SAFETY EVALUATION FOR NEDC-33239P, “GE14 FOR ESBWR NUCLEAR DESIGN
REPORT,” AND NEDE-33197P, “GAMMA THERMOMETER SYSTEM FOR LPRM
CALIBRATION AND POWER SHAPE MONITORING,” LICENSING TOPICAL REPORTS FOR
REFERENCE IN THE ECONOMIC SIMPLIFIED BOILING-WATER REACTOR DESIGN
CERTIFICATION APPLICATION

EXECUTIVE SUMMARY

The staff of the U.S. Nuclear Regulatory Commission (NRC) reviewed the information contained
in licensing topical reports (LTRs) NEDC-33239P, “GE14 for ESBWR Nuclear Design Report,”
and NEDE-33197P, “Gamma Thermometer System for LPRM Calibration and Axial Power
Shape Monitoring,” for application to the economic simplified boiling-water reactor (ESBWR).
These LTRs describe core cycle analysis and online monitoring methodologies.

In general, core analysis methods are based on a combination of thermal hydraulic, neutronic,
and gamma transport models. The combination of these models and codes provide the basis
for the prediction of steady-state operational conditions, as well as the analysis input to transient
calculations. In particular, the methods for core monitoring determine safety and operational
limit margins and provide a means for correcting theoretical predictions of core cycle exposure
behavior to instrument measurements.

Although the NRC staff has previously reviewed most of these methods for currently operating
reactors, the staff has not previously reviewed these methods as applied to the ESBWR in view
of its unique design features. These features include the unique fuel design, the natural
circulation design and consequent range of in-core void fractions, the unique core monitoring
calibration technology, and the use of a new core adaption methodology.

The staff evaluated the efficacy of these methods to demonstrate compliance with general
design criteria using Section 4.3, “Nuclear Design,” of the Standard Review Plan (SRP) and
applicable guidance from SRP Section 15.0.2, “Review of Transient and Accident Analysis
Methods.” In the safety evaluation, the staff identified several conditions, limitations, and
restrictions associated with the suite of methods that comprise the nuclear design and core
monitoring methods. In general, these conditions, limitations, and restrictions are needed to
ensure that the execution of the methodology does not invalidate the uncertainty assessment
and that adequate margins are applied to ensure safety.

When the nuclear design codes and the core monitoring software were exercised within the
bounds of the aforementioned conditions, the staff concluded that the methodologies were
acceptable (as limited) to calculate results and to compare those results to the acceptance
criteria. Therefore, the staff finds the nuclear design and core monitoring methodologies to be
acceptable for reference in the ESBWR design certification application, potential future reload
licensing and potential future core monitoring.

Enclosure 1
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1. INTRODUCTION

GE- Hitachi Nuclear Energy Americas LLC (GEH or the applicant) submitted to the U.S. Nuclear
Regulatory Commission (NRC) NEDC-33239P, “GE14 for ESBWR Nuclear Design Report”
(Ref. 1), and NEDE-33197P, “Gamma Thermometer System for LPRM Calibration and Power
Shape Monitoring” (also referred to as the Gamma Thermometer Licensing Topical Report
(GT LTR)) (Ref. 2), for staff review as part of the design certification application review for the
economic simplified boiling-water reactor (ESBWR). The methods and design information in
these proprietary licensing topical reports (LTRs) provide the basis for information included in
the ESBWR Design Control Document (DCD) Tier 2, Section 4.3, “Nuclear Design.” GEH is
seeking U.S. Nuclear Regulatory Commission (NRC) approval of these LTRs for reference in
the ESBWR design certification application. These reports describe the generic core nuclear
design and core monitoring methods. Therefore, the staff reviewed the generic applicability of
these LTRs to the ESBWR.

2. REGULATORY BASIS

As required by Title 10, Section 52.47(a)(4), of the Code of Federal Regulations

(10 CFR 52.47(a)(4)), “Contents of Applications; Technical Information,” an applicant for
certification of a standard design must provide a final safety analysis report (FSAR) to the NRC
that describes, among other things, the performance of structures, systems, and components
(SSCs) provided for the prevention or mitigation of potential accidents. The applicant is seeking
generic approval of the TGBLAO6/PANAC11 code suite to perform licensing analyses for the
ESBWR.

ESBWR DCD Tier 2, Section 4.3, presents the ESBWR nuclear design bases. In general, as
required by the General Design Criteria (GDC) in 10 CFR Part 50, Appendix A, the nuclear
design must ensure that the specified acceptable fuel design limits (SAFDLs) will not be
exceeded during normal operation, including anticipated operational occurrences (AOOs), and
that the effects of postulated reactivity accidents will not cause significant damage to the reactor
coolant pressure boundary or impair the capability to cool the core or sustain unstable core
conditions. Specifically, the nuclear design must conform to the following GDC:

. GDC 10, “Reactor Design,” requiring the reactor design (reactor core, reactor coolant
system, control and protection systems) to ensure that the SAFDLS are not exceeded
during any condition of normal operation, including AOOs

. GDC 11, “Reactor Inherent Protection,” requiring a net negative prompt feedback
coefficient in the power operating range

. GDC 12, “Suppression of Reactor Power Oscillations,” requiring that power oscillations
that can result in conditions exceeding SAFDLs are not possible or can be reliably and
readily detected and suppressed

. GDC 13, “Instrumentation and Control,” requiring a control and monitoring system to
monitor variables and systems over their anticipated ranges for normal operation, AOOs,
and accident conditions



. GDC 20, “Protection System Functions,” requiring, in part, a protection system that
automatically initiates a reactivity control system to ensure that SAFDLs are not
exceeded as a result of AOOs

. GDC 25, “Protection System Requirements for Reactivity Control Malfunctions,”
requiring protection systems designed to ensure that SAFDLs are not exceeded for any
single malfunction of the reactivity control systems

. GDC 26, “Reactivity Control System Redundancy and Capability,” requiring, in part, two
independent reactivity control systems of different design principles, one of which is
capable of holding the reactor subcritical under cold conditions

. GDC 27, “Combined Reactivity Control Systems Capability,” requiring, in part, that the
reactivity control systems be designed to control reactivity changes during accident
conditions in conjunction with poison addition by the emergency core cooling system

. GDC 28, “Reactivity Limits,” requiring, in part, that the reactivity control systems be
designed to limit reactivity accidents so that the reactor coolant system boundary is not
damaged beyond limited local yielding

DCD Tier 2 provides analytical results to support compliance of the ESBWR with the above
GDCs. The staff reviewed the methodologies in supporting topical reports, NEDC-33239P
(Ref. 1) and NEDE-33197P (Ref. 2), to evaluate the efficacy of the proposed methodology to
produce acceptable results for reference in the ESBWR DCD. The staff reviewed information in
these LTRs and GEH responses to the staff’s requests for additional information (RAIs). The
staff determined that these LTRs are acceptable for reference, as documented in the following
sections.

The staff conducted its review of the associated topical reports in accordance with Standard
Review Plan (SRP) Section 4.3, “Nuclear Design,” (Ref. 4) and SRP Section 15.0.02, “Review
of Transient and Accident Analysis Methods” (Ref. 5)

3. TECHNICAL EVALUATION
3.1 Introduction

The subject LTR’s described the nuclear design methodology (TGBLAO6/PANAC11), as well as
the gamma thermometer (GT)-based core monitoring system (CMS). The TGBLAO06 and
PANAC11 codes are used to perform cycle safety analysis, and they form the calculational
engine of the GT CMS. The ESBWR nuclear instrumentation differs slightly from the current
operating fleet in that the GT CMS replaces the traversing in-core probe (TIP) system. This
unique design feature of the ESBWR calls for augmentation of the core monitoring methods to
support the GT design and warrants staff review of the instrument design and updated core
monitoring methods.

This safety evaluation (SE) divides the staff review into three sections. The first section
documents the staff review of the analytical capabilities of the nuclear design code suite. The
second section documents the staff review of the GT-based CMS. The third section documents
the efficacy of the codes to predict and monitor thermal margin.



3.2 Nuclear Design Methods (TGBLA06 and PANAC11)

TGBLAO6 and PANAC11 form the nuclear design code suite applied to the ESBWR nuclear
design safety analysis. TGBLAOG6 is a two-dimensional lattice physics code, while PANAC11 is
a three-dimensional nodal diffusion code. TGBLAO6 generates nuclear data that are utilized by
PANAC11 to calculate the reactor core power distribution, eigenvalue,’ control blade worth, and
other core nuclear characteristics.

PANAC11 forms the basis for the CMS software 3D MONICORE. 3D MONICORE utilizes the
PANAC11 computational engine and live plant data to monitor the core local power distribution
and thermal margin during cycle operation.

3.2.1 Background and Previous NRC Review

The TGBLAOG6/PANAC11 steady-state nuclear methods are based on the TGBLA04/PANAC10
methods that General Electric (GE) (how GEH) submitted for NRC staff review in July of 1983,
and which were subsequently approved by the staff in December of 1983 (Ref. 6). Several
models were upgraded to form the TGBLAO6/PANAC11 code suite. GEH implemented the new
suite in 1996 (Ref. 7). Subsequent to the implementation, the staff conducted a review of the
improved steady-state methods to a proposed extended power uprate (EPU) on a plant-specific
basis for Vermont Yankee (Ref. 8). Based on this review, GEH submitted an LTR detailing the
applicability of these methods (as well as others) to safety analyses for EPUs and maximum
extended load line limit analysis plus (MELLLA+) plants (Ref. 9). This LTR (NEDC-33173P—
also referred to as the Interim Methods Licensing Topical Report (IMLTR)) details the interim
methods process.

During the conduct of its review, the NRC staff identified concerns regarding the application of
the GEH nuclear design code suite to EPU and MELLLA+ plants. Many of these concerns stem
from the harder spectral conditions anticipated for EPU operation (i.e., the spectrum of energies
of the neutrons in a reactor operating under an EPU is shifted higher than that of the same
reactor before the EPU). Generally speaking, EPU cores operate at higher void fractions than
pre-EPU cores. Additionally, to maintain the same cycle length at higher thermal powers, the
fuel reload batches tend to include higher fissile uranium and gadolinia loadings. These three
factors all result in a “hardening” of the core average neutron spectrum. At these harder
spectral conditions, the isotopic modeling capabilities of the code become increasingly important
in the prediction of the core power distribution as a result of increased plutonium production
during cycle depletion.

The staff noted in its review of the IMLTR that the code system has not been qualified against
gamma scan data under EPU or MELLLA+ conditions (Ref. 10). The interim methods process
described in the IMLTR proposes an approach to account for potentially increased uncertainties
in the power distribution until additional qualification data are supplied to the NRC (GEH uses
qualification in this context to connote the development and benchmarking of analytical
methods). Similarly, during the IMLTR review, the staff identified concerns regarding the void
quality correlation. The staff noted that, at EPU and MELLLA+ operation, the bundle average
and maximum void fractions increase relative to pre-EPU conditions. The staff approves the
IMLTR in this regard subject to the condition that a penalty to the operating limit minimum
critical power ratio (OLMCPR) be incorporated to address concerns regarding potentially
increased void fraction uncertainties for higher void fractions (Ref. 10). These two interim

" In the context of GEH methods, the eigenvalue refers to the effective multiplication factor.
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penalties do not constitute a full list of all of the staff’'s concerns regarding the GEH nuclear
design codes; however, they represent significant review findings that are applicable to the
subject review as these topics address high void fraction conditions for EPU operation that are
similar to the ESBWR operating conditions.

Concurrent with its review of the IMLTR, the staff reviewed the migration from the
TGBLAO4/PANAC10/TRACGO2 transient analysis methods to the updated
TGBLAOG6/PANAC11/TRACGO04 transient analysis methods for the operating fleet. GEH
submitted LTR NEDE-32906P, Supplement 3, “Migration to TRACG04/PANAC11 from
TRACGO02/PANAC10 for TRAGC AOO and ATWS Overpressure Transients” (also referred to
as the Migration LTR) (Ref. 12) in 2006. During its review of the IMLTR, the staff deferred the
review of the applicability of the Transient Reactor Analysis Code (TRACG) methods to EPU
and MELLLA+ plants to the Migration LTR. The staff reviewed the applicability of the updated
nuclear codes as they are utilized in the TRACGO04 transient analysis methodology.
Reference 13 documents the staff's review findings.

The staff conducted a detailed review of the theoretical basis of the TGBLAO6/PANAC11 codes
during its review of the Migration LTR. The staff review of the models is documented in
Section 3.3 of Reference 13. In its review, the staff found that the modeling approach and
assumptions were reasonable and acceptable for safety analysis so long as the code
uncertainties were adequately captured in the analysis. During its review, the staff found that
many of the penalties imposed in the IMLTR SE were also applicable to the Migration LTR.

The staff noted that the proposed ESBWR design is a high-power density plant operating under
conditions of natural circulation. This operating regime, when considered in tandem with the
proposed feedwater temperature power operating domain (Ref. 14), yields high core average
and high maximum void fractions in the fuel bundles. These conditions are similar to those
conditions expected for EPU operation in the current operating fleet of plants. Therefore, in the
subject review, the staff leveraged previous experience gained through its review of the GEH
methods for EPU and MELLLA+.

3.2.2 Steady-State Calculations

GEH performed steady-state calculations using the nuclear design methods to demonstrate
compliance with several of the GDCs specified in SRP Section 4.3. The staff reviewed the
qualification of TGBLAOG/PANAC11 to perform these steady-state calculations, any features
unique to the ESBWR affecting these analyses, and the overall method for evaluating
compliance with the relevant GDC.

3.2.2.1 Qualification

The nuclear design methodology qualification provided in NEDC-33239P (Ref. 1) is essentially
identical to the qualification provided to the staff in the form of RAI responses during its review
of the IMLTR and NEDC-33006P, “General Electric Boiling Water Reactor Maximum Extended
Load Line Limit Analysis Plus” (also referred to as the MELLLA+ Licensing Topical Report
(M+LTR)) (Refs. 9 and 15). For instance, the TIP data provided in NEDC-33239P are the same
TIP data provided in response to RAls 25 and 27 issued during the IMLTR review. The staff
also utilized these qualification data in its review of the Migration LTR (Ref. 13). The staff
agrees that these data are applicable because, from a neutronic and thermal hydraulic
perspective, the ESBWR core is substantially similar to a large EPU core.



While the ESBWR power-to-flow ratio is substantially higher than those plants in the updated
experience database, the staff noted that the ESBWR neutron spectrum is expected to be
largely similar to an EPU core (as opposed to a MELLLA+ core at the low flow point) because
several design features result in lower nodal average void fractions for the same power-to-flow
ratio. These features include (1) the N- lattice design, (2) high inlet subcooling, and (3) shorter
fuel bundles.

Therefore, the staff considered whether those conditions and limitations specified in the SE for
the IMLTR should also apply to the ESBWR. The staff has identified relevant conditions and
addressed their applicability to the ESBWR in the following sections.

3.2.2.1.1 Condition 4—Safety Limit Minimum Critical Power Ratio 1 from the Safety
Evaluation for the Interim Methods Licensing Topical Report

As described below, the staff finds that the interim process penalty regarding the [[

11 applies to the ESBWR. The staff noted that the OLMCPR determination
process, as described in Reference 16, differs slightly from the process utilized in the operating
fleet. Therefore, Condition 4 from the staff's SE for the IMLTR is not directly applicable because
(1) the safety limit minimum critical power ratio (SLMCPR) is derived from the OLMCPR and
(2) adding 0.02 to the SLMCPR does not result in any additional thermal margin, according to
the ESBWR methodology. Accordingly, the staff finds the subject LTR acceptable in this
respect only if it is subject to a modified condition that the OLMCPR be derived using a [[

]] that is consistent with [[ 2
1] reported in the IMLTR (Ref. 9). Specifically, the LTR states this
condition as follows (additional staff review of the language of this condition is documented in
Appendix B of this SE).

[ P

The [[ 11 is a component of the linear heat generation rate
(LHGR) and OLMCPR calculation uncertainties. Its value is determined using a [[

]l on gamma scan data. NEDC-33173P-A reports the value
determined using this approach as [[ 11

This condition applies to the ESBWR for the same reasons the NRC staff approved the
i 1] for currently operation reactors in NEDC-33173P-A.
Should the NRC approve an alternative approach for establishing the aforementioned
uncertainties in subsequent supplements to or revisions of the NEDC-33173P LTR, the
approved, alternative approach may be adopted in NEDE-33197P-A in lieu of this
condition without separate NRC review and approval.

i 1] of the uncertainty value must be submitted to the NRC before the
change is incorporated into any safety analysis basis.

The staff is aware that GEH intends to submit qualification gamma scan data as a supplement
to the IMLTR (Ref. 9). This condition is intended to ensure that, if the staff should revise the

2 Il 1l

3 This condition reflects the staff SE for the IMLTR and Section 9.3.1.2 of the GT LTR and is incorporated in
the LTR through the applicant’s response to RAI 7.2-71.
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[[ ]] in subsequent reviews of supplements to the IMLTR, the
uncertainty used for the ESBWR will be consistent with the approved, revised value or
maintained at the aforementioned value (which would be conservatively higher than the
approved, revised value).

Condition 4 from the SE for the IMLTR is derived from a modification of the [[

11 as well as the lattice peaking factor uncertainty. Similar to the [[

]] condition, the interim methods process details an increased lattice peaking factor
uncertainty based on the [[ ]1]. Both the maximum linear heat generation rate
(MLHGR) limit and the OLMCPR utilize this lattice peaking factor uncertainty. In the case of the
OLMCPR, the lattice peaking factor uncertainty affects the uncertainty in the bundle R-factor.
The R-factor is a parameter that characterizes the coolant-averaged radial power peaking in the
bundle. Therefore, the staff approves NEDE-33197P and NEDC-33239P in this regard subject
to the following two conditions:

Peaking Factor Uncertainty for MLHGR Condition*

The LHGR infinite lattice peaking factor uncertainty value is determined [[ 1]
using the statistical analysis of the population of peak power as a function of exposure.
The GE14E-specific LHGR infinite lattice peaking factor uncertainty determined using
this approach is [[ ]I. This uncertainty will be determined whenever a new
fuel product is applied to a particular ESBWR core loading.

This condition applies to the ESBWR for the same reasons the NRC staff approved the
Il 1] for currently operation reactors in NEDC-33173P-A.
Should the NRC approve an alternative approach for establishing the aforementioned
uncertainties in subsequent supplements to or revisions of the NEDC-33173P LTR, the
approved, alternative approach may be adopted in NEDE-33197P-A in lieu of this
condition without separate NRC review and approval.

Any reduction of the uncertainty value must be submitted to the NRC before the change
is incorporated into any safety analysis basis.

Peaking Factor Uncertainty for OLMCPR Condition®

NEDC-32601P-A describes the method for calculating the R-factor uncertainty. When
determining the R-factor uncertainty for ESBWR analyses, the infinite lattice peaking
model uncertainty value will be assumed as equal to, or more conservative than, the
LHGR infinite lattice peaking factor uncertainty value for a particular ESBWR core
loading.

Any change of the uncertainty value must be submitted to the NRC before the change is
incorporated into any safety analysis basis.

This condition is consistent with the staff SE for the IMLTR and is incorporated in the LTR through the
applicant’s response to RAls 4.3-2 and 7.2-71.

This condition is consistent with the staff SE for the IMLTR and is incorporated in the LTR through the
applicant’s response to RAI 7.2-71.
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The staff is aware that GEH intends to submit qualification gamma scan data as a supplement
to the IMLTR (Ref. 9). These conditions are intended to ensure that, should the staff revise the
lattice peaking factor uncertainty in subsequent reviews of supplements to the IMLTR, the
uncertainty used for the ESBWR will be consistent with the approved, revised value or
conservatively higher than the approved, revised value.

The staff noted that, for the case of the lattice peaking factor uncertainty, the response to

RAI 4.3-2 S02-A provides an alternative means for calculating the value of the lattice peaking
factor uncertainty on a fuel-design-specific basis using the [[ 1I. Therefore, the
staff approves the subject LTRs in this regard subject to the condition on this approach to
ensure that the uncertainty is evaluated over the appropriate range of fuel exposure.

Peaking Factor Uncertainty and Fuel Exposure Condition®

The LHGR infinite lattice pin power uncertainty must represent the full range of fuel
lattice exposure values. The calculated peak pellet exposure must be confirmed by
GEH or the licensee referencing the LTR to comply with the corresponding licensing limit
approved by the NRC. The design analysis described in NEDC-33242P, “GE14 for
ESBWR Fuel Rod Thermal Mechanical Design Report,” establishes the licensing limit for
GE14E (Ref. 11).

3.2.2.1.2 Condition 6—R-Factor from the Safety Evaluation for the Interim Methods
Licensing Topical Report

The staff finds that Condition 6 from the IMLTR is also applicable to the ESBWR, with a slight
modification. Condition 6 from the staff’'s SE for the IMLTR states:

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+ [extended power uprate/maximum extended load
line limit analysis plus] application will confirm that the R-factor calculation is
consistent with the hot channel axial void conditions

For the ESBWR, GEH proposed modified language to capture the substance of this IMLTR
condition without the inclusion of a plant-specific submittal for EPU or MELLLA+ operation. The
staff finds that this modified wording is appropriate and ensures technical consistency with the
substance of Condition 6.

R-Factor Condition’

The bundle R-factor must be calculated using representative lattice pin power
distributions and axial void and power profiles.

This condition reflects the staff SE for the IMLTR and is incorporated in the LTR through the applicant’s
response to RAI 7.2-71.

This condition reflects the staff SE for the IMLTR and with the response to RAI 4.4-68 and incorporated in
the LTR through response to RAI 7.2-71.
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3.2.2.1.3 Condition 13—Application of 10 Weight Percent Gadolinia from the Safety
Evaluation for the Interim Methods Licensing Topical Report

The staff considered Condition 13 in terms of the T-M methodology qualification, however, the
gadolinia bias in the neutronic methods has not been quantified above 8 weight percent (w/o)
gadolinia. Therefore, the staff approves the NEDE-33197P and NEDC-33239P LTRs in this
regard subject to a corollary condition regarding the application to high gadolinia loadings. The
downstream transient analysis incorporates TGBLAO6 gadolinia biases using TRACGO04.
Section 3.2.3.1.3 of this SE provides additional discussion of these biases.

TGBLAO06 8-Weight-Percent Gadolinia Restriction®

TGBLAOG6 is not approved to analyze fuel lattices with gadolinia burnable poison
loadings in excess of 8 w/o gadolinia until the NRC staff quantifies and reviews the
gadolinia bias.

Should GEH seek loadings in excess of 8 w/o gadolinia that GEH will quantify the biases
and submit these biases for NRC staff review.

3.2.2.1.4 Condition 17—Steady-State 5-Percent Bypass Voiding from the Safety
Evaluation for the Interim Methods Licensing Topical Report

Section 5 of the SE for the IMLTR provides the basis for the five percent bypass void limitation
(Ref. 10). This basis is generic and therefore applicable to the ESBWR. The staff modified the
language of the condition to reflect the fact that the ESBWR utilizes the feedwater temperature
power operating domain as opposed to a flow control window.

Steady-State 5-Percent Bypass Voiding Limitation®
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 at the upper boundary of the allowable operating domain.
3.2.2.1.5 Mixed Oxide Fuel
NEDC-33239P (Ref. 1) only addresses the application of TGBLAOG6/PANAC11 to uranium oxide
fuel. The LTR does not request approval for mixed oxide fuel. For the purpose of clarification,
the staff approves the NEDE-33197P and NEDC-33239P LTRs in this regard subject to the
following restriction:
Mixed Oxide Fuel Restriction

TGBLAOQG is not approved to analyze mixed oxide fuel.

The staff's approval does not extend to the application of TGBLAO6 to mixed oxide fuel.

This condition is incorporated in the LTR through response to RAIl 7.2-71.

o This condition reflects the staff SE for the IMLTR and with NEDO-33338 (Ref. 14) and incorporated in the
LTR through response to RAI 7.2-71.

The staff added this condition for clarification; approval is not sought for mixed oxide fuel under the subject
LTRs.
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3.2.2.1.6 Bundle Isotopic Tracking

The original version of NEDC-33239P (Ref. 1) described a model for bundle isotopic tracking.
The staff was uncertain as to how the ESBWR licensing framework used this model and
requested additional information in RAIs 21.6-86 and 21.6-94. In response to these RAIls, GEH
revised NEDC-33239P to eliminate discussion of the bundle isotopic tracking model. For
clarification purposes, the staff approves the NEDE-33197P and NEDC-33239P LTRs in this
regard subject to the following restriction on the PANAC11 nuclear design methodology (for
additional information regarding the staff's technical review, see Item B.57 in Appendix B to the
SE):

Bundle Isotopic Tracking Model Restriction’

The staff did not perform a review of the bundle isotopic tracking model. Therefore, staff
approval of NEDC-33239P does not constitute approval of the bundle isotopic tracking
model.

3.2.2.2 ESBWR-Specific Analysis Features

While leveraging previous experience in the subject review, the staff separately considered the
unique aspects of the ESBWR core design. Most importantly, these design features include the
instrumentation, core size, and chimneys and natural circulation. The staff separately reviewed
the GT instrumentation and CMS in Section 3.3 of this report. In addition, Section 3.2.2.1.6 of
this SE describes the staff’'s consideration of a new model included in NEDC-33239P (Ref. 1)
regarding bundle isotopics.

3.2.2.21 Core Size

The staff noted that the PANAC11 method is based on a nodal diffusion approach, which relies
on the prediction of local diffusion parameter values to solve for the core power distribution and
eigenvalue. Because the core size does not impact the ability of the code to predict the values
of the nodal parameters, there are no inherent limits on the PANAC11 method in terms of core
size. The staff considered the core height only insofar as it indirectly affects the spectral
conditions during depletion and axial leakage predictions.

The shortened core height, wider interassembly spacing, and higher inlet subcooling all tend to
result in lower core average void fractions relative to the cores in the operating fleet at the same
core power-to-flow ratio. Since the ESBWR is designed to operate under conditions of natural
circulation, it operates at higher core power-to-flow ratios than currently operating reactors.
Therefore, the staff expects the spectral conditions during core depletion to be similar to those
experienced at operating fleet EPU cores. The staff has noted this aspect of the ESBWR in
Section 3.2.2.1 of this SE.

The staff reviewed the reflector boundary conditions. Mixed-type boundary conditions are
employed for the radial and axial reflectors. The reflector diffusion coefficient is determined
based on the cross-sections. At the upper axial extreme, the reflector diffusion coefficient may
be specified as a function of upper nodal relative water density to capture the effect of increased
neutron leakage with decreasing water density at the top of the core (Ref. 1). Because the

" The staff added this limitation for clarification. The staff communicated this limitation to GEH through

RAI 21.6-86 and it was incorporated by LTR revision.

-13-



model has the capability to treat the phenomenon explicitly, the staff finds that the gross axial
leakage will be accurately predicted.

Another analysis potentially sensitive to the reactor core size is the prediction of higher neutron
flux harmonics for the purpose of calculating regional mode stability margin. Section 3.2.3.2 of
this SE documents the staff review of the use of PANAC11 for this purpose.

3.2.2.2.2 Chimneys and Natural Circulation

Integral to the nuclear design methodology is the prediction of the channel flow rates. The
channel flow rates are used to evaluate the nodal void fractions. An iterative scheme (the
power-void iteration) is used to calculate the thermal hydraulic conditions and the power
distribution. Therefore, the staff reviewed the PANAC11 methodology for determining the
bundle flow rates because the ESBWR is unique in that the design includes chimneys.
Specifically, the design (1) includes chimney partitions above the core and (2) is intended to
operate under the conditions of natural circulation.

The basic premise in the core flow distribution calculation is that each channel flow rate is
balanced such that each channel has the same pressure drop. To rapidly converge on the core
flow distribution, the model selects characteristic flow channels based on the channel power,
axial power shape, crud deposit thickness, orifice size, and channel geometry. The flow
distribution for these characteristic channels is determined so that the total core flow is
maintained and the pressure drop is balanced across the characteristic channels.

Il

1]

In RAI 4.4-38, the staff requested additional information regarding the input assumptions in
terms of the crud thickness. Since the flow rate is expected to be sensitive to local pressure
losses under natural circulation conditions, the staff requested information regarding the model
assumptions for crud. The staff reviewed the information provided in the response and agrees
that the channel mass flow rate is insensitive to the crud thickness; therefore, the nuclear design
analysis results are not significantly impacted by these assumptions (for additional information
regarding the staff’s technical review, see Item B.10 in Appendix B to the SE).

In RAI 4.4-39, the staff requested additional information regarding the assumption of uniform
core pressure drop. The staff requested additional information since the chimney partitions may
block thermal hydraulic communication between adjacent super bundles. The staff reviewed
the information provided in the response and determined that: [[

1] (for additional information
regarding the staff’s technical review, see Item B.11 in Appendix B to the SE).

In RAI 21.6-88, the staff requested additional information regarding the characteristic channel
method. The staff reviewed the information provided in the response. The response details a
subtle difference between the nuclear design method as applied to the ESBWR and the
previously approved method described in Reference 6. For the ESBWR, TRACG is used
iteratively to calculate the core flow as opposed to using the automated heat balance module in
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PANAC11. On the basis of the response, the staff determined that TRACG has sufficient
capability to model natural circulation and therefore the staff concludes that the use of TRACG
in the nuclear design process and the revisions to the LTR to clarify the method were
acceptable. However, the staff approves the NEDE-33197P and NEDC-33239P LTRs in this
regard subject to the following condition on the limited use of TRACG in the steady-state
standard production nuclear design calculations (for additional information regarding the staff’s
technical review, see Item B.59 in Appendix B to the SE):

Bypass Flow Lookup Table Condition™

Licensing evaluations performed with PANAC11 must use bypass flow fractions
consistent with all core operating states, as determined by TRACGO04, and input in the
core simulator to accurately determine the bypass flow. Bypass flow tables or explicit
modeling of data from TRACGO04 can be used for PANAC11 input values.

3.2.2.3 General Design Criterion 11

To demonstrate compliance with the requirements of GDC 11, the applicant performed
calculations to determine the magnitude and nature of the reactivity feedback coefficients.
These include the Doppler, moderator temperature, and void reactivity coefficients. These
calculations are performed to demonstrate that the reactivity coefficients ensure inherent
negative feedback.

