.
deviation (%) 1 _]

' Currently bundles operate with bottom, mid and top-peaked power profiles with higher peaking values than previous designs and
operating conditions.
2 Radial power-peaking may be different from the database due different bundle loading (use of Gd & enrichment zoning and
exposures)
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Table 7-2 Void Fraction Correlation Database

11

Table 7-3 Comparison between Void-Quality Correlation and Database

1]
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Figure 7-1 GEXL14 Application Range
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Figure 7-2 Void Fraction vs. Quality - Data and Calculation
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Figure 7-3 Normalized Radial Power Distribution (8X8 array) - ASEA-713 Experiment
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Figure 7-4 Normalized Radial Power Distribution (8X8 array) - ASEA-813 Experiment
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Figure 7-5 Normalized Power Distribution (IOX10 array) - VYNPS Lattice 5168,
40 percent Void, Burnup = 0
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Figure 7-9 Comparison to Findlay-Dix Correlation against Other Drift Flux Models

8.0 LICENSING APPLICATION

LTR NEDC-33173P (Reference 1) Section 4.0, "Licensing Application," covers its applicability
and the specific information that is required to be provided in plant-specific applications.

LTR NEDC-33173P (Reference 1) is applicable for operation at EPU and expanded operating
domains, within the MELLLA+ upper boundary. The NRC staff reviewed LTR NEDC-33173P
(Reference 1) to ensure that for operation at high power and low flow MELLLA+ conditions, the
GE analytical methods and codes that are being applied to demonstrate the safe operation of
BWRs are applicable and acceptable. Section 2.1 of this SE provided a summary of the
proposed expanded operating domain core conditions.

LTR NEDC-33006P, Revision 2 (Reference 2), provides GE safety analysis report for operation
at the proposed expanded operating domains. LTR NEDC-33173P (Reference 1) provides the
bases for accepting the application of GE NRC-approved analytical methods and codes to
MELLLA+ high power and low flow conditions. The MELLLA+ LTR (Reference 2) was approved
by the NRC staff on September 17, 2007 (Reference 56).

8.1 OVERVIEW

The objective of the NRC staff review of LTR NEDC-33173P is to evaluate the applicability of
GE's analytical methods to operation at EPU and MELLLA+. Plant-specific applications that
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reference LTR NEDC-33173P need to comply with Section 9.0, "Limitations and Conditions," of
this SE.

MFN 06-434 (Reference 38), the updated response to NRC staff RAI 28-2, specifies the actions
required to remove the additional power distribution uncertainties currently applied to GE
methods. The NRC staff finds that the approach and actions presented in the Reference 38
commitment letter are acceptable and provide bases for finalizing neutronic methods
qualification. The future supplements finalizing LTR NEDC-33173P will also cover the pending
generic methods RAIs.

If LTR NEDC-33173P is revised or supplemented, the topics addressed in this SE, associated
commitments and the limitations and conditions specified in Section 9.0 should be covered,
unless GE demonstrates that the limitations are not needed due to changes in methods or that
the additional benchmarking is provided to the NRC staff in another LTR.

8.2 MIXED CORE APPLICABILITY

LTR NEDC-33173P (Reference 1) is applicable to current GE BWR fuel product lines licensed
with GE's nuclear and safety analysis methods. This approval did not cover the use of GE's
methods to legacy fuel designs or mixed cores. Specifically, this review did not evaluate the
impact or accuracy of GE's lattice physics (TGBLA06) and core simulator methods (PANAC1 1)
to model legacy fuel designs for operation at EPU and MELLLA+. For example, LTR
NEDC-33173P (Reference 1) did not provide lattice physics data demonstrating the
uncertainties associated with legacy fuel.

In addition, LTR NEDC-33173P (Reference 1) did not contain margin evaluation of GE
methodology for modeling the legacy fuel and establishing the fuel design limits such as the
steady-state and transient LHGR and the exposure accounting. Other topics covered in LTR
NEDC-33173P (Reference 1) such as the applicability and extension of the void fraction
correlation for operation at MELLLA+ were not assessed for legacy fuel. Therefore,
plant-specific applications referencing this LTR for operation at EPU and MELLLA+ need to
provide plant-specific justifications. Alternatively, GE can supplement or revise LTR NEDC-
33173P (Reference 1) with mixed core evaluation for EPU and MELLLA+ applications.

Mixed Core Method Limitation 1:

Plants implementing EPU or MELLLA+ with mixed fuel vendor cores will provide plant-
specific justification for extension of GE's analytical methods or codes. The content of
the plant-specific application will cover the topics addressed in this SE as well as
subjects relevant to application of GE's methods to legacy fuel. Alternatively, GE may
supplement or revise LTR NEDC-33173P (Reference 1) for mixed core application.

Mixed Core Method Limitation 2:

For any plant-specific applications of TGBLA06 with fuel type characteristics not covered
in this review, GE needs to provide assessment data similar to that provided for the GE
fuels.

The Interim Methods review is applicable to all GE lattices up to GEI4. Fuel lattice
designs, other than GE lattices up to GEI4, with the following characteristics are not
covered by this review:
* square internal water channels water crosses
* Gd rods simultaneously adjacent to water and vanished rods
* 1 lxl 1 lattices
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0 MOX fuel
The acceptability of the modified epithermal slowing down models in TGBLA06 has not
been demonstrated for application to these or other geometries for expanded operating
domains.

Significant changes in the Gd rod optical thickness will require an evaluation of the
TGBLA06 radial flux and Gd depletion modeling before being applied. Increases in the
lattice Gd loading that result in nodal reactivity biases beyond those previously
established will require review before the GE methods may be applied.

8.3 EXPANDED OPERATING DOMAIN EIGENVALUE TRACKING

In general, GE obtains cycle-specific operating data (e.g., plant measurement data, CR
patterns, etc.) and simulates the core conditions as function of exposure, projecting the hot
eigenvalue, the cold eigenvalue, and the thermal margins. In MFN 04-026 (Reference 5), GE
provided eigenvalue tracking data for EPU plants. To assess and monitor the performance of
the nuclear methods for implementation to MELLLA+ conditions, GE will internally perform
eigenvalue tracking and evaluate the performance of the nuclear methods for application to the
new operating domains. In response, to RAI 5 in MFN 04-026 (Reference 5), GE committed to
analyze the operational data for the first plant-specific implementation of MELLLA+ and submit
the evaluation for NRC staff review.

MELLLA+ Eiqenvalue Tracking Limitation

In the first plant-specific implementation of MELLLA+, the cycle-specific eigenvalue
tracking data will be evaluated and submitted to NRC to establish the performance of
nuclear methods under the operation in the new operating domain. The following data
will be analyzed:

* Hot critical eigenvalue,

* Cold critical eigenvalue,

* Nodal power distribution (measured and calculated TIP comparison),

* bundle power distribution (measured and calculated TIP comparison),

" Thermal margin,

* Core flow and pressure drop uncertainties, and

" The MIP Criterion (e.g., determine if core and fuel design selected is expected to
produce a plant response outside the prior experience base).

Provision of evaluation of the core-tracking data will provide the NRC staff with bases to
establish if operation at the expanded operating domain indicates: (1) changes in the
performance of nuclear methods outside the EPU experience base; (2) changes in the
available thermal margins; (3) need for changes in the uncertainties and NRC-approved
criterion used in the SLMCPR methodology; or (4) any anomaly that may require
corrective actions.

8.4 TGBLA06 METHODOLOGY UPGRADES

Table 8-2 documents the history of changes to the TGBLA06AE5 methodology for versions
AE2, AE3, and AE4 for implementation of water-cross feature representative of SVEA fuel.
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1. Modification AE2 corrected R-factor output problem, and was approved by NRC in 1999.

2. Modification AE3 corrected a problem in the modeling of controlled water cross fuel
model. The NRC staff did not assess this modification, because this modification has no
impact on calculations for non-water cross designs, and no information was provided for
this review.

3. Modification AE4 incorporated corrections and improvements to several TGBLA06
features.

GE states in MFN 05-029 (Reference 11),

In response to the request for additional analyses of the PANACEA cross-section fitting
interpolation/extrapolation process, a "usage range extension" study has been
performed to allow examination of 90 percent void depletion uncertainties. [[

]] As the impact on the 0, 40,
and 70 percent void data is minimal, this weakness does not significantly impact the
fitting errors for extrapolation to void fractions higher than 70 percent.

The NRC staff compared the performance of TGBLA06AE5 against HELIOS with lattices with
and without vanished rods, and Gd content from 6 percent to 7 percent. From the code-to-code
comparisons, as well as the TGBLA06-CASMO4 comparisons provided, the NRC staff finds that
the TGBLA06AE5 modifications, including the above Pu-240 modifications, are acceptable for
production.

It is important to restate that this SE provides an interim approval for the use of TGBLA06AE5.
Actual benchmarking of GE or any other vendor fuel design will be evaluated by the NRC staff
once the experimental gamma scan data is provided (Reference 31).

Once the gamma scan validation data is available, the NRC staff will re-evaluate the
uncertainties associated with the TGBLA06/PANAC1 1 methodology. In addition, Supplement 3
to LTR NEDC-32906P (Reference 40) documents the TRACG/PANAC methodology changes
and upgrades that are currently under NRC staff review. Any specific limitations arising from
that review will be applicable for EPU and MELLLA+ applications.

8.5 PLANT-SPECIFIC APPLICATION PROCESS
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The core thermal-hydraulic conditions for operation at EPU and MELLLA+ can be gauged by
review of: (1) Power of Peak Bundle; (2) Coolant Flow for Peak Bundle; (3) Exit Void Fraction
for Peak Power Bundle; (4) Maximum Channel Exit Void Fraction; (5) Core Average Exit Void
Fraction; (6) Peak LHGR; and (7) Peak Nodal or Pin Exposure. The hot bundles set the
steady-state fuel design thermal limits. Therefore, review of these parameters for cycle
exposure statepoints provides insight into the core conditions of the plant-specific application
against EPU experience base.

Plant-Specific Application Limitation:

The plant-specific applications will provide prediction of key parameters for cycle
exposures for operation at EPU (and MELLLA+ for MELLLA+ applications). The
plant-specific prediction of these key parameters will be plotted against the EPU
Reference Plant experience base and MELLLA+ operating experience, if available. For
evaluation of the margins available in the fuel design limits, plant-specific applications
will also provide quarter core map (assuming core symmetry) showing bundle power,
bundle operating LHGR, and MCPR for BOC, MOC, and EOC. Since the minimum
margins to specific limits may occur at exposures other than the traditional BOC, MOC,
and EOC, the data will be provided at these exposures.

8.6 TECHNICAL SPECIFICATIONS

Plant-specific TSs reference the NRC-approved licensing methodologies used to perform the
design bases safety analyses. Plants implementing LTR NEDC-33173P shall include the LTR
in Section 5 of the TS. Alternately, if LTR NEDC-33173P is included in GE's licensing
methodology GESTAR II, plants may reference GESTAR II, in lieu of referencing NEDC-33173P
directly.
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Table 8-1 History of the Changes in TGBLA06A

11

9.0 LIMITATIONS AND CONDITIONS

The NRC staff has concluded that LTR NEDC-33173P (Reference 1) is acceptable with
limitations and conditions described below.
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1. TGBLA/PANAC Version (Section 3.1.5.2)

The neutronic methods used to simulate the reactor core response and that feed into the
downstream safety analyses supporting operation at EPU/MELLLA+ will apply
TGBLA06/PANAC1 1 or later NRC-approved version of neutronic method.

2. 3D Monicore (Section 3.1.5.2)

For EPU/MELLLA+ applications, relying on TGBLA04/PANAC10 methods, the bundle RMS
difference uncertainty will be established from plant-specific core-tracking data, based on
TGBLA04/PANAC1 0. The use of plant-specific trendline based on the neutronic method
employed will capture the actual bundle power uncertainty of the core monitoring system.

3. Power-to-Flow Ratio (Section 3.1.5.2)

Plant-specific EPU and expanded operating domain applications will confirm that the core
thermal power to core flow ratio will not exceed 50 MWt/Mlbm/hr at any statepoint in the allowed
operating domain. For plants that exceed the power-to-flow value of 50 MWt/Mlbm/hr, the
application will provide power distribution assessment to establish that neutronic methods axial
and nodal power distribution uncertainties have not increased.

4. SLMCPR 1 (Section 3.2.2.2):

For EPU operation, a 0.02 value shall be added to the cycle-specific SLMCPR value. This
adder is applicable to SLO, which is derived from the dual loop SLMCPR value.

5. SLMCPR 2 (Section 3.2.2.2):

For operation at MELLLA+, including operation at the EPU power levels at the achievable core
flow statepoint, a 0.03 value shall be added to the cycle-specific SLMCPR value.

6. R-factor (Section 3.2.3):

The plant specific R-factor calculation at a bundle level will be consistent with lattice axial void
conditions expected for the hot channel operating state. The plant-specific EPU/MELLLA+
application will confirm that the R-factor calculation is consistent with the hot channel axial void
conditions.

7. ECCS-LOCA 1 (Section 3.2.5.1.1):

For applications requesting implementation of EPU or expanded operating domains, including
MELLLA+, the small and large break ECCS-LOCA analyses will include top-peaked and mid-
peaked power shape in establishing the MAPLHGR and determining the PCT. This limitation is
applicable to both the licensing bases PCT and the upper bound PCT. The plant-specific
applications will report the limiting small and large break licensing basis and upper bound PCTs.

8. ECCS-LOCA 2 (Section 3.2.5.1.2):

The ECCS-LOCA will be performed for all statepoints in the upper boundary of the expanded
operating domain, including the minimum core flow statepoints, the transition statepoint as
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defined in Reference 2 and the 55 percent core flow statepoint. The plant-specific application
will report the limiting ECCS-LOCA results as well as the rated power and flow results. The
SRLR will include both the limiting statepoint ECCS-LOCA results and the rated conditions
ECCS-LOCA results.
9. Transient LHGR 1 (Section 3.2.6.5.1)

Plant-specific EPU and MELLLA+ applications will demonstrate and document that during
normal operation and core-wide AQOs, the T-M acceptance criteria as specified in Amendment
22 to GESTAR II will be met. Specifically, during an AOO, the licensing application will
demonstrate that the: (1) loss of fuel rod mechanical integrity will not occur due to fuel melting
and (2) loss of fuel rod mechanical integrity will not occur due to pellet-cladding mechanical
interaction. The plant-specific application will demonstrate that the T-M acceptance criteria are
met for the both the U02 and the limiting GdO 2 rods.

10. Transient LHGR 2 (Section 3.2.6.5.1)

Each EPU and MELLLA+ fuel reload will document the calculation results of the analyses
demonstrating compliance to transient T-M acceptance criteria. The plant T-M response will be
provided with the SRLR or COLR, or it will be reported directly to the NRC as an attachment to
the SRLR or COLR.

11. Transient LHGR 3 (Section 3.2.6.5.2)

To account for the impact of the void history bias, plant-specific EPU and MELLLA+ applications
using either TRACG or ODYN will demonstrate an equivalent to 10 percent margin to the fuel
centerline melt and the 1 percent cladding circumferential plastic strain acceptance criteria due
to pellet-cladding mechanical interaction for all of limiting AOO transient events, including
equipment out-of-service. Limiting transients in this case, refers to transients where the void
reactivity coefficient plays a significant role (such as pressurization events). If the void history
bias is incorporated into the transient model within the code, then the additional 10 percent
margin to the fuel centerline melt and the 1 percent cladding circumferential plastic strain is no
longer required.

12. LHGR and Exposure Qualification (Section 3.2.6.5.5)

In MFN 06-481, GE committed to submit plenum fission gas and fuel exposure gamma scans as
part of the revision to the T-M licensing process. The conclusions of the plenum fission gas and
fuel exposure gamma scans of GE 10x10 fuel designs as operated will be submitted for NRC
staff review and approval. This revision will be accomplished through Amendment to GESTAR
II or in a T-M licensing LTR. PRIME (a newly developed T-M code) has been submitted to the
NRC staff for review (Reference 58). Once the PRIME LTR and its application are approved,
future license applications for EPU and MELLLA+ referencing LTR NEDC-33173P must utilize
the PRIME T-M methods.

13. Application of 10 Weight Percent Gd (Section 3.2.6.5.6)

Before applying 10 weight percent Gd to licensing applications, including EPU and expanded
operating domain, the NRC staff needs to review and approve the T-M LTR demonstrating that
the T-M acceptance criteria specified in GESTAR II and Amendment 22 to GESTAR II can be
met for steady-state and transient conditions. Specifically, the T-M application must
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demonstrate that the T-M acceptance criteria can be met for TOP and MOP conditions that
bounds the response of plants operating at EPU and expanded operating domains at the most
limiting statepoints, considering the operating flexibilities (e.g., equipment out-of-service).
Before the use of 10 weight percent Gd for modern fuel designs, NRC must review and approve
TGBLA06 qualification submittal. Where a fuel design refers to a design with Gd-bearing rods
adjacent to vanished or water rods, the submittal should include specific information regarding
acceptance criteria for the qualification and address any downstream impacts in terms of the
safety analysis. The 10 weight percent Gd qualifications submittal can supplement this report.

14. Part 21 Evaluation of GESTR-M Fuel Temperature Calculation (Section 3.2.6.5.8)

Any conclusions drawn from the NRC staff evaluation of the GE's Part 21 report will be
applicable to the GESTR-M T-M assessment of this SE for future license application. GE
submitted the T-M Part 21 evaluation, which is currently under NRC staff review. Upon
completion of its review, NRC staff will inform GE of its conclusions.

15. Void Reactivity 1 (Section 4.4):

The void reactivity coefficient bias and uncertainties in TRACG for EPU and MELLLA+ must be
representative of the lattice designs of the fuel loaded in the core.

16. Void Reactivity 2 (Section 4.4):

A supplement to TRACG /PANAC1 1 for AOO is under NRC staff review (Reference 40).
TRACG internally models the response surface for the void coefficient biases and uncertainties
for known dependencies due to the relative moderator density and exposure on nodal basis.
Therefore, the void history bias determined through the methods review can be incorporated
into the response surface "known" bias or through changes in lattice physics/core simulator
methods for establishing the instantaneous cross-sections. Including the bias in the calculations
negates the need for ensuring that plant-specific applications show sufficient margin. For
application of TRACG to EPU and MELLLA+ applications, the TRACG methodology must
incorporate the void history bias. The manner in which this void history bias is accounted for will
be established by the NRC staff SE approving NEDE-32906P, Supplement 3, "Migration to
TRACG04/PANAC1 1 from TRACG02/PANAC1 0," May 2006 (Reference 40). This limitation
applies until the new TRACG/PANAC methodology is approved by the NRC staff.

17. Steady-State 5 Percent Bypass Voiding (Section 5.4):

The instrumentation specification design bases limit the presence of bypass voiding to 5 percent
(LRPM levels). Limiting the bypass voiding to less than 5 percent for long-term steady
operation ensures that instrumentation is operated within the specification. For EPU and
MELLLA+ operation, the bypass voiding will be evaluated on a cycle-specific basis to confirm
that the void fraction remains below 5 percent at all LPRM levels when operating at steady-state
conditions within the MELLLA+ upper boundary. The highest calculated bypass voiding at any
LPRM level will be provided with the plant-specific SRLR.
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18. Stability Setpoints Adjustment (Section 6.2)

The NRC staff concludes that the presence bypass voiding at the low-flow conditions where
instabilities are likely can result in calibration errors of less than 5 percent for OPRM cells and
less than 2 percent for APRM signals. These calibration errors must be accounted for while
determining the setpoints for any detect and suppress long term methodology. The calibration
values for the different long-term solutions are specified in the associated sections of this SE,
discussing the stability methodology.

19. Void-Quality Correlation 1 (Section 7.2.7)

For applications involving PANCEA/ODYN/ISCOR/TASC for operation at EPU and MELLLA+,
an additional 0.01 will be added to the OLMCPR, until such time that GE expands the
experimental database supporting the Findlay-Dix void-quality correlation to demonstrate the
accuracy and performance of the void-quality correlation based on experimental data
representative of the current fuel designs and operating conditions during steady-state,
transient, and accident conditions.

20. Void-Quality Correlation 2 (Section 7.2.8)

The NRC staff is currently reviewing Supplement 3 to NEDE-32906P, "Migration'to
TRACG04/PANAC1 1 from TRACG02/PANAC10," dated May 2006 (Reference 40). The
adequacy of the TRACG interfacial shear model qualification for application to EPU and
MELLLA+ will be addressed under this review. Any conclusions specified in the NRC staff SE
approving Supplement 3 to LTR NEDC-32906P (Reference 40) will be applicable as approved.

21. Mixed Core Method 1 (Section 8.2):

Plants implementing EPU or MELLLA+ with mixed fuel vendor cores will provide plant-specific
justification for extension of GE's analytical methods or codes. The content of the plant-specific
application will cover the topics addressed in this SE as well as subjects relevant to application
of GE's methods to legacy fuel. Alternatively, GE may supplement or revise LTR NEDC-
33173P (Reference 1) for mixed core application.

