
Addendum to the Safety Evaluation Report with Open 
Items for NEDC-33083P-A, Application of the TRACG 
Computer Code to the ECCS and Containment LOCA 

Analysis for the ESBWR Design  
 
General Electric Hitachi Nuclear America, LLC (GEH) submitted topical report NEDC-
33083P, “TRACG Application for ESBWR,” in November 2002, during the preapplication 
phase of the economic simplified boiling-water reactor (ESBWR) design certification 
review.  The staff of the U.S. Nuclear Regulatory Commission (NRC) reviewed and 
accepted the GEH TRACG code for analyzing loss-of-coolant accident (LOCA) events 
for the ESBWR design with confirmatory items (Reference 1).  In addition, from 
December 11 through December 15, and resuming for the period between December 19 
and December 20, 2006, the NRC staff conducted an audit of the TRACG code as it is 
applied to ESBWR LOCA analyses to evaluate updates to the code and methodology 
since its original approval (Reference 2).  The detailed basis for the staff’s approval of 
TRACG appears in Reference 1. 
 
The staff documented “confirmatory items” during this review.  The staff stated that these 
items “were identified as needing confirmation at the design certification stage.  These 
items do not affect the applicability or the capability of the code, but do address the 
response of the plant design, and adequacy of the documentation.”  GEH addressed 
these items in References 3, 4, 5, and 6.  The following subsections document the staff’s 
evaluation of these items.  Each section contains the confirmatory item directly quoted 
from Reference 1 and the staff’s evaluation.   
 
The open items related to this review are identified and discussed within the text of this 
safety evaluation report (SER).   Due to the open items that remain to be resolved for 
this section the staff was unable to finalize its conclusions regarding acceptability of the 
TRACG04 methodology for evaluating safety margins in the event of a LOCA for the 
ESBWR design certification as described in Revision 3 of the ESBWR design control 
document (DCD) (Reference 23). 

1 Item #1:  Phenomena Identification and Ranking Table 
for Long-Term Core Cooling 

1.1 Confirmatory Item #1 
 
“The PIRT at the design certification stage should include the long-term cooling phase of 
the LOCA since the long-term cooling phase is highly design dependent.  Should it be 
found that unreviewed phenomena occur during the long-term cooling phase, the 
appropriate models and correlations in the TRACG code will be revisited by the staff.” 

1.2 Staff Evaluation of Confirmatory Item #1 
 
GEH submitted details on long-term core cooling in Reference 4.  This reference 
included a discussion of long-term inventory distribution for four break locations—(1) 
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main steamline break (MSLB), (2) feedwater line break (FWLB), (3) bottom drainline 
break (BDLB), and (4) gravity-driven cooling system (GDCS) line break (GDLB).   
 
The code scaling applicability and uncertainty (CSAU) methodology (Reference 8) 
requires an applicant to identify the important phenomena and rank them with respect to 
their effect on the safety criteria for the scenario.  GEH provided a phenomena 
identification and ranking table (PIRT) related to long-term core cooling of the ESBWR.  
For higher elevation breaks (i.e., MSLB and FWLB), the parameters that affect the long-
term core cooling are the capacity of the GDCS pool relative to the reactor pressure 
vessel (RPV) volume, the heat removal capacity of the passive containment cooling 
system (PCCS) relative to the decay heat, and the condensation on drywell surfaces 
relative to the condensation in the PCCS.  The phenomena that ranked high for the 
MSLB and FWLB are decay heat, GDCS pool volume versus elevation, and RPV 
volume versus elevation.  GEH gave PCCS capacity a ranking of medium for these 
events. 
 
For lower elevation breaks (i.e., GDLB and BDLB), the parameters that affect the long-
term behavior are the capacity of the GDCS pool relative to the lower drywell volume, 
the pressure drop through the depressurization valves (DPVs), the heat removal 
capacity of the PCCS relative to decay heat, and to a smaller degree, the condensation 
on drywell surfaces relative to the condensation in the PCCS.  The phenomena that 
ranked high for the BDLB and GDLB are decay heat, DPVs (break flow and pressure 
drop), PCCS capacity, lower drywell volume versus elevation, GDCS pool volume 
versus elevation, and RPV volume versus elevation. 
 
For the higher elevation breaks, the RPV is filled to the break elevation during the 
reflood phase.  After the GDCS drains, the level is maintained by the PCCS drain flow 
which condenses the steam generated by the decay heat.  These phenomena are not 
different from those reviewed by the staff for the short-term response and are 
documented in Reference 1. The purpose of the PIRT ranking is to ensure that TRACG 
has the necessary models and qualification to simulate the important phenomena.  The 
staff believes that the PCCS capacity should be ranked higher for these events, but 
since TRACG04 has all of the necessary models and qualification to simulate this 
behavior, there is no need to revise the PIRT at this time.  The staff may request that 
GEH revise the PIRT in the future if GEH proposes to use the rankings to select the 
uncertainties to be included in an uncertainty analysis.  The staff finds the GEH PIRT 
acceptable for demonstrating long-term core cooling of higher elevation LOCAs. 
 
For the lower elevation breaks, the RPV is filled to the top of the chimney partition during 
the reflood phase.  After the GDCS drains, the level continues to drop to the level of the 
spillover holes in the drywell, and similar to the case of the higher elevation breaks, the 
level is maintained by the PCCS drain flow condensing the steam generated by the 
decay heat.  These phenomena are not different from those reviewed by the staff for the 
short-term response and are documented in Reference 1.  The size of the lower drywell 
becomes important during the long term.  The staff finds that TRACG04 has all of the 
necessary models and qualification to simulate this behavior, there is no need to revise 
the PIRT at this time.  The staff may request that GEH revise the PIRT in the future if 
GEH proposes to use the rankings to select the uncertainties to be included in an 
uncertainty analysis.  The staff finds the GEH PIRT acceptable for demonstrating long-
term core cooling of lower elevation LOCAs. 
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There will be some condensation of the steam in the drywell, which may affect the 
volume of water that will return to the vessel from the PCCS drainline.  The TRACG 
ESBWR containment model was designed to maximize peak pressure and does not 
contain heat sinks, so it may not accurately calculate this condensation.  The staff 
believes that the amount of condensation in the drywell should be small in comparison to 
the condensation in the PCCS.   In RAI 6.2-144 (Reference 9) the staff requested that 
GEH investigate the effects of assuming lower pressure in the drywell on RPV level 
calculations.  This study confirmed that this issue does not have a large impact on long-
term core cooling.  RAI 6.2-144 is resolved.   

2 Item #2:  Break Spectrum and Core Uncovery 

2.1 Confirmatory Item #2 
 
“During the design certification review, the staff will verify that the TRACG application 
procedures conservatively calculate the collapsed water level in the chimney above the 
hot channel for the three break locations, MSLB [main steamline break], BDLB [bottom 
drain line break] and GDLB [gravity driven cooling system line break].  
 
“Reference [NEDC-33083P, TRACG Application for ESBWR, November 2002], Table 
2.4-2 indicates that the GDLB results in the lowest static head in the chimney of the 
three break locations examined, the GDCS line, the main steam line, and the bottom 
drain line.  At the design certification stage, GENE will need to provide supporting 
analyses for a spectrum of break locations to demonstrate that there is no core uncovery 
for the possible break locations. Should core uncovery occur, review of the TRACG code 
will be revisited to determine the adequacy of the applicable models and correlations 
 
“The procedures should be applicable to both short term and long term LOCA events 
(i.e., up to 72 hours).” 

2.2 Staff Evaluation of Confirmatory Item #2 
 
The LOCA analysis methodology in Reference 1 was applied to minimum water level 
calculations for double-ended guillotine sized breaks in the GDCS line, a bottom 
drainline, and a main steamline.  This confirmatory item required that GEH perform a 
break spectrum analysis using break sizes and locations different from those used in 
Reference 1. 

