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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.: 492-8614 

SRP Section: 05.04.07 – Residual Heat Removal (RHR) System 

Application Section: Tier2 5.4.7 & Tier1 2.4.4 

Date of RAI Issue: 05/26/2016 

 
 
Question No. 05.04.07-4 
 
Gas Accumulation/Gas Entrainment 
 
10 CFR 52.47(b)(1), which requires that a DC application contain the proposed ITAACs that 
are necessary and sufficient to provide reasonable assurance that, if the inspections, tests, 
and analyses are performed and the acceptance criteria met, a plant that incorporates the DC 
is built and will operate in accordance with the DC, the provisions of the Atomic Energy Act 
(AEA), and the U.S. Nuclear Regulatory Commission’s (NRC's) regulations. 
 
Prevention of potential gas accumulation in safety related systems, including emergency core 
cooling systems, are described in GL-2008-, “Managing Gas Accumulation In Emergency 
Core Cooling, Decay Heat Removal, and Containment Spray Systems”. This includes, but is 
not limited to the Shutdown Cooling System (SCS), including potential gas entrainment during 
mid-loop operations from vortexing, the containment spray system (CSS), and the safety 
injection system (SIS). 
 
NRC Regulatory Issue Summary 2013-09, endorses and recommends NEI 09-10, Revision 
1a-A, 
“Guidelines for Effective Prevention and Management of System Gas Accumulation” as an 
acceptable approach to managing gas accumulation (ML13136A129). The staff finds that the 
ITAACs submitted in response to RAI 42-7945 Question 19-2 do not adequately address the 
provisions in these documents. The staff is requesting KHNP to address GL-2008-01 and NEI 
09-10, Revision 1a-A as they relate to SCS, SIS and CSS or provide and justify an alternate 
approach to managing gas accumulation. 
 
ITAAC Gas Accumulation 
 
The ITAAC below is representative of the standard ITAAC for gas accumulation. 
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Design Commitment Inspections, Tests, Analyses Acceptance Criteria 
The decay heat removal 
function of the SCS, the 
emergency core cooling 
function of the SIS, and the 
containment heat removal 
function of the CSS will not be 
impaired by gas entrainment. 

a. An analysis of the potential 
for gas entrainment will be 
performed to identify specific 
gas intrusion mechanisms that 
affect each local and system 
high point of the as-built 
configuration of the SCS, SIS, 
and CSS. The analysis will 
document the need for periodic 
monitoring and the monitoring 
interval based on design limits. 
b. An inspection will be 
performed to verify high point 
vents are installed in the as-
built SCS, SIS, and CSS based 
on the analysis. 

A report exist and concludes 
that the decay heat removal 
function of the SCS, the 
emergency core cooling 
function of the SIS, and the 
containment heat removal 
function of the CSS will not be 
impaired by gas entrainment 
The report identifies specific 
gas intrusion mechanisms that 
affect each local and system 
high point. The report will 
document the need for periodic 
monitoring and the monitoring 
interval based on design limits. 
b. High point vents are installed 
in the SCS, SIS, and CSS 
based on the analysis. 

 
ITAAC Entrainment During Mid-Loop Operations 
 
Section 5.4.7 discusses decay heat removal during mid-loop operation. An analysis will be 
performed to verify that the decay heat removal function of the SCS will not be impaired by 
gas entrainment during mid-loop operation while the system is operating at its maximum 
allowable flow rate and the reactor coolant hot leg level is at the lowest level allowable for 
decay heat removal. 
 
The ITAAC below is representative of the standard ITAAC for gas entrainment during mid-loop 
operations. 
 

Design Commitment Inspections, Tests, Analyses Acceptance Criteria 
The decay heat removal 
function of the SCS will not be 
impaired by gas entrainment 
during mid-loop operation while 
the system is operating at its 
maximum allowable flow rate 
and the reactor coolant hot leg 
level is at the lowest level 
allowable for decay heat 
removal. 

An analysis of the potential for 
gas entrainment during mid-
loop operation will be performed 
of the as-built configuration of 
the SCS. 

A report exist and concludes 
that the decay heat removal 
function of the SCS will not be 
impaired by gas entrainment 
during mid-loop operation while 
the system is operating at its 
maximum allowable flow rate 
and the reactor coolant hot leg 
level is at the lowest level 
allowable for decay heat 
removal. 

 
Response 
 
Gas Accumulation/Gas Entrainment 

 
The SIS is designed to minimize the air accumulation in the pipe. The provision is made so 
that SIS piping locations susceptible to gas accumulation are sufficiently filled with water. Vent 
valves and Safety Injection Filling Tank (SIFT) provide the means for gravity filling of SIS 
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piping. Detailed design features to address GL-2008-01 and NEI-09-10, Revision 1a-A are 
described in the DCD Tier 2 Subsections 6.3.2.1.2 and 6.3.2.2.6. DCD Tier 2 Figure 6.3.2-4 
shows the SIS elevation diagram for gravity filling of SIS. TS SR 3.5.2.3 provides the 
surveillance requirements to verify the gas accumulation in SIS piping. 
 
The Shutdown Cooling System is designed to accommodate the recommendations addressed 
in GL-2008-01 and NEI 09-10, Revision 1a-A. The SCS piping is designed so that air trap is 
minimized. Vent valves and pipe arrangement design also provide system venting and 
reasonable assurance that maintenance can be performed on each component. Design 
features to prevent air entrainment during mid-operation are described in Subsection 
5.4.7.2.6.f. SCS train piping locations susceptible to gas accumulation are periodically verified 
if those are sufficiently filled with water accordance with TS SRs 3.9.4.2 and 3.9.5.4. 
 
