
 
 

October 13, 2009 
 
 
Mr. Jerald G. Head 
Senior Vice President, Regulatory Affairs 
GE-Hitachi Nuclear Energy Americas LLC 
P.O. Box 780, M/C A-18 
Wilmington, NC 28401-0780 
 
SUBJECT: REQUEST FOR ADDITIONAL INFORMATION RE: GE-HITACHI NUCLEAR 

ENERGY AMERICAS, LLC (GEH) TOPICAL REPORT (TR) NEDC-33173P, 
SUPPLEMENT 3, “APPLICABILITY OF GE METHODS TO EXPANDED 
OPERATING DOMAINS – SUPPLEMENT FOR GNF2 FUEL” 
(TAC NO. ME1815) 

 
Dear Mr. Head: 
 
By letter dated July 31, 2009 (Agencywide Documents Access and Management System 
Accession No. ML092151079), GEH submitted for U.S. Nuclear Regulatory Commission (NRC) 
staff review TR NEDC-33173P, Supplement 3, “Applicability of GE Methods to Expanded 
Operating Domains – Supplement for GNF2 Fuel.”  Upon review of the information provided, the 
NRC staff has determined that additional information is needed to complete the review.   
 
On September 30, 2009, James F. Harrison, Vice President - Fuel Licensing, and I agreed that 
the NRC staff will receive your response to the enclosed Request for Additional Information 
(RAI) questions by October 12, 2009, except for RAI-8 of the enclosure, which will be received 
by November 20, 2009.  If you have any questions regarding the enclosed RAI questions, 
please contact me at 301-415-2365. 
      Sincerely, 
 
       /RA/ 
 
 
      Stephen S. Philpott, Project Manager 
      Special Projects Branch 

Division of Policy and Rulemaking 
Office of Nuclear Reactor Regulation 
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ENCLOSURE 

 

REQUEST FOR ADDITIONAL INFORMATION (RAI) 

BY THE OFFICE OF NUCLEAR REACTOR REGULATION 

LICENSING TOPICAL REPORT (LTR) NEDC-33173P, SUPPLEMENT 3, “APPLICABILITY OF 

GE METHODS TO EXPANDED OPERATING DOMAINS – SUPPLEMENT FOR GNF2 FUEL” 

GE-HITACHI NUCLEAR ENERGY AMERICAS, LLC (GEH) 

PROJECT NO. 710 

 
RAI-1 
 
Please confirm that Plant A from NEDC-33173P, Supplement 3 “Applicability of GE Methods to 
Expanded Operating Domains – Supplement for GNF2 Fuel,” dated July, 2009 (hereafter 
Supplement 3) is equivalent to Plant C from NEDC-33173P, “Applicability of GE Methods to 
Expanded Operating Domains,”  (hereafter the interim methods licensing topical report (IMLTR)) 
Appendix B. 
 
RAI-2 
 
Please provide information similar to that depicted in Figures 2-1, 2-2, 2-4, and 2-5 of 
Supplement 3 that addresses the relative performance of TGBLA06 and Monte Carlo N-Particle 
(MCNP) for GNF2 fuel under controlled conditions. 
 
Also, please demonstrate consistent performance in terms of the nuclear data extrapolation to 
higher void fractions between GNF2 and GE14.  Please provide a comparison of the 
extrapolated infinite lattice multiplication factor (kinf) to MCNP calculations at high void 
conditions.  For example, please use the polynomial TGBLA06 fit for kinf at 90 percent void 
fraction to compare to MCNP calculations (or an alternative higher order transport method) for 
GNF2 and GE14 fuel.  Compare the trends in uncertainty with the extrapolation to higher void 
conditions. 
 
RAI-3 
 
Please revise Supplement 3 to provide more clarity regarding the PRIME peak pellet exposure 
limit.  As PRIME has not been approved by the Nuclear Regulatory Commission (NRC) staff, 
please delete the peak pellet exposure limit for consistency with the status of the NRC staff’s 
ongoing review. 
 
RAI-4 
 
The GNF2 peak linear heat generation rate (LHGR) is higher than that for GE14.  Therefore, the 
NRC staff expects that cores designed with GNF2 fuel may include higher powered bundles.  
This will have the affect of potentially increasing the degree of expected bypass void formation 
for these assemblies early in life. 
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Low Flow Conditions 
 
Please evaluate the expected degree of bypass void formation under dual recirculation pump 
trip (2RPT) conditions for GNF2 assuming that the GNF2 was operating at or near the peak 
LHGR prior to the 2RPT.  Compare these results to those obtained for GE14.  Evaluate any 
adverse impact the GNF2 bypass void formation may have on: local power range monitor 
detector response, stability calculations, and power shape.  Please provide justification that the 
stability setpoint setdown limitation provides a sufficiently large conservatism in terms of long 
term stability solution performance to bound GNF2 relative to GE14 noting that at higher LHGR, 
the bypass void formation is expected to be higher. 
 
