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REQUEST FOR ADDITIONAL INFORMATION 
 

9/8/2009 
 

US-APWR Topical Report: Small Break LOCA Methodology, MUAP-07013-P (R0) 
Mitsubishi Heavy Industries 

Docket No. 52-021 
SRSB Branch 

 
The following are NRC requests for additional information (RAIs) based on the review of the 
Small Break LOCA Methodology Topical Report.  These RAIs cover the coding, M-RELAP5 
model input, and consider the results of confirmatory calculations.  If there is a related RAI that 
was responded to earlier, that RAI is referenced in the "Original Question Number" column. 
 

New Question 
Number 

Original 
Question 
Number 

Question 

*3-1  Contrary to the normal practice with RELAP5-3D and 
RELAP5/MOD3.3 code versions, there is no M-RELAP 
version information given in the output files.  Lack of this type 
of information makes it impossible to confirm which version of 
M-RELAP is being used for the MHI analysis.    Include a 
version identifier in the M-RELAP output for all future runs. 

**3-2  [ 
  (Proprietary information withheld under 10 CFR 2.390) 
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                                                                        ] 

*3-3  [ 
 (Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
               ] 

*E-1  [  
 (Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
 
 
 
 
                                                                                     ] 

*8.1.1-6  [  
 (Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
 
 
 
                   ]   

*8.1.1-7  Figure 8.1.1-6 shows a comparison of the predicted and 
measured void fraction profiles.  The void fraction decreases 
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at the highest node in the M-RELAP5 prediction.  One would 
expect the void fraction to continuously increase.  Please 
explain this prediction. 

*8.1.2-14  [  
  (Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
 
 
 
 
 
 
 
                                               ] 

*8.1.3-9  Figures 8.1.3-8 through 8.1.3-15 show the comparison of the 
predicted results to the measured data.  It is noticed that the 
initial fluid temperature and collapsed level are lower in the 
prediction than in the measurement (See Figures 8.1.3-8, 
8.1.3-10, 8.1.3-12, and 8.1.3-14).  Please explain. 

*8.1.3-10  The 1st sentence of the 3rd paragraph in Section 8.1.3.5 on 
page 8.1.3-3 states, “Figures 8.1.3-10 and 14 indicate good 
agreement between the calculated results and the 
experimental data.” 
 
However, Figure 8.1.3-14 shows that the predicted initial 
collapsed water levels is different from the measured data.  It 
can be seen that if the predicted initial collapsed water levels 
are moved up to the point of the measurement then the 
agreement is much better.  Please explain why the initial 
predicted collapsed water level is different than the test data. 

*8.1.3-11  MHI states in the first paragraph on page 8.1.3-4 that the 
delayed quenching times resulted from the fact that the M-
RELAP5 predicted heat transfer for film boiling and transition 
boiling, which are dominant in the pre-quench cooling, is 
conservatively modeled.  However, MHI stated in Section 
8.1.2.7 that the M-RELAP5 code reasonably predicts the rod 
heat transfer above the two-phase mixture level. 
 
Please provide an explanation of these two contradictory 
conclusions regarding the capability of M-RELAP5 to predict 
the heat transfer in the region above the two-phase mixture 
level. 

*8.1.4-10  [  
  (Proprietary information withheld under 10 CFR 2.390)            
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                                                                                      ] 

**8.1.4-11 8.1.4-7 [ 
   (Proprietary information withheld under 10 CFR 2.390)  
 
 
 
 
 
 
 
 
 
 
 
                                                                           ]  

*8.1.5-9  Figure number is wrong at the bottom of page 8.1.5-2.  It 
should be changed to be Figure 8.1.5-4 from Figure 9.1.5-4. 

*8.1.5-10  Figures 8.1.5-3 and 8.1.5-4 show the comparison of the 
calculated results to the measured data.  What do the solid 
lines stand for in those figures? 

*8.2.1-7  [ 
  (Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                           ] 

**8.2.1-8  [ 
  (Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
                                                                                     ] 
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**8.2.1-9 8.1.4-7 [  
  (Proprietary information withheld under 10 CFR 2.390) 
 
                                                 ] 

**8.2.1-10  On page 8.2.1-7 MHI defines the time period from 50 s to 95 
s as the natural circulation period.  According to the pump 
coastdown curves (Figure 8.2.1-11 and 8.2.1-12), however, 
the pump speed is still high during that period (about 5/8 of 
the initial speed at 50 s and about 5/16 of the initial speed at 
95 s).  So the flow rate seems to be still primarily determined 
by the pumps.  Please justify quantitatively that the time 
period of 50 s to 95 s can be defined as the natural 
circulation period. 

