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1 Introduction and Background 

 
General Electric (GE, now GE–Hitachi Nuclear Energy Americas (GEH) / Global Nuclear 
Fuel (GNF)) submitted the GESTR-MECHANICAL (GSTRM) model as part of the 
GESTR-LOCA and SAFER models licensing topical report (LTR) to the U.S. Nuclear Regulatory 
Commission (NRC) staff for review and approval on December 30, 1977 (Reference 1).  This 
LTR described the basic models and calculational framework that represent the GSTRM 
methodology.  The NRC staff reviewed the GSTRM code consistent with the applicable 
regulatory guidance and issued its safety evaluation (SE) on November 2, 1983 (Reference 1).  
GE submitted the GSTRM method as an alternative method to the TEXICO fuel rod model 
approved in 1972 (Reference 2). 
 
The GSTRM model incorporates a fuel rod thermal model, a fuel rod mechanical model, a 
fission gas release model, and a fuel rod internal pressure model.  These models are comprised 
of several empirical relationships for material physical properties and equations that describe 
relevant physical processes such as thermal conduction or cladding strain.  The properties 
themselves are treated in the code as correlated parameters based on various test data.  For 
example, the fuel pellet thermal conductivity is treated as an analytic expression in terms of the 
fuel temperature.  The GSTRM LTR describes the integral qualification of the GSTRM predictive 
capabilities relative to test data (Reference 1). 
 
The NRC staff approved GSTRM with the understanding that models within GSTRM would be 
revised to reflect more modern test data as these data became available and to be 
representative of future fuel rod designs.  The NRC staff accepted the use of a significance test 
to determine whether NRC review and approval of model revisions was warranted.  In 1984, GE 
submitted to the NRC the five significance test criteria for GSTRM model revisions 
(Reference 3).  Similarly, in 1984, GE submitted the changes that were made to GSTRM 
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between the approval of the GESTR-LOCA mechanical model and the code version referenced 
in the GESTAR Amendment 7 (Reference 4).  The NRC staff accepted these model revisions as 
being within the scope of allowed changes as determined by the significance test criteria 
(Reference 5).  Note that these significance test criteria were accepted and used to approve the 
model revisions and transition to GSTRM, but were not used to evaluate further model revisions 
or considered in this SE for the transition to the PRIME model. 
 
In its review of the GESTAR amendment incorporating GSTRM into the GEH/GNF standard 
reload safety analysis process, the NRC staff noted that because GSTRM is so fundamental to 
GEH/GNF's fuel analysis work, a transition was needed from the Amendment 6 TEXICO 
approach to the Amendment 7 GSTRM approach.  In its SE approving Amendment 7 to 
GESTAR, the NRC staff required that GE submit an implementation schedule within three 
weeks of issuance of the SE (Reference 5). 
 
In the NRC staff SE of GEH LTR NEDC-33173P-A, Revision 1 (hereafter, the interim methods 
licensing topical report (IMLTR)) (Reference 6), the NRC staff evaluated the applicability of the 
GSTRM thermal-mechanical (T-M) methodology to expanded operating domains.  During its 
review of the IMLTR, the NRC staff imposed Limitation 12 in its approving SE.  Limitation 12 
states: 
 

In MFN 06-481 [Reference 7], GE [now GEH] committed to submit plenum fission gas and 
fuel exposure gamma scans as part of the revision to the T-M licensing process.  The 
conclusions of the plenum fission gas and fuel exposure gamma scans of GE 10X10 fuel 
designs as operated will be submitted for NRC staff review and approval.  The revision will 
be accomplished through Amendment to GESTAR II [Reference 8] or in a T-M licensing 
LTR.  PRIME (a newly developed T-M code) has been submitted to the NRC staff for 
review [References 9, 10, and 11].  Once the PRIME LTR and its application are approved, 
future license applications for EPU [extended power uprate] and MELLLA+ [maximum 
extended load line limit analysis plus] referencing LTR NEDC-33173P must utilize the 
PRIME T-M methods. 

