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 SAFETY EVALUATION WITH OPEN ITEMS FOR 

 APPLICATION OF THE TRACG COMPUTER CODE TO  

  THE TRANSIENT ANALYSIS  

 FOR THE ESBWR DESIGN  
  

1 Introduction 
 
General Electric Hitachi Nuclear America, LLC (GEH) submitted NEDE-33083P, “TRACG 
Application for ESBWR,” for review by the staff of the U.S. Nuclear Regulatory Commission 
(NRC) as part of the preapplication review activities with respect to the economic simplified 
boiling-water reactor (ESBWR) advanced passive design (Reference 1).  The staff reviewed and 
approved NEDE-33083P (Reference 1) as applied to the loss-of-coolant accident (LOCA) for 
the 4000-megawatt-thermal (MWt) ESBWR design.  The transient analyses in Section 4.7 of 
NEDE-33083P (Reference 11) have been updated to coincide with the 4500-MWt ESBWR 
design described in the ESBWR design control document (DCD), Revision 0 (Reference 10).   
 
The staff based its review of the application of the TRACG code for ESBWR transient analyses 
on the GEH submittals in References 1 and 11.  The staff has requested in RAI 21.6-63 
Supplement No. 1, and RAI 21.6-65 Supplement No. 2, that GEH submit a topical report or a 
supplement to NEDE-33083P to incorporate the information provided in Reference 1 and 11 
related to TRACG transient analysis and associated RAI responses.  The staff will update this 
safety evaluation to reflect the staff’s review of this submittal when it is received.  RAI 21.6-63 
and 21.6-65 are being tracked as an open items.   
 
This safety evaluation report (SER) describes the staff’s review and approval for NEDE-33083P, 
Section 4, as it relates to ESBWR transient analysis.  NEDE-32176P, Rev. 3, “TRACG Model 
Description,” (Reference 12) provides the description of the models contained within the code.  
The staff has also reviewed and approved TRACG for application to anticipated operational 
occurrences (AOOs) in boiling-water reactor (BWR)/2-6 (References 13 and 15), for prediction 
of the initial pressure peak in anticipated transients without scram (ATWSs) in BWR/2-6 
(Reference 14), and for application to calculating stability margins and LOCA analyses in the 
ESBWR (References 1 and 3). 

2 Regulatory Basis 
 
To establish a licensing basis, applicants must analyze transients in accordance with the 
requirements of General Design Criterion (GDC) 10, “Reactor Design,” in Appendix A, “General 
Design Criteria for Nuclear Power Plants,” to Title 10, Part 50, “Domestic Licensing of 
Production and Utilization Facilities,” of the Code of Federal Regulations (10 CFR Part 50) and 
10 CFR 50.34, “Contents of Construction Permit and Operating License Applications; Technical 
Information”; and, where applicable, should address NUREG-0737, “Clarification of TMI Action 
Plan Requirements,” issued November 1980 (Reference 17).  The staff reviews the evaluation 
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model to ensure that it is adequate to simulate the transient or accident under consideration.  
This includes a review of methods to estimate the uncertainty in the calculation.   
 
The staff provided guidance for applicants to meet general requirements of a thermal-hydraulic 
analysis computer code in a regulatory guide (RG) 1.203 and  standard review plan (SRP) 
15.0.2 (References 16 and 17).  References 16 and 17 describe acceptable approaches by 
which the calculated uncertainty in the analysis methodology can be assessed.  They express a 
preference for the code scaling, applicability, and uncertainty (CSAU) methodology (Reference 
7) as the means for applicants to determine the uncertainty in a code calculation.  Specific 
regulatory criteria for AOO analysis are described below. 
 
GDC 10 requires: 
 

The reactor core and associated coolant, control, and protection systems shall be 
designed with appropriate margin to assure that specified acceptable fuel design 
limits are not exceeded during any condition of normal operation, including the 
effects of anticipated operational occurrences. 

 
GEH uses the TRACG code to ensure that safety limits—such as minimum critical power ratio 
(MCPR), peak reactor vessel pressure, and downcomer water level—are met during AOOs. 

3 Technical Evaluation 
 
In the following subsections, the staff addresses the scope of the review, the CSAU-based 
technical evaluation, and the confirmatory calculations performed in support of this review. 

3.1 Scope of Review 
 
The staff performed an extensive review of the TRACG code for application to the LOCA event 
in the ESBWR (Reference 1) and for the application to AOO and ATWS overpressure events in 
BWR/2-6 (References 13 and 14).  For the review of the application of TRACG to the transient 
events, AOO and infrequent events (IEs) in the ESBWR, the staff has built upon these previous 
reviews.  The staff focused on differences between approved models and the current version of 
TRACG04 as described in Reference 12.  The most significant differences are in the kinetics 
model.  The staff focused on phenomena that are unique to the ESBWR design.  In addition, the 
staff also reviewed items and modeling that were not evaluated in past TRACG reviews.   
 
The scope of this SER is limited to the capability of the TRACG code to perform AOO/IE 
analyses for the ESBWR.  The SER on ESBWR design certification will address the 
acceptability of the ESBWR design. 

3.2 CSAU-Based Technical Evaluation 
 
The requirements of a realistic methodology are somewhat different from a prescriptive 
methodology in that more realistic models can be used and a measure of the uncertainty in the 
code must be determined.  Various means of achieving an estimate of uncertainty are available 
in the realm of statistical analysis.  GEH has chosen to follow the basic CSAU approach outlined 
in NUREG/CR-5249, “Quantifying Reactor Safety Margins:  Application of Code Scaling, 
Applicability, and Uncertainty Evaluation Methodology to a Large-Break, Loss-of-Coolant 
Accident,” issued December 1989 (Reference 7).  While the CSAU approach defines the 
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process by which uncertainty analysis is performed, it leaves room for GEH to determine the 
exact statistical methodology to be applied.  In the application of TRACG for AOO and ATWS 
for BWR/2-6, and the application of TRACG to the ESBWR stability analysis, GEH chose to 
apply a normal distribution one-sided upper limit statistical methodology.  The staff discussed 
this approach in References 3, 13, and 14.  GEH has again taken this approach for the TRACG 
application for AOOs in the ESBWR.  
 
The CSAU methodology consists of 14 steps contained within three elements.  The first element 
includes steps 1 through 6 and determines the requirements and code capabilities.  The 
scenario modeling requirements are identified and compared against code capabilities to 
determine the applicability of the code to the specific plant and accident scenario.  Code 
limitations appear in Element 1. 
 
The second element in the methodology includes steps 7 through 10 and assesses the 
capabilities of the code by comparison of calculations against experimental data to determine 
code accuracy, scaleup capability, and appropriate ranges over which parameter variations 
must be considered in sensitivity studies. 
 
The third element in the methodology consists of steps 11 through 14, and individual 
contributors to uncertainty, such as plant input parameters, state, and sensitivities, are 
calculated, collected, and combined with biases and uncertainties into a total uncertainty. 

3.2.1 Element 1—Requirements and Code Capability 

3.2.1.1 Step 1—Scenario Selection 

 
The processes and phenomena that can occur during an accident or transient vary considerably 
depending on the specific event being analyzed.  GEH has identified the AOO scenarios 
(incidents of moderate frequency) applicable to the ESBWR that can be analyzed using TRACG 
and the associated methodology.  Table 1 list these scenarios with the corresponding section of 
the Standard Review Plan (SRP).  
 