2.2.1 Applicability of TRACG to the FWLB 
 
At the time of the original review of Reference 1, the GDLB was the most limiting break 
for the RPV minimum water level calculations for the ESBWR.  When GEH submitted 
the ESBWR DCD in August 2005 (Reference 10), in addition to the three break locations 
mentioned above, GEH analyzed the FWLB, and the FWLB was the most limiting break 
at that time.  In response to issues identified during the staff’s acceptance review of the 
ESBWR design certification (Reference 11), GEH submitted a report on the applicability 
of TRACG to modeling the FWLB (Reference 12).  This report also included the PIRT 
and modeling details of the feedwater lines.  The staff reviewed the applicability of 
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TRACG and the methodology in Reference 1 to the FWLB analysis for calculating the 
minimum water level in the RPV.  
 
GEH demonstrated that the short-term FWLB behavior is similar to that of the GDLB 
except that the break area is larger and the break elevation is higher.  Long-term 
behavior for the RPV level calculation of an FWLB is similar to that for the MSLB.  GEH 
provided a PIRT for short-term RPV level and long-term containment calculations.  For 
the short-term RPV level calculations, the rankings were the same as those for the 
GDLB.  The staff agrees with these rankings and concurs that the review of TRACG 
during the preapplication phase is applicable to the FWLB and that TRACG is capable of 
calculating acceptable results for the FWLB event. 
   

2.2.2 Other Break Locations 
 
GEH provided the results of analyses of additional break locations in response to staff 
RAI 6.3-46 (Reference 24).  In addition to the FWLB, MSLB, GDLB, and BDLB break 
results presented in Revision 3 of the DCD (Reference 23), GEH listed the collapsed 
chimney levels for double-ended guillotine breaks in the GDCS equalizing line, the DPV 
stub tube/isolation condenser, reactor water cleanup/shutdown cooling return line, and 
the isolation condenser (IC) return line.  GEH states that the limiting cases are still the 
MSLB and GDLB.  However, upon staff review of this information, it appears that the IC 
return line break gives a lower collapsed chimney level than the GDLB.  The staff 
requested supplemental information from GEH to explain its statement that the GDLB is 
more limiting.  This request is a supplement to RAI 6.3-46. 
 
In RAI 6.3-65 (Reference 9), the staff also requested that GEH analyze a break in the 
standby liquid control system (SLCS) line and demonstrate that it is not the limiting 
break.  This is an open item.   
 
Since the IC return line break and the SLCS line break were not included in the original 
review of the TRACG methodology as applied to ESBWR LOCA analyses (Reference 1), 
the staff cannot, without additional information, determine whether this methodology is 
capable of modeling the worst break in the ESBWR.   RAI 6.3-46 and RAI 6.3-65 are 
being tracked as open items. 

2.2.3 Break Spectrum 
 
In response to RAI 6.3-46 (Reference 24), GEH provided the results of a break size 
spectrum study on the GDLB.  GEH varied the size of the break, using nominal 
conditions.  The break sizes analyzed by GEH were the 100-percent double-ended 
guillotine-sized break, 80 percent, 60 percent, 40 percent, and 20 percent.  The results 
of this study showed that for the nominal conditions, the 80-percent sized break was the 
most limiting.  GEH repeated these calculations using bounding conditions for the 
100-percent and 80-percent sized breaks and found that the 100-percent was more 
limiting, thus showing that the TRACG methodology for selecting the worst break is still 
applicable.  The staff requested additional information in a supplement to RAI 6.3-46.  
Specifically, the staff asked why GEH did not perform the entire break spectrum down to 
20 percent using bounding assumptions.  The staff asked GEH to justify the selection of 
the GDLB for this study since the isolation condenser system (ICS) return line break 
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seemed to give more limiting results.  In addition, the ICS return line break results in an 
additional loss of high-pressure injection which may be more severe for small breaks.  
The staff also asked GEH to justify its position that very small breaks are not limiting.  
RAI 6.3-46 is being tracked as an open item.   
 
 

2.2.4 Long-Term Core Cooling 
 
In RAI 6.3-64, the staff requested that the applicant demonstrate that the core remains 
covered for 72 hours for the limiting break.  The GEH response to this RAI (Reference 
29) infers that TRACG predicted the GDLB with one DPV failure as the most limiting 
break for long-term cooling.  DCD Tier 2, Section 6.3.3.7.9, with results displayed in 
DCD Tier 2, Table 6.3-5, states that “the GDCS injection line break with a GDCS 
injection valve failure results in the lowest minimum chimney static head above vessel 
zero.”  Thus, the staff would have expected the RAI response to provide plots of this 
limiting break.  GEH offered no explanation in the RAI response.  The staff requested 
that GEH provide the following additional information: 
 

A. Explain how GEH came to the conclusion that the GDCS injection 
line break with 1 DPV failure (nominal case) is the most limiting 
break given the information provided in Table 6.3-5.  Staff is also 
unclear why GEH provided a plot of the nominal conditions rather 
than the bounding conditions for the GDCS Line break with 1 DPV 
failure.  Include the appropriate information in the DCD. 

 
B. Concerning the input deck assumptions, where are the non-

condensible gases during the life of the transient?  Staff is not 
convinced TRACG can accurately calculate the movement of non-
condensible gases (reference RAI 21.6-96).  Therefore, explain, 
and include in the DCD additional information regarding the 
treatment of non-condensible gases.  Demonstrate that the 
treatment of non-condensible gases are conservative for long-
term PCCS operation. Provide plots that show PCCS power 
versus time and, on the same plots, decay heat versus time. 

 
C. Provide a qualitative discussion and results of the ESBWR long-

term core cooling system response similar to that submitted in 
MFN 05-105 (Reference 1) in the DCD.  The collapsed chimney 
level response shown in Figure 6.3-64-1 in MFN 07-269 for the 
GDL line break is different from that shown in Figure 7 in MFN 05-
105 (Reference 1).  Provide a discussion of the differences. 

 
D. Concerning the input deck assumptions, there may be steam 

condensation on drywell surfaces that will cause steam to 
condense and not return to the vessel via the PCCS.  Provide a 
discussion on how this is accounted for or, if not accounted for, 
justify that the calculation is still conservative without this 
consideration. 
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The staff also requests, in RAI 21.6-98 (Reference 9), that GEH submit the long-term 
core cooling analyses.  RAIs 6.3-64 and 21.6-98 are being tracked as open items. 

2.2.5 Conclusion 
 
For all of the additional break locations and sizes that GEH simulated using TRACG 
including long-term core cooling, the ESBWR shows no heatup during a LOCA.  
Therefore, the staff does not need to revisit its review of the TRACG code to review its 
application to core heatup in the ESBWR.  The staff will verify this conclusion upon 
closure of all open items mentioned above. 

3 Item #3:  Missing Definitions in TRACG Equations  

3.1 Confirmatory Item #3 
 
“GENE has committed to incorporate the missing definition for Ef, and new equations for 
the transition criterion between churned turbulent and annular flow, including the drift 
velocity term in updated code model description documentation.” 

3.2 Staff Evaluation of Confirmatory Item #3 
 
The constitutive correlations for interfacial shear and heat transfer in TRACG are 
dependent on the flow regime in each hydraulic cell.  Therefore, the flow regime for each 
cell must be identified before the flow equations are solved for that cell.  Transition 
between annular flow and dispersed droplet flow is given by the onset of entrainment.  
For low vapor flow, annular flow will exist, and as the vapor flux is increased, more and 
more entrainment will occur, causing a gradual transition to droplet flow.  
 