 
The PRIME model and its application were approved by the NRC staff as documented by letter 
dated January 22, 2010 (Reference 12).  By letter dated February 27, 2009, GEH committed to 
issue a supplement to the IMLTR that describes the implementation of the PRIME code models 
and inputs into the downstream safety analysis codes (Reference 13).  The purpose of the 
supplement is to address Limitation 12 from the NRC staff’s SE to the IMLTR, which requires 
the use of the PRIME T-M methods in future license applications for EPU and MELLLA+ now 
that PRIME and its application are approved.  GEH submitted the implementation plan as 
Supplement 4 to the IMLTR (hereafter, Supplement 4) for NRC review and approval by letter 
dated July 10, 2009 (Reference 14). 

2 Regulatory Evaluation 

 
Title 10 of the Code of Federal Regulations (10 CFR) Section 50.34, “Content of applications; 
technical information,” provides requirements for the content of safety analysis reports for 
operating reactors.  The purpose of the IMLTR is to provide a licensing basis that allows the 
NRC to issue SEs for expanded operating domains including constant pressure and/or EPU and 
MELLLA+ applications.  The SE for the IMLTR approves the use of GEH/GNF methods for 
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expanded operating domains.  A licensee applying for an EPU or MELLLA+ licensing 
amendment may refer to the IMLTR as a basis for the license change request regarding the 
applicability of GEH/GNF methods to the requested changes. 
 
During its review of the IMLTR, the NRC staff specified limitations and conditions in the 
approving SE that clarify the extent of the NRC staff’s approval of the IMLTR.  A licensee 
referencing the IMLTR must demonstrate compliance with the limitations and conditions to 
ensure that the licensee’s specific application of the IMLTR is within the scope of the NRC 
staff’s approval.   
 
Supplement 4 to the IMLTR provides for a generic disposition of Limitation 12 specified in the 
NRC staff’s SE.  Therefore, the NRC staff reviewed Supplement 4 as a generic disposition to 
the limitation such that plant-specific applications for EPU and MELLLA+ referencing the IMLTR 
do not need to provide a plant-specific disposition when the IMLTR (as supplemented) is 
referenced in license applications. 
 
In the current review, the NRC staff considered Supplement 4 as providing a method to update 
a method, and is similar to the method for updating T-M methods as proposed by GE for 
GSTRM in Reference 3.  Similarly, Supplement 4 provides an implementation plan to update 
T-M related methodologies, and is similar to the implementation plan for GSTRM required by 
the NRC staff in Reference 5.  The NRC staff leveraged its experience from the GSTRM review 
in this review.  
 
With regard to updating the suite of approved methods, the NRC staff also considered the 
regulatory requirements of: 10 CFR 50, Appendix B, “Quality Assurance Criteria for Nuclear 
Power Plants and Fuel Reprocessing Plants,” as related to quality assurance (QA); 
10 CFR 50.46, “Acceptance criteria for emergency core cooling systems [ECCS] for light-water 
nuclear power reactors,” for loss-of-coolant accident (LOCA) evaluation model changes and 
associated reporting requirements; and 10 CFR 50.59, “Changes, tests, and experiments,” 
regarding changing a method of evaluation in the safety analysis. 

3 Technical Evaluation 

 
The Supplement 4 implementation plan describes a process for cascading an NRC-approved, 
updated fuel thermal performance model into the downstream analysis codes.  Therefore, the 
NRC staff review does not consider the nature of the fuel thermal performance model itself.  The 
NRC staff notes that the approval of this process requires that the approved PRIME models be 
implemented. 
 
The NRC staff technical evaluation is organized according to generic aspects of the 
implementation plan with separate sections to discuss those aspects of the plan that are specific 
to different safety analyses (e.g., steady-state or transient).   
 
The NRC staff considered in its review whether the code updates were sufficient to meet the 
intent of Limitation 12 and consistent with the criteria of 10 CFR 50.59 in terms of analysis 
method changes on a code-specific basis.  Additionally, the NRC staff reviewed the processes 
to ensure consistency with the QA requirements of the internal GEH/GNF procedures and 
10 CFR 50, Appendix B, on a generic basis. 
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3.1 Generic Implementation and Testing Approach 

 
Supplement 4 provides the plan for implementation of PRIME T-M models in downstream 
codes.  The T-M models that are utilized in downstream analyses are incorporated in order to 
evaluate fuel and cladding temperatures and fuel rod surface heat flux.  The fuel thermal 
conductivity model and the gas gap conductance information are translated from the T-M 
methodology.  Therefore, the plan for the downstream analysis methods considers the 
implementation and testing of PRIME thermal conductivity models and the gas gap conductance 
data (Reference 14).  The NRC staff agrees with this GEH determination and therefore finds 
that the scope of the generic implementation is appropriate for the types of analyses that are 
performed using the downstream methods. 
 