Table 1  Event Categories and SRP Sections for Application of the ESBWR TRACG AOO 
Methodology 

Event Category SRP Section 

Pressurization Events 15.1.1–15.1.4 

15.2.1–15.2.5 

15.2.6 

Depressurization Events 15.1.1–15.1.4 

15.6.1 

Cold Water Injection Events 15.1.1–15.1.4 

15.5.1–15.5.2 

Level Transient  15.2.7 

 
Section 2.0 of the contractor technical evaluation report (TER) on ESBWR AOO events 
(Reference 20, enclosed) provides more detail on the specific events for which this methodology 
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is applicable.  This SER does not consider application of the methodology to other transients 
and accidents. 
 
GEH is consistent with this step in the CSAU approach. 

3.2.1.2 Step 2—Nuclear Power Plant Selection 

 
The dominant phenomena and timing for an event can vary significantly from one nuclear power 
plant design to another.  GEH has specified that the methodology is applicable to the ESBWR 
natural circulation, passive design.  The staff evaluated the methodology as it applies to the 
4500-MWt ESBWR design as described in Revision 3 of the ESBWR DCD (Reference 36).   
 
GEH is consistent with this step in the CSAU approach. 

3.2.1.3 Step 3—Phenomena Identification and Ranking 

 
All phenomena that occur during an accident or transient do not influence the behavior of a 
nuclear power plant undergoing the event in an equal manner.  A determination must be made 
to establish those phenomena that are important for each event and various phases within an 
event.  The phenomena are compared to the modeling capability of the code to assess whether 
the code has the necessary models to simulate the phenomena.  Most important, the range of 
the identified phenomena covered in experiments or test data is compared to the corresponding 
range of the intended application to ensure that the code has been qualified for the highly 
ranked phenomena over the appropriate range.  Development of a phenomena identification 
and ranking table (PIRT) establishes those phases and phenomena that are significant to the 
progress of the event being evaluated. 
 
GEH identified important phenomena for AOOs in the ESBWR in a PIRT.  Tables 4.1-3a and b 
in Reference 21 contain the PIRT for ESBWR AOO analysis, and Reference 22 discusses the 
parameters.  The transient events have been categorized into three groups—(1) pressurization 
events, (2) depressurization events, and (3) cold water insertion events.  For each event type, 
the phenomena are listed and ranked for each major component in the reactor system.   
 
In RAI 21.6-60, the staff questioned the GEH ranking of the Doppler coefficient as “medium” for 
ESBWR AOOs and IEs.  In Reference 37, GEH provided the results of sensitivity studies that 
were performed by perturbing the Doppler uncertainty by +1σ and -1σ and showed [[ 
 
                                                                                                                                      ]].  GEH 
showed [[ 
                                 ]].  In addition, although GEH ranked this parameter as having [[                ]] 
importance, it still included the uncertainty in the uncertainty analysis.  Section 3.2.1.5.2 of this 
report discusses the staff’s evaluation of the uncertainty value.  RAI 21.6-60 is resolved. 
 
In addition, in RAI 21.6-61, the staff questioned the ranking of mixing in the lower plenum for 
cold water injection events.  The response from GEH included a nodalization study of the 
feedwater controller failure (FWCF) event to maximum demand.  The staff’s concern is that as 
cold water enters the core, it might not mix well in the lower plenum and there may be more cold 
water concentrated at the periphery causing a more pronounced effect on ΔCPR for bundles in 
this location.  GEH performed a nodalization study of the FWCF event where it increased and 
decreased the rate of transfer between the radial rings in the lower plenum by artificially creating 
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resistance between these cells.  GEH showed the ultimate change in ΔCPR, given the different 
resistances in the lower plenum [[ 
                                                                        ]].  GEH did not display the results of the ΔCPR 
changes for Ring 3, which is the outermost ring and the one of most concern.  GEH recently  
proposed a change to the  feedwater heating system such that the loss of feedwater heating 
event would create a more severe cold water transient.  The staff will request that GEH perform 
a  sensitivity study with the more limiting transient, in addition to a request that GEH show the 
results of Ring 3 in the study during the review of the feedwater system change. As it relates to 
this evaluation.  RAI 21.6-61 is now closed and a new RAI will be prepared to address these 
concerns if they are not addressed by GEH.  This is an open item. 
 
Section 3.0 of the TER (Reference 20, enclosed) provides more discussion of the staff’s 
evaluation of the GEH AOO PIRT. 
 
Some open items relate to the ranking of phenomena in the PIRT.  GEH chose not to include 
medium-ranked phenomena in its uncertainty analysis.  Other previously approved TRACG 
methodologies (References 2 and 13) have treated medium- and high-ranked phenomena 
essentially the same.  The staff questioned this departure from previously approved TRACG 
methodologies in RAI 21.6-64 (Reference 23).  RAI 21.6-64 is being tracked as an open item.  
 
GEH is consistent with this step in the CSAU approach. 

3.2.1.4 Step 4—Frozen Code Version Selection 

 
The version of a code, or codes, reviewed for acceptance must be “frozen” to ensure that 
changes to the code do not impact the conclusions after an evaluation has been completed and 
that changes occur in an auditable and traceable manner.  GEH has specified that the 
TRACG04 code be used for the ESBWR AOO applications.  TRACG04 contains PANAC11 
three-dimensional neutronic methods.  PANAC11 and TGBLA06 are also used to generate the 
cross-section data that are input into TRACG04.  
 
The staff reviewed the most current versions of PANAC11 and TGBLA06 codes for their 
applicability to the ESBWR.  The staff performed an audit of these codes at the GEH office on  
October 16 through October 19, 2006, resuming for the period between October 30 and 
November 3, 2006.  GEH makes error-correction versions of its code on a regular basis.  The 
staff considers these codes frozen along with future revisions to the codes as long as changes 
to the codes are within appropriate limitations and conditions and limitations.  The staff will 
specify these limitations and conditions in its safety evaluation for NEDE-33239P (Reference 
46) which is still under staff review.  
 
Changes to TRACG04 are restricted by the methodology (Reference 1).  Changes to the 
models in Reference 12 may not be made without NRC review and approval.  Changes in 
numerical methods to improve code convergence, or code enhancements or error corrections 
must be tested and auditable records kept in accordance with Appendix B, “Quality Assurance 
Criteria for Nuclear Power Plants and Fuel Reprocessing Plants,” to 10 CFR Part 50.  If the 
calculated TRACG results of the qualification tests (Reference 26 or its successor) used to test 
the code change by more than the uncertainty in that assessment, the staff requires GEH to 
submit the changes for review.  New models or features, other than input enhancements that do 
not affect calculated results, may not be implemented without prior NRC review and approval. 
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In RAI 21.6-92 (Reference 24), the staff asked GEH to provide the exact version and revision 
number for all analyses performed in the ESBWR DCD (References 6 and 19).  In addition, 
GEH has two versions of the TRACG04 code—TRACG04A runs on an Alpha VMS Platform, 
and TRACG04P runs on a PC platform.  The staff asked GEH to state which of these two codes 
is used to perform the analyses for which this methodology will be applied.  RAI 21.6-92 is 
being tracked as an open item.  

3.2.1.5 Step 5—Provision of Complete Code Documentation 

 
This step requires the applicant to provide documentation on the frozen code version such that 
evaluation of the code’s applicability to postulated transient or accident scenarios for a specific 
plant design can be performed through a traceable record.  GEH provided the documentation 
through the submittal of ESBWR AOO-specific documentation in References 1, 11, 21, and 22 
and code documentation in References 12 and 26.  
 