When reviewing Reference 1, the staff based its evaluation of the TRACG interfacial 
shear model on Revision 2 of the TRACG model description (Reference 19).  The staff 
requested additional information on the models describing the GEH calculation for 
transition to annular flow and the entrainment fraction.  GEH had modified this model in 
TRACG04, and therefore, the description of the models in Reference 19 were not 
applicable to the version of TRACG being used to perform design calculations of the 
ESBWR.  GEH submitted the updated models in Revision 3 of the TRACG model 
description (Reference 13) in April 2006.   
 
The models for flow regime transitions in TRACG02 had been qualified only at high 
pressure.  GEH qualified TRACG against low-pressure data to extend the applicability of 
TRACG to LOCA applications.  In TRACG04, GEH made changes to the model for 
transition from churned turbulent to annular flow to better match these data.  The GEH 
criterion for transition to annular flow is when the liquid film can be lifted by the vapor 
flow relative to the liquid in the churn turbulent regime.  This is satisfied at the void 
fraction where the same velocity is predicted for churn turbulent flow as it is for annular 
flow.  GEH set the vapor velocity in the churn regime equal to that in the annular regime 
and solved for the transition void fraction.  GEH modified the distribution parameter used 
to calculate the vapor velocity in the churn turbulent regime. 
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GEH also modified the entrainment model to better match the low-pressure data.  GEH 
uses an entrainment correlation developed by Mishima and Ishii (see Section 5.1.2 of 
Reference 13).  GEH modified the model for entrainment in the case where only a 
fraction of the wall surface has gone into film boiling.  GEH assumes that the liquid will 
flow only on the fraction of the wall that has not experienced boiling transition and can be 
wetted.  The TRACG02 model uses a linear model that directly modifies the entrainment 
fraction in terms of the fraction of rod groups in boiling transition (Ef).  The model in 
TRACG04 incorporates the wetted perimeter in the calculation of the hydraulic diameter 
in the entrainment correlation such that the entrainment fraction has a nonlinear 
relationship with the wetted perimeter.  Both the TRACG02 and TRACG04 models have 
the correct limits in that, if there are no rod groups in boiling transition, there is no 
modification to the entrainment fraction.  If all rods are in boiling transition, in TRACG02, 
Ef goes to 1 forcing the entrainment fraction to be equal to 1; in TRACG04, as the 
wetted perimeter gets smaller, the hydraulic diameter goes to infinity, causing the 
entrainment fraction to be 1 since entrainment is calculated using a hyperbolic tangent 
(tgh(η)) dependency of the hydraulic diameter.  
 
GEH further modified the Mishima and Ishii correlation based on the TRACG 
assessment against void fraction data.  GEH found that the void fraction was 
overpredicted for conditions where there is a large entrainment fraction.  GEH found 
that, since the entrainment was based on the hyperbolic tangent function (tgh(η)), it 
approached 1.0 too fast, causing the overprediction of the void fraction.  GEH modified 
the tgh(η) functional dependence and kept the dimensionless property groups intact. 
 
Figure 5-3 in Reference 13 shows the TRACG04 entrainment correlation compared to 
data.  The correlation predicts well, with an average error in the entrainment fraction of 
+0.0008 and a standard deviation of 0.056.   
 
The drift velocity used to calculate interfacial shear in the dispersed annular flow regime 
is based on the entrainment fraction.  In RAI 21.6-75 (Reference 15), the staff requested 
that GEH submit the updated qualification report.  In response, GEH submitted Revision 
3 of the TRACG qualification report (Reference 31) in August 2007.  The staff is 
reviewing the GEH qualification of its void fraction data provided in this report to ensure 
that the modifications to the entrainment fraction and its subsequent use in the interfacial 
shear model compare well with data.  RAI 21.6-75 is being tracked as an open item 
pending staff review of NEDE-32177P, Revision 3. 

4 Item #4:  Update TRACG Model Description 

4.1 Confirmatory Item #4 
 
“The description of the TRACG model, Reference [NEDE-32176P, Rev. 2, TRACG 
Model Description, December 1999], will be updated to reflect all current models and 
correlations, thereby providing a level of detail consistent with a stand-alone document.” 

4.2 Staff Evaluation of Confirmatory Item #4 
 
GEH had taken the containment related sections out of the various models and 
correlations sections in Licensing Topical Report, TRACG Model Description (NEDE-
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32176P), Rev. 2, that had previously been included in Rev. 1.  GEH has now put back 
this information in Rev. 3.   
 
GEH had also taken the entire Section 7.11 (Containment Components) out of the 
“Component Model” section of NEDE-32176 in Rev. 2.  As a result, the information on 
Drywell, Wetwell Air Space, Suppression Pool, and Main Vents, such as included in 
Table 6.5-3 in Rev.1, was not present in Rev. 2.  GEH put back Section 7.11 in Rev. 3. 
However, the Rev. 1 sub-section “Model Assessment” was significantly shortened to 
“7.11.7.7 Model  Applicability” in Rev. 3, by removing three figures (Figure 7.11-5. 
Pressure Suppression Test Facility;  Figure 7.11-6. Drywell Pressure Response; and 
Figure 7.11-7. Vent Flow Transient), and the related details. The staff considers these 
figures to be important as they showed the facility schematics and dimensions; and 
compared the TRACG predictions with the measured drywell pressure and vent flow rate 
data.  In RAI 21.6-107, the staff requested GEH to either justify the removal of these 
figures, or include the figures as updated for the latest design.  RAI 21.6-107 is being 
tracked as an open item.  
 
When reviewing Reference 1, the staff based its evaluation of the TRACG models and 
correlations on Revision 2 of the TRACG model description (Reference 19).  This 
document is the basis for TRACG02.  Since GEH uses TRACG04 for ESBWR licensing 
calculations, the staff requested that GEH submit an updated model description that 
reflects the models and correlations in TRACG04.  GEH submitted Revision 3 to the 
TRACG model description in April 2006 (Reference 13).   
 
GEH submitted a list of the changes from TRACG02 to TRACG04 with its application to 
migrate the approved methodology for BWR/2-6 anticipated operational occurrence 
(AOO) and anticipated transient without scram (ATWS) overpressure analyses from 
TRACG02 to TRACG04 (Reference 21).  A list of the differences between the versions 
and the staff’s evaluation as applied to ESBWR LOCA analyses follows. 

4.2.1 PANAC10 to PANAC11 
 
TRACG02 was based on PANAC10 physics methods, whereas TRACG04 is based on 
those of PANAC11.  Since three-dimensional neutron kinetics is not used in ESBWR 
LOCA analyses, this change does not affect the staff’s acceptance of TRACG to perform 
ESBWR LOCA analyses as documented in Reference 1.  However, Section 4.3 of the 
staff’s SER on ESBWR design certification discusses the staff’s review of PANAC11 
applicability to ESBWR steady-state nuclear design.  In addition, Reference 26 
discusses a review of TRACG04 three-dimensional kinetics as applied to ESBWR 
transients. 

4.2.2 Decay Heat Model 
 
The American Nuclear Society decay heat model is implemented in TRACG04 as an 
optional model in addition to the existing May-Witt model.  Since ESBWR LOCA 
analyses do not use the decay heat model in TRACG, this change does not affect the 
staff’s acceptance of TRACG to perform ESBWR LOCA analyses as documented in 
Reference 1.  For ESBWR LOCA analyses in ESBWR, GEH takes decay heat values 
from a power table that is input into TRACG.  The staff’s review of the decay heat model 
as applied to ESBWR AOO analyses appears in Reference 26. 
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4.2.3 Quench Front Model 
 
As part of TRACG04, GEH enhanced and activated the quench front model within the 
TRACG04 code.  This model is used during the initialization of the reflood phase of a 
LOCA.  The staff has not reviewed this model; however, since the ESBWR does not 
experience heatup during a LOCA, the quench front model is not used.  Therefore, this 
change does not affect the staff’s acceptance of TRACG to perform ESBWR LOCA 
analyses as documented in Reference 1.   

