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Performance Capability Studies 

Application Section: 6.2.1.5 
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Question No. 06.02.01.05-1 
 
Section I.D.2 of Appendix K to 10 CFR Part 50 requires, in part, that the applicant calculate a 
containment pressure used for emergency core cooling system (ECCS) reflood conditions that 
shall not exceed a pressure conservatively calculated for that purpose. As specified in Standard 
Review Plan (SRP) Section 6.2.1.5, the conservatively calculated minimum pressure relies on a 
number of assumptions, including maximizing containment volume and heat transfer to heat 
sinks. 
 
In Design Control Document (DCD) Tier 2, Section 6.2.1.5.4, the containment free volume used 
for the minimum pressure calculation is specified, and includes a “consideration of uncertainty.” 
In a response to the RAI, provide additional detail on the value of this uncertainty, including the 
magnitude and reasoning used to determine the value, and provide what degree of margin there 
is from the calculated value versus the expected asbuilt free volume. Update DCD Tier 2, 
Section 6.2.1.5.4 with the margin used in the minimum pressure calculation. The staff needs this 
information to assess the degree of conservatism in the analysis. 
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Containment Maximum Free Volume Uncertainty 

The maximum free volume is determined from the gross containment volume minus the 
volumes of internal structures such as walls and floors, structure steel, equipment, and piping. 
It is calculated from the following equation: 

Vnet = VC + VD - VB  
where, 

Vc: Containment Cylinder Volume (Maximum value) 

VD: Containment Dome Volume (Maximum value) 

VB: Containment Blocked Volume (Minimum value) 

The containment maximum net free volume used in NSSS accident analyses, such as the 

LOCA analysis for ECCS performance evaluation, is [3.431×106 ft3]TS. Table 1 presents the 
summary of the APR1400 containment volume, with uncertainties. Table 2 provides the 
maximum occupied volume by the components and structures in containment.  

 
 

Table 1  Summary of Containment Volume 
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Table 2  Blocked Volumes in Containment 
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Table 2  Blocked Volumes in Containment (Continued) 
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Table 2  Blocked Volumes in Containment (Continued) 

 

 
 

 
  

    
  
  
  
  

 

 
Containment Free Volume for Minimum Containment Pressure Analysis 
 
CONTEMPT4/MOD5 is a containment analysis code used in the calculation of the minimum 
containment back pressures for the LBLOCA analysis. This code includes the fan and spray 
cooling system models and passive heat sink models which are essential to the calculation of 
containment back pressure for the LBLOCA analysis. To perform the LBLOCA analysis, 
CONTEMPT4/MOD5 and RELAP5/MOD3.3/K codes are merged to exchange the containment 
backpressure and the mass and energy release rate for every time step of RELAP5/MOD3.3/K. 
 
The maximum containment net free volume of 97,155 m3 (3,431,000 ft3) is applied to the 
conservative minimum containment pressure analysis (See Table 1 above). Adjustments have 
been made in light of the inconsistencies in the minimum containment pressure analysis data of 
Section 6.2.1.5, including conservative containment net free volume (101,516 m3 (3,585,000 ft3)) 
and passive heat sink data (see details in the response to Question 06.02.01.05-2). 
 
Other conservative assumptions are applied to the current minimum containment pressure 
analysis; for example: 
 

1) No containment spray delay time. (The design value for the minimum spray delay 
time is 27 seconds) 

2) No fan cooler trip. (The design value for the fan cooler trip time is approximately 75 
seconds) 

3) Higher fan cooler cooling capacity. 
 
Figure 06.02.01.05-1-1 shows a comparison of the containment pressure using the current 
containment input against the revised input. The passive heat sink data of current containment 
input are constructed by merging 10 heat structures of conservative surface area and wall 
thickness. The 19 heat structures are modeled with the direct reflection of the revised 
containment input design data. (See markup in Attachment 1) 
 
The re-analyses of the LBLOCA have been performed. Tables 6.2.1-23 and 6.2.1-24 are revised 
to incorporate the updated information. Table 6.2.1-39 and Figures 6.2.1-48, 49, 50, 51 and 52 
are also revised. 
 