The applicant calculated a representative Doppler reactivity coefficient based on lattice
calculations for the dominant zone in each of the two fuel bundle types loaded in the reference
loading pattern. The applicant performed its analyses by perturbing the fuel temperature based
on reference depletion cases within the TGBLAOG lattice physics code. The application of a
temperature perturbation, which was applied at several points during the depletion, is the same
procedure as performing a temperature branch calculation for each depletion history. The staff
has previously found that TGBLAOQG is acceptable for this purpose (Ref. 6 and 7).

The Doppler coefficient was estimated based on the eigenvalue difference and the magnitude of
the temperature perturbation. The staff finds this approach acceptable as the coefficient
calculation is based on the accepted functional dependence of resonance absorption on fuel
temperature and is meant to be an indicator of the magnitude and nature of the coefficient. The
Doppler coefficient is a strong function of the fertile uranium (e.g. uranium-238) inventory, which
is not strongly dependent on the depletion. The applicant’s calculations based on lattice
depletion indicate that the variation in Doppler coefficient through irradiation is not significant, as
illustrated in tabulated eigenvalues for the dominant lattices. These results are expected and
confirm that the lattice calculations for several depletion points can be applied to a core with
various bundles at different exposures.

Furthermore, the staff finds the lattice perturbation calculation acceptable because the Doppler
coefficient was shown to be similar for all the depletion points. The Doppler coefficient is a
resonant absorption phenomenon and is not sensitive to core neutron leakage. Therefore, the
staff finds that infinite lattice calculations for this purpose are acceptable.

The applicant calculated the moderator temperature coefficient using the PANAC11 core
simulator with fixed thermal hydraulic conditions and perturbed lattice parameters. GEH used

12 This condition reflects the response to RAI 21.6-88 incorporated in the LTR through response to RAI 7.2-71.
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the TGBLAOG code to perform moderator temperature branch cases. These nuclear
parameters were then exchanged into the core simulator model to simulate, neutronically, the
change in moderator temperature for each node in the core model. The applicant calculated the
moderator temperature coefficient based on differences in core eigenvalue. The staff finds this
approach acceptable because the core model solves for the eigenvalue based on perturbed
nodal nuclear parameters, but no modifications are made in the core simulator. The
perturbation is carried out in TGBLAO6 in much the same manner as a branch case calculation,
for which TGBLAOG is suited. Therefore, the combination of these methods would translate the
effect on nodal parameters from a perturbation in moderator temperature to a change in the
core eigenvalue.

GEH calculated the void reactivity coefficient in the power range of operation by perturbing the
inlet enthalpy to the core simulator model and tabulating the difference in core eigenvalue and
core average void content. The applicant performed several perturbations to average the void
coefficient for the core. The staff finds this approach acceptable because perturbing inlet
enthalpy will shift the boiling boundary within the core simulator, thereby perturbing the void
distribution throughout the core. By performing several perturbations, the applicant ensures that
the point estimates for the void coefficient are consistently negative. While this approach gives
an estimate of a whole core void reactivity coefficient, the applicant further identified a limiting
condition (cold shutdown) for the void coefficient and performed several calculations at cold
shutdown conditions.

For these nominal corewide calculations, the void reactivity is based on lattice parameters
developed by TGBLAOG6 that account for the instantaneous as well as historical void history.
Under high void exposure, the buildup of plutonium results in a nonlinear behavior in the
reactivity dependence on the void fraction. References 7 and 9 analyze this phenomenon for
expanded operating domain boiling-water reactors (BWRs). In response to RAI 4.3-3, the
applicant provided a validation of the efficacy of the production technique to predict fuel
isotopics relative to explicit depletion calculations carried out at high void fractions (for additional
information regarding the staff's technical review, see Iltem B.4 in Appendix B to the SE).
Therefore, while other NRC staff reviews have addressed the application of these methods at
high void conditions, the applicant chose to provide a secondary analysis emulating the
reactivity effects of introducing voids at cold conditions.

The cold calculations cannot be performed using the inlet perturbation because the coolant is
subcooled throughout the entire core at cold conditions. The cold condition will be the limiting
scenario (meaning least negative void coefficient) in that the spectrum is over-moderated and
the magnitude of the void coefficient decreases with decreasing void.

To perform these calculations for the cold void reactivity coefficient, the applicant applied a
method similar to that for the moderator temperature coefficient, whereby the core simulator

was used with lattice parameters that were perturbed by doing void branch calculations using
TGBLAOG6. [[

1l
[l

11 The difference in core
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eigenvalue is then used to verify that, in the most limiting condition, the void reactivity coefficient
remains negative. The staff finds that this approach, regardless of the high void exposure void
reactivity bias, provides an estimate of void reactivity feedback that is sufficiently accurate and
conservative to demonstrate a net negative prompt feedback coefficient and thus ensure
compliance with GDC 11.

3.2.2.4 General Design Criteria 25, 26, and 27

GDC 25 requires that the protection system be designed to assure that SAFDLs are not
exceeded assuming a single malfunction of the reactivity control systems. GDC 26 requires two
reactivity control systems based on different design principles. GDC 27 requires that the
combined capability of the reactivity control systems, in conjunction with poison addition by the
ECCS, be sufficient to assure that the capability to cool the core is maintained under accident
conditions. As described below, several PANAC11 eigenvalue calculations demonstrate
compliance with GDC 25, 26, and 27.

PANAC11 calculates core eigenvalues based on the nodal parameters and the thermal
hydraulic model. The control rods are explicitly treated because the TGBLAQ6-generated lattice
parameters include bladed as well as unbladed lattice parameters. PANAC11 includes a
sophisticated model to account for the impact of the bladed or unbladed exposure history on the
nodal reactivity. The combined depletion cases, bladed branch cases, and control blade history
models allow for accurate prediction of the impact of the control blades on nodal, and hence
corewide, reactivity. The efficacy of the PANAC11 control blade history model is sufficient to
capture the impact of bladed and unbladed periods of irradiation on the reactivity. However, the
shutdown margin (SDM) calculations include both the reactivity effects of xenon and the
reactivity effects of boron in the case of standby liquid control system injection.

To evaluate the SDM, PANAC11 must consider the design-basis eigenvalues. The design-
basis eigenvalues account for known biases in the core simulator in terms of predicting the core
reactivity. The staff requested additional information regarding the design-basis eigenvalues in
RAIs 4.4-45 and 4.4-46. The staff reviewed the responses and found that the design-basis
eigenvalue accounting methodology is acceptable (for additional information regarding the
staff’s technical review, see Item B.13 in Appendix B to the SE).

The accuracy in the prediction of the SDM depends on the accuracy of the neutronic methods to
predict the distributed criticality. Distributed criticality refers to the overall core criticality under
conditions in which the control blades throughout the core are removed and the core is coupled
neutronically. Local criticality, by contrast, refers to a configuration in which the core becomes
critical with all rods in and one, or possibly two, adjacent control blades removed. A local cold
critical test demonstrates the method’s ability to predict directly the worth of the strongest rod
out configuration.

In its response to the staff's RAls during review of the IMLTR, the applicant provided recent cold
critical demonstration data for two BWR/4 reactors based on in-sequence measurements. Local
critical measurements are not available. The results provided for [[

]]. However, because of the
use of a 1 percent Ak/k design SDM, this case still meets the 0.38 percent Ak/k TS requirement
(Ref. 29). However, these data reflect the need for additional margin in the SDM calculations to
compensate for potentially higher model uncertainties.
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Some licensees of existing plants perform local cold critical measurements on an infrequent
basis. These local cold critical measurements can be used to assess the calculation accuracy
of the neutronic methods for the worth of the strongest rod. Reference 30 provides data to
demonstrate the accuracy of the prediction of both distributed and local critical measurements
for high-power-density plants. The overall standard deviation of predictions of the cold critical
eigenvalue was [[

1.

The GEH methodology applies a [[ 1] to account for observed
differences between local and distributed cold critical data. Figure 4-3 of Reference 1
graphically depicts this approach.

The impact of EPU operation was assessed by the review of data provided in Reference 30,
which provides data for three successive cycles (23, 24, and 25) for a plant that began EPU
operation in cycle 25. However, both cycles 24 and 25 were designed for EPU operation. The
data provided indicate that there is essentially no change in the cold critical prediction based on
EPU core designs.

Because the ESBWR core design is substantially similar neutronically to EPU core designs, the
staff finds that (1) there is reasonable assurance that ESBWR operation will not result in an
unexpected trend in eigenvalue bias and (2) relevant operating reactor cycle data form a valid
basis for determining the predictable cold eigenvalue margin in the SDM determination before
cycle operation.

However, with additional uncertainties accounted for in the design-basis SDM, the staff finds
that the design-basis SDM of 1 percent Ak/k affords little uncertainty margin to account for
errors in the prediction of the cold eigenvalue bias. During startup, the demonstration
eigenvalue is determined by entering the critical rod pattern into the core simulator and
predicting the eigenvalue. When the demonstration eigenvalue exceeds unity, this indicates
that the code is overpredicting the cold eigenvalue. When the demonstration eigenvalue
exceeds the cold critical design-basis eigenvalue, this suggests that the calculated SDM is
conservative because it indicates that the calculated eigenvalue in the strongest rod out
configuration is over predicted.

In addition to the uncertainties discussed above, GEH has historically applied a design margin
of 1 percent Ak/k SDM to ensure that the 0.38 percent Ak/k TS requirement is met. The design
margin accounts for the following factors that affect the prediction of the SDM:

Il

1]

The staff finds that the design-basis SDM of 1 percent Ak/k provides adequate margin to
account for the uncertainties that affect prediction of the cold critical behavior of the reactor core
at EPU conditions. However, the applicability of the 1 percent Ak/k SDM is based on
operational data for which experience provides a high degree of assurance that the predictable
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cold eigenvalue bias is quantified and applicable to future cycle analyses. The staff determined
that this approach is acceptable. The initial core design, however, requires the selection of
design basis eigenvalues without direct ESBWR operating experience. The selection of the
initial core design basis eigenvalues is outside the scope of the current review and is addressed
in the staff’'s review of the Initial Core Licensing Topical Report (IC LTR) (Ref. 17).

Nonetheless, the review documented herein is applicable to the design certification analysis
with respect to the equilibrium cycle and potential reload applications.

PANAC11 has several internal options for calculating control rod worth and, therefore, SDM.
The staff requested additional information in RAI 4.4-53 regarding the use of PANAC11 to
calculate the SDM. GEH provided these details in its response to RAI 4.4-53 (for additional
information regarding the staff’s technical review, see ltem B.19 in Appendix B to the SE).
Individual control rod worth can be calculated using two different procedures. The first method
employs a three-dimensional core model. The core reactivity with a control rod fully inserted is
compared to the core reactivity with that same rod fully withdrawn, and the control rod worth is
determined based on the difference between the two full-core reactivities. This calculation is
repeated for each control rod to determine the highest worth control rod for SDM calculations.
PANAC11 also includes an option for estimating the control rod worth based on self-adjoint
weighting and the integrated two-dimensional radial flux profile. The staff accepts the strongest
rod determination based on the full three-dimensional modeling to account for any axial effects
that may affect control blade worth. Therefore, the staff approves the NEDE-33197P and
NEDC-33239P LTRs in this regard subject to the following condition:

PANAC11 Three-Dimensional Shutdown Margin Condition

The ESBWR SDM calculation must be performed using three-dimensional methods.
The two-dimensional rod worth estimation technique is not approved for licensing
analysis.

When calculating SDM, PANAC11 includes an option for deactivating the Doppler reactivity
worth model. When the model is deactivated, PANAC11 SDM includes the change in reactivity
as a result of cooling the reactor from hot full-power conditions (including temperature) to cold
conditions. This misrepresents the reactivity worth of the control blades. Therefore, the staff
accepts the determination of the SDM when the Doppler reactivity effect is accounted for
independently of the scram worth. Therefore, the staff approves the NEDE-33197P and
NEDC-33239P LTRs in this regard subject to the following condition:

Scram Reactivity Calculation Condition™

The scram reactivity calculated using the PANAC11 neutronic solver must be calculated
with Doppler reactivity feedback modeling activated to accurately determine the
reactivity effect of the blades without including the Doppler reactivity in the scram
reactivity.

For the boron worth determination, the lattice parameters are also calculated based on boron
concentration branch cases. Therefore, the analysis explicitly treats the effect of the boron
injection of the core eigenvalue. Accordingly, the staff finds that the boron model is qualified

13 The staff added this condition for clarification. It reflects the applicant’s response to RAI 4.4-53 and

Section 4.8 of NEDC-33239P Rev 4 (Ref. 1).
The LTR incorporates this condition through the applicant’s response to RAI 7.2-71.
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over the range of application to the ESBWR. Additionally, the boron libraries were generated to
(1) be within the range of the TGBLAO6 qualification, (2) bound the cold shutdown
concentrations for the ESBWR, and (3) remain sufficiently similar so as not to invalidate the
accuracy of the linear interpolation between the two values. Therefore, the staff approves the
NEDE-33197P and NEDC-33239P LTRs in this regard subject to the following limitation:

Boron Branch Limitation®

For the standby liquid control system shutdown analysis, the TGBLAOG6 borated libraries
must be generated with lattice boron inventories between 600 parts per million (ppm)
and 1,000 ppm natural boron equivalent.

In the case of the xenon concentration, the model calculations treat the xenon effects separately
from all other fission products, allowing the core simulator to calculate the core eigenvalue
during steady-state operation while also allowing the code to set the xenon concentration to
zero for SDM calculations. The staff has reviewed the xenon worth model incorporated into the
core simulator and finds the approach acceptable for determining the effect of xenon on
reactivity and power distribution. The staff has previously reviewed and approved this model
(Ref. 6). Therefore, the SDM calculation is a specific use of the acceptable xenon worth model
where the concentration is fixed at zero.

On the basis of the PANAC11 cold temperature models and associated TGBLAOG input and
design-basis eigenvalue selection, the staff finds that the PANAC11 eigenvalue calculations are
sufficiently accurate to predict the core reactivity. In addition, GEH has adequately justified the
design margin to demonstrate compliance with the ESBWR proposed design bases with respect
to GDC 25, 26, and 27.

3.2.2.5 General Design Criterion 28

Compliance with GDC 28 is demonstrated, in part, by analysis of the consequences of a
postulated control rod drop accident (CRDA). The analysis methodology is reported in the
response to RAI 4.6-23 S02 (Ref. 24). The staff noted some conservatism in the analysis. In
particular, the adiabatic assumption precludes any void formation (which would insert negative
reactivity during the accident). Also, the calculations assumed that the worth of the dropped
rod, regardless of its position during the startup withdrawal sequence, is added to a critical
reactor.

The analysis appropriately assumes that the control rod is dropped from its full inserted position
to the position of the drive and accounts for the effects of exposure explicitly.

The staff noted that the calculation included neither operator error nor calculational biases and
uncertainties. The staff, however, has reviewed the applicability of PANAC11 to evaluating
nuclear characteristics for the ESBWR. The staff finds that PANAC11 is suitable for
calculations of blade worth for the ESBWR (see Section 3.2.2.4 of this SE). The staff has
approved previous versions of PANACEA to provide control blade worth and control rod drop
shape information to downstream transient evaluations (Refs. 18, 19, 20, and 21). Therefore,
the staff finds that the calculations are indicative of the expected ESBWR behavior; however,
the staff does not find that the brief description of the reload licensing methodology is adequate

18 This condition is consistent with Section 4.9 of NEDC-33239P (Ref. 1) and incorporated through response to

RAI 7.2-71.
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to determine its generic application to all ESBWR reload licensing evaluations because this
method description does not address modeling biases, uncertainty or operator error.

Therefore, the staff's acceptance of the analytical results for the initial and equilibrium core
designs does not constitute staff approval of the generic reload licensing methodology outlined
in the response to RAI 4.6-23 S02. With respect to the cycle-specific CRDA evaluations, DCD
Section 4.6.2.1.5 states that cycle-specific confirmatory evaluations will be performed based on
an NRC-approved or NRC-accepted method for reload cores to ensure that all current and
emerging requirements pertaining to a postulated CRDA are met.

The staff finds that the low enthalpy rises are a result of low blade worth (less than 80 cents in
all cases). Therefore, the staff finds that the calculational results indicating large margin are
expected. The staff finds that consideration of modeling biases, uncertainty, and operator error
would not result in changes to the analytic result on the order of magnitude of the available
margin because the available margin is approximately 1000%. The large margins to cladding
failure for the ESBWR assure that, for the core design described in the DCD, the radiological
consequences are bounded by the DCD analyses and that barrier integrity has been
demonstrated.

3.2.3 Interface with TRACGO04 for Transient Calculations

The nuclear design codes TGBLAO06 and PANAC11 perform steady-state evaluations, but also
provide nuclear data to TRACGO04 for transient evaluations. The TRACGO04 three-dimensional
kinetics solver is identical to the PANAC11 neutronic solver. Therefore, the staff review of the
neutronic methods considered the efficacy of these codes to generate acceptable nuclear data
for downstream transient analyses.

Nuclear data generated by PANAC11 is passed to TRACGO04 through the PANACEA wrapup
file. The staff requested additional information regarding the PANACEA wrapup file in

RAI 21.6-85. The response to RAI 21.6-85 describes the contents of the file. The staff
reviewed the response and finds that the data are sufficient to fully characterize the kinetic
parameters in the core for subsequent transient analyses (for additional information regarding
the staff’s technical review, see Item B.56 of Appendix B of this SE). Accordingly, RAI 21.6-85
is resolved.

Transient analyses are performed to demonstrate compliance with GDC 10, 20, and 12. In the
case of GDC 10 and GDC 20, transient analyses demonstrate that the reactor protection system
is capable of shutting down the reactor before the fuel exceeds any SAFDLs. In the case of
GDC 12, perturbation analyses are performed with TRACGO04 to calculate various decay ratios.
The staff reviewed the applicability of PANAC11 to provide upstream data for these analyses,
as documented in Sections 3.2.3.1 and 3.2.3.2 of this document.

3.2.3.1 General Design Criteria 10 and 20

Nuclear data generated from TGBLAO6 and PANAC11 are used to perform transient analyses
by providing input to the TRACG transient reactor analysis code. Therefore, this section of the
SE addresses the adequacy of the PANACEA-generated nuclear data for performing transient
analyses. The staff has previously reviewed the use of PANAC11 for this purpose in its review
of the Migration LTR (Refs. 12 and 13) for AOO and anticipated transient without scram (ATWS)
overpressure transient analyses for the operating fleet.
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In its review of the Migration LTR, the staff identified two primary technical concerns: (1) void
reactivity coefficient biases and uncertainties based on uniform void history and (2) nodal void
fraction mismatch affecting transient analyses.

In the conduct of its review of the nuclear design methods for use in ESBWR AOO and
infrequent event (IE) analyses, the staff considered the applicability of the staff’s findings from
the Migration LTR as well as additional concerns regarding the use of historically determined
gadolinia bias information for the ESBWR fuel design.

3.2.3.1.1 Void Reactivity Coefficient Biases and Uncertainties

In RAI 21.6-111, the staff requested that GEH revise the void reactivity coefficient biases and
uncertainties to more accurately account for nodal void history. The response to the RAI
provides the updated model description and the results of TGBLA06 and Monte Carlo N Particle
Transport Code (MCNP) comparisons (for additional information regarding the staff’s technical
review, see Item B.61 in Appendix B to the SE).

The staff has found that the TGBLAO6 to MCNP comparisons were adequate to determine the
differences in eigenvalue trends with void fraction as a function of void fraction, void history, and
exposure to adequately capture these effects on the transient nodal response during AOO or IE
simulation with TRACGO04 (Ref. 13). On this basis, the staff finds that the model is acceptable
and allows extension of the methodology to ESBWR conditions by explicitly modeling the hard
spectrum exposure conditions typical of the ESBWR design.

In its review of the void reactivity coefficient correction model, the staff determined that
TRACGO04 is not acceptable for AOO and ATWS overpressure transient analysis for the
ESBWR unless this correction model is activated (Ref. 13).

Furthermore, the void coefficient correction model is based on specific lattice calculations
performed using TGBLAO6 and MCNP. Lattice designs vary with fuel bundle design; therefore,
a set of lattices may not be representative of all future fuel designs. The current lattice set is
based on representative modern fuel designs (10 X 10 rod arrays). Applicants or licensees
referencing NEDC-33239P (Ref. 1) should either (1) confirm that the void coefficient correction
model includes lattice information that is representative of the licensee’s fuel or (2) update the
void reactivity coefficient correction model lattice database for consistency and evaluate the
uncertainties and biases. Therefore, the staff approves the NEDE-33197P and NEDC-33239P
LTRs in this regard subject to the following void exposure history bias condition:

Void Exposure History Bias Condition™®
Use of PANAC11-generated nuclear data for ESBWR reload transient analyses (AOO,
stability, or ATWS) requires that TRACG utilize the void reactivity coefficient correction

model described in NEDE-32906P-A, Supplement 3. The fuel lattices input to the model
must represent the cycle-specific fuel loading.

3.2.3.1.2 Void Fraction Mismatch during Initialization

In its review of the Migration LTR, the staff found that differences in the PANAC11 standalone
thermal hydraulic model and the TRACGO04 thermal hydraulic model led to differences in the

16 This condition is incorporated in the LTR through response to RAls 21.6-111 and 7.2-71.
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predicted void fraction. The staff requested additional information, in RAI 32 of the Migration
LTR review, regarding the effect of the void fraction mismatch. The staff SE for the Migration
LTR states the following (Ref. 13):

The NRC staff’'s conclusions here are predicated on consideration of those transients
that are typically limiting transients in reload licensing analyses. The staff considered
those potentially limiting events for the operating fleet of BWR/2-6 reactors. Therefore,
the NRC staff’s findings in this matter may not be applicable to other BWR designs.

The ESBWR is generally limited by cool down or cold water injection transients as opposed to
pressurization transients. Therefore, in RAI 21.6-111 S01, the staff requested additional
information regarding the effects of the void fraction mismatch on transient calculations.

RAI 21.6-111 was issued to address the void exposure history effect on void reactivity biases
and uncertainties and is substantially similar to RAI 30 relating to the staff review of the
Migration LTR. Because the subject of RAlI 21.6-111 S01 is TRACG thermal hydraulic
modeling, the staff review of the response to the RAl is outside the scope of the current review.
The staff was able to complete its review of the neutronic model on the basis of the response to
RAI 21.6-111 (for additional information regarding the staff's technical review, see ltem B.61 in
Appendix B of the SE). The staff’s review of the response to RAI 21.6-111 S01 is documented
in the SEs for the TRACGO04 application to the ESBWR (NEDE-33083P and its supplements
(e.g., Ref. 22)).

3.2.3.1.3 Gadolinia Biases

TRACG also accounts for gadolinia biases. As described in its response to RAI 4.4-35, the
applicant explained that gadolinia biases are captured based on an operating experience
database (for additional information regarding the staff’s technical review, see Iltem B.7 in
Appendix B to the SE). The void dependence of the gadolinia bias, however, is sufficiently
small that modifying the gadolinia bias treatment for the ESBWR-specific operating conditions
would result in a negligible change in predicted dynamic response. Therefore, the staff finds the
method for including this bias through TRACG analysis to be acceptable for the ESBWR
application. Accordingly, RAI 4.4-35 is resolved.

3.2.3.2 General Design Criterion 12

To demonstrate compliance with GDC 12, GEH performed analyses using the TRACGO04
transient methodology. The purpose of these calculations is to determine the channel,
core-wide, and regional mode decay ratios. Acceptance criteria are established for the decay
ratios based on TRACGO04 method and uncertainties. The staff has reviewed and approved the
TRACGO04 stability methodology (Ref. 22).

In its SE for NEDE-33083P Supplement 1 the staff stated that the design certification review of
the ESBWR will address uncertainties in the physics parameters. The staff did not consider the
methods employed for generating cross-sections for TRACG as part of the scope of the review
of NEDE-33083P, Supplement 1 (Ref. 22), in which the void coefficient is a primary factor in
determining core stability.

The staff has reviewed the efficacy of the nuclear design methods to provide cross-section data

to TRACGO04. The response to RAI 21.6-111 provides a revised methodology for incorporating
void reactivity coefficient biases and uncertainties (for additional information regarding the staff’s
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technical review, see Item B.61 in Appendix B to the SE). As with analysis of transients, the
staff finds that PANAC11 is suitable for providing nuclear data for the TRACGO04 stability
analyses when this revised methodology is used. Accordingly, the staff approves the use of
PANAC11 in this respect subject to the condition documented in Section 3.2.3.1.1.

Aside from supplying nuclear data to TRACGO04, PANAC11 is also used to predict the first
harmonic power shape for use in TRACG nodalization and to determine the radial symmetry
plane for the purpose of perturbing the core conditions to excite the regional mode oscillation.

The harmonics module is designed to calculate the flux shape for higher harmonic modes of the
flux. The power module calculates the fundamental mode flux distribution. The harmonics
module uses the same solution technique, but at each step in the iteration subtracts the
fundamental, as well as all lower, harmonic mode solutions from the flux. Therefore, the
solution iterates to convergence on increasingly higher harmonic modes. The power technique
also calculates the core eigenvalue. The difference in these eigenvalues gives the eigenvalue
separation between the modes.

It should be noted that the harmonics module can only be used for a full-core model, otherwise
there is no way to capture asymmetries in the neutron flux.

Flux Harmonic Condition"’

The regional mode stability analysis must be performed using a radial nodalization in
TRACGO04 based on the PANAC11-generated first harmonic mode. The harmonic
calculation performed by PANAC11 must use a full-core representation.

The staff finds that the solution technique for the higher harmonic flux shapes is well supported
by the theoretical application and the qualification of the model. The staff has previously
reviewed and approved the application of the harmonic flux shape in the determination process
for the TRACG nodalization and perturbation for the ESBWR stability methodology described in
Reference 22. Therefore, the staff finds that PANAC11 is suitable for providing input to inform
the TRACG nodalization for ESBWR stability evaluations.

3.24 Code Documentation, Maintenance, and Quality Assurance

The nuclear design codes support the transient and accident analyses provided in DCD
Chapter 15. Additionally, PANAC11 forms the kinetic methodology in the TRACG transient
code. Therefore, the staff conducted its review of the calculational methods in accordance with
SRP Section 15.0.2. This SRP section directs the staff to review the complete code
documentation. This documentation discusses (1) the evaluation model, (2) the accident
scenario identification process, (3) the code assessment, (4) the uncertainty analysis, (5) a
theory manual, (6) a user manual, and (7) the quality assurance program.

The staff conducted an audit of the nuclear design codes to review these code documents.
Because the nuclear design codes play a supporting role in the transient and accident analysis
methods, the staff did not review the accident scenario identification process as part of the
subject review.

i This condition reflects the staff’'s safety evaluation report for NEDE-33083P, Supplement 1 (Ref. 22), and

incorporated in the LTR through response to RAI 7.2-71.
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The staff reviewed the accident scenario identification process in its review of NEDE-33083
(Ref. 22) and its supplements.

Reference 23 documents the staff audit. The staff reviewed the complete code documentation.
The staff approves the NEDE-33197P and NEDC-33239P LTRs in this regard subject to
following condition on the approval of the nuclear design codes:

Code Usage Condition"®

The limitations on TGBLA06 and PANAC11 code usage, as described in the user
manuals, are a condition of the acceptance of these methodologies for the ESBWR.
Changes to the manuals that are made in accordance with the quality assurance
procedures audited by the staff, as documented in the applicable reference, do not
require NRC review and approval. However, if used in the safety analysis, the
cycle-specific supplemental reload licensing report (SRLR) must document these
changes.

In the conduct of its audit, the staff reviewed the quality assurance program guiding code
updates and code error corrections. The staff finds that the program addressed the SRP
Section 15.0.2 criteria of design control, document control, software configuration control and
testing, and error identification and corrective actions (Reference 23). The staff identified one
open item regarding code drift. “Code drift” refers to changes between revisions that fall within
acceptance criteria during each revision, but occur subsequently such that a consistent trend in
these changes may compound. This is a particular concern because the internal code revision
procedures and guidance do not call for comparisons of code revisions to either the originally
approved code or to any data in the original qualification.

The staff identified an open item as part of the audit and requested in RAI 4.3-4 that GEH
assess whether TGBLAO6/PANAC11 code revisions have resulted in code drift. The staff
reviewed the response to RAI 4.3-4 and determined that code drift has not occurred during the
maintenance of these codes since NRC approval (for additional information regarding the staff's
technical review, see Item B.5 in Appendix B to the SE). Reference 23 documents the closure
of the open item.

The staff noted that code maintenance activities in certain instances result in code modifications
or updates. Specifically, 10 CFR 52.98, “Finality of Combined Licenses; Information Requests,”
outlines the regulatory change processes that may apply to address the potential for future code
updates. Guidelines for prior NRC review and approval of future code updates are consistent
with the definition of a methodology change in 10 CFR 50.59(a)(1) and the criteria of

10 CFR 50.59(c)(2)(viii) to ensure that the methodology is not adversely impacted for reload
licensing or core monitoring purposes. In this vein, the staff approves the NEDE-33197P and
NEDC-33239P LTRs in this regard subject to the following code change limitation:

Code Change Limitation"®

e The NRC staff considers modifications to the models described in NEDC-33239P-A
or MFN 098-96 to constitute a departure from a method of evaluation in the safety

18

o This condition is incorporated in the LTR through response to RAl 7.2-71.

This condition is incorporated in the LTR through response to RAI 7.2-71.
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analysis, and they may not be used for licensing calculations without prior NRC
review and approval.

e The NRC considers modifications to the TGBLAO6/PANAC11 codes that result in
inconsistency with the NEDC-33239P-A LTR to constitute a departure from a method
of evaluation in the safety analysis, and they may not be used for licensing
calculations without prior NRC review and approval of the necessary revisions to the
LTR.

e The NRC staff considers modifications to the TGBLAO6/PANAC11 codes or the GT
CMS software that result in inconsistency with the NEDE-33197P-A LTR to
constitute a departure from a method of evaluation in the safety analysis, and they
may not be used for licensing calculations without prior NRC review and approval of
the necessary revisions to the LTR.

e The NRC staff does not consider updates to the PANAC11 nuclear methods to
ensure compatibility with other NRC-approved methods to constitute a departure
from a method of evaluation in the safety analysis. These updates may be used for
licensing calculations without prior NRC review and approval so long as the
predicted ESBWR equilibrium cycle MLHGR or the downstream ACPR/ICPR for the
potentially limiting transients (calculated by TRACGO04) show less than a 1-standard-
deviation difference.

e The NRC staff does not consider increases in the spatial or energy resolution in the
TGBLAOQG lattice physics method to constitute a departure from a method of
evaluation in the safety analysis. These updates may be used for licensing
calculations without prior NRC review and approval so long as the uncertainties in
the lattice parameters do not increase as a result. In all cases, the cycle-specific
SRLR, if used in the safety analysis, must document modifications or updates done
without prior NRC review and approval.

o The NRC staff does not consider changes in the numerical methods to improve code
convergence to constitute a departure from a method of evaluation in the safety
analysis, and they may be used in the licensing calculations without prior NRC
review and approval.

