Non-Proprietary
16.07.21 - 1/3

KEPCO/KHNP
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08/13/2015

Audit Issues No. 1
The abstract for the topical report states that the methodology does not cover the long-term
performance of the emergency core cooling system (ECCS). All best-estimate ECCS methods
are expected by the NRC to also include the long-term core cooling (LTCC) phase as is stated
in the criteria provided by Title 10 of the Code of Federal Regulations (10 CFR) Part 50.46 (b).
That requirement applies to the approved ECCS and evaluation models. The guidance of
Regulatory Guide (RG) 1.157 also addresses this issue. The Applicant needs to be prepared to
address and/or present the following:
a. The KHNP plans for revising all applicable statements in the topical report in order for
the proposed KHNP methodology to fully address the LTCC in the topical report. This
also applies to the revision in the topical report to fully describe the approach to
modeling the LTCC functionally to meet the corresponding regulatory requirements.
b. Results of calculations to demonstrate LTCC phase of ECCS performance. The
Applicant is requested to include details of the assumptions, input decks (for all relevant
codes), and the methodology/computer codes used in arriving at the results.

Non-Proprietary
16.07.21 - 2/3

KEPCO/KHNP

Response
(a) & (b)
Topical report does not cover the so-called long term performance of an emergency core
cooling system. It is covered by technical report of “Post-LOCA Long Term Cooling Evaluation
Model,” and it was submitted in September of 2014. The abstract and references of topical
report are modified to add information of above technical report as follows.
•

Before Modifications

Abstract
The method evaluates the values to compare with the acceptance criteria of 10 CFR 50.46 (b)
[3], but does not cover the so-called long term performance of an emergency core cooling
system.
•

After Modifications

Abstract
The method evaluates the values to compare with the acceptance criteria of 10 CFR 50.46 (b)
[3], but does not cover the so-called long term performance of an emergency core cooling
system. The long term performance of an emergency core cooling system is covered by
the other evaluation method described in reference [21].
References
[21]

“Post-LOCA Long Term Cooling Evaluation Model,” APR1400-F-A-NR-14003-P, Rev. 0,
September 2014.

Non-Proprietary
16.07.21 - 3/3

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 Report
Topical report will be revised as discussed above.
There is no impact on Technical or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.12.11 - 1/3

KEPCO/KHNP

RESPONSE TO AUDIT ISSUES
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Issue Date

Evaluation

08/13/2015

Audit Issues No. 3
The guidance in RG 1.157, Section 3.1 establishes acceptable controls for the establishment of
acceptable break sizes and types. The topical report Section 1 states that the report describes
the methodology “...for large-break loss-of-coolant accidents (LBLOCA) for APR1400.” The
Applicant needs to clearly specify the range of break sizes, locations and types of breaks for
which the methodology in the topical report will be used for licensing applications.

Non-Proprietary
15.12.11 - 2/3

KEPCO/KHNP

Response
The ranges of break sizes, locations and types in the topical report are described in the
response to audit issue 6-a.

Non-Proprietary
15.12.11 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.10.06 - 1/3

KEPCO/KHNP
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Issue Date

08/13/2015

Evaluation

Audit Issues No. 4
Comparing Figure 1-1 in the topical report with Figure 1 of NUREG/CR-5249 it is noted that the
step that determines whether a noding change is necessary is different in the two approaches.
According to Figure 1-1 of the topical report, the determination of whether a noding change is
required occurs after all the uncertainties and biases have been determined. It is unclear how
this is accomplished and what metric will be used to determine if a nodalization change is
warranted. It appears that decision of ‘noding change’ should be a part of the ‘covering ok’
decision in Figure 1-1 of the topical report, and it should follow more closely the NUREG/CR5249 guidance. The Applicant will need to explain and provide additional rationale including the
technical bases related to the process used to assess any changes to the noding in the
evaluation model.

Non-Proprietary
15.10.06 - 2/3

KEPCO/KHNP

Response
Nodding change can be done anywhere along the steps between 8 and 12. But, if nodding
change occurs, it is important to repeat the whole steps.

Non-Proprietary
15.10.06 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
16.06.28 - 1/7

KEPCO/KHNP
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08/13/2015

Audit Issues No. 6-a, c, d, and e
RG 1.157 specifies that breaks should be evaluated to include the range from “full double-ended”
to small breaks. This range would include single and double-ended breaks. Furthermore, the
guidance specifies that longitudinal split breaks should be considered as well. RG 1.157 also
states that actual peaking factors and fuel conditions should be used. Section 3.1 (and its
subsections) of the topical report discuss the limiting scenario that is used to determine the
processes that must be addressed in the evaluation model. However, the criteria specified
therein include break location and size only. Furthermore, Section 5.2.1.1 of the topical report
describes the spectrum of cases evaluated as being [
]TS. A reference to a [
]TS is also provided without further
discussion. The Applicant needs to:
a. Fully describe the spectrum of breaks that are applicable to analysis of APR1400 using
the proposed methodology for licensing submittals. This includes a description of the
break type (e.g., guillotine, double or single-ended, and longitudinal split), size, and
location. Ensure that the size parameters are either quoted in measured units, or if in
percentage, clearly describe that it is with respect to what dimension or pipe size.
c. Explain the modeling approach used (i.e., nodalization, discharge coefficient, etc.) for
representing longitudinal split breaks.
d. Clarify whether any sensitivity calculations were performed to arrive at [
]TS If such sensitivity
calculations have been performed, describe the results and highlight any differences. If
such calculations have not been performed, justify the basis for their exclusion.
e. Describe whether the limiting break analysis included consideration for loop sensitivity
(e.g., loops with and without the pressurizer). If such sensitivity calculations have been
performed, describe the results and highlight any differences. If such calculations have
not been performed, justify the basis for their exclusion.

Non-Proprietary
16.06.28 - 2/7

KEPCO/KHNP

Response
a)
CAREM is applicable to the following spectrum of break.


Break location: primary loop piping such as RCP discharge leg (cold leg), RCP suction
leg, hot leg.



Break type: guillotine, double-ended and longitudinal split.



Break size: 0.5 ft2 ~ *100 % double ended.

*) 100 % break means 100 % of pipe cross sectional area. Thus, 100 % double-ended guillotine
break has total 200 % break area of a pipe.
[

]TS
c)
Figure 1 shows slot break modeling method for the topical report. [
]TS
Slot break can be modeled several kinds of modeling methods. These modeling methods are
described in response to audit issue 61-b ~ f with evaluation results of them.
d)
Break location sensitivity in the cold leg is not performed because there is no additional
pressure loss coefficient in the cold leg. Thus, it can be thought that there is no significant
differences in break locations in the cold leg (pump discharge line). Moreover, it is widely
accepted that the break location near vessel is more limiting because it has more possibility to
have ECC bypass or sweep-out of coolant than the other break locations in the cold leg.
[
]TS
Additional description for break location sensitivity within cold leg will be added in Section 3.1.1

Non-Proprietary
16.06.28 - 3/7

KEPCO/KHNP

of topical report as follows:
Break location sensitivity within the cold leg is not performed because of minimal effects
of break location caused by insignificant friction and form pressure losses within the
cold leg.
e)
The loop sensitivity is performed for two cases. Those are the cold leg break at the loop 1,
where the pressurizer is not connected (without the pressurizer) and the cold leg break at the
loop 2, where the pressurizer is connected (with the pressurizer) (See Figure 2).
Figure 3 shows calculation results with and without the pressurizer. [
]TS
Figure 3 and the description of loop sensitivity as followings will be added in the topical report as
Figure 3-2 and Section 3.1.1, respectively.
Description:
For the limiting break location, i.e., a loop sensitivity study was performed to determine
the conservative pressurizer location. As shown in Figure 3-2, the PCT was higher when
the pressurizer was connected to the intact loop.

Non-Proprietary
16.06.28 - 4/7

KEPCO/KHNP

TS

Figure 1. Slot Break Modeling for the CAREM

Non-Proprietary
16.06.28 - 5/7

KEPCO/KHNP

TS

Figure 2. RELAP5/MOD3.3/K Nodalization of the APR1400

Non-Proprietary
16.06.28 - 6/7

KEPCO/KHNP

TS

Figure 3. Cladding Temperature Results of Sensitivity Study

Non-Proprietary
16.06.28 - 7/7

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 Report
Topical report will be revised as discussed above.
There is no impact on Technical or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.09.02 - 1/3

KEPCO/KHNP
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Issue Date

08/13/2015

Evaluation

Audit Issues No. 6-b
RG 1.157 specifies that breaks should be evaluated to include the range from “full double-ended”
to small breaks. This range would include single and double-ended breaks. Furthermore, the
guidance specifies that longitudinal split breaks should be considered as well. RG 1.157 also
states that actual peaking factors and fuel conditions should be used. Section 3.1 (and its
subsections) of the topical report discuss the limiting scenario that is used to determine the
processes that must be addressed in the evaluation model. However, the criteria specified
therein include break location and size only. Furthermore, Section 5.2.1.1 of the topical report
describes the spectrum of cases evaluated as being [
]TS. A reference to a [
]TS is also provided without further
discussion. The Applicant needs to:
b. Describe the peaking factors and fuel conditions used in such determinations.

Non-Proprietary
15.09.02 - 2/3

KEPCO/KHNP

Response
Break sensitivity study and plant calculations in the Topical Report (TR) used actual peaking
factors and fuel conditions.
For the sensitivity study, the limiting burnup at which fuel stored energy was maximum was
determined first. Then actual fuel conditions at the limiting burnup were used in the calculations,
except power peaking factors. Linear heat generation rate (LHGR) limit and a conservative
radial peaking factor (Fr) which covers cycle-wise variation were used (see response to issue
number 53a). The use of LHGR limit and conservative Fr will not change the sensitivity results.
[
]TS

Non-Proprietary
15.09.02 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.08.27 - 1/4

KEPCO/KHNP
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Issue Date

Evaluation

08/13/2015

Audit Issues No. 6-f
RG 1.157 specifies that breaks should be evaluated to include the range from “full double-ended”
to small breaks. This range would include single and double-ended breaks. Furthermore, the
guidance specifies that longitudinal split breaks should be considered as well. RG 1.157 also
states that actual peaking factors and fuel conditions should be used. Section 3.1 (and its
subsections) of the topical report discuss the limiting scenario that is used to determine the
processes that must be addressed in the evaluation model. However, the criteria specified
therein include break location and size only. Furthermore, Section 5.2.1.1 of the topical report
describes the spectrum of cases evaluated as being [
]TS. A reference to a [
]TS is also provided without further
discussion. The Applicant needs to:
f.

Describe whether the limiting break analysis included consideration of the location of the
available safety injection pump (SIP) trains with respect to the broken cold leg.
(Previous tests (e.g., UPTF) with downcomer injection have shown that nearly all water
injected through the nozzle located near the broken leg is lost through bypass.)

Non-Proprietary
15.08.27 - 2/4

KEPCO/KHNP

Response
Figure 1 shows RELAP5/MOD3.3/K code noding of DVI and downcomer. As discussed in
Chapter 1 of topical report, two SIPs are assumed to be operable in the LBLOCA analysis. [
]TS

Non-Proprietary
15.08.27 - 3/4

KEPCO/KHNP

TS

Figure 1. Noding of DVI and Downcomer for APR1400

Non-Proprietary
15.08.27 - 4/4

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.12.11 - 1/4

KEPCO/KHNP
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Issue Date

Evaluation

08/13/2015

Audit Issues No. 6-g
RG 1.157 specifies that breaks should be evaluated to include the range from “full double-ended”
to small breaks. This range would include single and double-ended breaks. Furthermore, the
guidance specifies that longitudinal split breaks should be considered as well. RG 1.157 also
states that actual peaking factors and fuel conditions should be used. Section 3.1 (and its
subsections) of the topical report discuss the limiting scenario that is used to determine the
processes that must be addressed in the evaluation model. However, the criteria specified
therein include break location and size only. Furthermore, Section 5.2.1.1 of the topical report
describes the spectrum of cases evaluated as being [
]TS. A reference to a [
]TS is also provided without further
discussion. The Applicant needs to:
g. The topical report Section 3.1.2.1 states that the reactor coolant pumps (RCPs) are
assumed to be tripped upon loss of offsite power (LOOP). Operational RCPs may
impact the peak cladding temperature as well as the coolant inventory, because the flow
from the intact loops can bypass the downcomer and eject coolant out of the break.
Provide justification, using results of sensitivity calculations, for the assumption that the
LOOP coincident with the break is limiting.

