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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.:  551-8962 

SRP Section:  19.02 – Review of Risk Information Used to Support Permanent Plant-
Specific Changes to the Licensing Basis: General Guidance 

Application Section:  19.2 

Date of RAI Issue:  07/17/2017 

 

Question No. 19.02-1 

10 CFR 52.47 (a)(23) requires applications for light-water reactor designs to include “a 
description and analysis of design features for the prevention and mitigation of severe 
accidents, e.g., challenges to containment integrity caused by core-concrete interaction, steam 
explosion, high-pressure core melt ejection, hydrogen combustion, and containment bypass.” 
Specifically, SRP Section 19.0 states that the staff review should address the issues identified in 
SECY-90-016 [ML003707849] and SECY-93-087 [ML003708021], which the Commission 
approved in related SRMs, dated June 26, 1990 [ML003707885], and July 21, 1993 
[ML003760768], respectively, for prevention and mitigation (e.g., equipment survivability). 

APR1400-E-P-NR-14003-P, Rev. 0, “Severe Accident Analysis Report,” Section 3.2 states that 
“The [Emergency Containment Spray Backup System] ECSBS is actuated 24 hours after the 
onset of core damage at a flow rate of [proprietary information].” It begins to cool and 
depressurize the containment atmosphere as shown in Figure 3-7. The result shows that the 
ECSBS is capable of controlling the containment pressure for a period of 48 hours after 24 
hours following the onset of core damage.  

When ECSBS adds water into the containment flooding may occur, affecting the equipment 
relied upon during severe accidents. Therefore, the staff raised this concern during the 
APR1400 Chapter 19 audit. In response, the applicant presented to the staff the results of 
flooding evaluation when using ECSBS during severe accidents. 

In order for the staff to reach an assurance finding on the conformance to SRP Section 19.0 
regarding equipment survivability evaluation, please revise the DCD summarizing the above 
flooding evaluation. 
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Response 

In the reference plant case (i.e., Shin-Kori 3&4), the containment flood elevation represented the 
maximum level achieved by the ECSBS pump operation was [            ]TS when the ECSBS is 
continuously operated during [                ]TS following the first 24 hours after the onset of core 
damage. 

As described in Appendix F section 3.2 of the APR1400-E-P-NR-14003-P, Rev. 0, "Severe 
Accident Analysis Report", the severe accident progression is divided into four time frames 
(identified Time Frames 0 through 3) to categorize the high level actions required and the 
corresponding equipment and instrumentation used. Among the four time frames, Time Frame 
3, Ex-Vessel Severe Accident Phase, is the period from reactor vessel failure to the 
establishment of a controlled, stable state. The high level actions in this phase are to re-
establish a coolable corium configuration on the containment floor, maintain containment 
integrity, and monitor the accident progression.  

However, if the controlled, stable state is not achieved 24 hours after the onset of core damage, 
the operator will turn on the ECSBS at the end of Time Frame 3. The ECSBS is designed to 
protect the containment integrity against challenge due to overpressure and prevent the 
uncontrollable release of radioactive material into the environment for a period of 48 hours 
following the first 24 hours after the onset of core damage. Therefore, the flooding effect by 
ECSBS operation should be considered to beyond Time Frame 3. 

The high level actions in the beyond Time Frame 3 are to maintain containment integrity, and 
monitor the containment environmental conditions. The equipment and instrumentation needed 
in this phase are: 

- Hydrogen Mitigation System (HMS), 

- Containment penetrations, 

- Containment Spray System (CSS), 

- SCS pumps as a backup to containment spray pumps, 

- ECSBS, 

- Hydrogen monitors, 

- High level radiation monitors, and 

- Containment Monitoring System (CMS). 

In the reference plant case (i.e., Shin-Kori 3&4), list of equipment and instrumentations which 
are affected containment flooding by ECSBS operation is summarized in Table 1. As described 
in Table 1, it is expected that the essential function of each equipment and instrumentations 
required to perform in the beyond Time Frame 3 can survive on the containment flooding 
conditions. Therefore, the equipment and instrumentations in Table 19.2.3-4 are not affected by 
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the containment flooding. Also, since personnel airlock located above [            ]TS is not 
submerged on the containment flooding conditions, operator can access to the inside 
containment, even though personnel airlock located [            ]TS is submerged. 