4.2.4 Hot Rod Model 
 
GEH implemented a hot rod model in the TRACG one-dimensional thermal-hydraulic 
model of the channel component.  This is to account for the thermal-hydraulic cross-
sectional variations that lead to reduced heat transfer and higher fuel temperatures in 
certain rods.  This model is used where peak cladding temperatures are calculated such 
as during a LOCA.  The staff did not review the hot rod model since the ESBWR does 
not experience heatup during a LOCA event, and GEH does not calculate PCT for a hot 
rod.  Therefore, this change does not affect the staff’s acceptance of TRACG to perform 
ESBWR LOCA analyses as documented in Reference 1.   

4.2.5 Minimum Film Boiling Temperature 
 
The boundary between the transition boiling regime and the film boiling regime is defined 
by the minimum stable film boiling temperature.  In addition to the Iloeje correlation and 
the homogeneous nucleation correlation, GEH implemented an additional option for 
calculating the minimum stable film boiling temperature, the Shumway correlation.  The 
TRACG input decks used for the LOCA analyses use the Iloeje correlation.  The staff 
has not reviewed the Shumway correlation and finds the use of the Iloeje correlation 
acceptable for ESBWR applications for LOCA, AOO, and ATWS.  For LOCA and AOO 
events, the core does not enter film boiling, and therefore this correlation is not used.  
For ATWS events where the core does go into film boiling, the minimum stable film 
boiling temperature is used only to determine when the core will quench and does not 
have any effect on the value of the maximum PCT.   

4.2.6 Entrainment Model 
 
GEH made modifications to the entrainment model in TRACG to better match low-
pressure void fraction data for LOCA applications, as described in Section 3 of this 
report. 

4.2.7 Flow Regime Map 
 
GEH made modifications to the transition to churn-turbulent to annular flow models in 
TRACG to better match low-pressure void fraction data for LOCA applications, as 
discussed in Section 3 of this SE. 
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4.2.8 Fuel Rod Thermal Conductivity 
 
GEH changed the basis of the default model for fuel rod thermal conductivity from 
GSTRM to PRIME03.  The PRIME03 model accounts for exposure and gadolinium 
content.  The GSTRM model does not.  For ESBWR LOCA calculations, GEH does not 
use the dynamic gap conductance model in TRACG.  The NRC staff has not reviewed 
and approved the PRIME03 thermal mechanical fuel code.  In RAI 6.3-54 (Reference 
18), the staff asked GEH to justify use of this model.  GEH states in Reference 0 that 
GSTRM is used to generate the gap conductance values used in ESBWR LOCA 
analyses.  The staff finds the use of the PRIME for fuel thermal conductivity and GSTRM 
for gap conductance inconsistent.  The staff asked GEH to justify this in RAI 6.3-55 
(Reference 18).  The staff has concerns about the use of GSTRM as identified in 
response to RAI 4.8-16.  This item will be resolved in conjunction with the resolution of 
RAI 4.8-16.  RAIs 6.3-54, 6.3-55, and RAI 4.8-16 are being tracked as open items.  

4.2.9 Cladding Perforation Models 
 
GEH implemented models for the uncertainty in fuel rod internal pressure, the cladding 
yield stress, and the cladding rupture stress.  GEH implemented these models for use in 
statistical analyses of a LOCA.  The staff did not review these models since the ESBWR 
does not experience heatup during a LOCA and therefore does not invoke these models.  
In addition, GEH does not currently perform a statistical uncertainty analysis of ESBWR 
LOCA events.  The staff finds that this change does not affect the staff’s acceptance of 
TRACG to perform ESBWR LOCA analyses as documented in Reference 1.   

4.2.10 Cladding Oxidation Model  
 
GEH modified the cladding oxidation model to be consistent with the Cathcart and Pawel 
correlation.  The staff did not review this model since cladding oxidation occurs at high 
temperatures.  TRACG is not calculating heatup in any of the ESBWR LOCA events; 
therefore, this change does not affect the staff’s acceptance of TRACG to perform 
ESBWR LOCA analyses as documented in Reference 1.   

4.2.11 Enhanced Default Pump Homologous Curves 
 
TRACG uses homologous curves to describe the pump head and torque response as a 
function of fluid volumetric flow rate and pump speed.  GEH has supplemented the 
default pump homologous curves in TRACG04 with curves representative for large 
pumps.  ESBWR does not have pumps, and therefore this change does not affect the 
staff’s acceptance of TRACG to perform ESBWR LOCA analyses as documented in 
Reference 1.   

4.2.12 Improved Free Convection Heat Transfer 
 
GEH implemented the McAdams correlation for free convection heat transfer used in 
drywell calculations.  The staff's evaluation of GEH's implementation of this correlation is 
addressed in Section 15.2 of this report.    
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4.2.13 Optional Six-Cell Jet Pump 
 
TRACG02 currently uses a five-cell jet pump model.  TRACG04 has an option to 
subdivide the straight section between the suction inlet and the diffuser into two cells for 
a six-cell jet pump model.  The ESBWR does not have jet pumps.  Therefore, this 
change does not affect the staff’s acceptance of TRACG to perform ESBWR LOCA 
analyses as documented in Reference 1.   

4.2.14 Improved Boron Model 
 
Boron is not modeled in ESBWR LOCA analyses; therefore, this change does not affect 
the staff’s acceptance of TRACG to perform ESBWR LOCA analyses as documented in 
Reference 1.  Reference 27 discusses the application of the TRACG04 boron model to 
ESBWR ATWS analyses. 

4.2.15 Conclusions 
 
The staff evaluated the changes in TRACG from TRACG02 and TRACG04, and upon 
closure of the open items mentioned in the previous subsections, the staff will determine 
if the changes in Revision 3 of the TRACG model description (Reference 13) invalidate 
the staff’s acceptance of TRACG to perform ESBWR LOCA analyses as documented in 
Reference 1.   

5 Item #5 and 6:  Isolation Condenser Testing 

5.1 Confirmatory Items #5 and #6 
 
“Further investigations are needed to conclusively determine the sound in the 
PANTHERS-IC testing that may have been due to water hammer, and to confirm its 
prevention in the ESBWR (e.g., by changing the hardware design of the IC [isolation 
condenser] inlet line or the startup procedure). 
 
“The PANTHERS-IC testing was terminated when leakages were detected in the IC 
upper header.  As a result, the leakage issue was never resolved, and is an IC structural 
integrity issue that needs to be resolved for the ESBWR design certification.” 

5.2 Staff Evaluation of Confirmatory Items #5 and #6 
 
To prevent water hammer, GEH will control the slope of the condensate return line to 
avoid trapping of steam in the drain piping.  In addition, GEH will control the rate of 
opening of the condensate return valves.  The staff’s review of the ICS is discussed in 
Section 5.4 of the SER for the ESBWR design certification. 
 
The staff’s evaluation of the testing of the ICS at PANTHERS is discussed in Section 
21.5.3 of the SER for the ESBWR design certification.  GEH has agreed to perform 
power ascension tests to confirm the structural integrity of the ICS.  GEH will also be 
able to confirm the possibility of water hammer during this testing.  The staff finds that 
successful completion of the IC startup testing (described in Chapter 14 of Reference 
14) will adequately address Confirmatory Items #5 and #6. 
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6 Item #7:  Scram Delay Time 

6.1 Confirmatory Item #7 
 
“During the design certification review stage, the ECCS baseline model should include 
the scram delay time and the 2 percent power measurement uncertainty.” 