The staff has requested that GEH update its documentation to reflect the current status of the 
code and current ESBWR plant design applicability.  Reference 1 gives the application 
methodology and is based on the preapplication (4000-MWt) design and TRACG nodalization.  
Reference 16 provides demonstration calculations for the ESBWR design as described in 
Revision 0 of the DCD (Reference 9).  RAI 21.6-63 (Reference 23) requests that GEH provide 
the differences between what is described in References 1 and 11 and the current application 
methodology used in the ESBWR DCD.  Reference 26 provides the TRACG qualification for the 
previous version of TRACG (TRACG02).  RAI 21.6-75 (Reference 23), the staff requested that 
GEH submit the updated qualification report that is consistent with the current version of 
TRACG used in ESBWR licensing analyses (TRACG04).  In response, GEH submitted Revision 
3 of the TRACG qualification report in August 2007.   RAI 21.6-63 is being tracked as an open 
item.  RAI 21.6-75 is being tracked as an open item pending staff review of NEDE-32177P, 
Revision 3.  
 
GEH provided a description of the nodalization used in the ESBWR AOO/IE analysis in 
Reference 40 and submitted the TRACG User’s Manual (Reference 42) in response to staff 
RAI 21.6-96.  Although GEH provided the appropriate updates to the documentation, in RAI 
21.6-63 Supplement No. 1, and 21.6-65 Supplement No. 2, the staff requested these updates 
as a topical report or supplement to NEDE-33083P. RAI 21.6-63 and RAI 21.6-65 are being 
tracked as open items.  
 
Step 6—Determination of Code Applicability 
 
[[ 
                                                                                                             ]].  The code is designed to 
perform in a realistic manner with conservatism added, where appropriate, via the input 
specifications.  An analysis code used to calculate a scenario in a nuclear power plant should 
use many models to represent the thermal-hydraulics and components.  Those models should 
include the following four elements: 
 
(1)  Field equations provide code capability to address global processes. 
 
(2)  Closure equations provide code capability to model and scale particular processes. 
 
(3)  Numerics provide code capability to perform efficient and reliable calculations. 
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(4)  Structure and nodalization address code capability to model plant geometry and perform 
efficient and accurate plant calculations. 

 
The staff performed an extensive review of the thermal-hydraulics models and its applicability to 
ESBWR for LOCA events and containment analysis in Reference 1.  During the review of 
TRACG for application to AOO events for the ESBWR, the staff focused on models that were 
not previously reviewed or that have been updated since previous reviews.  The TRACG 
neutron kinetics models have been updated since the review of TRACG for AOOs in the 
BWR/2-6, and the models are now based on PANAC11 methods.  In addition, the staff focused 
on the review of cross-section generation using TGBLA06, and isolation condenser (IC) 
modeling. 

3.2.1.5.1 Thermal-Hydraulic Modeling 

 
Section 4.0 of the TER (Reference 20, enclosed) discusses the thermal-hydraulic modeling in 
TRACG and its applicability to ESBWR AOOs.  This review resulted in open items, summarized 
below. 
 
The NRC based many of the conclusions made in this review on Reference 26, which is based 
on TRACG02 calculations as compared to data.  Since GEH is using TRACG04 for ESBWR 
design certification calculations, the staff requested GEH to submit an updated qualification 
report comparing TRACG04 to data (RAI 21.6-75, Reference 23).  In response, GEH submitted 
Revision 3 of the TRACG qualification report in August 2007.  RAI 21.6-75 is being tracked as 
an open item pending staff review of NEDE-32177P, Revision 3.  
 
 
The database used to determine the uncertainty of the void fraction modeling does not appear 
to include fuel assemblies representative of what will be used in the ESBWR (10x10 fuel with 
partial length rods).  The staff expects the updated qualification report to address this (RAI 21.6-
75, Reference 23).  RAI 21.6-75 is being tracked as an open item.  
 
The database for the GEXL correlation, which is used to calculate CPR in AOO analyses, does 
not include data for the 10-foot GE14E fuel assembly.  The NRC staff will address this in 
Section 4.4 of the ESBWR design certification SER. 
 
Fuel thermal conductivity modeling in TRACG04 is based on the PRIME code, which the NRC 
has not reviewed and approved.  The staff identified that the GSTRM model may be 
nonconservative based on information submitted by GEH in response to RAI 4.8-16.  The staff 
requested information to address this issue in RAIs 6.3-54 and 6.3-55 (Reference 29).  RAI 6.3-
54 and RAI 6.3-55 are being tracked as open items.  
 
In RAI 21.6-81 (Reference 23), the staff asked GEH to provide additional information on the 
distribution of channel power.  RAI 21.6-81 is being tracked as an open item.  

3.2.1.5.1.1 Minimum Stable Film Boiling Temperature 

 
For the minimum stable film boiling temperature, GEH uses the [[                        ]] for ESBWR 
applications.  TRACG has the option of using the [[                                 ]], which, according to 
GEH, better captures the flow and pressure dependence.  The staff has not reviewed the [[      
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                               ]] and finds the use of the [[                    ]] acceptable for ESBWR 
applications regarding AOO.  For ESBWR AOO events, the core does not enter film boiling and 
therefore this correlation is not used.  In  RAI 21.6-79, supplemental no. 1, Staff requested GEH 
justify why this parameter was ranked [[       ]] for the TRACG application for BWR/2-6 AOOs 
(Reference 13).  RAI 21.6-79 is being tracked as an open item. 

3.2.1.5.2 Three-Dimensional Neutron Kinetics Modeling 

 
TRACG has the capability of performing three-dimensional neutron kinetics calculations.  To 
perform these calculations, TRACG uses the PANAC11 and TGBLA06 codes.  This section of 
the SER briefly discusses the TRACG-specific models and the interface between TRACG and 
PANAC11/TGBLA06.  The staff’s detailed review of  the PANAC11 and TGBLA06 methods will 
be addressed in the staff’s evaluation of NEDE-33239P (Reference 46) which is still under staff 
review.   
 
TRACG04 has a [[     
                               ]].  The nodal flux calculation is the same as that performed in the PANAC11 
BWR core simulator.  The transient flux solution is obtained by integrating the differential [[ 
                                                                                                                       ]]. 
 
TRACG also uses cross-sections generated by PANAC11/TGBLA06 as input via a PANAC11 
“wrapup” file.  The information transmitted to TRACG via this wrapup file includes [[ 
 
 
                                                                    ]].  GEH submitted the contents of the wrapup file in 
Reference 40.  The staff reviewed this and determined that the information transmitted to 
TRACG will produce adequate representation of the nuclear cross-sections.   
 
A TRACG calculation with three-dimensional kinetics begins by initializing the steady state to a 
converged PANAC11 case.  This is done by initializing the TRACG steady-state power 
distribution to that from PANAC11 and varying thermal-hydraulic conditions.  Since the TRACG 
code and the PANAC11 code have different thermal-hydraulic models, the thermal-hydraulic 
solution obtained by TRACG will differ from that in PANAC11.  TRACG will calculate the offset 
of these values so that when the TRACG thermal-hydraulic conditions are used to obtain cross-
section data from the wrapup file during transient calculations, the offset will be taken into 
account such that these values correspond to the equivalent thermal-hydraulic conditions in 
PANAC11.  The staff reviewed this initialization process and has found it acceptable for use in 
ESBWR AOO/IEs.    Additional detail will be provided in the staff’s evaluation of NEDE-33239P 
(Reference 46) which is still under staff review. 
 
The PANAC11 void fraction model is based on the Findlay-Dix correlation.  The staff has 
questions regarding the applicability of this correlation to the ESBWR.  The staff requested 
additional information in RAI 4.4-2 on the uncertainty and applicability associated with the 
correlation and how it is incorporated into the ΔCPR calculation performed using TRACG and 
ultimately the operating limit minimum critical power ratio (OLMCPR) limit.  This is an open item 
that the staff will address in Section 4.4 of the SER on ESBWR design certification.  Resolution 
of this open item may impact this portion of the review.  RAI 4.4-2 is being tracked as an open 
item.  
 
