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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.:

472-8564

SRP Section:

06.02.05 – Combustible Gas Control in Containment

Application Section:

6.2.5

Date of RAI Issue:

04/28/2016

Question No. 06.02.05-8
Follow up question to Revised Response to RAI 155-8167, question 6.2.5-1
10 CFR 50.44(c)(2) states that non-inerted containments must limit uniformly-distributed
hydrogen concentrations to10%, and maintain containment integrity, in an accident that releases
an equivalent amount of hydrogen gas as would be generated from a 100 percent fuel cladcoolant reaction.
The KHNP revised response to question 6.2.5-1 provided a Table 1 “Accident Scenarios
Employed in MAAP Analysis”. Please confirm that the scenarios identified below from the
Severe Accident Analysis Report correspond to the MAAP Case Name from Table 1. If the
scenarios do not correspond to the case names listed below, provide the corresponding case
name.
Confirm that, as simulated by MAAP for documentation in the Calculation note, the station
blackout (SBO) scenario includes simultaneous reactor coolant system (RCS) depressurization
and cavity flooding actions timed to occur 30 minutes after the first pressure-induced lift of pilot
operated safety relief valves (POSRVs), and that the RCS depressurization action is
accomplished by opening all four POSRVs. On these points there are some inconsistencies
between the Calculation note and the revised RAI response(s).
The revised response to question 6.2.5-1 also provides plots of oxygen concentration by node
for each of the above scenarios.
However, in two cases (SBO and TLOFW), some of the oxygen plots are missing and plots of
steam concentration have been repeated instead. Please provide replacements for the incorrect
plots in Figure 9 c, d, e, and f, and Figure 12 c, d, e, and f.
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Scenario

Case Name

LBLOCA

LLOCA-H2-AHFSP0-MCCI

MBLOCA

MLOCA-H2-0H00P0-MCCI

SBLOCA

SLOCA-H2-AHFSP0-MCCI

SBO

SBO-H2-0HFSDP3-MCCI

TLOFW

LOFW-H2-0HFSDP3-MCCI

Please revise all the affected DCD text, tables, and figures accordingly.
This question is based upon material found in:
DCD Tier 2, Section 19.2 3 (Severe Accident Mitigation)
Severe Accident Analysis Report, APR1400-E-P-NR-14003-P, Rev. 0., Dec. 2014
KHNP Calculation note “Hydrogen generation and control during severe accident”, 1-035N389-101 Rev. 2, 30 Sep. 2014.

Response
The accident scenarios provided in response to RAI 155-8167 Question 06.02.05-1 were taken
from the Severe Accident Analysis Report and correspond to the MAAP Case Names from Table
1. The scenarios and case names also agree with those specified in the table in the question
above and are listed below with additional details:
Table 1 Accident Scenarios Employed in MAAP Analysis (refer to RAI 155-8167 Question
06.02.05-1 response)
Scenario
Large break
LOCA

Case Name*
Remarks
LLOCA-H2LLOCA+SIT
AHFSP0-MCCI +CFS+Spray

Medium break
LOCA
Medium break
LOCA(Sensitivit
y case)
Small break
LOCA

MLOCA-H20H00P0-MCCI
MLOCA-H2AHFSP0-MCCI
SLOCA-H2AHFSP0-MCCI

Station Blackout SBO-H20HFSDP3-MCCI
Total Loss of
Feedwater

LOFW-H20HFSDP3-MCCI

Details
LLOCA + Success of Safety Injection by 4 Safety Injection
Tank(SIT) + HI available + CFS initiated 30 minutes after
core damage + Containment spray available + PAR
available
MLOCA + HI + MLOCA + HI + PAR available
PAR
MLOCA+SIT
MLOCA + Success of Safety Injection by 4 SIT + HI
+CFS+Spray available + CFS initiated 30 minutes after core damage +
Containment spray available + PAR available
SLOCA+SIT
SLOCA + Success of Safety Injection by 4 SIT + HI
+CFS+Spray available + CFS initiated 30 minutes after core damage +
Containment spray available + PAR available
SBO+CFS+
SBO + Failure of Turbine driven AFW + HI available + CFS
Spray+3WV
initiated 30 minutes after core damage + Containment
spray available + PAR available + success of POSRV 3 way
valve operation.
LOFW+CFS
LOFW + CFS initiated 30 minutes after core damage +
+Spray+3WV Containment spray available + success of POSRV 3 way
valve operation. (3 way valve operated 30 minutes after
core)
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LOFW-H2LOFW+CFS+ LOFW + CFS initiated 30 minutes after core damage +
0HFSDP3-MCCI Spray+3WV Containment spray available + success of POSRV 3 way
(CET + 10)
valve operation. (3 way valve operated 10 minutes after
core)

Two operator actions for the SBO case are provided in the calculation note. The first action
is an initiation action for the cavity flooding system and the second action is manual
operation of the POSRV and 3-way valve.
The action times provided in calculation note Table 4-5 are as follows:
*

The cavity flooding system is initiated 30 minutes after core damage or before battery
power depletion at 7 hours, whichever comes first.