22. Mixed Core Method 2 (Section 8.2):

For any plant-specific applications of TGBLA06 with fuel type characteristics not covered in this
review, GE needs to provide assessment data similar to that provided for the GE fuels. The
Interim Methods review is applicable to all GE lattices up to GEI4. Fuel lattice designs, other
than GE lattices up to GE14, with the following characteristics are not covered by this review:

a square internal water channels water crosses
* Gd rods simultaneously adjacent to water and vanished rods

lxl 1 lattices
a MOX fuel

The acceptability of the modified epithermal slowing down models in TGBLA06 has not been
demonstrated for application to these or other geometries for expanded operating domains.

Significant changes in the Gd rod optical thickness will require an evaluation of the TGBLA06
radial flux and Gd depletion modeling before being applied. Increases in the lattice Gd loading
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that result in nodal reactivity biases beyond those previously established will require review
before the GE methods may be applied.

23. MELLLA+ Eigenvalue Tracking (Section 8.3)

In the first plant-specific implementation of MELLLA+, the cycle-specific eigenvalue tracking
data will be evaluated and submitted to NRC to establish the performance of nuclear methods
under the operation in the new operating domain. The following data will be analyzed:

* Hot critical eigenvalue,
" Cold critical eigenvalue,
" Nodal power distribution (measured and calculated TIP comparison),
* bundle power distribution (measured and calculated TIP comparison),
* Thermal margin,
* Core flow and pressure drop uncertainties, and
" The MIP Criterion (e.g., determine if core and fuel design selected is expected to

produce a plant response outside the prior experience base).
Provision of evaluation of the core-tracking data will provide the NRC staff with bases to
establish if operation at the expanded operating domain indicates: (1) changes in the
performance of nuclear methods outside the EPU experience base; (2) changes in the available
thermal margins; (3) need for changes in the uncertainties and NRC-approved criterion used in
the SLMCPR methodology; or (4) any anomaly that may require corrective actions.

24. Plant-Specific Application (Section 8.5)

The plant-specific applications will provide prediction of key parameters for cycle exposures for
operation at EPU (and MELLLA+ for MELLLA+ applications). The plant-specific prediction of
these key parameters will be plotted against the EPU Reference Plant experience base and
MELLLA+ operating experience, if available. For evaluation of the margins available in the fuel
design limits, plant-specific applications will also provide quarter core map (assuming core
symmetry) showing bundle power, bundle operating LHGR, and MCPR for BOC, MOC, and
EOC. Since the minimum margins to specific limits may occur at exposures other than the
traditional BOC, MOC, and EOC, the data will be provided at these exposures.

10.0 CONCLUSION

The NRC staff reviewed the application of GE analytical methods and codes to operation at
EPU and expanded operating domains. The NRC staff reviewed: (1) if the analytical methods
were being applied within the NRC-approved applicability; (2) the adequacy of the uncertainties
applied to the safety analyses; (3) the conservatism in the analytical methods; (4) the margins
available; and (5) the adequacy of the available qualifications data. Additional margins were
implemented where the NRC staff found the extension of the methods to EPU and MELLLA+
operation merits additional benchmarking data. The review of the interim methods includes
number of commitments by GE to obtain experimental data that in the long term will provide
additional confidence in the extension of the methods to EPU and expanded operating domain
operation.

Based on the review performed, the information provided in the RAI responses, the insights
from the NRC staff confirmatory analyses, and the additional margins included in the methods,
the NRC staff finds that the application of GE methods to EPU and the expanded operating
domains is acceptable with the limitations and conditions stipulated in Section 9.0 of this SE.
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(ADAMS Accession No. ML072190207).

57. GE Letter (MFN 07-040), J. Post to NRC, "Part 21 Notification: Adequacy of GE
Thermal-Mechanical Methodology, GESTR-M," January 21, 2007. (ADAMS Package
Accession No. ML072290203).

58. GNF Letter (FLN-2007-001), A. A. Lingenfelter to NRC, The PRIME Model for Analysis
of Fuel Rod Thermal-Mechanical Performance, January 19, 2007. (ADAMS Package
Accession No. ML070250414).
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Page 132 The neutronic methods used to For future license applications, Representative core Comment not incorporated. Section
Section 9.1 simulate the reactor core the neutronic methods used to analysis in license revised as:

response and that feed into the simulate the actual reactor core applications issued The neutronic methods used to
Comment downstream safety analyses response and that feed into the after this SE is issued simulate the reactor core response and
also applies supporting operation at downstream safety analyses may be based on that feed into the downstream safety
to: EPU/MELLLA+ will apply supporting operation at TGBLA04/PANAC10, analyses supporting operation at
Section TGBLA06/PANAC1 1 or other EPU/MELLLA+ will apply but the actual core EPU/MELLLA+ will apply
3.1.5.2 NRC-approved neutronic method. TGBLA06/PANAC1 1 or other analysis performed for TGBLA06/PANAC1 1 or later NRC-

NRC-approved neutronic method. the actual EPU or approved version of neutronic method.
MELLLA+ core will be
based on
TGBLA06/PANAC1 1.

As written, the
Limitation seems to
allow the use of
TGBLA04/PANAC10
since they are NRC
approved.

2 Page 132 Plant-specific EPU and expanded Plant-specific EPU and expanded Clarification Comment accepted for Section 9.3.
Section 9.3 operating domain applications will operating domain applications will

confirm that the power-to-flow confirm that the core thermal
Comment ratio will not exceed 50 power to total core flow ratio will
also applies MWt/Mlbm/hr at any statepoint in not exceed 50 MWt/Mlbm/hr at
to: the allowed operating domain, any statepoint in the allowed
Sections For plants that exceed the power- operating domain. For plants that
3.1.4.2, to-flow value of 50 MWt/Mlbm/hr, exceed the power-to-flow value of
3.1.5.1 the application will provide power 50 MWt/Mlbm/hr, the application
multiple distribution assessment to will provide power distribution
locations, establish that neutronic methods assessment to establish that
and 3.1.5.2. axial and nodal power distribution neutronic methods axial and

uncertainties have not increased, nodal power distribution
uncertainties have not increased.
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Section 9.7

i-or applications requesting
implementation of EPU or
MELLLA+, the small and large
break ECCS-LOCA analysis will
include top-peaked and mid-
peaked power shape in
establishing the MAPLHGR and
determining the PCT. This
limitation is applicable for both
the licensing bases PCT and the
upper bound PCT.

For applications requesting
implementation of EPU or
MELLLA+, the small and large
break ECCS-LOCA analysis will
include top-peaked and mid-
peaked power shape in
establishing the MAPLHGR and
determining the PCT. -his

Vuring discussions
regarding the NRC
review of NEDC-
33006P, GE
concurred with a
verbal discussion of a
similar limitation
regarding ECCS-
LOCA. The limitations
in NEDC-33006P and
33173P should be
consistent, or,
preferably, listed in a
single SE.

Part ot comment accepted. Section
9.7 revised as follows:
For applications requesting
implementation of EPU or MELLLA+,
the small and large break ECCS-LOCA
analysis will include top-peaked and
mid-peaked power shape in
establishing the MAPLHGR and
determining the PCT. This limitation is
applicable for both the licensing bases
PCT and the upper bound PCT. The
plant-specific applications will report
the limiting small and large break
licensing basis and upper bound
PCTs.

.iniai . .i . . . .~~e OF101-

upporbound The plant
specific EPU or MELLLA+
application will report the limiting
large break and small break
nominal and Appendix K PCT.
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Section 9.8

I ne -(U;U5-LO(;A will De
performed for all the statepoints
in the upper boundaries of the
expanded operating domains
(e.g., MELLLA+ 80 percent and
55 percent core flow statepoint).
The plant-specific application will
report the limiting ECCS-LOCA
results as well as the rated power
and flow results. The SRLR will
include both the limiting
statepoint ECCS-LOCA results
and the rated conditions ECCS-
LOCA results.

Replace limitation wording with:
Plant-specific MELLLA+
application will include
calculations for the Appendix K
and Nominal PCT at rated
power/rated core flow, rated
power/MELLLA+ boundary and
the low flow point on the
MELLLA+ boundary at which the
off-rated flow dependent LHGR or
MAPLHGR setdown begins to
apply. This point will be at or
between the 55% core flow
MELLLA+ boundary point and the
rated power/MELLLA+ boundary.
If the small break PCT is within
50°F of limiting, the MELLLA+
plant submittals will include report
of calculations for the limiting
small break at rated power/rated
core flow and rated
power/MELLLA+ boundary. The
Licensing Basis PCT, considering
all calculated statepoint and
power shapes, will be reported in
the plant-specific EPU or
MELLLA+ application and the
Supplemental Reload Licensing
Report

During discussions
regarding the NRC
review of NEDC-
33006P, GE
concurred with a
verbal discussion of a
similar limitation
regarding ECCS-
LOCA. The limitations
in NEDC-33006p and
33173P should be
consistent, or,
preferably, listed in a
single SE.

Comment not incorporated. Section
9.8 reworded as follows:
The ECCS-LOCA will be performed for
all statepoints in the upper boundary of
the expanded operating domain,
including the minimum core flow
statepoints, the transition statepoint as
defined in Reference 2 and the 55
percent core flow statepoint. The
plant-specific application will report the
limiting ECCS-LOCA results as well as
the rated power and flow results. The
SRLR will include both the limiting
statepoint ECCS-LOCA results and the
rated conditions ECCS-LOCA results.



MFN 08-513
Enclosure 2
Page 186 of 286

NON-PROPRIETARY VERSION

# L r in Dr~aft SE Text : GHNE C eHNE Comment
wj raf SE Draft SE . Comment Basis NRC Staff Resolution.

5 Page 133
Section 9.10

Comment
also applies
to:
Page 48
Section 3.2.
6.5.1

Each EPU and MELLLA+ fuel
reload will document in the SRLR
the calculation results of the
analyses demonstrating
compliance to transient T-M
acceptance criteria.

Delete The SRLR is not
provided to the NRC.
However, the EPU
and MELLLA+ license
applications, which
are submitted for NRC
review, will report the
calculations results

Alternative, GE could
provide a
supplemental data
sheet to the SRLR for
each reload.

Section 9.10 reworded as follows:
Each EPU and MELLLA+ fuel reload
will document the calculation results of
the analyses demonstrating
compliance to transient T-M
acceptance criteria. The plant T-M
response will be provided with the
SRLR or COLR, or it will be reported
directly to the NRC as an attachment
to the SRLR or COLR
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6 Page 133
Section 9.11

Comment
also applies
to:

Unlike TRACG, nodal void
reactivity bias with exposure
cannot be incorporated into the
ODYN 1 D transient modal. To
account for the impact of the void
history bias, plant-specific EPU
and MELLLA+ applications will
demonstrate an equivalent to 10
percent margin to the fuel
centerline melt and that the 1
percent cladding circumferential
plastic strain acceptance criteria
due to pellet-cladding mechanical
interaction for all of limiting AOO
transient events, including
equipment out-of-service.
Limiting transients in this case,
refers to transients that will result
in higher TOP and MOP. If the
void history bias is incorporated
into the transient model within the
code, then the additional 10
percent TOP and MOP margin is
no longer required. This holds for
TRACG, which has the capability
to incorporate void reactivity bias
in the 3D nodal void reactivity
response surface.

IUnliko TRACG, nodal ,oid
reactivity bias with oxposuro
canno~t be incorporated into the
ODYN 1 D transicnt modal. To
account for the impact of the void
history bias, plant-specific EPU
and MELLLA+ applications will
demonstrate an equivalent to 10
percent margin to the fuel
centerline melt and that the 1
percent cladding circumferential
plastic strain acceptance criteria
due to pellet-cladding mechanical
interaction for all of limiting AOO
transient events, including
equipment out-of-service.
Limiting transients in this case,
refers to limiting pressurization
transients that will result in higher
TOP and MOP. If the void history
bias is incorporated into the
transient model within the code,
then the additional 10 percent
margin to the fuel centerline melt

The uncertainties for
ODYN may be
increased to address
the void bias and the
Limitation should not
exclude that potential.

Clarification. The 10%
margin is applied to
the margin to the fuel
centerline melt and
that the 1 percent
cladding
circumferential plastic
strain, not to the TOP
and MOP.

Clarifying that the
context in all of this is
for limiting
pressurization
transients

Comment incorporated. Section 9.11
reworded as follows:
To account for the impact of the void
history bias, plant-specific EPU and
MELLLA+ applications using either
TRACG or ODYN will demonstrate an
equivalent to 10 percent margin to the
fuel centerline melt and that the 1
percent cladding circumferential plastic
strain acceptance criteria due to pellet-
cladding mechanical interaction for all
of limiting AOO transient events,
including equipment out-of-service.
Limiting transients in this case, refers
to transients where the void reactivity
coefficient plays a significant role (such
as pressurization events). If the void
history bias is incorporated into the
transient model within the code, then
the additional 10 percent margin to the
fuel centerline melt and the 1 percent
cladding circumferential plastic strain is
no longer required.

and that the 1 percent cladding
circumferential plastic strain is no
longer required. This heIds- far
TRACG, which has the capability
to ineorporate void reactivity bias
inR the 3D) nodal void Feactiviw,'
re6PGReaee-s4ace.
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Section 9.13

UtN- Will incluae tne uzi -M
Part 21 report as an Appendix in
the "-A" version of LTR NEDC-
33173P.

I nis is not a restrictior
on the use of GE's
analytical methods.
GE will treat MFN 07-
040 like an RAI

uomment incorporated.
deleted.

response and include
the letter in the '-A'
version of NEDC-
330173P

I + + 4
8 Page 134

Section 9.14
Any conclusions drawn from the
NRC staff evaluation of the
GENE's Part 21 .report will be
applicable to the GSTR-M
thermal-mechanical assessment
of this SE. GENE submitted the
T-M Part 21 evaluation, which is
currently under NRC staff review.
Upon completion of its review,
NRC staff will inform GENE of its
conclusions.

Any conclusions drawn from the
NRC staff evaluation of the
GENE's Part 21 report will be
applicable to the GSTR-M
thermal-mechanical assessment
of this SE for future license
application. GENE submitted the
T-M Part 21 evaluation, which is
currently under NRC staff review.
Upon completion of its review,
NRC staff will inform GENE of its
conclusions.

This Limitation is an
unknown. Preferably,
the Limitation should
be deleted. The NRC
can decide any
additional action when
its review of the report
is completed. At a
minimum, the
Limitation should be
clarified as indicated.
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Page 134
Section 9.15

The conclusions of the plenum
fission gas and fuel exposure
gamma scans have been
submitted for NRC staff review
and approval, and revisions to the
T-M methods will be included in
the T-M licensing process. This
revision will be accomplished
through Amendment to GESTAR
II or in T-M LTR review. Once
the T-M LTR and its application
are approved, future license
applications for EPU and
MELLLA+ referencing LTR
NEDC-33173P must utilize these
revised T-M methods.

The Limitation is an
unknown. The NRC
review of the T-M
methods is ongoing
and the NRC should
incorporate the
required limitations
applicable to EPU and
M+ in the SE for the T-
M methods.

Comment not incorporated.
Renumbered as Section 9.12 and
reworded as follows:

In MFN 06-481, GE committed to
submit plenum fission gas and fuel
exposure gamma scans as part of the
revision to the T-M licensing process.
The conclusions of the plenum fission
gas and fuel exposure gamma scans
of GE 10x10 fuel designs as operated
will be submitted for NRC staff review
and approval. This revision will be
accomplished through Amendment to
GESTAR II or in a T-M licensing LTR.
PRIME (a newly developed T-M code)
has been submitted to the NRC staff
for review (Reference 58). Once the
PRIME LTR and its application are
approved, future license applications
for EPU and MELLLA+ referencing
LTR NEDC-33173P must utilize the
PRIME T-M methods.
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10 Page 134

Section 9.17

Comment
also applies
to:
Page 129
Last
paragraph of
Section 8.4

A supplement to TRACG
/PANAC1 1 for AOO is under
NRC staff review (Reference 40).
TRACG internally models the
response surface for the void
coefficient biases and
uncertainties for known
dependencies due to the relative
moderator density and exposure
on nodal basis. Therefore, the
void history bias determined
through the methods review can
be incorporated into the response
surface "known" bias or through
changes in lattice physics/core
simulator methods for
establishing the instantaneous
cross-sections. Including the bias
in the calculations negates the
need for ensuring that plant-
specific applications showing
sufficient margin. For application
of TRACG to EPU and MELLLA+
applications, the TRACG
methodology must incorporate
the void history bias. The
manner in which this void history
bias is accounted for will be
established by the NRC staff SE
approving NEDE-32906P,
Supplement 3, "Migration to
TRACG04/PANAC1 1 from
TRACG02/PANAC10," May 2006
(Reference 40). This limitation
applies until the new
TRACG/PANAC methodology is
approved by the NRC staff.

Delete This Limitation is an
unknown. The NRC
review of TRACG
/PANAC 11 for AOO is
under NRC staff
review (Reference 40)
is ongoing and the
NRC should
incorporate the
required limitations
applicable to EPU and
M+ in the SE for the
TRACG /PANAC1 1 for
AOO is under NRC
staff review
(Reference 40).

Comment not incorporated.
Renumbered as Section 9.16.

A supplement to TRACG /PANAC1 1
for AOO is under NRC staff review
(Reference 40). TRACG internally
models the response surface for the
void coefficient biases and
uncertainties for known dependencies
due to the relative moderator density
and exposure on nodal basis.
Therefore, the void history bias
determined through the methods
review can be incorporated into the
response surface "known" bias or
through changes in lattice physics/core
simulator methods for establishing the
instantaneous cross-sections.
Including the bias in the calculations
negates the need for ensuring that
plant-specific applications show
sufficient margin (see limitation 11).
For application of TRACG to EPU and
MELLLA+ applications, the TRACG
methodology must incorporate the void
history bias. The manner in which this
void history bias is accounted for will
be established by the NRC staff SE
approving NEDE-32906P, Supplement
3, "Migration to TRACG04/PANAC1 1
from TRACG02/PANAC10," May 2006
(Reference 40). This limitation applies
until the new TRACG/PANAC
methodology is approved by the NRC
staff.
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11 Page 134 For EPU and MELLLA+, the For EPU and MELLLA+, the Clarification Comment not incorporated. Section

Section 9.18 bypass voiding will be evaluated bypass voiding will be evaluated 9.18 reworded as follows:
on a cycle-specific basis to on a cycle-specific basis to The NRC staff concludes that the
guarantee that the void fraction guarantee that the void fraction presence bypass voiding at the low-
remains below 5 percent at all remains below 5 percent at all flow conditions where instabilities are
LPRM levels when operating at LPRM levels when operating at likely can result in calibration errors of
steady-state conditions. The steady-state rated power less than 5 percent for OPRM cells
highest calculated bypass void conditions. The highest and less than 2 percent for APRM
will be included in the plant- calculated bypass void will be signals. These calibration errors must
specific SRLR. included in the plant-specific be accounted for while determining the

SRLR. setpoints for any detect and suppress
long term methodology. The
calibration values for the different long-
term solutions are specified in the
associated sections of this SE,
discussing the stability methodology.

12 Page 135 For applications involving For applications involving Clarification. In MFN Renumbered as Section 9.19.
Section 9.20 PANCEA/ODYN/ISCOR/TASC PANCEA/ODYN/ISCOR/TASC 06-435, GE provided

for operation at EPU and for operation at EPU and the commitment to Comment not incorporated.
MELLLA+, an additional 0.01 will MELLLA+, an additional 0.01 will resolve the Limitation
be added to the OLMCPR, until be added to the OLMCPR, until Staff comment: The countercurrent
such time that GE expands the such time that GE expands the flow model of the void quality
experimental database experimental database correlation needs to be addressed.
supporting the Findlay-Dix void- supporting the Findlay-Dix void- This model relates to the LOCA, which
quality correlation to demonstrate quality correlation to demonstrate is an accident. The staff had issued
the accuracy and performance of the accuracy and performance of RAIs related to this model in the follow-
the void-quality correlation based the void-quality correlation based up guidance for the VQ.
on experimental data on experimental data
representative of the current fuel representative of the current fuel.
designs and operating conditions designs and operating conditions
during steady-state, transient, during steady-state, transient,
and accident conditions. and-aGident conditions.
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13 Page 136
Section 9.21

The NRC staff is currently
reviewing Supplement 3 to
NEDE-32906P, "Migration to
TRACG04/PANAC1 1 from
TRACG02/PANAC10," dated May
2006 (Reference 40). The
adequacy of the TRACG
interfacial shear model
qualification for application to
EPU and MELLLA+ will be
addressed under this review.
Any conclusions specified in the
NRC staff SE approving
Supplement 3 to LTR NEDC-
32906P (Reference 40) will be
applicable as approved.