3.3 Gamma Thermometer Core Monitoring System

To meet the requirements of GDC 13, the ESBWR incorporates a GT-based CMS. The GT
replace TIPs used in the operating fleet of reactors to perform the functions of LPRM calibration
and axial power shape (APS) adaption. The GT LTR (Ref. 2) describes the GT devices, the
principle of their operation, and their interface with the 3D MONICORE core simulator. The staff
reviewed the GT system and the GT CMS to ensure that these instruments were sufficiently
capable to monitor the fission process. The staff also reviewed the GT system to determine how
data collected from these devices are used in the CMS to monitor thermal margin.

3.3.1 Design Description

As shown in Figure 1-3 of the GT LTR (Ref. 2), the LPRM/GT assembly consists of a GT rod
with seven GT sensors and the normal compliment of four LPRMs. One GT sensor is
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positioned adjacent to each LPRM and one midway between each pair of LPRMs. In addition to
GT sensors, a cable pack is placed in the center of the GT rod. This cable pack (see Figure 1 in
Ref. 31) is a tightly compacted system consisting of the central heater cable and nine
thermocouple locations, seven of which are utilized in the ESBWR design. The central heater
cable provides a means of calibrating the thermometers.

3.3.2 Principle of Operation

Figure 1-2 of the GT LTR (Ref. 2) depicts the principle of GT operation. GT sensors are
intended to determine the local power distribution by measuring the relative intensity of the
gamma flux at the detector location. The instrument is formed by a metallic sensing region that
is insulated from the core bypass by an argon fill gas chamber.

During reactor operation, prompt and delayed gamma energy released from the fuel is
deposited in the metallic heating section. The heat is then conducted primarily through the
metallic section to the noninsulated portion of the device and removed by the bypass cooling
water. The insulated and noninsulated sections include hot and cold thermocouple junctions,
respectively. The thermocouple is used to measure the temperature difference between the
insulated and noninsulated sections. The measured temperature difference is related to the
amount of heat deposited in the sensing section, which in turn is related to the local gamma flux.
The local fission power is also related to the local gamma flux.

3.3.3 Equipment Design and Experimental Qualification

The staff conducted a review of the GT design described in the GT LTR (Ref. 2) to ensure that
the device would operate as intended. The staff requested detailed design information in

RAI 7.2-5 regarding the makeup of the GT components. The response provides the materials
used to construct the device (for additional information regarding the staff’s technical review,
see ltem B.22 in Appendix B to the SE). The staff was primarily concerned about the
conductivity and electrical insulation properties of these materials. In the case of the fill gas, the
staff was concerned about the fill gas pressure and the thermal insulation properties of the
insulating fill gas region. The staff reviewed the response and finds that the design choices are
appropriate to allow the device to perform as intended.

In addition, the staff requested additional information regarding the performance of the
thermoelement. In particular, the staff requested additional information in RAls 7.2-6 and 7.2-8
regarding the thermocouple signal response. The response to RAI 7.2-6 provides additional
clarification regarding the influence of the calibration heat wire current on the thermocouple
signal and demonstrates sufficient insulation to prevent erroneous thermocouple indication
during calibration (for additional information regarding the staff’s technical review, see Item B.23
in Appendix B to the SE). The staff requested information in RAI 7.2-8 regarding any influence
of dissimilar metal interfaces on thermoelement signals.

The response provides justification that the design of the device does not result in erroneous
signal output caused by any voltages induced by dissimilar metal interfaces (for additional
information regarding the staff's technical review, see Iltem B.25 in Appendix B to the SE).

As described above, the staff reviewed the information provided in the GT LTR and the
responses to RAls 7.2-5, 7.2-6, and 7.2-8. On the basis of this information, the staff finds that
the equipment design is appropriate to perform its intended function. Accordingly, RAls 7.2-5,
7.2-6, and 7.2-8 are resolved.
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The efficacy of the GT is further demonstrated by in-plant tests performed at Limerick 2,
Tokai 2, and Kashiwazaki-Kariwa Unit 5 (K5). These test data include comparisons between
GT and TIP measurements and provide reasonable assurance that the GT provides an
acceptably accurate measurement of the local power. In the conduct of its review, the staff
requested additional information to justify the applicability of the in-plant test data to the
ESBWR. The response to RAls 4.2-12 S02-12 and 4.3-2 S02-C-1 justify the in-plant test data
applicability and clarify the use of the in-plant test data as part of the overall GT CMS
qualification and uncertainty analysis. The staff reviewed these responses and finds that the
data were used in a limited scope commensurate with the degree of the detail provided by these
tests (for additional information regarding the staff’s technical review, see Items B.1.2.5 and
B.3.6.3 in Appendix B to the SE).

On the basis of the in-plant qualification and detailed design information evaluated above, the
staff finds that the GT design is acceptable.

3.3.4 Signal to Power

The GT CMS utilizes the voltage readings from the GT thermocouples to infer the local reactor
power. To perform this function, the signal must be analyzed using various models to relate the
voltage to the gamma heating and, in turn, the gamma heating to the local fission power. This
process requires GT CMS models of the GT instrument and gamma transport models.

The staff reviewed these models and their bases to evaluate the efficacy of the GT CMS to infer
the local reactor power distribution. Section 3.3.9 of this SE discusses the staff’s review of the
capability of the GT CMS to determine the entire reactor power distribution based on the local
power information inferred from the GT .

3.3.4.1 [ 11 Method

The GT CMS relies on the [[ 1] method to correlate the GT voltage to the gamma
heating. As described in Section 3.3.2, the GT CMS operates by relating the temperature
difference across the GT hot and cold junctions to the gamma heat deposition in the insulated
section. However, this relationship is not linear. Effects such as variation in the GT thermal
conductivity at various temperatures mean that the sensitivity of the instrument changes at
various temperatures. To address this effect, the GT CMS relies on capturing the nonlinear
effects using a correction to the relationship between the thermocouple voltage and the local
gamma heat deposition using a [[ 1] method.

During factory calibration, the GT signal is related to the [[

1]. Equation 4.1-4 of Reference 2 describes the [[ 1] method.
Section 4.2 of Reference 2 describes the factory tests performed for each GT to determine the
GT-specific [[ 1I. In RAI 7.2-19, the staff requested additional information regarding

the validity of the factory calibration method because in-reactor conditions differ from the factory
calibration conditions.

In the response to RAI 7.2-19, the applicant analyzed any signal biases introduced as a function
of the changes in material properties between the factory test conditions and the reactor
conditions. The response adequately justifies the approach based on the negligible error that is
introduced to the relative power shape measured by the instruments (for additional information
regarding the staff’s technical review, see Item B.36 in Appendix B to the SE). Therefore, the

-28 -



staff finds that the model is sufficiently robust to address the nonlinearity of the GT signal and
that the factory calibration is adequate to compensate for the nonlinearity. Accordingly,
RAI 7.2-19 is resolved.

In response to RAI 7.2-10, the applicant describes process improvements in the GT CMS based
on early in-plant tests performed at Limerick (for additional information regarding the staff’'s
technical review, see ltem B.27 in Appendix B to the SE). One of the improvements is to utilize
the specific GT [[ 1] for each specific GT in the reactor. This leads to an improvement
in the local prediction of reactor power relative to using an average [[ ]] for each GT
instrument. In response to RAI 7.2-18, the applicant stated that the [[ ]] method using

1 1] value for each GT sensor has to be applied for the GT in-plant calibration (for
additional information regarding the staff's technical review, see Item B.35 in Appendix B to the
SE). Therefore, the GT CMS should track these individual GT-specific [[ ]] values.
Accordingly, RAls 7.2-10 and 7.2-18 are resolved. The staff approves the NEDE-33197P and
NEDC-33239P LTRs in this regard subject to the following condition:

GT-Specific [[ 11 Values Condition®
The CMS must track individual [[ 11 values for each GT in the core.
3.3.4.2 J-Factor Method

The [[ ]] method is used to correlate the GT thermocouple voltage to the local gamma
heating. GEH utilizes a detector response model based on [[
11

The J-factor methodology has previously been applied to [[

1l. The staff requested additional information regarding the
detector response model in RAls 7.2-9 and 21.6-89. The response to RAI 4.2-12 effectively
supersedes these responses. In RAl 4.2-12, the applicant provides the details of the revised
J-factors and how these factors are used in GT CMS (for additional information regarding the
staff’s technical review, see Item B.1 in Appendix B to the SE).

The response to RAI 4.2-12 describes the MCNP calculations performed to determine the

Il

11 The results indicate an acceptable degree of agreement.
Based on this comparison, the staff finds that the revised correlation parameters are appropriate
to capture design differences between gamma TIPs and the GT and to address the fuel-specific
transport properties (for additional information regarding the staff's technical review, see
Item B.1 in Appendix B to the SE). Therefore, the staff finds that the use of the J-factor
methodology is appropriate and acceptable. Accordingly, RAI 4.2-12 is resolved.

20 This condition is incorporated in the GT LTR appendix through response to RAI 7.2-18S2.
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However, as stated above, these calculations are performed using detailed two-dimensional
nuclear simulations. Section 3.3.4.3 of this SE discusses the staff’s review of the effects of local
axial geometry variation.

3.3.4.3 Local Geometry Effects

Unlike TIP instruments, the GT are arrayed axially through the core at discrete axial locations.
Therefore, axial geometry variations have an impact on the GT signal that cannot be neglected.
In the case of TIPs, measurements of the power are made at every inch, and these detailed
axial data are averaged to determine the nodal powers. Therefore, the effect of a signal
anomaly caused by a spacer or other geometry variation is negligible because of the averaging
process.

In RAIs 4.2-12, 7.2-20, and 7.2-72, the staff requested that GEH evaluate the influence of local
axial geometry on the GT signal and develop model refinements to the detector response model
to account for any biases introduced as a result of axial geometry effects. The response to

RAI 4.2-12 refers to RAI 7.2-20 in terms of the model for the spacer effect. The response to
RAI 7.2-72, however, is more comprehensive and addresses a variety of axial geometry effects
(for additional information regarding the staff's technical review, see ltems B.1, B.37, and B.54
in Appendix B to the SE).

The response to RAI 7.2-72 incorporates the response to RAI 7.2-20 in terms of quantifying the
spacer effect and addresses nodal hybridization. For a specific fuel product, the applicant
performed detailed nuclear simulations using Monte Carlo calculations to determine GT signal
biases resulting from (1) the presence of a fuel spacer near the GT and (2) axial fuel geometric
variation within a node (hybrid nodes) (for additional information regarding the staff's technical
review, see Item B.54 in Appendix B to the SE).

The fuel spacers are metallic and thus contribute to gamma shielding in the vicinity of the GT
instrument. If this shielding effect is not accounted for, then the GT measurement of the local
nodal powers will be biased. The response to RAI 7.2-72 describes the analyses that the
applicant performed to evaluate the relationship between the signal bias and the relative
location of a fuel spacer to the GT instrument. The staff has reviewed this model and finds that
the detailed nuclear simulations are sufficient on a fuel-product basis to quantify and model the
spacer bias because they explicitly treat the fuel-product specific geometry with sophisticated
and highly accurate transport methods.

The PANAC11 engine in 3D MONICORE for the operating fleet utilizes nodal-averaged
J-factors in evaluating instrument response. However, the GT are arrayed at specific axial
elevations within the core. It is possible for specific fuel product designs to include geometry
variations within a subnode. For example, it is possible for PANAC11 to model a single node
that includes the transition from the dominant zone to the plenum zone. This is referred to as a
hybrid node. In RAI 7.2-72, the staff requested that GEH develop a refinement to PANAC11 in
the GT CMS to account for any signal biases that may be introduced when the GT is adjacent to
a particular geometry; however, the balance of the node may have a significant variation in
gamma transport properties caused by a geometry change above the instrument.

In response to RAI 7.2-72, GEH described a methodology for averaging lattice transport
properties with an appropriate weighting function to account for the sensitivity of the GT
instrument to the local axial geometry. The staff reviewed the response and found that, in
particular instances, the local geometry refinement models may improve the GT response
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model by approximately 5 percent. The methodology explicitly accounts for impact of the
geometry on the gamma transport characteristics (for additional information regarding the staff's
technical review, see ltem B.54 in Appendix B to the SE). Accordingly, RAI 7.2-72 is resolved.

The staff noted that these refinement models are based on detailed Monte Carlo calculations
performed for specific fuel products. The staff finds the basis for the models to be acceptable.
The staff agrees that the refinement model parameters must be determined on a fuel-product-
specific basis and that these parameters must be utilized in the GT CMS on a cycle-specific
basis to reflect the fuel loading. Therefore, the staff approves the NEDE-33197P and
NEDC-33239P LTRs in this regard subject to a condition that the refinement model be utilized
consistent with the RAI response and the LTR revision.

Local Geometry Refinement Model Condition?’

The parameters used to compensate for biases introduced in the GT sensor signal by
the proximity to spacers or fuel type changes or both will be determined only when a
new bundle design (i.e., new axial lattice composition) or a new spacer design

(i.e., material) is applied to a particular ESBWR core loading, as described in Section 8.6
of NEDE-33197P-A. The parameters will be incorporated into the GT-based monitoring
system in a cycle-specific basis, as required.

The language of the condition clarifies that if subsequent cycle core designs include the
same fuel product that the fuel-product-specific factors do not have to be recalculated
using the methodology.

3.3.5 Gamma Thermometer Calibration

During operation, the GT instruments must be periodically calibrated to account for sensitivity
changes. Section 3.3.6 of this SE describes several mechanisms that affect the sensitivity of
the GT. Section 4.2 of Reference 2 describes the process for performing the in-plant
calibration. To calibrate the GT, a known current is passed through the in-line heater wire. This
deposits ohmic heating to the insulating section of the GT. Equation 4.3-3 shows how the GT
sensitivity can be calculated based on the nominal GT reading and the reading during in-line
heating.

The staff has reviewed the calibration procedure and finds the method described in Section 4.3
to be acceptable as these methods utilize sufficient data to determine the GT sensitivity.
However, the staff noted that additional consideration must be given to conditions during the
calibration. In particular, the GT response time to the ohmic heat deposition is lagged because
of the thermal time constant of the instrument. The staff requested additional information in
RAI 7.2-20 regarding the conditions for GT calibration (for additional information regarding the
staff’s technical review, see Item B.37.12 in Appendix B to the SE). The response states that
the thermal time constant is established during factory testing. GEH provided the results of
several factory tests that show that the thermal time constant is expected to be on the order of
[[ 1l. The response states that during calibration, the current in the in-line heater wire
must be held constant for a duration of at least five thermal time constants. After five thermal
time constants the signal has essentially achieved its steady-state value. The staff finds that
this will ensure that the GT signal is constant during the calibration. Therefore, the staff

2 This condition is incorporated in the GT LTR through revision based on the response to RAl 7.2-72.
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approves the NEDE-33197P and NEDC-33239P LTRs in this regard subject to the following
condition on the GT calibration procedure:

GT In-Line Heater Wire Current Hold Time Condition?2

GT calibration must be performed using a current hold time of at least five GT thermal
time constants per current magnitude per string.

3.3.6 Irradiation Effects

The staff reviewed the effect of irradiation on the GT performance. In particular the staff
reviewed the sensitivity changes with irradiation and any changes in the physical properties
affecting the instrument performance.

3.3.6.1 Heater Wire Resistance

The staff requested additional information in RAI 7.2-7 regarding the effect of irradiation on the
GT heater wire resistance. In particular, the staff requested that GEH evaluate the potential for
changes in the heater wire material properties on the ability to calibrate the GT instrument. The
staff was concerned that irradiation damage in the heater wire, and subsequent changes to the
conductivity, would result in a systematic calibration error in high flux regions of the reactor.
The response to RAI 7.2-7 provides analyses predicting the change in heater wire resistance
under conditions of irradiation. The analyses provide assurance that the changes in the heater
wire resistance are negligible compared to other sources of uncertainty in the GT CMS (for
additional information regarding the staff's technical review, see ltem B.24 in Appendix B to the
SE).

The response to RAI 7.2-7, however, outlines a methodology for correcting the analytical
models to account for changes in heater wire resistance based on periodic measurement of the
resistance. Such a model is not necessary at this stage, but, if GEH were to seek approval for
such a model to improve GT CMS performance, the model would require NRC review and
approval because the downstream impact of such a model on the overall accuracy of the CMS
has not been determined. Therefore, the staff approves the NEDE-33197P and NEDC-33239P
LTRs in this regard subject to the following condition:

GT Heater Wire Exposure-Dependent Resistance Condition®

If changes are deemed appropriate to improve accuracy by accounting for GT heater
wire resistance changes during irradiation, implementation of the proposed method
outlined in the applicant’s response to RAI 7.2-7 requires revision to NEDE-33197P.

The NRC staff considers this to constitute a departure from the method of evaluation that
has not been reviewed by the NRC for the intended application.

3.3.6.2 Sensitivity Decrease Model

The original NEDE-33197P revision (Ref. 3) included a description of a sensitivity decrease
model. The purpose of the model was to predict the GT sensitivity between GT calibrations.

22
23

This condition is consistent with Section 4.3 of the GT LTR.
This condition reflects the response to RAI 7.2-7.
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During irradiation, the GT sensitivity during the in-plant tests was shown to change, particularly
during early irradiation. The LTR attributed the sensitivity change to [[
1] (Ref. 2).

The LTR states that [[

[l

1I. In RAI 7.2-12, the staff requested that GEH evaluate the potential of
1I. In response to RAI 7.2-12, GEH evaluated [[

1] (for additional information regarding the staff’s technical review, see ltem B.29 in
Appendix B to the SE).

The staff observed trends consistent with decreasing sensitivity during early irradiation, but
identified other incidences of sensitivity increase during early irradiation. The staff requested
additional information regarding the sensitivity decrease model in RAls 7.2-11 and 7.2-63.

In RAI 7.2-11, the staff requested that the applicant address the ramifications of sensitivity
decrease modeling for the purpose of extended durations between calibrations given that the
model may misrepresent the actual change in GT sensitivity. The response stated that
irradiation damage to the materials may cause changes in the electrical resistance, which in turn
may lead to an increase or decrease in sensitivity during the initial stages of operation (for
additional information regarding the staff's technical review, see Item B.28 in Appendix B to the
SE). This explanation is inconsistent with the evaluation of resistance changes under irradiation
provided in response to RAI 7.2-7 (for additional information regarding the staff’s technical
review, see Iltem B.24 in Appendix B to the SE).

Therefore, the staff does not agree with the basis for the mechanistic model to predict the GT
sensitivity and does not approve the use of the sensitivity decrease model. The GT may not be
used for in-core instrumentation for the ESBWR unless GT sensitivity is established through
calibrations using the in-line heaters before adaption or LPRM calibration.

Additional information provided in the response to RAI 7.2-63 states that the sensitivity
decrease model is not required because the GT are calibrated before use (for additional
information regarding the staff’s technical review, see ltem B.49 in Appendix B to the SE). In
response to the staff's RAls, GEH removed the sensitivity decrease model from the LTR. For
clarification, the staff approves the NEDE-33197P and NEDC-33239P LTRs in this regard
subject to the following condition regarding the sensitivity decrease model:

Sensitivity Decrease Model Restriction*

The sensitivity decrease model is not approved. Therefore, when GT are used for the
purpose of LPRM calibration or adaption, they must be calibrated beforehand using in-
line heater calibration to determine the sensitivity.

The staff noted that the sensitivity of the GT cannot be predicted using analytical methods and
must be measured before use. Therefore, should a GT in-line heater fail, there is no means for
establishing the GT sensitivity. If the sensitivity cannot be established, the GT sensor indication
is suspect. A licensee would then be compelled to declare the affected GT inoperable.

2 This condition is incorporated through GT LTR revision, and reflects the RAI 7.2-63 response.
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Accordingly, the staff approves the NEDE-33197P and NEDC-33239P LTRs in this regard
subject to the following condition:

GT Operability Condition®

The failure of a GT heater is considered a loss of calibration capability of the full GT
string (all sensors). Therefore, in case of failure of a GT heater, the GT CMS will declare
the GT string as inoperable.

3.3.6.3 Gamma Thermometer Lifetime

In RAI 7.2-61, the staff requested that the applicant determine the GT lifetime and the
anticipated replacement schedule. The applicant stated that the GT will be replaced on the
same schedule as the LPRMs. The applicant stated that the GT will be designed to last at least
as long as the LPRMs. The analyses provided by the applicant to assess the irradiation
damage and [[ 1] indicated acceptable performance for up to eight effective
full-power years. Eight effective full-power years is consistent with the LPRM lifetime (for
additional information regarding the staff’'s technical review, see Item B.47 in Appendix B to the
SE). Therefore, the staff finds the GT replacement schedule acceptable.

3.3.7 Environmental Effects

The staff considered several environmental effects within the bypass and considered the
potential for these effects to impact the performance of the GT. The staff considered thermal
hydraulic conditions within the bypass, particularly in light of the feedwater temperature power
operating domain described in Reference 14. The staff noted that the GT sensitivity is likely to
be a function of the heat transfer characteristics to the bypass water through the non-insulated
sections of the GT tube. Similarly, the staff considered the N-lattice and the potential for
gamma streaming through the interassembly bypass area.

3.3.7.1 Bypass Thermal Hydraulics

In RAls 7.2-13 and 4.3-2, the staff requested that GEH evaluate the effects of bypass void
formation on GT performance. In response to RAI 7.2-13, the applicant estimated the effect of
the thermal hydraulic conditions on the instrument sensitivity. The response evaluates the
expected change in sensitivity with changes in temperature consistent with changing bypass
conditions (for additional information regarding the staff’s technical review, see Iltem B.30 in
RAIs 7.2-13 and 4.3-2). The staff noted that changes in sensitivity with changes in temperature
provide an additional basis for the conclusion that the GT must be calibrated before use given
that the bypass conditions vary widely in the expanded operating domain described in
Reference 14.

In response to RAI 4.3-2 S02-C-2, GEH provided the results of a full-scale experiment
conducted at the Multi-Use Safety Experimental facility. The test results confirm that the GT
sensitivity is not a strong function of the bypass void fraction up to 55 percent (for additional
information regarding the staff's technical review, see ltem B.3.6.4 in Appendix B to the SE).
NEDC-33239P is not approved for use in an ESBWR unless bypass void conditions are less
than 5 percent at the highest LPRM and GT location (see Section 3.2.2.1.4 of this SE).

% This condition is incorporated in GT LTR through response to RAI 7.2-71.
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Therefore, the staff finds that void formation within the bypass does not adversely affect the GT
performance for the ESBWR.

The staff also considered conditions of operation where the bypass is highly subcooled, such as
operation at SP1M?® in the expanded operating domain. The requirements to calibrate the GT
before use address the concerns regarding increased GT sensitivity under conditions of high
bypass subcooling, thereby inherently accounting for the change in sensitivity caused by the
thermal hydraulic conditions in the bypass at high inlet subcooling conditions. Section 4.4.2 of
the GT LTR (Ref. 2) addresses the effects of high inlet subcooling.

The staff finds that the GT performance is acceptable over the entire range of normal operating
conditions because (1) the bypass thermal hydraulic conditions and their effect on the GT
sensitivity are inherently captured during the in-line heater calibration and (2) the GT sensitivity
is not a function of the bypass void fraction over the anticipated range for the ESBWR.
Transient conditions are addressed in Section 3.3.8 of this SE.

3.3.7.2 Gamma Streaming

The staff noted that the N-lattice design of the assembly spacing for the ESBWR results in a
slightly wider water gap between the assemblies as compared to the plants in the in-plant
qualification dataset. In RAl 7.2-57, the staff requested that GEH evaluate the potential for
interassembly gamma streaming to introduce biases in the local gamma flux indication in the
GT.

In the response to RAI 7.2-57, the applicant stated that, while there will be gamma streaming in
the bypass, this contribution is expected to be very small (for additional information regarding
the staff’s technical review, see Item B.44 in Appendix B of this SE). The staff agrees because
the length of the fuel bundle would effectively collimate the cross-bundle gamma sources and
thus result in a very low gamma flux contribution. Additionally, the applicant stated that this
cross-bundle effect is likely to exist for all GT in the core to a certain extent, and the
normalization of the signals to determine the axial power shape would effectively normalize out
any cross-bundle gamma transport effects (for additional information regarding the staff’s
technical review, see Item B.44 in Appendix B to the SE). The staff agrees with the applicant’s
assessment and finds that any additional uncertainty as a result of cross-bundle gamma
transport through the bypass would have a negligible effect on the overall uncertainty
assessment and would not preclude the GT from producing an indication representative of the
local four bundle power. Based on the foregoing staff evaluation, RAI 7.2-57 is resolved.

3.3.8 Transient Effects

The GT LTR includes a model for delayed gamma compensation. The staff considered the
effect of operational and anticipated transients on the GT instruments and the GT indications.

3.3.8.1 Delayed Gamma Compensation Model

The GT instruments are slow to respond to changing reactor power caused by delayed gamma
radiation. Therefore, while the LPRM instruments will respond promptly to changes in the

%6 SP1M refers to the operating point in the feedwater temperature power operating domain along the
licensed thermal power line at the minimum feedwater temperature allowed based on stability
considerations.
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neutron flux, the GT will lag the LPRM response because of delayed gammas. Section 4.5 of
the GT LTR describes the delayed gamma compensation model, and Section 7 includes several
in-plant transient tests comparing the uncompensated and compensated GT signals to
measured LPRM signals (Ref. 2).

The staff noted that the delayed gamma compensation model also compensates for the GT
thermal inertia. Table 4-1 provides a mode 0 time constant of approximately [[ 11 to
account for the GT thermal time constant. In RAI 7.2-59, the staff requested that, should
approval be sought for the delayed gamma compensation model, its uncertainties should be
factored into the overall uncertainty analysis (this includes a consideration of the range of GT
thermal time constants). The response to RAI 7.2-59 S02 states that the GT are only used
under conditions of steady-state operation (for additional information regarding the staff's
technical review, see ltem B.46 in Appendix B to the SE). Therefore, the delayed gamma
compensation model is not needed to perform those functions described in the GT LTR. The
staff did not review the delayed gamma compensation model, and the staff approval of the
GT LTR does not constitute approval of the delayed gamma compensation model.

Should future approval be sought for the delayed gamma compensation model, GEH should
address inherent limiting assumptions regarding the model. In particular, the staff noted that the
ratio of gammas released per fission may be a function of the control state of the nearby
bundles. Therefore, compensation may result in GT instrument biases relative to the LPRMs
when the control state of an instrumented node changes during a plant maneuver. The staff
reviewed transient test data during an onsite audit that indicated that control blade movement
introduces GT biases (Ref. 25). The current methodology does not appear to capture this
effect. Additionally, maneuvering in the feedwater temperature power operating domain may
result in changes in GT sensitivity as the bypass temperature changes. The delayed gamma
compensation model does not appear to account for transient bypass conditions.

The description of the model does not provide sufficient information to understand the operation
of the GT during in-line heater calibration if the delayed gamma compensation model is
activated. The compensation may result in unintended errors in GT-compensated response
during calibration. The GT LTR does not present this information in sufficient detail for the staff
to review the use of the delayed gamma compensation model. Finally, the staff noted that the
GT CMS uncertainties do not quantify or include the delayed gamma compensation model
uncertainties.

While some of the transient in-plant test data indicate that compensating the GT signals yield
greater agreement between the LPRM and GT response, the staff does not have sufficient
information regarding the performance of the compensation model for feedwater maneuvers,
control blade movements, or relatively fast transients.

On these bases, the staff has restricted the use of the delayed gamma compensation model
and does not approve application of the topical unless the reactor is in an appropriate
steady-state condition before GT use. The staff approves the NEDE-33197P and
NEDC-33239P LTRs in this regard subject to the following condition:
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Delayed Gamma Compensation Model Restriction?

The delayed gamma compensation model is not approved. Therefore, GT calibration
and the use of GT for LPRM calibration or adaption purposes may only be performed
during a steady-state condition of operation that meets the core requirements described
in Section 4.5 of the GT LTR.

3.3.8.2 Functionality Following a Transient

The staff requested additional information regarding the GT instruments in terms of performance
during AOOs. The staff noted that GT need not provide data during AOOs nor are they used to
actuate automated plant responses. In RAI 7.2-65, the staff requested that the applicant
address the potential to damage a GT during a reactor transient. The applicant evaluated the
expected heat deposition in the GT core region during anticipated transients and determined the
specific energy deposition to be approximately half of the saturation specific energy deposition
(for additional information regarding the staff's technical review, see ltem B.51 in Appendix B to
the SE). Therefore, the staff finds that the GT instruments will function properly following an
anticipated transient condition. Based on the foregoing evaluation, RAI 7.2-65 is resolved.

For the reasons set forth above, the staff finds that the GT instruments will allow a reactor to
continue to meet the requirements of GDC 13 following a transient during cycle operation.

3.3.9 Power Shape Adaption

Power shape adaption refers to the process in which the GT CMS adjusts nodal nuclear
parameters to adapt the core power distribution to the measured nodal power distribution. In
the operating fleet of plants, the adaption is based on nodal TIP measurements. In the ESBWR,
the GT instruments are axially arrayed at discrete axial locations; therefore, the adaption
technique must include a means for interpolating between the discrete GT signals to determine
a continuous power shape. The continuous power shape is used to adjust the reactor power
distribution. This power distribution is used to calibrate the LPRMs.

The response to RAI 4.2-12 states that the adaptive technique is based on axial power shape
adaption. Shape adaption refers to an adaptive method by which the nodal parameters are
adjusted such that the reactor axial power distribution matches the measured continuous axial
power shape and the radial power distribution is unadjusted (for additional information regarding
the staff’s technical review, see Item B.1 in Appendix B to the SE).