6.2 Staff Evaluation of Confirmatory Item #7 
 
GEH states that it has included the scram delay and 2-percent power uncertainty.  
However, the time at which the scram occurs is different from that discussed in 
Reference 1 in response to preapplication RAI-324.  For the analyses presented in the 
ESBWR DCD, Revision 2 (Reference 7), GEH assumes a scram upon initiation of the 
break.  The scram occurs with the loss of power assumption coincident with the break.  
GEH incorporates 2 seconds of delay time because of the signal delay.  GEH accounts 
for the travel time in the rods in the decay heat curve.  GEH will be submitting these 
details in response to RAI 6.3-52 (Reference 18).  RAI 6.3-52 is being tracked as an 
open item.   

7 Item #8:  Add Additional Detail in TRACG Modeling  

7.1 Confirmatory Item #8 
 
“During the design certification stage, separate modeling of the vessel shield, the 
reflective thermal insulation layer, and the air gap from the lumped heat structure will be 
necessary.” 

7.2 Staff Evaluation of Confirmatory Item #8 
 
In response to this confirmatory item, GEH states in Reference 3 that separate modeling 
of the vessel shield, the reflective thermal insulation layer, and the air gap from the 
lumped heat structure was added to the TRACG model.  In response to Confirmatory 
Item 14 in that same reference, GEH stated that it would submit all TRACG nodalization 
changes related to NRC SER open items.  The staff requested that GEH submit these in 
response to RAI 21.6-98 (Reference 9).  GEH has not responded to this RAI, 
therefore RAI 21.6-98 is being tracked as an open item. 

8 Item #9:  Chimney Nodalization Studies 

8.1 Confirmatory Item #9 
 
“Nodalization studies will be necessary at design certification to calculate the minimum 
water level in the chimney partition.” 

8.2 Staff Evaluation of Confirmatory Item #9 
 
During the preapplication phase of the TRACG for ESBWR LOCA review, GEH and the 
NRC staff investigated nodalization and bundle power distributions on the calculated 
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minimum water level in the chimney during a LOCA in the ESBWR.  The core and 
chimney region are represented by three concentric rings in the TRACG input deck.  
GEH performed studies varying the radial peaking factors in the bundles feeding the 
three rings in the core.  GEH found that, when all of the bundles in Ring 1 (the innermost 
ring in the TRACG input deck) are set to the highest radial peaking factor (with the two 
outer rings reduced accordingly), the difference in minimum level calculated by the three 
separate rings could vary by about [[                       ]].  GEH stated that, because of the 
“drafting” effect (i.e., enhanced two-phase flow and heat transfer in the hot ring because 
of additional two-phase driving head in the chimney), this modeling strategy would be 
nonconservative (see RAI-329 and RAI-406 in Reference 1).  The staff agreed with GEH 
that the drafting effect would make this modeling strategy nonconservative.  The staff 
performed independent calculations in an attempt to reduce the drafting effect by 
creating a smaller chimney partition above a smaller number of hotter bundles in Ring 1.  
The staff found that this modeling strategy reduced the minimum static head in the 
chimney.  The staff concluded that the nodalization presented in Figure 2.7-1 in 
Reference 1 is adequate for calculating the core-average minimum chimney water level 
during an ESBWR LOCA.  However, as a condition of approval of TRACG as applied to 
ESBWR LOCA analyses, the staff requested that GEH perform nodalization studies at 
design certification to calculate the core-minimum minimum chimney water level.   
 
GEH submitted a letter to address the staff’s confirmatory items related to the SER on 
TRACG as applied to ESBWR LOCA.  In this letter (Reference 3), GEH stated that it had 
addressed this item and that the nodalization includes individual chimney partitions.  The 
staff reviewed the TRACG input decks submitted by GEH and determined that GEH had 
added two individual chimney partitions to the ESBWR vessel.  These are represented 
by [[                ]] components, with one located above each of the two hot channels.  
GEH uses these components to calculate the collapsed liquid level in the ESBWR 
chimney.  The staff finds that this response appropriately addresses the concern.   
 
This closes Confirmatory Item #9.  

9 Item #10:  Treatment of Loss of Feedwater 

9.1 Confirmatory Item #10 
 
“The assumption of the loss of feedwater flow used by GENE is not conservative.  
Therefore the existing GENE MSLB model and the current analysis approach 
underestimates the maximum containment pressure and temperature.  At the design 
certification phase, this should be resolved.” 

9.2 Staff Evaluation of Confirmatory Item #10 
 
In RAI 21.6-103, the staff requested that GEH address this confirmatory item.  GEH has 
not responded to this RAI, therefore RAI 21.6-103 is being tracked as an open item.  
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10 Item #11:  Feedwater Heater Modeling 

10.1 Confirmatory Item #11 
 
“Without detailed feedwater heater system design information, both the staff and GENE 
had to make assumptions about the mass and energy discharge from the feedwater 
heater system. The staff believes that the bounding containment peak pressure and 
temperature need to be evaluated during the design certification stage after the 
feedwater heater system design is finalized.  If the evaluation indicates that the code 
application range is exceeded or a new scenario, such as wetwell flooding, has not been 
examined during the pre-application stage, the staff may choose to review the TRACG 
code for such new use.” 

10.2 Staff Evaluation of Confirmatory Item #11 
 
In response to this confirmatory item, GEH states in Reference 3 that it added detailed 
modeling of the feedwater system to consider the effect on containment pressure.  In 
response to Confirmatory Item 14 in that same reference, GEH stated that it would 
submit all TRACG nodalization changes related to NRC SER confirmatory items.  The 
staff requested that GEH submit these changes in response to RAI 21.6-98 (Reference 
9).  GEH has not responded to this RAI.  The staff is still evaluating the information 
submitted in Reference 12 on feedwater line modeling.  RAI 21.6-98 is being tracked 
as an open item. 

11 Item #12:  Address Power Transient Resulting from Main 
Steam Isolation Valve Closure 

11.1 Confirmatory Item #12 
 
“The quick closure of the MSIVs while control rods are being inserted may increase the 
total core power due to void collapse.  At the design certification stage, GENE should 
evaluate the effects of void collapse for the GDCS and BDLB LOCA cases.” 

11.2 Staff Evaluation of Confirmatory Item #12 
 
GEH states that there is no significant power transient because of void collapse from the 
main steam isolation valve (MSIV) closure effect since the control rods are always 
inserted before the MSIVs close for all of the breaks.  The staff was able to confirm this 
upon review of the ESBWR LOCA analyses.  The staff agrees with the GEH assessment 
and concurs that this is not an issue for the ESBWR LOCA event.  
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12 Item #13:  Assess TRACG against Some Standard 
Containment Problems 

12.1 Confirmatory Item #13 
 
“During the staff’s earlier review of the SBWR, work that GENE relies on for the ESBWR, 
the staff noted that GENE had not evaluated more traditional integral containment tests 
such as the Marviken tests, the Carolinas Virginia Tube Reactor test 3 without sprays, 
and the Battelle- Frankfurt Model Containment tests C-13 and C-15, for MSLBs.  In 
response to staff RAI 317.1, GENE agreed to perform assessments of TRACG to model 
containment performance against integral test data that is publicly available for 
International Standard Problems where the test facilities and tests are well defined.  The 
tests to be analyzed will be specified later, and the analysis will be completed during the 
design certification review. 
 
“The staff also requested that GENE provide a plan and schedule to assess the ability of 
TRACG to model containment performance against additional separate effects tests.  
Separate effects tests that should be considered include the Wisconsin Flat Plate 
condensation tests, (References … [Huhtiniemi, I. K., and M. L. Corradini, Condensation 
in the Presence of Noncondensible Gases, Nuclear Engineering Design, 141, pp 429-
446, 1993; Siddique, M., The Effects of Noncondensible Gasses on Steam 
Condensation Under Forced Convection Conditions, MIT, January 1992; and Lian, K., 
Experimental and Analytical Study of Direct Contact Condensation of Steam and Water, 
MIT, May 1991]).  In response to staff RAI 317.2, GENE agreed to perform assessments 
of TRACG to model containment performance against separate effects test data that is 
publicly available for International Standard Problems where the test facilities and tests 
are well defined.  The tests to be analyzed will be specified later, and the analysis will be 
completed during the design certification review.” 
 