The NRC staff finds that updating the fuel thermal models in the suite of downstream codes for 
consistency with PRIME constitutes a change in a method of evaluation to another method that 
has been approved by the NRC staff for the intended application.  Therefore, per 
10 CFR 50.59(c)(2)(viii), the method changes may be performed without NRC review and 
approval since the PRIME model has been approved by the NRC staff separately. 
 
The general approach for PRIME implementation in the downstream analysis codes is to 
encapsulate the PRIME subroutine for thermal conductivity and to replicate this model in the 
other codes.  The PRIME model determines the conductivity as a function of temperature, 
exposure, gadolinia concentration, additive concentration, plutonium concentration, fraction of 
theoretical density, and fuel melting temperature.  The PRIME subroutine implemented in the 
downstream codes will be somewhat simplified in that it will only consider temperature, 
exposure, gadolinia concentration, additive concentration, and fraction of theoretical density 
(Reference 14).  The NRC staff finds that for downstream reactor core and systems analyses, 
these parameters provide for sufficient characterization of the fuel thermal conductivity.  This 
approach inherently assumes that the plutonium concentration is zero; therefore, it does not 
consider mixed-oxide fuel. 
 
PRIME generates dynamic gas gap conductance output.  The general approach for 
implementing this data in downstream analyses is to utilize the PRIME output rather than 
replicate the PRIME models for gas gap conductance in the downstream codes.  The NRC staff 
has reviewed a similar approach for TRACG analyses (Reference 15) and has found this 
strategy acceptable for performing downstream transient calculations.  A parallel approach for 
other downstream codes as outlined in Supplement 4 is likewise acceptable on the same basis. 
 
When updating the downstream codes with the simplified PRIME thermal conductivity model 
and capability to utilize the PRIME gas gap conductance output, the codes will maintain the 
previously approved internal models as an optional capability.  This allows for backwards 
compatibility and the capability to perform sensitivity studies. 
 
Supplement 4 also provides generic requirements for software testing once the PRIME models 
and relevant output data are incorporated in the downstream codes.  The implementation plan 
specifies that GEH will adhere to the approved QA procedures.  Therefore, the NRC staff is 
reasonably assured that these code changes will meet the QA requirements of 10 CFR 50, 
Appendix B. 
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Supplement 4 also provides specific generic testing requirements for the code updates.  The 
software testing considers: (1) testing of the PRIME models to ensure that the model, as coded, 
generates appropriate properties over the range of application; (2) process changes necessary 
to provide any additional inputs, such as providing PANAC11-generated nodal exposure 
information to downstream transient and accident codes; (3) comparison of the application 
process using PRIME relative to the previous method; (4) comparison of the code’s sensitivity to 
similar sensitivities predicted using TRACG; and (5) the significance of the changes considering 
the process for including uncertainties. 
 
The NRC staff has reviewed these generic requirements and determined that their scope is 
comprehensive in that it considers the individual code performance as well as the interfaces 
between the individual codes.  Additionally, the requirements specify comparison against 
sensitivity results produced by TRACG.  The TRACG04 code was selected to perform this 
sensitivity analysis in part because the code already includes a capability for utilizing the PRIME 
thermal conductivity model and also because the NRC staff has reviewed various capabilities of 
TRACG to perform a wide variety of transient and safety analyses. 
 
The NRC staff accepts the use of TRACG04 for this purpose since the physical bases for the 
TRACG04 models are significantly similar to the bases for those models included in the other 
codes (i.e., ODYN, SAFER, and others).  Therefore, the NRC staff expects that the TRACG04 
code, given that it has more detailed modeling capabilities (i.e., three-dimensional kinetics), will 
yield the most accurate assessment of the physical sensitivity of the transient and accident plant 
response to differences in the fuel thermal model. 
 
The NRC staff acceptance of the usage of TRACG04 to determine the sensitivity of the relevant 
figures of merit does not herein constitute NRC approval of TRACG04 to perform licensing 
safety analysis. 
 