The staff noted that the use of an interpolated power shape necessarily results in increases in
the uncertainty in the monitoring axial power shape because the power shape is determined
from fewer axial measurements for the ESBWR relative to the operating fleet. Therefore, the
staff focused its review of the interpolation method to ensure that the increase in the nodal
power distribution uncertainties was limited to acceptably low values.

The staff requested information in RAI 4.2-12 regarding the interpolation technique and
associated uncertainties. The response to RAI 4.2-12 provided several interpolation
techniques. The response to RAI 7.2-18 S02 superseded portions of the RAI 4.2-12 response
to specify a revised interpolation technique (for additional information regarding the staff’s
technical review, see ltems B.1.2 and B.35 in Appendix B to the SE).

2 This condition is incorporated in Section 4.5 of the GT LTR through response to RAI 7.2-59S2.
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The staff considers the Plant E MOC9 axial power shape to represent a particularly difficult
power shape to adapt to with discrete GT signals based on the high degree of complexity in the
shape. The axial power shape includes two distinct axial power peaks. These challenging
power shapes are not expected for the ESBWR based on the shorter core height; however,
qualification against these TIP data provides a reasonable basis for testing the efficacy of the
interpolation technique.

The interpolation technique utilized in the GT CMS for power shape adaption directly affects the
capability of the GT CMS to monitor the peak nodal powers and axial power shape and will
impact the ability of the GT CMS to adequately monitor thermal margin. The staff reviewed the
determination of the component uncertainties in the OLMCPR and MLHGR limit in Section 3.5
of this report. The staff noted, however, that the thermal limits are based on the adequacy of
the GT CMS software; therefore, the uncertainties may not be acceptable for different
interpolation and adaptive methods. Thus, the staff limits its approval to [[ 1l
and considers changes to the adaption technique to be a departure from a method of evaluation
in the safety analysis, as described in the following condition:

Adaption Method Condition?®

The NRC staff considers modifications to the adaption technique in the PANAC11-based
GT CMS, described in NEDE-33197P-A, to constitute a departure from a method of
evaluation in the safety analysis, and they may not be used for licensing calculations
without prior NRC review and approval.

On the basis of qualification against challenging reactor power shapes, as discussed above,
and the determination of the interpolation uncertainty as documented in Section 3.5 of this
report, the staff finds that the adaption and interpolation techniques are acceptable.

3.3.10 Local Power Range Monitor Calibration

Section 5.1 of the GT LTR (Ref. 2) describes the LPRM calibration process. The staff has
reviewed this section and finds that the process is essentially identical to the process employed
for the operating fleet of plants. The primary difference is that the LPRMs are calibrated to an
adapted power shape based on the GT readings as opposed to TIP readings. The staff
reviewed the efficacy of the GT CMS to adapt the core power shape in Section 3.3.9 of this SE

s This condition is consistent with Section 8.3.2 of the GT LTR, incorporated through response to RAI 7.2-71.
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and finds the approach acceptable. The response to RAI 7.2-18 S02 provides updated
uncertainty analyses to capture the effects of any additional uncertainty introduced into the CMS
from the adaptive technique (for additional information regarding the staff's technical review, see
Iltem B.35 in Appendix B to the SE). Therefore, the staff finds that the process remains
applicable and that the applicant appropriately tabulated the uncertainties (see Section 3.5 of
this report) for the safety and operating limits. Therefore, the staff finds the methodology
acceptable. Accordingly, RAI 7.2-18 is resolved.

3.3.11 Minimum Instrumentation Configuration and Statistical Control Method

The staff noted that the GT instruments are subject to failure during normal operation. The
failure of GT instruments, therefore, must be detected and the instruments declared inoperable.
The staff noted that it has separately addressed instrument failure caused by (1) the inability of
the in-line heater to calibrate the GT and (2) reactor transients in Sections 3.3.5 and 3.3.8.2 of
this report, respectively.

Additionally, the staff determined that if a sufficient number of the instruments failed, it would
impair the ability of the GT CMS to perform its adaption and calibration functions. Accordingly,
the staff requested additional information in RAls 7.2-55 and 7.2-66 regarding instrumentation
failures. The response to RAI 7.2-55 provides descriptive details of the statistical control
methodology (for additional information regarding the staff’s technical review, see Iltem B.42 in
Appendix B to the SE). The response to RAI 7.2-66 describes the minimum instrumentation
configuration (for additional information regarding the staff's technical review, see ltem B.52 in
Appendix B to the SE).

The staff accepts the statistical control methodology to identify failed GT instruments on the
basis that it is essentially equivalent to the statistical control methodology currently approved
and in use in the operating fleet of plants with TIP instruments. Based on the foregoing
evaluation, RAIs 7.2-55 and 7.2-66 are resolved.

The staff accepts the determination of the minimum instrumentation configuration on the basis
that the uncertainty analysis adequately determined and incorporated the uncertainty associated
with the minimum instrumentation configuration, as documented in the response to RAl 7.2-18
S02 (for additional information regarding the staff’s technical review, see ltem B.35 in

Appendix B to the SE).

The minimum instrumentation configuration forms part of the basis for the acceptance of the
power distribution uncertainties. The power distribution uncertainties need to account for failed
instruments, since increased instrument failures result in increased uncertainties in the
CMS-predicted power distribution. The staff noted that the SAFDLs are established before
cycle operation based on a limiting instrumentation configuration and the associated increase in
power distribution uncertainties. Therefore, to meet the requirements of GDC 10 during normal
operation, the capability to monitor the core power distribution must remain within the limits
assumed in the safety and operating limits analysis. As discussed in Section 3.5 of this report,
the staff reviewed the terms in the uncertainty analysis accounting for failed instruments. To
ensure that the requirements of GDC 10 are met, the staff approves the NEDE-33197P and
NEDC-33239P LTRs in this regard subject to the following limitation on the minimum
instrumentation configuration:
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Minimum Instrumentation Configuration Limitation?

The staff acceptance of the power distribution uncertainties in the OLMCPR analysis
(see Section 3.5.2) and the MLHGR analysis (see Section 3.5.1) is limited to those
conditions that meet the minimum instrumentation configuration described in the
applicant’s response to RAI 7.2-66.

3.3.12 Summary Regarding Gamma Thermometer Core Monitoring System

For the reasons set forth above, the staff finds that the combination of the in-plant qualification,
the description of the core monitoring methods, and the conditions applied through this section
provide an adequate basis to demonstrate that the GT CMS is capable of meeting the
requirements of GDC 13 and GDC 10 in terms of core monitoring when appropriate uncertainty
parameters are developed for unique aspects of the system and accounted for in the thermal
margin assessment. The staff has reviewed these uncertainties in Section 3.5 of this report.

3.4 Summary of NRC Staff Confirmatory Calculations

The staff has performed independent confirmatory calculations to validate the core monitoring
methods. Appendix A describes these calculations in greater detail. The staff performed two
series of calculations to support the subject review.

The staff performed confirmatory calculations using MONTEBURNS (a code that couples the
MCNP transport code with the ORIGEN depletion code). These calculations allowed the staff to
compare the predictive capabilities of the TGBLAOG lattice physics code against higher order
transport methods. The staff found that the TGBLAOG calculations of the infinite reactivity and
void reactivity coefficient very closely agreed with the predicted MONTEBURNS results. The
level of agreement provides additional assurance that the TGBLAQ6 code accurately models the
detailed neutronic phenomena for the ESBWR fuel design over the anticipated range of
exposure and void fraction (for additional information regarding the staff’'s calculations, see
Section A.1 of Appendix A to this SE).

The staff's second set of confirmatory calculations was intended to assist the staff in its review
of the use of GT to monitor the core power shape. In these calculations, the staff relied on
MCNP simulation of a nuclear fuel bundle, control blade, and GT instrument tube. The
calculation considered axial variation in bundle geometry and power shape (using various
control blade insertion depths). The staff concluded that the GT is expected to yield an accurate
measurement of the local power distribution. However, in the vicinity of the control blade, the tilt
in the radial power shape leads to differences in the axial power shape and the trace of GT
indications. The GT measurements, however, are adjusted by the J-factor to infer the local
power distribution. The staff noted that in this process the core monitoring calculation inherently
captures the radial power tilt induced by the control blade. The calculations, however, prompted
the staff to assess the local geometry correction factor methodology for partially controlled
nodes because of the use of fine motion control rod drives (FMCRDs) in the ESBWR design.
On the basis of its review of the local geometry correction methodology, the staff finds that the
modeling capabilities are sufficiently robust in terms of the phenomena that are taken into
account to preclude any biases in GT indications arising from partially controlled nodes (for
additional information regarding the staff’'s calculations, see Section A.2 of Appendix A to this
SE).

2 This condition is incorporated in Section 9.3.3 of the GT LTR through response to RAI 7.2-66.
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Therefore, the staff finds that the confirmatory calculations provide additional assurance of the
adequate performance of the core monitoring system calculational methods.

3.5 Safety and Operating Limit Uncertainties

GDC 10 requires that the reactor core and coolant, control, and protections systems be
designed to assure that SAFDLs are not exceeded. The analysis methods and core monitoring
hardware and software are used to monitor the margin to safety and operating limits to ensure
that SAFDLs are not exceeded. The limits are established with consideration of any sources of
uncertainty in the CMS to ensure adequate thermal margin during cycle operation. Of interest in
the subject review are the MLHGR and OLMCPR. To determine the margin to these limits, the
CMS calculates the power distribution and thermal hydraulic condition of the core.

The staff has reviewed the bases of these limits to ensure that the uncertainties in the analysis
methods and CMS software are appropriate.

3.5.1 Linear Heat Generation Rate Uncertainty

The GT CMS monitors the LHGR on a nodal level. Periodically, [[

1l. The nodal LHGR is
compared to the exposure-dependent MLHGR limit to ensure that the thermal mechanical
criteria are met during normal operation. When compared to the operating fleet CMS, the
ESBWR MLHGR limit must account for aspects unique to the GT CMS.

The staff noted that constructing the APS from discrete signals, as opposed to continuous TIP
measurements, lead to an increase in the uncertainty in the nodal LHGR. The staff compared
the component uncertainties in the LHGR based on the values reported in Table 2-14 of the
IMLTR (Ref. 9). In certain instances, equivalent uncertainty parameters were developed to
account for the GT CMS. The LHGR uncertainty also incorporated a parameter to account for
the introduction of additional uncertainty resulting from the interpolation scheme. The staff
requested additional information regarding these uncertainty components in RAls 4.2-12, 4.3-2,
and 7.2-18 (for additional information regarding the staff’s technical review, see Items 0, 0, and
Appendix BB.35 in Appendix B to the SE, respectively).

The affected component uncertainties are the infinite lattice pin power peaking factor
uncertainty, the [[ 11 (which replaces the TIP random uncertainty), the
Il 1l the [[ 1], and the [[ 11

The response to RAI 4.3-2 provides the infinite lattice pin power peaking factor uncertainty.
The applicant developed this uncertainty consistent with the 95UTL statistical method approved
in Reference 10. This statistical method was found to adequately address potentially increased
local power distribution uncertainties for plants operating at EPU conditions. The staff’s review
for the applicability to EPU conditions is documented in Reference 10. As discussed in

Section 3.2.2.1 of this SE, the staff finds that this approach is also appropriate for the ESBWR.

The response to RAI 4.2-12 provides information regarding the GT uncertainties attributed to
the interpolation. In large part, the response to RAI 7.2-18, which updates the interpolation
scheme, supersedes the response to RAI 4.2-12. However, RAI 4.2-12 provides the basis for
the [[ 1. This uncertainty is based on a combination of the historical TIP
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uncertainty with an additional term based on the GT to TIP comparisons performed during the
Limerick in-plant test. The staff finds this approach acceptable to capture the [[

1] (for additional information regarding the staff’s technical review, see Item B.1 in
Appendix B of the SE).

The response to RAI 7.2-18 S02 provides the [[ 1, and [[

]] for the LHGR. The staff reviewed these bases and finds them to be consistent
with the previously approved approach for a TIP-based CMS, as described in References 27
and 28, with appropriate modifications to account for the unique ESBWR GT CMS. The GT
interpolation uncertainty is an additional uncertainty component to account for lost information
relative to the TIP system. The basis for this uncertainty incorporates qualification against
operating plant data and challenging power shapes. The response compares calculated power
shapes based on discrete measurements to detailed axial TIP data. The staff finds the basis for
this uncertainty component is sufficiently comprehensive and relevant and therefore acceptable
(for additional information regarding the staff’'s technical review, see ltem B.35 in Appendix B of
the SE).

In its review of the [[ 11, the staff considered the appropriateness of the
LPRM calibration frequency. The response to RAI 7.2-18 S02 provides for a reduced LPRM
calibration interval from 1,000 megawatt-day per metric tonne (MWD/T) to 750 MWD/T to
reduce this component uncertainty. The staff finds that reducing the calibration interval is an
acceptable means for reducing this uncertainty component and is consistent with the open item
associated with RAI 7.2-18 from the staff audit of the GT CMS described in Reference 25. The
following condition will ensure that the LPRM calibration interval is consistent with the reduced
interval provided in the response to RAI 7.2-18 S02 to justify the current uncertainty analysis.

LPRM Calibration Interval Limitation®
The LPRM calibration interval cannot exceed 750 MWD/T.

The staff clarifies that its findings regarding acceptability of the values of the uncertainties
documented in NEDE-33197P for the GT CMS are valid only for an LPRM calibration interval
that does not exceed 750 MWD/T.

Table 3-1 summarizes the LHGR uncertainty components. When combined®', the total LHGR
uncertainty is [[ ]I. This is essentially the same as the [[ ]] assumed in the
analysis of the MLHGR limit. Therefore, the staff finds that the uncertainty used in the MLHGR
limit is appropriate to account for the GT CMS uncertainties.

%0 This condition is consistent with Section 9.3.3 of the GT LTR and DCD Chapter 16 SR 3.3.1.4.4 and
3.3.1.45

31 i
1l
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Table 3-1 Component Uncertainties in the Linear Heat Generation Rate

LHGR Uncertainty for Units of
MLHGR Limit Percent
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3.5.2 Operating Limit Minimum Critical Power Ratio Uncertainties

Reference 16 documents the OLMCPR determination process. The staff noted that this
methodology differs from the previously approved OLMCPR determination process, which relies
on the calculation of the SLMCPR a priority. However, the revised determination process must
consider the same component uncertainties to ensure adequate thermal margin. Table 2-1 of
the IMLTR (Ref. 9) describes component uncertainties considered in developing the SLMCPR
for EPU reactors. Of these uncertainties, two are subject to the calculational performance of the
GT CMS: the bundle power uncertainty and the R-factor uncertainty.

The CMS calculates the bundle power and the R-factors which are used to determine the critical
power ratio of the bundles during cycle operation. The individual bundle powers and the local
rod peaking factors used to develop the bundle R-factors are subject to calculational
inaccuracies introduced by the CMS. Therefore, the staff reviewed the applicability of
historically determined component uncertainties of the bundle power uncertainty and the
R-factor uncertainty. The staff also reviewed any revised components unique to the GT CMS.
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While the staff relied on previous review experience, many of its previous review findings were
not directly applicable based on the revised OLMCPR determination process. Therefore, as
documented in Section 3.2.2.1 of this SE, the staff modified certain conditions and limitations
previously imposed with respect to SLMCPR uncertainties to ensure compatibility with the
revised uncertainty determination process.

3.5.2.1 Bundle Power Uncertainty

The staff reviewed the component uncertainties contributing to the overall measured bundle
power uncertainty used in the downstream OLMCPR determination process. In its review, the
staff considered equivalent component uncertainties similar to the TIP CMS uncertainties
quoted in Reference 28. In response to RAI 7.2-18 S02 (for additional information regarding the
staff’s technical review, see Iltem B.35 in Appendix B to the SE), GEH provided an assessment
of equivalent component uncertainties by performing analyses with a GT-based CMS model. In
the case of the ESBWR, the two components affected by the introduction of the GT CMS are
the [[ 1] and the [[ ]1I. The response to
RAI 7.2-18 S02 provides analyses of these uncertainty components that are analogous to the
analyses performed to assess the equivalent TIP CMS-based uncertainties. The staff finds the

approach used to be acceptable. The [[ 1] is treated in both
the TIP CMS and GT CMS. Because the LPRM system is essentially unchanged relative to the
operating fleet, the staff accepts that the [[ ]] component is also

applicable to the ESBWR.

The staff noted that the [[ 1] referenced in the bundle power
uncertainty is identical to the value approved by the staff for the operating fleet of plants
operating at EPU conditions (Refs. 9 and 10) and is therefore acceptable. The [[

|1 used in the analysis is consistent with the staff condition regarding
the [[ ]] documented in Section 3.2.2.1.1 of this SE.

Table 3-2 summarizes the bundle power uncertainty and its components. The staff finds that
use of the bundle power uncertainty provided in Table 3-2 of this SE is acceptable for
generating the OLMCPR because it accounts for the GT CMS and ESBWR specific component
uncertainty parameters.
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Table 3-2 Component Uncertainties in the Bundle Power Uncertainty

Bundle Power Uncertainty for | Units of
OLMCPR Percent
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3.5.2.2 R-Factor Uncertainty

The second component uncertainty affecting the OLMCPR determination process relevant to
the power distribution monitoring performed by the GT CMS is the R-factor uncertainty. The
R-factor uncertainty in the IMLTR is the same as the R-factor uncertainty quoted in

References 27 and 28. However, the applicant performed sensitivity analyses to determine the
SLMCPR effect of an increased R-factor uncertainty consistent with an infinite lattice power
peaking factor uncertainty determined using the [[ ]I. In Reference 10,
the staff conditioned its approval of IMLTR on an increase in the SLMCPR to account for
potentially increased uncertainty in the local power peaking. Such a condition imposed on the
ESBWR would not provide additional thermal margin because the OLMCPR would be
determined using the historical uncertainties and the SLMCPR would be back calculated and
then artificially increased without a commensurate increase in the actual thermal margin.

The staff, in Section 3.2.2.1.1 of this SE, conditioned its approval of NEDC-33239P in regard to
the determination of the R-factor component uncertainty. This condition provides that the

[[ 1] be applied at the onset of the OLMCPR calculation to ensure that the
operating thermal margins are appropriate. The R-factor component uncertainty is
conservatively set at [[ 1] for the ESBWR. This value provides significant
conservatism relative to the R-factor uncertainty quoted in the IMLTR (Ref. 9). Therefore, the
generic [[ ]] for the ESBWR is conservative relative to an R-factor uncertainty
generated using the revised infinite lattice pin power peaking factor uncertainty, and is
acceptable.

4. CONDITIONS, LIMITATIONS, AND RESTRICTIONS

This section of the SE provides a consolidated listing of the conditions, limitations, and
restrictions documented in the body of this SE.
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41 [ 11 Condition (Section 3.2.2.1.1)

The [[ 1] is a component of the linear heat generation rate (LHGR)
and OLMCPR calculation uncertainties. Its value is determined using a [[ ]] statistical
analysis on gamma scan data. NEDC 33173P-A reports the value determined using this
approach as [[ 11-

The applicability of this condition is dictated by the [[ 1] approved by
the NRC in NEDC-33173P. Should the NRC approve an alternative approach for establishing
the aforementioned uncertainties in subsequent supplements to or revisions of the NEDC
33173P LTR, the approved, alternative approach may be adopted in NEDE 33197P-A in lieu of
this condition without separate NRC review and approval.

1 ]] of the uncertainty value must be submitted to the NRC before the change is
incorporated into any safety analysis basis.

4.2 Peaking Factor Uncertainty for MLHGR Condition (Section 3.2.2.1.1)

The LHGR infinite lattice peaking factor uncertainty value is determined as the [[ 1] using
the statistical analysis of the population of peak power as a function of exposure. The
GE14E-specific LHGR infinite lattice peaking factor uncertainty determined using this approach
is [[ 1] This uncertainty will be determined whenever a new fuel product is applied
to a particular ESBWR core loading.

The applicability of this condition is dictated by the [[ 1] approved by
the NRC in NEDC-33173P. Should the NRC approve an alternative approach for establishing
the aforementioned uncertainties in subsequent supplements to or revisions of the NEDC
33173P LTR, the approved, alternative approach may be adopted in NEDE 33197P-A in lieu of
this condition without separate NRC review and approval.

Any reduction of the uncertainty value must be submitted to the NRC before the change is
incorporated into any safety analysis basis.

4.3 Peaking Factor Uncertainty for OLMCPR Condition (Section 3.2.2.1.1)

NEDC-32601P-A describes the method for calculating the R-factor uncertainty. When
determining the R-factor uncertainty for ESBWR analyses, the infinite lattice peaking model
uncertainty value will be assumed as equal to/or more conservative than, the LHGR infinite
lattice peaking factor uncertainty value for a particular ESBWR core loading.

Any reduction of the uncertainty value must be submitted to the NRC before the change is
incorporated into any safety analysis basis.

4.4 Peaking Factor Uncertainty and Fuel Exposure Condition (Section 3.2.2.1.1)

The LHGR infinite lattice pin power uncertainty must represent the full range of fuel lattice
exposure values. The calculated peak pellet exposure must be confirmed by GEH or the
licensee referencing the LTR to comply with the corresponding licensing limit approved by the
NRC. The design analysis described in NEDC-33242P establishes the licensing limit for GE14E
(Ref. 11).
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4.5 R-Factor Condition (Section 3.2.2.1.2)

The bundle R-factor must be calculated using representative lattice pin power distributions and
axial void and power profiles.

4.6 TGBLAO6 8-Weight-Percent Gadolinia Restriction (Section 3.2.2.1.3)

TGBLAOG is not approved to analyze fuel lattices with gadolinia burnable poison loadings in
excess of 8 weight percent gadolinia until the NRC staff quantifies and reviews the gadolinia
bias.

4.7 Steady-State 5-Percent Bypass Voiding Limitation (Section 3.2.2.1.4)

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 at the
upper boundary of the allowable operating domain.

4.8 Mixed Oxide Fuel Restriction (Section 3.2.2.1.5)

TGBLAOQG is not approved to analyze mixed oxide fuel until the methods are qualified for this
application and the uncertainties are reassessed and submitted to the NRC for review and
approval.

4.9 Bundle Isotopic Tracking Model Restriction (Section 3.2.2.1.6)

The staff did not perform a review of the bundle isotopic tracking model. Therefore, staff
approval of NEDC-33239P does not constitute approval of the bundle isotopic tracking model.

4.10 Bypass Flow Lookup Table Condition (Section 3.2.2.2.2)

Licensing evaluations performed with PANAC11 must use bypass flow fractions consistent with
all core operating states, as determined by TRACGO04, and input in the core simulator to
accurately determine the bypass flow. Bypass flow tables or explicit modeling of data from
TRACGO04 can be used for PANAC11 input values.

4.11 PANAC11 Three-Dimensional Shutdown Margin Condition (Section 3.2.2.4)

The ESBWR SDM must be performed using three-dimensional methods. The two-dimensional

rod worth estimation technique is not approved for licensing analysis other than as a scoping
tool to identify potentially limiting control blades or control blade pairs.

4.12 Scram Reactivity Calculation Condition (Section 3.2.2.4)
The scram reactivity calculated using the PANAC11 neutronic solver must be calculated with

Doppler reactivity feedback modeling activated to accurately determine the reactivity effect of
the blades without including the Doppler reactivity in the scram reactivity.
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4.13 Boron Branch Limitation (Section 3.2.2.4)

For the standby liquid control system shutdown analysis, the TGBLAOG borated libraries must
be generated with lattice boron inventories between 600 ppm and 1,000 ppm natural boron
equivalent.

4.14 Void Exposure History Bias Condition (Section 3.2.3.1.1)

Use of PANAC11-generated nuclear data for ESBWR reload transient analyses (AOO, stability,
or ATWS) requires that TRACG utilize the void reactivity coefficient correction model described
in NEDE-32906P-A, Supplement 3. The fuel lattices input to the model must represent the
cycle-specific fuel loading.

4.15 Flux Harmonic Condition (Section 3.2.3.2)

The regional mode stability analysis must be performed using a radial nodalization in TRACGO04
based on the PANAC11-generated first harmonic mode. The harmonic calculation performed
by PANAC11 must use a full-core representation.

4.16 Code Usage Condition (Section 3.2.4)

The limitations on TGBLA06 and PANAC11 code usage, as described in the user manuals, are
a condition of the acceptance of these methodologies for the ESBWR. Changes to the manuals
that are made in accordance with the quality assurance procedures audited by the staff, as
documented in the applicable reference, do not require NRC review and approval. However, if
used in the safety analysis, the cycle-specific SRLR must document these changes.

4.17 Code Change Limitation (Section 3.2.4)

. The NRC staff considers modifications to the models described in NEDC-33239P-A or
MFN 098-96 to constitute a departure from a method of evaluation in the safety analysis,
and they may not be used for licensing calculations without prior NRC review and
approval.

o The NRC staff considers modifications to the TGBLAO6/PANAC11 codes that result in
inconsistency with the NEDC-33239P-A LTR to constitute a departure from a method of
evaluation in the safety analysis, and they may not be used for licensing calculations
without prior NRC review and approval of the necessary revisions to the LTR.

. The NRC staff considers modifications to the TGBLAOG6/PANAC11 codes or the GT CMS
software that result in inconsistency with the NEDE-33197P-A LTR to constitute a
departure from a method of evaluation in the safety analysis, and they may not be used
for licensing calculations without prior NRC review and approval of the necessary
revisions to the LTR.

. The NRC staff does not consider updates to the PANAC11 nuclear methods to ensure
compatibility with other NRC-approved methods to constitute a departure from a method
of evaluation in the safety analysis. These updates may be used for licensing
calculations without prior NRC review and approval so long as the predicted ESBWR
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equilibrium cycle MLHGR or the downstream ACPR/ICPR for the potentially limiting
transients (calculated by TRACGO04) show less than a 1-standard-deviation difference.

. The NRC staff does not consider increases in the spatial or energy resolution in the
TGBLAOQG lattice physics method to constitute a departure from a method of evaluation
in the safety analysis. These updates may be used for licensing calculations without
prior NRC review and approval so long as the uncertainties in the lattice parameters do
not increase as a result. In all cases, the cycle-specific SRLR, if used in the safety
analysis, must document modifications or updates done without prior NRC review and
approval.

. The NRC staff does not consider changes in the numerical methods to improve code
convergence to constitute a departure from a method of evaluation in the safety
analysis, and they may be used in the licensing calculations without prior NRC review
and approval.

4.18 GT-Specific [[ ]]1 Values Condition (Section 3.3.4.1)
The CMS must track individual [[ 1] values for each GT in the core.
4.19 Local Geometry Refinement Model Condition (Section 3.3.4.3)

The parameters used to compensate for biases introduced in the GT sensor signal by the
proximity to spacers or fuel type changes or both will be determined only when a new bundle
design (i.e., new axial lattice composition) or a new spacer design (i.e., material) is applied to a
particular ESBWR core loading, as described in Section 8.6 of NEDE-33197P-A. The
parameters will be incorporated into the GT-based monitoring system on a cycle-specific basis,
as required.

4.20 GT In-Line Heater Wire Current Hold Time Condition (Section 3.3.5)

GT calibration must be performed using a current hold time of at least five GT thermal time
constants per current magnitude per string.

4.21 GT Heater Wire Exposure-Dependent Resistance Condition (Section 3.3.6.1)

If changes are deemed appropriate to improve accuracy by accounting for GT heater wire
resistance changes during irradiation, implementation of the proposed method outlined in the
applicant’s response to RAI 7.2-7 requires revision to NEDE-33197P. The NRC staff considers
this to constitute a departure from the method of evaluation that has not been reviewed by the
NRC for the intended application.

4.22 Sensitivity Decrease Model Restriction (Section 3.3.6.2)
The sensitivity decrease model is not approved. Therefore, when GT are used for the purpose

of LPRM calibration or adaption, they must be calibrated beforehand using in-line heater
calibration to determine the sensitivity.
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4.23 GT Operability Condition (Section 3.3.6.2)

The failure of a GT heater is considered a loss of calibration capability of the full GT string (all
sensors). Therefore, in case of failure of a GT heater, the GT CMS will declare the GT string as
inoperable.

4.24 Delayed Gamma Compensation Model Restriction (Section 3.3.8.1)

The delayed gamma compensation model is not approved. Therefore, GT calibration and the
use of GT for LPRM calibration or adaption purposes may only be performed during a steady-
state condition of operation that meets the core requirement described in Section 4.5 of the GT
LTR.

4.25 Adaption Method Condition (Section 3.3.9)

The NRC staff considers modifications to the adaption technique in the PANAC11-based GT
CMS, described in NEDE-33197P-A, to constitute a departure from a method of evaluation in
the safety analysis, and they may not be used for licensing calculations without prior NRC
review and approval.

4.26 Minimum Instrumentation Configuration Limitation (Section 3.3.11)

The staff acceptance of the power distribution uncertainties in the OLMCPR analysis and the
MLHGR analysis is limited to those conditions that meet the minimum instrumentation
configuration described in the applicant’s response to RAI 7.2-66.

4.27 LPRM Calibration Interval Limitation (Section 3.5.1)
The LPRM calibration interval cannot exceed 750 MWD/T.
5. CONCLUSIONS

The staff has completed its review of the NEDC-33239P and NEDE-33197P LTRs. For the
reasons set forth throughout this SE, the staff finds the core monitoring methods described in
these LTRs to be acceptable subject to the conditions listed in section 4 of this report. The
staff's conclusions are based on a detailed review of the applicant’'s methods and experimental
qualification programs, and the staff’s independent confirmatory calculations.

Because the NRC staff has reviewed the subject LTRs, it does not intend to review the
associated LTRs when referenced in licensing evaluations. However, the staff only finds the
methods applicable when exercised in accordance with the limitations and conditions described
in Section 4 of this SE. Further, for the reasons set forth in this SE, GEH has demonstrated
that, when exercised appropriately, the methods documented in References 1 and 2 are
adequate to ensure that the design complies with the applicable GDC, with respect to the
ESBWR design basis as documented in the DCD. Subject to the identified conditions, the
nuclear methods are acceptable to perform those calculations aimed at assessing the safety of
the nuclear design of the core and the GT CMS is acceptable to performing core simulation and
thermal limits monitoring.
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APPENDIX A
CONFIRMATORY CALCULATIONS PERFORMED BY
U.S. NUCLEAR REGULATORY COMMISSION STAFF

A1 Lattice Physics Confirmatory Calculations

The U.S. Nuclear Regulatory Commission (NRC) staff performed confirmatory nuclear
calculations for the economic simplified boiling-water reactor (ESBWR). The purpose of these
calculations was to confirm (1) the extrapolation of nuclear data calculations made by
GE-Hitachi Nuclear Energy Americas LLC (GEH or the applicant) to high void fraction

(90 percent), (2) the efficacy of the GEH code’s depletion capability to determine reactivity
trends at high void fraction, and (3) the accuracy of GEH’s calculation of the void reactivity
coefficient.