12.2 Staff Evaluation of Confirmatory Item #13 
 
In RAIs 21.6-98 and RAI 21.6-103, the staff requested that GEH address this 
confirmatory item.  GEH has not responded to these RAIs, therefore RAI 21.6-98 and 
RAI 21.6-103 are being tracked as an open items.  
  

13 Item #14:  Gravity-Driven Cooling System Gas Space 
and Wetwell Vent Modeling 

13.1 Confirmatory Item #14 
 
“GDCS gas space and the wetwell vent should be modeled correctly during the design 
certification stage.” 
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13.2 Staff Evaluation of Confirmatory Item #14 
 
GEH changed the ESBWR design so that the GDCS gas space is now connected to the 
drywell.  GEH stated in Reference 3 that it would submit all TRACG nodalization 
changes related to NRC SER confirmatory Items.  In RAI 21.6-98 (Reference 9), the 
staff requested that GEH address this confirmatory item.  GEH has not responded to 
this RAI, therefore RAI 21.6-98 is being tracked as an open item. 

14 Item #15:  Add Detail to the Containment Portion of the 
Emergency Core Cooling System Evaluation Model 

14.1 Confirmatory Item #15 
 
“During the design certification review, if the ECCS evaluation model is used beyond 
2000 seconds, additional VESSEL levels need to be added on top of the existing [[         
]], and the pool needs to be modeled in the same fashion as is done for 
containment/LOCA modeling.” 

14.2 Staff Evaluation of Confirmatory Item #15 
 
GEH combined the containment and emergency core cooling system (ECCS) evaluation 
(RPV level) model into one model for the design certification, and therefore, the 
additional levels have been added to the containment for the ECCS evaluation (RPV-
level calculations).  Although GEH has combined the two input decks, they are slightly 
different as certain assumptions are needed to make each analysis conservative.  GEH 
submitted the differences between the two input decks in response to RAI 6.3-45 
(Reference 25).  For the bounding calculations, GEH maintains the conservative 
assumptions that were previously reviewed by the staff (Section 2.7.2.1 of Reference 1 
for vessel water level and Table 3.7-1 of Reference 1 for peak pressure).  Because of 
some design changes and error corrections, GEH has implemented some nodalization 
changes that were evaluated by the staff during an audit of TRACG as applied to 
ESBWR LOCA.   In RAI 21.6-98, the staff requested that GEH submit these changes 
formally to the staff.  GEH has not responded to this RAI.  Therefore, RAI 21.6-98 is 
being tracked as an open item.     
 
Some nodalization changes made to the TRACG model for calculating peak containment 
pressure were not implemented for the TRACG model that calculates long-term core 
cooling.  The changes implemented in the TRACG model for calculating peak pressure 
are spillover holes, higher intake elevation for the GDCS drain pipes, two vent paths 
between the GDCS air space and the drywell versus one, and a fine nodalization of the 
PCCS vent line.  GEH states, and the staff agrees, that the effect of these items occurs 
at a later stage of the transient, and therefore, these changes will have no impact on 
minimum water level for the LOCA.  However, the staff issued a supplement to RAI 6.3-
45 requesting that GEH justify its contention that, even though the input deck for 
calculating minimum water level lacks the modifications applied to the containment input 
deck, it still provides accurate or conservative results for the long-term core cooling 
analysis.  RAI 6.3-45 is being tracked as an open item. 
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GEH combines the TRACG model for the containment peak pressure evaluation with 
that of the RPV minimum water level calculation.  This is inconsistent with the approved 
methodology in Reference 1, which states that “the drywell model [is] set to minimize 
containment pressurization rate.”  In RAI 6.2-144, the staff asked GEH to justify the use 
of the containment model in calculating minimum water level.  In response,  GEH 
evaluated the impact of containment back pressure on the ECCS performance and 
presented in DCD Tier 2, Revision 4, Appendix 6C.  The staff reviewed GEH's evaluation 
and determined that the minimum chimney collapsed level is not sensitive to the 
changes in the containment back pressure expected for the ESBWR design under LOCA 
conditions.  Therefore, RAI 6.2-144 is resolved. 

15 Item #16: [[Sparrow Uchida Degradation]] Factors 

15.1 Confirmatory Item #16 
 
“Prior to submission of the final design analyses in support of design certification, GENE 
should perform a review of the appropriateness of the [[Sparrow-Uchida degradation]] 
factors and the liquid/vapor interface heat transfer used in the containment modeling.” 

15.2 Staff Evaluation of Confirmatory Item #16 
 
[[                               ]] factors are used to account for the way in which the presence of 
noncondensable gases reduces the interfacial heat transfer.   
 
GE has made the following modifications to address this item, as reflected in the 
Licensing Topical Report, TRACG Model Description, NEDE-32176P, Rev. 3.   
 
• GE previously used the Holman correlation (Equation 6.5-28 in NEDE-32176P, Rev. 

1) to model the interfacial heat transfer at the suppression pool free surface.  A 
sensitivity study by GEH found that the TRACG model results were not very sensitive 
to the Holman correlation.  However, the staff was concerned that the conclusion 
was not valid for all possible situations.  GEH explored more correlations, and 
identified the McAdams correlation to be more general.  A detailed description of the 
McAdams Grashof and Prandtl numbers based free-convection correlation for flat 
plates (Equation 6.5-51) is included in Section 6.5.8, NEDE-32176P, Rev. 3.  Now, 
the McAdams correlation is the default model for the interfacial heat transfer at a free 
surface, though Holman’s simplistic expression can still be selected via the user 
input.   

 
• GEH has also added many relevant details in Section 6.5.8 in NEDE-32176P, Rev 3, 

to better describe the Uchida-Sparrow degradation factor that accounts for the 
reduction of the interfacial heat transfer due to the presence of the non-condensable 
(NC) gases. In this regard, GEH has included an improved version of Figure 6.5-1 
(Rev. 1) as Figure 6-13 in Rev. 3. The new figure not only shows the composite 
Uchida-Sparrow curve shown on Figure 6.5-1 (Rev. 1) that TRACG uses, but also 
the individual Uchida and Sparrow curves that were independently developed for the 
high and low non-condensables-to-steam ratios, respectively. GEH has added a 
description in Section 6.5.8.2 on how the composite Uchida-Sparrow data are 
implemented within the TRACG code. 
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• GEH has expanded Section 6.5.8.3 in NEDE-32176P, Rev  3, to explain the 
applicability of the McAdams and Holman correlations for a variety of conditions.  
While the Holman correlation is applicable to turbulent flow (GrPr > 109) only, the 
McAdams correlation is applicable to a much wider range (105 < GrPr < 3x1010).  The 
effect of heat transfer enhancement due to interfacial ripples is also discussed.  The 
uncertainties in Uchida-Sparrow degradation factor and K-S-P correlation and their 
interrelation are also discussed.    

 
This closes Confirmatory Item #16.  

16 Item #17:  GEH Assurance that TRACG Models and 
Correlations Are Consistent with the Final ESBWR 
Design 

16.1 Confirmatory Item #17 
 
“Prior to performing the final design analyses at the design certification stage, GENE 
should perform a thorough evaluation of the ESBWR design records and TRACG 
ESBWR model development records to substantiate that the TRACG models and 
correlations are consistent with the final design requirements and intended application.” 