Non-Proprietary
15.12.11 - 2/4

KEPCO/KHNP

Response
When the loss of offsite power (LOOP) is not assumed, [
]TS
[

]TS
The uncertainty ranges of [
]TS
Figure 1 shows calculated cladding temperatures for with and without RCPs. The peak cladding
temperatures (PCTs) with and without LOOP assumption are [
]TS
TS
respectively, and PCTs for both cases [
] And reflood PCTs
for both cases with and without LOOP assumption are [
]TS respectively.
The PCT with LOOP assumption occurred at heat structure node [ ]TS, whereas PCT without
LOOP assumption occurred at heat structure node [ ]TS, which means the quenching time
difference is caused by the PCT elevation.
Consequently, the LOOP assumption is more conservative than non-LOOP assumption based
on the PCT results.

Non-Proprietary
15.12.11 - 3/4

KEPCO/KHNP

TS

Figure 1. Comparison of Cladding Temperatures for With and Without LOOP Assumption
Cases

Non-Proprietary
15.12.11 - 4/4

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.04.06 - 1/3

KEPCO/KHNP
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Issue Date

08/13/2015

Evaluation

Audit Issues No. 6-h
RG 1.157 specifies that breaks should be evaluated to include the range from “full double-ended”
to small breaks. This range would include single and double-ended breaks. Furthermore, the
guidance specifies that longitudinal split breaks should be considered as well. RG 1.157 also
states that actual peaking factors and fuel conditions should be used. Section 3.1 (and its
subsections) of the topical report discuss the limiting scenario that is used to determine the
processes that must be addressed in the evaluation model. However, the criteria specified
therein include break location and size only. Furthermore, Section 5.2.1.1 of the topical report
describes the spectrum of cases evaluated as being [
]TS. A reference to a [
]TS is also provided without further
discussion. The Applicant needs to:
h. Provide information for all the activation signals used in the representative LBLOCA
simulation and corresponding delay times. Justify the delay times used and provide
results from sensitivity studies that consider the uncertainty in the delay times for reactor
trip, RCP trip, SIP activation, etc.

Non-Proprietary
15.04.06 - 2/3

KEPCO/KHNP

Response
Basically, trip delay time is conservatively determined based on the design data as shown in
Table 1.
[

]TS

Table 1. Delay Time in Design Data

Table 2. Sequence of Trip Description for LBLOCA Analysis

TS

TS

Non-Proprietary
15.04.06 - 3/3

Impact on DCD
There is no impact to 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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.04.06 - 1/4

KEPCO/KHNP
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Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Evaluation

Audit Issues No. 07
NUREG/CR-5429, Section 2.1 establishes an acceptable approach for the documentation of the
event sequence. Provide a table with the sequence of events and their timing for the limiting
LBLOCA scenario described in Section 3.1.2 of the topical report.

Non-Proprietary
15.04.06 - 2/4

Response
Sequence of events and their timing for the limiting LBLOCA scenario [
]TS are described in Table 1.

KEPCO/KHNP

Non-Proprietary
15.04.06 - 3/4

Table 1 Major Sequence of Events for the Limiting LBLOCA Scenario

KEPCO/KHNP

TS

Non-Proprietary
15.04.06 - 4/4

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.04.06 - 1/3

KEPCO/KHNP

RESPONSE TO AUDIT ISSUES
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Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
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Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic
Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Evaluation

Audit Issues No. 8
NUREG/CR-5429, Appendix B establishes an acceptable approach for the documentation of the
timing of events. Section 3.1.2.1 of the topical report states that the blowdown period ends
when a safety injection tank fluidic device (SIT-FD) injection is initiated at approximately 15
seconds after the break. Figure 5-12 of the topical report appears to illustrate this behavior.
However, the SIT-FDs are connected via check valves to the downcomer. Due to the nature of a
double-ended guillotine break, it is likely that the downcomer pressure decreases faster than the
pressurizer pressure causing earlier initiation of SIT-FD injection. Such a sequence may affect
the calculated peak cladding temperature (PCT). Demonstrate that such a situation does not
exist, or if it does, characterize the impact on the behavior of the blowdown, reflood, and the
resulting PCT.

Non-Proprietary
15.04.06 - 2/3

KEPCO/KHNP

Response
In the APR1400, SIT-FD is directly connected to the downcomer using check valves in order to
operate passively when the downcomer pressure is decreased below the pressure of SIT-FD. In
the code input, SIT-FDs are described to be connected to the downcomer using VALVE
components which is the same in plant operation.

Non-Proprietary
15.04.06 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
16.01.27 - 1/3

KEPCO/KHNP
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Issue Date

08/13/2015

Evaluation

Audit Issues No. 09
NUREG/CR-5429, Appendix B establishes an acceptable approach for the documentation of the
timing of events. Section 3.1.2 of the topical report states that the refill period ends when the
mixture level reaches the bottom of active core. However, Section 3.1.2.2 of the topical report
uses the terminology “water level” and “liquid level” to describe the end of the refill period. In
addition, topical report Section 3.1.2.3 states that the early reflood period begins when the lower
plenum is “completely filled with water.” Clarify the definition of the end of refill period, and
plans to revise of the topical report to use consistent terminology throughout.

Non-Proprietary
16.01.27 - 2/3

KEPCO/KHNP

Response
The sentences (or phrases) of the topical report are corrected as follows.
Section
No.
3.1.2.2

3.1.2.2
3.1.2.2

3.1.2.3

Before

After

The refill period begins when SIT-FD
injection flow is initiated and ends when
the water level in the lower plenum
reaches the core inlet.
At this stage, water levels in the
downcomer and the lower plenum
increase rapidly.
The refill period ends when the liquid
level in the lower plenum reaches the
bottom of the active core.

The refill period begins when SIT-FD
injection flow is initiated and ends when
the mixture level in the lower plenum
reaches the bottom of the active core.
At this stage, mixture levels in the
downcomer and the lower plenum
increase rapidly.
The refill period ends when the mixture
level in the vessel lower plenum
reaches the bottom of the active core
and remains full thereafter and
conditions are established for
continuously reflooding the core with
coolant.
The early reflood period begins when
the mixture level in the lower plenum
reaches the bottom of the active core
and ends when the SIT-FD water is
depleted.

The early reflood period begins when
the lower plenum is completely filled
with water and ends when the SIT-FD
water is depleted.

The revised topical report will be submitted later.

Non-Proprietary
16.01.27 - 3/3

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 Report
The revised topical report will be submitted later.

KEPCO/KHNP

Non-Proprietary
15.04.06 - 1/4

KEPCO/KHNP
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APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic
Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Evaluation

Audit Issues No. 10
NUREG/CR-5429, Section 2.1 establishes an acceptable approach for the documentation of the
event sequence. The Section 3.1.2.1 of the topical report describes the major phenomena
occurring during the blowdown period. The end of the blowdown period is defined as the
initiation of SIT-FD injection. However, the last paragraph of Section 3.1.2.1 of the topical report
describes the phenomena that occurs when the four SIT-FD begin to inject water. If this is part
of the refill period then the discussion is incorrectly located. Discuss plans to make appropriate
changes to the description in Section 3.1.2.1 to ensure consistency with the definition of the
accident period.

Non-Proprietary
15.04.06 - 2/4

KEPCO/KHNP

Response
The sentences in Section 3.1.2.1 and Section 3.1.2.2 of the topical report are corrected as
follows.
Section
No.
3.1.2.1

3.1.2.2

Before

After

Four SIT-FDs begin to deliver flow into
the four DVI lines when the primary
system pressure falls below their
actuation set-point. The coolant flows
through the DVI nozzles into the upper
annulus and then begins to refill the
reactor pressure vessel. Because the
reactor coolant system is still
depressurizing, some of the coolant
entering the upper annulus is swept out to
the break along with entrained liquid from
the lower plenum and the downcomer.
Although the break flow remains high,
sufficient flow in the excess of the bypass
is delivered downward into the
downcomer and increases the
downcomer water level. Then the coolant
injected by the SIT-FDs eventually
reaches the lower plenum.

Deleted

ECC water in the reactor vessel
downcomer can flow down by gravity or
be swept out to the break by the pressure
differential and the upward-escaping
steam flow that levitates the liquid.

Four SIT-FDs begin to deliver flow into
the four DVI lines when the primary
system pressure falls below their
actuation set-point. The coolant flows
through the DVI nozzles into the upper
annulus and then begins to refill the
reactor pressure vessel. The reactor
coolant system keeps depressurizing
because some of the coolant entering the
upper annulus is swept out to the break
along with entrained liquid from the lower
plenum and the downcomer. Although the
break flow remains high, sufficient flow in
the excess of the bypass is delivered
downward into the downcomer and
increases the downcomer water level.
Eventually the coolant injected by the
SIT-FDs reaches the lower plenum.

Reactor vessel walls and internals are
large metal structures at temperatures
above saturation. When subcooled ECC
water comes into contact with the metal
structures in the downcomer, steam is
generated by nucleate boiling. This
reduces the gravitational head of the fluid
in the downcomer. The process of liquid
penetration and sweep-out repeats in the
downcomer and direct-contact
condensation of steam on the subcooled
ECC water continues in the upper
annulus. Figure 3-5 gives a schematic of
the two-phase primary coolant system 25
s after the break opens.

Reactor vessel walls and internals are
large metal structures at temperatures
above saturation. When subcooled ECC
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water comes into contact with the metal
structures in the downcomer, steam is
generated by nucleate boiling. This
reduces the gravitational head of the fluid
in the downcomer. The process of liquid
penetration and sweep-out repeats in the
downcomer and direct-contact
condensation of steam on the subcooled
ECC water continues in the upper
annulus. Figure 3-5 gives a schematic of
the two-phase primary coolant system 25
s after the break opens.
In addition to this, we found the translation mistakes and then corrected it as follows (bold &
italic).
Before
Four SIT-FDs begin to deliver flow into the four
DVI lines when the primary system pressure
falls below their actuation set-point. The
coolant flows through the DVI nozzles into the
upper annulus and then begins to refill the
reactor pressure vessel. Because the reactor
coolant system is still depressurizing,
some of the coolant entering the upper
annulus is swept out to the break along with
entrained liquid from the lower plenum and the
downcomer. Although the break flow remains
high, sufficient flow in the excess of the bypass
is delivered downward into the downcomer
and increases the downcomer water level.
Then the coolant injected by the SIT-FDs
eventually reaches the lower plenum.
The revised topical report will be submitted later.

After
Four SIT-FDs begin to deliver flow into the four
DVI lines when the primary system pressure
falls below their actuation set-point. The
coolant flows through the DVI nozzles into the
upper annulus and then begins to refill the
reactor pressure vessel. The reactor coolant
system keeps depressurizing because
some of the coolant entering the upper
annulus is swept out to the break along with
entrained liquid from the lower plenum and the
downcomer. Although the break flow remains
high, sufficient flow in the excess of the bypass
is delivered downward into the downcomer
and increases the downcomer water level.
Then the coolant injected by the SIT-FDs
eventually reaches the lower plenum.
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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 Report
The revised topical report will be submitted later.
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Audit Issues No. 11
NUREG/CR-5429, Appendix B establishes an acceptable approach for the documentation of the
timing of events. Section 3.1.2.3 of the topical report describes the early reflood period as
starting from ~38 s and ending at ~192 s. However, the text in the third paragraph of Section
3.1.2.3 states that “the maximum SIT-FD injection is reached during this period at around 30 s”
which is inconsistent. Clarifications are needed.
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Response
The sentence in Section 3.1.2.3 of the topical report is corrected as follows.
Before
After
Maximum SIT-FD injection flow is reached Maximum SIT-FD injection flow is reached at
during this period at around 30 s.
around 30 s after the break.
The revised topical report will be submitted later.
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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 Report
The revised topical report will be submitted later.
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Audit Issues No. 12
NUREG/CR-5429, Appendix B establishes an acceptable approach for the documentation of the
timing of events. The liquid and void fractions in various RCS components at key times in the
accident progression are depicted in Figures 3-3 through 3-8 of the topical report. According to
the phenomena description in Sections 3.1.2.1 through 3.1.2.3 of the topical report, the SIT-FD
water injection begins from ~15 seconds and ends at ~192seconds. However, Figures 3-5
through 3-8 of the topical report indicate that the SIT-FD is fully filled with water during this
period. This is an inconsistency that needs to be addressed by making appropriate changes to
Figures 3-5 to 3-8 to be consistent with the scenario description.