TRACG accounts for negative reactivity from xenon by adjusting the thermal removal cross-
section at each node.  The PANAC11 wrapup file includes the xenon number density and the 
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microscopic absorption cross-section.  In Reference 43, GEH stated that the xenon 
concentrations are held constant throughout the transient.  Since the timeframe of concern for 
AOO is on the order of seconds or minutes, and xenon concentrations change over the course 
of hours, the staff finds that the constant xenon assumption is reasonable.  Reference 44 
discusses the staff’s evaluation of the xenon assumptions in TRACG used to simulate startup of 
the ESBWR.   
 
Section 5.0 of the TER (Reference 20, enclosed) provides an evaluation of the void reactivity, 
Doppler reactivity, and scram reactivity, including an overall discussion of the qualification of the 
three-dimensional kinetics model in TRACG.  In RAI 21.6-108, the staff requested that GEH 
justify the uncertainty values chosen for the Doppler coefficient and the scram reactivity as part 
of the review for migration to TRACG04/PANAC11 for BWR/2-6 AOOs (Reference 30).  These 
uncertainties were established using the PANAC10 model and are also being used for the 
TRACG04/PANAC11 application for ESBWR AOOs and IEs.  GEH will provide the justification 
for these uncertainties in response to staff RAIs related to Reference 30.  RAI 21.6-108 is 
being tracked as an open item.  If these values are updated, the staff requires that GEH 
update them for the ESBWR application as well.   
 
In RAI 21.6-84, the staff requested that GEH update the comparisons between TGBLA and 
Monte Carlo N-Particle (MCNP) used to determine the void coefficient uncertainty to use 
TGBLA06, the version of the code used for ESBWR AOO/IE licensing calculations.  GEH stated 
that this was done and provided the reference for the documentation.  In a supplemental RAI, 
the staff requested that GEH provide the lattices that were used to determine the uncertainty 
and bias.  RAI 21.6-84 is being tracked as an open item. 
 
The NRC staff is performing sensitivity studies using MCNP and MONTEBURNS to evaluate the 
GEH void coefficient uncertainty methodology and the uncertainty in its isotopic concentrations.  
These studies will be discussed in the staff’s evaluation of NEDE-33239P(Reference 46) which 
is still under staff review. 
 
GEH submitted an application to migrate its approved methodology for BWR/2-6 AOO and 
ATWS overpressure analyses from TRACG02 to TRACG04 (Reference 30) for the operating 
fleet.  Resolution of issues from that application would be applicable to this review.  This is an 
open item. 

3.2.1.5.2.1 Decay Heat Modeling 

 
The decay heat model calculates the delayed component of the volumetric heat generation rate 
in the fuel.  PANACEA calculates the steady-state nodal power distribution.  The initial nodal 
decay heat is assumed to be proportional to the fission density in each node.  In the transient 
analysis, TRACG calculates the total nodal power according to the transient flux solution for the 
fraction of the power produced from fission, and this contribution is combined with the decay 
power as predicted using the American Nuclear Society (ANS) standard.  The total is the 
transient nodal power.  Section 9.3.1 of Reference 12 describes this process.  The values for 
the decay heat fractions and the time constants used to calculate the decay heat component are 
determined from the default May-Witt decay power curves, the 1979 or 1994 ANS standard 
decay heat models.  The user may also specify decay heat group constants through input. 
 
The May-Witt decay heat model that was approved in conjunction with TRACG02 in Reference 
13 is a [[      ]] decay heat group model, which is compared to the American National Standards 
Institute (ANSI)/ANS-5.1-1994 standard for a typical BWR EOC core.  GEH compared this [[     
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                             ]] model to the best estimate calculation of fission product and actinide decay 
heat using the ANS-5.1 standard.  The two models are in agreement.  In TRACG04, GEH 
implemented the ANSI/ANS-5.1-1979 and ANSI/ANS-5.1-1994 decay heat models as optional 
models in addition to the existing May-Witt model.  The ANS model improves the simulation of 
the effect of exposure on the decay heat.   
 
The ANS standards model the total decay heat as the sum of the contributions from fission 
products, major actinides, miscellaneous actinides, structural activation products, and fission 
power.  [[ 
                                 ]].   
 
GEH calculated the fission fractions as a function of exposure based on fits determined from 
representative values for BWR fuel in Reference 34.  GEH assumed that the fission fraction [[    
                              ]].  This is a reasonable assumption for exposures below about 45 GWd/MT.  
Reference 12 indicates that the TRACG applications of interest occur below about 30 GWd/MT.   
 
The fission product decay heat from the ANS standard is used to initialize the calculation 
described in Section 9.3.1 of Reference 12.  The major difference between the 1979 and the 
1994 ANS standards is that the 1994 standard includes decay heat groups to simulate decay 
heat from fissions for uranium (U)-235, U-238, Pu-239, and Pu-241, while the 1979 standard 
includes decay heat groups to simulate decay heat from fissions for U-235, U-238, and Pu-239. 
The 1979 standard does not include decay heat groups to simulate decay heat from fissions for 
Pu-241; therefore, that standard includes fissions in Pu-241 with U-235.  This is conservative in 
the implementation by GEH because it assumes that the fission fraction from Pu-241 is [[        ]].  
For each fissionable isotope included in these two standards, there are 23 decay heat groups to 
simulate the decay heat associated with fission for that isotope.  
 
The functional fits described in Section 9.3.3.3 of Reference 12 include the contribution from 
major actinide decay (U-239 and neptunium (Np)-239); these are the same as used in the 
LOCA analysis. The decay heat from the neutron capture effect is accounted for by a “G-factor” 
described in Section 9.3.3.4 of Reference 12.  The TRACG model includes other miscellaneous 
actinides that are not included in the ANS standard.  The TRACG model also includes decay 
heat [[ 
                                ]].  [[                                                                ]].  Sections 9.3.3.6 and 
9.3.3.7, respectively, of Reference 12 give the details of GEH implementation of these 
contributors.  GEH interpolates for [[                                                          ]] based on figures in 
these sections that represent the relative decay from [[ 
                                                                 ]].  The TRACG model conservatively assumes that the 
relative power fraction from major actinides, miscellaneous actinides, and activation products is 
[[                                                            ]].   
 
The staff finds that GEH has accounted for all major contributors to the decay heat model 
adequately.  However, GEH uses [[ 
 
                                                                                    ]].  The staff did not review the process for 
generating these values and functional fits, or their adequacy for ESBWR fuel.  In addition, the 
staff did not review Reference 34 for calculating fission fractions and million electron volts per 
fission nor Figures 9-5 and 9-6 in Reference 12.   
 
Although the staff did not review the decay heat model in detail, the model is adequate for 
simulation of AOO events.  All transients that are to be analyzed with the application 
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methodology in Section 4 of Reference 12 experience the limiting conditions before the scram 
such that the decay heat curve is not as important.  The addition of power because of decaying 
isotopes during normal operations is typically on the order of 5–6 percent, and an uncertainty in 
this small contribution provides little or no effect on the overall transient response.  The staff’s 
acceptance of this model for simulating ESBWR AOOs does not constitute acceptance of this 
model for LOCA applications.  The staff will verify that this assessment compares with plant 
data when GEH submits Revision 3 of Reference 26.  Staff requested Revision 3 of TRACG 
Qualification, NEDE-32177P, in RAI 21.6-75 (Reference 23).  RAI 21.6-75 is being tracked as 
an open item.    
 