**8.2.1-11  On page 8.2.1-7 MHI states, “Both loops flowrate at cross-
over leg of M-RELAP5 calculation agree with these of the test 
data during natural circulation period (Figure 8.2.1-18 and 
19). As a result, M-RELAP5 capability to predict SG primary 
and secondary heat transfer is good.” 
 
As discussed in RAI 8.2.1-10, the loop flowrate seems to be 
mostly determined by the pump speed during that time 
period.  And the pump coastdown curve was given as an 
input.  As a result, it is obvious that the predicted loop 
flowrate agrees well with the test data.  MHI’s conclusion 
above regarding the heat transfer prediction being good is 
based on an essentially specified flow rate, a major 
determinant of the heat transfer coefficients.  Please explain 
how this assessment is useful for assessing M-RELAP5 for 
application to the US-APWR SBLOCA where the flow rate 
must be predicted by the code.   

*8.2.1-12   
The 2nd last paragraph on page 8.2.1-7 states, “Break 
flowrate of M-RELAP5 calculation is adjusted to test data 
(Figure 8.2.1-15), as a result, primary pressure drop behavior 
agrees with test data excellently (Figure 8.2.1-16). Signal 
timings agree with test data (Table 8.2.1-6). Secondary 
pressures are also adjusted to test data (Figure 8.2.1-13 and 
8.2.1-14). Primary pressure and secondary pressures of M-
RELAP5 calculation agree with test data, as a result, M-
RELAP5 capability to predict SG primary and secondary heat 
transfer is good.” 
 
It is obvious that the primary and secondary system 
pressures show good agreements between the prediction 
and the measurement because the primary system pressure 
was predicted with the adjusted break flow and the 
secondary system pressure was also adjusted to the test 
data.  Since this is not the manner in which the plant 
calculations will be performed, i.e. break flow and secondary 
pressure will not be specified as boundary conditions, please 
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explain how this assessment establishes the ability of         
M-RELAP5 to predict the plant response for SBLOCA events.

**8.2.1-13  The 2nd paragraph on page 8.2.1-8 states, “Downcomer 
water level of M-RELAP5 result agrees with that of test data 
at about 150 sec (Figure 8.2.1-34). As a result, M-RELAP5 
capability to predict downcomer mixture level is good during 
loop seal period.” 
 
Figure 8.2.1-34 shows that the predicted behavior of the 
downcomer water level (in terms of differential pressure) is 
different from the measured data until around 150 s. Explain 
this difference.  
 
The initial differential pressure is higher in the simulation than 
in the experiment by around 3 kPa.  Does this mean that the 
measurement points of the differential pressure are different 
between the simulation and the test?  Explain why there is 
approximately a 3 kPa difference in the differential pressure 
at time zero. 

*8.2.1-14  Figures 8.2.1-37 and 8.2.1-38 show the measured and 
predicted rod surface temperatures, respectively.  However, it 
is very difficult to distinguish the temperatures given at 
several elevations.  Please provide figures which show the 
temperatures clearly. 

*8.2.1-15  Figures 8.2.1-39 and 8.2.1-40 show comparisons of the 
predicted and measured rod surface temperatures in the 
upper part of the core.  From these figures it can be seen that 
M-RELAP5 does not predict the rod temperature increase at 
around 130 s while there are the temperature increases in 
the test data at that time.  Please explain. 

**8.2.1-16 8.2.1-6 [ 
  (Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                            ] 

*8.2.1-17  The 1st sentence of the 2nd last paragraph on page 8.2.1-10 
states, “ACC flow was initiated at 455 sec (test data) or 480 
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sec (M-RELAP5), and then core water level started to 
recover (Figure 8.2.1-35 and 36).”   Table 8.2.1-6 also shows 
that the accumulation injection time is 480 s in the prediction. 
 
However, Figures 8.2.1-35 and 8.2.1-36 show that M-
RELAP5 predicts earlier ACC flow injection than the test data 
and the injection time is around 440 s.  Do the figures show 
the results of a different case?  If not, explain the discrepancy 
between the figures and the description in the text. 