Delete This Limitation is an
unknown. The NRC
review of Supplement
3 to NEDE-32906P is
under NRC staff
review. The NRC
should incorporate the
required limitations
applicable to EPU and
M+ in the SE for the
Supplement 3 to
NEDE-32906P.

Comment not incorporated.
Renumbered as Section 9.20.
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14 Page 136
Section 9.24

The fuel lattice geometry cannot
deviate significantly from GE
lattices; particularly the
performance of TGBLA06 for
expanded operating domains has
not been demonstrated for fuel
assemblies with water crosses,
square internal water channels,
Gd rods simultaneously adjacent
to water and vanished rods, or
1 lxi1 lattices. The acceptability
of the modified epithermal
slowing down models in
TGBLA06 have not been
demonstrated for application to
these or other geometries for
expanded operating domains.
Significant changes in the Gd rod
optical thickness will require an
evaluation of the TGBLA06 radial
flux and Gd depletion modeling
before being applied. Increases
in the lattice Gd loading that
result in nodal reactivity biases
beyond those previously
established will require review
before the GE methods may be
applied. The NRC staff did not
assess the TGBLA06 upgrade for
use with 1 lxi 1 and higher
lattices, water crosses, water
boxes, or MOX fuels at EPU
conditions. For any plant-specific
applications of TGBLA06 with the
above fuel types, or changes as
described above, GENE needs to
provide assessment data similar
to that provided for the GE fuels.

The fuel lattice geometry cannot
deviate significantly from GE
lattices; particularly the
performance of TGBLA06 for
expanded operating domains has
not been demonstrated for fuel
assemblies with water crosses,
square internal water channels,
Gd rodc im'ultaneously adjacent
to water and vanished rod6, or

1lx1 1 lattices.Th G ptb[,

of the nodifiod epithormal
6slowig doWR nemdols in
T-GBLA06 have not boon
demonstrated for application to
these Or othor geometries for
oxpanded operatlin domin
Significant changes in the Gd rod

Corrections. The
second, third and
fourth sentences do
not bear on mixed
vendor cores.

Comment not incorporated.
Renumbered as to Section 9.22 and
reworded as follows:

For any plant-specific applications of
TGBLA06 with fuel type characteristics
not covered in this review, GE needs
to provide assessment data similar to
that provided for the GE fuels. The
Interim Methods review is applicable to
all GE lattices up to GE14. Fuel lattice
designs, other than GE lattices up to
GEl4, with the following
characteristics are not covered by this
review:
* square internal water channels
water crosses
* Gd rods simultaneously
adjacent to water and vanished rods
• lxl1 lattices
* MOX fuel
The acceptability of the modified
epithermal slowing down models in
TGBLA06 has not been demonstrated
for application to these or other
geometries for expanded operating
domains.

v•
90tiGal th'GkReSS Will F90UiFe

evauaiULIIR G1 theC +"i .LPun FaUOia
flu-x a-nd- G~d depletion modelinAg
before being applied. InrGease
in the lattice Gd loading that

1+ ... .,4 n_,4a~ ,4 ,•; m ~n• ,

beyond those psiul

b9eforFe the GEM methods ma" be
applied. The NRC staff did not
assess the TGBLA06 upgrade for
use with 1 1x1i1 and higher
lattices, water crosses, water
boxes, or MOX fuels at EPU
conditions. For any plant-specific
applications of TGBLA06 with the
above fuel types, or changes as
described above, GENE needs to
provide assessment data similar
to that provided for the GE fuels.

Significant changes in the Gd rod
optical thickness will require an
evaluation of the TGBLA06 radial flux
and Gd depletion modeling before
being applied. Increases in the lattice
Gd loading that result in nodal
reactivity biases beyond those
previously established will require
review before the GE methods may be
applied.
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15 Page 136 Provision of evaluation of the Provision of evaluation of the Clarification. GE will Renumbered as Section 9.23.
Section 9.25 core-tracking data will provide the core-tracking data will provide the provide the similar No

NRC staff with bases to establish NRC staff with bases to establish assessment of the Comment not incorporated.
Comment if operation at the expanded if operation at the expanded comparisons is
also applies operating domain indicates: (1) operating domain indicates: (1) planned. Staff Comments: The staff will assess
to: changes in the performance of changes in the performance of whether the data is outside the EPU

nuclear methods outside the EPU nuclear methods eutside the EPU experience base.
Page 129 experience base; (2) changes in eperieRee-base; (2) changes in
Section 8.5, the available thermal margins; (3) the available thermal margins; (3) The objective of the limitation is to
second need for changes in the need for changes in the compare the already compiled EPU
paragraph uncertainties and NRC-approved uncertainties and NRC-approved database for all future EPU plants.

criterion used in the SLMCPR criterion used in the SLMCPR Staff will use the comparisons in its
methodology; or (4) any anomaly methodology; or (4) any anomaly plant-specific review.
that may require corrective that may require corrective
actions. actions.

16 Page 136 The plant-specific applications The plant-specific applications Clarification. No Renumbered as Section 9.24.
Section 9.26 will provide prediction of key will provide prediction of key assessment of the

parameters for cycle exposures parameters for cycle exposures comparisons is Comment not incorporated.
Comment for operation at EPU and for operation at EPU and planned.
also applies MELLLA+. The plant-specific MELLLA+. The plant specific
to: prediction of these key prediction of these key

parameters will be compared pa.amote.. will be com.pared
Page 129 against the EPU experience base againet the EPU expr•ience ba• e
Section 8.5, and MELLLA+ operating ,nd MRLA+ op^rating
second experience, if available. For experiene, i available. For
paragraph evaluation of the margins evaluation of the margins

available in the fuel design limits, available in the fuel design limits,
plant-specific applications will plant-specific applications will
also provide quarter core map also provide quarter core map
(assuming core symmetry) (assuming core symmetry)
showing bundle power, bundle showing bundle power, bundle
operating LHGR, and MCPR for operating LHGR, and MCPR for
BOC, MOC, and EOC. Since the BOC, MOC, and EOC. Since the
minimum margins to specific minimum margins to specific
limits may occur at exposures limits may occur at exposures
other than the traditional BOC, other than the traditional BOC,
MOC, and EOC, the data will be MOC, and EOC, the data will be
provided at these exposures. provided at these exposures.
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Section 3.1.9
1 st paragraph

In RAI 28 of MFN 05-053
(Reference 6), GENE committed
to perform gamma scan
measurements to confirm that the
assumptions used in the
neutronic method are still
appropriate. GENE also
presented plans for gamma and
plenum fission gas scans
(Reference 31). The planned
measurement data includes:

1. fission gas benchmarks for
T-M models,

2. rod exposure benchmarks
for lifetime integrated rod
power,

3. rod-by-rod power-peaking
benchmarks,

4. bundle power allocation
benchmarks around
instrument positions, and

5. core octant bundle-by-
bundle nodal power
benchmarks.

In resoonse to RAI 9 in MFN 06-
481, GE committed to submit
plenum fission gas and fuel
exposure gamma scans for NRC
review as part of the T-M
licensing review.

GE is committed to
provide the required
plenum fission gas
and fuel exposure
gammas to support
the T-M licensing
review. The
development of scans
specifics and submittal
dates is expected to
involve the
cooperation of a utility
partner.

Reference 31 was
present to the NRC for
information only and
did not contain GE
commitments.
Further, Reference 31
was not presented for
the purposes of
supporting the review
of NEDC-33173P and
should not be
referenced by this SE.

Comment not incorporated.

Staff comment: Reference 31 [Dec
2005 presentation] describes the
benchmarking plan where RAI 9 does
not describe any measurement plan.
The revised RAI 28-1 excluded the
fission gas and rod exposure
benchmarking. Reference 31 [Dec
2005 presentation] is docketed and
supports the SE.

________________________________ -, ________________________________ j ______________________ I _____________________________________
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Comn no incorporateds see
18 Page 59

Section
3.2.6.5.9
Item 6

Comment
also applies
to:
Page 50
Section
3.2.6.5.5
1st
paragraph

Section 8.4
Page 129,
2

nd

paragraph

Preliminary review of the T-M
qualification data indicates that
the current database does not
extend to the current fuel designs
and the currently licensed
exposures. The experimental
qualification database will be
expanded to the current fuel
designs and exposures as
proposed in the December 2005
presentation (Reference 31) and
the initial RAI 28 response (MFN-
05-022, Reference 3). GE states
that additional target spectral
lines from other isotopes may be
used for determination of plenum
fission gas (85Kr) or fuel
exposure (137Cs/144Pr). MFN-
05-022 also states that "GE
already intends to perform
plenum fission gas gamma scan
measurements to provide needed
input to T-M methodology
qualification and determination of
fuel high exposure fuel designs.
Additionally, GE will continue to
perform hot-cell gamma scan
(and pellet mass spectrometry)
measurements on rod exposure
for a limited number of rods."
The NRC staff agreed with this
proposal and the NRC staff
approval of LTR NEDC-33173P
(Reference 1) relies on the
confirmations of the internal rod
pressures and the exposure for
the GE14 fuel up to the licensed
exposure. The confirmation will
also include extension of the fuel
temperature to the current
licensed exposures; and

Preliminary review of the T-M
qualification data indicates that
the current database does not
extend to the current fuel designs
and the currently licensed
exposures. In response to RAI 9
in MFN 06-481, GE committed to
submit plenum fission gas and
fuel exposure ,qamma scans for
NRC review as part of the T-M
licensingq review. MFN 05 022
also states that "GE already
intonds to performn plenum fission
ga6 gamma .can measurements
to proVide needed input to T M
methedolegy qualification and
determinatiOn of fuel high

expsue feldeSigns.
Additionally, GE ;N0ll continue to
perform hot cell gamma Scan4
(and pellet mass spectrometry)
measurcmcntG on rod oxposure
for a 1mlimted- number of rods."
The NRC staff agreed with this
proposal and the NRC staff
approval of LTR NEDC-33173P
(Reference 1) relies on the
confirmations of the internal rod
pressures and the exposure for
the GE14 fuel up to the licensed
exposure. The confirmation will
also include extension of the fuel
temperature to the current
licensed exposures; and

Reference 31 was
present to the NRC for
information only and
did not contain GE
commitments.
Further, Reference 31
was not presented for
the purposes of
supporting the review
of NEDC-33173P and
should not be
referenced by this SE

Further, the quotes
from MFN 05-022 are
taken out of context.
Please note that MFN
05-022 further states,
"GE cannot a priori
commit to any gamma
scan program without
utility partners.
Instead, the interim
process proposes a
conservative
treatment of SLMCPR
uncertainties." Based
on subsequent
discussions with the
NRC, GE modified the
response to RAI 28-2
in MFN 05-053. In
that letter, GE stated
efforts were underway
to develop a gamma
scan system and to
obtain utility partner(s)
for a gamma scan
program. Specifics of
a program were not
provided at that time.
MFN 06-434 defines
the specific scans
required to support

Comment not incorporated, see
resolution to comment #17.

Item 6 was reworded as follows:

NRC staff evaluation of the T-M
qualification data indicates that the
current database does not extend to
the current fuel designs and need to be
expanded to the current fuel designs
and exposures. GE intends to perform
additional scans as presented to the
NRC staff (Reference 31), as stated in
the initial RAI 28-1 response
(Reference 3) and as committed to in
RAI 9 response (Reference 25). The
NRC staff agreed with this proposal
and the NRC staff approval of LTR
NEDC-33173P (Reference 1) relies in
the long-term on the confirmations of
the internal rod pressures and the
exposure for the GE14 fuel up to the
licensed exposure. The confirmation
will also include extension of the fuel
temperature data to the current
licensed exposures.
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rage o
Section
3.2.6.5.9
Item 1

i ne nigner ounaie powers auring
steady-state operation reduce the
margins to the LHGR limit. In
addition, the higher plant
response during transients
increases the fuel pellet
overpower response.

LI-1(1-( limit is aireaay
an active constraint for
regular cores. The
plant is not operating
with higher bundle
power at EPU/M+.

L;omment is no ionger apf
Final SE.

20 Page 44 The ratio of the steady-state The ratio of the steady-state Clarification Comment incorporated.
Section 3.2.6 operating peak nodal kW/ft over operating peak nodal kW/ft over
1 st paragraph the steady-state LHGR limit is the steady-state LHGR limit is

on, 3rd referred to as MLHGR. referred to as M-I4GR MFLPD
sentence (Maximum Fraction of Linear

Power Density)
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# T SLocation in Draft SE Text GHNE Comment GHNE Comment .• N SaRot

21 Page 46
3.2.6.5
3rd sentence

Comment
also applies
to:
Page 47
Section
3.2.6.5.1

4th
paragraph
4th sentence

Therefore, the TOP and MOP
responses during limiting AOO
events are expected to be higher
for operation at EPU and
MELLLA+.

Delete TOP and MOP
responses during
limiting AOO events
are NOT expected to
be higher for operation
at EPU and MELLLA+

Comment not incorporated.
Staff comment: GHNE comment is not
supported by data showing that using
same methods and codes the TOP
and MOP response will not increase
for EPU and MELLLA+ operation
relative to pre-EPU conditions. Note
that GE does not include plant-specific
T-M over-power response in the SRLR
or the COLR. Therefore, any
assessment of pre- and post-
EPU/MELLLA+ data cannot be
performed by the NRC staff.

Phenomenological assessments
indicate that increases in the T-M over-
power response are highly likely
because the void coefficient is higher
at the higher core-average void
fractions expected at MELLLA+.

Several GHNE comments in this
document relate to this topic. The
current limitations in the NRC staff SE
require reporting of the T-M over-
power response. Therefore, in the
future, the staff will be able to assess
changes in T-M over-power response.

The SE was updated to clarify this
topic.
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Page 47
3.2.6.5.1

4 th paragraph
1St sentence

Although the transient LHGR limit
is a SAFDL that ensures the fuel
integrity limit will be met during an
AOO, the current licensing
process does not include the
TOP and MOP screening criteria
or the demonstration that the T-M
fuel design limits will be met
during an AOO on cycle-specific
bases.

The LHGR limit is a way to
ensure that SAFDL limit will be
met during an AOO. The 1%
strain and centerline melt are
SAFDLs and these are confirmed
for each fuel reload through the
use of the MOP/TOP screening
criteria or more detailed
calculations.

LHGR is not SAFDL
(see Table 1-1 of
NEDC-33173P, and
the SE for GESTAR,
Amendment 10)

GHNE comment is no longer
applicable in the Final SE.

23 3.2.6.5.4
3rd paragraph

In addition, it appears that
GENE's licensed T-M
methodology qualification data is
limited to MFN-170-84
(Reference 45) and MFN-027-
086 (Reference 46), which were
approved in 1984 and 1986
respectively.

In addition, itappears-that
GENE's licensed T-M
methodology qualification data is
provided in MFN-170-84
(Reference 45) and MFN-027-
086 (Reference 46), which were
approved in 1984 and 1986
respectively. GENE has revised
GSTRM material properties and
performance models since its

MFNs provide the
additional information.

Comment not incorporated.

Staff comment: GHNE has not
specified the NRC approved licensing
document associated with the listed
MFNs. These documents were not
part of the review and cannot be
approved by this SE. Paragraph
revised to clarify issue.

initial approval through following.
MFN-036-85,
MFN-082-85,
MFN-056-87,
MFN-037-98,
MFN-031-99
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24 Section
3.2.6.5.5
5th
paragraph
last sentence

Comment
also applies
to:
Page 52,
Section
3.2.6.5.6
6 th paragraph
First two
sentences

Page 52,
Section
3.2.6.5.6
5th paragraph
First two
sentence

This scenario coupled with a 10
percent power penalty is judged
to be more than adequate to
accommodate any modeling
uncertainty.

This scenario coupled with a 10
percent margin to the fuel
centerline melt and that the 1

- - fn ~oiii r ~ruImfr n iiII _1AOI4IJI WLIL1JE-I~ a

Clarification of
statement

Comment incorporated.

Dlastic strain acceptance criteria
is judged to be more than
adequate to accommodate any
modeling uncertainty.
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Page 51
Section
3.2.6.5.5
FRAPCON-
GSTRM
Internal Rod
Pressure
Comparison
4 th paragraph
last sentence

As an interim measure, the NRC
staff accepts the current licensing
bases as providing reasonable

As an interim measure, the NRC
staff accepts the current licensing
bases as providing reasonable

IN MFN 06-481,GE
agreed to address the
need for scans as part
of PRIME LTR
licensing review (FLN
2007-001).

GHNE comment is no longer
applicable in the Final SE.

assurances in the short-term.
The NRC staff agreed with
GENE's proposal in MFN 05-022
(Reference 3). However
subsequent revision of RAI 28
response (MFN 05-053,
Reference 6) did not include the
proposals to perform fission gas
and exposure gamma scans.
Moreover as of date, GENE had
not submitted specific schedule
outlining when the additional
internal rod pressure and
exposure accounting qualification
data will be submitted to the
Commission. Therefore, GENE's
commitment is documented in
this SE as limitation.
The conclusions of the plenum
fission gas and fuel exposure
gamma scans will be submitted
for NRC staff review and approval
and inclusions in the T-M
licensing process. This can be
accomplished by submitting one
of the following for review: a
supplement to LTR
NEDC-33173P (Reference 1), an
Amendment to GESTAR II, or a
separate T-M LTR. If neither of
the commitments is fulfilled, the
NRC staff has the option to
increase the modeling
uncertainties from 6 percent to 10
percent for the internal rod
pressures.

assurances in the short-term.
The NRC staff agreed with
GENE's proposal in MFN 06-481
(Reference 25) 05-O22
(Refe~er~e 3). H4eweve•
, hsoau-nt rAovwln of RPAl' 2a

response (ME...05 053,

proposals to porform fissio-n gas
and exposure gamrma scans.
Me~orooer as of date, GENE. had
no-t subNmitte specifi schedule
outlining Whon thoaddtoa

intrn ro prssure and

t•A i. th.
P

Commission. TherefoFe, GENE-s'-
commitment is documented in
this SEF as limitation.
The concl•uhons Of the plenu `m

fisinO. gas and fuel exposure

gamma .cans. will be submitted
for NRC •sAff rVieW and approal

an icZsinsi the T M
licensin~g process. This can be
accoemplished by submitting onev

fk- I I-A -

supplment to ILTR
NEDC 33173P (Reference 1), an
Amendmen~t to GESTAR !I, o
separate T M LTR. if neither of
the cemmitments is fulfilled, the
NIRC st-aff has the option to
incr~ease the mnodeling

percent for the internal rFd
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L''ato in'" '?)• GHNE Comment•: ,:; 'Loaini Draft SE Text GHNE Comment- ... ..Comment
Draft SE Basis NRC Staff Resolution

26 Page 27 Section 2.2.1 of MFN 05-005 Section 2.2.1 of MFN 05-005 MFN 05-005 is GHNE comment is no longer
Section 3.2.2 (Reference 4) evaluates the (Reference 4) evaluates the superseded by NEDC- applicable in the Final SE.

SLMCPR calculational SLMCPR calculational 33173P
Comment methodology and the impacts of methodology and the impacts of
also applies potential increases in the power potential increases in the power
to: distribution uncertainties, distribution uncertainties. NEDC-
Page 25 3317P superseded MFN 05-005
Section 3.2 and is the subject of the review of

this SE
Page 28
Section
3.2.2.2, 5th
paragraph

27 Page 37 It is feasible that the bases for the It is feasible that the bases for the Inconsistent Comment incorporated.
Section 40 percent depletion assumption 40 percent depletion assumption comparison. Core
3.2.4.3 could stem from the core average could stem from the core average average exit voids are
3 rd paragraph 40 percent void fraction for the 40 percent void fraction for the > 70% not the general

historical operating strategies historical operating strategies core average.
Comment (OLTP at the 100 percent rod (OLTP at the 100 percent rod
also applies line). However, for the current line). However, for the current
to: operating strategies including operating strategies including
Page 37 EPUs and high density BWR/6 EPUs and high density BWR/6
Section plants, the core averaged void plants, the core averaged void
3.2.4.3 fraction is 70 percent or greater. fraction is 50 percent er-greate .
3rd paragraph ,_IIII
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..Draft SE Basis. NRC Staff Resolution

28 Page 38 However, plant-specific Delete The conclusions of the Comment not incorporated.
Section application should confirm that NRC review in this
3.2.4.4 item the peak ASME overpressure regard were not Staff comment: There are no specific
1 vessel and TS dome pressures discussed. GE has limitations in this SE that require any
2 have adequate margin of at least not had the action related to the 5 psig ASME
paragraph 5 psig. opportunity to assess over-pressure margin. However, it is
last sentence this conclusion. All within the NRC staff's prerogative to

codes have some state in this SE that if only 5 psig
uncertainties. Please margin is available, the key input
clarify if this additional parameters and assumptions should
margin is applicable to be scrutinized in greater detail by the
all vendor's ASME NRC staff reviewers.
calculations. What is
the remedy to remove
this additional margin.
Is this penalty required
for the application only
or for each reload?