The staff performed its calculations using MONTEBURNS. MONTEBURNS is a code that
couples the Monte Carlo N Particle (MCNP) transport code with the ORIGEN depletion code.
The confirmatory analysis considered various lattices encompassing those lattices reported in
Reference 1. The MONTEBURNS calculations were only capable of depleting 49 simultaneous
material regions. To address this limitation in the calculations, the staff performed several
sensitivity studies to verify the results. While a typical fuel lattice includes 92 fuel rod locations,
symmetry arguments allow for detailed representation of the depletion. This limitation, however,
presents particular difficulty in the simulation of gadolinia-bearing rod depletion given the steep
thermal flux gradients across the pellets and the subsequent “onion skin” effect where the
gadolinia depletes more rapidly in the outer radial regions of the fuel pellet before the gadolinia
in the central region of the pellet depletes.

To simplify the depletion calculation, the staff made various approximations, while ensuring a
level of accuracy commensurate with the intent to independently verify the nature of the
depletion solution in the GEH analytical methods. To this end, the staff evaluated the
approximate depletion arrangements using a number of sensitivity studies to determine an
optimized approximation. Due to limitations in MONTEBURNS the staff was limited in the
number of available depletion zones in the lattice calculation. The staff noted that the
approximations may lead to differences in the staff's and GEH calculations, particularly at higher
exposure. Noting the approximations for the depletion regions in the fuel geometry, the staff
determined that the calculation method provides a robust transport-based flux calculation while
allowing an independent means to gauge the capability of the TGBLAOG code to calculate the
nuclear data for the ESBWR with an independent depletion solution. Given the staff's
approximations in the depletion, the staff did not expect a high degree of agreement between
the two methods, however, the staff used the results to verify expected trends.

This appendix includes representative cases from the staff’s calculations. Figure A.1.1
compares the lattice infinite multiplication factor calculated using the “BNL [Brookhaven National
Laboratory] standard model” and the TGBLAOG6 code. The case presented reflects a 40 percent
depletion history and the dominant (DOM) zone lattice. This lattice includes a fully rodded

(92 fuel rods) configuration, with 13 gadolinia-bearing rods. For this mid-void depletion, the
TGBLAOG6 and staff results very closely agree at the beginning of life. The BNL standard model
and the TGBLAOG code predict the peak reactivity and the exposure of the peak reactivity very
closely. The staff does not expect the two cases to exactly predict the peak reactivity exposure
based on limitations of the BNL standard model in terms of the depletion zones. However, the
staff considers the close agreement between the two cases an indication that the TGBLAOG6
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calculations are performing adequately in terms of the calculation of the lattice reactivity and
depletion.

Figure A.1.2 is based on Reference 3 and depicts the results of the staff's and GEH calculations
of the DOM lattice depletion at very high void fraction (90 percent).

The comparison for the DOM lattice in this case is very similar to the 40 percent void fraction
depletion history. Thus, the staff has confidence that the solution techniques in TGBLAOG are
robust over this void range. The reported results include several more cases for many lattices
that characterize the entire fuel bundle geometry over a range of void fraction from 0 percent to
90 percent. The results presented in Figures A.1.1 and A.1.2 are typical of the results depicted
for the other lattices.

The staff also compared the calculation of the void reactivity coefficient to independent
confirmatory calculations. The void reactivity coefficient is calculated by perturbing the lattice
calculations at any exposure point instantaneously by changing the void fraction and then
calculating the void reactivity coefficient based on the differences in the infinite lattice
multiplication factor. The staff’s calculation used the mean gradient about the point of interest to
predict the void reactivity coefficient. That is, while the GEH results for the void reactivity
coefficient are derived from a polynomial fit to lattice branch calculations, the staff’s calculations
are performed by averaging two linear gradients about the void fraction of interest.

The analysis compared the void reactivity coefficient as a function of exposure. Figure A.1.3
compares the void reactivity coefficient predicted by MCNP and TGBLAOG6 for the DOM lattice at
high void (70 percent). The calculations indicate that the TGBLA0O6 and MONTEBURNS codes
predict a void reactivity coefficient of similar magnitude at various exposure points. For this
particular case, the staff's code predicts a more negative void reactivity coefficient at high
burnup; however, for lower burnups, the results agree very well. The staff also noted that there
is good agreement between the codes in terms of the change in void reactivity coefficient with
burnup. As illustrated in Figure A.1.3, the TGBLAOG6 and the staff’s curves are very similar in
character and magnitude with some differences in the exposure point of the curve deflections.
Some differences of this type and magnitude are expected based on inherent approximations in
the BNL standard model approach for gadolina-bearing fuel. These trends are characteristic for
the fueled regions of the bundle.

Figure A.1.4 depicts the staff’s results for the natural uranium blanket zone (NAT) at the bottom
of the fuel bundles (without gadolinia-bearing fuel). The results provided indicate very close
agreement between the two methods in terms of the magnitude of the void coefficient and the
evolution of the void reactivity coefficient with exposure. This provides the staff with assurance
that, under conditions in which the fuel depletion may be more explicitly modeled in the staff's
model, the two methods are in very good agreement.

The staff opted to incorporate Figures A.1.3 and A.1.4 because these results are representative
of the figures in Reference 3.

The staff's analyses largely confirm the GEH results. The staff considers the agreement
between theirs and GEH’s results particularly significant given that they were derived from two
completely distinct methods. The MCNP transport solution is a very detailed solution based on
Monte Carlo transport, whereas the TGBLAOG solution is based on a simpler collision probability
transport method.
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The variation in multiplication factor with exposure using either code was in good agreement,
confirming the ability of the TGBLAOG6 code to extrapolate to high void fractions and to solve the
eigenvalue equations at these conditions.

The trends in both the infinite multiplication factor and the void reactivity coefficient with
exposure were in very good agreement, providing simultaneous confirmation of the TGBLAOG
calculation of the depletion and the reactivity feedback at various void conditions, including high
void fraction.

The staff's confirmatory calculations provide additional reasonable assurance that TGBLAOG
provides acceptable nuclear data results for ESBWR calculations.

Il

1]

Figure A.1.1 Infinite lattice multiplication factor for representative DOM lattice
at 40-percent void
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Figure A.1.2 Infinite lattice multiplication factor for representative DOM lattice
at 90-percent void
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Figure A.1.3 Void coefficient comparison for representative DOM lattice
at 70-percent void
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1]
Figure A.1.4 Void coefficient comparison for representative NAT lattice
at 40 percent void
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A.2 Gamma Transport Confirmatory Calculations

The NRC staff performed confirmatory calculations of the expected gamma thermometer (GT)
performance using detailed MCNP simulations. The purpose of performing these calculations
was to (1) confirm the heat deposition in the GT insulated section and (2) predict the expected
GT response to axial power perturbations induced by control blade insertion.

The staff conducted the confirmatory analysis in two stages. The first stage considered a two-
dimensional simulation of a color set. A color set refers to a two-dimensional nuclear simulation
of four fuel assemblies. The color-set model considers a reflected geometry with four lattices
surrounding a central GT assembly. The staff performed the analysis using a coupled neutron-
photon MCNP simulation. The analysis included tallies for the GT insulated section regions to
determine the expected heat deposition in this section resulting from the gamma and neutron
flux.

The analysis confirmed the expected heat deposition rate in the insulated section consistent
with the specifications developed by the applicant and with NEDE-33197P, “Gamma
Thermometer System for LPRM Calibration and Power Shape Monitoring” (Ref. 1) (hereafter
referred to as the GT LTR). The analysis also predicts that as much as 10 percent of the heat
deposited in the insulated section may come from neutron heating. This is predominantly
attributed to neutron heating of the alumina insulator. The two-dimensional model treats the
cable pack as being entirely insulator, which results in an artificially high fraction of heating
coming from neutron heating.

According to the design information in the GT LTR, [[

1]- The cable pack material is
made from [[ ]I. Since neutrons heat alumina to a greater extent
than [[ ]] due to the high concentration of lighter nuclei (oxygen in this case), this leads to
an overestimate of the total heat deposition in the instrument from neutron irradiation.

Therefore, the staff finds that, at most, 10 percent of the heat deposited in the instrument will be
from neutron irradiation. Considering that the instrument model includes a significant amount of
alumina relative to the design information, the staff expects that the actual neutron heating will
be a smaller fraction. The GT LTR describes the design as containing [[

1] which is very small relative to the cable pack. The
alumina present in the GT design is approximately 10 percent of the alumina represented in the
staffs MCNP analysis. Because neutrons do not efficiently heat the stainless steel, the
expected neutron heating fraction could be estimated at 10 percent of 10 percent, or 1 percent.
This approximation demonstrates that the neutron heating is negligible.

However, even considering the artificially increased neutron contribution, the staff finds that
neutron heating on the order of 10 percent or less is not expected to introduce significant biases
in the GT local gamma flux indication. While the neutron and gamma transport characteristics
across the bundles will be different, the local combination of the gamma and neutron fluxes
should scale together because both fluxes are essentially proportional to power.

The potential to introduce instrument error arises because the neutron and gamma transport
characteristics across the bundle differ. For instance, the neutron penetration is highly
dependent on the absorption cross-section, while the gamma penetration is highly dependent
on the electron density. Therefore, assuming that the heat is entirely deposited by gamma heat
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affects the translation of the measured signal to bundle power. However, in either case, the
instrument is most sensitive to the power in the pins nearest the instrument (this is true for the
case of neutron and gamma sources). Because the pin neutron and gamma sources scale
directly with fission power, the translation of the heat deposition through gamma transport
factors to the pin powers (or vice versa) will only introduce a bias insofar as the relative pin
transport factors differ for either neutron or gamma radiation.

For the degree of neutron heat (less than 10 percent), and noting that the gamma flux and
neutron flux scale together and the transport characteristics are similar for fuel bundle
geometries, the staff does not find that this effect introduces a discernable bias. The staff's
conclusion is further supported by the in-plant qualification data demonstrating the GT
performance and capability to approximate the measured axial power shape. As the influence
of neutron heating would be discernable in the measurements performed for any BWR, the staff
finds that these results are applicable to the review of the GT CMS for the ESBWR.

In the second stage of the analysis, the staff modeled a controlled bundle with GT instruments
using three-dimensional MCNP calculations. The three-dimensional model was radially
reflected, thus modeling an infinite array of fuel bundles while allowing axial neutron leakage.
The analysis considered variation in axial void fraction and power using stacks of lattices. The
purpose of this analysis was not necessarily to accurately model the ESBWR axial shape, but to
introduce a “realistic” axial variation in neutronic and transport properties to test the efficacy of
the GT instruments to measure variation in axial power. The axial power shape was perturbed
externally using a control blade that could be inserted or withdrawn opposite the instrument
corner in the model.

The staff performed the three-dimensional calculations for various control blade insertions. The
staff was particularly interested in the potential for the control blade insertion to introduce biases
in the GT instrument reading. The study included analyses for six control blade insertion
depths. Figures 5 through 9 of Reference 2 illustrate the results.

For the shallow insertion depth, the axial power shape is mid-peaked. The results show that the
GT instrument reading and the nodal axial power shape are in very close agreement above the
control blade. For the nodes below the control blade tip, there is an apparent bias in the GT
reading. The staff, however, noted that the plots compare the axial fission power and the axial
indications of GT heat deposition. Figure A.2.1 depicts the shallow insertion calculation results.

The following figures illustrate the differences between the axial power shape and the GT
readings below the control blade tip. In certain instances, the difference between the GT heat
deposition and the power is substantial (50 percent). The staff considered the GT instrument
biases and attributes the differences to radial power tilting in the assembly due to the presence
of the control blade.

When the control blade is inserted in a node, the assembly power will radially tilt away from the
blade and result in high local peaking in the instrument corner. Overall, the nodal power will
decrease due to the blade; however, the instrument corner is least affected by the blade, and
the power in this corner will remain high relative to the balance of the node. Therefore, even as
the blade reduces the nodal power, the GT will still respond to power generated in the pins
closest to the instrument corner.

The staff concluded that the GT instruments are expected to perform adequately when the
control blades are withdrawn during normal operation.
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The staff, however, noted that the ESBWR reactivity control is accomplished through a mixture
of temperature variation and control blade insertion. During cycle operation, various rods are
inserted to various depths depending on the exposure to maintain criticality.

While the staff's independent confirmatory calculations have characterized the potential for the
control blades to introduce biases in the GT readings, the staff noted that the J-factor
methodology [[

]] to determine the instrument response. The J-factor,
therefore, accounts for radial power peaking introduced by the explicit introduction of the control
blade.

In other words, the staff does not necessarily expect the GT reading, established by the heat
deposition in the sensing region, to match exactly the assembly power. The close agreement
between the GT reading and the axial power shape above the control blade tip provides
additional assurance that the GT will accurately predict the local power. However, this is most
likely an artifact of the radial reflection assumptions in the analysis which reduce the potential
radial power tilting in the assembly due to effects, such as buckling, that result from the specific
core design and fuel loading.

The bias introduced in the GT reading by the presence of the control blade is a function of the
radial power shift in the assembly. The staff has reviewed GEH’s core monitoring software and
the J-factor methodology to confirm that, when the GT readings are translated into an indication
of the local power, this methodology captures the effect of the radial pin power distribution
explicitly. The staff’s calculations confirm the expected performance of the GT instruments for
controlled conditions and these calculations verify that need for the J-factor methodology [[

Il

For partially controlled nodes, the J-factors are combined according to the local geometry
correction methodology provided in the response to Request for Information 7.2-72 (for
additional information regarding the staff’'s technical review, see Iltem B.54 in Appendix B to this
safety evaluation). This methodology accounts for the potential for the fine motion control rod
drive to position a control blade partially through a node near a GT sensor.

Overall, the staff's confirmatory calculations provide additional assurance that the applicant’s
characterization of the GT in-plant operation is consistent with the expected heating of the
instrument. Similarly, the confirmatory calculations indicate that the J-factor approach considers
the appropriate phenomena to account for the axial power variation introduced by the control
blades. This is further confirmed by Limerick 2, Tokai 2, and K5 in-plant tests showing good
agreement between the GT “measured” local power and the thermal traversing in-core probe
“measured” local power distributions in the GT LTR. In this case, the staff uses the term
“measured” to mean that these distributions are the reactor power distributions inferred from the
instrument readings.
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Figure A.2.1 Normalized GT response and power shape (control blade at 45.11 cm)
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APPENDIX B
STAFF REVIEW OF APPLICANT RESPONSES TO REQUESTS FOR
ADDITIONAL INFORMATION

This appendix provides the detailed findings of the U.S. Nuclear Regulatory Commission (NRC)
staff review of the GE- Hitachi Nuclear Energy Americas LLC (GEH or the applicant) responses
to the staff’s requests for additional information (RAls) regarding the Economic Simplified
Boiling Water Reactor (ESBWR). In many cases, initial RAl responses did not provide sufficient
detail for the staff to complete its review. This appendix also discusses supplemental RAls and
describes the final closure of all open items. The staff noted that GEH implemented significant
methodology changes during the course of the NRC review of the gamma thermometer (GT)
core monitoring system (CMS). In certain cases, these methodology changes rendered
previous RAI responses irrelevant. This appendix summarizes these cases as a means of
documenting the closure of all RAls.

The staff noted that the following RAIls were rendered irrelevant, partially superseded, or fully
superseded by information provided in other RAIl responses: 4.3-1, 4.2-12, 7.2-14, 7.2-16,
7.2-17,7.2-51,7.2-52, 7.2-53, 7.2-54, 7.2-55, 7.2-56, 7.2-58, 7.2-60, 7.2-62, and 7.2-64.

The Appendix B sections are divided into sections for each RAI or in some cases for multiple
RAIls that address the same general topical area. For RAls with multiple parts or supplements,
the section is subdivided. Each Appendix B section contains an individual reference section. In
most cases the reference provides the RAI and the response. If other documents were used in
the review of a particular response, then each section provides the appropriate references and
citations.

B.1 RAl4.2-12

The staff requested that GEH describe those factors in the linear heat generation rate
uncertainty analysis that account for the uncertainties based on the GT CMS. The staff found
the response to RAI 4.2-12 (Ref. 4.2-12.1) to be insufficient. Based on the response to

RAI 4.2-12, the staff requested additional information in RAI 4.2-12S1.

B.1.1 RAI 4.2-1281

The response to RAI 4.2-1251 is provided in Reference 4.2-12.2. The response individually
addresses the 26 parts of RAI 4.2-12S1.

B.1.1.1 RAI 4.2-12581-1

In RAI 4.2-12S1-1 the staff requested additional information regarding the R-factor uncertainty.
The response stated that the applicant would provide this information under RAI 4.3-251.

B.1.1.2 RAI 4.2-12S81-2
In RAI 4.2-1251-2 the staff requested additional information regarding the bundle power

calculational uncertainty. The response states that this information will be provided under
RAI 4.3-2S1.
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B.1.1.3 RAIl 4.2-1281-3

RAI 4.2-12S1-3 pertains to the [[ ]I. GEH and the staff agree that a value of
1 11 is appropriate because it is consistent with NEDC-33173P, “Applicability of GE
Methods to Expanded Operating Domains.”

B.1.1.4 RAIl 4.2-12S1-4

In RAI 4.2-12S1-4 the staff requested additional information regarding the barium calculation
performed as part of a report used by GEH from the Kashiwazaki-Kariwa Unit 5 (K5) gamma
scan campaign. The response clarifies that the PANAC11 bundle isotopic model was not used
for this purpose. GEH calculated the concentrations using a separate methodology, integrating
the power distributions over the last several months of operation. This approach is an industry
standard practice. The calculation is based on a simple and straightforward relationship
between integrated power and concentration and is acceptable to the staff for the purpose of
predicting the barium concentration for gamma scan validation purposes.

B.1.1.5 RAIl 4.2-1281-5

In RAI 4.2-12S1-5 the staff requested additional clarification of the barium calculation. In its
response, GEH stated that it determined [[

]I. FLN-2005-034 (Ref. 4.2-12.9) describes the methodology. As stated
above, the calculation is simple and straightforward and this process is acceptable to the staff.

B.1.1.6 RAI 4.2-1251-6

In RAI 4.2-12S1-6 the staff requested additional information regarding the K5 scanned fuel
discharge exposure. The response states that the discharge exposure was not part of the
report GEH used. Toshiba performed the gamma scans on non-GEH/Global Nuclear Fuel
(GNF) fuel and did not provide additional details regarding the bundle exposure.

The staff requested additional information in RAI 4.2-12S2-6.
B.1.1.7 RAIl 4.2-1281-7

In RAI 4.2-1251-7 the staff requested additional information regarding the standard deviation in
the nodal power provided in Table 7A-4 of the design control document (DCD). [[

1]

The staff determined this acceptable [[
11
B.1.1.8 RAIl 4.2-12S1-8

In RAI 4.2-12S1-8 the staff requested [[ 1]
The staff again requested additional information in RAI 4.2-12S2-8.

B.1.1.9 RAI 4.2-1281-9
In RAI 4.2-1251-9 the staff requested additional information regarding the K5 core loading

before the gamma scan campaign. The response states that the fuel is 8X8 and 9X9 fuel. The
fuel gadolinia loading ranged between 3.5 weight percent (w/0) and 5.5 w/o. The 9X9 fuel
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included part-length rods. The 9X9 fuel also includes diagonal gadolinia-bearing rods that are
face-adjacent to vanished rods.

The staff has requested additional information prompting the evaluation of the uncertainties
based on a combination of historical data, analytical studies, and the qualification data from all
of the tests. Therefore, this information is not required for the staff to determine directly the
applicability of the K5 gamma scan uncertainties.

B.1.1.10 RAIl 4.2-12S1-10

In RAI 4.2-12S1-10 the staff requested analytical qualification of the GT CMS methodology
based on simulated results and power shapes from Plant E [[ ]] of the qualification
database for Cycle 9 or 10. The response to RAI 4.2-1251-10 states that the applicant was not
performing this calculation. The staff requested additional information in RAI 4.2-12S2-10.

B.1.1.11 RAI 4.2-12581-11

In RAI 4.2-12S1-11 the staff requested that the uncertainty analysis considers the trends in
uncertainty with power-to-flow ratio. The response states that no commitment is made in regard
to this sensitivity as it may apply to the ESBWR. The staff requested additional information in
RAI-4.2-12S52-11.

B.1.1.12 RAIl 4.2-12581-12

In RAI 4.2-12S1-12 the staff requested the detailed power/flow operating history for K5 before
the gamma scan. The response states that these data were not available to GEH. The staff
requested additional information in RAI 4.2-12S52-12.

B.1.1.13 RAI 4.2-1281-13

In RAI 4.2-12S1-13 the staff requested details regarding the K5 GT CMS adaption technique.
The response states that these details were not available to GEH.

The staff requested additional information prompting the evaluation of the uncertainties based
on a combination of historical data, analytical studies, and the qualification data from all of the
tests. Therefore, this information is not required for the staff to determine the applicability of the
K5 gamma scan uncertainties directly.

B.1.1.14 RAIl 4.2-1251-14

In RAI 4.2-12S1-14 the staff requested the verification of the K5 gamma scan measurements
compared to PANAC11/TGBLAO6 methods. The response states that these codes in the K5
qualification were not part of the report provided to the applicant.

The staff has requested additional information prompting the evaluation of the uncertainties
based on a combination of historical data, analytical studies, and the qualification data from all
of the tests. Therefore, this information is not required for the staff to determine the applicability
of the K& gamma scan uncertainties directly.
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B.1.1.15 RAI 4.2-1281-15

In RAI 4.2-12S1-15 the staff requested that Figure 7.2-8 in the DCD be revised to indicate the
axial elevation of the GT instruments. The response states that Figure 7.2-8 in the next revision
of the DCD will indicate the axial elevation of the GT instruments.

B.1.1.16 RAIl 4.2-1251-16

In RAI 4.2-12S1-16 the staff requested that GEH verify that the power shape adaption is
performed based on the GT signals and not the local power range monitor (LPRM) signals. The
response states that the final decision has not been made, and the RAI cannot be resolved.
The staff requested additional information in RAI 4.2-12S52-16.

B.1.1.17 RAIl 4.2-12S81-17

In RAI 4.2-12S1-17 the staff requested that GEH update the DCD with the specific adaption
technique and the specific means for LPRM calibration. The response states that these
techniques are under development and cannot be incorporated. The staff requested additional
information in RAI 4.2 12S52-17.

B.1.1.18 RAI 4.2-1251-18
In RAI 4.2-12S1-18 the staff requested justification of the [[ 1] uncertainty adder for a

seven-GT arrangement relative to a nine-GT arrangement. The response states that this adder
is determined based on an analysis of the Tokai 2 data. The nodal power uncertainty increased

from [[ INto[ 11 when seven GT were considered relative to the nine GT
used in the test. The statistical combination was used to determine a factor of
[[ 1] to account for the increased nodal uncertainty.

The staff has requested additional information prompting the evaluation of the uncertainties
based on a combination of historical data, analytical studies, and the qualification data from all
of the tests. Therefore, this information is not required for the staff to determine directly the
applicability of the K5 gamma scan uncertainties.

B.1.1.19 RAIl 4.2-1281-19

In RAI 4.2-12S1-19 the staff requested information regarding the sufficiency of the number of
instruments. Particularly, the staff asked that GEH verify that the number of GT is sufficient to
perform adaption with extrapolation. The response states that the final technique is under
development, and the question cannot be resolved. The staff requested additional information
in RAI 4.2 12S2-19.

B.1.1.20 RAIl 4.2-1251-20

In RAI 4.2-12S1-20 the staff requested additional information regarding the introduction of
higher uncertainties for scenarios in which the axial power shape has several local axial peaks
(i.e., double-humped power shapes). The response states that the adaption technique is under
development, and the question cannot be resolved. The staff requested additional information
in RAI 4.2-12S52-20.
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B.1.1.21 RAIl 4.2-1281-21

In RAI 4.2-12S1-21 the staff requested additional information regarding any update to the
PCGEN methodology to enable its use in a GT-based CMS. The response states that no
modifications have been made. The response to RAI 4.2-1252-22 provides the updates that
have been made to PCGEN. Therefore, the response to RAI 4.2-1252-22 supersedes the
response to RAI 4.2-1252-21.

B.1.1.22 RAIl 4.2-12S51-22

In RAI 4.2-12S1-22 the staff requested additional information regarding the use of [[ 1] to
calculate J-factor parameters. The response states that (1) [[ 1] calculations have been
performed, (2) 3D MONICORE will be updated, and (3) corroborative Monte Carlo N Particle
Transport Code (MCNP) calculations will be performed. The staff requested additional
information in RAI 4.2-1252-22.

B.1.1.23 RAIl 4.2-1251-23

In RAI 4.2-12S1-23 the staff requested additional information regarding the calibration accuracy.
The response states that the data acquisition system and calibration frequency are components
of the site calibration and that the uncertainty is considered part of the overall bundle power
model uncertainty.

The response states that this uncertainty is inherently accounted for in the [| 1]
uncertainty value based on the K5 gamma scan results. The response to RAI 7.2-18S2 revises
the GT CMS uncertainty analysis and the staff did not consider the K5 bundle power uncertainty
in its review of NEDE-33197P.

B.1.1.24 RAIl 4.2-1251-24

In RAI 4.2-12S1-24 the staff requested justification of the update uncertainty of [[ 1.
The response states that the [[ 1] update contribution is in addition to the [[

1l. The response to RAI 7.2-18S2 justifies the continued applicability of
the update uncertainty.

B.1.1.25 RAIl 4.2-12581-25

In RAI 4.2-12S1-25 the staff requested revision of NEDE-33197P, “Gamma Thermometer
System for LPRM Calibration and Power Shape Monitoring.” The response states that revision
is not required.

B.1.1.26 RAIl 4.2-1251-26

In RAI 4.2-12S1-26 the staff requested revision of NEDC-33242P “GE14 for ESBWR Fuel Rod
Thermal-Mechanical Design Report” (Ref. 4.2-12.10). The response states that revision is not
required. The staff requested additional information in RAI 4.2-12S2 regarding the component
uncertainties in the linear heat generation rate (LHGR) uncertainty. Based on an audit
conducted regarding the GT CMS, the staff identified additional information needed for it to
complete its review. The staff documented this in an audit report open item associated with
RAI 7.2-18S2 (Ref. 4.2-12.7). The open item stated that, should the LHGR uncertainty exceed
[l 11, the staff would require additional information regarding the continued applicability
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of NEDC-33242P without revision or a revision of NEDC-33242P. Because the response to
RAI 7.2-18S2 indicates that the decreased calibration interval maintains the LHGR uncertainty
below [[ 11, the staff agrees that revision of NEDC-33242P is not necessary.

B.1.2 RAI 4.2-12S2

In its review of the response to RAI 4.2-12S1, the staff found that several elements of the
methodology were under development, and in several cases, sufficient detail could not be
provided regarding the qualification of the K5 GT CMS to allow the staff to reach a conclusion
regarding the applicability of the gamma scan data as a basis for the uncertainties associated
with the ESBWR. Therefore, the staff issued a supplemental request for additional information.
The response to RAI 4.2-12S2 is provided in Reference 4.2-12.3.

B.1.2.1 RAls 4.2-12S2-1 and 4.2-12S2-2

The staff communicated that these RAI items will not be closed until the staff makes a final
determination on the acceptability of the response to RAI 4.3-2S1. As described below, the staff
determined that that the response to RAI 4.3-2S2 is acceptable. Therefore, the staff has closed
the open items associated with RAls 4.2-12S2-1 and 4.2-12S2-2.

RAI 4.2-12S2-6

In RAI 4.2-12S2-6 the staff requested a comparison of the K5 reactor to the ESBWR. K5 is a
1,100-megawatt-electric (MWe) class BWR/5. K5 is substantially similar to Tokai 2 in core size
and thermal power. K5, Tokai 2, and Limerick 2 are all 764-fuel-bundle cores operating
between 3,292 and 3,460 megawatt thermal (MWt) with 43 instrument strings. These are large
cores relative to the operating fleet of boiling-water reactors (BWRs). The core thermal power
density for these plants is on the order of 50 kilowatts per liter (kW/I), which is similar to the
ESBWR power density of 54 kW/I.

The K5 gamma scans were performed for 8X8 and 9X9 fuel bundles; the response to

RAI 4.2-12S2-6 (Ref. 4.2-12.3) states that the discharge exposure for the 8X8 fuel bundles is
40 gigawatt-days per metric tonne (GWD/mT) (or 36 gigawatt-days per short ton (GWD/ST)),
which is largely similar to the ESBWR fuel discharge exposure of 44 GWD/mT (40 GWD/ST).
The K5 plant is a high power density with a maximum linear heat generation rate (MLHGR) on
the order of 35—40 kilowatt per meter (kW/m) (10.7—-12.2 kilowatt per foot (kW/ft)), which is
similar to the ESBWR MLHGR. The similarity in average bundle exposure and power density
ensures comparable core isotopic inventories between the plants. The staff noted that, while
the ESBWR core is larger (1,132 bundles) relative to those considered in the qualification
(764 bundles), these plants are among the largest cores in the operating fleet.

The staff considers the K5 gamma scan data to apply to the qualification of a GT-based CMS
for the ESBWR considering the core power density, discharge exposure, and large size of the
core. The staff did not consider the applicability of the data to demonstrate the capabilities of
the PANAC11 core simulator software for ESBWR-specific geometry, however. The uncertainty
analysis considers the GT CMS and nuclear methods uncertainty, as described in response to
RAI 4.2-12S2-11.

The intent of the qualification data is to enumerate those uncertainties specific to the GT

instrumentation. Considering the prototypic application in large reactors at comparable power
density and application to measurements of axial power shapes for high exposure bundles, the
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staff determined that that the qualification data collected over these series of plants is adequate
to determine instrument uncertainties when considered with parallel measurements using
gamma scans and traversing in-core probe (TIP) traces. Therefore, the staff determined that
this response acceptable.