**8.2.1-18  Figures 8.2.1-39 and 8.2.1-40 show that M-RELAP5 predicts 
the heater rod rewetting occurred slightly earlier at 3.57 m at 
around 550 s than at 3.17 m at around 560 s while the heater 
rod is rewetted first at 3.17 m at around 500 s and then at 
3.57 m at around 540 s in the test.  Explain why the heater 
rod rewetting occurs later at the lower section (at 3.17 m) 
than the upper section (at 3.57 m) in the simulation whereas 
the test data shows that the rewetting occurs later at the 
upper section. 

**8.2.1-19  The 2nd paragraph on page 8.2.1-11 says, “There are some 
heater rods heated up at such a upper portion in the 
experimental data. It indicates that the accumulated water on 
the upper plenum region partly flow down to the core region. 
This is consistent with the view that a spatially non-uniform 
liquid distribution exists in the core region. Such liquid 
distribution effects are already modeled as CHF multiplier in 
M-RELAP5. But this base case results indicate that this CHF 
multiplier is not enough for ROSA-IV/LSTF SBLOCA 
analysis.” 
 
The meaning of the above quotation is not clear.  Explain 
how the flowing down of the accumulated water from the 
upper plenum region is related to the heater rods heating up 
in the upper portion of the core region in the experimental 
data.  Explain how the liquid distribution effects are modeled 
in M-RELAP5 with the CHF multiplier.  Describe the specific 
multiplier that is referred to and why it is not enough for 
ROSA-IV/LSTF SBLOCA analysis.  

*8.2.1-20  [ 
  (Proprietary information withheld under 10 CFR 2.390) 
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                                                                                           ] 

*8.2.1-21  The 2nd sentence of the 1st paragraph on page 8.2.1-12 says, 
“The rod surface temperatures are also shown in Figure 
8.2.1-55 through 70.”  The figure number Figure 8.2.1-70 
needs to be changed to Figure 8.2.1-60. 

*8.2.1-22  The conclusion section needs to be re-written in light of 
adjusting some important parameters such as the break flow, 
and as a consequence primary system pressure, etc., and 
specifying them as boundary conditions (user inputs).  In 
effect the way the assessment was performed makes it a 
SET and not an IET.   While it shows that some aspects of 
the M-RELAP5 model can predict the test data, the 
assessment was not performed in the same manner as the 
plant analysis was performed and hence it doesn't 
demonstrate the M-RELAP5 is capable of predicting plant 
SBLOCA responses. 

*8.2.1-23  In the 2nd last paragraph on page 8.2.1-9 of MUAP-070130P 
(R0) MHI says, “Core water level was dropping at about 300 
sec in M-RELAP5, while core water level did not drop until 
400 sec in test data (Figure 8.2.1-17). Downcomer water 
level drop timing is also earlier than the test data (Figure 
8.2.1-34). As a result, the water mass inventory in the vessel 
of M-RELAP5 was smaller than that of the test data.” 
 
Please clarify the time period for the downcomer water level 
drop and the smaller vessel mass inventory.  How do you 
establish that the total vessel mass inventory is lower since 
there is no data for some regions like the upper head? 

*8.2.1-24 
 

 Figures 8.2.1-41 and 8.2.1-42 show that the predicted rod 
surface temperatures have the 2nd peaks at around 450 s 
while the measured data do not have them.  Please explain 
what phenomena in the RELAP5 prediction causes these 
peaks which do not occur in the experimental data. 

*8.2.1-25   
The 1st paragraph on page 8.2.1-10 says, “Heater rod surface 
temperature heat up timing is earlier than test data (Figure 
8.2.1-37 and 38) because onset of core collapsed liquid level 
depression is earlier than test data (Figure 8.2.1-17). In M-
RELAP5, heater rod surface temperature heated up when 
core collapsed liquid level was about 15kPa, while in test 
data, heater rod surface temperature heated up when core 
collapsed liquid level was about 16kPa, equivalent to M-
RELAP5. As a result, M-RELAP5 capability to predict core 
dryout in boil off transient is good.” 
 
The core collapsed liquid levels are not equivalent.  The 
above statements should be modified to recognize the 
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differences between predictions and tests and realistically 
evaluate possible implications of any differences. 