29 Page 60 GENE had committed in the initial GENE had committed in thc initial See comment 19. Comment not incorporated.
Section 3.2.7 RAI 28 response (Reference 3) to RAI 28 reSpone (R.f.rc..e 3) to
2 nd perform both fission gas and p,•reFm both fi•on• , gas and The statement to track Staff comment: It is within the staff
paragraph exposure benchmarking. The expo•,Fe b.e"h'"m• kin9. GE the submittal of the prerogative to provide guidance to the

NRC staff considers this committed to provide scans is unnecessary reviewers in a SE. There is no
benchmarking important, benchmarkinq scans in MFN 06- since the NRC review limitation or actions associated with
because a hot rod can 481 as part of the review of the T- of the T-M licensing is this topic that requires GE actions.
accumulate higher exposure early M LTR The NRC staff considers underway.
in its core resident life and remain this benchmarking important,
in the core. The NRC staff will because a hot rod can Further, requests for
track the RAI 28 commitment to accumulate higher exposure early information at annual
ensure that the qualification data in its core resident life and remain GE presentations is
is submitted for NRC staff review in the core. The NRGCEta#ffwi inappropriate in an
and approval. The NRC staff track the RPAI 28 commitment to SE.
requests that GE present this as on.Ure that the qualificatifon, data
an agenda item at their annual ic s'ubmitted for NRC staff re'_e-
fuel design meeting. and appro.al. The NRC; .taff

request6 that GE present this-as
an agenda item at their annual
fuel design mceting..
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Page U2
Section
3.2.8.1
2nd
paragraph

I he accuracy in the prediction of
the SDM, therefore, depends on
the accuracy of the neutronics
methods to predict the distributed
criticality (corresponding to
kBdemo) and local criticality
(corresponding to kBsroB). The
distributed critical configuration is
that with a uniform control blade
insertion consistent with the all-
rods-in configuration and is well
represented by the in-sequence
cold critical measurement. The
local criticality consists of a
configuration in which the core
becomes critical with all-rods-in
and adjacent control blades are
removed. The local cold critical
provides a demonstration of
ability to predict the worth of the
strongest-rod-out configuration.

1 he accuracy in the prediction of
the SDM, therefore, depends on
the accuracy of the neutronics
methods to predict the distributed
criticality (corresponding to
kBdemoB) and local criticality
(corresponding to kBsrog). T--eA
distributed critical configuration is
represented by the in-sequence
cold critical measurement, where
control rods are pulled in a
relatively uniform manner in all
regions of the core. A local
critical configuration is
represented by a configuration in
which the core becomes critical
with a relatively small number of
adjacent control blades removed.
The local cold critical provides a
better demonstration of ability to
predict the worth of the strongest-
rod-out configuration.

31 Page 126 NEDC-33173P (Reference 1) is NEDC-33173P (Reference 1) is NEDC-33173P GHNE comment is no longer
Section 8,, applicable for operation at EPU applicable for oporation at EPU Expanded operating applicable in the Final SE.
2nd and MELLLA+. and MELLLA+. to expanded domains includes all
paragraph, operatingq domains, ,qreater than domains greater than
1st sentence OLTP up to and includinq 120% OLTP up to and

OLTP with MELLLA+. including EPU and
I M+. I
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1 st and 2 nd

paragraph on
page 129

i nie irm staon comparea me
performance of TGBLA06AE4
against HELIOS with lattices with
and without vanished rods, and
Gd content from 6 percent to 7
percent. From the code-to-code
comparisons, as well as the
TGBLA06-CASMO4 comparisons
provided, the NRC staff finds that
the TGBLA06AE4 modifications,
including the above Pu-240
modifications, are acceptable for
production.

I ne I,,mu staiT comparea me
performance of TG-G,^AE6AF4
TGBLA06AE5 against HELLOS
with lattices with and without
vanished rods, and Gd content
from 6 percent to 7 percent.
From the code-to-code
comparisons, as well as the
TGBLA06-CASMO4 comparisons
provided, the NRC staff finds that
the TGBL.A06A.E modificnti'nc
TGBLA06AE5, including the
above Pu-240 modifications, are
acceptable for production.

33 Table 8-1 Uncertainties Not Assessed for Remove Table 8-1 The P4B, TIP, PAL, Comment incorporated.
Legacy Fuel Channel Bow,

Gradient, &
manufacturing
uncertainties are all
based on legacy fuel.
The only thing not
conducted was the
analysis to support
infinite lattice
uncertainties with the
procedure identified
here.



MFN 08-513
Enclosure 2
PqCoP 111A rnf 9

NON-PROPRIETARY VERSION

idyu q44
3.2.5.1
Item 6

o. I re lull spectrum oase
ECCS-LOCA analysis is
performed during initial
implementation of SAFER
methodology, new fuel
introduction, transition to GENE
methodology and fuel, or if new
operating conditions are
implemented (e.g., MELLLA+).

0. i ne TUii spectrum oase
ECCS-LOCA analysis is
performed during initial
implementation of SAFER
methodology, Rew fuela ntreducti(, or transition to
GENE methodology and fuel,-er4f

i ne tuii spectrum
base ECCS-LOA
analysis is not
repeated for new fuel
introduction or
operating condition
changes.

ROW "purat rig GUR t E)Rs aFe6 ! f 14 RAM! 1 1 A

For new fuel introduction or if new
operating conditions are
implemented (e.g., MELLLA+),
the limiting areas of the full
spectrum base ECCS-LOCA
analysis are reanalyzed to assure
continued compliance with the
10CFR50.46 acceptance criteria
for the new fuel or operating
conditions.
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35 Page 41
3.2.5.1.1
1st
paragraph,
3rd sentence

Comment
also applies
to:

Section
3.2.5.1.2
p. 42

2
nd

paragraph

[[ There is no early
dryout or boiling
transition for small
break LOCAs.
Nucleate boiling is
maintained until the
node uncovers.

Comment incorporated.

Sentence revised as follows:

[[
11

]]
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Dra ft SE ý D raft____________ [E Text__________Comment _ Basis NRC Staff Resolution

36 1 Page 41
3.2.5.1.1
1St
paragraph

Comment incorporated.

11

11
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Location in D Commenraf _ _ _ __ ____ ""Draft SE Draft SE Text GHNEComen. Basis NRC Staff Resolution

37 Section
3.2.5.1.2
1st paragraph

For EPU and MELLLA+
application, the NRC staff will
review the plant-specific ECCS-
LOCA response and the available
margins to the key parameters in
the ECCS-LOCA requirements
(e.g., PCT limit of 22000 F). The
licensing application will include
comparisons of the key
parameters for each application
against the experience (see
Section 4.3 of NEDC-33173P
(Reference XlX), "Plants Specific
Application Process.") For those
applications, in which the key
parameters are outside the
experience base in terms of the
conditions of the high powered
bundles and/or in those cases in
which the margins to the PCT are
deemed to have low margins, the
NRC staff will audit and review
the specific input parameters
applied in the ECCS-LOCA
analysis. In these cases, the
NRC staff can request additional
sensitivity analyses in order to
obtain additional assurances that
ECCS-LOCA assumptions and
methodology are acceptable.

For EPU and MELLLA+
application, the NRC staff will
review the plant-specific ECCS-
LOCA response and the available
margins to the key parameters in
the ECCS-LOCA requirements
(e.g., PCT limit of 22000 F). The
;ic• ;•,i • a p ,inai.ftin will in;,,-,,

com.parisons of the key
^I;^^I.;^*

• .- •.- ......... - ..... -•, -. , -.......... • ......

against the oxperienco (see
Sect!En 4.3 ot NLIC 3,317312
(RofreneR XiX),- "lnS. Spoif
ApplicationR Procs") For those
applications, in Which the key
parameters are outside tho
experience base in terms of thc
conRditions of the high pewerc
bUndleG aRdi/or, iIn those cases
in which the margins to the PCT
are deemed to have low margins,
the NRC staff will audit and
review the specific input
parameters applied in the ECCS-
LOCA analysis. In these cases,
the NRC staff can request
additional sensitivity analyses in
order to obtain additional
assurances that ECCS-LOCA
assumptions and methodology
are acceptable.

Section 4.3 of NEDC-
33173P states "Each
plant seeking to apply
the Methods LTR
must provide
information supporting
the application that
demonstrates that the
plant parameters are
within the applicability
definition in Section
4.2."

Section 4.2 basically
commits to staying
within each GE
technology code's
associated
"application

statement" defining
the application range.
The application of
these codes complies
with the limitations,
restrictions and
conditions
specified in the
approving NRC SER
for each code.

Section 4.2 commits
to "The plant specific
application process
will confirm
that operations
proposed by the plant
specific license
amendment meet the
Applicability of GE
Methods to Expanded
Operating Domains
LTR applicability
envelope
requirements."

Comment not incorporated.
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Drafft St Basis NRC Staff Resolution

38 Page viii In addition, in some EPU core in addition, in co,,me EP'U corp Misleading statement. GHNE comment is no longer
SE Summary designs the power levels of the deign' the p.wc.r lev•ls of th As worded, this applicable in the Final SE.
Section 1.0 maximum powered bundlemaxmum p...red u-ndl, sentence implies that
7h sentence increase relative to the pre-EPU ,ncreao • relat.. o to the pre ... the power increase

conditions. Gcnditiens. was directly caused by
the change to EPU.
However, the same
increase in peak
power could have
been designed into a
non-EPU reload core.

39 Page 2 The NRC staff concludes that The NRC staff concludes that Statement is incorrect Comment not incorporated.
Section 1 implementation of MELLLA+ will implementation of MELLLA+ will since bundle power is
5 th paragraph result in operation outside the result in operation outside the limited by CPR
of Section 1 current experience base. current experience base. constraint and it does

Specifically, for some Specifi.ally, f•or ,me not change with EPU
applications, the hot bundle appl"ations, the hot bundle or MELLLA+.
conditions may be outside the cOntOne6 m.ay be outside the
current operating experience current operating zx....en..
base in terms of key parameters basein terms of k par.meters

such as bundle power-to-flow .uch as bundle power to flew
ratio, exit void fractions, and ratio, exit void fraction, , and
bundle powers. bu4-le pewe__.



MFN 08-513
Enclosure 2
Page 211 of 286

NON-PROPRIETARY VERSION

Location in I H E tGHNE Comment-7a# ft SE Draft SE Text GHNECommen t Basis NR SI I raft SE , Basis NRC Staff Resolution,

40 Page ix
SE Summary
Impact of
Operation at
High Void
Conditions

4. Extension of the qualification
data for the thermal-mechanical
methodology to high exposures

Delete Voids do not have
impact on T-M
methodology

Comment not incorporated.

Staff comment: Bullet 4 does not refer
to void fraction levels, but rather biases
associated with the 40% depletion
assumption at high exposures.
However, the staff agrees that the SE
section heading needs to be changed.
Section heading changed to:
"Impact on Methods Qualification
Databases"
First paragraph revised as follows:
"The high void conditions and other
characteristics of EPU and MELLLA+
conditions could affect the key
assumptions in the analytical methods
that impact the safety analyses
supporting EPU and MELLLA+
operations or safety features. The
methods review evaluates these
effects and the adequacy of the
qualification database supporting the
analytical methods. The topics of
review are as follows:"

41 Page xi The transient LHGR limit, The transient LHGR limit, LHGR is not SAFDL Comment incorporated.
SE Summary although a specified acceptable although a •epifi"d ac.ep•,4le (See Table 1-1 of
Section 3.0 fuel design limit (SAFDL), is ... fuel design limit (SAFDL), is ... NEDC-33173P)
Item 4a
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-'age xi
SE Summary
Section 3.0
Item 4b

t-Fu ana Mt'LLLA-I+ operation will
result in a higher overpower
response during pressurization
transients due to the higher initial
steam flow (24 percent) for the
fixed safety relief valve (SRV)
capacity and the higher reactivity
associated-with the core design.
Plant-specific EPU and MELLLA+
applications will include
discussion of the plant-specific
thermal and mechanical

UI-NI- comment is no longer
applicable in the Final SE.

rocponse duArin proe6urizatin
transients due to the higher initial
steam flow (21 percent) forF th
fixed Safety relief valve (SRV)
capacimty and the higher: reactivty
asseoated With the coere deAsg4ign.
Plant-specific EPU and MELLLA,+
app ieatiOcs reload applications
will include di6sussion of the a
plant-specific thermal and
mechanical overpower response.

response during
pressurization
transients is not cause
by fixed SRV capacity.

overpower response.
+ +i43 Page 3

Section 2.1
2

nd

paragraph
First three
sentences

There are no specific limits on the
operating bundle powers, bundle
operating power-to-flow ratio, or
void fractions. Instead, the core
design and the operating strategy
employed are constrained by the
thermal limits. The maximum
powered bundles must meet the
thermal limits during steady-state,
transient, and accident
conditions.

There are no direct speeif limits
on the operating bundle powers,
bundle operating core thermal
power-to-total core flow ratio, or
void fractions. Instead, the core
design and the operating strategy
employed are constrained by the
thermal limits. The maximum
powered bundles must meet the
respective thermal limits during
steady-state operation so that
tech spec safety limits or other

Thermal limits are
derived such that
operation at steady-
state will be protected
in the event of a
transient or accident.
Thermal limits are
expected to be
exceeded in both
transients and
accidents though the
SAFDLs (safety limits,
PCT, or Tech. Spec
limits are satisfied.

Comment not incorporated.

absolute limits are not violated
during transient or accident
conditions.

44 Page 17 The increased cycle energy was The increased cycle energy was Correction. Comment incorporated.
Section achieved by increasing the GE14 achieved by increasing the GE14
3.1.4.2. reload batch fraction from 188 to reload batch fraction from 188 to
4th paragraph 128 and by increasing the 268 and by increasing the
3 'd sentence average enrichment from 3.53 to average enrichment from 3.53 to

1 3.89 weight percent. 3.89 weight percent.
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4ý Location infl DraftSE Text GHNE Come.GHNE Comment
Draft SE~ ComNmRnt Basis NRC Staff Resolution

45 Section For future EPU/MELLLA+ Delete Neutron (thermal) Comment not incorporated.
3.1.5.2. application for plants with thermal TIPs do perform with
Last two TIPs, the NRC staff should wider variability, but
sentences on evaluate the plant-specific TIP this is an
page 21 core-tracking data against instrumentation

compiled EPU Reference Plant accuracy limitation
core-tracking data. The objective rather than methods
is to determine if the power problem.
distribution uncertainties need to
be increased for cores with
thermal TIPs installed.

46 Section 3.2.3 Figure 3-10 shows that both the Delete In regards to RIP, GHNE comment is no longer
SLMCPR value and the Figure 3-10 shows applicable in the Final SE.
corresponding RIP value increase that the impact on RIP
early in the bundle exposures and for the higher void
also increase after approximately profile is negative after
15 GWd/ST. Note that for the 5 GWd/ST of bundle
current Gd concentrations, the exposure and remains
poison burnups after the first negative until 40
cycle (15 GWd/ST or once GWd/ST, well past the
burned fuel). However, the point where the
increase is relatively modest bundles cease to
compared to beginning of the contribute in the SL
bundle life whereby the increase calculation. From this
could be as high as 0.008, which figure it is concluded
would round up to 0.01 that the RIPs and the.
significance threshold. resultant SL are not

impacted by the R-
factor differences
seen for the 70% void
profile - at least for the
bundle shown in this
figure
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G ELocation in GHNE Comment
#Draft SE Text GHNE CommentBai_____________DraftSE. B.asis NRC Staff Resolution

47 Page 32 (2) the OLMCPR is established (2) the OLMCPR is established The current sentence Comment not incorporated.
Section3.2.4, by combining the change in the by com ,,biRiRg the chaRne in thO implies some
lSt MCPR due to the transient M, CPR d'ue to the transient combining with the
paragraph overpower to the initial steady- overpower to the initial steady initial steady state

state MCPR such that rod state-MGPR such that rod MCPR, which is not
operating power is limited to operating power is limited to true. Suggested
preclude transition boiling, preclude transition boiling wording is more

accurate for ODYN
and TRACG.

48 3.2.4.1, In terms of power distributions, In terms of power distributions, The scram is not Comment incorporated.
second top-peaked core power profile will top-peaked core power profile will delayed but the scram
paragraph reduce the scram reactivity early reduce the scram reactivity early reactivity rate is

in the transient and the delayed in the transient and the reduced reduced.
scram time will increase the scram reactivity may increase the
transient MCPR change. transient MCPR change.

49 Page 33 Control blade history Comment not incorporated.
Section is more commonly
3.2.4.2, 2nd known for its affect on
paragraph local bundle power
3 rd sentence distribution, not in the

context of the axial
average power shape.

50 Page 33 Comment incorporated.
Section
3.2.4.2, 5 th

paragraph
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Hage iii
Section
3.2.4.2.4
Ist paragraph
2 nd sentence

t-or operation at I~-'U and
MELLLA+ conditions, where the
CPR response will potentially be
higher due to the fixed safety
relief valve (SRV) relief capacity
relative to the increase in the
pressurization response, TRACG,
which has the capability to
simulate 3D core conditions, is
expected to be more attractive to
licensees.

t-or operation at I-'u and
MELLLA+ conditions, where
additional CPR margin will be
needed, TRACG... wheie4the

ueiete tme use ot
SRVs in this context.
The SRV capacity is
not a factor in the
CPR calculation.

UHN- comment is no longer
applicable in the Final SE.

r"~'' ~

roliof Valvh (SRV) \relof capacity
relativo to the increase in the
procc6urization response, TRACG
which has the capability to
simulate 3D core conditions, is
expected to be more attractive to
licensees.

52 1st sentence Most importantly, the 10 percent Most importantly, the 10 percent Non barrier fuel is GHNE comment is no longer
on page 54 Gd rod fuel temperature shows Gd rod fuel temperature shows more conservative, applicable in the Final SE.

that fuel centerline temperature that fuel centerline melting
may not be avoided with 10 temperature may not be avoided
percent Gd content. The 10 with 10 percent Gd content. The
percent Gd calculation is based 10 percent Gd calculation is
on non-barrier fuel and GENE based on non-barrier fuel and is
states that the 10 percent Gd more conservative. GENE--statee
data was available only for non- that the 10 p.....t Gd data ,..
barrier fuel. available only for non barrier•ful•.

53 Section The higher bundle powers during LHGR limit was GHNE comment is no longer
3.2.6.5.9 steady-state operation reduce the already an active applicable in the Final SE.
Staff margins to the LHGR limit. constraint for regular
Conclusion cores. The plant is
#1 not operating with

higher bundle power
at EPU/M+

54 Section 5.0 Table 5-1 shows the void Recommend adding the core This result may look Comment not incorporated.
4 th paragraph fractions calculated using the thermal power (MWth) and core out of line if reader
1st sentence different models (and their flow (Mlb/hr) assumed in the assumes it is at rated

standard assumptions) for a high- development of Table 5-1 since it conditions.
power-density plant appears to be an offrated case.
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3rd paragraph
3 rd sentence

page 87

in aaaoion, me K-Tactor
methodology is limited to GE12
fuel designs and do not include
the current fuel designs and
operating conditions.

in aaaiuon, me K-Tactor
methodology is limited to GE12
applicable to GE9x9 and 10x10

t.iarTlcatic
2001-016

UMNt comment is no ionger
applicable in the Final SE.

fuel designs. and do not include
the current fuel designs and
operating conditions.

56 Section 7.2.2 GE has correlated this parameter GE has correlated this Correction. Comment incorporated.
2nd to the GE database as a function parameter to the GE database
paragraph of Reynolds number, fluid as a function of Reynolds
page 102 properties (pressure), and void number, fluid properties

fraction (the solution to the GE (pressure), and void fraction
drift flux model is therefore (the .olution to the GE drift flu,
iterative), model is theref••e4 teratie).

57 Page 108 As shown in Table 7-1, the As shown in Table 7-1, the Table 7-1 in the Comment not incorporated.
Section individual data ranges cover the individual data ranges cover the discussion has 2 of
7.2.4, expected parameter ranges expected parameter ranges the 10x10 parameters
2 nd reasonably well; however, some reasonably well; however, oe outside the data
paragraph of the 1OX10 bundle parameters fe th• U,10, bundle paramr•,et ranges (Mass flux and

are outside of the range of the ar, out-side•, of the rango of the axial power shape).
database databe. The mass flux entry is

discussed in the next
item (Comment 67).
The APS is
understood to vary in
the reactor and is not
a practical constraint -
if it were, no vendor
could have a
correlation.
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Droaftio SnE Draft SE Text GHNE Comment GHNE Comment
Draft SE Basis NRC Staff Resolution

58 Page 114, The NRC staff also finds that Remove item. Steady-state void Comment not incorporated.
Section 7.2.7 since the void fractions can be fractions cannot be
4th higher than [[ ]] at
paragraph steady-state for the proposed
(or 2 nd MELLLA+, extrapolation of the
paragraph on void-quality correlation is not
page 114) 'momentary" during transients as

characterized in NEDC-33173P
(Reference 1).