Non-Proprietary
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Response
Figure 3-5 through 3-8 of topical report will be modified to have consistency with the
phenomena description as follows.

Figure 3-5. Calculated RCS Conditions, 25 s after the Break

Non-Proprietary
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Figure 3-6. Calculated RCS Conditions, 62 s after the Break

Figure 3-7. Calculated RCS Conditions, 92 s after the Break
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Figure 3-8. Calculated RCS Conditions, 150 s after the Break

Non-Proprietary
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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 Report
Topical report will be revised as discussed in this response.
There is no impact on Technical or Environmental Report.

KEPCO/KHNP
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Audit Issues No. 13
RG 1.157 outlines guidance in many places that the results for best estimate calculations are to
be considered acceptable provided their technical bases are demonstrated with appropriate
data and analyses. However, some of the results provided in the topical report are unclear.
Figure 3-2 of the topical report shows the normalized collapsed water level in the downcomer
and the reactor core. It is essential to confirm that the following interpretations of Figure 3-2 are
correct:
a.

At the end of blowdown, approximately 25 percent of the initial core liquid volume
remains in the core.

b. At the end of refill, approximately 5 percent of the initial core liquid volume remains in
the core.
c. At the end of blowdown, approximately 30 percent of the initial lower plenum liquid
volume remains in the lower plenum.
d. At the end of refill, approximately 20 percent of the initial lower plenum liquid volume is
in the lower plenum.
e. In the late reflood period, approximately 35 percent of the initial core liquid volume is
maintained in the core. Also, define what constitutes the lower downcomer relative to
Figure 3-2 of the topical report.
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Response
Figure 3-2 of the topical report shows the representative LBLOCA scenario which was
calculated during the methodology development stage. In this figure, the active core level
means the normalized water level from bottom of reactor vessel to the top upper guide structure
(UGS). Because this may cause reader’s confusion, Figure 3-2 of the topical report will be
revised to the results of the nominal calculation as shown in Figure 1 of this response. The
active core level in Figure 1 is the collapsed water level in the active fuel region.
The following responses are based on Figure 1.
Figure number of Figure 3-2 of topical report (Rev.0) is changed to Figure 3-3 in topical report
(Rev.1) due to the editorial necessity.
a)
At the end of blowdown, the core water level decreases to approximately 3 % of the initial water
level. This is because the primary coolant is rapidly expelled into the containment through the
break due to the depressurization.
b)
The refill period ends when the mixture level in the lower plenum reaches the bottom of the
active core. Therefore, there is no liquid in the active core region at the end of refill.
c)
The blowdown period ends when the SITs begin to inject ECC water. At the end of blowdown,
approximately 24 % of the initial lower plenum water level remains in the lower plenum.
d)
At the end of refill, the collapsed water level in the lower plenum reaches approximately 95 % of
the initial value. This means that the lower plenum fills up with two phase mixture.
e)
- In the late reflood period, the collapsed water level in the active core maintains at around 50 %
of the initial value.
- Lower downcomer means the downcomer from the bottom of flow skirt to the bottom of loop
pipe.
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Figure 1. Normalized Collapsed Water Level in Downcomer and Core

Non-Proprietary
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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 Report
The revised topical report will be submitted later.
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Evaluation

Audit Issues No. 16
Section 3.12.1 of RG 1.157 states that “the containment pressure used for evaluating cooling
effectiveness during the post-blowdown phase of a LOCA should be calculated in a bestestimate manner and should include the effects of containment heat sinks.” According to
Section 3.4 of the topical report, the APR1400 LBLOCA methodology calls for the coupling of
RELAP5/MOD3.3/K with CONTEMPT4/MOD5 for the LBLOCA. As a result, the adequacy of
CONTEMPT4/MOD5 also needs to be determined. Table 3-2 of the topical report (also Table 3
in Appendix A from which Table 3-2 is derived) contain and rank the generic processes such as
[
]TS for the containment component. However, the
ranking of such generic processes is insufficient for adequacy determination. Individual
phenomena that impact these general processes (e.g., “condensation heat transfer,” “impact of
non-condensable gases,” “droplet heat and mass transfer,” etc.) need to be included and ranked
in the PIRT to determine the code adequacy and uncertainty following the SRP Section 15.0.2,
Revision 0, and NUREG/CR-5249 guidance. A complete PIRT for the containment phenomena
is required. Also, provide an explanation of how the containment is treated statistically.
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Response
[
]TS They satisfy the associated technical standard in the
following manner.

TS
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TS

Non-Proprietary
15.04.06 - 4/4

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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 18
The guidance in RG 1.157, Section 3.12.2 establishes acceptable controls for the calculation of
mixture level in best estimate analysis. Table 3-2 of the topical report ranks [
]TS Since the RELAP5
fluid nodes are basically homogenous, a description of the approach (i.e., fine nodalization, level
tracking, etc.) used to determine the mixture level in the APR1400 RELAP5/MOD3.3/K model is
needed to better understand the PIRT and the reported results.
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Response
As described in the section 4.2.2.1.2 of the topical report, [
]TS
The nodalization of the reactor vessel is important since this might affect those related
processes. Section 4.2.1 of the topical report describes the reactor pressure vessel
nodalizations, where the nodalizations of the each part of the vessel are described. Specifically,
the core is modeled using [
]TS In fact, the fluid volume of RELAP5 is not “homogeneous”, but
stratified option is used as a default option. Therefore, the basic function of the mixture level
option, which considers the gas and two-phase mixture separately when the vertical flow
stratification occurs, is reflected all the calculations in the topical report. It is expected that the
mixture level option would not show significant differences from the stratification option.
In CAREM, the same noding scheme should be applied for all experimental assessment
calculations and the plant calculation as well. The core noding determined above is applied to
all code accuracy calculations. The peak cladding temperature predictions by the code are
compared against the measured values and revealed that the code accuracy is very high.
Based on this, it can be deduced that the current noding scheme is able to predict the mixture
level reasonably well.

Non-Proprietary
15.09.23 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Evaluation

Audit Issues No. 19
NUREG/CR-5429, Section 2.1 establishes an acceptable approach for the documentation of the
computer codes and associated interfaces. Table 3-5 of the topical report does not provide the
entire picture of the presence of models and correlations in RELAP5/MOD3.3/K and
CONTEMPT4/MOD5. Therefore:
a. A clear statement of all the phenomena that are treated by biases in Section 3.6.1 is
needed.
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Response
The phenomenon mentioned in Section 3.6.1 of the topical report as [
]TS RELAP5
describes two-phase flow using two-fluid, two-field equations, therefore, the [

]TS
There are two types of [

]TS
All phenomena that are treated as biases in the topical report are summarized in Table 1. The
PIRT shown in Table 1 is modified from the PIRT in the topical report due to some errors that
have been included. The complete modified APR1400 PIRT is given in association with audit
issue no. 15.
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Table 1. Modified APR1400 PIRT treated by biases
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TS

Non-Proprietary
16.07.28 - 5/5

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 Report
Topical report will be revised according to the PIRT revision.
There is no impact on any Technical or Environmental Report.
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Audit Issues No. 19
NUREG/CR-5429, Section 2.1 establishes an acceptable approach for the documentation of the
computer codes and associated interfaces. Table 3-5 of the topical report does not provide the
entire picture of the presence of models and correlations in RELAP5/MOD3.3/K and
CONTEMPT4/MOD5. Therefore:
b. Table 3-5 of the topical report needs to include a column providing the status of the
existence of model (“yes/no”) in RELAP5/MOD3.3/K and CONTEMPT4/MOD5 for each
of the listed phenomenon.
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Response
Second column of Table 3-5 in topical report shows important phenomena and processes
related to each component. Third column shows the existing models in RELAP5/MOD3.3/K and
CONTEMPT4/MOD5.

Non-Proprietary
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 21-a and b
NUREG/CR-5429, Section 2.1 establishes an acceptable approach for the documentation of the
computer codes and associated interfaces. Address the following concerns related to Section
3.4 and Appendix B of the topical report:
a. Section 3.4 and Appendix B give the impression that all the changes made to the original
RELAP5/MOD3.3 code are described in Appendix B. However, in response to prior
requests for additional information (RAIs), documented in APR1400-F-A-RA-14001-P, it
appears that additional changes have been made to RELAP5/MOD3.3, including the
ability to input uncertainty variables. A complete characterization of all changes made to
RELAP5/MOD3.3 for inclusion in Appendix B is needed.
b. A list of all changes that have been made to the original CONTEMPT5/MOD4 source
code for the present application is needed.
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Response a and b
As to Appendix B of the topical report, it only described model and error changes to the
RELAP5/MOD3.3/K code which would affect the calculation results. Other than that, all the
modifications made to the RELAP5/MOD3.3/K and CONTEMPT4/MOD5 codes were written
down and managed in separated reports for each code. The modification reports are written in
Korean and controlled by software management system.

Non-Proprietary
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 22-a
RG 1.157 outlines in many places that the results from best estimate calculations are to be
considered acceptable provided their technical basis is demonstrated with appropriate data and
analyses. Section 3.4 and Appendix B of the topical report discuss [
]TS Appendix C
provides a list of the FLECHT-SEASET tests for comparison to RELAP5/MOD3.3/K calculations,
most of which have flooding rates larger than 25 cm/s. Address the following:
a. Provide results from the examination of the [
low flooding rate tests such as test 31805 and/or test 34006.

]TS against data from
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Response
As discussed in Appendix B, [

]TS
Code modification for [
]TS is performed onto the original
RELAP5/MOD3.3 code. And code assessments for the FLECHT-SEASET test 31805 and
34006 are performed.
Figure 1 and Figure 2 show the calculation results of the code with [
]TS for test 31805 and 34006 with original calculation results of RELAP5/MOD3.3
code (named as current version), respectively. Since PCTs of both tests occurred at 78 inch
elevation in common, calculation results of heat structure node [ ]TS are compared. And all
measurement data installed at the same elevation of 78 inches in the test facility are presented.
As shown in these figures, code modification for [
]TS

Non-Proprietary
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TS

Figure 1. Effect of [

]TS; FLECHT-SEASET Test 31805
TS

Figure 2. Effect of [

]TS; FLECHT-SEASET Test 34006
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Evaluation

Audit Issues No. 22-b
RG 1.157 outlines in many places that the results from best estimate calculations are to be
considered acceptable provided their technical basis is demonstrated with appropriate data and
analyses. Section 3.4 and Appendix B of the topical report discuss [
]TS Appendix C
provides a list of the FLECHT-SEASET tests for comparison to RELAP5/MOD3.3/K calculations,
most of which have flooding rates larger than 25 cm/s. Address the following:
b. Figure 5-16 of the topical report shows the liquid velocity at the core inlet for the base
case calculation. Provide the transient history (from 50 seconds onwards) for the liquid
velocity at the core inlet for the base case calculation in sufficient detail to enable
assessing the general flooding rate.
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Response
Figure 1 shows the liquid velocity at the core inlet from 25 to 300 seconds of the base (nominal)
calculation.
In Appendix C of the topical report, the flooding rates of FLECHT-SEASET tests for
RELAP5/MOD3.3/K assessment are from 1.5 cm/s to 16.58 cm/s. Table 1 shows Table 2-1 of
the Appendix C and the incorrect flooding rates will be revised.

Others

Initial Rod
Peak Power

Initial Clad
Temperature

System
Pressure

Flooding Rate

Group

15.09.03 - 3/5

K

0.28
0.28
0.27

33338
34006

3
2.3
2.3

1151.15
1144.15
1161.15

1144.15
1155.15
2.3/1.3
1.3

2.3

2.4
1.3

1392.15
1152.15

1162.15

2.3
2.4
2.3
2.3

2.3
2.3
2.3
2.3
2.3

kW/m

Rod Power

1160.15
1162.15
529.15
804.15

1145.15
1142.15
1136.15
1145.15
1144.15

MPa
0.28
0.28
0.28
0.28
0.28
same as (2)
0.41
0.14
0.28
0.27
same as (1)
0.27
0.28
same as (1)
0.28
0.13
0.14

Rod
Temperature

System
Pressure

32333

31203 (1)
31302
31504 (2)
31701
31805
31504
32013
34209
30518
30817
31203
34420
31021
31203
34524
31108
32235

Run
No.

