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SRP-Review Section: 06.02.01 - Containment Functional Design Application Section: 

 

06.02.01-06 (eRAI 9857) [Audit Issue 38] 
Date of eRAI Issue: 08/05/2021 

 

Requirement 

General Design Criterion 50 – Containment design basis, requires the reactor containment 
structure, including access openings, penetrations, and the containment heat removal system be 
designed so that the containment structure and its internal compartments can accommodate, 
without exceeding the design leakage rate and with sufficient margin, the calculated pressure and 
temperature conditions resulting from any loss-of-coolant accident (LOCA). 

Issue 

In order to determine the conservative mass and energy discharge to the containment, a computer 
code and the associated evaluation model needs to have the capability to model relevant physical 
phenomenon during a LOCA with a conservative treatment of uncertainties. Standard Review Plan 
(NUREG-0800) Section 6.2.1.3, "Mass and Energy Release Analysis for Postulated 
Loss-of-Coolant Accidents (LOCAs)," notes that "calculations of the mass and energy release rates 
for a LOCA should be performed in a manner that conservatively establishes the containment 
internal design pressure (i.e., maximizes the post-accident containment pressure and the 
containment sub-compartment response)." 

The pipe lay out of BWRX-300 Isolation Condensers (ICs) return line is different from that of GE 
ESBWR design. [[                                                                            
                                                                                             
                                                                                             
                                                                                             
                                                                                             
                                                                                             
                                                                                             
                                                                                             
                                                                                             
                                                                                             
                                                                                   ]]. 

Request 

Therefore, the staff is requesting additional information regarding the modeling capability of 
TRACG to simulate the ICS return line clearing, in particular, the conservatism of the existing 
TRACG SBLOCA model regarding the impact of clearing on the overall ICS heat removal 
capacity. 
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GEH Response to NRC Question 06.02.01-06 

The piping layout for condensate return from the ICs has not been finalized. Earlier calculations 
had shown that flushing of Non-Condensable Gases (NCGs) from the ICs back into the Reactor 
Pressure Vessel (RPV) was possible if the water loop seal was not present. This flushing 
phenomenon relies on the interfacial drag between the liquid condensate and the gases which 
include varying concentrations of steam with NCGs. The interfacial drag force depends on the 
relative velocities between the liquid and gases which will vary substantially during the time when 
the ICs are in service. The TRACG modeling of two-phase flow has been validated and qualified 
for vertical geometries for co-current upward and downward flows and countercurrent flow with 
gas(es) moving upward and liquid moving downward. [[                                        
                                                                                             
                                                                                             
                                                                                             
                                                                                      ]] 

Any possibility for complete flushing of NCGs from the ICs should not be relied upon as a means 
for limiting the buildup of NCGs in the ICs. When the geometry is vertical, the downward transport 
of NCGs is reliably calculated by TRACG when the liquid velocity is large enough to drag gases 
down. [[                                                                                      
                                                                                             
                                     ]] GEH concurs with the NRC staff’s assessment that 

countercurrent flow could be possible in these inclined or nearly horizontal sections of piping 
which would allow steam to backflow into the ICs if the loop seal was not present to prevent it. 
Therefore, there is no advantage for not having a water seal in the condensate return lines. The 
loop seal will be retained in the final design. With the loop seal present, the reverse flow of steam 
into the IC loop will be prevented. The calculations previously performed remain valid because 
reverse steam flow had been prevented by applying a directionally dependent artificially large loss 
coefficient at the pipe discharge into the chimney. Also, when the loop seal is present, the ability 
to flush NCGs will be limited or even prevented entirely. As shown by calculations presented in 
the GEH Supplemental Response to NRC Question 06.02.01-01 (eRAI 9817) 
(Reference R9857-1), when NCG accumulation is maintained below a certain amount in the lower 
regions of the ICs and the condensate lines, then there is no significant degradation in the heat 
removal capabilities of the ICs. The final IC design will provide a means to limit the NCG buildup 
so that modeling of the heat removal capability will remain valid and conservative based on the 
tested IC configuration with little to no NCGs present.  

 

Reference 

R9857-1. GEH Letter M210099, “Response to Requests for Additional Information (eRAIs) 
9854, 9856, and 9862 and Supplemental Response to eRAI 9817 for Licensing Topical 
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Report NEDC-33922P, Revision 0, BWRX-300 Containment Evaluation Method,” 
September 17, 2021. 