In general, the ANS standards are considered to be best estimates, and they include methods 
for estimating the uncertainty.  Reference 12 indicates that the [[                                  ]] model is 
conservative (by [[                     ]]) when compared to the experimental data mean plus 2σ 
uncertainty for shutdown times from 0 to 1000 seconds.  Therefore, using the ANS standard 
model with the 2σ uncertainty included will tend to result in decay heat values less [[ 
                                      ]].  
 
The uncertainty calculation for the decay heat follows the ANS standards and includes 
uncertainty in the estimation of the million electron volts per fission and the uncertainty in the 
fission product decay heat groups.  The ANS standards do not include any recommendations 
for uncertainty in actinide decay heat or activation of structural materials or neutron capture 
effect, and [[ 
             ]].  
 
GEH ranked this parameter [[       ]] in BWR/2-6 analyses (Reference 13) because of the longer 
time scales of LOFWH events, and it applies an additional 5 percent uncertainty in the 
methodology application.  This parameter is not ranked [[       ]] in the methodology as applied to 
ESBWR transients.  In RAI 21.6-64 (Reference 23), the staff asked questions about the ranking 
of the phenomena identified by GEH.   The staff has requested in RAI 21.6-63, Supplement No. 
1, and RAI 21.6-65 Supplement No. 2, that GEH submit a topical report or a supplement to 
NEDE-33083P to incorporate the information provided in these RAI responses.  RAI 21.6-63, 
21.6-64, and 21.6-65 are being tracked as open items.   

3.2.1.5.3 Isolation Condenser Modeling 

 
The isolation condenser system (ICS) provides additional liquid inventory upon opening of the 
condensate return valves to initiate the system.  The ICS also provides the reactor with 
depressurization for pressurization events such as an MSIV closure.   
 
The IC testing was performed at the PANTHERS IC test facility.  Section 4.2 of Reference 28 
describes the test and the TRACG comparisons.  Section 3.2 of Reference 27 provides the 
updated comparisons with TRACG04.  The staff reviewed this information along with the 
additional information GEH provided in response to staff RAI 21.6-55 (Reference 35).   
 
GEH performed a series of steady-state and transient tests and compared these data using 
TRACG simulations.  The steady-state tests were performed to test the intended operation of 
the IC, such as condensing steam during a reactor isolation event.  The transient tests 
simulated abnormal IC operations, including noncondensible gas buildup and the pool water 
level transient. 

3.2.1.5.3.1 Steady-State Tests 
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The steady-state tests were used to test the operation of the IC for pure steam condensation.  
The staff reviewed the conditions of the steady-state tests that TRACG was used to simulate.  
Since the IC is a natural circulation unit, the independent variable used is the IC inlet pressure.  
The simulations performed by GEH range from [[ 
                                                                  ]].  Table 5.2-2 of Revision 3 of the ESBWR DCD 
(Reference 36) shows that the safety/relief valve (SRV) setpoint is [[                 ]].  The staff 
requested that GEH justify the capability of TRACG to model the IC at these higher pressures.  
The staff requested this as a supplement to RAI 21.6-55.  RAI 21.6-55 is being tracked as an 
open item. 
 
GEH set the temperature and the steam flow rate equal to that of the test, and TRACG 
calculated the inlet pressure based on the value required to condense all of the steam.  
Table 4.2-8 of Reference 28 gives the comparison of the TRACG-calculated inlet pressure and 
heat transfer rate.  The results show that the difference between the calculated and measured 
IC inlet pressures is within [[               ]].  The average bias and standard deviation for the heat 
transfer rate is [[                                               ]].  However these values were determined using 
a different secondary heat transfer modeling strategy from that used for the ESBWR models. 
 
The staff reviewed the steady-state PANTHERS/IC calculations using the updated version of 
TRACG04 submitted in Reference 27.  The results of these calculations show that the updated 
version of TRACG04 gives very similar results and is in relative agreement with the PANTHERS 
data. 

3.2.1.5.3.2 Transient Tests 

 
The purpose of the transient tests was to measure the change in IC performance with a known 
quantity of noncondensible gas present or a change in pool water level.  For the transient gas 
injection tests, noncondensible gas was injected into the condenser.  The pressure at which the 
vent opens was established for each test.  Section 4.2.6.2.1 of Reference 28 discusses the 
results.  For the higher steam flow test, the timing of the pressurization as calculated by TRACG 
did not match the test data.  Consequently, the amount of gas injected as calculated by TRACG 
did not match the test data.  TRACG better matched the data for the lower steam flow test.  
GEH attributed this to the entrainment of the gas within the water in the drainline, stating that 
the one-dimensional modeling of the lower header using TRACG may undercalculate the gas 
entrainment. 
 
The staff reviewed the transient gas PANTHERS/IC calculations using the updated version of 
TRACG04 submitted in Reference 27.  The results of these calculations show that the updated 
version of TRACG04 gives very similar results for the high steam flow test, which do not agree 
with the data.  The comparison for the lower steam flow test was not presented.   
 
In RAI 21.6-55, the staff requested that GEH justify the missed timing of the noncondensible gas 
transport in the IC in the presence of radiolytic gas generation during an event.  In response to 
this RAI (Reference 35), GEH stated that radiolytic gas is not modeled during an AOO because 
the gases are vented during normal operations and the duration of a transient is not long 
enough to generate these gases.  The staff agrees with GEH and finds this modeling approach 
for AOO/ATWS events acceptable. 
 
The pool water level test was performed as a series of steady-state tests with the IC pool at 
reduced levels.  GEH showed that TRACG is capable of modeling the pressure needed to 
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condense all of the steam for pool levels ranging from about [[                       ]].  As stated in 
Table 6.2-6 of Revision 3 of the DCD (Reference 36), the nominal pool level is [[                     ]]. 

3.2.1.5.3.3 Heat Transfer Correlations 

 
For the TRACG04 simulations of the PANTHERS facility, TRACG04 uses the [[  
                  ]] correlation for condensation heat transfer inside the condenser tubes and the [[ 
                           ]] for pool side heat transfer (Section 4.2.4.2 of Reference 28).  The staff found 
the [[                           ]] correlations to be acceptable as described in Section 3.2.6.1.9 of 
Reference 1 for modeling the passive containment cooling system condensers based on 
comparison to experiments (PANTHERS and PANDA).  Since this correlation also produces 
comparable results in PANTHERS IC modeling, the staff finds it acceptable for use in the 
ESBWR simulations of the IC for AOO/ATWS.  In Reference 35 and Section 4.4.1 of Reference 
1, GEH indicated that the ATWS/AOO model uses the [[                      ]] heat transfer correlation 
for the secondary-side heat transfer.  As a supplement to RAI 21.6-55, the staff requested that 
GEH explain and justify the differences between the PANTHERS and AOO/ATWS modeling 
strategy for the pool side.  RAI 21.6-55 is being tracked as an open item. 

3.2.1.5.3.4 Conclusion 

 
Although the staff finds that TRACG is capable of modeling the IC behavior during AOO/ATWS 
and LOCA events for pure steam condensation, the staff cannot make a determination that this 
modeling is accurate or conservative during the presence of noncondensible gases.  The staff 
agrees with GEH that the time scales seen during an AOO/ATWS event are short enough that 
noncondensible gases generated by radiolytic decomposition will be insignificant and that 
modeling of pure steam condensation for these events is appropriate.  The staff does find that 
the time scales of interest for modeling a LOCA event would warrant the inclusion of the 
noncondensible radiolytic gases in the model, and GEH does include noncondensible gases in 
its IC model for this purpose.  However, the staff does not have enough information to 
determine that this modeling is accurate or conservative.  In addition, since the modeling of the 
ICS used for ESBWR AOO/ATWS and LOCA analyses is different than that used in the 
PANTHERS simulations, the staff cannot determine if this modeling will adequately represent 
the ESBWR IC.  The staff asked in a supplemental RAI for RAI 21.6-55 where GEH will address 
these concerns.  RAI 21.6-55 is being tracked as an open item. 