5.9/0.807 kg/s
15  1.5

162/21  16.2/2.1

39.9  3.99
79  7.9
165.8/24.9/15.7 
16.58/2.49/1.57

38.9  3.89
38.6  3.86

26.4  2.64
27.2  2.72
38.9  3.89
38.9  3.89

38.4  3.84
76.5  7.65
24.6  2.46
155  15.5
21  2.1

cm/s

Flooding Rate

325.15
324.15

326.15

325.15
306.15
304.15

324.15
325.15

339.15
305.15
325.15
326.15

325.15
325.15
324.15
326.15
324.15

K

Coolant Inlet
Temperature

1.78 (70)
1.98 (78)

1.93 (76)

1.83 (72)
1.78 (70)
1.98 (78)

1.83 (72)
1.78 (70)

1.93 (76)
1.98 (78)
1.98 (78)
1.98 (78)

1.93 (76)
1.70 (67)
1.98 (78)
1.78 (70)
1.98 (78)

m (in)

PCT*
Elevation

Table 1 FLECHT-SEASET Tests Used for RELAP5/MOD3.3/K Assessment

Proprietary

1198.15
1436.15

1421.15

1477.15
1211.15
1419.15

1480.15
1214.15

1444.15
1434.15
926.15
1105.15

1310.15
1205.15
1423.15
1196.15
1505.15

K

PCT

Uniform
Uniform

Uniform

Uniform
Uniform
Uniform

Uniform
Uniform

Uniform
Uniform
Uniform
Uniform

Uniform
Uniform
Uniform
Uniform
Uniform

-

Radial Power
Distribution

KEPCO/KHNP

Proprietary
15.09.03 - 4/5

KEPCO/KHNP
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Figure 1. Liquid Velocity at the Core Inlet
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Proprietary
15.09.03 - 5/5

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 Report
Topical report will be revised as discussed in this response.
There is no impact on Technical or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.08.27 - 1/3

KEPCO/KHNP

RESPONSE TO AUDIT ISSUES
APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic
Methodology for Large-Break LOCA of the APR1400

Issue Date

Evaluation

08/13/2015

Audit Issues No. 23-a
The guidance in RG 1.157, Section 2.1.2 establishes acceptable controls regarding the
accuracy of computational models in best estimate analysis. Section 3.4 and Appendix B of the
topical report discuss the modification [
]TS
Figures 11 and 12 of Appendix B provide comparisons of the cladding temperature calculated
with the modified code against the data for FLECHT-SEASET tests 31108 and 31504,
respectively. The high flooding rate test (31108) shows an excellent comparison to the quench
time at the PCT location. The low flooding rate test (31504) shows an under-prediction of the
cladding temperature at the peak location and a delay in the quench time. Figure 14 of
Appendix B provides a comparison of the calculated heat transfer coefficient against the data for
test 31504. However, Figure 14 of Appendix B only shows the comparison beyond 200
seconds. Address the following:
a. Provide the heat transfer coefficient comparison for the time period of 50 to 200 seconds
against the data for test 31504.

Non-Proprietary
15.08.27 - 2/3

KEPCO/KHNP

Response
Heat transfer coefficient predicted by the code for the time period of 50 to 200 sec is compared
against the data for test 31504 in the following Figure 1. The heat transfer coefficient values of
test 31504 are calculated from Equation 9 of Appendix B of the topical report.

Figure 1. Heat Transfer Coefficient Comparison

Non-Proprietary
15.08.27 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.08.27 - 1/5

KEPCO/KHNP
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APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic
Methodology for Large-Break LOCA of the APR1400

Issue Date

Evaluation

08/13/2015

Audit Issues No. 23-b
The guidance in RG 1.157, Section 2.1.2 establishes acceptable controls regarding the
accuracy of computational models in best estimate analysis. Section 3.4 and Appendix B of the
topical report discuss the modification [
]TS
Figures 11 and 12 of Appendix B provide comparisons of the cladding temperature calculated
with the modified code against the data for FLECHT-SEASET tests 31108 and 31504,
respectively. The high flooding rate test (31108) shows an excellent comparison to the quench
time at the PCT location. The low flooding rate test (31504) shows an under-prediction of the
cladding temperature at the peak location and a delay in the quench time. Figure 14 of
Appendix B provides a comparison of the calculated heat transfer coefficient against the data for
test 31504. However, Figure 14 of Appendix B only shows the comparison beyond 200
seconds. Address the following:
b. Provide the RELAP5/MOD3.3K calculated mass flow rates (liquid/vapor) for the
elevation at which the peak temperature occurs for tests 31108 and 31504.

Non-Proprietary
15.08.27 - 2/5

KEPCO/KHNP

Response
The liquid and vapor mass flow rates for the elevation at which the peak temperature occurs for
test 31108 are given in Figure 1 and 2, respectively. The peak temperature occurs at [ ]TS
node in test 31108, thus the junction number [ ]TS, which is the nearest junction from the node
is plotted. Time period of 0 to 200 s are employed consistently with the test period.
The liquid and vapor mass flow rates for the test 31504 are shown in Figure 3 and 4,
respectively. In these Figures, the junction number [ ]TS is plotted for the time period of 0 to
400 s due to the same reason as the above.
In those figures above, hot channel data are presented in common.

Non-Proprietary
15.08.27 - 3/5

KEPCO/KHNP

TS

Figure 1. Liquid Mass Flow Rate at [

]TS Junction for Test 31108

TS

Figure 2. Vapor Mass Flow Rate at [

]TS Junction for Test 31108

Non-Proprietary
15.08.27 - 4/5

KEPCO/KHNP

TS

Figure 3. Liquid Mass Flow Rate at [

]TS Junction for Test 31504
TS

Figure 4. Vapor Mass Flow Rate at [

]TS Junction for Test 31504

Non-Proprietary
15.08.27 - 5/5

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.09.23 - 1/5

KEPCO/KHNP
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Issue Date

Evaluation

08/13/2015

Audit Issues No. 23-c
The guidance in RG 1.157, Section 2.1.2 establishes acceptable controls regarding the
accuracy of computational models in best estimate analysis. Section 3.4 and Appendix B of the
topical report discuss the modification [
]TS
Figures 11 and 12 of Appendix B provide comparisons of the cladding temperature calculated
with the modified code against the data for FLECHT-SEASET tests 31108 and 31504,
respectively. The high flooding rate test (31108) shows an excellent comparison to the quench
time at the PCT location. The low flooding rate test (31504) shows an under-prediction of the
cladding temperature at the peak location and a delay in the quench time. Figure 14 of
Appendix B provides a comparison of the calculated heat transfer coefficient against the data for
test 31504. However, Figure 14 of Appendix B only shows the comparison beyond 200
seconds. Address the following:
c. Provide results from the examination of the final combined heat transfer coefficient
compared with data for FLECHT-SEASET test 31805 and/or test 34006.

Non-Proprietary
15.09.23 - 2/5

KEPCO/KHNP

Response
Figure 1 and Figure 2 show calculated cladding temperature at 78 inches against experimental
data for test 31805 and 34006, respectively. In the figures, calculated data are [ ]TS node
results of hot channel heat structure which includes 78 inches measurement elevation.
Figure 3 and Figure 4 show calculated heat transfer coefficients at the same node against
experimental data for test 31805 and 34006, respectively. Since several measurements are
installed at the same elevation in the test, several heat transfer coefficients are obtained. Thus,
average, maxima, and minima values of test data are presented in those figures.

Non-Proprietary
15.09.23 - 3/5

KEPCO/KHNP

Figure 1. Cladding Temperature Comparison for Test 31805

Figure 2. Cladding Temperature Comparison for Test 34006

Non-Proprietary
15.09.23 - 4/5

KEPCO/KHNP

Figure 3. Heat Transfer Coefficient Comparison for Test 31805

Figure 4. Heat Transfer Coefficient Comparison for Test 34006

Non-Proprietary
15.09.23 - 5/5

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
16.01.27 - 1/3

KEPCO/KHNP
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Issue Date

Evaluation

08/13/2015

Audit Issues No. 23-d
The guidance in RG 1.157, Section 2.1.2 establishes acceptable controls regarding the
accuracy of computational models in best estimate analysis. Section 3.4 and Appendix B of the
topical report discuss the modification [
]TS
Figures 11 and 12 of Appendix B provide comparisons of the cladding temperature calculated
with the modified code against the data for FLECHT-SEASET tests 31108 and 31504,
respectively. The high flooding rate test (31108) shows an excellent comparison to the quench
time at the PCT location. The low flooding rate test (31504) shows an under-prediction of the
cladding temperature at the peak location and a delay in the quench time. Figure 14 of
Appendix B provides a comparison of the calculated heat transfer coefficient against the data for
test 31504. However, Figure 14 of Appendix B only shows the comparison beyond 200
seconds. Address the following:
d. The code modification [
]TS based on Figure 5 of Appendix B. Assuming the flow rate is
accurately predicted, the underprediction of heat transfer should translate into an overprediction of the cladding temperature. However, the cladding temperature is underpredicted for the low reflood rate test (Figure 12 of Appendix B) implying that another
mechanism may be responsible. This is also true for test 34006 as shown in Appendix
C. If the APR1400 calculated flooding rate is low, the calculated cladding temperature
will be lower than that calculated if a better or more realistic heat transfer coefficient is
utilized. A justification for the code modification that enables a best-estimate
representation is needed.

Non-Proprietary
16.01.27 - 2/3

KEPCO/KHNP

Response
As described in the response to audit issue number 23-c, RELAP5/MOD3.3/K code predicts
heat transfer coefficient (HTC) higher than FLECHT-SEASET test 31805 and 34006 during the
film boiling region whereas, the results of the test 31108 which has relatively high reflood rate
show low HTC and high PCT as expected. The under-prediction of cladding temperature for test
34006 is caused by over-prediction of HTC when the maximum data is compared only. However,
when all measurement data are compared with code result, it is concluded that core predicts
cladding temperature reasonably well. And also, in spite of these under-predictions of the
maximum cladding temperatures for low reflood rate tests, the SRS calculations of FLECHTSEASET tests show that the code predictions with uncertainty parameters can cover the
experimental data well.
On the other hand, as discussed in the response to the audit issue number 22-b, predicted
reflood rate of the APR1400 nominal case is about 10 cm/s during early reflood period. This
value is high compared to FLECHT-SEASET test conditions, hence, it is expected that code
predicts clad temperature properly.

Non-Proprietary
16.01.27 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.04.06 - 1/3

KEPCO/KHNP
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Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Evaluation

Audit Issues No. 23-e
The caption for Figure 12 in Appendix B is incorrect. It refers to FLECHT-SEASET Test 31504
instead of 31108.

Non-Proprietary
15.04.06 - 2/3

KEPCO/KHNP

Response
The caption for Figure 12 in Appendix B is corrected as follows.
Before
Figure 12 Comparison of Rod Cladding
Temperature; FLECHT-SEASET 31108
The revised topical report will be submitted later.

After
Figure 12 Comparison of Rod Cladding
Temperature; FLECHT-SEASET 31504

Non-Proprietary
15.04.06 - 3/3

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 Report
The revised topical report will be submitted later.

KEPCO/KHNP

Non-Proprietary
15.08.28 - 1/4

KEPCO/KHNP
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Application Section
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Issue Date

Evaluation

08/13/2015

Audit Issues No. 24
The guidance in RG 1.157, Section 2.1.2 establishes acceptable controls regarding the
accuracy of computational models in best estimate analysis. Appendix B of the topical report
states that the [
]TS Provide the basis for performing the modification [
TS
] to that of the earlier version. Include discussion of the accuracy of the models.

Non-Proprietary
15.08.28 - 2/4

KEPCO/KHNP

Response
Volume I, Chapter 4.11 of reference [1] describes [
RELAP5/MOD3.3. [

]TS of

]TS
Code manual mentions that [
]TS of RELAP5/MOD3.3 code is based on a
[
]TS Whereas, any reasonable
TS
reason for modification of [
] isn’t mentioned. Thus, it is determined to
modify [
]TS In addition, it is considered that code modification for [
]TS has limited effects because [
]TS are
TS
adjusted to the analysis results of [
] in the CAREM, that is, [
]TS doesn’t change.