*

Safety Depressurization by Manual POSRV Opening (and 3-way valve alignment to the
SG compartment) is assumed to occur 30 minutes after the first POSRVs automatic
opening or at 7 hours (one hour before battery power depletion at 8 hours), whichever
comes first.

In the case of SBO-H2-0HFSDP3-MCCI, CFS was initiated 30 min after core damage and the
POSRV and 3-way valve were manually operated 30 min after the first POSRV automatic opening.
These operator action times were applied to both the calculation note and the RAI.
Table 2 The definition of the SBO case (refer to Severe accident report table 4-5)

File Name
SBO-H2-T000000
SBO-H2-T0000P0
SBO-H2-T0F00P0
SBO-H2-TH000P0
SBO-H2-T000DP0
SBO-H2-0H00DP0
SBO-H2-0H0SDP0
SBO-H2-0HF0DP0
SBO-H2-0HFSDP0
SBO-H2-******3
1

Station Blackout
Cavity Containment
Hydrogen Flooding
Spray
AFW-T Igniter System1
System
PAR SDVS2
O
X
X
X
X
X
O
X
X
X
O
X
O
O
O
X
X
X
X

X
O
X
O
O
O
O

O
X
X
X
X
O
O

X
X
X
X
O
X
O

O
O
O
O
O
O
O

X
X
O
O
O
O
O

Remarks
No HMS
Base case (AFW-T, PARs
available)
Base case +CFS
Base case + Igniters
Base case + SDVS
PARs +Igniters +SDVS
PARs +Igniters +SDVS + Spray
PARs +Igniters +SDVS + CFS
PARs +Igniters +SDVS + CFS +
Spray
POSRV 3-way valve operation
for above all sequences

CFS initiated 30 minutes after core damage or before battery power depletion at 7 hours, whichever comes first.

2

Safety Depressurization by Manual POSRV Opening (and 3-way valve alignment to the SG compartment) is assumed to
occur 30 minutes after the first POSRV automatic opening or at 7 hours (one hour before battery power depletion at 8 hours),
whichever comes first.
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An error occurred in the previous RAI response while gathering the analysis results. Please
refer to the revised plots with confirmed and corrected data.

(c) S/G compartments

(d) IRWST
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(e) Annular compartments

(f) Others
Figure 9 Mole Fraction of Oxygen for SBO
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(c) S/G compartments

(d) IRWST
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(e) Annular compartments

(f) Others
Figure 12 Mole Fraction of Oxygen for TLOFW
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Impact on DCD
There is no impact on the DCD.
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
There is no impact on any Technical, Topical, or Environmental Report.
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Question No. 06.02.05-9
Follow up to response to RAI 155-8167, Question 6.2.5-3
10 CFR 52.44(c) (1) requires that a standard design certification applicant must ensure a mixed
atmosphere in containment during design-basis and significant beyond design-basis accidents.
A mixed atmosphere means that the concentration of combustible gases in any part of the
containment is below a level that supports combustion or detonation that could cause loss of
containment integrity.
Acceptance Criteria 4 of Standard Review Plan (SRP) Section 6.2.5, “Combustible Gas Control
in Containment,” and Regulatory Position C.3 of Regulatory Guide (RG) 1.7, “Control of
Combustible Gas Concentrations in Containment,” Revision 3 state that all containment types
should have an analysis of the effectiveness of the method used for providing a mixed
atmosphere and that this analysis should demonstrate that combustible gases will not
accumulate within a compartment or cubicle to form a combustible or detonable mixture that
could cause loss of containment integrity.
In response to RAI 155-8167, question 6.2.5-3, KHNP stated that there is one medium size
passive autocatalytic recombiner (PAR) inside each of the four In Containment Refueling Water
(IRWST) vent stacks. Two follow up questions below request information concerning the
MELCOR modeling of the PARs in the vent stacks. This information is required to support the
independent MELCOR confirmatory analyses the staff is performing to ensure a mixed
atmosphere.
1.

Resolve ambiguities about the opening of the IRWST vent stack swing panels. It is
known that they open at 10342 Pa over-pressure, or 3447.4 Pa under pressure, it is
unclear whether these set points apply to:
a) The difference between the current IRWST pressure and the normal (pre-accident)
IRWST pressure, or,
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b) The difference between the IRWST pressure and the containment pressure outside
the IRWST during the accident.
Indicate which of a) or b) applies. Also, please confirm that, having once opened due to
over-pressure or underpressure, the swing panels subsequently remain open
regardless of changing conditions.
2.