**CA-1  In Section 15.6.5 of the DCD, MHI identifies two small break 
LOCAs as being limiting for peak clad temperature: 1) a 7.5 
inch break diameter SBLOCA (PCT = 774°F) which is the 
limiting case during the period of loop seal clearing and 2) a 1 
ft2 SBLOCA (13.5 inch break diameter) which is limiting 
during the boil-off phase (PCT = 1,317°F).   
 
In comparison with other PWR designs that employ four 
coolant loops, the break size associated with SBLOCA most 
limiting case for the US-APWR (i.e., 13.5 in) is significantly 
larger.  Typically the SBLOCA limiting break diameter for 
conventional Westinghouse-designed four-loop PWRs is on 
the order of 2 to 4 inches.  The issue is the reason why the 
limiting break size is so much larger for the US-APWR.   
 
Provide a discussion, substantiated by analysis, of the 
reasons why the US-APWR system design has such a 
different small-break LOCA response relative to conventional 
Westinghouse-designed four-loop PWR plants.  Include a 
discussion of the design philosophy used in the US-APWR 
that may account for this difference. 

*CA-2 8-4 [ 
  (Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                               ] 

*CA-3  In Section 4.4.4.2 of the DCD (Revision 1), MHI lists several 
components of core bypass flow including flow through the 
control rod guide tubes and instrument guide tubes.  No 
mention is made of a flow path between the upper head and 
upper plenum.  Provide confirmation and supporting 
documentation that there are no leakage paths or bypass 
flows between the upper head and upper plenum besides 
through the guide tubes. 
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*CA-4  Figure 3-2 of MUAP-0725-P(R0), which presents the 
nodalization scheme for the reactor vessel, shows that there 
is no connection between the upper plenum and upper head 
except through the guide tubes.  A consequence of this 
noding approach is that the fluid temperature in the upper 
head region (~554.6° F – MHI 6AS-1E-UAP-090036(R0)) is 
approximately equal to the cold leg temperature.  In contrast, 
the water temperature in the core upper plenum region is 
~621.5° F (based on the reactor vessel outlet temperature - 
MHI 6AS-1E-UAP-090036(R0)).  The upper head 
temperature appears to be overly influenced by the cold leg 
temperature and is thermally isolated from the rest of the 
system.  As a result, the temperature in the core region may 
be underpredicted during SBLOCA depressurization when 
water flashes and flows through the guide tubes.  Provide 
further information on the expected vessel temperature 
distribution in the reactor vessel (perhaps from a reactor heat 
balance) during steady state operation and a comparison to 
the M RELAP5 predicted conditions in the vessel.  If changes 
need to be made to the M RELAP5 model, then determine 
and document the effect of any model changes on the 
SBLOCA results. 

**CA-5  [ 
  (Proprietary information withheld under 10 CFR 2.390)  
 
 
 
 
 
 
 
 
 
 
 
 
 
 
 
                                                                         ] 

*CA-6  [ 
  (Proprietary information withheld under 10 CFR 2.390)  
 
 
 
 
 
 
                                                                                       ] 
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**CA-7  [ 
  (Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
 
 
 
                          ] 

 
 
 

Table CA7-1.  Comparison of DCD Geometric Data to Data Used in the M-RELAP5 Model 
 

Item DCD 
(Note 1) M-RELAP5 Model Difference Comment 

 
(Proprietary information withheld under 10 CFR 2.390) 
                                                                                                                                                                      
 
 
(Proprietary information withheld under 10 CFR 2.390) 
 
 
(Proprietary information withheld under 10 CFR 2.390) 
 
 
(Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
(Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
 
 
 
 
(Proprietary information withheld under 10 CFR 2.390) 
 
 
(Proprietary information withheld under 10 CFR 2.390) 
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Table CA7-1.  Comparison of DCD Geometric Data to Data Used in the M-RELAP5 Model 
 

Item DCD 
(Note 1) M-RELAP5 Model Difference Comment 

 
(Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
(Proprietary information withheld under 10 CFR 2.390) 
 
 
 
(Proprietary information withheld under 10 CFR 2.390) 
 
 
(Proprietary information withheld under 10 CFR 2.390) 
 
 
(Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 
 

Table CA7-2.  Comparison of DCD Accumulator Volume Data to Data Used in the M-RELAP5 Model 
 

Item DCD 
(Note 1) M-RELAP5 Model Difference Comment 

(Proprietary information withheld under 10 CFR 2.390) 
(Proprietary information withheld under 10 CFR 2.390) 
 
 
 
 
 