 

Proposed Changes to NEDC-33922P Revision 0 

None. 
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06.02.01-07 (eRAI 9862) [Audit Issue 40] 
Date of eRAI Issue: 08/05/2021 

 

Requirement 

General Design Criterion 50 – Containment design basis. Requires the reactor containment 
structure, including access openings, penetrations, and the containment heat removal system be 
designed so that the containment structure and its internal compartments can accommodate, 
without exceeding the design leakage rate and with sufficient margin, the calculated pressure and 
temperature conditions resulting from any loss-of-coolant accident (LOCA). 

General Design Criterion 38 -- Containment heat removal. A system to remove heat from the 
reactor containment shall be provided. The system safety function shall be to reduce rapidly, 
consistent with the functioning of other associated systems, the containment pressure and 
temperature following any loss-of-coolant accident and maintain them at acceptably low levels. 

General Design Criterion 16 -- Containment design. Reactor containment and associated systems 
shall be provided to establish an essentially leak-tight barrier against the uncontrolled release of 
radioactivity to the environment and to assure that the containment design conditions important to 
safety are not exceeded for as long as postulated accident conditions require. 

Issue 

In the course of the staff’s review of the GEH LTR NEDC-33922P, Revision 0, BWRX-300 
Containment Evaluation (CE), GEH submitted a deliverable package on the docket, dated 
December 8, 2020. The package included original (NEDC-33922P-R0) and updated (UPDATE) 
sets of TRACG and GOTHIC models, along with some parameter comparisons between the 
original and updated models for the large break and small steam break LOCA conservative cases. 
However, no calculation results were included in the package to demonstrate the impact of changes 
made to the original TRACG/GOTHIC models to update them. The results presented and 
discussed in LTR NEDC-33922P, Revision 0, pertain to the original TRACG/GOTHIC models. 
According to GEH, the future LTR revision will be based on the calculation results from the 
updated TRACG/GOTHIC models. 

During the course of confirmatory analyses, the staff also executed the submitted updated TRACG 
model and compared the resulting mass and energy release with the original TRACG model results 
presented in LTR Revision 0, and found significant differences in the break flow of the 
conservative large steam break LOCA. Without a complete review of the updated 
TRACG/GOTHIC model results, the staff cannot determine whether the updated models introduce 
any additional phenomena that were not captured in the original models, and thereby potentially 
adversely impact the major CE methodology conclusions based on the original models. 

Request 

1. Present and explain the prediction differences between the original and updated models in 
terms of the magnitude and sequence of events during the transient due to the changes in the 
updated models. Provide justification that no new phenomena were caused by the model/code 
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changes in the updated models. This would involve the key CE methodology parameters, 
e.g., RPV pressure, downcomer level, fuel temperature, mass and energy release, containment 
pressure, shell temperature, and PCCS exit and reactor cavity pool temperatures. Address the 
above requests for both the limiting large break and small break LOCA. 

2. Justify that the updated TRACG/GOTHIC models remain bounding, and no major CE 
methodology conclusions regarding the limiting transients, rapid cooling requirements, 
nodalizations, and modeling uncertainties are adversely impacted compared to the original 
models. 

3. Confirm that the LTR will be updated to reflect calculation results based on verified updated 
TRACG/GOTHIC models for all the demonstration transients. 

 

GEH Response to NRC Question 06.02.01-07 

1. The updated steady state and transient TRACG results were obtained from version 76.01 
whereas the original results were obtained from version 75.00. Differences in code versions 
(provided during the audit) do not explain the differences in calculated results because none of 
the code differences would produce any differences in calculated break flow. Similarly, no 
effect on calculated results would be caused by cosmetic and trivial differences observed in 
the transient input files because the bulk of transient inputs are obtained via the dump/restart 
file from the end of the steady state cases. Differences in calculated transient results are 
attributed to input changes made in the steady state where the loss coefficients for radial steam 
flow in the dryer were increased. This change results in a minor difference in the void fraction 
for steam entering the steam line when the break occurs. This is not a new phenomenon. In 
both the UPDATED and LTR cases, the void fraction decreased momentarily in the reactor 
pressure vessel (RPV) at the entry point to the steam line because of the rapid RPV pressure 
reduction. There was only a slight difference in the amount that the void fraction decreased. 