59 Section 7.2.7 The NRC staff also finds that for The NRC staff also finds that for The ODYN uncertainty Comment incorporated.
5th most of GE's analytical methods meet-el GE's analytical methods analysis (referred to
paragraph and codes, uncertainties are not and codes, uncertainties are not here) included void

applied to the void-quality applied to the void-quality fraction. However,
correlation prediction, with the correlation prediction,-with,-the this was a supporting
exception of ODYN. Implicitly, the oxcoption of ODYN. analysis and not the
safety analyses assume that the basis for setting
void-quality correlation is margins.
supported by applicable NRC reviewed as part
benchmarking data and that the of GE Amendment 11
uncertainties associated with it and TACS LTR
are small. Historically, the NRC NEDC-32084P-A
staff had also never directly
reviewed or approved the
correlation and its supporting
database.
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ffj1 Draft SE Sex IHN Comn Basisj NRC Staff Resolution

60 Table 7-1
Page 119

Mass flux for a 10x10 BWR
bundle = 4,001,350 kg/m2/s

Mass flux for a 10x10 BWR
bundle = 4,001,350 kg/m2i/
[[ ]]

The given mass flux
translates [[

Comment incorporated.

11
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APPENDIX A - RAI EVALUATIONS

Evaluation of NRC RAIs Section 1 - Linear Heat Generation Rate (LHGR)

RAI 1.1

Different pins peak at different exposures and in some lattices exhibit high power-
peaking later in life. Therefore, it is important to assess the overall operating LHGR in
these pins relative to the LHGR limit and to understand the available margins such pins
have in terms of internal rod pressures. In addition, operating plants data indicates that
peak rods could be operating at the limit. Provide internal rod pressure calculations for
rods that are operating at the limit for different exposures, including late in the fuel life.
Use representative bundles that have lower Gd loading (e.g., 6 percent or lower).

(a) Provide a Minimum LHGR (MLHGR) scatter plots for extended power uprate
(EPU) plant.

(b) Select most limiting MLHGR at different exposures, including late in the fuel life.

(c) Calculate the internal pressure (P) based history for once, twice, and thrice
burned fuel near LHR limit and placed on limit for reasonable duration. Compare
and discuss the results and exposures.

Evaluation of RAI 1.1

Figure 1.1-1 provided EPU actual LHGR operating history for a core containing GE13 and GE14
fuel designs. The data shows that the plant operated with a margin to the LHGR exposure
dependent limit. The RAI response provided sensitivity analysis to demonstrate that [[

]] The results indicate that low exposure nodes
]] operating at the limit are closer to the reference envelop

than nodes operating at the limit later in the fuel life. Table 1.1-1 provides the results of the
sensitivity analyses.

RAI 1.2

For Gadolinia (Gd) bearing rod (6 percent) near beginning-of-life (0 to 5.392
gigawattdays per short ton (GWd/ST)), the LHGR limit increased from 5.392 GWd/STU
when the Gd concentration is high to 12.55 GWd/ST at 5 GWd/ST. The Gd rods will be
operating at lower powers and the limit is low when the Gd concentration is high.
However, it appears that the plant monitoring systems are based on 12.55 GWd/ST.
Explain the discrepancies. State why the limit is reduced at low exposures for the Gd
loaded pins, when the Gd concentration is high. Discuss under transient conditions if
the Gd pin margin to the melting temperature will be much lower?

Evaluation of RAI 1.2

The RAI response provided operating history of Gd-bearing rods. As expected, for the specific
plant, the Gd-bearing rods operated within the exposure dependent LHGR limit since at early
life the Gd rods operate at low powers. Although the Gd rod early life power is low and thus
non-limiting, however the uncertainty in the prediction of the LHGR for the Gd rod before the
gadolinium isotopes transmuted may be higher. The RAI response investigated whether the
higher early life uncertainties of the Gd rod affect the rod thermal mechanical performance later
in life. The conclusions of the results are that while there is some affect, it was not significant.
This assessment provides sufficient bases to accept the current practice of monitoring the Gd
rods early life at the higher LHGR limit instead of the actual Gd rod LHGR limit.
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RAI 1.3

Fuel failure due to fuel duty is precluded by limiting the initial steady-state operating
kilowatt per foot (kW/ft) through the LHGR limit. Show that thermal-mechanical fuel duty
benchmark data is applicable to EPU conditions.

RAI 1.4

Describe the internal rod pressure validation data that are currently available for both GE
fuel designs and legacy fuels.

Evaluation of RAI 1.3 and 1.4

The RAI provided the qualification database supporting the thermal-mechanical methodology.
The response also discussed the wide range of the supporting data and its adequacy to the
current fuel designs and operating conditions. The NRC staff reviewed the qualification data
presented in Table 1.3-1.

As can be seen by Table 4.6 of the NRC staff SE, the data supporting the fuel temperature and
the internal rod pressures are not well supported in terms of the fuel length and the exposures
ranges that data is available. Both the internal rod pressures and the fuel temperature
calculations are important to the thermal-mechanical performance of the fuel. In addition, both
parameters change with exposure as the fuel depletes. Therefore, the NRC staff finds the lack
of supporting data for the current rod designs and licensed exposures are relevant in the
qualification database supporting application to EPU and MELLLA+.

In RAI 28 to MFN-06 or 05-022 (Reference 48) and in the December 2005 gamma scan
presentation to the NRC staff, GE stated that the gamma scans will include plenum fission gas
and rod exposure scans. In addition, GENE states that it intends to submit PRIME which will
provide updated thermal mechanical performance methodology. Since the current Methodology
is based on Refs. 30 and 31, the NRC staff finds updating of the licensing methodology
important. Therefore, the NRC staff accepts the qualification database and the justifications
presented in RAI 1.3 and 1.4 acceptable based on the additional gamma scans and the
updating of the licensing thermal mechanical methodology.

Evaluation of NRC RAIs Section 2 - Shutdown Margin (SDM)

RAI 2.1

The demonstration of the shutdown margin is dependent on the cold critical
measurement performed at the plant and the eigenvalue for the core with all rods
inserted, but with the strongest rod out (Ksro). The code critical measurements are
performed after each outage and can be used to demonstrate the adequacy of the
neutronics methods for this "distributed" criticality. However, the Ksro value requires
experiments to be performed with single rods out, which represent "local" criticality
experiments. These local experiments are not performed very frequently, yet the
prediction of the SDM relies on the accurate calculation of the Ksro value. The data
provided does not distinguish between local cold critical and in-sequence cold critical
measurements.

(a) Local cold critical measurements are a more physical demonstration of the stuck
rod out (SRO) condition enforced by the 0.0038 Ak/k technical specification limit.
Please separate out this data and provide an assessment of the methods
accuracy for prediction of the local critical states demonstrating that the bias and
uncertainties that are currently applied are adequate for MELLLA+.
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(b) As in Figure 2-5, provide the predicted (e.g., design basis) and measured
eigenvalues. Compare the performance versus the distributed cold critical
measurements and discuss any other biases or uncertainties that are applied to
the Ksro values in the SDM demonstration.

Evaluation of RAI 2.1(a)

The RAI response provided a table of data for a particular plant (Plant C) that contains both
distributed and local critical data. The table of data provided the demonstrated cold critical
eigenvalue and the Nuclear Design Basis (NDB) reference eigenvalue from which the cold
shutdown margin can determined. The data provided was reviewed and the applicability of
Plant C, which is a small BWR/4 with 240 bundles (see Table 2.4 of NEDC-33173P (Reference
1)) was assessed. Plant C has a high power density core and provided that the information
desired is for local criticality the data is applicable to the current plants being considered for
EPU and MELLLA+. The current U.S. fleet of plants do not perform local critical calculations
and therefore, this database of information is essential for the assessment of the prediction of
the shutdown margin. The data provided by GE for this RAI is acceptable.

Evaluation of RAI 2.1(b)

The tables provided in response to RAI 2.1(a) contain a comparison of the calculated critical
state to the nuclear design basis eigenvalue. The comparison of these two numbers provides
an indication of the accuracy of the nuclear methods to predict the local criticality. The standard
deviation of all differences for the local critical demonstrations is [[ ]] which is similar to
that of the distributed criticals. The RAI response also indicates that a [[

The RAI response provides the requested results and comparisons and the discussion of biases

and uncertainties related to prediction of Ksro.

RAI 2.2

NEDC-33173P (Reference 1) states that the same SDM Technical Specification value
used for non-EPU core designs is adequate for EPU and expanded operating domain
conditions. Provide the basis as to why cold SDM is not a strong function of the current
operating strategies by comparing cold critical data before and after EPU. Include in the
discussion the impact of core designs necessary to achieve EPU and maintain extended
cycle lengths (e.g., larger batch fractions, higher bundle enrichments and different core
loading patterns).

Evaluation of RAI 2.2

The RAI response provides a discussion of the computational nature of the shutdown margin
calculation along with the demonstration cold critical measurement that is performed at
beginning of cycle. The application of the non-EPU core TS shutdown margin, which is typically
0.38 percent Ak/k to EPU cores requires an assessment of the appropriateness of the biases
and uncertainties for EPU operation in comparison to non-EPU operation. The EPU and
MELLLA+ cores have larger batch fraction than non-EPU cores. The response indicates that
GE has current experience with a wide range of batch fractions for non-EPU cores. The
response for RAI 2.1 (b) indicates that the local critical data prediction is not significantly affected
by EPU operation. Results were provided in the RAI response for a BWR/4 that has undergone
a 120 percent EPU that shows no change in the prediction of the cold critical eigenvalue
(distributed eigenvalue). The other components of the bias and uncertainties such as fuel
enrichment, manufacturing tolerances, gadolinium enrichments are not effected by EPU
operation as long as the fuel designs are similar to those of the non-EPU fuel and core designs
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and the cold critical demonstration provides an indication of the impact of these other
parameters. The current GNF methodology provides a SDM design criteria of 1 percent Ak/k to
allow additional margin. The response provided is acceptable.

RAI 2.3

An equation is provided in Section 2.3.2 stating what the technical specification for cold
shutdown requires in terms of ksro and kdemo. Explain the basis for this equation and
describe its relationship to the equation relating the SDM calculation to kcrit, ksro, and
the period and temperature corrections (e.g., startup CR withdrawal sequence).

Evaluation of RAI 2.3

The RAI response provides a derivation that relates the two definitions of shutdown margin.
The relevant detail is that the equation in terms of kcrit, ksro, is normalized to a demonstration
(kdemo) value of unity. With this additional requirement the two equations are identical. The
RAI response is acceptable.

Evaluation of NRC RAIs Section 3 - Bypass Voiding

RAI 3.1, Neutronic Methods

(a) Provide a short description of the methodology used to account for the bypass
thermal-hydraulic conditions for transient and stability calculations.

(b) Discuss the accuracy of the assumption that the lattice physics parameters can
be characterized as a function of the lattice average moderator density. Discuss
the impact of bypass and water rod voiding on lattice depletion. Discuss what
impact the presence of bypass voiding (e.g., during RPT) not accounted for in the
neutronic methods will have on the core thermal-hydraulic conditions (e.g., power
distribution). Discuss the effects of bypass and water rod voiding on lattice
power distribution for the exposed fuel.

Evaluation of RAI 3.1

A short description of the methodology was provided for RAI 3.1(a). The RAI response states
that "Thus, by the use of the lattice average water density parameter, potential changes in the
bypass and water rod voiding (water density) are accurately modeled in the core steady-state
and transient simulators." While the NRC staff agrees that the potential changes in bypass and
water density are taking into account by the homogenized nodal density, this is just an
approximation whose accuracy needs to be demonstrated. This is the essence of RAI question
3.1(b).

The RAI response presents Figure A-1 to justify the use of interpolation and extrapolation
between the 0 percent, 40 percent, and 70 percent void fraction levels used in the lattice
calculations with 0 percent bypass and water rod fractions. A TGBLA06 case with 55 percent
in-channel void and 0 percent bypass and water rod void was calculated, and the k-infinity value
is plotted against the interpolated polynomial. The agreement between the TGBLA06 value and
the interpolated polynomial value is better than [[ ]] In addition, a TGBLA06 case
with 90 percent in-channel void and 0 percent bypass and water rod void was calculated and
compared against the polynomial fit. The error is less than [[ ]] This indicates that
the interpolation and extrapolation models using values at 0 percent, 40 percent, and 70 percent
results in acceptable errors up to a void fraction of 90 percent with zero bypass and water rod
voids.

The issue of the presence of voids in the bypass and its effect on the calculated values was
addressed using the results of a TGBLA06 calculation with 85 percent in-channel voids, 10
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percent bypass voids, and 25 percent water rod voids. This case results in a lattice-average
void fraction similar to an in-channel void case of 90 percent. Comparison of both cases agrees
well with the polynomial fit and has an error smaller than [[ ]] This indicates that
the lattice-averaging procedure for effective lattice water density is acceptable within a [[

1]
The NRC staff agrees with the conclusion that "Since the nominal operating core does not
experience bypass and water rod voiding and that the core conditions with bypass and water
rod voiding are transitory in nature, there will be no significant impact on core depletion
simulation."

The NRC staff concludes that both high in-channel void fraction and bypass and water-rod void
conditions introduce an error in the neutronic methodology. Based on the data presented in this
RAI, the NRC staff estimates that operation at high void fractions results in an error of the order
of [[ 1] in the calculated power distributions.

For BWRs operating under current licensed domains, the occurrence of bypass voiding is
restricted to operation in the high-power, low flow region; therefore, it is limited to transients,
and, for most events, operation at bypass-voiding conditions is short lived due to scram. The
data available for this evaluation suggests that bypass and water rod voiding results on an error
in neutronic methods of the order of [[ ]]
Conclusion: The above two methodology errors are a contributing factor to the 0.02 SLMCPR
penalty imposed for high-void-fraction operation. The addition to the 0.02 SLMCPR penalty is
equivalent to increasing the OLMCPR by 0.02, which provides additional margin for this type of
transients.

RAI 3.2, Stability Protection (Instrumentation Reliability)

RAI 3.2(a)

Quantify the bypass voiding for rated power operation and power levels associated with
EPU and MELLLA+.

(i) Describe the methodologies used by GE to calculate bypass voiding.

(ii) Quantify the best-estimate bypass void fraction (BP VF) for the worst
point in the operating map (NC + MELLLA+, MELLLA, OLTP) that could
be used for stability calculations.

(iii) Quantify the best-estimate BP VF for the expected conditions where
ODYSY stability methodology is used for LTS.

RAI 3.2(b)

Describe the method for the determination of the impact of BP VF on stability analysis.

RAI 3.2(c)

Section 2.6.2.1 concludes that the effect of BP VF on APRM calibration is less than 1
percent. Section 2.6.2.3 concludes that the effect of BP VF on OPRM calibration is less
than 3 percent. Please describe the methodology used for these analyses and quantify
the BP VF levels used.

Evaluation of RAI 3.2(a)(i)

A description was provided in Table A-1 for the methodologies of the different codes used by
GENE: ISCOR, PANACEA, ODYSY, and TRACG. Each code has a different set of
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assumptions and models and, in general, results from different codes will not be directly
comparable.

Evaluation of RAI 3.2(a)(ii)

For a high-power density core operating at natural circulation the most limiting MELLLA+ rod
line, the following bypass void fractions are calculated at the TAF:

As stated above, the differences between the values calculated by the different codes are a
function of the code assumptions. For example, the difference between the core-average
TRACG and ISCOR values are caused by [[

]] The ISCOR four-channel bypass edit estimate is a very
conservative bounding calculation which [[

]] The actual value of the hot channel bypass void fraction is somewhere between the
estimates for core-average [[

I]

Table A-1 provides a comparison of bypass boiling levels for OLTP, MELLLA, and MELLLA+.
The increase in bypass boiling between OLTP and MELLLA+ is not significant [[

]] using the ISCOR average channel methodology). Therefore the
impact of bypass boiling on the methodology affects OLTP reactors and not only the MELLLA+
domain.

Evaluation of RAI 3.2(a)(iii)

ISCOR calculations for Vermont Yankee at the boundaries of the exclusion region show that no
bypass boiling occurs at the interception with the high-flow control line. However, at the
intersection with the natural circulation line, ISCOR predicts a void fraction of [[ ]]
ODYSY uses a bypass boiling model and input similar to ISCOR; therefore, it would predict
similar values. These values have are the basis for the conclusions of the evaluation of RAI
3.2(b) below.

Evaluation of RAI 3.2(b)

GENE has not performed a detailed evaluation of the effect of bypass boiling on ODYSY
stability calculations; however, we note that:

1. ODYSY models the bypass channel with [[ ]] and feeds back to the core
reactivity its effects; therefore, at least to first order, ODYSY models the effect on
stability of bypass boiling.

2. On the response for RAI 4.1d, Table A-2 shows a benchmark between DRs measured at
Vermont Yankee at high power-to-flow ratio conditions and those calculated by ODYSY.
On this table, point 9P corresponds approximately to the interception of the exclusion
region with the natural circulation line, where ISCOR calculates an [[ ]]
bypass void (note that Table A-2 is based on OLTP, and the ISCOR calculation is based
on EPU powers). Points 8P and 7N have higher power, so they should have some
degree of bypass boiling. The agreement between the measured and the ODYSY DRs
is acceptable, indicating that any errors associated with bypass voiding in the ODYSY
DR calculation are absorbed or compensated by conservatism on the modeling
assumptions

The RAI states that "however, both the regional and core-wide DIVOM analyses are based on
the hot channels, which are away from the periphery of the core where bypass voiding is
highest". While it is true that when reverse flow is established on the periphery bypass region
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high void fraction (up to 80 percent) may be present at the bypass exit because it draws voids
from the upper plenum, all the evaluations of bypass voiding presented in this RAI correspond
to the center regions of the bypass where the voiding is caused by core heating. Thus, bypass
voiding (excluding the reverse flow effect) is highest on the hot channels where the DIVOM
correlation is evaluated, and the NRC staff does not agree with the RAI statement.

Nevertheless, the NRC staff concludes that both ODYSY and TRACG provide a reasonable
model of bypass voiding. For both codes, a first-order estimate of the bypass void level is
calculated by the code, and these bypass voids are used by the code using the lattice-average
moderator density methodology. Both TRACG and ODYSY use a core-average bypass region,
which is sufficient to provide the dynamic feedback effect of bypass boiling during transients.
TRACG models the bypass regions [[

]] While the TRACG axial nodalization is not as accurate
as the ODYSY or ISCOR nodalizations, [[ ]] is typically sufficient to provide the
necessary reactivity feedback during transient analysis because bypass voiding is only
expected in the top half of the core and the void fraction levels are relatively small [[

]]
The NRC staff also concurs with GENE's evaluation of the impact of bypass voids on ODYSY
stability calculations for Long Term Stability Solutions (LTSS). This evaluation indicates that the
bypass void fraction is very low or zero along the calculated LTSS exclusion regions.

Evaluation of RAI 3.2(c)

The apparent discrepancies in the values cited in the RAI were caused by using different codes
and assumptions for each separate evaluation (see RAI 3.2(a)(i)). The response to this RAI
clarifies the situation. The APRM error was based on a bypass void fraction level estimated
from the core-average ISCOR model, while the OPRM error was based on the hot-channel
ISCOR model. The difference on the assumed ISCOR models (average vs hot-channel)
account for the reported differences.

Evaluation of RAIs Section 4 - Use of 40 percent Void Fraction History Depletion Assumption for
Instantaneous Void Fraction Changes.

RAI 4.0 Use of 40 percent Void Fraction History Depletion Assumption for Instantaneous Void
Fraction Changes.

The neutonics methods perform void history calculations at 0 percent, 40 percent, and
70 percent void fractions, but the instantaneous branch cases are performed only for the
40 percent void history case. As a result, the impact of instantaneous changes in the
void fraction for all void histories is assumed to be that of the 40 percent void history
case. The impact of this assumption results in errors in the prediction of the void
reactivity effect for void fraction histories lower and higher than 40 percent and can be
evaluated by examining the void coefficient of reactivity. In order to assess the impact of
the 40 percent void fraction history assumption:

RAI 4.1 Void Coefficient and Stability

RAI 4.1 (a)

Provide an evaluation of the error created by the 40 percent void fraction history
assumption on the local void coefficient.

RAI 4.1 (b)

Provide an estimate of the error in the global void coefficient introduced by the 40
percent void fraction history assumption.
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RAI 4.1 (c)

Provide TRACG stability calculations with and without the void history correction for void
coefficient.