However, the final location of each equipment and instrumentations can be modified and 
finalized at the detailed design stage, except a few equipment. Therefore, the site specific 
equipment survivability assessment including flooding effect shall be performed by COL 
applicant following COL 19.2(1). 

The COL 19.2(1) will be revised in accordance with this response as shown in Attachment 1. 
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Table 1 List of Equipment and Instrumentations affected by Containment Flooding (1/4)  

  

TS 



Non-Proprietary 
  
19.02-1 - 5 / 7 KEPCO/KHNP 

  

Table 1 List of Equipment and Instrumentations affected by Containment Flooding (2/4)  

  

TS 
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Table 1 List of Equipment and Instrumentations affected by Containment Flooding (3/4)  

  

TS 
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Table 1 List of Equipment and Instrumentations affected by Containment Flooding (4/4) 

 

 

Impact on DCD 

DCD Tier 2 will be revised, as indicated in the attachments associated with this response. In 
addition, COL item 19.2(1) will be revised as indicated in the attachments. 

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 Reports  

Appendix F of the technical report for the severe accident analysis (Doc. No. APR1400-E-P-NR-
14003-P/NP) will be revised to reflect the contents of the response to this RAI. 

TS 



APR1400 DCD TIER 2 

Table 1.8-2 (36 of 38)  

Item No. Description 

COL 19.1(21) The COL applicant is to develop outage procedures to ensure that in fire compartments 
containing post-seismic or post-fire safe shutdown equipment that: 1) the seismic ruggedness 
of temporary ignition sources is adequate, or that the duration that these temporary ignition 
sources are in these areas is minimized, 2) the seismic ruggedness of temporary equipment 
such as scaffolding in fire compartments containing potential seismic-fire ignition sources, 
or near fire protection equipment is adequate, and 3) either the duration of activities which 
could impact manual firefighting is minimized, or alternative firefighting equipment (e.g., 
pre-stage portable smoke removal equipment, prestage additional firefighting equipment, 
etc.) is supplied. 

COL 19.1(22) The COL applicant is to demonstrate that failure of buildings that are not seismic Category I 
(e.g., turbine building and compound building) does not impact SSCs designed to be seismic 
Category I. 

COL 19.1(23) The COL applicant is to ensure that asymmetric conditions due to modeling simplicity will 
be addressed or properly accounted for when the PRA is used for decision making. 

COL 19.1(24) The COL applicant will demonstrate that maintenance-induced floods are negligible 
contributors to flood risk when the plant specific data are available. 

COL 19.2(1) The COL applicant is to perform and submit site-specific equipment survivability assessment 
in accordance with 10 CFR 50.34(f) and 10 CFR 50.44 which reflects the equipment 
identified and the containment atmospheric assessments of temperature, pressure and 
radiation described in Subsection 19.2.3.3.7. 

COL 19.2(2) The COL applicant will demonstrate that the covers for large penetrations such as equipment 
hatch and personnel airlocks meet the Service Level C requirements in Subsection NE-3220 
of the ASME code and explain how the consideration of containment leakage is accounted 
for when modeling local regions of containment. 

COL 19.2(3) The COL applicant is to develop and submit an accident management plan. 

COL 19.3(1) The COL applicant is to perform site-specific seismic hazard evaluation and seismic risk 
evaluation as applicable in accordance with NTTF Recommendation 2.1 as outlined in the 
NRC RFI. 

COL 19.3(2) The COL applicant is to address the flood requirements for wet sites 

COL 19.3(3) The COL applicant is to develop the details for offsite resources. 

COL 19.3(4) The COL applicant is to address the details of selecting suitable storage locations for FLEX 
equipment that provide reasonable protection during specific external events as provided in 
NEI 12-06 guidance Sections 5 through 9, and the details of the guidance for storage of 
FLEX equipment provided in the Technical Report (Reference 5) Section 6.2.9.  