B.1.2.2 RAI 4.2-12S2-8

In RAI 4.2-12S2-8 the staff requested additional information regarding the interim methods. In
its response to RAI 4.2-1252-8, GEH clarified that the ESBWR uncertainty analysis considers
portions of the interim methodology for expanded operating domain reactors. This interim
methodology uses information from the historical qualification of the nuclear design methods to
TIP measurements. The staff determined that this interim approach acceptable for the ESBWR
when specific adjustments are made to the uncertainty analysis to account for the GT-based
CMS.

B.1.2.3 RAI 4.2-12S2-10

The staff requested that GEH perform an interpolation study using simulated GT signals to
establish the uncertainty impact of monitoring and adaption based on discrete, as opposed to
continuous, axial power measurement.

The applicant performed and documented an adaption study for Plant E. The response

(Ref. 4.2-12.3) provides the results of the adaption study. The response describes the adaption
techniques and GT arrangements considered in the adaption study. This study evaluates
several different adaption options. [[ ]] to generate a data
array that is the same dimension as the [[ 1] (measured traversing in-core probe) array
currently used in PANAC11 to adapt the power shape. The response to RAI 4.2-12S52-10
specifies [[ 1] as the ESBWR adaption technique.

When the adaption technique was revised from [[ NNto ]l 11, the response to
RAI 7.2-18S2 superseded the response to RAI 4.2-12S52-10. [[

1IThe response to RAI 7.2-18S2 provides the revised methodology and revised
uncertainty analysis.

B.1.2.4 RAIl 4.2-12S2-11

The staff requested additional information regarding the uncertainty analysis to determine the
acceptability of the design to ensure that specified acceptable fuel design limits (SAFDLs) are
not exceeded.

The response to RAI 7.2-18S2 supersedes the response to RAI 4.2-12S2-11. The response to
RAI 7.2-18S2 addresses all of the component uncertainties and includes the uncertainty
analysis for the critical power ratio (CPR) as well as the LHGR limits. The staff determined that
the modified methodology and the associated uncertainty analyses are appropriate and
acceptable.

B.1.2.5 RAIl 4.2-1252-12

In RAI 4.2-12S2-12 the staff requested that GEH evaluate the qualification plant tests against
the conditions of the ESBWR. GEH provided the reactor thermal power and power-to-flow ratio
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window for Limerick 2 and Tokai 2 in response to RAI 4.2-12S2-12. In each case, the power-to-
flow ratios were substantially smaller than the ESBWR range ([23.5, 42.5]*? megawatt-thermal
per million pounds mass per hour (MWt/MIbm/h) for Limerick, [24.1, 36.1] MWt/MIbm/h for
Tokai, and [53.6, 62.8] MWt/MIbm/h for ESBWR).

While the ESBWR power-to-flow ratio is much greater than those plants considered in the test,
the plants considered are large plants (764 bundles) with a large number of instrument strings
(43). The intent of the qualification data presented in NEDE-33197P is to qualify the use of a
GT-based CMS; it is not to independently develop the uncertainty parameters for ESBWR
uncertainty analysis or operating limit determination. The staff determined that the conditions of
these tests, in core power level, core size, and lattice, are similar enough to ESBWR conditions
that these tests may provide the qualification of the instrumentation system to be used in
parallel with historical data and interim methods to develop the ESBWR-specific bundle power
and LHGR uncertainties.

B.1.2.6 RAIl 4.2-12S2-16

In RAI 4.2-12S2-16 the staff requested that GEH perform an uncertainty analysis for each
adaptive technique. This was performed as part of the adaption study. The response states
that the applicant used the [[ ]] to evaluate the Tokai 2 test results;
however, in the application of the GT CMS for ESBWR, GEH developed specific J-factors to
account for the gamma field measurement capability of the GT instruments. The staff agrees
that the comparison of the gamma-sensitive measurements to the neutron-sensitive instruments
requires some assessment of the difference in the measured field (neutron or gamma). The
response states that the GT are gamma-sensitive instruments and that modern J-factors are
being developed specifically for the ESBWR and GT geometries. The staff reviewed the
J-factors provided in the response to RAI 4.2-12S2-22. The staff agrees that further
consideration of the [[ 11 is not necessary to develop the ESBWR-specific bundle
power and LHGR uncertainties, but may be used as a tool for the qualification of the
instruments during in-plant testing.

B.1.2.7 RAI 4.2-12S2-17

In RAI 4.2-12S2-17 the staff requested that GEH revise the licensing topical report (LTR) to
include the adaption technique summary and the results of the uncertainty analyses. The
response states that GEH will revise the LTR accordingly to close this open item (Ref. 4.2-12.3).
Responses to RAIs 4.2-12S2-10 and 4.2-12S2-11 describe the adaption methodology and
evaluate the analytic uncertainty associated with the technique. The response to RAI 7.2-18S2
supersedes the response to RAIs 4.2-1252-10 and 4.2-12S2-11. However, the LTR revision
provided in the response to RAI 7.2-18S2 is sufficient to address the specification of the
adaption technique and the determination of the uncertainties.

B.1.2.8 RAI 4.2-12S52-19

RAI 4.2-12S2-19 stipulates that, if a single adaption technique is selected, the information
requested in RAIls 4.2-12S2-16 and 4.2-12S2-17 be provided for only that technique. The
response states that the adaptive technique specifies [[ 11, the response to

RAI 4.2-12S2-11 provides the uncertainty analysis, and the applicant will revise the LTR

%2 Bracketed values here denote the minimum and maximum power to flow ratios allowed at the licensed
thermal power for the flow control window.
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accordingly, as described in response to RAI 4.2-12S2-16. The staff determined that this
information is sufficient to close the open item associated with RAI 4.2-12S52-16.

The response to RAI 7.2-18S2 supersedes the response to RAI 4.2-1252-19. The adaption
methodology is based on [[ 1] and the corresponding uncertainties. The response to the
RAI and the revised LTR provide these uncertainties. The response to RAI 7.2-18S2 is
sufficient to address RAls 4.2-12S2-16, 4.2-12S2-17, and 5.2-12S2-19 because it provides the
information sought by these RAls.

B.1.2.9 RAI 4.2-1252-20

The staff requested additional information regarding the axial power shape uncertainty when
adaption is performed using discrete, as opposed to continuous, axial power measurements.
The staff noted that the nodal power uncertainties were shown to increase with decreasing axial
measurements based on the Tokai 2 qualification.

The response to RAI 7.2-18S2 provides the revised interpolation and technique and the
associated uncertainty analyses. The response includes consideration of the failure of GT
sensors. The response refers to the response to RAI 7.2-66, which specifies the minimum
acceptable instrumentation configuration. The response to RAI 7.2-18S2 also provides the
details of the quantification of the [[ ]] that are consistent
with the minimum set of instrumentation listed in RAI 7.2-66. The staff determined that the
response to RAI 7.2-18S2 is adequate to resolve the staff's concerns expressed in

RAI 4.2-12S2-20. The response further states that the next revision of the LTR will include the
relevant information. The staff determined this is acceptable.

B.1.2.10 RAI 4.2-12S2-22

The staff requested that GEH provide the results of the [[ ]] and MCNP calculations for the
J-factor and associated PCGEN inputs. The staff also requested that GEH provide at least one
case that considered the effect of the fuel spacer.

The response to RAI 4.2-12S52-22 provides the results of MCNP calculations of the gamma
transport factors used in the J-factor methodology. The response provides qualification of the
J-factor methodology in PCGEN against MCNP using revised constants in the model. The
results indicate agreement within [[ 1I. The staff concluded this acceptable. The
response to RAI 4.2-1252-22 supersedes the response to RAI 4.2-1251-22.

The response provides the revised PCGEN parameters and their qualification against MCNP.
The staff determined that the use of MCNP for this purpose is acceptable. The staff further
noted that the response did not include the spacer effect. The applicant explained that the
response to RAI 7.2-20S1-B considered the spacer effect. The staff has reviewed this
response, as documented below, and concluded that the revised methodology adequately
captures the spacer effect. Therefore, the staff determined that the response is acceptable.

B.1.2.11 RAIl 4.2-1252-25
The staff requested that NEDE-33197P be revised. As discussed in RAls 4.2-1252-10,
4.2-1282-11, 4.2-12S2-16, 4.2-12S2-17, 4.2-1282-19, 4.2-12S2-22, 4.2-12S2-25, and

7.2-18S2, the applicant revised the LTR to account for the finalized methodology and the
associated uncertainty analysis.
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B.2 RAI4.341

The staff requested that GEH provide the results of TGBLAO6 calculations to determine the void
reactivity coefficient. In a supplemental request for information, the staff asked that GEH
describe the process by which it used TGBLAOG lattice calculations to determine the void
reactivity coefficient biases and uncertainties used in TRACGO04.

The original response provided the detailed lattice physics calculational results for the GE14E
fuel lattices used in the ESBWR equilibrium core design (Ref. 4.3-1.1). The results were
compared against independent calculations performed by the staff using
MCNP/MONTEBURNS. A contractor report details the results of the BNL calculations and
comparisons (Ref. 4.3-1.3). The staff reviewed these calculations and the contractor report and
found that the TGBLAOG6 calculations indicate good agreement with more sophisticated transport
methods. The staff therefore determined that the lattice physics code acceptably models the
lattice design, including the N-lattice fuel bundle arrangement.

In the response to the supplemental request for information, GEH provided a detailed
description of the means for calculating the void reactivity coefficient biases and uncertainties
using MCNP (Ref. 4.3-1.2). Although the process outlined is unacceptable because it (1) relies
on only one void history (40 percent) and (2) does not account for modern fuel lattice designs
referenced in the ESBWR core design, the response to RAI 21.6-111 supersedes the response
to RAI 4.3-151.

References

4.3-1.1 MFN-06-291, Hinds, D., General Electric, letter to U.S. Nuclear Regulatory
Commission, “Response to NRC Request for Additional Information Letter No. 21
Related to ESBWR Design Certification Application—Nuclear Design—RAI Number
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Information Letter No. 21 Related to ESBWR Design Certification Application—
DCD Chapter 4 and GNF Topical Reports—RAI Number 4.3-1,” November 13, 2006
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4.3-1.3 Technical Evaluation Report (TER) for the MCNP Code Package Validation of the
Analysis Presented in Chapter 4.3 of the ESBWR Design Application, Brookhaven
National Laboratory (ADAMS Accession No. ML092660173)

B.3 RAIl4.3-2

B.3.1 RAIl 4.3-2(a)

The staff requested that GEH demonstrate quantitatively and qualitatively that the current lattice

and simulator code suite have been validated in regions characteristic of ESBWR operation,

such as low mass flow rate and high void fractions. The response provides a comparison of
void fraction and flow rates for the ESBWR to the updated experience database (Ref. 4.3-2.1).
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B.3.2 RAI4.3-2(b)

The staff requested that GEH demonstrate quantitatively and qualitatively that the lattice code
and associated uncertainties and biases established remain valid for the neutronic and thermal
hydraulic conditions predicted for ESBWR operation.

The response states that the coefficients and biases remain valid for ESBWR operation

(Ref. 4.3-2.1). The staff did not find the method for quantifying the biases and uncertainties for
downstream transient analyses to be acceptable. Therefore, the staff requested in

RAI 21.6-111 that GEH update the void reactivity coefficient bias and uncertainty model to

(1) incorporate void history and (2) incorporate modern 10X10 lattices indicative of the ESBWR
fuel design. The response to RAI 21.6-111 is sufficient to resolve this concern. Therefore,
while the staff does not agree that the previous methodology for establishing the void reactivity
coefficient and biases is acceptable for ESBWR operation at high power and low flow, the staff
determined that the response to RAI 21.6-111 adequately resolves the technical concern.
Therefore, the staff has closed RAI 4.3-2(b).

B.3.3 RAI 4.3-2(c)

The staff requested additional information regarding the lattice physics code capabilities to
model isotopic depletion for prolonged hard spectrum exposure under high void conditions. The
response states that the similarities between the ESBWR and the updated experience database
in terms of channel void fractions indicate sufficient similarity in the neutron spectra that
conclusions drawn regarding the code applicability to the updated experience database are
equally applicable to the ESBWR (Ref. 4.3-2.1). The staff reviewed the updated experience
database and found that the database provides sufficient justification of the capability of the
method. The staff agrees that the neutron spectra are sufficiently similar to support the
conclusions drawn in the RAIl response. Therefore, the staff determined that the response
provided adequate justification and is acceptable.

B.3.4 RAI 4.3-2(d)

The staff requested validation data of the GEH neutronic methodology predictions by
comparison to gamma scan data and TIP data. The staff also requested core follow
benchmarking on present fuel design, operating strategies, and core conditions similar to those
strategies and core conditions expected for the ESBWR.

This request pertains to any recent fuel (e.g., GE14), particularly for first- and second-cycle
operation.

The response states that the updated experience database included in the LTR is based on
BWR core follow data at extended power uprate (EPU) operation with GE14 fuel (Ref. 4.3-2.1).
The response does not include any data specific to first- and second-cycle operation. The staff
has deferred the review of the first-cycle operation to the review of the IC LTR.

B.3.5 RAI 4.3-251
Part (a) of the response states that the in-channel void fraction expected for the ESBWR is

similar to the in-channel void fractions of those plants included in NEDC-33239P, “GE14 for
ESBWR Nuclear Design Report,” as an update to the experience database. Those in-channel
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void fraction ranges, depicted for the ESBWR, are within the same range as those experienced
for high power density fuels in EPU plants, labeled A through E in NEDC-33239P.

These plants form the experience database for validation of the lattice depletion and core
simulator codes, as applied to the ESBWR. Part (d) of the response indicates that core follow
data from plants A through E are applicable to the expected conditions for the ESBWR core and
fuel design. Part (b) of the response indicates that the associated biases and uncertainties
remain valid for the ESBWR.

The uncertainty analyses applied in NEDC-33237P is based on NRC-approved methodologies
in NEDC-32694P-A. The staff does not find this methodology acceptable for application to EPU
plants or plants with normal conditions of operation similar to currently operating BWRs with
expanded operating domains. Therefore, the staff does not find that the response adequately
justifies the current uncertainty analyses based on the database referenced.

In accordance with the conditions of NEDC-32601P-A, the following actions must be taken to
apply the approved methodology for power distribution uncertainties to determine the safety limit
minimum critical power ratio (SLMCPR):

. Verify the TGBLA fuel rod power calculational uncertainty when applied to new fuel
designs.

. Reevaluate the effect of the correlation of rod power calculation uncertainties to ensure
the accuracy of the R-factor uncertainty when the methodology is applied to a new fuel
lattice.

. Verify the 3D MONICORE bundle power calculational uncertainty when applied to new

fuel and core designs.

The uncertainty analysis in NEDC-33237P references a power peaking uncertainty of
1 1] (NEDC-33239P). This value is inconsistent with the value of [[ |
referenced in NEDC-33173P, based on the [[

1I.

Therefore, the staff issued a supplemental request for additional information (RAI 4.3-2S1)
which requested that GEH revise the uncertainty analysis.

B.3.5.1 RAI 4.3-251-1

The staff requested that GEH explain the inconsistency and provide the value for local pin
peaking factor uncertainty based on the MCNP and TGBLAOG6 calculations provided in
NEDC-33239P using the [[ 11, as described in Section 2.2.1.2 of NEDC-33173P
(Ref. 4.3-2.7). The response states that the generic value of [[ ]] bounds the
ESBWR-specific value of [[ 11 (Ref. 4.3-2.2). However, the response states that if
the [[ 1] were to be adopted for the ESBWR-specific lattices, the resultant
uncertainty is [[ ]I. The staff determined that a value of [[ 11 is acceptable
for use in the uncertainty analysis because it bounds all of the ESBWR lattices.
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B.3.5.2 RAI 4.3-2581-2

FLN 2001-017, dated October 1, 2001, details the applicability of the R-factor methodology in
NEDC-32505P-A to GE14 fuel lattices (Refs. 4.3-2.5 and 4.3-2.6). The staff requested that
GEH explain the applicability of the methodology for the same lattice with reduced flow
conditions relative to currently operating BWRs with GE14 fuel. The staff requested that GEH
evaluate the R-factor uncertainty based on the local (pin) power peaking uncertainty calculated
based on the [[ 10

The response states that consideration of higher void conditions in the local pin power peaking
uncertainty based on MCNP calculations using the [[ ]] results in a reduction in
the lattice peaking uncertainty from [[ I1to[[ 1] (Ref. 4.3-2.2). Since the
TGBLAOG6 uncertainties are reduced for higher in-channel void conditions, the staff determined
that the use of the value based on the standard production lattice in-channel void fractions
confers a small degree of conservatism given the large ESBWR core average void fraction.
This is acceptable to justify the use of the pin peaking uncertainty for downstream R-factor
uncertainty evaluations at high power-to-flow ratios.

The response further calculates the total random uncertainty based on the [[ ]] based pin
power peaking uncertainty yielding [[ 1] (Ref. 4.3-2.2). The [[ 1] value
was compared with the [[ ]] value used to evaluate the interim methods R-factor
uncertainty. All other parameters being equal ([[ 1), the staff
determined that the R-factor uncertainty calculated using the higher lattice uncertainty of

1 ]l is less than [[ 1I. The ESBWR generic R-factor uncertainty of

[[ 1] is therefore conservative and acceptable for use in the operating limit minimum
critical power ratio (OLMCPR) determination.

B.3.5.3 RAI 4.3-251-3

The staff requested that GEH justify the applicability of a bundle power distribution uncertainty.
The bundle power calculational uncertainty in NEDC-33237P is based strictly on the value
quoted in NEDC-32601P-A (Refs. 4.3-2.8 and 4.3-2.9). The lower calculated bundle
uncertainties from NEDE-33197P justify this uncertainty. Table 9-14 in NEDE-33179P cites a
bundle power uncertainty of [[ ]] for the GT configuration proposed for the ESBWR
core (Ref. 4.3-2.12).

The response provides an average of the Tokai 2 and K5 estimated total uncertainty per GT
string. The resultant uncertainty is lower than the [[ 1] value provided in
NEDC-32601P-A. The response states that GEH intends to maintain the historical parameter
based on a larger dataset and generic application. The staff finds that the historical parameter
has been technically justified based on a larger dataset and the staff has concluded that this
historical parameter is acceptable.

B.3.5.4 RAIl 4.3-2S1-4
The staff requested that GEH describe the component uncertainties in the [[ 1l

bundle power uncertainty provided in NEDE-33197P (Ref. 4.3-2.12). The response states that
the bundle power uncertainty is a combination of the [[ 11, the [[
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11, the [[ 11, and the [[ ]] for
Tokai 2 (Ref. 4.3-2.2). For K5, the gamma scan results are used to determine the bundle
powers for uncertainty determination. Doing so explicitly accounts for the [[
]I. However, based on the response to RAI 7.2-18S2, these data are not used in
determining the nuclear methodology power distribution uncertainties. Therefore, the staff did
not rely on this information in the conduct of its review.

B.3.5.5 RAI 4.3-281-5

The staff requested that GEH describe the determination of the [[ 1] uncertainty.
The response states that the uncertainty is based on the differences in the measured GT and
n TIP readings above [[ 1] thermal power at Tokai 2 (Ref. 4.3-2.2). The staff

determined that this explanation is sufficient for the staff to understand the basis for this
uncertainty.

B.3.5.6 RAI 4.3-251-6
The staff requested additional justification of the bundle [[ 1I. As

discussed above, the staff determined that the ESBWR operating conditions are similar to EPU
operating conditions. The staff requested that GEH specifically provide an analysis showing the

bundle power calculational uncertainty applying the [[ 1] for the bundle [[

1] The value of the bundle [[ 1lin
NEDC-33173P (Ref. 4.3-2.7) is inconsistent with the value of [[ 11 shown in
Table 9-14 of NEDE-33197P (Ref. 4.3-2.12).
The response states that utilizing the [[ ]l increases the
bundle power uncertainty based on the Tokai 2 test data to [[ 1], although these
gamma scan data do not factor into the K5 test data (Ref. 4.3-2.2). The staff agrees that the
I[ ]] does not affect the K5 bundle power uncertainty because the

gamma scans allow specific determination of the bundle powers for direct comparison.

The response combines the K5 and Tokai 2 data and provides an average bundle power
uncertainty that is less than the [| ]] value included in NEDC-32601P-A (Ref. 4.3-
2.8).

B.3.5.7 RAI 4.3-2581-7

The staff requested that GEH update the OLMCPR. The response states that an update is not
required (Ref. 4.3-2.2). This RAI and its response were rendered irrelevant by subsequent
changes in the uncertainty analysis as described in the response to RAI 7.2-18S2. Therefore,
the staff did not consider the information provided in this response in its review.

B.3.5.8 RAI 4.3-251-8

The staff requested that GEH update the MLHGR. The response states that the [[ 11
uncertainty assumed in the MLHGR limit remains conservative (Ref. 4.3-2.2). This RAl and its
response were rendered irrelevant by subsequent changes in the uncertainty analysis as
described in the response to RAI 7.2-18S2. Therefore, the staff did not consider the information
provided in this response in its review.
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B.3.6 RAI 4.3-252

The staff found that the basis for the bundle power distribution uncertainty was not well founded.
In particular, the staff found insufficient data to justify the applicability of the K& gamma scan to
ESBWR operating conditions.

Further, the qualification data are predicated on an increased number of GT instruments relative
to the ESBWR design (nine instruments per string as opposed to seven instruments per string
for the ESBWR).

The staff requested additional information in RAI 4.3-2S2 to justify the bundle power distribution
uncertainty. This RAl addressed concerns regarding instrumentation performance, core
operating conditions, and the data used in quantifying the uncertainty.

B.3.6.1. RAI 4.3-252-A

The staff requested that GEH confirm that the [[ 1] local pin power peaking
uncertainty bounds the ESBWR equilibrium and initial core lattices. The response verifies that
this value is bounding and therefore acceptable.

The staff‘s approval in this regard is subject to a condition on the LTR that other fuel designs
may be used only if the infinite lattice pin power peaking uncertainty to be reassessed using the
approach described in the response to RAI 4.3-2S2-A or a subsequently approved method as
described in the most recently reviewed and approved revision of or supplement to
NEDC-33173P. This condition is captured in the response to RAI 7.2-71.

B.3.6.2 RAI 4.3-2S2-B

The response to RAI 4.3-2S1 indicates that GEH performed a SLMCPR analysis for the
ESBWR. The response to RAI 4.3-252-B clarifies that this analysis differs from the approach
used in the operating fleet and indicates that the response to RAI 15.0-16S1 describes this
methodology. The staff requested the analysis to understand the uncertainty components
factored in the uncertainty analysis. The staff determined that the information provided in the
response to RAI 4.3-252-D and NEDE-33197P, Revision 2, is sufficient to explain the
uncertainty components in the bundle power distribution uncertainty.

B.3.6.3 RAI 4.3-252-C-1

RAI 4.3-2S2-C-1 requested that GEH address the increased ESBWR power-to-flow ratio
relative to operating reactors in the assessment of the power distribution uncertainties. The
response specifies that the ESBWR core inlet enthalpy is substantially smaller than operating
reactor core inlet enthalpy and compares the ESBWR value with a BWR/6 and the advanced
boiling-water reactor (ABWR). The lower core inlet enthalpy (and hence higher inlet
subcooling), and in conjunction with the shorter core height, results in similar core void fractions.
The staff agrees that these features of the ESBWR design will result in lower core average void
fractions than suggested by the trends presented in the updated experience database
documented in MFN-05-029.
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The ESBWR core average void fraction, when considered with the N-lattice, results in a neutron
spectrum that is similar when compared to the ABWR and potentially softer relative to EPU
conditions for a BWR/6 plant.

Based on the response, the staff concludes that, while the power-to-flow ratio for the ESBWR
exceeds the extremes of the updated experience database, this power-to-flow ratio does not
indicate extrapolation in terms of spectral conditions relative to EPU conditions. The staff
therefore determined that interim methods are sufficient to resolve concerns regarding
potentially increased bundle and pin uncertainties at the power-to-flow conditions for the
ESBWR.

The response to RAI 4.3-252-C-1 refers to the response to RAIls 4.2-1252-10 and 4.2-12S2-11.
GEH described the adaptive process in these RAI responses. The applicant performed specific
qualification against Plant E in the updated experience database and against a BWR/5 where
recent GT qualification data were collected. The response to RAI 7.2-18S2 updates the
information provided in the response to RAls 4.2-1252-10 and 4.2-1252-11. Nonetheless, the
[[ 1] is no longer used as a basis in the uncertainty analysis and is
instead used as a quantity to interpret the GT qualification data collected at Limerick, Tokai 2,
and K5. The staff determined that the parameter is useful for this purpose and that the revised
basis for the power distribution uncertainties is acceptable.

The staff has reviewed the power distribution uncertainties and concluded that RAI 7.2-18S2
provides an adequate basis for the GT CMS instrumentation-specific uncertainties and that the
use of the [[ 1] is acceptable.

B.3.6.4 RAI 4.3-2S52-C-2

RAI 4.3-2S2-C-2 requested an evaluation of the GT performance and its sensitivity to bypass
conditions, such as voiding. The applicant provided the results of the Multi-Use Safety
Environmental Facility test and demonstrated that for high levels of voiding the GT sensitivity
remains unchanged. This is likely because of the constant temperature and consistency in the
heat transfer coefficient for a wide range in the nucleate boiling regime. The staff considered
the possibility of low bypass temperature impacting the instrument sensitivity; however, the staff
noted that the GT instruments are calibrated at steady-state conditions before LPRM calibration
in accordance with the response to RAI 7.2-59S2. Therefore, the calibration process captures
the sensitivity changes caused by potentially colder bypass conditions during feedwater
temperature maneuvers. Thus, the staff determined that this response is acceptable based on
the additional information provided in the response to RAI 7.2-59S2.

B.3.6.5 RAI 4.3-252-D

RAI 4.3-2S2-D requested that GEH explain why the uncertainty determination did not include
Limerick 2 data. Based on the audit, the staff identified several aspects of the test experience
that differ substantially from the ESBWR design. This includes the [[ 1] approach, the
GT string assembly, and the number of GT instruments per string.

The response to RAI 7.2-18S2 clarifies that the ESBWR GT CMS is based on the GT-specific
[ 1] approach as opposed to the single fixed-alpha approach used in the Limerick test.

The response to RAI 4.3-2S2-D states that the applicant will update the uncertainty analysis in
the LTR to remove consideration of the comparison of simulated GT measurements to nTIP
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measurements and reference the adaption study results. The imposition of interim methods
uncertainties (see response to RAI 4.2-12S2-8), when considered with the ESBWR spectral
conditions (see response to RAI 4.3-2S52-C-1), allows for the limited application of historically
determined uncertainties based on TIP measurements to the ESBWR conditions.

The adaption study and uncertainty analysis presented in response to RAIs 4.2-1252-10
and 4.2-1252-11, as updated by the response to RAI 7.2-18S2, form the basis for the
ESBWR-specific uncertainty analysis.

The response to RAI 7.2-18S2 provides the details of the specific uncertainties. Limerick 2
and Tokai 2 test data were used to determine the [[ 1] in a bounding
sense.

The inclusion of limited Limerick 2 data is conservative considering improvements in GT
operating practices following the test that were adopted in Tokai 2 and preserved for the
ESBWR application.

Based on the above, the staff determined that this approach is acceptable to address concerns
regarding the applicability of the data used in the uncertainty analysis.

B.3.6.6 RAI 4.3-2S2-E

RAI 4.3-2S2-E requested that GEH explain how it weighted the Tokai 2 and K5 uncertainties.
The response is sufficient insofar as it explains how the uncertainties were weighted. These
uncertainties, however, are not used in the uncertainty determination per the response to

RAI 7.2-18S2. Therefore, the response has been rendered irrelevant to the staff’s review and
this response was not considered.

B.3.6.7 RAI 4.3-2S2-F

RAI 4.3-2S2-F requested that the power distribution uncertainty analysis include a term to
address the number of GT instruments per string. The adaptive study provides a quantitative
basis for determining the additional uncertainty. GEH used the results of the study to determine
this uncertainty parameter and include this uncertainty in the additional bundle uncertainty in the
subject analysis and update the LTR. GEH provided the qualification of the adaptive technique
to the staff in response to RAI 4.2-12S2-10. The applicant revised the uncertainty analysis to
include the [[ 11, as determined by the qualification, and provided it to the
staff in response to RAI 4.2-1252-11. The staff determined that the information provided by the
response to RAIs 4.2-1252-10 and 4.2-1252-11 is sufficient to address its technical concern. In
response to RAI 4.3-2S2-F, GEH stated in the response that it will revise the topical report
accordingly. Subsequently GEH submitted the revised LTR and the revision made.

The response to RAI 7.2-18S2 supersedes the responses to RAls 4.2-12S52-10 and
4.2-12S2-11. The revision, however, is to the adaptive methodology. The response to

RAI 7.2-18S2 describes the revised adaption methodology and provides the recalculated

[l ]I. The response to RAI 7.2-18S2 states that the applicant will revise
the LTR incorporating the updated methodology and uncertainty analysis. Therefore, the staff
determined that the information provided in response to RAI 7.2-18S2 is sufficient to resolve the
technical concern associated with RAI 4.3-2S2-F. Subsequently, GEH submitted another
revision to the LTR which is consistent with the more recent response to RAI 7.2-18S2.
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B.3.6.8 RAI 4.3-2S2-G

The response states that the [[ 11 ESBWR generic R-factor uncertainty is based on
the [[ 1] uncertainty reported in NEDC-33239P. The staff did not find that the
response addressed its concern that the R-factor uncertainty must be consistent with or
conservative relative to the pin power peaking uncertainty. Nonetheless, the staff has reviewed
the [[ ] value and found this value to be conservative relative to the accepted pin
power peaking uncertainty of [[ 1] using the [[ 1I. The R-factor uncertainty
calculated using either [[ 1Tor][ 1] is less than [[ 1I. The

[[ ]] assumed for the ESBWR was selected to be conservative. The staff’s review of the
combination of the uncertainties confirmed that [[ 1] is conservative.

As discussed in the revised LTR, the R-factor uncertainty is consistent with or conservative
relative to the pin power peaking uncertainty determined using either the [[ 1] or
an alternative approach described in the most recently reviewed and approved revision or
supplement to NEDC-33173P.