Supplement 4 states that the sensitivity test is intended to be representative such that 
comprehensive requalification is deemed unnecessary.  The NRC staff finds that this approach 
is reasonable.  The NRC staff has reviewed a series of sensitivity studies performed using 
TRACG04 during its review of GEH’s response to Request for Additional Information 39 from 
the PRIME LTR review (Reference 16).  Referencing these limited sensitivity studies as a basis 
for expected code sensitivity, the NRC staff finds that it is reasonable to perform a limited set of 
code tests and that comprehensive requalification is not necessary to provide reasonable 
assurance of the modified code performance. 
 
On these bases, the NRC staff has concluded that the implementation plan: (1) appropriately 
translates the fuel thermal models for the important phenomena from PRIME to downstream 
codes, (2) is consistent with the QA requirements of 10 CFR 50, Appendix B, (3) is sufficiently 
comprehensive in scope to validate the existing qualification and test all necessary performance 
aspects, and (4) includes a technically justifiable standard approach for all of the downstream 
analyses of interest.  Therefore, the NRC staff finds the generic aspects of the implementation 
plan acceptable. 



L-6 
 

 

3.2 Fuel Thermal Mechanical 

 
PRIME03 is intended to directly replace the GSTRM code for stand-alone fuel T-M analyses.  
Therefore, no specific updates are required in the code stream to ensure consistency with 
PRIME at the fuel T-M analysis level.  However, the remainder of Supplement 4 describes the 
specific changes in downstream codes that rely on similar models, data, or direct code output 
from the T-M analysis to make these downstream codes consistent with PRIME.   

3.3 Steady-State Nuclear Methods 

 
The steady-state nuclear design methods include the TGLBA06 and PANAC11 codes.  These 
codes are referred to as the “Improved Steady-State Methods,” and were approved by the NRC 
in Reference 17. 

3.3.1 TGBLA 

 
TGBLA06 is a lattice physics code that is used to develop nuclear data used by the downstream 
PANAC11 code to perform detailed nuclear design calculations.  The fuel thermal conductivity 
formulation does not have any impact on the calculations performed in TGBLA06.  TGBLA06 is 
used to generate nuclear parameters as a functional form of several lattice average parameters, 
including the average fuel temperature.  To perform this calculation, TGBLA06 is not used to 
evaluate the fuel temperature, but instead is used to calculate the variation in lattice-averaged 
nuclear parameters as a function of user-input fuel temperature (Reference 14).  Therefore, the 
NRC staff agrees with the determination of Supplement 4 that no code changes are required for 
TGBLA06 to implement the PRIME models in downstream codes. 

3.3.2 PANACEA 

 
PANAC11 is a three-dimensional core simulator based on 1.5 group nodal diffusion theory 
(Reference 17).  In the calculation of the eigenvalue and power distribution, PANAC11 does not 
directly model the heat conduction through the fuel pellets.  Rather, PANAC11 incorporates a 
simplified model that relates the average nodal fuel temperature with the nodal power level.  
This simplified model is incorporated to capture the effect of Doppler reactivity feedback on 
nodal power distribution. 
 
According to Supplement 4, the Doppler feedback is not a strong reactivity contribution relative 
to the void reactivity effect at steady-state conditions for boiling water reactor (BWR) 
applications.  Therefore, should the fuel temperature relationships be updated to reflect the 
PRIME models, it is expected that the affect on the power distribution and eigenvalue 
calculations would be negligible (Reference 14). 
 
Supplement 4 states that the current simplified approach remains reasonable for steady-state 
applications.  On the basis of engineering judgment and the understanding of the significant 
differences between the magnitude of the void and Doppler reactivity feedback coefficients, the 
NRC staff agrees that it is reasonable to assume that the effect of updating the PANAC11 
models would be negligible.  However, the Supplement 4 implementation plan provides for 
specific investigation of the impact of the difference between PRIME and GSTRM-based heat 
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flux tables in the PANAC11 calculations.  The NRC staff finds that this approach is prudent and 
will provide a robust technical basis for the determination of the insensitivity of the PANAC11 
calculational results to the specific treatment of the nodal fuel temperature. 
 
As part of the investigation, PRIME-based heat flux tables will be generated and a 
representative GNF fuel loaded core analysis will be performed over several cycles.  The 
analysis will compare hot and cold eigenvalues and traversing in-core probe measurements to 
GSTRM and PRIME-based calculations.  This approach is taken since Doppler effects may 
impact exposure accrual; therefore, one or more cycles will be simulated (Reference 14).  The 
NRC staff finds that this comparison basis captures the important phenomena and provides a 
systematic means to assess the code sensitivity. 
 