 
 

TS
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Figure 06.02.01.05-1-1. Pressure Comparison between Current and Revised Containment input 
 
 
                                                                                      
 
Impact on DCD 
 
DCD Sections 6.2.1.5.4, Part C of Table 6.2.1-23 and Part B of Table 6.2.1-24 are revised as 
shown in the attached markup. Table 6.2.1-39, Figures 6.2.1-48, -49, -50, -51 and -52 are also 
revised. DCD Table 6.2.1-23 (Sheet 5 of 7, 6 of 7, 7 of 7) is revised to reflect changes submitted 
in the attached to RAI 296-8342.  
 
Impact on PRA  
 
There is no impact on the PRA. 
 
Impact on Technical Specifications 
 
There is no impact on the Technical Specifications. 
 
Impact on Technical/Topical/Environmental Report   
 
There is no impact on any Technical, Topical and Environmental Report. 
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APR1400 DCD TIER 2 

6.2-42 

heat transfer model of the reflood package of RELAP5/MOD3.3 has been modified based 
on independent assessment calculations against the FLECHT-SEASET data. 

Containment back pressure depends on mass and energy release rates, and 
thermal-hydraulic phenomena depend on the containment back pressure.  
CONTEMPT4/MOD5 is a containment analysis code that is used especially for calculating 
containment back pressures in case of a LOCA.  It includes fan and spray cooling system 
models and passive heat sink models that are essential for the calculation of the 
containment back pressures following a LOCA.  It is equipped with the conservation 
equations of mass, momentum, and energy and can calculate the mass and energy transfer 
due to the pressure difference between compartments.  It also includes state equation of 
non-condensable gas and can calculate humidity.  Heat conduction can be modeled with 
diverse boundary heat transfer conditions. 

RELAP5/MOD3.3 and CONTEMPT4/MOD5 are merged to exchange the containment 
back pressure calculated by the CONTEMPT4 and the mass and energy release rate 
calculated by the RELAP5 in every time step. 

6.2.1.5.2 Mass and Energy Release Data 

The mass and energy released to the containment for a limiting LBLOCA, 100 percent 
double-ended guillotine break at the pump discharge leg (1.0 × DEG/PD), are listed as a 
function of time in Table 6.2.1-40.  The quantity of safety injection fluid that spills from 
the break is described in Subsection 6.2.1.5.6.  The analytical models applied in 
Subsection 15.6.5 best estimate analysis calculate the mass and energy released to the 
containment.  This results are used to the calculation of minimum containment pressure. 

6.2.1.5.3 Initial Containment Internal Conditions 

The minimum containment temperature, minimum containment pressure, and maximum 
humidity encountered under limiting normal operating conditions are used for the analysis.  
The initial containment internal conditions that are used in the analysis are as follows: 

Containment temperature  10 °C (50 °F) (minimum value) 

Containment IRWST water temperature 10 °C (50 °F) (minimum value) 
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Table 6.2.1-23 (5 of 7) 

Part C. Heat Sink Physical Data for ECCS Performance Analysis 
 

Heat Sinks Layer Material 
Thickness Surface Area  

m ft m2 ft2 
Containment 

cylinder 
1 E Paint 0.0000762 0.00025 7,804.3 84,005 

2 Z Paint 0.0000762 0.00025 

3 Carbon Steel 0.008778 0.0288 

4 Concrete 1.355994 4.4488 
Dome 1 E Paint 0.0000762 0.00025 3,316.3 35,696.4 

2 Z Paint 0.0000762 0.00025 

3 Carbon Steel 0.007894 0.0259 

4 Concrete 1.0668 3.5 
Basemat 1 E Paint 0.000668 0.002192 1,410.9 15,186.3 

2 Concrete 0.9144 3 

3 Carbon Steel 0.00635 0.020833 
4 Concrete 3.6576 12 

Embedment 
Concrete 

1 E Paint 0.0000762 0.00025 726.1 7,815.6 

2 Z Paint 0.0000762 0.00025 

3 Carbon Steel 0.026335 0.0864 

4 Concrete 0.780776 2.5616 
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Table 6.2.1-23 (6 of 7) 

 
 