Radial Power Shape 
 
The NRC staff notes that GNF2 includes part length rods (PLRs) at the lattice edge.  Therefore, 
the effect of bypass void formation at high in-channel void fractions may not have the same 
impact for GNF2 as GE14 – or possibly the same impact but to a different extent.  Please 
compare the degree of power shape flattening expected for bypass void conditions for these two 
fuel types at high in-channel void fraction.  Please compare the redistributed power shape to the 
location of pins that are typically limiting in terms of boiling transition. 
 
RAI-5 
 
The NRC staff has questions regarding Figures 2-2 and 2-5 of Supplement 3:   
 

A. Please provide the void history or void histories used to perform the TGBLA06 depletion 
calculations.   

 
B. The NRC staff is aware that the version of TGBLA06 used to generate these nuclear 

data is corrected for the edge rod Dancoff factor calculation, but does this version also 
include the updates to the low-lying plutonium resonance correction?   

 
RAI-6 
 
Please clarify Figures 2-1, 2-2, 2-4, and 2-5 of Supplement 3.  Specifically, clarify what is meant 
by relative water density.  Please address that points appear for GE14 and GNF2 at the same 
“relative water density,” however, given different geometries and arrangements of PLRs, it is not 
expected that identical void fractions would yield identical relative water densities, depending on 
how this quantity is defined. 
 
For example, if relative water density is defined according to equation (1), the relative water 
density appears to be lattice geometry dependent for a given void fraction. 
 

    (1) 
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Where U is the relative water density, 
ρ is the static density,  
A is the flow area, 
0 denotes reference, 
f denotes in-channel, 
byp denotes external bypass, and  
wr denotes water rod 
 
At a given void fraction, the relative water density appears to vary between lattices as a function 
of the in-channel flow area.  Please clarify why several lattices appear on these figures at the 
same relative water densities. 
 
In the –A version of the LTR, please revise these figures by adjusting the label of the 
independent axis or shifting the points to a relative water density that is consistent with the 
definition provided in equation (1). 
 
RAI-7 
 
Table 2-1 of Supplement 3 appears to be in error, particularly the second entry in the bottom 
row.  Please correct this table in the –A version of the LTR. 
 
RAI-8 
 
Void history exposure reactivity coefficient biases and uncertainties predicted for GE14 may not 
be applicable to GNF2.  The NRC staff notes that the GNF2 heavy metal loading is higher than 
for GE14 and, as such, at equivalent void conditions the GNF2 spectrum is expected to be 
harder than the GE14 spectrum on this basis.   
 
Please provide a limited demonstration that is similar to Table SRXB-A-68-1 of Vermont Yankee 
Nuclear Power Station RAI SRXB-A-68 (Ref. 1) for the GNF2 lattices presented in Supplement 
3.  It is not necessary to provide an equally comprehensive table, but please consider the higher 
exposure range and please focus on lattices expected to experience higher void fractions 
located near the top of the core (e.g., above the part length fuel rods). 
 
Alternatively, the NRC staff is aware of a higher order transport based lattice method, 
LANCER 2, under development by Global Nuclear Fuel – Americas (GNF).  It would be 
acceptable to address this RAI with a table similar to Table SRXB-68-1 that compares the 
TGBLA06 and LANCER 2 void reactivity coefficient biases and uncertainties for GNF2. 
 
Alternatively, the NRC staff is aware that a void history exposure reactivity coefficient biases 
and uncertainties were incorporated in TRACG04.  This model requires a database generated 
using MCNP and TGBLA06 for GE14 and GNF2 lattices.  Please provide a comparison of these 
void reactivity coefficient data between the two fuel designs to justify the continued applicability 
of the bias and uncertainty used in ODYN. 
 