3.2.2 Element 2—Assessment and Ranging of Parameters 

3.2.2.1 Step 7—Establish Assessment Matrix 

 
The capability of TRACG to predict the important thermal-hydraulic phenomena for natural 
circulation has been assessed through comparisons with separate effects tests, integral 
systems tests, and full-scale plant data.  
 
The TRACG qualification report (Reference 26) describes the general code assessment that 
has been performed.  Additional qualification has been performed for the ESBWR.  
Reference 27 documents these assessment cases.  In Table 4.3-2 in Reference 1, GEH 
identified the qualification basis for each of the high-ranked phenomena identified in the AOO 
PIRT by citing the quantitative assessment performed against separate effects tests, component 
performance tests, integral system tests, and plant data.  The assessment descriptions cover 
the test facility, where applicable, the test results, TRACG sensitivity studies, and nodalization 
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studies, where applicable.  All high-ranked phenomena have been assessed.  The TER in 
Reference 20 (enclosed) discusses an evaluation of the assessment of TRACG as it relates to 
ESBWR AOOs.  The staff finds that the assessment of TRACG is extensive and demonstrates 
the capability of TRACG to simulate AOO events in the ESBWR.   
 
In RAI 21.6-75 (Reference 23), the staff requested that  GEH provide an update to the TRACG 
qualification report (Reference 26) that is consistent with the current version of TRACG used in 
ESBWR licensing analyses (TRACG04).  In response, GEH submitted Revision 3 of the TRACG 
qualification report in August 2007.  RAI 21.6-75 is being tracked as an open item pending 
staff review of NEDE-32177P, Revision 3.  
 
GEH is consistent with this step in the CSAU approach. 

3.2.2.2 Step 8—Nuclear Power Plant Nodalization Definition 

 
In response to staff RAI 21.6-65 (Reference 40), GEH provided the nodalization definition for 
the TRACG input decks used to simulate ESBWR AOOs and IEs.  The VESSEL nodalization is 
similar to that used for modeling ESBWR stability (Reference 2) and approved by the staff in 
Reference 3.  It has the same number of levels with minor differences in node sizes that will not 
impact the results of the AOO and IE calculation.  GEH provides standard nodalizations used for 
modeling BWR reactor vessels and components in the TRACG qualification report, which it will 
submit in response to staff RAI 21.6-75.  Upon receipt of this report, the staff will verify that the 
ESBWR nodalization is similar to that used to model standard BWRs.  RAI 21.6-65 is being 
tracked as an open item. 
 
GEH used the same nodalization for the CHAN component as that used for ESBWR stability 
analysis (Reference 2).  The staff reviewed this in detail.  As discussed in Reference 3, the staff 
finds this acceptable for use in ESBWR stability analysis.  This is also applicable and therefore 
acceptable for ESBWR AOO and IE analyses. 
 
Because of code limitations on the maximum number of components, GEH cannot model each 
channel individually in TRACG.  Therefore, GEH combines the channels into groups.  GEH 
stated that the channel grouping used for the ESBWR AOO/IE analysis is the same as that 
described in the topical report on TRACG for ESBWR ATWS (Reference 4).  The ESBWR 
AOO/IE input deck contains [[   ]] channel groups.  GEH combines the channels based on 
similar hydrodynamic characteristics as well as neutron kinetics characteristics.  The staff 
reviewed the GEH channel grouping to verify that it adequately represents the core design as 
described in Reference 41.  GEH represents the channels with the highest radial peaking 
factors as a single channel.  In Reference 40, GEH provided a sensitivity study of the channel 
grouping by [[                                                                       ]] for the load rejection with total 
bypass failure IE.  GEH demonstrated that the two cases produce virtually the same results, 
with the [[              ]] case producing ΔCPR/ICPR results that are more conservative.  The staff 
finds that the GEH channel grouping for performing ESBWR AOO/IC calculations as described 
in Reference 4 adequately represents the ESBWR core and is acceptable. 
 
The staff requested supplemental information to RAI 21.6-65 on the channel grouping used for 
ESBWR AOO/IE evaluations.  For calculating the ΔCPR/ICPR, the staff asked GEH which 
channel groups are used.  GEH may choose to use only the hot channels.  Although this is most 
conservative in most cases, the staff believes that for cold water injection events, the 
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ΔCPR/ICPR may be underestimated because the largest change in CPR would take place in 
the periphery channels.  RAI 21.6-65 is being tracked as an open item. 
 
In Reference 39, GEH provided the nodalization diagrams for the other nonvessel components, 
including the steamlines and the IC, of the AOO/IE input deck.  The staff will verify that the 
steamline nodalization is adequate for BWR plant simulations when GEH submits the TRACG 
qualification report requested in RAI 21.6-75.   GEH submitted Revision 3 of the TRACG 
qualification report in August 2007.  RAI 21.6-75 is being tracked as an open item pending 
staff review of NEDE-32177P, Revision 3.   Section 3.2.2.2.1 discusses the staff’s evaluation 
of the IC nodalization. 

3.2.2.2.1 ICS Nodalization 

 
GEH submitted a nodalization diagram of the ICS in Reference 39.  The staff reviewed the 
nodalization of the IC model.  In Section 4.2.4.1 of Reference 28, GEH described the 
PANTHERS model in detail.  In response to staff RAI 21.6-55, GEH provided the differences 
between the modeling of this test IC and that used in the AOO/ATWS and LOCA modeling for 
the ESBWR in Table 1 of Reference 35.  In a supplemental request to RAI 21.6-55, the staff 
requested supplemental information on the nodalization of the IC for AOO/ATWS events in the 
ESBWR.  The staff also requested that GEH justify the nodalization changes from the 
PANTHERS IC facility and demonstrate that the differences still adequately model the ICS.  The 
staff requested that GEH justify the modeling of the ICS/passive containment cooling system 
pools as a [[                                   ]] component versus a [[                                           ]] 
component in the PANTHERS IC facility and the LOCA analyses.  The staff also requested that 
GEH justify the use of [[          ]] cells in the condenser tube for AOO/ATWS simulations, where 
Section 4.2.4.1.3 of Reference 28 states that sensitivity studies were performed to demonstrate 
that the use of [[          ]] cells was adequate.  RAI 21.6-55 is being tracked as an open item. 

3.2.2.3 Step 9—Definition of Code and Experimental Accuracy 

 
Simulation of experiments developed from Step 7 (discussed in Section 3.2.2.1) using the 
nuclear power plant (NPP) nodalization from Step 8 (discussed in Section 3.2.2.2) provides 
checks to determine code accuracy.  The differences between the code-calculated results and 
the test data provide bias and deviation information.  Code scaleup capability can also be 
evaluated from separate effects data, full-scale component test data, plant test data, and plant 
operating data where available.  Overall code capabilities are assessed from integral systems 
test data and plant operational data.  The assessments of TRACG are documented in 
References 26, 27, and 28.  Since the ESBWR is a new design, operating plant data do not 
exist.  However, the key parameters and phenomena for analyzing AOOs in the ESBWR are not 
significantly different than in operating reactors.   
 