On these bases, the NRC staff finds that: (1) it is reasonable to proceed with the implementation 
of PRIME under the assumption that modifications to PANAC11 will not be necessary, (2) the 
investigation provided in the plan provides for a robust technical verification of the engineering 
judgment basis for the current plan, and (3) there is reasonable assurance that the planned 
approach for PANAC11 will yield acceptably accurate results for downstream analyses.   
 
The NRC staff notes that as part of the implementation plan an audit will be conducted at the 
conclusion of the code updates.  As part of this audit, the NRC staff will review the results of the 
GEH study of the effects of the PRIME/GSTRM-based heat flux tables on the PANAC11 results 
in order to verify the adequacy of the approach. 

3.4 Transient Analysis 

3.4.1 ODYN 

 
ODYN is a one-dimensional coupled kinetics and thermal-hydraulics code that is used to 
perform transient calculations such as anticipated operational occurrence (AOO), American 
Society of Mechanical Engineers (ASME) overpressure, and anticipated transient without scram 
(ATWS) analyses.  The ODYN methodology and its approval are described in Reference 18. 
 
The current fuel thermal conductivity formulation in ODYN is a built-in table of thermal 
conductivity as a function of temperature.  The only user input is a global multiplier on fuel and 
clad thermal conductivity.  ODYN will be modified with a switch to select the PRIME-based fuel 
thermal conductivity.  With this option selected, ODYN will use the PRIME-based thermal 
conductivity as a function of temperature, exposure, gadolinia concentration, additive 
concentration, and fraction of theoretical density.  The NRC staff finds that this approach is 
acceptable. 
 
The additional arguments necessary to supply the PRIME model (e.g., exposure) will be 
supplied by either the user or retrieved from PANAC11 output files.  The NRC staff finds either 
approach acceptable. 
 
The ODYN gap conductance is based on a core average value with optional axial multipliers.  
This model will not be changed except that the values will be supplied by upstream PRIME 
calculations instead of GSTRM calculations.  The NRC staff finds this approach acceptable. 
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3.4.2 TASC 

 
TASC is a single channel code that is part of the overall transient analysis methodology.  This 
code is specifically used to evaluate thermal-hydraulic performance for a single channel.  It is 
used in the evaluation of critical heat flux onset or margin (Reference 19). 
 
According to Supplement 4, TASC will be modified to employ a similar strategy as ODYN for the 
PRIME-based fuel thermal conductivity calculation.  This is acceptable.  As for the gap 
conductance, constant values that vary axially are input.  These inputs will be revised to be 
consistent with the PRIME-calculated values and no code modifications are required. 

3.4.3 Implementation and Testing 

 
Transient-specific testing will include both ODYNM10 and ODYNV09.  Limiting critical power 
ratio (CPR) transients and ATWS simulations will be performed.  These analyses couple ODYN 
and TASC.  The comparisons of transient minimum CPR and ATWS peak cladding 
temperature (PCT) provide an integral test of the coupled ODYN/TASC code system for 
transient applications.  The NRC staff has reviewed the transient-specific test requirements in 
Reference 14 and finds that the selection of these transients provides a reasonable subset of 
the application range to be representative.  Further, the NRC staff agrees with the 
implementation plan that these cases will provide an integral assessment of the ODYN and 
TASC codes. 

3.4.4 TRACG 

 
TRACG may be used for several analysis applications (References 20, 21, and 22).  These 
include transients and stability, and GNF plans to submit TRACG application LTRs for operating 
fleet ECCS/LOCA analysis and ATWS analysis beyond the time of peak pressure (References 
14 and 23).  The NRC staff has recently reviewed the LTR describing the application of 
TRACG04 to perform transient analyses.  These include AOOs, ATWS overpressure, and 
ASME overpressure analyses (Reference 15). 
 
