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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION 

APR1400 Design Certification 

Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD 

Docket No. 52-046 

RAI No.:  326-8408 

SRP Section:  04.04 – Thermal and Hydraulic Design 

Application Section:  4.4.2.4 

Date of RAI Issue:  12/03/2015 

 
 
Question No. 04.04-1 
 
10 CFR 50, Appendix A, General Design Criterion 10 requires that the reactor core and 
associated coolant, control, and protection system be designed with appropriate margin to 
assure that specified acceptable fuel design limits are not exceeded during any condition of 
normal operation, including the effects of anticipated operational occurrences. 
 
Section 4.4.2.4 (Void Fraction Distribution) of the APR1400 DCD states that the “core average 
void fraction and the maximum void fraction are calculated using the Maurer method.” The staff 
has not previously documented a review of this method, and cannot assess margin with 
respect to specified acceptable fuel design limits. Provide justification that the Maurer method 
results in conservative calculation of thermal hydraulic parameters used in the core design. 
This should include comparison to modern (state-of-the-art) void fraction data and to currently-
accepted analytical methods for void fraction determination, such as the drift-flux method. 
Additionally, please identify which computer codes used for core design employ this method. 
 
Response 
 
The void fraction distribution of DCD Section 4.4.2.4 was described to fulfill the requirement of 
Reg. Guide 1.206 and it was calculated using the Maurer model employed in TORC code. 
This Maurer model was selected to identify the void fraction at the subcooled boiling region of 
the hot subchannel in the core at the normal operating condition. But, the Maurer model is not 
used to assess margin with respect to specified acceptable fuel design limit, because the void 
fraction predicted by Maurer model in subcooled boiling region is not considered in the 
current core thermal design using TORC code. So, the justification for the Maurer model isn’t 
necessary. Instead, the two-phase friction multiplier by the Sher-Green and modified 
Martinelli-nelson model is used for the subcooled boiling region and the modified Martinelli-
nelson model is used to calculate the void fraction for the bulk boiling region to assess margin 
(Refer to Section 3.3 of CENPD-161-P-A and response to RAI 04.04-2). 
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Impact on DCD  
 
There is no impact on DCD. 
 
Impact on PRA  
 
There is no impact on PRA. 
 
Impact on Technical Specifications  
 
There is no impact on Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
There is no impact on any Technical, Topical, or Environment Report. 
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RAI No.:  326-8408 
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Application Section:  4.4.2.4 

Date of RAI Issue:  12/03/2015 

 
 
Question No. 04.04-2 
 
Title 10 of the Code of Federal Regulations, Part 50, Appendix A, Criterion 10 (Reactor Design) 
requires that the reactor core and associated coolant, control, and protection systems shall be 
designed with appropriate margin to assure that specified acceptable fuel design limits are not 
exceeded during any condition of normal operation, including the effects of anticipated 
operational occurrences. 
 
Section 4.4.4.2.3 (Core Pressure Drop Correlations) of the APR1400 DCD states that “To 
calculate pressure drop either for heating without boiling or for subcooled boiling, the friction 
factor for isothermal flow is modified through the use of the multipliers given by Pyle”. The staff 
has previously reviewed and approved use of the curve fit to the Martinelli-Nelson two-phase 
friction factor data, but has not documented an evaluation of Pyle multipliers to account for the 
effects of subcooled voids on the acceleration and elevation components of the pressure drop. 
Provide justification that the use of Pyle multipliers on the two-phase friction factors results in 
conservative calculation of thermal hydraulic parameters used in core design. Additionally, 
pleases identify which computer program utilized in core design employ this method, including 
appropriate justification for its use with each program. 
 
Response 
 
The two-phase friction factor multiplier for subcooled boiling conditions given by Pyle as 
described in page 8 of DCD Reference 14 (R. S. Pyle, “A Program for the Thermal Analysis of 
a Pressurized Water Nuclear Reactor During Steady-State Operation, STDY-3”, WAPD-TM-
213, June 1960.) is the same as the correlations by Sher and Green for local boiling condition 
which was reviewed and approved by the USNRC through the licensing of TORC code 
(Tables 3.1 and 3.2 of CENPD-161-P-A) and CETOP code (Tables 2.1 and 2.2 of CEN-214 
(A)-NP). This Pyle multiplier was employed in the core thermal analysis code (TORC and 
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CETOP codes) to get the local fluid conditions which were used in core thermal design like 
CHF correlation development, core thermal margin assessment and determination of DNBR 
SAFDL (Specified Acceptable Fuel Design Limit). Therefore, there's no need to justify the 
conservatism for the use of Pyle multipliers. 
 

 
 
Impact on DCD  
 
There is no impact on DCD. 
 
Impact on PRA  
 
There is no impact on PRA. 
 
Impact on Technical Specifications  
 
There is no impact on Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
There is no impact on any Technical, Topical, or Environment Report. 
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Question No. 04.04-3 
 
Title 10 of the Code of Federal Regulations, Part 50, Appendix A, Criterion 10 (Reactor Design) 
requires that the reactor core and associated coolant, control, and protection systems shall be 
designed with appropriate margin to assure that specified acceptable fuel design limits are not 
exceeded during any condition of normal operation, including the effects of anticipated operational 
occurrences. 
 
Section 4.4 of the APR1400 DCD describes the use of the TORC and CETOP codes for core 
design and thermal design margin determination. Both of these codes are steady state 
subchannel analysis codes, and the previous staff approval was limited to steady state 
applications. Additionally, their application was limited to single phase flow or homogeneous 
two-phase flow (such as bubbly flow regime). Provide justification that these analysis methods 
conservatively predict the transient and two-phase effects of all anticipated operational 
occurrences. If an alternate approach is used to analyze anticipated operational occurrences 
where transient or two-phase effects are expected to be significant, provide a discussion of the 
alternate approach. 
 
Response 
 
KCE-1 CHF correlation was developed using the TORC code and based on the CHF test data 
with the applicable quality range including the two-phase region possible during AOOs. 
CETOP code uses this KCE-1 CHF correlation for the thermal analysis. So, the two-phase 
effects of AOOs were fed into thermal analysis. Also, DNBRs in the transient of AOOs 
progress in the decreasing direction and are calculated at each time step (quasi-steady 
state). The quasi-steady state analysis is more conservative than the transient analysis 
because the DNBR computed by the quasi-steady state changes with time and reaches a 
minimum value more rapidly than the DNBR computed using the transient. This is due to the 
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fact that the quasi-steady state analysis takes no account of transient effects on the coolant 
(Refer to Figure 6.1 of CENPD-183-A). Therefore, the use of the TORC and CETOP codes 
for core thermal margin analysis is conservative to predict the transient and two-phase effects 
of all AOOs. 
 

 
 
Impact on DCD  
 
There is no impact on DCD. 
 
Impact on PRA  
 
There is no impact on PRA. 
 
Impact on Technical Specifications  
 
There is no impact on Technical Specifications. 
 
Impact on Technical/Topical/Environmental Reports  
 
There is no impact on any Technical, Topical, or Environment Report. 
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