References

4.3-2.1 MFN-06-350, General Electric, letter to U.S. Nuclear Regulatory Commission,
“Partial Response to RAI Letter No. 53 Related to ESBWR Design Certification
Application DCD Chapter 4 and GNF Topical Reports—RAI Number 4.3-2, 4.3-5,
4.4-25, 4.4-30, 4.4-35, 4.4-39, 4.4-51,” September 29, 2006 (ADAMS Accession Nos.
ML062890048, ML062890047).

4.3-2.2 MFN-06-350 Supplement 3, General Electric, letter to U.S. Nuclear Regulatory
Commission, “Response to Portion of NRC Request for Additional Information Letter
No. 53 Related to ESBWR Design Certification Application RAI Numbers 4.3-2 S01
and 4.4-39 S01,” June 15, 2007 (ADAMS Accession Nos. ML071930245,
ML071930240).

4.3-2.3 MFN-08-293, Kinsey, J., General Electric, letter to U.S. Nuclear Regulatory
Commission, “Response to NRC Request for Additional Information Letter No. 106—
Related to ESBWR Design Certification Application—RAI Numbers 4.2-12
Supplement 2 and 4.3-2 Supplement 2,” April 3, 2008 (ADAMS Accession Nos.
ML080990615, ML080990616).

4.3-2.4 MFN-08-293 Supplement 1, Kingston, R., General Electric, letter to U.S. Nuclear
Regulatory Commission, “Response to Portion of NRC Request for Additional
Information Letter No. 106—Related to ESBWR Design Certification Application—
RAI Numbers 4.2-12 Supplement 2 and 4.3-2 Supplement 2,” July 3, 2008
(ADAMS Accession Nos. ML081930310, ML081930311).

4.3-2.5 FLN 2001-017, Watford, G., Global Nuclear Fuel, letter to U.S. Nuclear Regulatory
Commission, “Confirmation of the Applicability of the GEXL14 Correlation and
Associated R-Factor Methodology for Calculating SLMCPR Values in Cores
Containing GE14 Fuel,” October 1, 2001 (ADAMS Accession No. ML012830075).

-82 -



4.3-2.6

4.3-2.7

4.3-2.8

4.3-2.9

4.3-2.10

4.3-2.11

4.3-212

NEDC-32505P-A, Rev. 1, General Electric, Licensing Topical Report, “R-Factor
Calculation Method for GE11, GE12 and GE13 Fuel,” July 31, 1999
(ADAMS Accession Nos. ML060520637, ML060520635, ML060520636).

NEDC-33173P, General Electric, Licensing Topical Report, “Applicability of GE
Methods to Expanded Operating Domains,” February 28, 2006
(ADAMS Accession Nos. ML060720280, ML060720281).

NEDC-32601P-A, General Electric, Licensing Topical Report, “Methodology and
Uncertainties for Safety Limit MCPR Evaluations,” August 31, 1999
(ADAMS Accession Nos. ML003740145, ML003740119).

NEDC-33237P, Bentley, T., Bolger, F. and Congdon, S., Global Nuclear Fuel,
Licensing Topical Report, “GE14 for ESBWR—Ceritical Power Correlation, Uncertainty,
and OLMCPR Development,” March 31, 2006 (ADAMS Accession Nos.
ML060750695, ML060750687, ML060750690).

NEDC-32694P-A, General Electric, Licensing Topical Report, “Power Distribution
Uncertainties for Safety Limit MCPR Evaluations,” August 31, 1999
(ADAMS Accession Nos. ML003740151, ML003740119).

MFN-07-544 Supplement 1, Kingston, R., General Electric, letter to U.S. Nuclear
Regulatory Commission, “Response to Portion of NRC Request for Additional
Information Letter No. 127 Related to ESBWR Design Certification Application—
RAI Number 7.2-18 Supplement 2,” August 18, 2008 (ADAMS Accession

Nos. ML082350337, ML082350338).

NEDE-33197P, Rev. 2, “Gamma Thermometer System for LPRM Calibration and
Power Shape Monitoring,” General Electric Hitachi Nuclear Energy America, LLC,
August 2008 (ADAMS Accession Nos. ML082460975, ML082460976, ML082460974,
ML082460977).

B.4 RAI43-3

The staff requested that GEH describe modifications made to the TGBLAOG lattice physics code
and provide demonstration analyses of the modified and unmodified TGBLAOG code.

In response to RAI 4.3-3, the applicant demonstrated the performance of the TGBLAOGAE4
code against the modified TGBLAOGAES code. The TGBLAOGAES code includes a modification
to the treatment of a strong low-lying plutonium-240 resonance. In harder spectrum exposures
(for high void fractions up to 90 percent), the current energy group structure in the production
TGBLAOGAE4 code overpredicts the plutonium-240 absorption cross-section. While the
modification to TGBLAOGAES5 includes improved resolution and modeling techniques for this
resonance, it also serves to demonstrate that the extrapolation technique does not appear to
significantly affect the TGBLAOGAE4 predicted infinite eigenvalue at higher void fractions.

The TGBLAOBAES modification is the treatment of the low-lying plutonium-240 resonance at
1.058 electron volts (eV) in the epithermal self-shielding model. The enhancement in the
treatment of this particular resonance is performed to support qualification of the TGBLAOGAES
lattice physics code to in-channel void fractions on the order of 90 percent. This particular
resonance is treated with very fine energy resolution to improve the prediction of lattice
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reactivity and isotopic rate of change calculations during depletion. The supplemental RAI
response describes in detail the implementation of the correction.

At 90 percent void, TGBLAO6 depletion calculations overpredict the plutonium-240 resonance
absorption cross-section. As a function of overpredicting the cross-section, the 90 percent void
depletion calculations show that the concentration of plutonium-240 is much smaller than
expected based on extrapolation from the concentrations predicted from depletions at O percent,
40 percent, and 70 percent void fraction. TGBLAOGAES5 modified the treatment for the 1.058-eV
resonance of plutonium-240. While calculations show only a small influence on the standard
production depletion calculations [[ ]] void depletion lattice
parameters agree very well with the lattice parameters predicted by extrapolation from the
standard production depletions.

TGBLAOGAE4 calculates the effective resonance integral in the epithermal energy range based
on a two-region cell model. The two-region cell assumes a single-level Breit-Wigner shape in
modeling the fuel resonances. The effective absorption resonance integral sums the effects of
each resonance. The group-wise absorption cross-sections are then calculated by weighting
the resonance integral by the approximate fraction of absorptions that occur in the group and
the group flux. Chernick’s equations are used to calculate the fuel and moderator fluxes based
on the background cross-section and the resonance escape probability.

For cases in which resonant self-shielding is highly pronounced (e.g., the low-lying
plutonium-240 absorption resonance), an improved intermediate resonance model was
implemented with a fine energy integral calculation module. The refined resonance treatment
calculates the plutonium-240 fission and absorption cross-sections based on an improvement in
the Chernick approach by increasing the number of energy groups and including a first flight
collision probability, three-region correction.

The self-shielding prediction is improved relative to the standard model employed for other
resonances by incorporating a first flight collision probability approach in a three region pin-cell
(fuel, cladding, and moderator) as opposed to simply solving the Chernick’s equations for a
two-region cell. The energy resolution is also increased for the plutonium-240 calculation.
TGBLAOGAE4 resolves the plutonium-240 resonance in one of the 68 epithermal energy
groups. TGBLAOGAES5 also uses a fine energy group structure ranging between [[

]1]. Between these energies, TGBLAOBGAES calculates the resonance contribution given
the smooth background cross-section between 0.66 eV and 3.91 kiloelectron volts and
incorporates directly all 200 resonance parameters in the nuclear dataset for plutonium-240.

The staff determined that the approach for the modification is merely to increase the energy and
spatial resolution of the TGBLAOG calculation of the homogenized pin parameters. The
modification accounts for the more detailed geometry by accounting for the cladding region and
increases the number of energy groups evaluated to better capture the resonance shielding
effects. Therefore, the staff determined that this modification enhances the accuracy of
TGBLAOQG, and the applicant’s RAI response demonstrated this enhancement for high void
fraction depletion.

Over the range of application, the staff, however, determined that the use of either version of the

code predicts consistent nuclear parameters. Therefore, the use of the TGBLAOGAE4 code
version to perform the design certification safety analyses is acceptable to the staff.
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B.5 RAlI4.34

The staff requested that GEH provide a list of code changes to PANACEA (PANAC11) since the
staff review and approval of that code. The original response provided a list of all code
modifications. The staff performed an onsite audit of these code changes to ensure that these
changes did not affect the approved methodology executed by the code.

To resolve concerns regarding code drift, the staff requested in a supplemental request for
information that GEH perform a reassessment of the current PANAC11 code against a case in
the original qualification provided to the staff in Reference 4.3-4.4. The case selected was
Limerick Cycle 5.

The staff reviewed the results in greater detail in Reference 4.3-4.5. The results indicate that
the prediction of the nodal power distribution, MLHGR, and minimum CPR are unaffected by the
suite of code changes that have been made to the PANACEA code.

Therefore, the staff agrees that the results of the safety analysis using these codes remain
essentially the same.

The staff requested additional information regarding the analysis in RAI 4.3-4S2, Items 1
through 7. Specifically, the staff asked GEH to clarify the analysis methods used and the results
provided in the response to RAI 4.3-4S1.

In response to Iltem 1, GEH corrected the water density tables provided in the response to
RAI 4.3-4S1.

In response to Items 2 and 3, GEH provided the standard production power density ([[ 1))
and verified that it performed the analysis using the standard production technique.

In response to Items 4 and 5, GEH corrected an error in the calculation of the fission density

RMS values provided in the response to RAI 4.3-4S1 and verified that the LTR did not include
the same error.
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In response to Item 6, GEH provided the results of fission density calculation comparisons to
MCNP for controlled and uncontrolled cases. The results indicate that, for the ESBWR GE14E
dominant zone lattice, the fission density RMS for all control cases and void history exposure
cases [[ ]I. This is consistent with the historically determined accuracy
for TGBLAOG.

In Item 7, the staff requested that GEH evaluate the impact of the NOLMP?* option in TGBLA06
to determine the order of magnitude impact of the lumped cross-sections on the fission density
comparison with MCNP. The results of comparisons indicate that the magnitude of the lumped
fission cross-sections increase with exposure as expected. The magnitude of the impact

[ 1]. Therefore, the staff determined that
the basis for comparison of the fission densities is acceptable because the removal of the
lumped cross-sections does not introduce a significant perturbation to the pin power distribution
relative to the fission density RMS.
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¥ NOLMP is a computational option in the TGBLAO6 code. This option allows TGBLAOG to compute the
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4.3-4.6 U.S. Nuclear Regulatory Commission, Audit Summary, “Summary of Audit for Nuclear
Design Codes October/November 2006,” July 19, 2007 (ADAMS Accession No.
MLO071700037).

B.6 RAl4.4-34

The staff requested additional information regarding the core simulator methodology, and, in
particular, the coupling of bundles in the calculation. The response states that internodal
nuclear coupling is modeled through the epithermal leakage in the 1.5 group PANACEA
method. The pin power reconstruction methodology captures the effects of neighboring
bundles. Accordingly he staff determined that the response is acceptable in its description of
the models.
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B.7 RAIl4.4-35

In the response to RAI 4.4-35, the applicant demonstrated the sensitivity of the gadolinium bias
to void fraction. GEH presented the results for both lower and higher void depletion analyses.
The results indicate that the bias is [[

1. In a request for supplemental information, the staff requested that the
applicant evaluate the influence of the void dependence of the gadolinia bias on reactivity
coefficients and subsequent transient calculations.

For steady-state and depletion analyses, the staff determined that these results indicate that the
bias will be [[

]I. This was confirmed by direct comparison to
MCNP calculations which show that the magnitude of the bias is [[

Il

TRACG also accounts for gadolinia biases. In response to RAI 4.4-35, the applicant explained
that gadolinia biases are captured based on an operating experience database.

The staff reviewed the method for capturing the void dependence of the reactivity bias on
transient applications in the review of the response to RAI 4.3-1. The staff determined that the
methodology for capturing the biases was not acceptable for the conditions of ESBWR
operation. GEH revised this methodology and provided the revised method in response to
RAI 21.6-111.
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The methodology described in the response to RAI 21.6-111 considers 10X10 lattices and
incorporates high instantaneous void fractions and void fraction histories.

The void dependence of the gadolinia bias, however, is [[

1l. Therefore, the staff concluded that the
method for including this bias through TRACG analysis is acceptable for the ESBWR
application.
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B.8 RAIl4.4-36

The staff requested additional information regarding the comparison of the TGBLAOG lattice
physics code against critical experiments. The response states that comparison of the
TGBLAQG6 code against critical experiments is not practical based on the two-dimensional nature
of the lattice code.

The staff noted that lattice physics codes have been successfully benchmarked directly against
critical experiments based on detailed leakage correction factors to account for the three
dimensional effects. This correction is referred to as the experimental buckling. GEH
developed such an approach which the staff accepted in its review of NEDE-20913P-A and
NEDO-20939A.

However, GEH has adopted an alternative approach which uses the MCNP code as a bridging
code between the three-dimensional critical experiment qualification data and TGBLA06. GEH
provided the critical benchmark qualification of MCNP against a number of critical experiments.
Of these experiments, several are highly relevant to the qualification of a lattice method for
BWR applications.
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The response references the Toshiba critical assembly testing facility where realistic BWR
lattice conditions are modeled using simulated void through hollow inserts. In the GEH process,
MCNP is qualified through direct comparison to the critical benchmarks using detailed three-
dimensional models. The TGBLAOG6 qualification is then based on direct comparison against
two-dimensional MCNP calculational results. The staff determined that this approach is also
acceptable.
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B.9 RAIl4.4-37

The staff requested that GEH provide additional information regarding the linearity of thermal
hydraulic variables between nodes. The response states that the analysis assumed linear
variation so as to maintain continuity between nodes. Because the solution remains continuous
and the variables are tracked at the nodal level with dimensions consistent with nuclear
coupling, the staff determined that this approach is acceptable.
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No. 53 Related to ESBWR Design Certification Application—DCD Chapter 4 and GNF
Topical Reports—RAI Numbers 4.2-2 through 4.2-7, 4.3-3, 4.3-4, 4.4-2, 4.4-5, 4 4-6,
4.4-15 through 4.4-17, 4.4-19, 4.4-24, 4.4-27, 4.4-31 through 4.4-34, 4.4-36 through
4.4-38, 4.4-42 through 4.4-50, 4.4-52 through 4.4-56, 4.8-1 through 4.8-16,”
August 23, 2006 (ADAMS Accession Nos. ML062480252, ML062480254,
MI062480255).

B.10 RAI 4.4-38

The staff requested that GEH provide additional descriptive details of its methodology in regards
to the modeling of crud on the fuel assemblies. The response states that crud is modeled as a
uniform thickness layer on all fuel rods. The crud affects the heat transfer and pressure drop
calculations for the bundles in the PANACEA code. The effect of the crud, however, is minor
when evaluating the steady-state thermal hydraulics and temperature conditions as the heat flux
is driven by the total heat deposition and the heat is removed via nucleate boiling.

Therefore, the surface temperature calculation is unaffected except through indicated effects
from flow variation.
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The crud also reduces the in-channel flow area. GEH provided a sensitivity analysis of the flow
variation caused by crud and determined that this flow change is negligible. Therefore, the staff
agrees with GEH that while the code takes the crud into account, such modeling has only a
negligible impact on the steady-state thermal hydraulic calculations. Since taking crud into
account has a negligible effect on the calculations, the staff determined that the response is
acceptable.

References

4.3-4.10 MFN-06-297, Hinds, D., General Electric, letter to U.S. Nuclear Regulatory
Commission, “Response to Portion of NRC Request for Additional Information Letter
No. 53 Related to ESBWR Design Certification Application—DCD Chapter 4 and GNF
Topical Reports—RAI Numbers 4.2-2 through 4.2-7, 4.3-3, 4.3-4, 4.4-2, 4.4-5, 4 4-6,
4.4-15 through 4.4-17, 4.4-19, 4.4-24, 4.4-27, 4.4-31 through 4.4-34, 4.4-36 through
4.4-38, 4.4-42 through 4.4-50, 4.4-52 through 4.4-56, 4.8-1 through 4.8-16,”
August 23, 2006 (ADAMS Accession Nos. ML062480252, ML062480254,
MI062480255).

B.11 RAIl 4.4-39

The staff requested that the applicant evaluate the [[ 1] assumption in
PANAC11 given the chimney arrangement for the ESBWR. The staff expressed concern in
RAIl 4.4-39 that the chimney would block thermal hydraulic communication above the core and
result in an uneven pressure distribution. To address the staff concern, the applicant provided
analyses using TRACG to demonstrate that radial flow in the predominantly liquid bypass
equalizes pressure at the core outlet.

The staff questioned the validity of the assumption for the following reasons:

1. The high power density of the ESBWR core will result in bypass voiding resulting from
significant direct heating below the top of active fuel.

2. The chimney partitions block thermal hydraulic communication above the top guide
between super bundles.

Therefore, the staff requested that the applicant perform an analysis to determine the core outlet
pressure distribution using an independent verification approach.

In RAI 4.4-39S1, the staff requested additional information regarding this issue because the
TRACGO04 calculations [[

Il.

Therefore, the staff did not find that the TRACGO04 analysis provided an independent
calculational assessment of the core outlet pressure resulting from the strong nuclear coupling
between bundle fluid conditions and the PANAC11 calculated powers.

In response to RAI 4.4-39S1, GEH asserted that the analyses are independent and provided the

results of the TRACG calculated bypass flow patterns, including the radial and axial fluid
velocity in the interassembly bypass. The staff, however, concluded that the analyses are

-90 -



coupled because GEH'’s assertion that the user inputs the PANAC11 core bypass flow is
inaccurate.

The bypass flow is calculated using coupled TRACG04/PANAC11 calculations. The staff
issued RAI 4.4-39S2 requesting that GEH modify the TRACGO04 initialization to allow for an
independent analysis of the core outlet pressure distribution.

In response to RAI 4.4-39S2, GEH developed an approach for independently assessing the
bypass pressure distribution (Ref. 4.4-39.3). The response refers to an approach developed for
initializing TRACGO04 in response to RAI 32 that was issued as part of the staff’s review of
NEDE-32906P, Supplement 3 (Ref. 4.4-39.4). The analysis is performed by bypassing the

Il

11, which include the three-dimensional vessel model and the interfacial shear
model to determine the nodal void fraction.

As a result of running TRACG in this manner, the [[

1. I

11 This indicates a very small deviation in core reactivity as a result of the
inconsistent void models. GEH attributes this small deviation to the fact that the interfacial
shear model and the void quality correlation share the same development basis. The staff
agrees that the magnitude of the deviation is therefore expected. The staff also agrees that
including [[

11 and therefore provides a valid
basis for comparison.

The accuracy of the void model and the impact of the PANAC/TRACG initialization on the
transient response is the subject of RAlI 21.6-111S1. As the subject matter of this RAl is core
outlet pressure distribution, the staff did not perform a review of the void fraction axial
distribution on the TRACGO04 transient response in connection with the response to RAI 4.4-39.

The figures provided in Reference 4.4-39.3 confirm that in the ESBWR, the [[

11
Because the purpose of the current analysis is to quantify the radial core outlet pressure
distribution, the slight variations are of minor importance relative to the subject matter of the
RAL

Figure 4.4-39502-1 of the response provides the core outlet pressure distribution. The results
indicate that [[ 1I. According to
Figure 3.6-11 of Reference 4.4-39.5, the vessel cells are numbered from the radial inward cells
outward. Therefore, the response indicates that [[

]I. This is consistent with the results provided in
Table 4.4-39S502-1 of the response.

The table provides the ring-averaged pressure drops using the modified TRACGO04 initialization
procedure. The results confirm that the core pressure drop [[ 11-

Because TRACGO04 is explicitly modeling the chimney flow blockages and bypass flows and is
run in an independent manner relative to the previously coupled manner, the staff determined
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that these analyses demonstrate that thermal hydraulic communication through the bypass
remains sufficient to equalize the core outlet pressure within sufficiently minor deviations;

therefore, the PANAC11 assumption of [[ ]] is acceptable.
References
4.4-39.1 MFN-06-350, Hinds, D., General Electric, letter to U.S. Nuclear Regulatory

4.4-39.2

4.4-39.3

4.4-39.4

4.4-39.5

Commission, “Response to Portion of NRC Request for Additional Information Letter
No. 53 Related to ESBWR Design Certification Application—DCD Chapter 4 and
GNF Topical Reports—RAI Numbers 4.3-2, 4.3-5, 4.4-25, 4.4-30, 4.4-35, 4.4-39,
4.4-51,” September 29, 2006 (ADAMS Accession Nos. ML062890047,
ML062890048).

MFN-06-350, Supplement 3, Hinds, D., General Electric, letter to U.S. Nuclear
Regulatory Commission, “Response to NRC Request for Additional Information Letter
No. 53 Related to ESBWR Design Certification Application—RAI Number 4.3-2 S01
and 4.4-39 S01,” June 15, 2007 (ADAMS Accession Nos. ML0719302452,
ML071930240).

MFN-08-949, Kingston, R., General Electric Hitachi Nuclear Energy America, LLC,
letter to U.S. Nuclear Regulatory Commission, “Response to Portion of NRC Request
for Additional Information Letter No. 106—Related to ESBWR Design Certification
Application—RAI Number 4.4-39 Supplement 2,” December 15, 2008

(ADAMS Accession Nos. ML083520263, ML083520264).

MFN-08-604, Brown, R., General Electric Hitachi Nuclear Energy America, LLC, letter
to U.S. Nuclear Regulatory Commission, “Transmittal of Response to NRC Request
for Additional Information—NEDC-32906P, Supplement 3, ‘Migration to
TRACGO04/PANACII from TRACGO02/PANACIO for TRACG AOO and ATWS
Overpressure Transients,” (TAC No. MD2569),” July 30, 2008 (ADAMS Accession
Nos. ML082140580, ML082140581).

NEDC-32956P, Rev. 0, “TRACG User's Manual,” GENE, February 2000
(ADAMS Accession Nos. ML003688152, ML003688292).

B.12 RAlIs 4.4-44 and 4.4-47

The staff requested that GEH clarify the basis for the qualification studies provided in the
NEDC-33239P LTR. The responses state that TIP adaption is not credited in the comparison of
the PANAC11 calculations to TIP measurements. However, the PANAC11 comparisons to the
gamma scan data use the TIP adaptive process; therefore, the shape adaption of the core
simulator is credited. The staff determined that the response is acceptable.
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4.3-4.11

MFN-06-297, Hinds, D., General Electric, letter to U.S. Nuclear Regulatory
Commission, “Response to Portion of NRC Request for Additional Information Letter
No. 53 Related to ESBWR Design Certification Application—DCD Chapter 4 and GNF
Topical Reports—RAI Numbers 4.2-2 through 4.2-7, 4.3-3, 4.3-4, 4.4-2, 4.4-5, 4 4-6,
4.4-15 through 4.4-17, 4.4-19, 4.4-24, 4.4-27, 4.4-31 through 4.4-34, 4.4-36 through
4.4-38, 4.4-42 through 4.4-50, 4.4-52 through 4.4-56, 4.8-1 through 4.8-16,”
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August 23, 2006 (ADAMS Accession Nos. ML062480252, ML062480254,
MI062480255).

B.13 RAls 4.4-45 and 4.4-46

The staff requested that GEH provide additional details of the hot and cold design-basis
eigenvalues. In the design process, design-basis eigenvalues are determined to account for
known biases in the PANAC11-predicted core eigenvalue at hot and cold conditions. The
biases are input into the code such that the core is analytically treated as critical when the
calculated core eigenvalue under either hot or cold conditions is equal to the design-basis value.

The responses to the RAIls provide assurance that, while the design-basis eigenvalue is
determined on a plant-specific basis, the trends in these parameters over a wide range of core
designs and operating strategies remain fairly consistent, thus allowing the bias to be predicted
for the equilibrium ESBWR core. The staff determined that this approach is acceptable;
however, the staff noted that for the initial core there are no available ESBWR-specific plant
data to verify the design-basis eigenvalue.

The staff requested that GEH provide additional details on how the design-basis eigenvalues
are determined. The response to RAI 4.4-46S1 states that the calculation of the eigenvalue
based on plant operating data and cold critical tests during startup provide the basis for the
trend data and the assurance that the cold shutdown margin is maintained. The staff
determined that the detailed explanation is acceptable. The use of plant data to qualify the
nuclear design bases provides direct qualification and allows for the accurate consideration of
methodology biases.

The response states that modern reactor core startups will provide data for use in the prediction
of the initial core eigenvalue bias. The staff requested additional information regarding the
process for determining the initial core design-basis eigenvalue during its review of LTR
NEDC-33326P (Refs. 4.4-45.3 and 4.4-45.4). For the purposes of evaluating the methodology
to account for the eigenvalue biases, the responses provide an adequate explanation of the
trends and how the applicant accounted for them.

References
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Commission, “Response to Portion of NRC Request for Additional Information Letter
No. 53 Related to ESBWR Design Certification Application—DCD Chapter 4 and
GNF Topical Reports—RAI Numbers 4.2-2 through 4.2-7, 4.3-3, 4.3-4, 4.4-2, 4 4-5,
4.4-6, 4.4-15 through 4.4-17, 4.4-19, 4.4-24, 4.4-27, 4 .4-31 through 4.4-34, 4.4-36
through 4.4-38, 4.4-42 through 4.4-50, 4.4-52 through 4.4-56, 4.8-1 through 4.8-16,”
August 23, 2006 (ADAMS Accession Nos. ML062480252, ML062480254,
MI062480255).

4.4-45.2 MFN-06-297, Supplement 4, Kinsey, J., General Electric, letter to U.S. Nuclear
Regulatory Commission, “Response to Portion of NRC Request for Additional
Information Letter No. 53 Related to ESBWR Design Certification Application—
DCD Chapter 4 and GNF Topical Reports—RAI Numbers 4.2-5 S01, 4.2-6 S01,
4.2-7 S01 and 4.4-46 S01—Supplement,” January 26, 2007 (ADAMS Accession Nos.
ML070380108, ML0O70380109).
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4.4-45.3 MFN-08-087, Kinsey, J., General Electric Hitachi, letter to U.S. Nuclear Regulatory
Commission, “Response to Portion of NRC Request for Additional Information Letter
No. 137—Related to ESBWR Design Certification Application—RAI Numbers 4.3-11
and 4.4-68,” February 4, 2008 (ADAMS Accession Nos. ML080380296,
ML080380299).

4.4-45.4 NEDC-33326P, Pearson, G. and Trosman, L., Global Nuclear Fuel, Licensing
Topical Report, “GE14E for ESBWR Initial Core Nuclear Design Report,” July 31,
2007 (ADAMS Accession Nos. ML072040144, ML072040129, ML072040221).

B.14 RAI 4.4-48

The staff requested that GEH clarify the lattice code referenced in a section of the LTR. The
response states that the reference is to TGBLAOG6. The staff requested that GEH specify which
version of TGBLAOG it used to perform the analyses in the LTR. The response to RAI 4.4-48S1
states that the applicant performed the analyses using the standard production code version at
the time of the release of the LTR, which was TGBLAOGAE4. The staff determined that this
response is acceptable.
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Commission, “Response to Portion of NRC Request for Additional Information Letter
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Topical Reports—RAI Numbers 4.2-2 through 4.2-7, 4.3-3, 4.3-4, 4.4-2, 4.4-5, 4 4-6,
4.4-15 through 4.4-17, 4.4-19, 4.4-24, 4.4-27, 4.4-31 through 4.4-34, 4.4-36 through
4.4-38, 4.4-42 through 4.4-50, 4.4-52 through 4.4-56, 4.8-1 through 4.8-16,”
August 23, 2006 (ADAMS Accession Nos. ML062480252, ML062480254,
MI062480255).

4.4-48.2 MFN-06-297, Supplement 2, Hinds, D., General Electric, letter to U.S. Nuclear
Regulatory Commission, “Response to Portion of NRC Request for Additional
Information Letter No. 53 Related to ESBWR Design Certification Application DCD
Chapter 4 and GNF Topical Reports—RAI Numbers 4.3-4, 4.4-48, 4.8-7,”
December 21, 2006 (ADAMS Accession Nos. ML070110550, MLO70110131).

B.15 RAIl 4.4-49

The staff requested that GEH provide additional details regarding the standard depletion cases
that are run in TGBLAOG6. The response states that the analysis considered void histories of

0 percent, 40 percent, and 70 percent in-channel void fraction. Parallel cases were run for
controlled and uncontrolled depletion. At each depletion step, the instantaneous void fraction is
branched and a TGBLAO6 calculation is performed. The instantaneous void fraction branches
are 0 percent, 40 percent, and 70 percent in-channel void fraction. The staff determined that
the response is adequate in clarifying which TGBLAOG calculations were performed.

References
4.4-49.1 MFN-06-297, Hinds, D., General Electric, letter to U.S. Nuclear Regulatory

Commission, “Response to Portion of NRC Request for Additional Information Letter
No. 53 Related to ESBWR Design Certification Application—DCD Chapter 4 and GNF
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Topical Reports—RAI Numbers 4.2-2 through 4.2-7, 4.3-3, 4.3-4, 4.4-2, 4.4-5, 4 4-6,
4.4-15 through 4.4-17, 4.4-19, 4.4-24, 4 4-27, 4.4-31 through 4.4-34, 4.4-36 through
4.4-38, 4.4-42 through 4.4-50, 4.4-52 through 4.4-56, 4.8-1 through 4.8-16,”

August 23, 2006 (ADAMS Accession Nos. ML062480252, ML062480254,
MI062480255).

B.16 RAI 4.4-50

The staff requested additional details regarding the bundle-naming convention to ensure that
the bundles described in the LTR were consistent with their designation and the analyses
performed. The response describes each designation in the bundle name and provides the staff
with adequate understanding of the bundle-naming convention to verify that the bundle designs
are consistent with the analysis. Therefore, the staff determined that the response to this RAI
acceptable.
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4.4-50.1 MFN-06-297, Hinds, D., General Electric, letter to U.S. Nuclear Regulatory
Commission, “Response to Portion of NRC Request for Additional Information Letter
No. 53 Related to ESBWR Design Certification Application—DCD Chapter 4 and GNF
Topical Reports—RAI Numbers 4.2-2 through 4.2-7, 4.3-3, 4.3-4, 4.4-2, 4.4-5, 4 4-6,
4.4-15 through 4.4-17, 4.4-19, 4.4-24, 4.4-27, 4.4-31 through 4.4-34, 4.4-36 through
4.4-38, 4.4-42 through 4.4-50, 4.4-52 through 4.4-56, 4.8-1 through 4.8-16,”
August 23, 2006 (ADAMS Accession Nos. ML062480252, ML062480254,
MI062480255).