Figure 9862-10 compares the break flows and enthalpies at the two separated ends of the 
guillotine break for both the LTR and UPDATED inputs. The effect of these differences is 
small in terms of total integrated energy released via the break from the RPV to the containment 
shown in Figure 9862-11. As expected, the containment pressure is slightly higher for the 
UPDATED case shown in Figure 9862-12 because the integrated energy into the containment 
was higher. The tailoff in the containment pressure [[                         ]] is addressed 
in the response to Part 2 of this RAI question.  The break flow and enthalpy can only have an 
effect on the RPV pressure before the RPV isolation valves are fully closed; therefore, the RPV 
pressure response is not shown in Figure 9862-13 after the break flow from the isolated steam 
line has stopped. Also as expected, the RPV pressure for the UPDATED case is slightly lower 
because the integrated energy release from the RPV to containment was slightly greater. 
Because of the additional energy and mass release from the RPV, the RPV level is lower for 
the updated case as shown in Figure 9862-14. The slight plateau in RPV level [[              
                ]] in the figure corresponds to when the isolated steam line pressure and 

containment pressure equalize. In this time frame [[                         ]] the UPDATED 
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RPV level response tracks parallel to the RPV level response reported in the LTR. In the longer 
term, the RPV level responses become similar because the level in the downcomer and inside 
the chimney will approximately equalize to the level in the downcomer. This equilibrium level 
is sensitive to two-phase conditions inside the core barrel, especially in the core. The core 
averaged void fraction for the UPDATED case is higher than the LTR case in this time frame 
which reflects the integral effect of lower recirculation flow caused by the earlier lower 
downcomer level [[                        ]]. There are no significant differences in the 
progression or timing of events for the large steam break. 

The updated results demonstrate that no new or additional phenomena were introduced by the 
model/code changes. The effects of code and input changes are not shown for the liquid large 
breaks and the small liquid and steam breaks because they are negligible.   

[[ 

   ]] 

Figure 9862-10. Break Flows and Enthalpies for Conservative LB Steam Break 
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[[ 

   ]] 

Figure 9862-11. Total Break Integrated Energy for Conservative LB Steam Break 
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[[ 

   ]] 

Figure 9862-12. Containment Pressure for Conservative for LB Steam Break 
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[[ 

   ]] 

Figure 9862-13. RPV Pressure for Conservative for LB Steam Break 
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[[ 

   ]] 

Figure 9862-14. RPV Level for Conservative for LB Steam Break 

2. There were minor unintentional differences between the model described in the LTR and the 
model that produced the figures in the LTR. The effect of these differences was not noticeable 
in most cases. In two instances the results were noticeable. These are (a) the tail end of the 
containment pressure should have decreased faster in both the base and conservative cases 
shown in LTR Figure 6-26; and (b) the shell temperatures shown in Figures 6-27, 6-30, and 
6-34 should have been about 8°C lower for all cases because of a unit conversion error. The 
transmittal of the files in the UPDATE folder also included the comparisons showing the 
differences for the limiting cases. These differences affect all curves, base and conservative, 
in the same manner. These differences do not affect any of the uncertainty discussions. 
Therefore, no major CE methodology conclusions based on the original models regarding the 
limiting transients, rapid cooling requirements, nodalizations, and modeling uncertainties have 
been adversely affected by the updated models. 

3. The final LTR figures will be produced using the corrected model provided in the UPDATE 
folder after making the additional changes resulting from the RAI responses. 

 

Proposed Changes to NEDC-33922P Revision 0 

The LTR figures will be updated as stated in the RAI response to Item 3.  
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06.02.01-08 (eRAI 9862) [Audit Issue 43] 
Date of eRAI Issue: 08/05/2021 

 

Requirement 

General Design Criterion 38 -- Containment heat removal. A system to remove heat from the 
reactor containment shall be provided. The system safety function shall be to reduce rapidly, 
consistent with the functioning of other associated systems, the containment pressure and 
temperature following any loss-of-coolant accident and maintain them at acceptably low levels. 