Non-Proprietary
15.08.28 - 3/4

KEPCO/KHNP

Reference
[1]

“RELAP5/MOD3.3 Code Manual Volume I: Code Structure, System Models, and
Solution Methods,” NUREG/CR-5535, Rev P3, U.S.NRC, March 2003.

[2]

“RELAP5/MOD3.3 Code Manual Volume IV: Models and Correlations,” NUREG/CR5535, Rev P3, U.S.NRC, March 2006.

Non-Proprietary
15.08.28 - 4/4

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
16.02.12 - 1/5

KEPCO/KHNP
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Issue Date

08/13/2015

Evaluation

Audit Issues No. 25
NUREG/CR-5429, Section 2.1.4 discusses controls over code versions and changes that could
affect best estimate calculations. The effects of the modifications to RELAP5/MOD/3.3 have
been demonstrated using either SET data (from the FLETCH- SEASET tests) or APR1400 plant
simulations in Appendix B. The APR1400 simulations show the comparison of results before
and after a particular modification [
]TS is made. However,
a comparison of results for either the APR1400 plant or an integral test using RELAP5/MOD3.3
and RELAP5/MOD3.3/K (with all changes present in the frozen code version) is missing.
Provide such a comparison.

Non-Proprietary
16.02.12 - 2/5

KEPCO/KHNP

Response
Figure 1 ~ Figure 4 show cladding temperature comparisons of high power region calculated by
RELAP5/MOD3.3 and modified RELAP5/MOD3.3 (RELAP5/MOD3.3/K) for LOFT L2-2 test.
Code inputs for each code are different because user input for [
]TS is
modified to match [
]TS described in Appendix B of the topical report. But the other user input
data are the same.
In these figures, blowdown PCTs are similar with each other because initial fuel average
temperatures are similar and major code modifications have effects on reflood period. And
reflood PCTs are also similar with each other, but reflood quenching time is delayed in common.

Non-Proprietary
16.02.12 - 3/5

KEPCO/KHNP

Figure 1. Cladding Temperature Comparison of Node 2 Elevation for LOFT L2-2 Test

Figure 2. Cladding Temperature Comparison of Node 3 Elevation for LOFT L2-2 Test

Non-Proprietary
16.02.12 - 4/5

KEPCO/KHNP

Figure 3. Cladding Temperature Comparison of Node 4 Elevation for LOFT L2-2 Test

Figure 4. Cladding Temperature Comparison of Node 5 Elevation for LOFT L2-2 Test

Non-Proprietary
16.02.12 - 5/5

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
16.02.26 - 1/4

KEPCO/KHNP
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Application Section
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Issue Date

08/13/2015

Evaluation

Audit Issues No. 27-a
NUREG/CR-5429, Section 2.2.2 discusses issues related to model nodalization. Address the
following issues regarding nodalization of the APR1400:
a. Section 4.2.1 of the topical report states that the APR1400 nodalization of the reactor
vessel “...follows the typical pressurized water reactor nodalization...” Provide additional
details to support this assertion. Furthermore, as specified by RG 1.157, provide a
reference for the documentation related to the nodalization sensitivity studies that were
performed in order to determine the final APR1400 RELAP5 nodalization that will be
used for licensing calculations.

Non-Proprietary
16.02.26 - 2/4

KEPCO/KHNP

Response
In order to determine the nodalization of the APR1400 plant, CAREM refers to the code
assessments related to the nodalization, nodalization examples and the code user guideline and
those are described in Reference [1] and [2]. Also, code assessments using SET and IET of the
assessment matrix are considered. The applicability of the selected nodalization is also
confirmed by the experimental assessments described in Appendices of the topical report.
In addition to that, Audit Issues No. 27 contained several questions related to the nodalization
for APR1400 plant, and our responses to each question includes a basis to select reactor vessel
nodalization and the results of the sensitivity study. The specific nodalization and its supporting
details can be found in our responses to the audit issues and reference as follows.


Downcomer nodalization: Audit Issues No. 27-b and c



[



Core axial nodalization: Audit Issues No. 27-g



Nodalization below the downcomer skirt: Audit Issues No. 27-h



Axial nodalization of the upper downcomer: Audit Issues No. 27-j



Upper guide structure: Reference [3]

]TS: Audit Issues No. 27-d and e

Non-Proprietary
16.02.26 - 3/4

KEPCO/KHNP

Reference
[1]

RELAP5/MOD3.3 Code Manual Volume III: Developmental Assessment Problems,”
Nuclear Systems Analysis Division, March 2006.

[2]

“RELAP5/MOD3.3 Code Manual Volume V: User’s Guideline,” Nuclear Systems
Analysis Division, March 2006.

[3]

“Modification of LBLOCA Best-Estimate Evaluation Methodology of APR1400 Typ3
Nuclear Power Plants (2012),” KNF-TR-SGA-12005, KNF, September 2012.

Non-Proprietary
16.02.26 - 4/4

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
16.02.26 - 1/4

KEPCO/KHNP
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Issue Date

08/13/2015

Evaluation

Audit Issues No. 27-b, c
NUREG/CR-5429, Section 2.2.2 discusses issues related to model nodalization. Address the
following issues regarding nodalization of the APR1400:
b. [

]TS have been chosen to represent the downcomer based on [
]TS

However, no information is provided as to what phenomena were investigated.
Moreover, the ECCS bypass is introduced [
]TS and is not dependent on the
nodalization of the downcomer. List the applicable phenomena considered.
c. No evidence is provided to support the assertion that the selected nodalization for the
downcomer [
]TS requested in part (b) as asserted in the
topical report. Address this concern.

Non-Proprietary
16.02.26 - 2/4

KEPCO/KHNP

Response
In modeling the downcomer, a multi-channel downcomer modeling technique is used where,
[
]TS in CAREM. The
reason for this is to preserve [
]TS
explicitly. It is required to model the downcomer by azimuthally divided [
]TS of the APR1400. Figure 1 shows the nodalization of reactor vessel
downcomer in a circumferential direction. The reason for this is to [
]TS which may occur during refill and reflood periods. The [
]TS addressed in the topical report would be the ECCS bypass. The ECC bypass
ratio, level at the downcomer, break flow, etc. are the phenomena of concerns. Since [
]TS
The assertions on the selected nodalization for the downcomer are performed by adjusting the
consistent nodalization scheme in modeling various experimental facilities. Consequently, the
code calculation results show reasonably good predictions of the experimental results.

Non-Proprietary
16.02.26 - 3/4

KEPCO/KHNP

TS

Figure 1. Nodalization of Reactor Vessel Downcomer in a Circumferential Direction

Non-Proprietary
16.02.26 - 4/4

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.11.24 - 1/6

KEPCO/KHNP
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Issue Date

08/13/2015

Evaluation

Audit Issues No. 27-f
NUREG/CR-5429, Section 2.2.2 discusses issues related to model nodalization. Address the
following issues regarding nodalization of the APR1400:
f.

Cross-flow through the junctions in the core depends on the associated flow areas and
loss coefficients. Provide an explanation of the calculation approach used to determine
these parameters and how their uncertainties are represented.

Non-Proprietary
15.11.24 - 2/6

KEPCO/KHNP

Response
Because the areas of core cross flow junctions are determined by reactor core geometry, the
[
]TS
The uncertainty of the cross flow junction loss coefficient was [
]TS The followings
are quoted from reference [1].
The power of the peripheral bundles is lower than the power of central bundles. This radial core
power profile causes so called chimney effect (refer to Figure 1). As a result of this chimney
effect, heat transfer to flow is enhanced in the high power region and degraded in the low power
region. However, since PCT occurs in the high power region, the net effect is a decrease in PCT.
The loss coefficients of cross flow junctions are determined as follows;
[

Non-Proprietary
15.11.24 - 3/6

KEPCO/KHNP

]TS

Non-Proprietary
15.11.24 - 4/6

KEPCO/KHNP

Figure 1. Multi-Dimensional Behavior in Core with a Non-Uniform Radial Power Profile [1]

Non-Proprietary
15.11.24 - 5/6

References.
[1]

“2D/3D Program Work Summary Report,” NUREG/IA-0126, June 1993.

[2]

I. E. Idelchick, “Handbook of Hydraulic Resistance,” 2nd Edition.

KEPCO/KHNP

Non-Proprietary
15.11.24 - 6/6

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.04.06 - 1/4

KEPCO/KHNP
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Issue Date

08/13/2015

Evaluation

Audit Issues No. 27-g
NUREG/CR-5429, Section 2.2.2 discusses issues related to model nodalization. Address the
following issues regarding nodalization of the APR1400:
g. The froth level is typically important in determining the quench front progression. This
requires accurate calculations of the fluid quality and heat release in a control volume
and the mass flow rate and steam flow rate through a control volume. Provide an
explanation of the basis for the core axial nodalization and the uncertainty associated
with it. Also provide an assessment of the Courant limits on the nodalization.

Non-Proprietary
15.04.06 - 2/4

KEPCO/KHNP

Response
The nodalization of the plant should be modeled in detail to simulate the design characteristics
and the major phenomena, however, extremely detailed modelling is hard to achieve due to
practical and economic reasons. In principle the nodalization of the plant can be seen as one of
uncertainty parameters, however, it is empirically known that quantifying the uncertainty costs a
lot and user dependency is significant. Therefore, the standard nodalization for plant
calculations is selected and it is applied to both code assessment and plant calculation. Through
this, the uncertainty of nodalization can be reflected to the plant calculation.
The length of core nodes needs to be small enough to be able to detail the major thermalhydraulic phenomena as long as it does not impede the practicality of the plant calculation. The
core axial nodalization of CAREM is modeled on the basis of assessment against [
]TS of which the rod lengths are the same as the fuel rod length of the
conventional plant.
In case of test facility which has the same core length as the plant, the distortion of the thermalhydraulic behavior in the core due to the scale down is prevented by assuming the power-toflow area ratio similar to the value of the fuel assembly. Thus, the measuring positions of the
test facilities against axial direction of the core is important reference in determining the nodding
for plant. In the CAREM, the active length of the fuel rod is modeled using [
]TS
Figure 1 shows comparison of Courant limit and time step of plant calculation. As shown in
Figure 1, it is confirmed that the time step used in plant calculation is always lower than Courant
limit.
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Figure 1. Courant Limit and Time Step of Plant Calculation
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 27-h
NUREG/CR-5429, Section 2.2.2 discusses issues related to model nodalization. Address the
following issues regarding nodalization of the APR1400:
h. According to NUREG/CR-5249 (see Figure 18 in NUREG/CR-5249), analysis results
from the simulation of a pressurized-water reactor (PWR) LBLOCA showed that at least
two nodes are required in the lower plenum below the downcomer skirt to adequately
model the sweep-out effect which is [
]TS It appears that the APR1400 nodalization models the region below the
downcomer skirt [
]TS Provide justification for the selected nodalization.
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Response
During blowdown period, flashing occurs due to the rapid depressurization and it causes
generation of the vapor in the lower plenum. Figure 1 shows the liquid temperature and the
saturation temperature at the lower plenum. The liquid temperature is greater than saturation
temperature between 6 seconds and 30 seconds. Because of this, the vapor is generated in the
lower plenum as shown in Figure 2.
The lower plenum region (below the downcomer skirt) of APR1400 plant is [
]TS In order to find out the sensitivity of the lower
plenum noding on the sweep out, the volume below the flow skirt is modeled by [
]TS And the noding of lower plenum is shown in Figure 3. Figure 4 shows comparison of
the vapor flow rate from the lower plenum to downcomer using the ToR noding and the new
noding. The comparison of PCTs calculated using [
]TS is presented in Figure 5. As
shown in Figures, the calculation results of two models are very similar. Based on these results,
it is found that the impact of lower plenum noding is not significant in APR1400. The different
effect of lower plenum noding from NUREG/CR-5249 would be resulted from the difference in
lower plenum geometry such as flow skirt.
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Figure 1. Liquid and Saturation Temperature at the Lower Plenum
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Figure 2. Vapor Generation at the Lower Plenum
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Figure 3. Noding Diagram of the Lower Plenum
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Figure 4. Vapor Mass Flow Rate from Lower Plenum to Downcomer
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There is no impact on the Technical Specifications.
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There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 27-i
NUREG/CR-5249, Section 2.2.2 discusses issues related to model nodalization. Address the
following issues regarding nodalization of the APR1400.
i.