COL 19.3(5) The COL applicant is to confirm, satisfy, or fulfill the specific design functional 
requirements of raw water tank including the associated instrument, capacity, location, flow 
path to on-site, the valve pit connected to FLEX equipment, and any other design features as 
described in Section 19.3 in support of BDBEE mitigation strategies. 

COL 19.3(6) The COL applicant is to confirm and ensure that the raw water tank and flow path to the 
FLEX equipment (structures, piping, components, and connections) are designed to be 
robust with respect to applicable hazards (e.g., seismic events, floods, high winds, and 
associated missiles). 

1.8-40 

including flooding effect
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19.2-35 

19.2.3.3.7 Equipment Survivability 

According to SECY-90-016 and SECY-93-087, the equipment and instrumentation 
provided for severe accident mitigation do not need to be subjected to the qualification 
requirement of 10 CFR 50.49 (Reference 27), the quality assurance requirements of 10 
CFR Part 50 Appendix B (Reference 28), or the redundancy/diversity requirements of 10 
CFR Part 50 Appendix A.  It is satisfactory to provide reasonable assurance that the 
designated equipment and instrumentation can operate in a severe accident environment 
over the required time span.  

The equipment survivability (ES) assessment first requires identification of all essential 
equipment and instrumentation that are vulnerable to the harsh environmental conditions 
during a severe accident.  Next, the harsh environmental condition expected in each 
location in the containment is determined.  Pressure, atmospheric temperature, and 
radiation dose are considered.  Then, the survivability of each essential piece of equipment 
or instrumentation is demonstrated with reasonable assurance by comparing the APR1400 
severe accident environmental condition to the design basis event / severe accident testing, 
providing redundancy, performing thermal-lag analyses, or protecting it with thermal 
shields or conduits.  The COL applicant is to perform and submit site-specific equipment 
survivability assessment in accordance with 10 CFR 50.34(f) and 10 CFR 50.44 (COL 
19.2(1)). 

19.2.3.3.7.1 Identification of Required Equipment and Instrumentation for ES 
Assessment 

During a core damage sequence, operators are confronted with multiple failures of essential 
safety equipment or operator errors.  For operators to effectively cope with this plant 
condition, they are provided with equipment and instrumentation with the ultimate goal of 
achieving a safe stable state.  This equipment and instrumentation can be grouped 
according to function: RCS inventory control, RCS heat removal, reactivity control, and 
containment integrity. 

RCS inventory control is primarily provided by the SIS.  If the SIS is not available and the 
RCS is depressurized below about 14.06 kg/cm2 (200 psia), inventory control can be 
provided via realignment of SC or CS pump to operate in an injection mode. 

RCS heat removal following a severe accident is accomplished by establishing auxiliary 
feedwater system (AFWS) flow to at least one steam generator or using the feed-and-bleed 

Rev. 1

, and flooding effects (Deleted)
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variations in the calculated benefits. Therefore, it is concluded that no design changes 
would provide a positive cost-benefit if included in the APR1400 design. 

19.2.7 Combined License Information 

COL 19.2(1) The COL applicant is to perform and submit site-specific equipment 
survivability assessment in accordance with 10 CFR 50.34(f) and 10 CFR 
50.44 which reflects the equipment identified and the containment 
atmospheric assessments of temperature, pressure and radiation described 
in Subsection 19.2.3.3.7. 

COL 19.2(2) The COL applicant will demonstrate that the covers for the large 
penetrations such as equipment hatch and personnel airlocks meet the 
Service Level C requirements in Subsection NE-3220 of the ASME code 
and explain how the consideration of containment leakage is accounted for 
when modeling local regions of containment. 

COL 19.2(3) The COL applicant is to develop and submit an accident management plan 
including the evaluation of the effect of higher water level in the cavity on 
steam explosion loading when using In-Vessel Retention and External 
Reactor Vessel Cooling for accident management. 

19.2.8 References 

1. SECY-93-087, “Policy, Technical, and Licensing Issues Pertaining to Evolutionary and 
Advanced Light-Water Reactor (ALWR) Designs,” U.S. Nuclear Regulatory 
Commission, April 1993. 

2. 10 CFR Part 100, “Reactor Site Criteria,” U.S. Nuclear Regulatory Commission. 