B.17 RAIl 4.4-51

The staff requested additional information regarding radial power distribution peaking factors for
the ESBWR. The response states that the bundle-peaking factors are a strong function of the
core design; however, bundle-peaking factors tend to be lower for larger cores because of the
larger radial buckling (hence smaller flux gradients). The pin peaking factors are driven by the
combination of gross nodal flux tilt and the infinite lattice peaking. The response compares
lattice peaking for N-lattice arrangements. The response indicates that N-lattice edge rod
peaking tends to be within the edge rod lattice peaking factors predicted for C- and D-lattice
designs. The staff determined that the response accurately characterizes those aspects of the
ESBWR design affecting radial power distribution. The response is acceptable insofar as it
demonstrates that the ESBWR is not expected during normal operation to experience much
greater power peaking as a function of its design.
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September 29, 2006 (ADAMS Accession Nos. ML062890047, ML062890048).
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B.18 RAI 4.4-52

The staff requested that GEH provide comparisons of the TGBLAQ6-predicted lattice peaking
factors, using the extrapolation technique from the 0 percent, 40 percent, and 70 percent
depletion cases and branch cases, to explicit TGBLAOG6 calculations at higher void fraction
conditions (i.e., 90 percent). The applicant provided the results of the analysis in the response
to RAI 4.4-52. The analyses indicate [[

Il.

The staff requested in supplemental RAI 4.4-52S1 that GEH compare the difference in the local
peaking factor to the uncertainty in lattice peaking. The analysis results indicate that below

([
1] for TGBLAOS.

In RAI 4.3-3 the staff requested information regarding the TGBLAO6 modification to the
plutonium-240 resonance treatment. The response provided code-to-code comparisons to
demonstrate the impact of the modification to calculations performed at high void fraction. The
comparisons demonstrate that the extrapolation to high void fractions is essentially as accurate
as detailed calculations performed explicitly at high void fraction.

Therefore, the staff determined that the information provided in the response to RAI 4.4-52S1,
when considered in conjunction with the information provided in the response to RAI 4.3-3, is
sufficient and acceptable.
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4.4-15 through 4.4-17, 4.4-19, 4.4-24, 4.4-27, 4.4-31 through 4.4-34, 4.4-36 through
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February 8, 2007 (ADAMS Accession Nos. ML070470629, ML0O70470638).
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B.19 RAI 4.4-53

The staff requested additional information regarding the shutdown margin calculations and the
curve showing the change in shutdown margin with exposure. The response states that the
shutdown margin is evaluated for an all-rods-in condition with the strongest rod withdrawn. This
is dependent on the exposure of the cycle because the radial power shape has an effect on the
rod worth, as does the depletion of burnable absorbers. The response states that the three-
dimensional PANAC11 calculations explicitly capture these exposure-dependent effects.
Therefore, the staff determined that the response acceptable.
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4.4-53.1 MFN-06-297, Hinds, D., General Electric, letter to U.S. Nuclear Regulatory
Commission, “Response to Portion of NRC Request for Additional Information Letter
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Topical Reports—RAI Numbers 4.2-2 through 4.2-7, 4.3-3, 4.3-4, 4.4-2, 4.4-5, 4 4-6,
4.4-15 through 4.4-17, 4.4-19, 4.4-24, 4.4-27, 4.4-31 through 4.4-34, 4.4-36 through
4.4-38, 4.4-42 through 4.4-50, 4.4-52 through 4.4-56, 4.8-1 through 4.8-16,”
August 23, 2006 (ADAMS Accession Nos. ML062480252, ML062480254,
MI062480255).

B.20 RAIl 4.4-54

The staff requested that GEH define the maximum fraction of limiting power density (MFLPD)
and Critical Power Ratio (CPRRAT). The response states that the MFLPD is the maximum ratio
of linear heat generation rate to the maximum linear heat generation rate limit.

The ratio is tracked on a nodal level and the maximum ratio is presented as the MFLPD. The
CPRRAT is the maximum ratio of the OLMCPR to the assembly CPR. The ratio is tracked on a
bundle level and the maximum is presented as the CPRRAT. The staff determined that the
clarification is acceptable.

The staff requested in RAI 4.4-54S1 that the LTRs referencing the MLHGR and OLMCPR be
internally-consistent by stating the ESBWR OLMCPR is [[

1l. The applicant will revise the LTR accordingly. The staff determined that the
response and revisions are acceptable.
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4.4-15 through 4.4-17, 4.4-19, 4.4-24, 4.4-27, 4.4-31 through 4.4-34, 4.4-36 through
4.4-38, 4.4-42 through 4.4-50, 4.4-52 through 4.4 56, 4.8-1 through 4.8-16,”
August 23, 2006 (ADAMS Accession Nos. ML062480252, ML062480254,
MI062480255).

4.4-54.2 MFN-06-297, Supplement 7, Kinsey, J., General Electric, letter to U.S. Nuclear
Regulatory Commission, “Response to Portion of NRC Request for Additional
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Information Letter No. 53 Related to ESBWR Design Certification Application—
DCD Chapter 4 and GNF Topical Reports—RAI Number 4.4-2S01, 4.4-27S01,
4.4-31S01 and 4.4-54S01,” April 10, 2007 (ADAMS Accession No. ML071210063,
ML071210066).
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B.21 RAI 4.4-55

The staff requested that GEH provide additional descriptive details of the figures provided in the
LTR. The staff reviewed the response and found that the clarification was acceptable.

References

4.4-55.1 MFN-06-297, Hinds, D., General Electric, letter to U.S. Nuclear Regulatory
Commission, “Response to Portion of NRC Request for Additional Information Letter
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4.4-15 through 4.4-17, 4.4-19, 4.4-24, 4.4-27, 4.4-31 through 4.4-34, 4.4-36 through
4.4-38, 4.4-42 through 4.4-50, 4.4-52 through 4.4-56, 4.8-1 through 4.8-16,”
August 23, 2006 (ADAMS Accession Nos. ML062480252, ML062480254,
ML062480255).

B.22 RAI7.2-5

In response to RAI 7.2-5, the applicant provided a detailed design description of the gamma
thermometer device. [[

1]

[l
11 The staff reviewed these material choices and concluded that they
ensure that the GT device will operate as intended under reactor conditions.
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RAI Numbers 7.2-5 through 7.2-18 and 7.2-52 through 7.2-65,” May 14, 2007
(ADAMS Accession Nos. ML071490211, ML071490214).

B.23 RAI7.2-6

The staff requested additional information in RAI 7.2-6 regarding the material interactions,
specifically in regard to dissimilar metal voltages and electrical heating energy deposition. In
response, the applicant provided details regarding the instrument response to both [[

11, demonstrating that, while there are some differences in the cold junction
voltage, the overall instrument response is not sensitive to the nature of the energy deposition in
the insulated region.
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7.2-6.1 MFN-07-162, Kinsey, J., General Electric, Letter to U.S. Nuclear Regulatory
Commission, “Response to Portion of NRC Request for Additional Information Letter
No. 78 Related to ESBWR Design Certification Application—Gamma Thermometers—
RAI Numbers 7.2-5 through 7.2-18 and 7.2-52 through 7.2-65,” May 14, 2007
(ADAMS Accession Nos. ML071490211, ML071490214).

B.24 RAIl7.2-7

In RAI 7.2-7, the staff requested additional information regarding the changes in heater wire
resistance caused by irradiation effects. The staff was concerned that irradiation damage in the
heat wire, and subsequent changes to the conductivity, would result in a systematic calibration
error in high flux regions of the reactor. The applicant provided an [[

]I. The calculations show an expected change of
approximately [[ 1] in the heater wire resistance. The response also states that

Il

1l. The staff determined that the influence of neutron
irradiation on the heater wire does not result in resistance changes that are significant enough
to invalidate the uncertainty analysis, and the analysis is therefore acceptable. However, if the
method proposed in the response to RAI 7.2-7 is deemed appropriate to improve accuracy by
accounting for GT heater wire resistance changes during irradiation, such changes should be
submitted for NRC review.
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B.25 RAI7.2-8

The staff requested additional information regarding the potential interaction between the cable
heat current and the thermocouple voltage as a source of potential error in the GT signal. In
response to RAI 7.2-8, the applicant evaluated the electrical conduction through the insulating
materials and demonstrated that the material interfaces will effectively electrically isolate the
heater wire and thermocouple thermoelement and thus will not impact the fidelity of the
thermocouple signals during either normal operation or calibration.
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B.26 RAI7.2-9

The staff requested that GEH provide additional details of the detector sensor to power ratio.
The response to RAI 7.2-9 indicates that NEDC-33239P describes the model. The staff
determined that the response is acceptable insofar as it specifies the detector sensor to power
ratio model.
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B.27 RAI7.2-10

In response to RAI 7.2-10, the applicant stated that several improvements were made to the GT
following the Limerick 2 test and that these improvements will be likewise applied to the ESBWR
design. These improvements include [[

11
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Thermometers—RAI Numbers 7.2-5 through 7.2-18 and 7.2-52 through 7.2-65,”
May 14, 2007 (ADAMS Accession Nos. ML071490211, ML071490214).

B.28 RAI7.2-11

In RAI 7.2-11, the staff requested that the applicant address the ramifications of sensitivity
decrease modeling for the purpose of extended durations between calibrations given that the
model may misrepresent the actual change in GT sensitivity. The response stated that
irradiation damage to the materials may cause changes in the electrical resistance, which in turn
may lead to an increase or decrease in sensitivity during the initial stages of operation. This
explanation is inconsistent with the evaluation of resistance changes under irradiation provided
in response to RAI 7.2-7.

Therefore, the staff does not agree with the basis for the mechanistic model to predict the GT
sensitivity and does not approve the use of the sensitivity decrease model. Accordingly, the
staff approves the use of GT for in-core instrumentation for the ESBWR provided that the GT
sensitivity be established through calibrations using the in-line heaters before adaption or LPRM
calibration.
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Thermometers—RAI Numbers 7.2-5 through 7.2-18 and 7.2-52 through 7.2-65,”
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B.29 RAIl7.2-12

In response to RAI 7.2-12, the applicant provided an assessment of the [[

11 The staff agrees that this degree of contamination is essentially
negligible.
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May 14, 2007 (ADAMS Accession Nos. ML071490211, ML071490214).

B.30 RAI7.2-13

In response to RAI 7.2-13, the applicant provided a rough model to estimate the change in
sensitivity of the instrument based on core bypass conditions. In general, the sensitivity of the
instrument scales proportionally to the thermal conductivity of the core material, assuming that
the fill gas provides near-perfect insulation. While the core bypass temperature during normal
operation should remain at the saturation temperature, this may not be the case during transient
or off-normal conditions. Therefore, the sensitivity response to core bypass conditions is further
justification for the condition that GT sensitivity be determined before any adaption or LPRM
calibration.

The prerequisites for LPRM calibration and GT adaption cited in response to RAI 7.2-59S2 are
adequate to ensure that following bypass temperature changes GT calibration will account for
changes in the instrument sensitivity.

In response to RAI 4.3-2S52-C-2, the applicant provided additional information in regard to the
GT sensitivity change as a result of bypass void formation.
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Thermometers—RAI Numbers 7.2-5 through 7.2-18 and 7.2-52 through 7.2-65,”
May 14, 2007 (ADAMS Accession Nos. ML071490211, ML071490214).

7.2-13.2 MFN-07-613, Supplement 1, Kingston, R., General Electric, letter to U.S. Nuclear
Regulatory Commission, “Response to NRC Request for Additional Information Letter
No. 137 Related to ESBWR Design Certification Application—RAI Number 7.2-59
Supplement 2,” July 3, 2008 (ADAMS Accession Nos. ML081920699, ML081920700).

7.2-13.3 MFN-08-293, Supplement 1, Kingston, R., General Electric, letter to U.S. Nuclear
Regulatory Commission, “Response to NRC Request for Additional Information Letter
No. 106—Related to ESBWR Design Certification Application—RAI Numbers 4.2-12
Supplement 2 and 4.3-2 Supplement 2,” July 3, 2008 (ADAMS Accession No.
ML081930310, ML081930311).

B.31 RAIl7.2-14

The staff requested that GEH describe how automated fixed in-core probes (AFIPs) allow for
accurate axial power shape monitoring. In particular, the staff requested information regarding
the capability of the AFIPs to measure power shapes with multiple local axial peaks

(e.g., double-humped power shapes).

The staff did not find the original RAI response acceptable because it referenced a qualification
basis that had not been provided to the staff. The response to the supplement refers to

RAI 4.2-12S2. The response to RAI 4.2-12S2 describes the adaption study performed using the
Plant E power shapes.

RAI 7.2-18S2 supersedes the uncertainty analysis and qualification basis presented in the
response to RAI 4.2-12S52.

The responses to RAIs 7.2-55S1 (statistical rejection method), 7.2-66 (minimum instrumentation
configuration), and 7.2-18S2 ([[ 1] technique) provide the necessary information
for the staff to complete its review in this matter. These RAI responses describe how the
adaption is performed, how many instruments are needed, and how instrument signals are
screened for rejection. Therefore, the staff determined that information provided in other RAI
responses supersedes the response to RAI 7.2-14S1.
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B.32 RAIl7.2-15

The staff requested that GEH describe the relationship between the local gamma flux and the
GT indication as well as the relationship between the four bundle power and the local gamma
flux. The response refers to the response to RAI 7.2-9, which provides the reference to the
detector sensor to power ratio methodology. The response also states that the GT indication is
essentially proportional to the gamma flux. The more detailed description in the LTR describes
the [[ ]] correction factor.

Because the GT are used to establish the power shape only, and not the radial power
distribution (based on integrated string values), the staff concluded that it is not necessary to
determine the precise value of the gamma flux, only its relative distribution. Therefore, the staff
concluded that the response is acceptable.

References

7.2-15.1 MFN-07-162, Kinsey, J., General Electric, Letter to U.S. Nuclear Regulatory
Commission, “Response to Portion of NRC Request for Additional Information Letter
No. 78 Related to ESBWR Design Certification Application—Gamma
Thermometers—RAI Numbers 7.2-5 through 7.2-18 and 7.2-52 through 7.2-65,”
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7.2-15.2 MFN-05-079, GEH Nuclear Energy, Licensing Topical Report, “Gamma Thermometer
System for LPRM Calibration and Power Shape Monitoring, NEDE-33197P,
Revision 0,” September 30, 2005 (ADAMS Accession Nos. ML052700451,
ML052700449, ML052700450).

B.33 RAI7.2-16

The staff requested further information regarding the additional uncertainty term associated with
having fewer than nine sensors. This RAI response is applicable to Revision 0 of the LTR.

The response provides the basis for determining the additional uncertainty, however, the
determination of the GT-specific uncertainties provided in the response to RAI 7.2-18S2
supersedes the response. Therefore, the staff does not require the response provided to
RAI 7.2-16 to complete its review.
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B.34 RAIl7.2-17

The response corrects an error in the topical report and refers to the response to RAI 4.2-12 as
the basis for the LHGR uncertainty. The response is acceptable insofar as it acknowledges that
the original revision of the LTR was in error and that the applicant will correct the error in the
next revision.
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B.35 RAI7.2-18

RAIl 7.2-18 requested information regarding LPRM calibration. The original LTR did not provide
sufficient detail regarding the overall calibration process for the staff to complete its review.

In response to several RAls, GEH has specified the different steps for performing an LPRM
calibration. These steps include GT calibration, power shape adaption, and LPRM calibration.
The responses to RAIs 7.2-5952 and 7.2-66 provide information regarding the performance of
the GT calibration and GT measurements. The response to RAI 7.2-18S2 provides the updated
information regarding GT power shape adaption and the determination of the associated
uncertainty components.

The response to RAI 7.2-18S2 provides updated information regarding the interpolation and
adaption method and the uncertainty analyses for the ESBWR OLMCPR and MLHGR limits.

The response to RAI 7.2-18S2 supersedes information provided under RAls 4.2-12S2, Parts 10,
11, 16, 17, 19, 20, and 25; 7.2-14S1; 7.2-51S1; 7.2-55S81; 7.2-56S1; 7.2-58S1; and 7.2-64S1.

In many of these cases, the primary update is to specify [[ ]] as the adaption technique.
In addition to revising the referenced adaption technique from [[ 11to ][ 11, the
response provides an update to the [[ 11

The staff reviewed the basis for the adaption techniques as provided in various RAI responses
and during an audit of the adaption and interpolation methods. The staff documented its
findings in the review of the relevant RAI responses, particularly in the response to

RAI 4.2-12S2-10.

Based on the information provided in response to RAIs 4.2-1252-10 and 7.2-18S2, the staff
determined that (1) the preliminary studies indicate that [[ 1] accuracy can rival

1 1] accuracy if boundary conditions are improved and (2) the revised boundary
conditions confer an acceptable degree of accuracy based on the uncertainty analyses
presented in response to RAl 7.2-18S2.

B.35.1. Operating Limit Minimum Critical Power Ratio Uncertainties
The applicant performed specific studies to determine the GT-equivalent components of the

update uncertainty using the previous generic NEDC-32694P-A methodology as a baseline.
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GEH reevaluated the uncertainties associated with the [[

1] and the [[ ]1]- In both of these cases the
values used for the equivalent components from NEDC-32694P-A were slightly conservative—
[ ]1 in the case of the former and [[ 11 in the case of the latter. Therefore,

the ESBWR OLMCPR analysis retained these uncertainties. The staff concluded that this
approach is acceptable because the results are based on detailed sensitivity analyses using
data collected from a GT- instrumented plant and rely on slightly conservative values.

The staff independently reviewed the other component uncertainties, including the [[

]I. For the purpose of its review of the subject RAI response, however, the
staff determined that the uncertainty components attributable to the GT CMS are appropriate for
use in the OLMCPR determination.

B.35.2. Linear Heat Generation Rate Uncertainties

The uncertainties updated for the LHGR uncertainty analysis include the [[

11, the [[ 11, and the [[ 1I. The
applicant determined the [[ 1] using specific calibration
data from a GT-instrumented BWR/5 with corresponding gamma TIPs. The applicant based its
analyses on PANAC11 calculations, gamma TIP measurements, and offline PANAC11
calculations. The [[ ]] could be determined using the original dataset
with additional data points. The [[ 1] is sensitive to the exposure
interval. The applicant performed specific studies based on a linear model of the [[

]] variation with exposure interval. Based on these studies, GEH is revising
the LPRM calibration interval to reduce the [[ 11-

The staff reviewed the basis for the [[ ]] and determined that the
magnitude of the uncertainty is consistent with the revised LPRM calibration interval based on
the qualification dataset. The response states that GEH will revise the ESBWR technical
specifications and bases to be consistent with the reduced calibration interval of 750 megawatt-
days per metric tonne. The staff determined that this is acceptable. The resultant value based
on the reduced interval is [[ 1.

The [[ 1] is based on a comprehensive study. The study compared the
variation in LHGR with simulated GT failures consistent with the instrumentation configuration
specified in the response to RAI 7.2-66. The statistical distribution of the LHGR differences is
more sharply peaked than a normal distribution. In the downstream uncertainty evaluations the
one standard deviation uncertainty value is conservatively taken as the [[ 11
maximum value. The staff agrees that this approach is conservative. The applicant determined

the [[ ]] for LHGR to be [[ 1.

The final uncertainty is the [[ 1I. The | 1] is based
on a combination of qualification studies performed for [[ 11 (BWR/5) and

1 11 (BWR/B). The [[ 11 power shapes during the subject cycle were double-humped
power shapes and hence were difficult to replicate with discrete fixed axial measurements and
interpolation techniques. The analysis applied the [[ ]] boundary conditions, and
all ]l was determined using a process analogous to the
methodology presented in the response to RAI 4.2-12S2. The resultant uncertainty was

i 1l The staff determined that the revised methodology and the uncertainty value

are acceptable.
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The response provides the final combination of all uncertainties. The appropriate component
uncertainties were used to account for interim methods penalties in the LHGR. The resultant
LHGR uncertainty for the reduced calibration interval was [[ 1l. The value of

[[ ]] is consistent with the [[ ]] value assumed in the thermal mechanical limit
analysis methodology and is therefore acceptable.
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B.36 RAI7.2-19

In RAI 7.2-19, the staff requested that the applicant explain the validity of the factory-calibrated
value of alpha when material properties change under the conditions of normal operation.
Alpha is a device-specific parameter that accounts for non-linearity in the GT signal.

The applicant provided a detailed analysis of the changes in alpha with the material properties
at nominal operating conditions in response to RAI 7.2-19. The response compared the change
in alpha based on an analytical model and a detailed simulation. [[

1l

Since the effect on an individual GT signal is small given potential variations in the value of
alpha, all of the GT in the core are subject to the same variation in properties, and the GT are
used only to determine the relative power shape (following calibration to establish the
sensitivity), the staff determined that the [| ]] approach based on factory calibration is
sufficient to capture the effects of nonlinearity. Furthermore, changes during normal operation
in this value will not significantly impact the GT signals, thus contributing negligibly to the overall
uncertainty.
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B.37 RAI7.2-20

The staff requested additional information from the applicant regarding the basis for the power
distribution uncertainties determined based on the data reported in NEDE-33197P.

B.37.1 RAIl 7.2-20-A

The staff requested additional information regarding the bundle power uncertainty used in the
OLMCPR analysis. The staff did not find the explanation provided in this response acceptable.
The origin of the [[ ]] value is NEDC-32964P-A. The measurements that the
response refers to relied on using TIPs. The ESBWR design does not include TIPs. Therefore,
while the determination of the NEDC-32964P-A uncertainty included a greater number of
measurements, these measurements are not indicative of the monitoring to be performed for the
ESBWR. Furthermore, NEDC-32964P-A provides that the applicability of the numbers be
demonstrated; specifically Item (3) provides that the 3D MONICORE bundle power calculational
uncertainty be verified when applied to fuel and core designs not included in the benchmark
comparisons. It is worth noting that, in developing the uncertainty, adaption to TIP
measurements is credited when gamma scan measurements are used to determine the [[

1I. Therefore, the staff does not agree with the statement that these
benchmark comparisons are necessarily indicative of the ESBWR 3D MONICORE. Therefore,
the staff requested supplemental information in RAI 7.2-20S1-A.

B.37.2 RAI 7.2-20S1-A

In RAI 7.2-20S1-A the staff requested additional information regarding the applicability of
historically determined uncertainty parameters for the ESBWR. The response to

RAI 7.2-20S1-A (Ref. 7.2-20.2) states that the applicant updated the uncertainty analysis for the
ESBWR based on high power density plant data (greater than 50 kW/l) instrumentation
qualification and the specific adaption methodology proposed for the ESBWR.

GEH provided details of the methodology and the specific uncertainty analysis to the staff in
response to RAIs 4.2-1252-10 and 4.2-1252-11. GEH'’s response to RAI 7.2-20S1-A
references GEH’s response to RAI 4.2-12S2-11. The staff determined that the response to this
RAI need not include a justification of the historical values as a specific uncertainty analysis has
been performed in a separate RAI. The information supplied and specific reference to

RAI 4.2-12S2-11 is sufficient for the staff to close RAI 7.2-20S1-A.

B.37.3 RAI 7.2-20-B
The staff requested that GEH describe the components of the power distribution uncertainty in
terms of the NEDC-32964P-A component uncertainties. The response states that the applicant

addressed the extrapolation in the response to RAI 7.2-9. The staff did not agree because the
response to RAI 7.2-9 addresses the detector sensor to power ratio only. Furthermore, the staff
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disagreed with the applicant’s statement that the uncertainty is unexpected to change. The staff
disagreed because a TIP trace provides direct measurement of the four bundle power at every
nodal level, while the GT arrangement cannot. The staff reasons that it is counterintuitive to
conclude that fewer measurements can result in the same uncertainty. Therefore, the staff
requested additional information regarding this topic in RAI 7.2-20S1-B.

B.37.4 RAIl 7.2-20S1-B

RAI 7.2-20S1-B requested that GEH comment specifically on the ramification of having an
anomaly in one axial node that perturbs the power distribution locally and the efficacy of the GT
arrangement to identify such an anomaly. The request did not specify the source of such an
anomaly. GEH considers the presence of a fuel spacer at the same axial elevation as a GT to
be a local axial perturbation.

GEH studied the spacer effect using three-dimensional MCNP analyses. GEH studied the

([

1l. For spacers located near the GT sensor, the applicant
performed specific MCNP analyses to determine the bias. These biases are independent of the
in-channel void fraction, which is expected. The biases are determined using an acceptable
methodology and, according to the LTR, are applied in the CMS. The staff determined that this
methodology is acceptable to address the staff concern regarding the spacer effect on biasing
the GT signal.

GEH further clarified that bypass void formation is considered an anomaly; GEH provided
bypass void formation analysis of the detector response to the staff in response to RAI 4.3-2S2.
The analysis considers the impact of the void formation on the gamma transport characteristics
as well as the impact of voiding on the thermal characteristics of the heat transfer from the
instrument tube to the bypass. The staff's review of the response to RAI 4.3-2S2 is documented
in Section 0 of this SE.

B.37.5 RAI7.2-20-C

Revisions to the power distribution uncertainty assessment rendered the response to
RAI 7.2-20S1-C obsolete, as documented in the response to RAI 7.2-18S2.

B.37.6 RAI7.2-20-D

The staff requested that GEH justify the [[ 1] used for the four bundle
power and [[ ]] components of the bundle power uncertainty. The
results in Table 7-18 refer to the GT core monitor study. The staff believed that a GT-simulated
“readings” technique would have to be employed to perform corewide GT adaptions. Therefore,
the staff requested additional information regarding this topic in RAI 7.2-20S1-D.

B.37.7 RAI7.2-2081-D

In RAI 7.2-20S1-D the staff requested that GEH clarify how it performed the K5 adaptions. The
K5 reference report specifies that a GT CMS was run in parallel to adapt the power shape. This
information is acceptable to close this RAIl. The response to RAI 7.2-20S1-D provides the
specific reference to material in the open literature that describes the K5 test and computational
methodology. The response similarly compares the K5 gamma scan results to previous gamma
scan campaign results performed using historical GEH methods (i.e., TGBLA0O4/PANAC10
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methods). The responses state that the K5 gamma scan results were bounded by previous
gamma scans performed using similar GEH core monitoring techniques and are therefore
deemed applicable. The staff determined that this information adequate to close

RAI 7.2-20S1-D.

As discussed in the preceding section, the GT CMS software, as described in the open
literature, is substantially similar to the TGBLA04/PANAC10 methods, and the results obtained
from the gamma scan are similar to those obtained using the TGBLA04/PANAC10 methods for
other campaigns. The use of the more sophisticated TGBLAO6/PANAC11 methods for the
ESBWR assures that the K5 results are relatively conservative when known improvements in
the methods are considered.

B.37.8 RAI 7.2-20-E

The staff requested that GEH provide a greater description of the [[ 11
The staff requested clarification of the term “maximum average” in a supplemental request for
information pursuant to RAI 7.2-58. The staff also asked for clarification regarding the value in
Table 8-7 in terms of its relation to the data in Tables 7-3 and 7-4. The staff did not understand
the applicability of these data because they are based on nine GT per string, which is not the
proposed design for the ESBWR. Therefore, the staff requested additional information
regarding this topic in RAIl 7.2-20S1-E.

B.37.9 RAI 7.2-20S1-E

In RAI 7.2-20S1-E the staff requested that GEH justify the applicability of the K5 and Tokai 2
test data. The response (Ref. 7.2-20.2) states that the applicant included the Tokai 2 test data
to determine the GT detector uncertainty. The calculational uncertainty is determined according
to an adaption study documented in response to RAI 4.2-12S2-10, which accounts for the
number of GT instruments per string. The response similarly explains the term “maximum
average.” The applicant justified the applicability of the K5 test data in response to

RAI 7.2-20S1-D and the applicability of the Tokai 2 test data in response to RAI 7.2-20S1-E by
discussing the scope of the applicability of the GT —to - nTIP values to qualify the
instrumentation during the test. The K5 and Tokai 2 reactors are large, high power reactors,
and are therefore deemed appropriate to qualify the GT instruments for the ESBWR. The staff
determined that the response is sufficient to justify the applicability of the test data in light of the
scope of its use in determining the overall efficacy of the GT CMS performance.

Tokai 2 was a test case for the improvement in GT CMS accuracy based on assigning unique
[[ ]] values in the core monitoring software to each individual GT. GEH will adopt this
improvement for the ESBWR, further justifying the applicability of the Tokai 2 test data. GEH
provided this information to the staff in response to RAI 7.2-18S2.

B.37.10 RAIl 7.2-20-F

Revision to the power distribution uncertainty assessment rendered the response to
RAI 7.2-20S1-F obsolete, as documented in the response to RAI 7.2-18S2.
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B.37.11 RAI 7.2-20-G

The staff requested information regarding the uncertainty analysis in terms of LPRM and GT
adaption. The staff determined that the response was inconsistent with the LTR and requested
supplemental information in RAI 7.2-20S1-G.

B.37.12 RAI 7.2-2081-G

In response to RAI 7.2-20S1-G, GEH provided details of the GT calibration and adaption
procedure that address transient changes in plant parameters affecting GT sensitivity and
responsiveness. In regard to the GT response, the staff noted signal lag attributable to thermal
inertia effects. To appropriately calibrate the instrument, the ohmic heating current should be
held constant for a fixed duration to allow the GT to reach a steady signal.

GEH provided information regarding the thermal time constants for the GT instruments. Factory
measurements indicate that the GT thermal time constant is [[ 1I. The
response to RAI 7.2-20S1-G confirms that the time constant is less than [[ 1I. The
response states that the current hold time is a minimum of five thermal time constants.
Therefore, the staff determined that the response and the proposed LTR revision are
acceptable.

B.37.13 RAI 7.2-20-H

The staff requested that GEH describe the relationship between Table 9-13 and the power
distribution uncertainties. The response states that these values in Table 9-13 were not used in
establishing the bundle power uncertainty. The staff determined that this clarification is
acceptable.
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