Part C. Heat Sink Physical Data for ECCS Performance Analysis (Continued) 
 

Heat Sinks Layer Material 
Thickness Surface Area  

m ft  m2 ft2 
Unembedment 

Concrete 
1 E Paint 0.000389 0.001275 11,120.7 119,702 

2 Concrete 0.77254 2.534579 
Refueling Pool 1 Stainless Steel 0.005243 0.0172 1,153.6 12,417.7 

IRWST Outside 1 E Paint 0.000668 0.002192 2,017.4 21,714.6 

2 Concrete 0.4572 1.5 
IRWST Inside 1 Stainless Steel 0.00633984 0.0208 1,038.8 11,181.7 

�� Concrete 0.4572 1.5 

Polar Crane and 
Bridge 

1 E Paint 0.0000762 0.00025 8,291.6 89,250 

2 Z Paint 0.0000762 0.00025 
3 Carbon Steel 0.012192 0.04 

SIT 1 E Paint 0.000152 0.0005 526.8 5,670 

2 Carbon Steel 0.048798 0.1601 
Misc. steel G-A 1 E Paint 0.0000762 0.00025 10,212.1 109,922 

2 Z Paint 0.0000762 0.00025 
3 Carbon Steel 0.016712 0.054831 

Misc. steel G-B 1 Z Paint 0.0000762 0.00025 7,062.1 76,015.5 

3 Carbon Steel 0.004175 0.013698 
Misc. steel G-C 1 E Paint 0.0000762 0.00025 3,361.5 36,182.7 

2 Z Paint 0.0000762 0.00025 
3 Carbon Steel 0.00518099 0.016998 

Misc. steel G-D 1 Z Paint 0.0000762 0.00025 3,664.1 39,439.6 

2 Carbon Steel 0.004 0.013124 
Misc. steel G-E 1 Z Paint 0.0000762 0.00025 21,557.5 232,042 

2 Carbon Steel 0.001644 0.005393 
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Table 6.2.1-23 (7 of 7) 

 
 

Part C. Heat Sink Physical Data for ECCS Performance Analysis (Continued) 
 

Heat Sinks Layer Material 
Thickness  Surface Area 

m ft  m2 ft2 
Misc. steel G-F 1 E Paint 0.0000762 0.00025 1,589.3 17,106.9 

2 Z Paint 0.0000762 0.00025 

3 Carbon Steel 0.00672846 0.022075 
Misc. steel G-G 1 Stainless Steel 0.00627888 0.020600 1,872.0 20,149.6 

Misc. steel G-J 1 Z Paint 0.0000762 0.00025 1,738.6 18,713.6 

2 Carbon Steel 0.009216 0.030235 
Misc. steel G-K 1 Stainless Steel 0.072558 0.23805 1,269.3 13,662.7 

 
Thermal Conductivity of: 

Steel 40.6 kcal/m-hr-°C (27.3 Btu/ft-hr-°F) 

Concrete 1.94 kcal/m-hr-°C (1.3 Btu/ft-hr-°F) 

Paint (epoxy) 0.31 kcal/m-hr-°C (0.21 Btu/ft-hr-°F) 

Paint (inorganic zinc) 1.49 kcal/m-hr-°C (1.0 Btu/ft-hr-°F) 

Volumetric Heat Capacity of:  

Steel 942 kcal/m3-°C (58.8 Btu/ft3-°F) 

Concrete 517 kcal/m3-°C (32.3 Btu/ft3-°F) 

Paint (epoxy) 585 kcal/m3-°C (36.5 Btu/ft3-°F) 

Paint (inorganic zinc) 1,250 kcal/m3-°C (78.0 Btu/ft3-°F) 
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