3. 10 CFR Part 50, Appendix A, “General Design Criteria for Nuclear Power Plants,” 
Title 10, Code of Federal Regulations, U.S. Nuclear Regulatory Commission.  

4. 10 CFR 50.34, “Contents of Applications; Technical Information,” U.S. Nuclear 
Regulatory Commission.  

5. 10 CFR 50.44, “Combustible Gas Control for Nuclear Power Reactors,” U.S. Nuclear 
Regulatory Commission. 
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Severe Accident Analysis Report 

KEPCO & KHNP  F-48 

5.16. Emergency Containment Backup Spray System (ECSBS) Check Valve 

The check valve at the ECSBS spray headers is located inside containment, but it contains no organic 
material susceptible to thermal degradation. 

5.17. Equipment Located Outside Containment 

The active components of the following equipment, required for severe accident mitigation and monitoring, 
are located outside containment.  They are not subjected to the harsh environment of a severe accident. 

 Safety Injection System (SIS) 

 Auxiliary Feedwater System (AFWS) 

 Containment Spray System (CSS) 

 Shutdown Cooling System (SCS) 

 Containment hydrogen monitors 

 Containment pressure sensor 

 IRWST water level sensors  

5.18. Radiation Dose ES Results 

The environment qualification report for safety related equipment usually contains radiation test data.  
Table 5-1 summarizes the radiation dose test data for essential equipment and instrumentation.  All 
equipment was tested under at least five times the bounding radiation dose in the containment during a 
severe accident. 

For most equipment and instrumentation, it is concluded there is reasonable assurance that 
instrumentation and equipment required to mitigate a severe accident and achieve a safe stable state 
perform their function as intended under severe accident environmental conditions.   

APR1400-E-P-NR-14003-NP, Rev.1 
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5.19.  ES Assessment Considering Containment Flooding Effect 
   
As shown in section 3.2, the severe accident progression is divided into four time frames 
(identified Time Frames 0 through 3) to categorize the high level actions required and the 
corresponding equipment and instrumentation used. Among the four time frames, Time Frame 3, 
Ex-Vessel Severe Accident Phase, is the period from reactor vessel failure to the establishment of 
a controlled, stable state. The high level actions in this phase are to re-establish a coolable 
corium configuration on the containment floor, maintain containment integrity, and monitor the 
accident progression.  
   
However, if the controlled, stable state is not achieved 24 hours after the onset of core damage, 
the operator will turn on the ECSBS at the end of Time Frame 3. The ECSBS is designed to 
protect the containment integrity against challenge due to overpressure and prevent the 
uncontrollable release of radioactive material into the environment for a period of [48 hours] 
following the first 24 hours after the onset of core damage. Therefore, the flooding effect by 
ECSBS operation should be considered to beyond Time Frame 3. 
   
The high level actions in the beyond Time Frame 3 are to maintain containment integrity, and 
monitor the containment environmental conditions. The equipment and instrumentation needed in 
this phase are: 
  
- Hydrogen Mitigation System (HMS), 
- Containment penetrations, 
- Containment Spray System (CSS), 
- SCS pumps as a backup to containment spray pumps, 
- ECSBS, 
- Hydrogen monitors, 
- High level radiation monitors, and 
- Containment Monitoring System (CMS). 
  
In the reference plant case (i.e., Shin-Kori 3&4), the containment flood elevation represented the 
maximum level achieved by the ECSBS pump operation was [127 ft.] when the ECSBS is 
continuously operated during [48 hours] following the first 24 hours after the onset of core 
damage. The list of equipment and instrumentations which are affected containment flooding by 
ECSBS operation is summarized in Table 5-2. As described in Table 5-2, it is expected that the 
essential function of each equipment and instrumentations required to perform in the beyond 
Time Frame 3 can survive on the containment flooding conditions.
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Table 5-2 

List of Equipment and Instrumentations affected by Containment Flooding (1/4)  TS 

Add a new table
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List of Equipment and Instrumentations affected by Containment Flooding (2/4)  TS 
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Table 5-2 

List of Equipment and Instrumentations affected by Containment Flooding (3/4)  

  

TS 
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List of Equipment and Instrumentations affected by Containment Flooding (4/4) TS 
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