16.2 Staff Evaluation of Confirmatory Item #17 
 
GEH stated in Reference 3 that the design records for ESBWR and TRACG model 
development are consistent with the GEH quality assurance (QA) system and that the 
application range of the correlations in the final design is within the reviewed application 
range.  The NRC staff performed an audit of TRACG as applied to ESBWR LOCA 
analyses and was able to evaluate the GEH QA processes and their application to 
TRACG development and use for ESBWR design certification.  The staff confirmed that 
GEH has rigorous QA processes for TRACG04A and that TRACG04A  is being applied 
within its application range for ESBWR LOCA applications.  The staff found that 
TRACG04P is being used for some licensing calculations.       RAI 21.6-95 and RAI 
21.6-96 were issued by the staff to address the open items associated with the audit 
concerning TRACG04P.  RAI 21.6-95 and RAI 21.6-96 are being tracked as open 
items.  

17 Item #18:  Uncertainty Analysis 

17.1 Confirmatory Item #18 
 
“At the design certification stage, GENE should examine further whether or not an 
uncertainty analysis can be performed on the combined reactor coolant 
system/containment system calculation rather than treating the containment aspect of 
the ECCS LOCA calculation in a bounding way.  The uncertainty analysis methodology 
should be applicable to both short term and long term LOCA events (i.e., up to 72 
hours).” 
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17.2 Staff Evaluation of Confirmatory Item #18 
 
In Reference 3, GEH states that since there is no core heatup, an uncertainty analysis of 
PCT would not provide useful results.  GEH states that a bounding evaluation for the 
minimum water level in the chimney during a LOCA event would demonstrate that there 
is margin to core uncovery and heatup.  Title 10, Section 50.46(a)(1)(i), of the Code of 
Federal Regulations (10 CFR 50.46(a)(1)(i)), states in part that “comparisons to 
applicable experimental data must be made and uncertainties in the analysis method 
and inputs must be identified and assessed so that the uncertainty in the calculated 
results can be estimated.  This uncertainty must be accounted for….”  The regulation in 
10 CFR 50.46(a)(1)(ii) states, “Alternately, an ECCS evaluation model may be 
developed in conformance with the required and acceptable features of appendix K 
ECCS Evaluation Models.”  GEH has not selected either of these options.  The staff 
issued RAI 6.3-81 requesting that GEH demonstrate how the LOCA analyses comply 
with this requirement.  GEH has not responded to this RAI, therefore RAI 6.3-81 is 
being tracked as an open item. 

18 Item #19:  Passive Containment Cooling System Vent 
System 

18.1 Confirmatory Item #19 
 
“The actual design configuration of the PCCS vent system, especially the vent 
submergence, may influence the amount of steam condensed in the SP.  Therefore, 
during the design certification review, the staff will confirm that steam entering the SP 
through the PCCS vent, as designed, will perform as expected to condense steam 
entering the SP.” 

18.2 Staff Evaluation of Confirmatory Item #19 
 
The pre-application SER “TRACG Application for ESBWR” (NEDC-33083P) reports the 
following under PIRT item WW3, on page 39: 
 
“Based on available test data, GENE concluded that any steam entering the SP through 
the PCCS vent, based on the design presented for this review, will be condensed within 
the SP during the blowdown period of the accident.” 
 
The staff’s acceptance of the above statement during the pre-application phase was 
based on its review of the supplemental information provided by GEH through 
preapplication RAI 314.1 (MFN 03-115) regarding the PCCS performance during the 
blow-down.  However, the staff is aware that even though there have been changes in 
the plant design since the pre-application (e.g., power level changed from 4000 MW to 
4500 MW, possible use of spargers), the same  
0.9 m PCCS vent submergence depth as specified in NEDE-32176P Rev. 1 also 
appears in Rev. 3.  In RAI 21.6-106, the staff requested GEH to confirm that the 0.9 m 
submergence depth is still valid, and that the final PCCS vent design would adequately 
condense steam and lead to saturated steam, and not superheated steam, above the 
suppression pool.  GEH’s validation of the vent line design performance during the 
blowdown should be based on experimental data. 
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GEH has not responded to this RAI, therefore RAI 21.6-106 is being tracked as an 
open item. 

19 Item #20:  ESBWR Design Changes 

19.1 Confirmatory Item #20 
 
“This safety evaluation is based on the 4000 MWth ESBWR reference design as 
described in Reference … [ NEDC-33084P, Revision 1, ESBWR Design Description, 
August 2003].  At the design certification stage, GENE should demonstrate that the 
reference design as described in Reference … [ NEDC-33084P, Revision 1, ESBWR 
Design Description, August 2003] has not been altered in such a way as to affect the 
staff’s conclusions of this report.  Significant changes in the design that challenge the 
conclusions of this report will result in the staff reevaluating the applicability of the 
TRACG code.” 

19.2 Staff Evaluation of Confirmatory Item #20 
 
In reference 4, GEH provided a list of changes to the ESBWR design between design 
that was referenced during the preapplication review and the design that was submitted 
in the design certification application.  The following subsections provide a description 
and an evaluation of the applicability of Reference 1 to each of the changes. 

19.2.1 Core Power 
 
The preapplication power level was 4000 megawatts thermal (MWt).  The ESBWR as 
described in Revision 3 of the DCD (Reference 23) has a core power level of 4500 MWt.  
The higher power level will give higher core exit and chimney void fractions.  In RAI 
21.6-75 (Reference 15), the staff requested that GEH submit the updated qualification 
report.  In response, GEH submitted Revision 3 of the TRACG qualification report 
(Reference 31) in August 2007.  The staff is reviewing the GEH qualification of its void 
fraction data provided in this report to ensure that the modifications to the entrainment 
fraction and its subsequent use in the interfacial shear model compare well with data.  
RAI 21.6-75 is being tracked as an open item pending staff review of NEDE-
32177P, Revision 3. 

19.2.2 Number of Bundles 
 
The number of bundles was increased from 1020 to 1132 to accommodate the power 
uprate described in Section 19.2.1.  The flexible input of TRACG allows GEH to change 
the number of bundles.  This change does not affect the staff’s evaluation of TRACG as 
applied to ESBWR LOCA in Reference 1. 

19.2.3 Change in Core Shroud Size 
 
The size of the core shroud was increased to include the bundles added (see Section 
19.2.2 of this report).  This causes the downcomer volume to decrease and therefore 
provides less inventory during the blowdown phase of the LOCA.  GEH included 

20 
 



additional ECCS sources to provide additional inventory.  Although this change affects 
the results of the analysis, it does not affect the ability of TRACG to simulate the analysis 
since the TRACG input is flexible enough that GEH can change the size of the shroud 
within the TRACG input deck.  This change does not affect the staff’s evaluation of 
TRACG as applied to ESBWR LOCA in Reference 1. 

19.2.4 Core Lattice 
 
GEH changed the ESBWR control blade lattice from an F-lattice with wide blades to an 
N-lattice with standard blades.  The purpose of this change was to simplify the design, 
as the N-lattice is similar to the current BWR/2-6.  The TRACG LOCA model in 
Reference 1 does not model three-dimensional kinetics and therefore does not consider 
the geometry of the control blades.  GEH uses a decay heat table upon reactor scram.  
During an audit from December 11 through December 15, and resuming for the period 
between December 19 and December 20, 2006, the staff reviewed the decay heat curve 
used in current ESBWR LOCA analyses in detail and confirmed that this change does 
not affect the staff’s evaluation of TRACG as applied to ESBWR LOCA in Reference 1. 

19.2.5 Number of Control Rod Drives 
 
GEH increased the number of control rod drives from 121 to 269 to accommodate the N-
lattice (see Section 19.2.4 of this report).  Control rod drives are not modeled in TRACG 
ESBWR LOCA analyses; therefore, this change does not affect the staff’s evaluation of 
TRACG as applied to ESBWR LOCA in Reference 1. 