RAI 4.1 (d)

Provide and include the cited instability benchmarking that demonstrates the accuracy of
ODYSY and TRACG in the TR. Provide some assessment of the similarities of core
thermal-hydraulic conditions between the benchmark plants and the EPU plants.

RAI 4.1 (e)

What is the impact on stability of void fraction histories less than 40%?

Evaluation of RAI 4.1(a)

An estimate of the error induced by the 40 percent depletion assumption was provided in the
form of Figure A-2. This figure shows that for high exposure conditions, the local void
coefficient error can be as high [[ ]

The RAI states that "[[
]] This statement is based on a comparison of these

results with a previous series of Vermont Yankee calculations. No evidence is provided for the
differences; therefore, the NRC staff concludes that the statement is not supported by any data
presented in this or previous RAIs, and it is an unsupported over simplification.

Evaluation of RAI 4.1(b)

A special version of TRACG was modified to include the void coefficient error associated with
the 40 percent void fraction history as defined in Figure 4.1a-1. Using a series of TRACG
calculations, the RAI demonstrates that an error [[ ]] on global void coefficient is
equivalent to the error introduced by the 40 percent void fraction history assumption. Even
though for some high-burnup nodes the local void coefficient error can be as high [[ ]]
most high power nodes operate at lower exposure values. The NRC staff concludes that, when
the effective core-average effect of the error is computed, its effect is essentially negligible.

Evaluation of RAI 4.1(c)

Figure 4.1 c-1 shows comparisons of a TRACG -computed instability with and without the 40
percent void history correction. Note that this evaluation uses the data of Figure 4.1a-1, which
only includes the errors for void fractions greater than 40 percent and not for lower void fractions
(see RAI 4.1(e)). The NRC staff concurs that the differences are negligible. Therefore, the
overall effect on stability of the 40 percent void history error is negligible.

Evaluation of RAI 4.1(d)

The requested benchmark data was provided. The benchmark database includes the recent
Nine Mile Point 2 and Perry events. In both cases, the stability criteria (core DR > 0.8) is met,
but barely. These benchmarks show the importance of maintaining the 0.2 uncertainty criteria
for stability calculations.

Evaluation of RAI 4.1(e)

Figure 4.1 a-1 presents the effect on void coefficient of void histories greater than 40%. This
RAI asks the effect of lower void histories. As result of this RAI, GE has not performed new
calculations to evaluate the impact. Instead, GE makes an argument that [[

]] The NRC staff concludes that this statement is unsupported by the evidence
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presented, and the effect of void fractions lower than 40 percent is not known accurately at the
time.

Nevertheless, in view of the response to RAI 4.1(a) and (b), the NRC staff concludes that the
possible error introduced by void fractions lower than 40 percent should be of similar magnitude
[[ ]] Given the sensitivities calculated on the previous RAI responses,
the NRC staff concludes that the impact on stability of this error should also be negligible.

RAI 4.2 ATWS

Address the impact of the 40 percent depletion assumption on the A TWS response.

Evaluation of RAI 4.2

For an isolation ATWS event, closing the Main Steam Isolation Valve (MSIV) causes a rapid
increase in reactor vessel pressure, which results in core void reduction and an associated
power increase. A Recirculation Pump Trip (RPT) is initiated on high pressure and the core flow
begins to decrease. When the steam production decreases to the point at which the S/RV
capacity is sufficient to relieve all of the steam generation, the pressure and core power begin to
fall. To further reduce the core power, the vessel water level is lowered, which uncovers the
feedwater spargers and reduces the subcooling. Boron injection through the SLCS is initiated if
the suppression pool begins to heat up or oscillations are developed.

Typically, the limiting criteria for ATWS events are: (1) the early pressure rise must not results in
pressures higher than the ASME Level C criteria for the weakest link in the primary (typically
1500 psi), and (2) the suppression pool temperature must remain low enough to prevent over-
pressurization of the containment to the point where it may fail. Criterion (1) is challenged in the
early phase of the transient (less than one minute) and criterion (2) is challenged at the end of
the transient (20 to 30 minutes after initiation for stand-pipe BWRs).

The neutronic methodology errors will affect an ATWS transient through the void reactivity
coefficient. An increase of void coefficient magnitude has two competing effects:

The initial pressure increase after MSIV closure will result in a larger power response, which in
turn will increase the pressure further.

The flow reduction after the RPT results in a larger reduction of core power

Thus, in principle, an error in void reactivity coefficient could change the transient in either a
conservative or non-conservative direction.

To evaluate the effect of errors in void reactivity coefficient, GE presents a number of sensitivity
studies with TRACG and ODYN. The TRACG analysis results show that the peak pressure
results are [[ ]]
Two ODYN analyses were performed; the case at BOC conditions resulted in [[

]] Both pressure changes were
small [[

A large sensitivity analysis to 27 ODYN input parameters identified in a PIRT analysis is
presented in Figure A-3. This analysis shows that the largest sensitivity is to core interfacial
shear. The sensitivity to void coefficient is essentially zero.

Based on the data presented in this RAI, the NRC staff concurs with GE's evaluation that the
effect of neutronic methodology errors on ATWS performance is small when compared to the
uncertainty to other modeling parameters and assumptions.
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Evaluation of RAls Section 5 - Void-Quality Correlation

RAI 5-1

Figure 2-2 of NEDC-33173P (Reference 1) shows a plot of the typical void-quality
relation at high power-to-flow ratio. Evaluate the database supporting the void fraction
correlation and plot the supporting validation measurement data on Figure 2-2. Identify
the type of validation data on the plot, including the supporting tests types and the
associated thermal-hydraulic conditions.

Evaluation of RAI 5-1

Figure 5-1 of RAI 5-1 shows both void fraction predictions using the Findlay-Dix correlation, and
selected data taken from the database upon which it is based. The correlation predictions were
actually performed for a 1OX10 rod bundle operating at a Reynolds number of 1.1e5, while the
void fraction data presented on Figure 5-1 were taken in 8X8 rod bundle geometry using local
gamma densitometry measurements. As noted in the response, "Comparing this calculation to
the void fraction data used in the development of the Findlay-Dix correlation is not perfectly
meaningful as the bundle geometry and test conditions are not identical." However, the figure
does indicate the correlation trends are consistent with the data presented.

Unfortunately, none of the database upon which the Findlay-Dix correlation was developed
included 1 OXII 0 bundle geometry, or bundles with partial length rods. Using the correlation to
predict behavior in the 1 OXI 0 bundle requires extrapolating the correlation to a smaller hydraulic
diameter [[

]] and to different bundle geometry (the 1 OXII 0 bundle has both a fully rodded region and
a partially rodded region). Additional discussion of this extrapolation is presented in RAI 5-2.

RAI 5-2

The void fraction calculation affects both the accuracy of the physics and the thermal-
hydraulic calculations used to perform the design bases safety analyses. The objective
is to confirm the void-quality correlation applicability ranges and assess any changes in
the uncertainty of the correlation and its impact on the OLMCPR. Justify why the void-
quality correlation and the assumed uncertainty in the correlation are applicable for
modem fuel (e.g., part-length rods, mixing vanes) and high energy operating conditions.

Evaluation of RAI 5-2

GE responds that "the database for the void correlation covers all fuel products including 1 OX1 0
fuel and all operating ranges including EPU conditions. GE notes a hydraulic diameter range of
the database of [[ ]] hydraulic diameter data
was developed from rectangular tube experiments, taken from the "simple geometry" portion of
the database presented in NEDE-21565 (Reference 35), which was not included in the
uncertainty evaluation presented in Table 5-2 (RAI 5-2), nor in the development of the Findlay-
Dix correlation. There is also no partial length rod bundle data used in development of the
correlation nor in development of the uncertainty values. GE presents figures taken from
Japanese void fraction experimentation using bundles with partial length rods, and concludes
that "8X8 data taken at normal operating pressure shows a small increase, on the order of [[

]] The figures shown support this statement. However, there was no quantitative
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comparison of the Findlay-Dix correlation with this data, and the [[

]] is, in fact, larger than the quoted uncertainty in the
correlation.

RAI 5-3

NEDC-33173P (Reference 1) references relevant plots and information provided in the Vermont
Yankee (VY) RAIs. Include the relevant discussion and plots in this LTR.

The response to this RAI was combined with that of RAI 5-2.

RAI 5-4

Provide a summary of how the void-quality correlation uncertainties are accounted for in
the model uncertainties for the codes and the analytical methodologies used to perform
the licensing bases safety analyses

Evaluation of RAI 5-2

The void fraction in the core impacts two major core characteristics: the core power (through
void feedback), and the core flow (by influencing pressure drop).

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 staff finds that void uncertainty levels therefore do
not directly impact core power predictions for these cases. GE notes that the TRACG includes
explicit void uncertainty in its statistical model, however TRACG does not use the Findlay-Dix
correlation for void prediction.

The experimental void fraction database (NEDE-21565 (Reference 35)) was also used to
optimize the two-phase pressure drop correlation. Based on the newly developed void fraction
correlation, GE effectively re-optimized their pressure drop correlation using the new void
calculation technique. The document (NEDE-21565 (Reference 35) 5) reports an improvement
in pressure drop calculation, with standard deviations (for pressure drop) ranging from [[

]] depending on the data set to which it is compared.

GE reports (BVY-05-083) that comparisons have been made to pressure drop data taken in the
ATLAS test facility using full-scale test assemblies for all fuel products including the current
1OX10 GE14 fuel. This testing covers a wide range of conditions including EPU conditions. For
GE14 the bundle pressure drop was predicted with a mean error of [[

]]

Since the void correlation is incorporated into the pressure drop calculation, and pressure drop
measurements are taken for all new bundle geometries, the uncertainities in the void-quality
relationship are accounted for in the overall pressure drop uncertainty. The void influence
should be covered by the pressure drop uncertainties, as long as the pressure drop database
covers the appropriate data ranges. Therefore, the NRC staff finds that the void-quality
uncertainty need not be explicitly incorporated in the pressure drop calculation.
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Evaluation of RAIs Section 6 - Process

RAI 6.1

NEDC-33173P (Reference 1) summarizes the content of the VY RAIs. However, this
eliminates relevant figures and evaluations. For the void fraction correlation, void
reactivity coefficient, and Option 1D include the relevant figures and discussions so that
the supporting information is integrated in this L TR.

Evaluation of RAI 6.1

The relevant figures, tables, and discussion from the VY RAIs have been incorporated into the
body of NEDC-33173P (Reference 1). Appropriate references have also been included.

RAI 6.2

Appendix A contains many RAIs not related to the methods review. All EPU SRXB-A
RAIs were cited in Appendix A. Many of these RAIs, did not address nor are they
relevant to the Methods review. This array of RAIs hampers efficient use of the
reference material. Delete the SRXB-A RAIs that were not part of the methods review.

Evaluation of RAI 6.2

The table in Appendix A was reduced to include only the VY RAls that were related to the
methods review.

RAI 6.3

Vermont Yankee SRXB-A Figures 6-1 thru 6-6 show the maximum bundle operating
conditions of high density and EPU plants. Each plant specific application should,
include the plant-specific data in the plots containing the high density and EPU plants
maximum bundle operating conditions (Attachment 3, BVY 05-024)

(a) Therefore, include in the EPU applications the following bundle operating
conditions with exposure in the EPU maximum bundle operating condition plots:
maximum bundle power, maximum bundle power-to-flow ratio, exit void fraction
of maximum power bundle, maximum channel exit void fraction, peak linear heat
generation rate and peak end-of-cycle nodal exposure

(b) Provide quarter core map (assuming core symmetry) showing the bundle
operating linear heat generation (MLHGR) and the minimum CPR (MCPR) for
beginning-of cycle (BOC), middle-of-cycle (MOC) and end-of-cycle (EOC).
Similarly, show the associated bundle powers.

Evaluation of RAI 6.3

Section 4.3 of NEDC-33173P (Reference 1) was modified, to specify that the requested core
operating information be included with plant specific applications of NEDC-33173P.

RAI 9

As part of the ESBWR design certification review, the NRC staff discovered a
discrepancy in the GSTRM thermal-mechanical calculations, supporting the GE14 fuel
designs. Specifically, the GSTRM U02 under-predicted the fuel temperature calculations
in comparison to both FRAPCON-3 and PRIME calculations. It is possible that the
observed differences are primarily due to GSTRM U02 fuel thermal conductivity model,
which does not model exposure dependency compared to the other two codes. The
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potential non-conservatisms in GSTRM could be applicable to thermal-mechanical
performance calculations for operating reactors as well the calculation of the associated
limits.

a. Provide an assessment of the impact of the non-conservatism in GSTRM U02 fuel
temperature calculation regarding the adequacy of the fuel rod thermal-mechanical
performance for the GE13 and G14 fuel designs.

b. Evaluate the impact of the GSTRM U02 under-predictions on the fuel temperature,
internal rod pressure, and TOP/MOP calculation during anticipated operational
occurrences (AOOs).

c. Assess the impact of the GSTRM U02 non-conservatism (e.g., thermal conductivity
model) on peak cladding temperature (PCT) for both the limiting small and large break
loss of coolant accidents (LOCAs) at EPU conditions. This assessment should also
include the most limiting axial power profile.

d. In MFN 06-207, RAI I contains thermal-mechanical performance results for along the
linear heat generation rate (LHGR) envelope (e.g., internal rod pressures, fuel
temperature, and cladding circumferential strain) for the U02 and the UGd02 rods.
Discuss if the potential non-conservatisms will change the results for operation on the
LHGR envelope or the related sensitivity analysis in RAI 1.

Evaluation of RAI 9

In addition to the GE response to the above RAI, the NRC staff evaluated GE's GSTRM T-M
methodology in "NRC staff Evaluation of General Electric GSTRM Thermal-Mechanical
Methodology Part 21 Report (MFN 07-040)," dated September 4, 2007 (ADAMS Accession No.
ML072480672). This evaluation was performed in response to a GE Part 21 evaluation on the
GSTRM T-M methodology. Section 3.2.6.5.8 of the SE for NEDC-33173 provides further
information on the GE Part 21 Evaluation and corresponding NRC staff evaluation.
The NRC staff evaluation concluded that although the GSTRM best estimate calculation under-
predicts the fuel centerline temperature, the conservative uncertainty treatment compensates for
the under-prediction, resulting in bounding 95/95 fuel centerline temperatures. The NRC staff
concludes that the GSTRM fuel temperature calculation with the 95% uncertainty treatment is
acceptable.

The NRC staff also evaluated the adequacy of GSTRM methodology and its qualification
database to determine the licensing rod internal pressures. Regarding the rod internal pressure
calculation, the NRC staff concludes that the adequacy of the GSTRM uncertainty treatment
needs to be confirmed through measurement qualification data and corrected for licensing
applications. Therefore the NRC staff position as provided in "NRC staff Evaluation of General
Electric GSTRM Thermal-Mechanical Methodology Part 21 Report (MFN 07-040)," is applicable
for GSTRM rod internal pressure calculations.
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Table A-I Bypass and in-channel void fractions calculated by different codes

[[

Table A-2 Summary of ODYSY Results for Vermont Yankee High DR Tests

Power/Flow Test Data ODYSY Results

(% rated) DR Frequency DR Frequency

57.2/38.5 0.74 0.44 0.67 0.39

51.2/32.6 1.00 0.43 0.99 0.38

50.9/32.6 0.96 0.43 0.97 0.37

48.1/32.4 0.81 0.42 0.86 0.36

49.8/33.0 0.90 0.42 0.97 0.37

67.1/38.5 0.85 0.47 0.85 0.42

63.1/38.5 0.78 0.47 0.75 0.42

Test

Point

6P

7N

8P

9p

lop

lip

12P
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Figure A-I Fit Uncertainty for TGBLA06 Reactivity
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Figure A-2 Void Coefficient Ratio MNCP / TGBLA06
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Figure A-3 Hot Channel Power and Growth Rate with (V33) and without (NV) Void History
Correction for Void Coefficient
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APPENDIX B CONFIRMATORY LATTICE PHYSICS DATA COMPARISONS

TGBLA/MCNP Comparisons

Overview

Comparisons of TGBLA06 and MCNP were performed by GNF in response to MELLLA+ RAIs
(Reference 13, RAI 6, Enclosure 6) for five lattices that are representative of lattices that would
be used in high-energy fuel cycles. MCNP is a continuous-energy neutron transport code
developed by LANL that is commonly used as a reference code for comparison of methods
incorporating more approximate methods. The code provides for a detailed representation of
lattice geometry, accurate treatment of the neutron transport, and detailed representation of the
energy dependence of neutrons. The methods employed in MCNP are independent of those
used by the TGBLA06 lattice physics code. The comparisons between the results of the two
codes is intended to provide a measure of the error resulting from the more approximate
methods used in the TGBLA06 lattice physics code.

In the Licensing Topical Report a discussion is provided on the use of MCNP for the method
uncertainty in the local pin power error in the discussion of the treatment of fuel parameter
uncertainties on SLMCPR. The method uncertainty for the pin power error was evaluated with
comparisons between TGLBA06 and MCNP version 4A.

Comparison Results

The information presented in Enclosure 3 of the above referenced document was used to
address the accuracy of TGBLA for high-void (approximately 90 percent void fraction) lattices
and incorporating the cross section fitting used in GNF methodology. MCNP was used as an
independent code for comparison purposes and because the accuracy of TGBLA06 at high void
fractions was in question. Several plots were provided to demonstrate the accuracy of the cross
section fitting process with results from both MCNP and TGBLA. The results indicate that the
fitting process is generally accurate for kinf and three-group cross sections, with the exception
being the migration area and flux ratios at high void fractions, which have fitting errors of 5-10
percent at 90 percent void fraction. These parameters are utilized in the core simulator,
PANACEA, and the impact of these fitting errors must be assessed at the core level with the
impact on the nodal powers. However, the impact of these errors at the core level was not
directly assessed.

Comparisons of cross sections and lattice physics parameters and pin powers were performed
for instantaneous changes in water density, which is equivalent to change in the coolant void
fraction, for depletion with a constant 40 percent void fraction. Comparisons were performed for
the cross sections, lattice physics parameters, and pin powers as a function of exposure and
void fraction. These results represent an absolute comparison of the cross sections and lattice
physics parameters between the two codes. Figure B-4 through Figure B-6 show the average
error of the lattice comparisons and the spread of the data for the kinf values, v1 3, and pin
powers. Values are provided with TGLBA06 calculations at 90 percent void fraction as well as
the extrapolation to 90%. A comparison of the errors for the "90" and "Fit at 90" provides an
indication of the accuracy of the fitting process. The variation in the kinf error with void fraction
is small for the controlled state, but a trend does occur with the controlled conditions. Some of
the macroscopic cross sections also exhibit an increasing error trend with void fraction; an
example is given for vZ-3, which represents the neutron production cross section for the thermal
group. This parameter is related to the nodal power generation. The RMS and Max pin powers,
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presented in Figure B-6, also exhibit increasing errors with void fraction. Additional
comparisons of MCNP results demonstrating the accuracy of the cross section and lattice
parameter fitting process is provided in Figure B-8 through Figure B-15.

A comparison of the pin powers computed with TGBLA06 and MCNP at 90 percent void fraction
as a function of exposure is shown in Figure B-7. The results do not show a trend with
exposure, but as noted above the depletion calculation was performed with TGBLA06. This
does not, therefore, provide an indication of the error in these historical results (depletion
calculation). In addition, the impact of depletion at different void fractions cannot be assessed
with these TGBLA06/MCNP comparisons. The RMS pin power error at 90 percent void fraction
shown in Figure B-7 [[ ]] should be compared to the value currently being used by
GNF [[ ]] in the determination of their SLMCPR.

Assessment

The MCNP code is routinely used as a reference calculational method and based on its use of
the continuous energy MCNP method is widely recognized as being one of the most rigorous
neutronics available. Comparisons between TGBLA06 and MCNP provide an indication of the
level of error in the TGBLA06 neutron transport methods and resonance processing and multi-
group neutron energy treatment.

There are sources of error in TGBLA that cannot be assessed by comparisons with MCNP. The
nuclear data libraries used in the MCNP calculations are based on the ENDF/B-VI nuclear data
files, which also correspond to the same data source as TGLBA06. Errors in cross sections,
lattice physics parameters, and pin powers resulting from deficiencies in nuclear data cannot be
assessed. In addition, since MCNP is a steady-state code, comparisons provided at different
exposure conditions utilized isotopic compositions computed with the TGBLA06 code, and the
results, therefore, cannot be considered as a code-to-code validation of historical effects that
occur during depletion. The impact of depletion at high void fractions is not addressed with
these TGBLA06/MCNP comparisons.

Comparisons with MCNP, therefore, are a useful part of assessing the accuracy of TGBLA06,
but the results do not provide all possible sources of error that must be included to obtain an
indicated of the overall level of accuracy, namely nuclear data errors and depletion errors.
Direct measurement based on core operating history, in-core measurements, bundle and pin
gamma-scan measurements, and critical experiments are additional sources of data that must
also be considered to fully address the validation of a lattice-physics code such as TGBLA06.