Alternatively, using a GNF2 MELLLA+ core design, provide sensitivity studies using TRACG04 
(with and without the void history exposure reactivity coefficient biases and uncertainties model) 
to generate a table similar to Table SRXB-A-68-4 (Reference 1) to demonstrate that the 
sensitivities for GNF2 are essentially the same or conservative relative to GE14. 
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References 
 
1. Letter from Entergy to USNRC, BVY 05-088, “Vermont Yankee Nuclear Power Station, 

Technical Specification Proposed Change No. 263 - Supplement No. 35, Extended Power 
Uprate - Response to Request for Additional Information,” dated September 28, 2005.  
(ADAMS Accession No. ML052770039) 

 
 
RAI-9 
 
Please compare Figures 2-1, 2-2, 2-3, and 2-4 of Supplement 3 to Figures 3-1, 3-2, 3-3, and 3-4 
of GNF TR NEDC-33270P, Revision 2, “GNF2 Advantage Generic Compliance with 
NEDE-24011-P-A (GESTAR II)” (ADAMS Package Accession No. ML091830644).  These 
figures appear inconsistent.  Please explain. 
 
RAI-10 
 
Please clarify the version of COBRA used to do the sub-channel analysis.  Is this version of 
COBRA consistent with the COBRAG model description that was submitted to the NRC staff in 
LTR NEDE-32199P, Revision 1, “COBRAG Subchannel Code – Model Description Report” 
(ADAMS Package Accession No. ML071910320)? 
 
RAI-11 
 
Certain features of the GNF2 fuel assembly make the bundle more stable than GE14 bundles in 
terms of core, regional, and channel instability modes.  These include a population of shorter 
PLRs to increase single phase pressure drop to two phase pressure drop ratio, and a thicker 
fuel pellet that increases the fuel thermal time constant.  Therefore, it is expected that the 
exclusion and back-up stability protection (BSP) regions analyzed for GNF2 fueled cores must 
be analyzed at increased power to flow ratios relative to the analysis conditions for GE14 fuel. 
 
Please provide an analysis at equivalent core and channel decay ratio (0.8) for GE14 and 
GNF2.  The results of this analysis should provide an assessment of the relative degree of in-
channel and bypass void for GNF2 at the exclusion or BSP region boundary relative to GE14.  
Comment on the significance of the difference in these void fractions.  In estimating the bypass 
void fraction, please use the ISCOR code (conservative) at power/flow conditions identified 
using ODYSY. 
 
Please also consider that the NRC staff has approved the use of the modified shape function 
(MSF) relative to the generic shape function.  Therefore, the limiting conditions analyzed for 
GE14 fuel in response to RAI 3.2(a)(iii) from the NRC staff’s review of the IMLTR are not 
necessarily the most limiting conditions along the exclusion boundary for GNF2 fuel.  In this 
comparison please consider the MSF an intermediate point between the natural circulation and 
high flow control lines to demonstrate the limiting condition has been identified.  
 
Please compare the calculated thermal-hydraulic conditions predicted for the stability threshold 
for GNF2 fuel (i.e., decay ratio ~ 0.8) to the predicted thermal-hydraulic conditions present for 
the ODYSY high decay ratio benchmarks. 
 



- 5 - 
 

Provide justification that the sensitivity of the ODYSY code to any additional uncertainty 
introduced by the higher void conditions has been adequately addressed by the IMLTR safety 
evaluation (SE) conditions and limitations. 
 
RAI-12 
 
GNF2 LHGR limits are higher at low exposure than GE14 limits.  However, the critical power 
performance as predicted by GEXL14 and GEXL17 indicates similarity between the two 
designs.  To establish conservatism in the emergency core cooling system – loss of coolant 
accident (ECCS-LOCA) evaluation, it is customary to place the limiting bundle at the peak 
LHGR with the maximum stored energy in a bundle operating below the operating limit minimum 
critical power ratio (OLMCPR).  This will yield the maximum value peak cladding temperature for 
the first peak that accounts for the maximum allowable operating space based on thermal limits 
considerations.  Given that the GNF2 LHGR limit is much higher than that of the GE14 design, 
while the OLMCPR is expected to be similar, how are the ECCS-LOCA analyses initialized for 
GNF2 loaded cores at extended power uprate (EPU) or maximum extended load line limit 
analysis plus (MELLLA+) conditions?  Please compare the conservatism associated with the 
ECCS-LOCA basis minimum critical power ratio (MCPR) iteration for GNF2 fuel to the 
conservatism for GE14 fuel. 
 
RAI-13 
 
The NRC staff has questions regarding the continued applicability of other relevant thermal-
hydraulic models to GNF2 fuel. 
 
In-core Liquid Entrainment 
Please describe how liquid entrainment in the core is modeled for GNF2.  Modern liquid 
entrainment correlations such as the one described in NEDE-32176P, Revision 3 appear to 
have geometry dependence.  Please address the GNF2-specific geometry in the response. 
 