General Design Criterion 16 -- Containment design. Reactor containment and associated systems 
shall be provided to establish an essentially leak-tight barrier against the uncontrolled release of 
radioactivity to the environment and to assure that the containment design conditions important to 
safety are not exceeded for as long as postulated accident conditions require. 

Issue 

Table 6-2 of the GEH LTR NEDC-33922P, Revision 0, BWRX-300 Containment Evaluation (CE) 
Method, presents the Phenomena Identification and Ranking Table for BWRX-300 containment. 
The table recognizes [[                                                                        
                                                                                             
                      

                                                 

                                                                                         
                                                       

                                              

                                                 

                                                    ]] 

These phenomena are pertinent to [[                                                           
                                              ]], during the first 24 hours of LBLOCA and first 

72 hours of SBLOCA. As presented in the LTR, the BWRX-300 CE methodology uses a [[       
                                                                                             
                                                ]]. The staff has two primary concerns in this 

regard. 

• Several correlations are being used in a manner that may not accurately capture the PCCS 
geometry and flow conditions, and 

• As the same [[                                               ]], the applicable flow and 
heat transfer regimes may not be accurately captured by the model. The staff needs to make 
a reasonable assurance finding regarding the single-phase heat transfer modeling inside the 
PCCS tubes. No test data were presented for the PCCS channels thermal performance 
either as a separate effect or an integral experiment, so the modeling is dependent on use 
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of appropriate theoretical models to capture the phenomena within the PCCS tubes. 
Therefore, the applicant is requested to address the following questions about the PCCS 
tube-side heat transfer and flow-rate modeling and the related assumptions. 

Request 

1. Section 6.5 of the GEH LTR NEDC-33922P, Revision 0, BWRX-300 Containment Evaluation 
(CE) Method, presents a PCCS tube-side heat transfer model, as captured by the following 
three equations on the LTR Page 65. 

NuFC = 0.023Re0.8Pr0.3 (1) 

[[                                     ]] (2) 

[[    ]] (3) 

Equation 3 [[                                                                              
                                                                                        ]]. 

Even though, “alternate calculation.docx” file GEH submitted as a part of Package-3 in the 
DBR-0055078-R0 folder, does provide additional thermosyphon modeling details, the staff 
was not able to find a reference for using the three equations for modeling natural convection 
flow and heat transfer [[                                                                   
                                          ]]. The applicant is requested to provide a citation 

for this modeling approach and its separate-effect validation basis [[                          
               ]] used in BWRX-300. The staff has following specific concerns about the 

potential non-conservatisms in the three-equation [[                     ]] formulation that 
need to be addressed. 

a. [[                                                                                     
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                      ]]. The applicant is requested to justify the applicability of the 

[[                                                                                     
                                                                                      
                                                         ]]. Also justify why [[         
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                                                      ]]. 

b. This model does not appear to appropriately and consistently model all expected flow 
conditions that would occur during the postulated events, including [[                     
                                                                                      
                                                                                      
                                                                                      
                                                                                      
         ]]. Unlike the [[                                                               
                                                  ]] (Figures 6-18 & 6-20), no such 

criteria are used to identify the applicable natural, forced, or mixed convection mode inside 
the PCCS tubes. 

Please justify the three-equation based model’s presumption of [[                               
       ]] even during conditions that are expected to be laminar, which is expected to be 

non-conservative. In this backdrop, also justify the use of Dittus-Boelter correlation 
(Equation 1) for turbulent forced-convection that is expected to be non-conservative in the 
initial phase until the Reynolds number exceeds a certain threshold. 

2. There is almost no information provided in the LTR on how the resulting density-driven single-
phase flow recirculation gets imposed [[                                                    
                 ]], except the statement that “Wall friction is calculated from the Colebrook 

relationship for smooth wall.” The staff requests a summary of the flow modeling details be 
included in the LTR describing the related BWRX-300 CE methodology. 