According to RG 1.157 Section 3.5 the break location and ECCS injection point are
areas of high fluid velocity and complex fluid flow and contain phenomena that are often
difficult to calculate. The results of these calculations are often highly dependent on
noding. Justify the nodalization selected for the APR1400 broken cold leg and provide
results from relevant sensitivity studies to assess the impact of nodalization changes in
the break discharge region (i.e., based on the Marviken data)
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Response
Figure 1 illustrates Marviken test nodalization. To determine the break nozzle nodalization,
sensitivity study was performed with varying the number of volumes [1]. As a result, the twophase critical flow rates are [
]TS Therefore the [
]TS was adopted for the nozzle. With this
nodalization, the evaluation was performed and the best estimated discharge coefficients of
[
]TS were determined [1].
Meanwhile, [
]TS
to minimize the impact on the critical mass flux under subcooled conditions in the Marviken test
[2]. As described above, since the Marviken test nozzle is represented by [
]TS
In Figure 2, Case 02 shows plant break nodalization in the topical report. The discharge
coefficients of [
]TS are also applied to the plant calculation.
[
]TS of the break is presented in Table 1. [
]TS However, nodding sensitivity (Case 01 in Figure 2) shows that the
[
]TS does not impose critical impact on the calculated
result (Figure 3). Consequently, the final nodalization of the break discharge nozzle in the
Marviken facility is identical to that of the plant break modeling.
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Table 1 Length to Diameter Ratio for APR1400 Plant Nodalization
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TS

Figure 1 Nodalization (Marviken Test Facility)
TS

Figure 2 Nodalization (APR1400 Broken Cold Leg)
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Figure 3 Cladding Temperature at the PCT Node
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References
[1] S.Y. Lee, “Uncertainty Quantificiation of RELAP5/MOD3/KAERI Critical Flow Model using
Marviken Experiment Data,” KAERI/TR-437/94, Oct. 1994.
[2] S.Levy, Inc., “Critical Flow Data Review and Analysis,” EPRI-NP 2192 Project 14385-1, Jan.
1982.
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Audit Issues No. 27-j
NUREG/CR-5429, Section 2.2.2 discusses issues related to model nodalization. Address the
following issues regarding nodalization of the APR1400:
j.

RG 1.157 Section 3.5 discusses nodalization near the ECCS injection point and states
that “…sufficient sensitivity studies should be performed on the noding and other
important parameters to ensure that the calculations provided realistic results.”
Appendix E of the topical report discusses tests performed in the ATLAS facility to study
direct vessel injection (DVI) performance relative to emergency core cooling water
bypass and downcomer boiling. Describe or refer to the sensitivity studies performed to
assess the selected nodalization near the ECCS injection point using the ATLAS test
results.
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Response
j)
As described in Section 4.2.1 of the topical report, downcomer is [
]TS
The nodalization for the ATLAS test follows the same nodalization concept by modeling the
downcomer with [
]TS Direct vessel injection (DVI) nozzle is located at [
TS
] above the center of cold leg in ATLAS facility. Thus, axial nodalization of upper downcomer
(C130 ~ C136, C140 ~ C146 as shown in Figure 3-3 of Appendix E) is determined to [
]TS Downcomer gap width is fixed by the geometric configuration.
Based on the above nodalization concept, [
is performed using [
from [

]TS Sensitivity calculation for ATLAS test 15
]TS of the volume that ranges
TS
]

Figure 1 shows integrated break mass flow rates of [
]TS and the one marked with
circles means nominal case. Figure 2 shows ECC bypass ratio results calculated by dividing
integrated liquid phase break mass flow by integrated total safety injection (SI) mass flow. Since
integrated liquid break mass flow results are similar to each other, ECC bypass ratio results are
consequently similar.
Figure 3 shows clad temperature results of [
]TS Clad temperature behaviors of
all cases are similar, and the PCT difference between the maximum and minimum data is about
15 K. But there seems [
]TS
Consequently, [
ECC bypass and clad temperature behavior.

]TS has insignificant effects on the
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Figure 1. Integrated Break Mass Flow Results for [

Figure 2. ECC Bypass Ratio Results for [

]TS

]TS
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Figure 3. Clad Temperature Results for [

]TS
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TS

Figure 4. Drawing of Downcomer to Lower Plenum for APR1400 [1]
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TS

Figure 5. Schematic Diagram of Reactor Vessel in the ATLAS Test Facility
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Reference
[1]

Drawings, “Reactor Vessel: Flow Baffle,”1-110-H-175-017C, Doosan Heavy industries &
Construction, December 2011.
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Audit Issues No. 29
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
calculational uncertainty. The guidance in RG 1.157, Section 3.3.1 establishes acceptable
controls regarding the calculation of clad swelling and rupture. Section 4.2.2.1.1 of the topical
report states that the uncertainty in [
]TS According to Section 9.3 of Volume 4 of the
RELAP5/MOD3.3 manual, [
]TS in the code, derived from FRAP-T6,
considers “...elastic deformation of cladding under the differential pressure...” A few lines later
the manual states that “...clad ballooning is not included in the [
]TS
Address the following issues:
a. Describe the methods used by RELAP5/MOD3.3 to calculate clad ballooning, fuel pellet
fragmentation, and relocation.
b. Describe how ballooned cladding affects long term core coolability.
c. Describe how the ballooning model alters the calculated [

]TS

d. Provide the rationale for not utilizing the uncertainty in the existing [
]TS
e. Provide evidence that the selected uncertainty in the cladding rupture model bounds the
uncertainty in [
]TS calculation.
f.

Manufacturing tolerance for gas composition, initial backfill pressure, and the uncertainty
associated with fission gas production, will also affect the potential ranges of cladding
temperature independent of the swelling and rupture, particularly if rupture is not
calculated to occur. Describe how the chosen approach treats the gap gas uncertainty
component of [
]TS
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Response
a)
The RELAP5 dynamic gap conductance model is a simplified deformation model generated
from FRAP-T6 as described in reference [1]. The gap conductance is calculated by the following
equation.
ℎ =

∑

.

Equation (4.11-1) of reference [1]

where
hg

=

conductance through the gas in the gap [W/m2-K]

n

=

number of a circumferential segment

N

=

total number of circumferential segments = 8

kg

=

thermal conductivity of gas [W/m-K]

tn

=

width of fuel-cladding gap at the midpoint of the n-th
circumferential segment [m]

RF

=

surface roughness of the fuel [m]

RC

=

surface roughness of the cladding [m]

g1, g2

=

temperature jump distance terms for fuel and cladding

The width of the fuel-cladding gap at any given circumferential segment is calculated by the
following equation.
=

+ −1 +

Equation (4.11-2) of reference [1]

where
tg

=

circumferentially averaged fuel-cladding gap width [m]

t0

=

as-fabricated fuel-cladding gap width [m]

Cladding deformation is considered in the variable of tg, this variable is calculated by the
following equation.
t g = t0 – u F + u C

Equation (4.11-8) of reference [1]

where
uF

=

radial displacement of the fuel pellet surface [m]
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uC

=

radial displacement of cladding inner surface [m]

Radial displacement of cladding inner surface (uC) can be divided into three parts; thermal
expansion, creepdown, and elastic deformation unless plastic deformation isn’t occur. If plastic
deformation occurs, plastic deformation result is added to this variable.
Plastic deformation of cladding occurs when average cladding temperature exceeds plastic
temperature, and plastic temperature is calculated by following equation.
Tplas

=

Tr – 70

Tplas

=

Tr – 70 – 0.14(Tr – 700)

700 <

Tplas

=

Tr – 155

1300 < Tr

Tr < 700
Tr < 1300

Equation (4.14-5) of reference [1]
The rupture temperature (Tr) is defined as follows.
= 3960 −

. ∙

.

−

×
∙

Equation (4.14-4) of reference [1]

where
S

=

cladding hoop stress [kpsi]

H

=

max[(heating rate) / (28 C/s), 1.0]

If the deformation model is active and average cladding temperature exceeds plastic
temperature, total cladding strain which is sum of the thermal strain, elastic strain, and plastic
strain is calculated by the following equation.
= 0.25

exp[−0.0153

−

]

Equation (4.14-3) of reference [1]

where
Ep

=

plastic hoop strain before rupture

Erup

=

cladding strain at rupture

Tc

=

average cladding temperature [oC]

When average cladding temperature exceeds rupture temperature, rod rupture occurs.
These clad deformation model doesn’t alter the flow area of the fluid cell and the geometric
changes in the heat structures. The geometry changes enter the conduction solution only by
affecting the value being calculated for gap conductance [1].
Clad ballooning is considered in the RELAP5/MOD3.3 code as mentioned above, but code does
not have fuel pellet fragmentation and relocation models. And those are not considered in the
CAREM.
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b)
As discussed in the previous response (a), ballooned cladding affects gap width, and it
decreases gap conductance. However, geometry changes caused by ballooned cladding does
not alter any other parameters which have influence on the RELAP5 hydraulic solution.
c)
Described in a).
In the CAREM, steady state gap conductance data which are calculated by fuel performance
code is used for the initial condition of the fuel. [
]TS
[
]TS
d) and e)
Cladding deformation can be divided into two categories: elastic and plastic deformation.
[

]TS
f)
[
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Reference
[1]
[2]

“RELAP5/MOD3.3 Code Manual Volume I: Code Structure, System Models, and
Solution Methods,” NUREG/CR-5535/Rev P3-Vol I, U.S.NRC, March 2003.
D. A. Powers, R. O. Meyer, “Cladding Swelling and Rupture Models for LOCA Analysis,”
NUREG -0630, U.S.NRC, March 1980.
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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.
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Audit Issues No. 30-a
The guidance in RG 1.157, Section 3.3.1 establishes acceptable controls regarding the
calculation of clad oxidation. Section 4.2.2.1.1 of the topical report describes the uncertainty in
the cladding oxidation. The document “KHNP Responses to Request for Additional Information
No. 1-7425” (page 4 of 23) describes the input for the uncertainty in the cladding oxidation
reaction. Address the following issues:
a. The description implies that the uncertainty will be [
]TS The
rationale provided is that [
]TS
However, the acceptance criterion applies to core-wide cladding oxidation, and in
addition, RG 1.157 does not distinguish between oxidation in different rods for bestestimate analysis. Therefore, justify the basis for [
]TS
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Response
The core-wide cladding oxidation is in reality, related with the maximum hydrogen generation of
10 CFR 50.46(b). In CAREM, [

]TS
In the topical report, calculation results of the maximum hydrogen generation for APR1400 are
considerably lower than the acceptance criteria. [
]TS
[
]TS
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Figure 1. Hot Rod Hydrogen Generation
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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 Report
Topical report will be revised.
There is no impact on any Technical or Environmental Report.
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Audit Issues No. 30-b
The guidance in RG 1.157, Section 3.3.1 establishes acceptable controls regarding the
calculation of clad oxidation. Section 4.2.2.1.1 of the topical report describes the uncertainty in
the cladding oxidation. The document “KHNP Responses to Request for Additional Information
No. 1-7425” (page 4 of 23) describes the input for the uncertainty in the cladding oxidation
reaction. Address the following issues:
b. According to Section 3.2.5 of RG 1.157, “For rods calculated to rupture their cladding
during the loss-of-coolant accident, the oxidation of the inside of the cladding should be
calculated in a best-estimate manner.” A discussion of how this requirement is met in
CAREM is needed.
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Response
The reaction of zirconium and steam in RELAP5/MOD3.3/K code is treated using the correlation
developed by Cathcart. As described in Section 4.13 of reference [1], the metal-water reaction
model is coupled with the fuel rod deformation model so that if a rod ruptures, the inside of the
cladding can react with steam and the oxidation of the inside of the cladding is calculated.
Reference
[1] RELAP5/MOD3.3 Code Manual, Vol. 1: Code Structure, System Models, And Solution
Methods, July 2003.
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Audit Issues No. 31
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
calculational uncertainty. Section 4.2.2.1.1 of the topical report provides the uncertainty for the
Dittus-Boelter correlation for the liquid-phase forced convection heat transfer by citing “various
references.” Provide the references used to determine the uncertainty as well as the results
used to determine the standard deviation for this parameter.
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Response
Dittus-Boelter correlation has been broadly used to calculate the various kinds of single-phase
fluids, and its validity has been demonstrated. Reference [1] summarizes the evaluation results
as follows.