Counter-Current Flow Limitation (CCFL) 

• Please provide the definition for the characteristic length, also referred to as the effective 
diameter, used in the calculation of the CCFL.   

• Please describe how the axially varying geometry of the GNF2 bundle is treated in 
SAFER and CORECOOL.   

• Please compare the GNF2 geometry to the experiments that were used to develop the 
CCFL correlation. 

• Please describe how the spacers are taken into account when using the CCFL 
correlation.   

 
Spray Heat Transfer 
Please justify the applicability of the CORECOOL core spray heat transfer model to GNF2.  
Please consider the differences in the qualification data and the GNF2 fuel design. 
 
RAI-14 
 
Section 4.2 is not sufficiently detailed.  In reference to the table in Section 4.2, please address 
the following sections: 
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The “BWR [boiling water reactor] product line” includes BWR/2.  Please clarify. 
 
Please footnote or otherwise clarify the “fuel product line” applicability statement to make it 
consistent with the Mixed Core Limitations in the NRC staff’s SE to the IMLTR. 
 
Please clarify the “licensing methodology” section.  This section refers to GEH nuclear and 
safety analysis methods.  Is it more appropriate to list GNF or a combination of GEH and GNF? 
 
In “Operating Domain,” please correct the typographical error “ELLA” to read “ELLLA.” 
 
The “Stability Solution” section states “GE Stability Solutions.”  Is it more appropriate to identify 
the solutions as BWR Owners’ Group (for Options EIA, I-D, II, and III) and GEH (for Detect and 
Suppress Solution – Confirmation Density (DSS-CD)) stability solutions? 
 
RAI-15 
 
Please evaluate any additional uncertainty in the power distribution that may be introduced due 
to the effect of bypass void formation on traversing in-core probe (TIP) instruments.  Please 
consider conditions of bypass voiding expected for GNF2 operating at or near the LHGR limits.  
Please address thermal and gamma TIP instruments separately.  The evaluation should 
consider the influence of radial power distribution, J-factor, and instrument sensitivity.  The 
power distribution uncertainties should consider integrated TIP (radial) redings near high 
powered GNF2 assemblies as well as axial power distribution, which may affect the LHGR 
uncertainty. 
 
RAI-16 
 
Limitation 6 requires that the plant specific R-factor be calculated consistent with the axial void 
conditions expected for the hot channel operating state.  The NRC staff notes that the LHGR 
rod power limit for GNF2 exceeds the LHGR limit for GE14 at low exposure.  Therefore, the 
NRC staff postulates that the bundle powers or lattice rod peaking for GNF2 bundles operated 
near thermal limits may exceed those experienced for GE14 bundles.  Therefore, either (1) rod-
to-rod power peaking, or (2) gross bundle power (hence void fraction) for GNF2 bundles 
operating in an EPU core may exceed those experienced for limiting GE14 bundles. 
 
Please provide a demonstration calculation of the GNF2 R-factor for an EPU or MELLLA+ 
transition core application (one reload quantity of GNF2 fuel and the balance GE14 fuel) that 
illustrates how Limitation 6 is met.  Specifically address the higher allowable LHGR for GNF2 
fuel. 
 
RAI-17 
 
BSP has been approved by the NRC staff for implementation at Option III plants.  However, 
NEDC-33173P, Revision 1 does not explicitly discuss BSP for Option III.  Please provide a 
discussion similar to those in NEDC-33173P, Revision 1 addressing BSP for Option III.  It is 
expected that the nature of this discussion will be generic, but please give specific consideration 
to GNF2. 
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RAI-18 
 
Section 3.6 of the IMLTR refers to the generic applicability envelope for MCPR margin.  Section 
3.6 of Supplement 3 only discusses the pressure drop and critical power correlation.  The NRC 
staff notes that the generic applicability envelope is only applicable to GE14 and earlier fuel 
designs.   
 
To assist the NRC staff in its review, please describe the calculations (and specify the methods 
used) that must be performed to support DSS-CD for (1) GNF2 loaded cores implementing 
DSS-CD, and (2) plants that utilize DSS-CD that are introducing GNF2 fuel. 
 
Please update Supplement 3 with a discussion regarding the analyses that must be performed 
to support DSS-CD and address the relevant uncertainties.  This discussion should be similar to 
the discussions provided in the IMLTR for the other stability solutions.  It is expected that this 
discussion will be generic in nature.  Please include additional discussion that specifically 
addresses GNF2 uncertainties. 
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