The CSS is designed to minimize the air accumulation in the pipe. Continuous gas venting of 
the CSS suction lines is performed by continuous sloping of pipes. No flange on piping or 
equipment located above the minimum IRWST operating level (92.6 ft) to prevent gas 
entrainment in the discharge lines, and the vent lines are located at piping high points and an 
inspection will be performed to verify high point vents to accommodate the recommendations 
addressed in GL-2008-01 and NEI 09-10, Revision 1a-A.  

 
ITAAC Gas Accumulation 

 
DCD Tier 1 Subsection 2.4.3.1 and Table 2.4.3-4 will be revised as indicated in the attachments.  
 
DCD Tier 1 Subsection 2.4.4.1 and Table 2.4.4-4 will be revised as indicated in the attachments. 
 
DCD Tier 1 Subsection 2.11.2.1 and Table 2.11.2-4 will be revised as indicated in the attachments. 

 
ITAAC Entrainment During Mid-Loop Operations 

 
DCD Tier 1 Subsection 2.4.1.1 and Table 2.4.1-4 will be revised as indicated in the attachments. 

 
 
Impact on DCD 
  
DCD Tier 1 Subsections 2.4.1.1, 2.4.3.1, 2.4.4.1, 2.11.2.1 and Tables 2.4.1-4, 2.4.3-4, 2.4.4-4, 
2.11.2-4 will be revised as indicated in attachment. 
 
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 
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There is no impact on any Technical, Topical or Environmental Report. 



Rev. 0

RAI 492-8614 - Question 05.04.07-4 Attachment (1/8)

11. The emergency core cooling function of the SIS will not be
impaired by gas entrainment.



Rev. 0

RAI 492-8614 - Question 05.04.07-4 Attachment (2/8)

11. The emergency core
cooling function of the SIS
will not be impaired by gas
entrainment.

11.a. An analysis of the potential for 
gas entrainment will be performed to 
identify specific gas intrusion 
mechanisms that affect each local and 
system high point of the as-built 
configuration of the SIS. The analysis 
will document the need for periodic 
monitoring and the monitoring 
interval based on design limits. 
b. An inspection will be performed to 
verify high point vents are installed in 
the as-built SIS based on the analysis. 

11. a. A report exists and concludes 
that the emergency core cooling 
function of the SIS will not be 
impaired by gas entrainment. The 
report identifies specific gas 
intrusion mechanisms that affect 
each local and system high point. 
The report will document the need 
for periodic monitoring and the 
monitoring interval based on 
design limits. 
b. High point vents are installed in 
the SIS based on the analysis. 



Rev. 0

RAI 492-8614 - Question 05.04.07-4 Attachment (3/8)

11. The decay heat removal function of the SCS will not be impaired by gas
entrainment.



Rev. 0

RAI 492-8614 - Question 05.04.07-4 Attachment (4/8)

11. The decay heat removal
function of the SCS will not be
impaired by gas entrainment.

11.b An inspection will be 
performed to verify high point 
vents are installed in the as-built 
SCS based on the analysis.

11.a A report exists and concludes 
that the decay heat removal 
function of the SCS will not be 
impaired by gas entrainment. The 
report identifies specific gas 
intrusion mechanisms that affect 
each local and system high point. 
The report will document the need 
for periodic monitoring and the 
monitoring interval based on 
design limits.

11.a An analysis of the potential 
for gas entrainment will be 
performed to identify specific gas 
intrusion mechanisms that 
affect each local and system high 
point of the as-built configuration 
of the SCS. The analysis will 
document the need for periodic 
monitoring and the monitoring 
interval based on design limits.

11.b High point vents are installed 
in the SCS based on the analysis.



Rev. 0

RAI 492-8614 - Question 05.04.07-4 Attachment (5/8)

13. The containment heat removal function of the CSS will not be 
impaired by gas entrainment. 



Rev. 0

RAI 492-8614 - Question 05.04.07-4 Attachment (6/8)

13. The containment heat 
removal function of the CSS 
will not be impaired by gas 
entrainment.

13. a. An analysis of the potential for 
gas entrainment will be performed to 
identify specific gas intrusion 
mechanisms that affect each local and 
system high point of the as-built 
configuration of the CSS. The analysis 
will document the need for periodic 
monitoring and the monitoring interval 
based on design limits. 
b. An inspection will be performed to 
verify high point vents are installed in 
the as-built CSS based on the analysis. 

13. a. A report exists and concludes 
that the containment heat removal 
function of the CSS will not be 
impaired by gas entrainment. The 
report identifies specific gas intrusion 
mechanisms that affect each local 
and system high point. The report 
will document the need for periodic 
monitoring and the monitoring 
interval based on design limits. 
b. High point vents are installed in 
the CSS based on the analysis.



Rev. 0

RAI 492-8614 - Question 05.04.07-4 Attachment (7/8)

14. The decay heat removal function of the SCS will not be impaired
by air entrainment into the SCS suction nozzle.



Rev. 0

RAI 492-8614 - Question 05.04.07-4 Attachment (8/8)

14. The decay heat removal
function of the SCS will not be
impaired by gas entrainment during
mid-loop operation while the
system is operating at its maximum
allowable flow rate and the reactor
coolant hot leg level is at the lowest
level allowable for decay heat
removal.

14. Analyses or tests of the
potential for gas entrainment during
mid-loop operation will be
performed on the as-built
configuration of the SCS.

14. A report exists and concludes
that the decay heat removal
function of the SCS will not be
impaired by gas entrainment during
mid-loop operation while the
system is operating at its maximum
allowable flow rate and the reactor
coolant hot leg level is at the lowest
level allowable for decay heat
removal.
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