[

]TS

TS
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Audit Issues No. 32
The guidance in RG 1.157, Section 3.8 establishes acceptable controls for the calculation of
critical heat flux. Section 4.2.2.1.2 of the topical report states that the nucleate boiling heat
transfer coefficient is calculated in RELAP5/MOD3.3 based on the Chen correlation, and it goes
on to cite the RELAP5/MOD3.3 code manual for the average error of 21.1 percent for saturated
nucleate boiling and ± 40 percent for subcooled nucleate boiling. However, the reviewers find
that the maximum average error using the Chen correlation for saturated nucleate boiling is 15.7
percent according to Table 4.2-4 of Volume 4 of the RELAP5/MOD3.3 manual. Furthermore,
the range of errors using the Chen correlation for subcooled nucleate boiling is given as +180
percent to -60 percent in the Section 4.2.3.2.3 of Volume 4 of the RELAP5/MOD3.3 manual.
Provide the basis and details of the source(s) used to determine the values listed in Section
4.2.2.1.2 of the topical report for the uncertainty in the Chen correlation.
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Response
Table 1 shows the average deviations for the saturated and the sub-cooled nucleate boiling
heat transfer coefficient in RELAP5/MOD3.3 code manual and topical report (ToR) with the
reference document of RELAP5/MOD3.1 code manual [1].
The RELAP5/MOD3.3 code manual does not contain the code assessment for Chen correlation
but model basis. Meanwhile, RELAP5/MOD3.1 code manual contains both the model basis and
the code assessment for Chen correlation. In the sections of model basis and the code
assessment describe the uncertainty range of Chen correlation. However, the ranges in both
sections are different from each other. The topical report uses the uncertainty ranges for Chen
correlation obtained from the code assessment which is written in the RELAP5/MOD3.1 code
manual.

Non-Proprietary
15.10.23 - 3/5
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Table 1. Average deviations for the nucleate boiling heat transfer coefficient
1) Saturated nucleate boiling

Avg. Deviation [%]

ToR

21.1

RELAP5/MOD3.3 manual (Vol. 4, Table 4.2-4)

Max. 15.7

RELAP5/MOD3.1 manual
(Vol. 4)

Assessment (Section 4.2.3.1.3)

21.1

Model Basis (Section 4.2.3.1.1)

Max. 15.7

2) Sub-cooled nucleate boiling

Avg. Deviation [%]

ToR

± 40

RELAP5/MOD3.3 manual (Vol. 4, Section 4.2.3.2.3)

+180 to -60

RELAP5/MOD3.1 manual
(Vol. 4)

Assessment (Section 4.2.3.2.3)

± 40

Model Basis (Section 4.2.3.2.1)

+180 to -60

Non-Proprietary
15.10.23 - 4/5

KEPCO/KHNP

References
[1]

“RELAP5/MOD3 Code Manual Vol. 4, Model and Correlations (Draft),” NUREG/CR5535, EGG-2596, 1990. 06.

Non-Proprietary
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 33
The guidance in RG 1.157, Section 3.8 establishes acceptable controls for the calculation of
critical heat flux. Section 4.2.2.1.2 of the topical report discusses the comparison of the
performance of the Groeneveld lookup table, shown in Figure 4-2 for the “high-pressure and
high-flow critical heat flux” phenomenon. Demonstrate that the system conditions encountered
during the limiting LBLOCA are covered by the 1993 data points that were used for comparison.
In addition, clarify whether the 1993 data points represent data from steady-state tests or
include transient critical heat flux (CHF) tests as well.
.

Non-Proprietary
15.11.20 - 2/5

KEPCO/KHNP

Response
Table 1 shows the experimental conditions of the CHF data (shown in Figure 4-2 of the topical
report) with APR1400 LBLOCA conditions. The system conditions were obtained from the
calculation of 100 % double ended guillotine break at a cold leg.
From Table 1, all of the steady and transient conditions are covered by the experimental
conditions. Low flow region (0.5 – 10 kg/m2s) exists, though, where the transient calculation
result below the data range. The CHF at low flow region (below a mass flux of 100 kg/m2s [2]) is
calculated by the modified Zuber correlation.

Non-Proprietary
15.11.20 - 3/5

KEPCO/KHNP

Table 1. Ranges of Experimental Data and Calculations (Steady and Transient)

Pressure
[MPa]
Mass flux
[kg/m2s]
Quality [-]

Exp. Data [1]

Calc. (Steady State)

Calc. (Transient State)

0.1~20.0

15.9

0.19~15.9

10.0~18600.0

3488.5

0.5~3499.6

-0.097~0.988

0.0

0.0~0.90

Non-Proprietary
15.11.20 - 4/5
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References
[1]

“RELAP5/MOD3 Code Manual Vol. 4, Model and Correlations (Draft),” NUREG/CR5535, EGG-2596, page 4.2-82, 1990. 06.

[2]

“RELAP3.3 MOD3.3 Code Manual Vol. 4, Models and Correlations,” NUREG/CR-5535,
Rev. P3, page 211~212, 2006. 03.
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 34-a
The guidance in RG 1.157, Section 3.8 establishes acceptable controls for the calculation of
critical heat flux. Address the following regarding the two CHF correlations when the
RELAP5/MOD3.3 reflood model is activated:
a. Provide the mass flux limits and transition criterion for the CHF calculated from the
lookup table and from the modified Zuber correlation when the reflood model is activated.

Non-Proprietary
15.08.27 - 2/4

KEPCO/KHNP

Response
Mass flux limits are described in Section 4.4.5.4 of reference [1]. Modified Zuber CHF
correlation is used to calculate CHF for low mass flux region, whereas CHF of high mass flux
region is obtained by Groeneveld lookup table. Mass flux limits for above two region is below.
Above than 200 kg/m2s:

Groeneveld lookup table

Below than 100 kg/m2s:

Modified Zuber correlation

Linear interpolation of modified Zuber CHF and Groeneveld lookup table is used in intermediate
region between a mass flux of 100 and 200 kg/m2s.

Non-Proprietary
15.08.27 - 3/4

KEPCO/KHNP

Reference
[1]

“RELAP5 MOD3.3 Code Manual Volume IV: Models and Correlations,” NUREG/CR5535, Rev P3, U.S.NRC, March 2006.

Non-Proprietary
15.08.27 - 4/4

Impact on DCD
There is no impact to 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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 34-b
The guidance in RG 1.157, Section 3.8 establishes acceptable controls for the calculation of
critical heat flux. Address the following regarding the two CHF correlations when the
RELAP5/MOD3.3 reflood model is activated:
b. Indicate whether the conditions in the representative LBLOCA during the early reflood
period fall in the transition region. Furthermore, explain how separate uncertainties in
the high- and low-flow CHF calculations can capture the uncertainty in the transition
region where interpolation is used.

Non-Proprietary
16.01.27 - 2/5

KEPCO/KHNP

Response
Figure 1 shows calculated result of core collapsed water level for nominal case, and it can be
found that end of refill or start of early reflood is around 36 seconds after break. Figure 2 shows
total SI mass flow rate from the four SIT-FDs. All SIT-FDs are depleted at around 203 seconds,
it means the end of early reflood is around 203 seconds after break. Thus, early reflood period
can be defined as 36 ~ 203 seconds for nominal case.
Figure 3 shows calculated CHF values, black line data with circle symbols are calculated by
modified Zuber CHF correlation, red dotted line data with rectangular symbols are calculated by
Groeneveld lookup table, and blue dotted line data with diamond symbols are final CHF values.
By the definition of early reflood period, calculated CHF data are presented for time period of 40
~ 200 seconds. Modified Zuber CHF correlation is used for almost all of early reflood period.
Modified Zuber CHF correlation is used to calculate CHF if mass flux is lower than 100 kg/m2s.
Whereas, Groeneveld lookup table is used when mass flux is larger than 200 kg/m2s. And
interpolated value is used between mass flux ranges of 100 ~ 200 kg/m2s. In the interpolated
region, [
]TS

Non-Proprietary
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KEPCO/KHNP

Figure 1. Core Collapsed Water Level

Figure 2. Total SI Mass Flow Rate from four SIT-FDs

Non-Proprietary
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Figure 3. Comparison of Calculated CHF Values

Non-Proprietary
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 35
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
calculational uncertainty. Section 4.2.2.1.2 of the topical report discusses the uncertainty for the
“film boiling heat transfer” phenomenon. Address the following regarding the corresponding
uncertainty determination:
a. The assessments presented in Appendix C of the topical report compare the prediction
of the overall film boiling heat transfer correlation in RELAP5/MOD3.3/K against
experimental data, so that the resulting uncertainty in the prediction can be determined.
Explain the reason for the current approach of using uncertainties for the individual
correlations (e.g., Bromley and Forslund-Rohsenow [F-R]) instead of the uncertainty
range based on the overall film boiling heat transfer prediction by RELAP5/MOD3.3/K.
Justify use of the Forsland-Rohsenow correlation and any modifications made in its
application.
b. Section 4.2.2.1.2 of the topical report cites NUREG/CR-5249 as the basis for
determining the uncertainty range for the F-R heat transfer correlation. However,
Section 4.1 of NUREG/CR-5249 (pg. 82, second paragraph), the range of multipliers
(0.75 – 1.5) used in NUREG/CR-5249 is for the total film boiling heat transfer. The
impact of only the F-R correlation is captured via a bias as noted in Section 4.1 of
NUREG/CR-5249 (pg. 82, second paragraph) and described in Section 4.3.1.2 and
Table 37 of NUREG/CR-5249. Justify the range for the F-R correlation in Section
4.2.2.1.2 of the topical report [
]TS
c. Section 4.2.2.1.2 of the topical report states that the study documented in the topical
report Reference [16] showed that the experimental data was [
]TS As described in Appendix B of the topical
report, [
]TS Explain how the performance of only the Bromley correlation was determined
from the RELAP5/MOD3.3 comparisons for use in the uncertainty analysis.

Non-Proprietary
16.01.07 - 2/8

KEPCO/KHNP

d. Section 4.2.2.1.2 of the topical report states that the study documented in the topical
report Reference [16] showed that [
]TS The topical report proceeds to assign, without any explanation,
the standard deviation for the Bromley correlation based on the lower end of this
prediction range. Provide the corresponding justification.

Non-Proprietary
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KEPCO/KHNP

Response
a)
The Forslund-Rohsenow correlation is developed for dispersed film boiling conditions, whereas
the Bromley correlation is developed for pool boiling conditions. That is, experimental conditions
developed for these correlations are different even though these conditions belong to the film
boiling region. So, it is natural to have different uncertainty ranges and distribution functions for
the above two correlations, and reasonable to consider individual uncertainty for them. The
basic approach of the CAREM is that a specific parameter of an individual correlation for major
phenomena is selected as an uncertainty parameter. Consequently, it is determined that
uncertainty of each correlation (Bromley and Forslund-Rohsenow) should be considered.
b), c) and d)
Uncertainty ranges and distribution functions of the above two correlations are selected based
on the literature survey and sensitivity calculations.
As stated in the RELAP5 code manual, the wall-to-fluid heat transfer mechanisms are
conduction across a vapor film blanket next to a heated wall, convection to flowing vapor and
between the vapor and droplets, and radiation across the film to a continuous liquid blanket or
dispersed mixture of liquid droplets and vapor. [
]TS
More detail, the conduction heat transfers during reflood and non-reflood period are considered
separately. The conduction heat transfer coefficient in the non-reflood period is obtained by the
modified Bromley correlation, whereas, the conduction heat transfer coefficient in the reflood
period is obtained by [
]TS The radiation heat transfer coefficient to the droplet and convection heat transfer
coefficient to the vapor are added to the calculated conduction heat transfer coefficient.
Figure 1 shows the heat transfer coefficients calculated by [
]TS As shown in Figure 1, which is the result from nominal case of plant calculation, it
can be stated that the heat transfer coefficient of [
]TS is
mainly used during the reflood period. Whereas, the heat transfer coefficient of the modified
Bromley correlation affects blowdown period because the modified Bromley correlation is only
used to calculate conduction heat transfer coefficient in film boiling heat transfer mode.
In the CAREM, the uncertainty parameter range for the modified Bromley correlation is
determined to have standard deviation of [
]TS And for the Forslund-Rohsenow correlation,
the uncertainty parameter range is from [
]TS as stated below.
-