GEH uses TRACG to simulate separate effects tests, component performance tests, integral 
systems tests, and operating BWR plant data.  GEH is able to determine an uncertainty 
between the code-calculated results and the test data.  Sections 4.0 and 5.0 of the TER 
(Reference 20, enclosed) discuss the uncertainties associated with various qualification tests.   
 
This section will remain as an open item until GEH submits the updated qualification report for 
TRACG04 requested in RAI 21.6-75 (Reference 23) and the staff can verify the above 
information.  GEH submitted Revision 3 of the TRACG qualification report in August 2007.  RAI 
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21.6-75 is being tracked as an open item pending staff review of NEDE-32177P, Revision 
3.  
 
GEH is consistent with this step in the CSAU approach. 

3.2.2.4 Step 10—Determination of Effect of Scale 

 
Various physical processes may give different results as components or facilities vary in scale 
from small to full size.  The effect of scale must be included in the quantification of bias and 
deviation to determine the potential for scaleup effects.  The key parameters and phenomena 
for analyzing AOOs in the ESBWR do not have significantly different scales than those in 
operating reactors.  GEH therefore does not need to perform scaling analyses for simulation of 
ESBWR AOOs.  The staff discusses scaling of tests performed to qualify TRACG for ESBWR-
specific components in Section 21.5 of this SER.   
 
GEH is consistent with this step in the CSAU approach. 
 
The staff finds each step in Element 2 to be consistent with the CSAU approach and therefore 
acceptable. 

3.2.3 Element 3—Sensitivity and Uncertainty Analysis 

3.2.3.1 Step 11—Determination of the Effect of Reactor Input Parameters and State 

 
The purpose of this step is to determine the effect that variations in the plant operating 
parameters have on the uncertainty analysis.  These are inputs into the code.  GEH divides 
code inputs into four categories: 
 
(1) geometry inputs 
(2) model selection inputs 
(3) initial condition inputs 
(4) plant parameters 

3.2.3.1.1 Geometry Inputs 

 
Uncertainty in geometry inputs comes from measurement and manufacturing tolerances.  In 
addition, some geometrical uncertainties can be introduced in the spatial nodalization where 
GEH uses simple components to characterize more complex systems.  Examples include using 
one-dimensional components to simulate three-dimensional structures, or lumping multiple 
individual channels into a representative channel component.  Uncertainties associated with 
these modeling strategies are determined as part of the TRACG qualification (Reference 26).   

3.2.3.1.2 Model Selection Inputs 

 
Model selection inputs are used to select the features of the model that applies to the intended 
application.  The uncertainty associated with the models is quantified in the TRACG qualification 
(Reference 26) for each model.  These inputs are specified within the application methodology 
and will not change.  The application methodology described in Section 4.1.5.2 in Reference 1 
controls changes to the uncertainty values used for the model inputs.  New data may become 
available with which the specific model uncertainties may be reassessed.  If the reassessment 
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results in a need to change specific model uncertainty, the specific model uncertainty may be 
revised for ESBWR AOO licensing calculations without NRC review and approval as long as the 
process for determining the uncertainty is unchanged.  In all cases, changes made to model 
uncertainties that are done without review and approval will be transmitted to the NRC for 
information. 

3.2.3.1.3 Initial Condition Inputs  

 
GEH considers initial conditions to be those inputs that determine the overall steady-state 
nuclear and hydraulic conditions before the transient.  The plant operating procedures and the 
technical specifications define the range of these input parameters.  GEH either sets the initial 
condition at its most limiting value within the allowable range or considers the entire range when 
performing reload licensing analyses.  GEH lists the following key plant initial conditions and the 
uncertainties associated with each: 
 
• [[ 
•  
•  
•  
•  
•                                                            
•  
•                                                              ]]  
 
The uncertainties of some of these parameters are based on NEDC-32694P, “Power 
Distribution Uncertainties for Safety Limit MCPR Calculations,” issued August 1999 
(Reference 31).  The staff does not necessarily find the uncertainties associated with this topical 
report to be applicable to the ESBWR.  Uncertainties related to the calculation of the operating 
limit minimum critical power ratio (OLMCPR) are discussed in NEDC-33237P, “GE14 for 
ESBWR—Critical Power Correlation, Uncertainty, and OLMCPR Development,” issued March 
2006 (Reference 32), and are being reviewed as part of the review of Section  4.4 of the 
ESBWR DCD (Reference 36).  Power distribution uncertainties are being reviewed as part of 
Section  4.3 of the ESBWR DCD (Reference 36).  The values of the uncertainties used for 
parameters other than TRACG model uncertainties are open items that will be addressed in the 
staff’s SER with open items for Chapter 4 for the ESBWR design certification. 

3.2.3.1.4 Plant Parameters 

 
GEH defines a plant parameter as something that influences the transient response but has no 
effect on the steady state, such as a protection system set point, valve capacity or stroke time, 
or a scram characteristic.  For these parameters, GEH uses the analytical limit, which in many 
cases is related to a plant technical specification.  GEH gave the analytical scram speeds used 
for ESBWR analyses in Table 4.5-2 in Reference 1.  It used different scram times for 
pressurization and overpressure transients.  These scram times are more conservative than the 
technical specification scram times listed in the same table.  The scram times listed in the 
ESBWR technical specifications (Chapter 16) of the DCD (Reference 36) differ from those listed 
in the topical report.  The analytical scram times are still more conservative than those listed in 
Chapter 16 of the DCD and are therefore still acceptable to the staff.  However, the staff will 
expect GEH to revise the outdated information in the topical report.  It is also unclear to the staff 
if these scram times include the scram signal delay of [[                         ].  This table indicates 
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that it takes 0.1 seconds to be at 0 percent insertion.  If this value of 0.1 seconds is because of 
signal delay, then this is inconsistent with the [[                      ]] scram delay time specified by 
GEH; in addition, all of the scram times following may be nonconservative when adjusted to 
account for the [[                    ]] delay.  In RAI 21.6-64, the staff requested that GEH provide the 
differences between the analyses performed for Chapter 15 of the DCD and that described in 
Chapter 4 of Reference 1.  The scram times should be updated when GEH submits its response 
to this RAI, and the staff will verify this.  RAI 21.6-64 is being tracked as an open item.  
 
The staff requested additional information on the scram time delays assumed in the analysis.  
GEH assumed a delay of [[                        ]] from when the scram signal is initiated to when the 
rods actually begin to move into the core.  In response to staff RAI 21.6-57 (Reference 45), 
GEH stated that this is based on scram time measurements performed for the advanced boiling-
water reactor (ABWR) and that the scram signal instrumentation and hardware are identical to 
that of the ABWR.  The staff needs to verify that the ABWR testing is applicable for this ESBWR 
analysis.  There will be startup testing for the ESBWR where the reactor protection system  
(RPS) instrument channel response times will be measured and recorded (see Section 
14.2.8.1.9 of Reference 36).  The staff is concerned about the scram delay time because of the 
mitigation function of the scram for certain AOOs (load rejection and turbine trip with total 
turbine bypass failure), where there is a large spike in reactor power within 1 second of the 
transient that is mitigated almost entirely by the control rod insertion (Figure 21.6-57-1 in 
Reference 37).  RAI 21.6-57 is being tracked as an open item.   
 
The staff finds that GEH has adequately addressed the effect of reactor input parameters and 
state on ESBWR AOO analyses.  GEH is consistent with this step in the CSAU approach. 