Provide information about the placement of the PARs associated with the vent stacks.
Likewise, provide information about the placement of the swing panels on the vent
stacks. Specifically:
a) Provide elevations of the bottoms and tops of the vent stacks. Also provide the
various dimensions of the vent stacks (widths and heights). Provisionally,
confirmatory calculations assume elevation of 1.7m for the stack bottom, 4.86 m
for the stack top, and 1.33 m for the widths of each side. These result in a volume
of 5.6 m3 for each stack. These estimates envision box-shaped stacks with the
swing panels mounted on the sides. These elevations are referenced to the inside
bottom of the reactor pressure vessel (RPV). KHNP is requested to review these
provisional values and to provide accurate design values.
b) Provide the elevations of the bottoms and tops of the four PARs associated with
the vent stacks. Provide sufficient data to show the actual shape and dimensions
of each vent stack
c) Provide the elevations of the bottoms and tops of the swing panels, providing
sufficient data to show the actual shape and dimensions of each swing pane.
d) Under what circumstances can these four PARs be submerged?
Questions (e) through (h) seek clarification on potential flooding or draining of the
containment annulus region, to which the stack vents are connected.
e) What is the maximum elevation of flood waters in the containment annulus due to
breaks, spray operation, or other reasons?
f)

To what height would flood waters have to stand in the annulus in order to enter
the swing panels (for reference the confirmatory MELCOR model set this height as
0.914 m above the surface above the 100 ft plant datum).

g) To what height, if any, must flood waters stand on the annulus floor in order to be
able to enter the routes that let flood water flow reach the IRWST?
h) Describe these routes. (a description in terms of the MAAP model is acceptable,
but the description should include junction number, compartments connected by
the junction, elevations and flow lengths, and flow areas.)
Please revise all the affected DCD text, tables, and figures accordingly.
This question is based upon material found in:
DCD Tier 2, Section 6.2.5 (Combustible Gas Control in Containment)
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DCD Tier 2, Section 6.8.2 (In-containment Water Storage System)
DCD Tier 2, Section 19.2 3 (Severe Accident Mitigation)
DCD Tier 1, Section 2.11.4 (Containment Hydrogen Control System)
Severe Accident Analysis Report, APR1400-E-P-NR-14003-P, Rev. 0., Dec 2014
KHNP Response to RAI 155-8167, 18 Aug 2015, ML15322A033

Response
1.

The swing panel is designed to open at a pre-determined differential pressure which is
the difference between the IRWST pressure and the containment pressure outside the
IRWST during the accident as described in b). Once open, the swing panel remains
open due to the pressure. The setting values are as follows:
IRWST → Containment
Containment → IRWST
∆P = 0.5 psid = 3447.4 Pa ∆P = 1.5 psid = 10342 Pa
(out-flow)
(in-flow)

2.

a)

The elevation of the vent stack bottom is 0.61 m (2 ft) above the 30.46 m (100 ft)
elevation; the vent stack top is 2.43 m (8 ft) above the 30.46 m (100 ft) elevation;
the width of each vent stack is 1.83 m (6 ft). Therefore, the volume of each stack is
6.12 m3 (216 ft3). Schematics that detail the shape, location and dimensions of the
vent stack are provided in Figures 1 and 2, respectively.

b) The locations of the four PARs in the IRWST are shown in Figure 2.
c) The swing panel detailed shape, dimensions and elevations are provided in Figure
3. Each panel is located at the same elevation and also has the same shape and
dimension.
d) The four PARs are only submerged after 10 hours of operation of the Emergency
Containment Spray Backup System (ECSBS).
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Figure 1. Schematic of Vent Stack

Figure 2. Section View of Vent Stack
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Figure 3. Schematic of Swing Panel
e) The maximum flood elevation of the reactor containment building is 0.61 m (2 ft)
from the 30.46 m (100 ft) elevation annulus area with consideration of flood source
due to LOCA as described in DCD subsection 3.4.1.5.1.
f)

For flood water to enter the swing panels, the water height would have to be above
31.09 m (102 ft) (i.e., 0.61 m [2 ft] above the 30.46 m [100 ft] elevation) as shown
in Figure 3.

g) The water that drops to the containment floor will flow to the holdup volume tank
(HVT) trough trench which is located at the 30.46 m (100 ft) elevation as shown in
Figure 4. This provides a flow path to the IRWST.
h) The route of water flow in the annulus is shown in Figure 4. Flood waters in the
containment annulus due to breaks, spray operation, or other reasons that drop to
the containment floor will accumulate in the HVT. The water is ultimately returned
to the IRWST through the IRWST spillways once the HVT water level reaches the
IRWST spillways.
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Figure 4 Route of Water Flow in Annulus

Figure 5 Location of Drain Trench

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