19.2.6 GDCS Pool and Airspace Location 
 
To simplify the ESBWR design, GEH changed the location of the GDCS pool airspace 
from the wetwell to the drywell.  This is the same configuration as in the simplified 
boiling-water reactor (SBWR) and the M-series PANDA tests (Reference 17).  The staff 
reviewed the PANDA M-series tests during its evaluation of Reference 1.  This change 
does not affect the staff’s evaluation of TRACG as applied to ESBWR LOCA in 
Reference 1. 

19.2.7 PCCS 
 
GEH increased the number of PCCS units from four to six, and reduced the heat 
removal capability (13.5 MW decreased to 11 MW) of each PCCS unit.  GEH performed 
full-scale tests of the PCCS, and the staff finds these tests applicable to the ESBWR 
design since the condenser tube diameter, length, and pitch are the same as those 
tested.  The only difference is in the number of tubes.  Section 21.5.3 of the SER for the 
ESBWR design certification discusses the staff’s evaluation of the PCCS testing 
program.   

19.2.8 ICS 
 
GEH increased the power level of each IC from 30 to 33.5 MWt.  The staff did not 
evaluate the ability of TRACG to model the ICS during its evaluation of Reference 1; 
therefore, changes to the design do not affect the staff’s evaluation of TRACG as applied 
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to ESBWR LOCA in Reference 1.  The staff reviewed the GEH testing of the ICS, which 
is discussed in Section 21.5.3 of the SER for the ESBWR design certification.  
Reference 26 discusses modeling of the ICS for transient analysis.   
 
During the preapplication review of the 4000-MWt design, the capability of TRACG to 
model the ICS was not evaluated because it was not part of the ECCS at that time, and 
the GEH analyses took no credit for ICS operation during a LOCA.  The ICS has been 
added to the ECCS for the updated 4500-MWt ESBWR design by providing additional 
liquid inventory upon opening of the condensate return valves to initiate the system.  
 
In RAI 21.6-55, the staff requested that GEH justify the missed timing of the 
noncondensable gas transport in the IC in the presence of radiolytic gas generation 
during an event.  For LOCA events, GEH states that it models the radiolytic gas 
generation by a [[        ]] component that injects air [[                           ]] and that the 
gases are [[                                                                    ]].  GEH states that the purpose of 
the PANTHERS/IC tests was to demonstrate that the vent system could perform its 
intended function and that [[                                                 ]].  GEH has not 
demonstrated that TRACG is capable of simulating the ICS behavior during an ESBWR 
LOCA event in the presence of noncondensable gases.  The staff requested 
supplemental information to RAI 21.6-55, asking that GEH justify its position that the 
modeling of the heat removal capacity of the ICS in the ESBWR LOCA simulations is 
conservative.  RAI 21.6-55 is being tracked as an open item.  

19.2.9 Pressure Relief System 
 
The TRACG critical flow model is independent of the number of valves.  Therefore, this 
change does not affect the staff’s evaluation of TRACG as applied to ESBWR LOCA in 
Reference 1. 

19.2.10 Containment Vents 
 
The suppression pool (wetwell) is connected to the drywell by a vent system.  During the 
first part of a LOCA caused by a break in the drywell, a differential pressure is created 
from the drywell to the wetwell, and much of the gas and steam will be transferred to the 
wetwell through the vent system.  The acceptance of the TRACG model of the 
containment vents in Reference 1 was based on comparisons of TRACG to the PSTF 
facility for the 5703 series tests.  These tests were performed for full-scale vents.  
TRACG was able to model the vent flow rates and time of vent clearing adequately.   

19.2.11 Feedwater System 
 
GEH changed the control logic on the feedwater system.  The LOCA analyses in 
Revision 3 of the ESBWR DCD (Reference 23) assume loss of alternating current power 
upon initiation of the break and, therefore, loss of feedwater and scram.  The staff 
evaluated this change in logic and determined that the loss of feedwater upon initiation 
of the break is conservative, and thus this change is acceptable. 

19.2.12 Turbine Bypass Capacity 
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GEH increased the turbine bypass capacity from 33 percent to 100 percent.  This 
change is not modeled in TRACG ESBWR LOCA analyses and thus does not affect the 
staff’s evaluation of TRACG as applied to ESBWR LOCA in Reference 1. 

19.2.13 PCC Drain Tanks 
 
GEH removed the passive containment cooling (PCC) drain tanks that were once 
located in the drywell.  Instead, the PCCS drains directly to the GDCS.  This change 
simplifies the ESBWR design and this is the same configuration as in the SBWR and the 
M-series PANDA tests (Reference 17).  The staff reviewed the PANDA M-series tests 
during its evaluation of Reference 1.  This change does not affect the staff’s evaluation 
of TRACG as applied to ESBWR LOCA in Reference 1. 

19.2.14 Suppression Pool Volume 
 
GEH changed the suppression pool volume from 3610 m3 to 4424 m3.  The larger 
suppression pool reduces the temperature increase in the pool.  The TRACG input is 
flexible and capable of changing this design parameter.  This change does not affect the 
staff’s evaluation of TRACG as applied to ESBWR LOCA in Reference 1. 

19.2.15 Drywell/Wetwell Volume Ratio 
 
The drywell to wetwell volume ratio increased from 1.31 to 1.33.  The TRACG geometry 
input is flexible and capable of changing this design parameter.  This change does not 
affect the staff’s evaluation of TRACG as applied to ESBWR LOCA in Reference 1. 

19.2.16 Spillover Connection (Drywell Annulus to SP) 
 
GEH changed the design of the connection from the drywell to the wetwell (SP).  Instead 
of holes, the ESBWR now has pipes discharging to the wetwell at the elevation of the 
bottom horizontal vent. The staff included this connection in its confirmatory MELCOR 
analysis. 

19.2.17 Lower Drywell Free Volume to Top of Active Fuel Elevation 
 
GEH reduced the volume of the lower drywell to the top of the active fuel elevation.  This 
helps in the performance for lower elevation breaks, such as the BDLB.  For the long-
term cooling performance for the lower elevation breaks, GEH relies on the drywell filling 
to an elevation above the top of active fuel so that the PCCS has to supply only enough 
water to compensate for the inventory losses in the core that result from steaming from 
decay heat.  The TRACG geometry input is flexible and capable of changing this design 
parameter.  This change does not affect the staff’s evaluation of TRACG as applied to 
ESBWR LOCA in Reference 1. 

19.2.18 SLCS Activated on Automatic Depressurization System 
 
GEH added SLCS to the ECCS to provide additional inventory during a LOCA.  The 
SLCS is modeled as a [[                                   ]] table.  The SLCS injection velocity was 
calculated for ESBWR ATWS (high-pressure) conditions and therefore will be bounding 
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for use in ESBWR LOCA analyses.  Reference 27 discusses the adequacy of the SLCS 
FILL table to ATWS events.  This change does not affect the staff’s evaluation of 
TRACG as applied to ESBWR LOCA in Reference 1. 

19.2.19  Conclusions for Confirmatory Item #20 
 
The staff reviewed all of the design changes described in Reference 4, which document 
the changes in the ESBWR design since the review of Reference 1 and that described in 
Revision 0 of the DCD (Reference 10).  The preceding subsections document the staff’s 
review of these design changes and how they affect the applicability of TRACG to 
evaluate the LOCA event in the ESBWR.  The applicant has made additional changes to 
the ESBWR design between Revision 0 of the DCD (Reference 10) and Revision 2 of 
the DCD (References 7 and 14).  In RAI 21.6-98 (Reference 9), the staff asked GEH to 
submit all changes in the DCD since Revision 0 (Reference 10).  GEH has not 
responded to this RAI, therefore RAI 21.6-98 is being tracked as an open item. 

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