3.2.3.2 Step 12—Performance of Nuclear Power Plant Sensitivity Calculations 

 
Sensitivity calculations are performed to evaluate methodology sensitivity to various operating 
conditions that arise from uncertainties in the reactor state at the initiation of the transient, in 
addition to sensitivity to plant configuration.  The safety-related quantities of importance in the 
AOO analysis are CPR, maximum pressure, and water level.  GEH performed calculations of 
representative transients to demonstrate ESBWR plant behavior using TRACG.  Since GEH will 
be submitting a revision to this topical report to be consistent with latest ESBWR design and 
methodology for evaluating AOO response in an ESBWR, the staff will review the transient 
cases at that time.  This is an open item.  
 
In RAIs 21.6-62 and  21.6-63 (Reference 23), the staff also requested additional information on 
the transient response for the demonstration calculations.   RAI 21.6-62 is resolved.  RAI 21.6-
63 is being tracked as an open item. 
 
GEH is consistent with this step in the CSAU approach. 

3.2.3.3 Step 13—Determination of Combined Bias and Uncertainty 

 
Once the individual biases and uncertainties such as those resulting from modeling and input 
variations are established, a proven technique must be used to combine these biases and 
uncertainties to establish an overall uncertainty.  Various proven methods for determining 
uncertainty are available.   
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For the TRACG application for ESBWR AOO analysis described in Reference 1, GEH chose the 
[[ 
                                                                       ]].   
 
This method for determining combined bias and uncertainty is the same as that used in the 
GEH application of TRACG to BWR/2-6 AOO analysis (Reference 13) and in the application of 
TRACG to ESBWR stability (Reference 2).  The staff reviewed this method in detail during the 
review of TRACG to BWR/2-6 AOO analysis (Reference 13), and the associated SER 
documents the staff’s review.  The staff finds the use of this methodology acceptable for 
determining the combined uncertainty for TRACG modeling of the ESBWR AOO events. 
 
The difference between the GEH application of this methodology and that in Reference 2 is that 
GEH only included the highly ranked PIRT phenomena in the application of TRACG to ESBWR 
AOOs, whereas GEH included high- and medium-ranked phenomena for the other approved 
applications.  The staff asked GEH to justify the exclusion of the medium-ranked phenomena in 
RAI 21.6-64 (Reference 29).  RAI 21.6-64 is being tracked as an open item. 
 
GEH is consistent with this step in the CSAU approach. 

3.2.3.4 Step 14—Determination of Total Uncertainty 

 
For the ESBWR, GEH uses the same process as that approved for TRACG as applied to AOO 
analysis for BWR/2-6 in Reference 13 for determining total uncertainty in TRACG-calculated 
values, such as those used to determine operating design limits in fuel thermal/mechanical 
performance, peak vessel pressure, and minimum water level.  The associated SER for 
Reference 13 provides the staff’s review of that methodology.  The staff finds the use of this 
methodology acceptable for calculating total uncertainty for TRACG evaluations of ESBWR 
AOOs. 
 
The uncertainties to be included in the statistical analysis and the values for these uncertainties 
are open items.  In addition, approval of the statistical process for determining total uncertainty 
in TRACG does not inherently approve the GEH method for determining the OLMCPR, nor does 
it justify the removal of the calculation of the safety limit for minimum critical power (SLMCPR).  
These are open items to be addressed in conjunction with the review of Chapters 15, 4.3, and 
4.4 of the ESBWR DCD and will be addressed in the SER for the design certification. 
 
The staff finds each step in Element 3 to be consistent with the CSAU approach and therefore 
acceptable. 

3.2.4 Conclusions on CSAU methodology 
 
GEH followed the CSAU methodology (Reference 7) for determining uncertainty in its TRACG 
evaluation of ESBWR AOO events, as described in Section 4.0 of Reference 1.  The staff found 
that GEH addressed all of the elements of this methodology and finds this approach acceptable. 

3.3 Staff Independent Calculations 
 
The staff is using the TRACE/PARCS and RAMONA code packages to perform independent 
calculations of ESBWR steady-state and AOO events to provide assurance that GEH is 
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adequately and conservatively modeling these events.  The following subsections discuss each 
event modeled by the staff.   

3.3.1 Steady-State Parameters 
 
Staff is performing independent TRACE/PARCS calculations of the ESBWR.  The 
TRACE/PARCS model will use cross-sections from the TRITON code.  In addition to this model, 
the staff will determine NESTLE/RELAP steady-state physics calculations using HELIOS-
generated cross-sections of the ESBWR core at steady state.  Staff will be calculating the 
important steady-state parameters related to the ESBWR thermal-hydraulic condition (e.g., axial 
void fraction plots), in addition to physics parameters such as peaking factors and shutdown 
margin.  This work is currently in progress.  This is an open item. 

3.3.2 Transient Calculations 
Staff is performing independent TRACE/PARCS calculations of the ESBWR AOOs. These 
calculations are currently underway.  This is an open item.  

4 Conditions and Limitations 
 
The staff has reviewed Chapter 4 of NEDE-33083P (Reference 1) and any approval of Chapter 
4 of NEDE-33083P would be with the following nine specific conditions: 
 
(1) The staff evaluated the methodology for analyzing ESBWR AOO and IE events using 

TRACG described in Chapter 4 of Reference 1 as it applies to the 4500-MWt ESBWR 
design as described in Revision 3 of the ESBWR DCD.  If GEH or an applicant 
referencing the methodology in Chapter 4 of Reference 1 wishes to use this 
methodology for an ESBWR design not completely consistent with Revision 3 of the 
ESBWR DCD.  GEH or the applicant must provide a summary of the design changes 
and provide justification for NRC staff review and approval that the methodology remains 
applicable.  This was identified as a COL information item in DCD Tier 2, Rev. 4, Section 
4.3.5.    

 
(2) Changes to the models as described in Reference 12 may not be made without NRC 

review and approval.  The NRC must review and approve any changes to the method 
described in Section 4 of Reference 1. 

 
(3) Changes in numerical methods to improve code convergence, or code enhancements or 

error corrections must be tested and auditable records kept in accordance with 
Appendix B to 10 CFR Part 50.  If the calculated TRACG results of the qualification tests 
(Reference 26 or its successor) used to test the code change by more than the 
uncertainty in that assessment, the staff requires GEH to submit the changes for review.   

 
(4) New models or features, other than input enhancements that do not affect calculated 

results, may not be implemented without prior NRC review and approval. 
 
(5) The application methodology described in Section 4.1.5.2 in Reference 1 controls 

changes to the uncertainty values used for the model inputs.  New data may become 
available with which the specific model uncertainties may be reassessed.  If the 
reassessment results in a need to change specific model uncertainty, the specific model 
uncertainty may be revised for ESBWR AOO licensing calculations without NRC review 
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and approval as long as the process for determining the uncertainty is unchanged.  In all 
cases, changes made to model uncertainties that are done without review and approval 
will be transmitted to the NRC for information. 

 
(6) Use of TGBLA or PANAC11 codes must be within the conditions and limitations stated in 

Section 4.3.3.2.5 of Reference 46. 
 
(7) The approval of the statistical methodology used to determine an uncertainty in TRACG 

calculations does not inherently approve an OLMCPR methodology or imply justification 
for the removal of the SLMCPR.  This language will be modified or additional language 
added upon closure of the open items in this area. 

 
(8) The staff’s acceptance of the TRACG decay heat model for simulating ESBWR AOOs 

does not constitute acceptance of this model for LOCA applications. 
 

 
Other conditions and limitations may be listed upon closure of all open items. 

5 Conclusions 
 
Because of the open items that remain to be resolved for this section, the staff was unable to 
finalize its conclusions regarding acceptability.
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