The TGBLA06 and MCNP comparisons were used to demonstrate the accuracy of the cross
section fitting and extrapolation process and demonstrated that sizeable errors result in the
extrapolation of the migration area and flux ratios. The impact of these errors was not fully
assessed at the core level. The comparisons of some key cross section and lattice physics
parameters indicate an increasing error trend with increasing void fraction. This includes an
increasing error trend in the pin power with increasing void fraction. The GNF methodology to
assess pin power errors relies on comparisons between TGBLA06 and MCNP to provide the
RMS error in pin power used in the LHGR and SLMCRP limit determination. This trend
indicates the need for a reassessment of the pin power errors for operating domains with
increases in void fraction.
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TGBLA06/HELIOS Comparisons

Assessment by code-to-code benchmarking of TGBLA06 with other independent codes for
lattices and operating conditions typical of EPU conditions can reasonably ensure the
consistency of the results from the GE lattice physics methods. Code-to-code comparisons are
included in Reference 69, Enclosure 3, comparing TGBLA to MCNP for particular lattices.
Given that depletion cannot be performed with MCNP, additional results were obtained with the
HELIOS lattice physics code. Additional code-to-code comparisons were also included in the
VYPNS RAI SRXB-66 response (Reference27) comparing CASMO and TGBLA.

As indicated above, code-to-code comparisons are useful for confirming consistency of results,
evaluating numerical and method approximations used in the codes, and identifying code errors.
In most cases, it is unknown which code is more accurate, and the code with the higher fidelity
methods is typically taken as the reference. However, unless the codes are carefully assessed
with measured data, the absolute accuracy, in terms of bias and uncertainty, of the codes
cannot be established because the codes may use common fundamental data (e.g., ENDF/B-
VI) and methods that may lead to better agreement than would be observed with comparisons
with measurements. Also, without measurement data, the overall applicability of the data and
methods to expanding ranges of operating conditions cannot be established.

For this evaluation, comparisons were performed for representative lattices and comparisons of
Kinf, peak pin power, plutonium isotopic inventory, and cross-sections and lattice physics
parameters. Example results will be presented based on the confirmatory analysis performed
with HELIOS for a lattice configuration (enrichment and gadolinium loading) typical of EPU
designs. The specific lattice (5168) is for the upper region of the fuel bundle in which the void
impacts are the largest. The results for the lower region of the fuel bundle (5166) provide
similar results. The lattice contains nine pins with Gadolina loadings of 6 and 7 wt. percent and
a average enrichment of 4.5 wt. %. The assessments performed are limited to lattice results
computed with lattice physics codes. An assessment of axial and radial power distributions
within the core was not performed. Therefore, the comparisons cannot evaluate the GE tools
for prediction radial and axial power profiles within the core.

Kinf Comparisons

Comparing lattice Kinf values allow evaluation of the lattice physics methods and data for
predicting lattice reactivity vs exposure. This information, along with additional cross-section
parameters, is used in the full-core analysis to predict the core eigenvalue and global power
distribution. Lattice kinf values were compared for typical designs as a function of exposure
based on calculations with HELIOS and TGBLA06. Figure B-1 6 provides an example of the
level of agreement in the lattice infinite multiplication factor, kinf, and depletion at various void
fractions. The overall level of agreement is excellent with the kinf values agreeing very well at
high exposures. The differences are larger in the 0 - 20 GWd/ST burnup range, which is when
the gadolinium is burning out. The burnout of Gd, particularly at high void fractions, results in
differences between TGBLA06 and HELIOS. The differences are smaller for void fractions of
40 percent and 70%, which represent the average void-fraction value for a core. The
differences for the high-void-fraction depletion case (90 percent void fraction) occur at the
maximum bundle kinf point at about 20 GWd/ST and improve to excellent agreement at higher
exposures. Note that the GE methodology does not directly use the 90 percent depletion cases,
but rather relies on extrapolation of values from 0%, 40%, and 70 percent void-fraction
depletions. The error in kinf introduced in this extrapolation process has been demonstrated to
be small; therefore, a comparison of directly calculated values at 90 percent void fraction is
appropriate. Overall, there is excellent agreement in kinf, with a larger difference for higher void
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fractions. The level of agreement is not expected to result in any major differences in predicting
core eigenvalue and the global bundle- power densities.

Power Distribution Comparisons

The pin-fission densities computed with TGBLA06 and HELIOS were compared and the RMS
difference and peak pin-fission rates were calculates. The pin-fission densities are related to
the pin power distribution used in calculating the LHGR and R-factors for the SLMCPR limits.
Figure B-1 7 and Figure B-1 8 show an example of the typical results obtained for the RMS
differences and peak relative fission rate, respectively. The RMS differences are largest for
fresh fuel, when the highest peaking occurs, and for the high void-fraction cases; the differences
decrease with fuel exposure as the peak locations are depleted. Pin-by-pin comparisons for
lattice 5166 as a function of exposure at a void fraction of 40 percent and for lattice 5168 as a
function of exposure at a void fraction 90 percent are shown in Figure B-20 through Figure B-25.
These figures show the percent difference in the fission rates calculated with TGBLA06 and
HELIOS1.6. The largest differences occur at zero exposure and the peaks decrease as the
exposure increases. The largest differences, on a percent basis tend to occur in corner pins
and Gd pins.

The RMS error is applied to the SLMCPR. Previous analysis comparing TGBLA06 and MCNP
has shown that for a variety of lattices and exposures that the RMS difference is [[ fl.
However, in these comparisons, the isotopic concentrations were taken from TGBLA and used
in MCNP; therefore, errors in depletion were not included. This figure shows that on a code-to-
code basis that, for the lower void fractions, the RMS difference at low exposures and at high
void fraction exceeds the [[ ]] percent RMS value, with maximum differences of about
[[ ]]%. For the fuel exposures above the gadolinium burnout and for lower void fractions,
the differences are consistent with the [[ ]] percent value. Note that the results for the 90
percent void fraction in the code-to-code comparisons do not include potential errors caused by
the quadratic fit and extrapolation used in GE's neutronic methods. Similar results were
obtained for other lattices and with comparisons between TGBLA06 and CASMO-4 provided in
(Reference27). Note, however, that the lattices considered in these comparisons resulted in
significantly higher peaking at high void fractions and exposures, as shown in Figure B-i, which
provides a comparison of the peak fission rate calculated with TGBLA06 and HELIOS 1.6 for
lattice 7007. This lattice differs from 5168 in that it has more gadolinium pins. Note that in
comparison of the peak fission rate for lattices 5168 (Figure B-1 8) and 7007(Figure B-1 9) that
the later has a value at high void fraction at high exposure approaching that of the fresh fuel.
Based on these code-to-code results, the RMS power distribution differences indicate that the
RMS differences may exceed the [[ ]] percent value determined previously. Therefore,
this supports the need for increasing the pin power-peaking uncertainty to [[ ]] percent as
was done for the SLMCPR.

The comparison of the peak pin-fission rates is applicable to the assessment of the LHGR
accuracy, and the example provided Figure B-1 8 is typical of the comparisons observed and
shows good agreement between the two codes. However, it should be noted that the overall
LHGR is a product of the local pin relative-power and the bundle power. A complete
assessment of the differences in LHGR also requires an assessment of the bundle power
accuracy, which may be larger for high void fractions given the larger differences in the lattice
kinf values indicated above. This analysis requires the use of core-level simulation and was not
performed for this evaluation.
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Pin fission rates for the controlled condition (control blade inserted) were also calculated with
HELIOS1.6 to investigate the gradient in the power distribution from the controlled side to the
uncontrolled side of the bundle. The relative power distribution (shown as a difference from a
bundle-averaged value of 1) is presented in Figure B-26. These results show that the relative
fission rate changes by from -50 percent to +50 percent of the average across the bundle. This
generally is not a concern given that controlled assemblies may not have significant power, but
is an effect that should be investigated in terms of accuracy of burnup and prediction of
isotopics over the course of extended periods of controlled operation for this bundle. In
addition, the insertion of a strong absorber and the corresponding gradients can be a challenge
for lattice physics codes, such as TGLBA06 and HELIOS1.6 to model. Additional calculations
were performed with MCNP for the same bundles and conditions as for the HELIOS1.6 results
presented. A comparison of the HELIOS1.6 and MCNP pin-fission rates is presented in Figure
B-27. The level of agreement between the two codes is good, with the largest difference
occurring in the high-powered pins. These results provide some confidence that standard lattice
physics tools can predict these controlled configurations. Comparisons with TGBLA06 were not
performed and therefore, the accuracy of TGBLA06 for the controlled configurations has not
been assessed.

An additional area not assessed is the impact on axial power distribution upon withdrawal of a
control blade. During operation with the control blade inserted the fuel depletion is significantly
lower and the neutron spectrum is harder in the controlled section of the bundle. The harder
spectrum results in enhanced plutonium production and combined with the limited depletion of
the 235U in the fuel, creates an axial variation in fissile content such that the when the control
blade is withdrawn there is a peak in the axial power profile in these locations. The core
conditions in expanded operating domains, such as an higher exit void fraction, may enhance
this axial power-peaking. The two-dimensional lattice physics codes discussed in this section
cannot be used to analyze the axial power shapes as analysis for the axial dimension is
required. Such an analysis was not performed as part of the confirmatory analysis and
therefore, the impact of axial power-peaking resulting from control blade movement was not
evaluated. This represents a topic for further assessment.

Isotopic Comparisons

Isotopic comparisons were performed for key actinides (uranium and plutonium), which are
computed using the lattice physics tools. Of particular interest is the comparison of the
plutonium compositions as an indication of the prediction-of the neutron spectrum and to further
investigate potential impacts on the void reactivity coefficient and SDM. The neutron spectrum
is highly dependent upon the local void fraction, which has an impact on the neutron
moderation. In addition, BWRs can be operated to enhance the plutonium production in the
upper part of the core by using a bottom-peaked power distribution with higher void fractions in
the core's upper regions. This spectral shift operation results in more energy generation as
power distribution becomes more top-peaked near end of cycle in which the generated
plutonium is used. As a result, the prediction of isotopic compositions can have a substantial
impact on the axial power distribution as well. The comparison of the Pu-239, Pu-240, and Pu-
241 isotopic composition, as presented in Figure B-30, Figure B-31, and Figure B-32, show very
good agreement,particularly at the lower void fractions. Notably, Pu-239, the primary fissile
plutonium species present, has very close agreement between the two codes. It should be
noted that the results included in the comparisons are based on a version of TGBLA06 that
employs a correction of the Pu-240 resonance at high exposures for lattices. An assessment of
this correction is provided in RAI SRXB-A-67e of Reference 27, indicating that this error resulted
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in a [[ ]] percent Ak difference on the lattice level and has a small impact on the core
eigenvalue predictions.

Cross-Sections and Lattice Physics Parameters

The cross-sections and lattice physics parameters computed by TGBLA06 are used in the
PANAC1 1 core simulator and other codes used for safety analyses. The impact of the accuracy
of the extrapolation errors on cross-sections and lattice physics parameters has been assessed,
but it is difficult to directly compare cross-sections because of differing energy group boundaries
and definitions. Based on the lattices modeled with HELIOS and TGBLA06, a comparison of
the key macroscopic cross-sections was performed for the absorption and fission cross-
sections. Figure B-28 and Figure B-29 provide a comparison for a particular lattice for the
thermal (group 3) cross sections. The level of agreement is good and the differences can be
attributed to differences in prediction of isotopic compositions, as previously discussed, in
addition to the fundamental cross-section data (both HELIOS and TGBLA06 use ENDF/B-VI
data). The primary lattice parameter considered is kinf, which was discussed above. In
addition, lattice parameters such as the migration area, diffusion coefficient, and flux ratios are
also of interest, but cannot be directly compared because of differing definitions used in the
computer codes.

Conclusions

The NRC staff concludes that the code-to-code comparisons provide reasonable assurance that
the TGBLA06 neutronic methods are acceptable for analyzing the lattices and conditions for
EPU and MELLLA+. The differences in the pin-fission rates observed indicate the need for
additional measured data to confirm the accuracy of the lattice physics and core simulator
prediction. The code-to-code comparisons are insufficient for assessing the uncertainties in the
code predictions because of potential commonalities in fundamental data and methods
employed as well as general applicability to EPU conditions of interest. GE plans to perform
gamma scan measurements to confirm that the assumptions used in the neutronic methods for
current GE fuel designs are still appropriate.
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Figure B-2. Comparison of kinf between TGBLA06 and MCNP as a function of void fraction
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Figure B-3. Comparison of kinf between TGBLA06 and MCNP as a function of void fraction
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Figure B-4. Comparison of kinf between TGBLA06 and MCNP as a function of void fraction

[[

Figure B-5. Comparison of v' 3 between TGBLA06 and MCNP as a function of void fraction
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Figure B-6. Comparison of pin powers between TGBLA06 and MCNP as a function of void fraction

[[

Figure B-7. Comparison of pin powers between TGBLA06 and MCNP as a function of exposure at
a void fraction of 90%



MFN 08-513
Enclosure 2
Page 246of 286

Non-proprietary Version

Figure B-8. Error in fit of RMS, peak pin, and max error as a function of exposure at a void
fraction of 90%
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Figure B-9. Error in fit of thermal absorption cross section as a function of exposure at a void
fraction of 90%
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Figure B-10. Error in fit of thermal nu x fission cross section as a function of exposure at a void
fraction of 90%



MFN 08-513
Enclosure 2
Page 249of 286
R[

Non-proprietary Version

Figure B-11. Error in fit of group 1 to 2 slowing down cross section as a function of exposure at a
void fraction of 90%.
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Figure B-12. Error in fit of group 2 to 3 slowing down cross section as a function of exposure at a
void fraction of 90%.
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Figure B-13. Error in fit of fast removal cross section as a function of exposure at a void fraction
of 90%.
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Figure B-14. Error in fit of fast flux ratio as a function of exposure at a void fraction of 90%.
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Figure B-15 Error in fit of the epi-thermal flux ratio as a function of exposure at a void fraction of
90%
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Figure B-16 Comparison of TGBLA06 and HELIOS lattice k-infinity values as a function of fuel

exposure.
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Figure B-17. RMS difference between TGBLA06 and HELIOS pin-fission densities.
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Figure B-18. TGBLA06 and HELLOS peak pin relative fission rate comparison.
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Figure B-19. TGBLA06 and HELIOS peak pin relative fission rate comparison for lattice 7007.
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Figure B-20. Comparison (in percent difference) of the TGBLA06 and HELLOS Pin Fission Rate

Distribution for Lattice 5168 at an Exposure of 0 GWd/ST and a void fraction of 40%.
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Figure B-21. Comparison (in percent difference) of the TGBLA06 and HELLOS Pin Fission Rate
Distribution for Lattice 5168 at an Exposure of 15 GWd/ST and a void fraction of 40%.
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Figure B-22. Comparison (in percent difference) of the TGBLA06 and HELLOS Pin Fission Rate

Distribution for Lattice 5166 at an Exposure of 60 GWd/ST and a void fraction of 40%.
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Figure B-23. Comparison (in percent difference) of the TGBLA06 and HELIOS Pin Fission Rate

Distribution for Lattice 5168 at an Exposure of 0 GWd/ST and a void fraction of 90%.
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Figure B-24. Comparison (in percent difference) of the TGBLA06 and HELIOS Pin Fission Rate
Distribution for Lattice 5168 at an Exposure of 15 GWd/ST and a void fraction of 90%.
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Figure B-25. Comparison (in percent difference) of the TGBLA06 and HELIOS Pin Fission Rate

Distribution for Lattice 5168 at an Exposure of 60 GWd/ST and a void fraction of 90%.
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Figure B-26. Pin Fission Rate Distribution for Lattice 5166 at an Exposure of 0 GWd/ST and a void
fraction of 0 percent for the controlled configuration.

a
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Figure B-27. Comparison of HELIOS1.6 and MCNP Pin Fission Rate Distribution for Lattice 5166 at
an Exposure of 0 GWd/ST and a void fraction of 0 percent for the controlled configuration.
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Figure B-28. Comparison of the TGBLA06 and HELLOS group 3 absorption cross section as a
function of historical void fraction and fuel exposure.
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Figure B-29. Comparison of the TGBLA06 and HELIOS group 3 fission cross section as a function

of historical void fraction and fuel exposure.
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Figure B-30. Comparison of the TGBLA06 and HELLOS Pu-239 isotopic compositions for Lattice

5168.
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Figure B-31. Comparison of the TGBLA06 and HELLOS Pu-240 isotopic compositions for Lattice
5168.
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Figure B-32. Comparison of the TGBLA06 and HELLOS Pu-241 isotopic compositions for Lattice
5168.
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APPENDIX C TRANSIENT LHGR LIMIT CONFIRMATORY ANALYSIS

Objective

Use FRAPCON-3 to perform a limiting fuel thermal-mechanical design study of the GEl4 Fuel
Rod Thermal-Mechanical Design to support the Browns Ferry extended power uprate (EPU).

Inputs and Assumptions

1. GE14 fuel assembly and fuel rod specifications and manufacturing tolerances obtained
from "GEl4 Fuel Rod Thermal-Mechanical Design Report" (Reference 50) and "GE Fuel
Bundle Designs." (Reference 51)

2. Browns Ferry COLR Thermal-Mechanical Operating Limit (TMOL) as follows:

Nodal Burnup (GWd/MTU) Nodal Power (kW/ft)
U02 UGdO2

I]

3. Average U235 enrichment of [[

4. Gadolinium enrichment of [[ ]

Results

Table C-1 lists the results from the FRAPCON-3 cases. Examination of the FRAPCON results
leads to the following conclusions.

Rod Internal Pressure: [[

Manufacturing tolerances were selected to minimize plenum volume and maximize fission gas
release. Based upon the results, the U02 fuel rod is more limiting than the UGdO2 fuel rod due
to (1) less plenum volume and (2) higher rod power. Even though the Gd rods exhibit
significantly higher operating fuel temperatures [[

]] is able to accommodate
the higher fission gas release.

The FRAPCON-3 algorithms are tuned to produce best-estimate predictions. Even though
manufacturing tolerances are set at worst case, the modeling uncertainty (which represents the
spread in the empirical database) needs to be accounted for. Operating a single rod on the
TMOL peak nodal power for its entire lifetime is extremely conservative (as the peak node
would migrate to many different fuel rods). This scenario coupled with a [[

]] is judged to be more than adequate to accommodate any modeling uncertainty.

Examination of the Table 1 results reveals that the worst rod internal pressure experienced is
R[

1]
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Fuel Temperature (TOP): The design criteria is that fuel centerline temperature remains below
incipient melting conditions. Note that U02 melting temperature is calculated as follows:

U02 Tmelt = 5080°F - 58°F per 10 GWd/MTU.

UGdO2 Tmelt = 5080'F - 60'F (8 percent Gd) - 58°F per 10 GWd/MTU.

Manufacturing tolerances were selected to maximize fuel temperature (e.g., maximum clad
thickness, maximum crud/oxide). Based upon the results, the UGdO2 fuel rod is more limiting
than the U02 fuel rod due to lower fuel thermal conductivity.

Examination of the Table 1 results reveals that the U02 fuel rod is able to accommodate [[

]]

The FRAPCON-3 algorithms are tuned to produce best-estimate predictions. Even though
manufacturing tolerances are set at worst case, the modeling uncertainty (which represents the
spread in the empirical database) needs to be accounted for. The modeling uncertainty related
to predicted fuel temperature increases significantly with burnup. [[

I]
Clad Strain (MOP): The design criteria is that cladding strain be limited to 1 percent plastic
strain during normal operation and AQOs.

Manufacturing tolerances were selected to maximize fuel thermal expansion and clad stress
(e.g., minimum clad thickness, maximum fuel pellet diameter, maximum crud/oxide). Based
upon comparable strain at lower power levels, the UGdO2 fuel rod is slightly more limiting than
the U02 fuel rod.

Examination of the Table 1 results reveals that the U02 fuel rod is able to accommodate [[

The FRAPCON-3 algorithms are tuned to produce best-estimate predictions. Even though
manufacturing tolerances are set at worst case, the modeling uncertainty (which represents the
spread in the empirical database) needs to be accounted for. The modeling uncertainty related
to predicted fuel swelling and cladding strain is high, especially as burnup increases. The
spread in empirical data for power ramp tests may exceed 50%. As a result, an uncertainty on
the best-estimate FRAPCON cladding strain calculations should be approximately 50%. Based
upon the calculated strains and a 50 percent uncertainty in the model accuracy, [[

]]
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Table C-1 FRAPCON-3 GE14 Fuel Rod Design Stud

[[

11
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APPENDIX D CORE TRACKING DATA TABLE

Plant A - Cycle 18

Cycle Core Core Bundle Axial Nodal Avg.Core
Expo. Power Flow RMS RMS RMS Exit

Void
GWd/ST %OLTP % % % % Fract.