The TRACG04 application described by the Migration LTR (Reference 15) includes input 
options that allow for use of a PRIME-based thermal conductivity model with PRIME-generated 
gas gap conductance input.  Therefore, no changes to the TRACG code are required to 
implement PRIME in the downstream transient and accident applications.  The NRC staff review 
of the Migration LTR is documented in Reference 15.  In its review, the NRC staff imposed the 
condition that consistent gas gap conductance and fuel thermal conductivity input options must 
be specified, and that once PRIME is approved, the TRACG calculations be performed using 
the PRIME thermal conductivity model and gas gap conductance file. 
 
Supplement 4 states that TRACG will not be modified for PRIME implementation 
(Reference 14).  This is fully consistent with the previous NRC staff review of TRACG04 as part 
of the Migration LTR.  Therefore, the NRC staff finds that the implementation plan in terms of 
TRACG is acceptable. 
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3.5 Stability 

3.5.1 ODYSY 

 
ODYSY is a frequency domain linearized perturbation code that is used to assess 
thermal-hydraulic instability margin.  The ODYSY code is based on the ODYN code and solved 
in the frequency domain to determine the reactor decay ratio (References 24 and 25). 

3.5.1.1 Model Updates 

 
ODYSY allows the input of gap conductance for each axial level of each channel group.  
Typically, however, a core average value with simple power dependence is utilized.  Only the 
supplied input will change for the PRIME-based gap conductance implementation. 
 
Currently, ODYSY can calculate the fuel thermal conductivity as a function of temperature and 
gadolinia concentration.  ODYSY will be modified with a switch to select the PRIME-based fuel 
thermal conductivity.  With this option selected, ODYSY will use the PRIME-based thermal 
conductivity as a function of temperature, exposure, gadolinia concentration, additive 
concentration, and fraction of theoretical density. 
 
This approach is largely similar to the ODYN/TASC updates and likewise acceptable to the NRC 
staff.  

3.5.1.2 Implementation and Testing 

 
ODYSY05 testing will consider representative analyses of reload licensing evaluations 
performed for Option I-D, Option II, Option III, and detect and suppress solution – confirmation 
density long-term stability solution plants.  These calculations will consider the decay ratio as a 
figure of merit (Reference 14).  The NRC staff expects that the PRIME and GSTRM-based 
calculations will yield different results given the sensitivity of stability calculations to the fuel 
thermal time constant.  In terms of its review, however, the NRC staff has found that this scope 
of testing is sufficient to cover the range of application of ODYSY, and is therefore acceptable. 

3.5.2 TRACG 

 
TRACG is applied to several transient and accident analyses.  The implementation of PRIME 
with TRACG discussed in Section 3.4.4 of this SE is applicable to stability analyses. 

3.6 Emergency Core Cooling System / Loss-of-Coolant Accident Performance 

 
The basis for the Appendix K ECCS/LOCA evaluation model is SAFER/GESTR (Reference 1).  
The purpose of the SAFER code is to calculate long-term reactor vessel inventory and PCT for 
LOCA and loss of inventory events.  SAFER is intended for use with GSTRM to perform 
ECCS/LOCA analyses.  The various individual codes utilized in the ECCS/LOCA evaluation 
model are depicted in Figure 1.  The GESTR-LOCA fuel rod model mentioned in Figure 1 is 
equivalent to GSTRM. 
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3.6.1 SAFER 

 
Supplement 4 describes one update to the SAFER model.  The code will be modified to include 
an option to select the PRIME-based fuel thermal conductivity model as a function of 
temperature, exposure, gadolinia concentration, additive concentration, and fraction of 
theoretical density.  Inputs to the SAFER code may provide a full description of the fuel initial 
conditions and are therefore sufficient to drive the PRIME-based model in the ECCS/LOCA 
calculations.  The NRC staff finds this acceptable. 
 
The SAFER code includes several options to model the gap conductance.  In the current 
approach, the dynamic gap conductance model will be used and no changes are therefore 
required in SAFER.  The approach proposed in Supplement 4 will be to supply input to SAFER 
from PRIME calculations of the gap conductance.  The NRC staff likewise finds this approach 
acceptable. 

3.6.2 CORECOOL 

 
The CORECOOL code (CORCL) is used to perform PCT calculations under conditions of spray 
cooling during LOCA simulations (References 26 and 27).  Information to run CORCL is 
typically provided by SAFER calculations through interface files in the standard analysis 
process.  As a consequence of this linkage, gas gap conductance information from SAFER is 
passed directly to CORCL.  Therefore, no modifications are required for CORCL to account for 
the PRIME-based gap conductance models given the changes to the SAFER input described 
above. 
 