3. The applicant is requested to provide the LBLOCA and SBLOCA short-term and long-term 
plots for PCCS flowrate, total heat transfer, and temperatures [[                              
                            ]] to demonstrate that the PCCS model predicts the physically 

consistent trends in overcoming the initial thermal inertia of the single-phase thermosyphon, 
as well as the long-term PCCS thermal performance characteristics. Also provide 
representative plots of the applicable non-dimensional numbers (e.g. Reynolds, Rayleigh) to 
support the choice of heat transfer correlations and convection regimes, or show that the            
[[                          ]] will yield the same or more conservative results compared to a 
generally accepted correlation that is more directly applicable. For this study, use the limiting 
break location [[                                  ]] that was identified in response to RAI 
(06.02.01-03). The results would help the staff make a reasonable assurance finding regarding 
the modeling of PCCS single-phase heat transfer modeling in general and understand the 
Figure 6-32 trends better. 

Please update the LTR with any information needed to clarify modeling details necessary to 
perform the containment evaluation analyses. 
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GEH Response to NRC Question 06.02.01-08 

1. The Nu number can be calculated as the higher of the Nu numbers in the laminar and turbulent 
natural convection regimes instead of determining whether the flow is in the laminar or 
turbulent flow regimes and calculating the Nu number from the respective correlation for 
natural convection. [[                                                                      
                                                                                         
                                                                                         
                                                                         

                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                                                                                      
                               

 

                                                                                      
                                                                                      
                                                     
                                                                                      
                                                                                      
                                                                                      
                                                                                      
              ]] 

b. Equation (1) is applicable to the turbulent regime. Equation (2) is applicable to both the 
laminar and turbulent flow regimes. [[                                                  
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                                                                                 ]] 

The above discussion shows that the equation set used for convection inside the PCCS 
tubes correctly selects the mode of the heat transfer during the period that the PCCS is 
removing heat from the containment by heating up the liquid. 

2. [[                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
             ]] The input parameters required for this calculation are derived from the PCCS 

design and will be finalized when the design is finalized. 

[[                                                                                         
                                                                                         
                                                                                         
                  ]]   
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3. The plots provided in the response to Part 1.b and the discussion above convey the information 
requested in this RAI question. [[                                                           
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                         

                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                         
                                                                                      ]] 

Therefore, overcoming the initial thermal inertia and the short-term PCCS performance 
characteristics are not important in determining the key containment response characteristics. 
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Table 9862-1. Re, Gr, Pr and Nu numbers at Node #4 of PCCS Units 1 and 5 

   PCCS Unit 1 PCCS Unit 5  PCCS Unit 1 PCCS Unit 5  
   Node #4 Node #4 Node #4 Node #4 

   [[    
Pressure kPa                            
Wall temperature °C                         
Liquid temperature °C                         
Velocity m/s                             
Film temperature °C                         
Density kg/m3                             
Dynamic viscosity kg/m-s                                         
Specific heat kJ/kg-K                         
Thermal conductivity W/m-K                             
Vol. expansion coefficient 1/K                                     
           
Re                                 
Gr                                      
Pr                      
Ra                                      
Ri                      
Nu, Forced Convection                          
Nu, Natural Convection                         

Nu Mixed Convection                            ]] 
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[[ 

   ]] 

Figure 9862-15. Comparison of McAdams Correlation to Churchill and Chu Correlation 
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[[ 

   ]] 

Figure 9862-16. Containment, Wall and Liquid Temperatures at Node #4 of PCCS Unit 1, 
Closest to the Break Location, Small Steam Pipe Break 
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[[ 

   ]] 

Figure 9862-17. Containment, Wall and Liquid Temperatures at Node #4 of PCCS Unit 5, 
Farthest to the Break Location, Small Steam Pipe Break 
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[[ 

   ]] 

Figure 9862-18. Velocities in the Annuli of PCCS Unit 1 (Closest to the Break Location) 
and PCCS Unit 5 (Farthest from the Break Location), Small Steam Pipe Break 

 

References 

R9862-5.  W.H. McAdams, “Heat Transmission,” McGraw-Hill, Third Edition, New York, 1954. 

R9862-6,  S.W. Churchill and H.H.S. Chu, “Correlating Equations for Laminar and Turbulent 
Free Convection From a Vertical Plate,” Int. J. Heat and Mass Transfer, Vol. 18, 
pp. 1323-1329, (1975). 

 

Proposed Changes to NEDC-33922P Revision 0 

A summary of the discussion provided in this RAI response will be added to the LTR to describe 
the heat transfer and fluid flow in the cold and hot channels of the PCCS units. 
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