Rated

Max
Chan.

Exit
Void

Fract.

MFLCPR MFLPD MAPRAT

2.34
3.37
4.18

104
103.4
112.2

93.6
94.2
94.4

0.74 0.84
0.73 0.84
0.75 0.86

[[

11

Plant A - Cycle 19

0.24
1.17
2.13
2.5
3.16
4.19
4.51
5.18
6.26
7.22
8.13
9.02

112.4
112.5
112.4
112.3
112.3
112.5
112.2
112.5
112.3
112.4
112.6
112.6

94.8
92.8
94.3
95.4
96.9
93.6
97.6
97.9
94.4
94.4
94.3
96

0.76
0.76
0.76
0.75
0.75
0.76
0.75
0.75
0.76
0.75
0.75

1] 0.75

0.83
0.83
0.84
0.85
0.85
0.86
0.84
0.84
0.85
0.86
0.86
0.86

[II

11

Plant B - Cycle 9

0.26
0.54
0.79
1.42
1.61
2.2
2.5
3.41
3.87
4.39
5.92
6.92

104.8
104.9
104.9
104.8
105

104.6
104.9
104.6
104.6
105

104.7
105.1

99.4
90.6
91.1
96.9
94.9
89.7
89.7
85.7
85

92.1
87.6
86.4

0.74
0.76
0.76
0.74
0.75
0.76
0.76
0.76
0.76
0.75
0.76
0.76

0.83
0.84
0.84
0.83
0.84
0.85
0.86
0.87
0.87
0.86
0.86
0.87
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7.2
7.76
8.49
9.2

9.58
10.06
10.34
11.12

12
13.21
13.71
14.24
14.49
14.76

15.21
15.63
15.99

105 98
104.9 95.5
105 92.9
105 91
96.8 103.9
105.1 100.6
104.8 99.6
105.1 99.5
101.1 103.3
104.6 101.3
104.8 93.1
104.9 97.2
104.1 102.9
104.6 102.1
102.8 104.1
88.1 103.5
89.2 103.6

0.74
0.74
0.75
0.75
0.7
0.73
0.73
0.73
0.71
0.72
0.74
0.73
0.72
0.72
0.71
0.67
0.67

0.86
0.86
0.87
0.87
0.82
0.85
0.85
0.85
0.85
0.85
0.87
0.86
0.84
0.85
0.84
0.81
0.81 11

Plant IS - Cycle 10

0.19
0.27
0.8
1.64
2.45
4.1
4.18
4.46
5.01
5.77
6.61
7.08
7.92
8.2

8.68

94.1 102.7
104.5 102.1
105 98.1

104.9 96.9
105 96.7

104.9 92.3
105 92.6

104.9 95.6
104.9 95.5
104.9 94
104.9 93
104.8 97.4
104.9 95.4
105.1 95.4
105 92.3

0.7
0.73
0.74
0.74
0.74
0.75
0.75
0.74
0.74
0.74
0.74
0.73
0.74
0.74
0.74

0.8
0.83
0.84
0.84
0.85
0.85
0.85
0.85
0.86
0.86
0.87.
0.86
0.87
0.87
0.88 11

Plant C - Cycle 30

0.43
1.13
1.85
2.25
2.53
3.33
3.84

110 98.2

109.8 97.7
109.8 94.7

109.5 93.8

109.8 93.4

109.7 94.5

109.9 88.6

0.71
0.71
0.71
0.72
0.72
0.72
0.73

0.88 11
0.87
0.88
0.89
0.89
0.87
0.9
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4.01 109.9 90.2
4.71 109.5 98.9
5.34 106.7 87
6.25 109.5 105.7
6.48 94.3 88.5
6.91 105.1 109.8

Plant C - Cycle 31

0.5 103.7 87.7
0.98 110.2 97.8
1.68 110 93.7
2.45 109.9 92.3
3.1 109.7 93
3.92 109.9 94.8
4.61 109.6 90.9
5.38 109.6 99.1
5.86 109.7 90.1
6.72 109.5 107.8
7.28 109.3 109.2

Non-proprietary Version

0.73 0.9
0.71 0.88
0.72 0.9
0.68 0.87
0.68 0.87
0.65 0.85 11

0.72
0.72
0.72
0.72
0.72
0.72
0.72
0.71
0.72
0.68
0.66

Plant E - Cycle 9

0.88
0.87
0.87
0.87
0.87
0.87
0.88
0.87
0.9
0.86
0.85

0.87
0.86
0.86
0.86
0.86
0.87
0.87
0.87
0.87
0.87
0.86
0.86
0.82
0.8

11

0.25
0.51
3.72
3.77
4.78
5.69
7.54
9.31
10.2

11.03
11.98
12.91
14.62
15.4

111.1 92.6
111.2 98.2
111.7 94
111.6 94.7
109.8 92.5
109.5 90.9
109.3 90.8
109.5 92.5
111.5 93.7
112 94.6

112.2 95
109 94
106 103.2

100.8 104.3

0.75
0.74
0.76
0.75
0.75
0.76
0.76
0.76
0.76
0.76
0.76
0.75
0.73
0.7 11

Plant E - Cycle 10

0.14
0.79
1.71

111.7 95.4
ill 93.9

113.5 95.6

0.76 0.84
0.76 0.84
0.77 0.85
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2.47 114.6 96.6
3.58 114.2 96.2
5.73 113.8 97.5
6.58 113.3 96.6
7.38 113.9 95.9
8.45 110.8 95.8

Non-proprietary Version

0.76 0.85
0.77 0.86
0.76 0.85
0.76 0.85
0.77 0.86

]] 0.76 0.86 11
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APPENDIX E PROPAGATION OF VOID FRACTION ERRORS TO VOID REACTIVITY
COEFFICIENT

This appendix performs a simple calculation of the impact of void-fraction errors on the value of
the void reactivity coefficient. Note, the terms void reactivity coefficient (VRC) and density
reactivity coefficient (DRC) are used to represent the change in core eigenvalue when the
moderator density changes. As the moderator density changes, the slowing down of the high-
energy fission neutrons changes; thus changing the core eigenvalue. The moderator density
can change because of a number of different effects. One of them is a change of void fraction;
thus, the terms void- and moderator-coefficient are often treated as interchangeable.

For this sample evaluation, we have used one particular example, which has been extracted
from a LAPUR code input deck. This particular deck corresponds to the Cofrentes instability
event in 1992. The cross sections and the LAPUR deck were developed by the Spanish
Consejo de Seguridad Nuclear (CSN) based on plant data.

LAPUR input deck cards number 20 & 21 contain the density reactivity coefficient in units of
%dK/K per g/cm 3. The moderator density is relative to the liquid density at 1000 psi

Table E-1. Density reactivity coefficient versus relative moderator density

Relative Moderator Density 0 0.2 0.4 0.6 0.8 1 1.2
DRC 43.97 32.71 24.15 18.28 15.10 14.62 16.83

Using the density of liquid and steam at 1000 psi, we can convert this table as function of the
void fraction

Table E-2. Density reactivity coefficient versus void fraction at 1000 psi

Void Fraction 0 0.2 0.4 0.6 0.8 1 1.2
DRC 43.97 32.71 24.15 18.28 15.10 14.62 16.83

Figure E-1 shows these data graphically, with an approximation given by the equation

AK
/K - 14.62 + 25.41 x a 2

Using the above equation, we have derived the error expected in the DRC given an error in void
fraction (a). The results are shown graphically in Figure E-2. As observed in this figure, the
DRC error is a function of the void fraction, but it levels to an approximate value of 1.25 percent
for void fractions greater than 60%, which is the range of interest. Therefore, we conclude that
a DRC error of 1.25 percent is a reasonable approximation of the error induced by a change in
actual void fraction of 1%. For example, if the predicted void fraction is 70%, but the actual void
fraction is 71%, the actual DRC is 1.25 percent higher than predicted.

Note that the numbers used in this report are representative of a BWR6, but DRC values
change with core loading, exposure, operating condition, etc.; therefore, the 1.25 percent error
should be consider as an indication for order of magnitude calculation. It is definitely not a
bounding number.
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Figure E-1. Density reactivity coefficient as function of void fraction (1000 psi)
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APPENDIX F - PART 21 EVALUATION

Evaluation of GHNE Part 21 Notification: Adequacy of GE thermal-Mechanical Methodology,

GSTRM

1.0 BACKGROUND

During the design certification review for the Economic Simplified Boiling Water Reactor
(ESBWR), the NRC staff discovered an issue in the GSTRM thermal-mechanical (T-M)
calculations, supporting the GE14 fuel designs. Specifically, the NRC staff discovered that the
GSTRM under-predicted the U0 2 fuel temperature calculations in comparison to both
FRAPCON-3 and PRIME calculations for high exposures. PRIME is a new T-M code (currently
under NRC review), which GHNE used for sensitivity analysis in response to ESBWR requests
for additional information (RAIs). From the review of the ESBWR, the NRC staff attributed the
observed differences primarily to the GSTRM U0 2 fuel thermal conductivity model, which does
not model the exposure dependency as compared to the other two codes.

In the NRC staff safety evaluation (SE) of GHNE licensing topical report (LTR) NEDC-33173P,
Revision 1 (Reference 1), the NRC staff evaluated the conservatism in the GSTRM T-M
methodology. Specifically, the confirmatory analyses performed in this review and the data
provided in the RAI responses revealed that GSTRM appeared to under-predict the internal rod
pressure calculation. During the review of the GSTRM T-M methodology in NEDC-33173P, the
NRC staff established that additional GSTRM benchmarking data was needed for the current
fuel designs as operated in the current core designs and operating strategies. GHNE had
committed to perform fission gas release (internal rod pressure) and exposure gamma scans.
However, the NRC staff needs additional information regarding the status and schedule of the
gamma scans. Attached are RAIs which address the additional benchmarking data status
needed.

The NRC staff requested that GHNE initiate an evaluation under Title 10 of the Code of Federal
Regulations (10 CFR) Part 21 in order to demonstrate the adequacy of the GSTRM T-M
methodology, regarding the observed GSTRM under-predictions in fuel temperature and
internal rod pressure, including its impact on the T-M fuel performance. In a letter dated
January 21, 2007, GE submitted the Part 21 Notification (Reference 2) that evaluated the
GSTRM T-M methodology.

The SE of LTR NEDC-33173P contains limitations and conditions that pertain to the
performance of the T-M methodology. Specifically, Limitation 14 in Section 9.0 of the SE, states
that the conclusions of the NRC staff assessment of information provided in the GSTRM Part 21
Notification will be applicable to the use of GE GSTRM T-M methodology.

This appendix provides the NRC staff assessment of the content of GE's GSTRM Part 21
Notification (Reference 2) and the associated RAI 9 responses (Reference 3). The conclusions
of this assessment applies to Limitation 14 of the NRC staff SE of NEDC-33173P, until such
time that the NRC staff receives T-M submittal that addresses the issues raised in the attached
RAIs and any follow-on staff audits.
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2.0 STAFF ASSESSMENT

The NRC staff evaluated the Part 21 Notification and the data provided in the T-M RAI
responses and found that it was inadequate for verifying the adequacy of GSTRM calculated
fuel rod temperatures and rod pressures.

Fuel Temperatures

In the Part 21 Notification, GHNE suggested that [[
]] However, this assessment was based on old data

obtained and used to validate GSTRM before 1984. Based on comparisons to NRC code
FRAPCON 3.3, the GSTRM best estimate fuel temperatures appear to be under-predicted,
even at relatively low burnups.

However, examination of the uncertainties applied to GSTRM fuel temperature calculations
provided in the RAI 9 response (Reference 3) shows that although the GSTRM best estimate
calculation underestimates the fuel centerline temperature, the conservative uncertainty
treatment compensates for the under-prediction, resulting in bounding 95/95 fuel centerline
temperatures. Therefore, the NRC staff concludes that the GSTRM fuel temperatures
calculation with the 95 percent uncertainty treatment is acceptable. This judgment is based on
the uncertainties applied in the RAI 9 (Reference 3) fuel temperature calculation, which is based
on NRC-approved uncertainty treatment methodology.

Rod Pressure

The analysis of rod pressure, Prod (term used here for clarity and not by GHNE), [[

]] GSTRM calculation of rod pressures relies on
two internal models: the fission gas release and the internal rod void volume model. The
fidelity of the internal rod pressure calculation depends on the accuracy of these two models.

GSTRM also appears to under-predict fission gas release and fuel rod pressures at the current
end-of-life high burnup levels. In the Part 21 Notification, GHNE states that the dated database
covered the range of current operating conditions. However, considering the database available
at the time of the GSTRM approval suggests that the linear heat generation rate (LHGR) range
may have been above the LHGR limits for current fuel designs only at low burnup levels and
may be significantly below current LHGR limits at high burnup levels characteristic of current
fuel designs. At high burnup levels, the LHGRs for which GHNE used to validate GSTRM were
most likely very low (much lower than current LHGR limits for the current fuel designs at high
burnup) and the uncertainties in fission gas release were also very high. Thus, the
corresponding rod pressure uncertainties were also high.
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The most recent industry fission gas release data at high burnups are either near or above the
GHNE LHGR limit and would be expected to provide a much better benchmarking database
than the GSTRM 1984 verification data. In addition, [[

]] while currently available data from Halden exceeds 80 GWD/MTU.

]] The NRC
staff FRAPCON 3.3 confirmatory calculation shows that GSTRM under-predicts the internal rod
pressure by 600 psi both for the nominal and the 95 percent confidence level. The lower
prediction demonstrates that although the internal rod pressure prediction meets the acceptance
criteria in terms of the Pcritical, the adequacy of the GSTRM uncertainty treatment needs to be
confirmed through measurement qualification data and corrected for licensing applications.

The NRC staff FRAPCON 3.3 confirmatory calculation determined a Pcritical value of 3200 psi rod
pressure limit (best estimate). This pressure limit (Pcritical) is used to determine the maximum rod
pressure where cladding creep equals fuel swelling consistent with the GE criterion for rod
pressure. [[

Therefore, the GSTRM code needs to be verified against fission gas release data typical of
current fuel design, at LHGRs near the GE LHGR limit at rod average burnups between 40 and
62 GWd/MTU. The fission gas release data used for verification needs to be provided in order
to demonstrate that it is near or bound their LHGR limits at high burnup based on current fuel
designs as operated.

Recently, a separate NRC staff audit preformed for the ESBWR followed up on the GE's
GSTRM T-M methodology. The NRC staff reviewing the ESBWR design revised FRAPCON-
3.3 confirmatory analyses and removed small differences in the input (e.g., stack densification
and void volumes). The new FRAPCON confirmatory analyses comparisons to the GSTRM rod
pressure calculation demonstrated that the GSTRM under-prediction may be less than the 500 -
600 psi under-prediction established in the earlier FRAPCON confirmatory calculations
(Reference 3). Therefore, the NRC staff finds that a decrease in the Pcriticai margin from 500 to
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350 psi is warranted considering the results of the corrected FRAPCON calculation. This shows
the difficulty of relying on code-to-code comparisons in validating the accuracy of calculational
methodology and code. The best approach to establishing the degree of GSTRM under-
prediction and uncertainties is by direct comparison of GSTRM internal rod pressure
calculations against measurement data (fission gas release and void volume) comparable to
design and maximum operating conditions for commercial fuel designs. The attached RAIs
request that such comparison be provided, using the dated GEl 1 and GE13 rod punctured test
data.

During this ESBWR audit GE also indicated that accounting for the "operating history"
assumption in the derivation of the LHGR and the calculation of the internal rod pressures
compensates for some of the non-conservatisms in the GSTRM internal rod pressure
calculation, with exposure. The assumption that the rod operates with bottom-, mid-, and
top-peaked power shapes through out the rod resident time in the core such that it places a
node of the rod at the LHGR limit is sometimes referred to as the "operating history"
assumption. This assumption increases the fission gas release, thus adding conservatism to
the internal rod pressure calculations. However, the internal rod pressure calculations provided
in the RAI 9 response (Reference 3) were based on consistent GSTRM/FRAPCON comparison
in which both codes utilized the same operating history assumption. The NRC staff
acknowledges that GHNE needs to submit additional follow-up information in order to conclude
the adequacy of GSTRM calculations in the long-term. The attached RAIs provide guidance of
the information and validation data that needs to be provided in the future GSTRM submittal.
Beyond responses to NRC staff audit findings, GHNE had not submitted or updated GSTRM
since the initial approval in the 1980s and an updated submittal is needed in order resolve the
NRC staff findings based on RAI response reviews, without a submittal. In the short-term, the
NRC staff concludes the observed GSTRM internal rod pressure calculations necessitates
additional margin to compensate for the internal rod pressure under-predictions.

Conclusion

The NRC staff determined that until such time that GE benchmarks the GSTRM methodology,
the Pcritical acceptance criteria will be reduced by 350 psi. This adjusted Pcritical must be used to
verify that the LHGR limit for the current fuel designs remains applicable with burnup.

Responses to the attached RAIs are needed in order to demonstrate the adequacy of GSTRM
for use in licensing applications.
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ATTACHMENT TO
APPENDIX F OF NRC STAFF SAFETY EVULATION OF NEDC-33173P

REQUEST FOR ADDITIONAL INFORMATION RELATING TO
PART 21 NOTIFICATION: ADEQUACY OF GE THERMAL-MECHANICAL METHODOLOGY,

GSTRM

1.0 GESTR-M Internal Rod Pressure Calculation Benchmarking (Kr-85 Plenum Gamma
Scan)

a. Provide PRIME and GESTR-M rod internal pressure comparisons up to high burnup at EOL.

b. For the GEl 1 and GE13 fission gas release data used in the Part 21 Notification (Reference
1), demonstrate that the operating LHGR rate for these data are near the GE14 LHGR limit
at high exposure. Correct for the geometric differences when translated to measured GE14
internal rod pressures.

c. Compare fission gas data for GEl 1 and GEl 3 to corresponding GSTRM calculations to
demonstrate the deviations between measured and predicted. Include in your discussion
how the GEl 1 and GE13 standard deviation and bias from GSTRM predictions is obtained
and compare to the GSTRM (original) assumed standard deviations and 95 percent
confidence level.

2.0 Fuel Swelling and Creep Models Benchmarking

The Part 21 Notification (Reference 1) states that the 100 psi under-prediction at the 95 percent
uncertainty level in the GESTRM rod internal pressure analysis is acceptable, because the
critical pressure calculation was conservative. GE attributes the stated conservatism to the
large conservatism in the fuel swelling model. The Part 21 Notification also shows that the
uncertainty in fuel swelling model was reduced by approximately a factor of 2.3 such that the
Pcritical value is increased. However, originally, the large conservatism was added in the fuel
swelling model to compensate for lack of conservatisms and uncertainties in the cladding creep
model. Therefore, it must be demonstrated that the conservative uncertainties in the GSTRM
fuel swelling and cladding creep models used to calculate Pcritical compensates for the GSTRM
under-prediction in rod pressure at the 95percent confidence level.

a. The following RAIs address the validation and benchmarking of the fuel swelling and creep
models.

i) Using available fuel swelling data such as the Halden data, demonstrate that the
conservatisms in the GSTRM fuel swelling model. Quantify both the uncertainties and
any biases.

ii) Quantify the cladding creep uncertainties based on post-irradiation diameter
measurements.
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b. Compare the critical pressure determined using the GSTRM current licensing bases against

the critical pressures based on the newly derived biases and uncertainties for cladding
creep and fuel swelling.

3.0 Process

As interim, the NRC concludes that non-conservatisms in GSTRM internal rod pressure
calculations needs to be corrected for the licensing bases application of GSTRM. [[

]] The NRC staff FRAPCON confirmatory calculations have
shown that GSTRM under-predicts the internal rod pressure by 350 to 500 psi both for the
nominal and the 95percent level. The lower prediction demonstrates that although the internal
rod pressure prediction meets the acceptance criteria in terms of the Pcriticah, the adequacy of the
GSTRM uncertainty treatment needs to be confirmed through measurement qualification data
and corrected for licensing applications.

Therefore, the NRC staff determined that until such time that GE benchmarks the GSTRM
methodology or demonstrates that Pcritical bounds the non-conservatism in GSTRM, the Pcritial

acceptance criteria will be reduced by 350 psi. This Pcritical adjusted must be used to verify that
LHGR limit for the current fuel designs remains applicable with burnup. The current T-M
licensing basis specifies the calculational methodology.

For the long-term resolution of the adequacy of the use of GSTRM to licensing application,
provide an update and status of the fission gas and exposure gamma scans committed to in
Reference 1.

a. Provide an assessment of the GSTRM benchmarking. Determine if current GSTRM
licensing methodology covers the uncertainties and any biases established through the
benchmarking requested in 1 and 2 above.

b. Submit the results of the requested validation and analyses. Provide any proposed
modification to the GSTRM methodology established through the requested benchmarking
data.