Several options exist within CORCL to model the fuel thermal conductivity.  In the approach 
described in Supplement 4, CORCL will be modified with an option to select the PRIME-based 
fuel thermal conductivity as a function of temperature, exposure, gadolinia concentration, 
additive concentration, and fraction of theoretical density.  The NRC staff finds that this 
approach is acceptable. 

3.6.3 Implementation and Software Testing 

 
No ECCS/LOCA analysis specific testing requirements are described in the current approach.  
However, the NRC staff has reviewed the generic requirements and found that these are 
sufficient to demonstrate acceptable translation of the PRIME models into the ECCS/LOCA 
evaluation model.  Specific testing for other analysis codes is performed to assess the 
sensitivity of the code update.  As discussed in Section 3.6.6 of this SE, an approach has been 
proposed to assess the sensitivity of the calculations to the model updates in the ECCS/LOCA 
evaluation model.  Therefore, the NRC staff finds that the generic testing requirements are 
sufficient. 

3.6.4 TASC 

 
TASC is applied to several transient and accident analyses.  The implementation of PRIME with 
TASC discussed in Section 3.4.2 of this SE is applicable to ECCS/LOCA analyses. 
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3.6.5 TRACG 

 
TRACG is applied to several transient and accident analyses.  The implementation of PRIME 
with TRACG discussed in Section 3.4.4 of this SE is applicable to ECCS/LOCA analyses. 

3.6.6 10 CFR 50.46 Considerations 

 
According to Supplement 4, the impact of replacing the GSTRM-based models with 
PRIME-based models in the ECCS/LOCA evaluation model will be treated as a methodology 
change and will be treated in accordance with the reporting requirements of 10 CFR 50.46 in 
terms of changes to the calculated PCT.  This is acceptable to the NRC staff and consistent with 
the Commission’s regulations. 
 
Supplement 4 states that the impact of the change can be determined by conservatively 
estimating the change in the PCT as a result of changes in the initial stored energy using the 
results of SAFER/GESTR sensitivity calculations that are performed as part of the overall 
methodology to determine the upper bound PCT.  The upper bound PCT calculation is 
performed to demonstrate conservatism in the licensing basis PCT (Reference 1).  In the NRC 
staff review of the SAFER/GESTR methodology, the NRC staff concluded that the initial stored 
energy was one of several highly important parameters to which the PCT exhibits sensitivity.  
Therefore, the NRC staff finds that this approach is acceptable to address those specific 
parameters that are important and impacted by the model updates.  Therefore, the NRC staff 
finds that the proposed approach is consistent with the NRC staff’s previous review findings and 
thereby acceptable. 
 
Additionally, since the PCT sensitivities are calculated for each plant-specific analysis, the 
proposed approach allows for the unique determination of the PCT impact for each plant 
referencing the SAFER/GESTR evaluation model. 
 
Supplement 4 further states that when PRIME is fully implemented in the SAFER code that the 
conservative estimate of the PCT adjustment will no longer be necessary as the calculations will 
be performed using the approved, updated models.  The NRC staff agrees with this 
assessment. 

4 Conclusions 

 
The NRC staff finds that Supplement 4 provides an acceptable process for cascading an 
approved, updated fuel thermal model into the suite of downstream safety analysis codes.  
Based on its detailed technical review, the NRC staff has determined that the proposed PRIME 
implementation plan is sufficient to address Limitation 12 from the NRC staff SE approving the 
IMLTR.  The scope of the model updates is sufficient and addresses all relevant phenomena in 
the suite of analysis methods.  The process is generically acceptable for all operating domains.   
 
The NRC staff reviewed the software testing and implementation to ensure consistency with the 
requirements of 10 CFR 50, Appendix B, and 10 CFR 50.46 and found that the proposed 
activities described in Supplement 4 are in accordance with the Commission’s regulations. 
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At the conclusion of the code update and software testing process the NRC staff will audit the 
final documentation to ensure that the code updates were performed in accordance with the 
approved process described in Supplement 4.  The NRC staff does not intend to review the 
approach taken to update these codes unless specific deviations are taken from the approved 
process. 
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Figure 1: ECCS/LOCA Evaluation Model Process Diagram (Reference 8) 
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