Forslund-Rohsenow
[
]TS

-

Modified Bromley

Non-Proprietary
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[
]TS
The rationales of uncertainty parameter ranges of modified Bromley correlation are obtained
from RELAP5/MOD3.3 manual and Reference [16] of the topical report. Those of ForslundRohsenow correlation are obtained from [1]. The RELAP5/MOD3.3 code manual describes that
the film boiling heat transfer coefficients using the modified Bromley correlation cover all data
within ± 18 % deviation. However, Reference [16] of the topical report shows following
conclusions for uncertainty of film boiling.
[

]TS
It can be concluded from the results of Reference [16] of the topical report that the standard
deviation from Reference [16] is much larger than the one from RELAP5/MOD3.3.
The above results have some limitations: [

]TS Therefore, the result for reflood
period cannot be used for the selection of the present parameter.
As we can see from the above, the standard deviations obtained from RELAP5 manual and
Reference [16] of the topical report are different each other as 0.18 and [
]TS, respectively.
Since the distribution of uncertainty parameter obtained from the two literature are different, the
broader range values is employed as the distribution of the modified Bromley correlation. In the
CAREM, uncertainty parameter ranges are designed as 1.96 times of standard deviation for the
uncertainty parameter with normal distribution. In the topical report, the standard deviation of the
modified Bromley correlation is [
]TS. By assuming [
]TS times of standard deviation in
SRS calculation for conservatism, this value of the standard deviation meets the 1.96 times of
the [
]TS, which is the broader range requirement. It was also confirmed by data coverage

Non-Proprietary
16.01.07 - 5/8

KEPCO/KHNP

check in appendix C and D of the topical report.
In case of the Forslund-Rohsenow correlation, it is stated in [1] that the correlation has a bias
and varies from 0.75 to 1.5. Another sensitivity calculation against FLECHT-SEASSET test was
performed using RELAP5/MOD3.3/K. Total 17 test data of FLECHT-SEASET described in
appendix C of the topical report were used, and only Forslund-Rohsenow correlation was used
to calculate the conduction heat transfer coefficient for the film boiling of the reflood period. As
shown in Figure 1, it could be expected that the sensitivity results are similar with the code
assessment results using RELAP5/MOD3.3/K code described in appendix C because
calculated values of Forslund-Rohsenow correlation are dominant in the reflood period. Figure 2
shows comparison of the experimental data and the sensitivity results. This figure shows all
measurement data installed at the same elevation of peak cladding temperature measurement
for each test. As a result, [

]TS

Non-Proprietary
16.01.07 - 6/8

KEPCO/KHNP

Reference
[1]

“Quantifying Reactor Safety Margins: Application of Code Scaling, Applicability, and
Uncertainty Evaluation Methodology to a Large-Break, Loss-of-Coolant Accident,”
NUREG/CR-5249, U.S.NRC, December 1989.

Non-Proprietary
16.01.07 - 7/8

KEPCO/KHNP

Figure 1. Calculated Heat Transfer Coefficients Comparison

Figure 2. Comparison of Experimental Data and Predicted Values

Non-Proprietary
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 36
NUREG/CR-5429, Section 2.1 establishes an acceptable process for the documentation of
PIRT. Section 4.2.2.1.2 of the topical report discusses the phenomenon of spacer grid heat
transfer which carries a rank of [ ]TS in the APR1400 PIRT (topical report Table 3-2). It is stated
that “RELAP5/MOD3.3/K does not have a model to address these heat transfer enhancement
effects of the spacer grids. The deficiency of the spacer grid model would result in a
conservative prediction of the cladding temperatures.” The FLECHT-SEASET test bundle
incorporates spacer grids. It would be expected therefore that the RELAP5/MOD3.3/K
simulations would over-predict the cladding temperature test data. However, Figure 8 of
Appendix B shows that for the low flooding rate test 31504 the cladding temperature at the 78inch elevation is under-predicted. Appendix C provides a comparison of RELAP5/MOD3.3/K
simulations of 17 FLECHT-SEASET tests. Most of those tests were at high flooding rates. At
the 72-inch and 96-inch elevation, several cases were under-predicted. In addition, three of the
four low flooding rate cases (less than 30 cm/sec) tended to be under-predicted. Furthermore,
most of the RELAP5/MOD3.3/K calculated results show unusual behavior for rod quenching at
the various elevations – the rod cladding temperature rapidly drops followed by a declining
plateau and then a final temperature drop to quenching. The above discussion indicates that
even though the RELAP5/MOD3.3/K calculations do not include the effects of modeling the
spacer grids, the cladding temperature calculation is non-conservative for several cases.
Therefore, describe the code calculated physical phenomena providing the cladding cooling in
the noted results.

Non-Proprietary
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KEPCO/KHNP

Response
Grid Effect
The spacer grids of the fuel assembly usually have three effects on core cooling; (1) heat
transfer enhancement by the agitation of the flow, (2) rewetting of spacer grids, and (3) breakup
of entrained water drops into fine droplets. All three have favorable effects on core cooling.
RELAP5/MOD3.3/K does not have a model to address these heat transfer enhancement effects
of the spacer grids. The deficiency of the spacer grid model would result in a conservative
prediction of the cladding temperatures.
Heat transfer effect of different grid type is described in Reference 1. According to the reference,
the droplet breakup and convective enhancement for the grid with mixing vanes are greater than
those for the grid without mixing vanes. Since FLECHT-SEASET tests have no mixing vanes,
the grid effect is relatively not significant.
Peak Cladding Temperature
The peak cladding temperature of FLECHT-SEASET tests is defined as the maximum value
among the measured temperatures at the same elevation. In considering this, the RELAP5 code
predicts the cladding temperature behavior of the tests appropriately in general, and the peak
cladding temperatures are within the measurement deviation range as shown in Appendix C.
When the values calculated by code are lower than the tests data, SRS calculations are
performed. And it was confirmed that the maximum value of SRS calculations covered the
maximum tests data.
124 times of SRS calculations were performed for each test case and Figures 2-93 to Figure 2109 of Appendix C show the results of the SRS calculations against 17 FLECHT-SEASET tests.
In all SRS calculations, data covering was confirmed and the third highest values of the
calculated cladding temperatures were higher than the measured PCTs.
Quenching
The calculated temperature at a specified elevation is obtained by interpolating the two adjacent
node center values. The interpolated rod cladding temperature drops twice after the turn-around
time, because one of the two node center temperatures quenches later than the other one.

Non-Proprietary
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Reference
[1]

“Compendium of ECCS Research for Realistic LOCA Analysis,” NUREG-1230, R4,
December 1988.
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 37a, b, and d
The guidance in RG 1.157, Section 3.9.1 establishes acceptable controls regarding the
calculation of radiation heat transfer. Section 4.2.2.1.2 of the topical report states that [
]TS
Address the following concerns about this statement:
a. As mentioned in Appendix B, the prediction by RELAP5/MOD3.3/K using [
]TS is added to the convective vapor and radiation heat
transfer to determine the total heat transfer. In addition, Appendix C makes no mention
of [
]TS in the comparison of RELAP5/MOD3.3/K
predictions against experimental data. Clarify whether [
]TS as part of CAREM and therefore, [
]TS in the film
boiling heat transfer calculation.
b. Clarify whether the code used for the assessments documented in Appendices B and C
of the topical report includes radiation heat transfer, especially for the film boiling heat
transfer calculation.
d. The APR1400 PIRT assigns a rank of [ ]TS or lower for the “radiation heat transfer to the
surfaces, vapor and liquid” phenomenon. Based on the definition of the importance
rankings, it is implied that the phenomenon is calculated in the code. [
]TS

Non-Proprietary
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Response
(a) & (b)
RELAP5/MOD3.3 code has radiation heat transfer model, and it can be divided into wall-to-wall
and wall-to-fluid radiation models. Wall-to-wall radiation model in the RELAP5/MOD3.3 code
can be activated by user input, whereas wall-to-fluid radiation is considered using additional
radiation model.
Film boiling heat transfer coefficient of RELAP5/MOD3.3/K code is predicted by maximum of
[
]TS calculated values. And radiation heat transfer to the
droplet and convection heat transfer to the vapor are added to the calculated film boiling heat
transfer coefficient.
Descriptions in the topical report mean that [
]TS in the CAREM. Thus, it means [
]TS is considered by the code.
It is conservative method to [
]TS Heat transfer by
convection and film boiling is dominant comparing with radiation heat transfer. Thus, convection
heat transfer and film boiling heat transfer were determined as uncertainty parameters.
(d)
See the response to 37-(a) and (b).
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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.
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Audit Issues No. 38
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
uncertainties. Section 4.2.2.1.2 of the topical report states that the uncertainty in the interfacial
drag and heat transfer models is captured via [
]TS Address the following
concerns about [
]TS:
a. It is unclear what is being achieved by the uncertainty on [
]TS because
the impact on entrainment from the upper plenum resulting in steam binding is captured
via a separate assessment that does not include [
]TS. In
TS
addition, results showing the actual impact of [
] have not
been provided. Therefore, it is difficult to determine the purpose of the selected
uncertainty and whether the selection and the ranges are appropriate. Justify the
selection of [
]TS.
b. The purpose of the ranging of parameters is to capture the uncertainty in the code
prediction by comparisons against relevant experimental data. Such an approach has
not been followed to determine the uncertainty in the interfacial drag and heat transfer
models. The range of uncertainty selected for [
]TS is based on code
manuals rather than on the comparison against interfacial drag or heat transfer data (i.e.,
tests listed in the Table 4-4 of the topical report). Furthermore, comparisons against
data also reveal the impact of code features such as level tracking. These code features
can potentially impact the predicted entrainment and therefore, the uncertainty in the
predictions. Justify the values used for the uncertainty in the interfacial drag and heat
transfer in the topical report.
c. Section 6.1.3.1 of Volume 4 of RELAP5/MOD3.3 manual states that [
]TS is 3.0 and that for post-CHF droplets is 12.0. These
values are also stated on page 46 in Volume 4 of RELAP5/MOD3.3 manual. These
[
]TS values appear to represent a range. Provide details of the source(s)
for [
]TS that is documented in Section 4.2.2.1.2 of
the topical report.
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Response
a)
As described in Section 4.2.2.1.2 of the topical report, [
]TS to describe the uncertainty of interfacial drag and heat transfer in the core region.
Entrainment of droplets is a major source of heat transfer for the fuel. In RELAP5, a [
]TS is used to calculate the droplet size and the droplet size is used in the
calculation of the interfacial area. The interfacial area is used in the calculation of both interfacial
drag and heat transfer. Therefore, in order to represent the uncertainty of the interfacial drag
and heat transfer in the core region during the reflood period, [
]TS is selected
as a code parameter.
b) and c)
The uncertainty ranges of individual parameters can be determined from information such as
experimental data, reference documents, engineering judgments and code calculations as
discussed in Chapter 4 of the topical report. The uncertainty range and distribution function of
[
]TS are determined using the following reference documents.
RELAP5/MOD3.3 code uses various correlations to evaluate interfacial heat transfer and drag
for various conditions. And these correlations needed droplet diameter to calculate interfacial
heat transfer area and projection area. In the code, [
]TS is defined and
used to evaluate droplet diameter. In the reference [1] and [2], it can be found that
representative [
]TS for various correlations and their conditions are used.
In CAREM, various representative [
]TS are considered as uncertainty of [
TS
] . And following values of [
]TS described in reference [1] and [2]
are considered.
TS

As discussed above, [
]TS are considered for various
conditions in reference [1] and [2]. The uncertainty range of [
]TS is
assumed to have the same possibility within the uncertainty range.
In the CAREM, overall impacts of the uncertainty parameters related with the reflood
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phenomena in the core region were evaluated by code assessment against SETs as discussed
in Appendix C.
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Reference
[1]

“COBRA/TRAC – A Thermal-Hydraulics Code for Transient Analysis of Nuclear Reactor
Vessels and Primary Coolant System, Volume 1, Revision4,” NUREG/CR-3046, PNL4385, March 1983.

[2]

“RELAP5/MOD3.3 Code Manual Volume IV: Models and Correlations,” NUREG/CR5535/Rev P3-Vol IV, Information Systems Laboratories, Inc., March 2006.
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Evaluation

Audit Issues No. 41
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
uncertainties. Address the following questions about the uncertainty determination for critical
flow described in Section 4.2.2.7.1 of the topical report.
a. NUREG/CR-5249 proposes that the nodalization for the plant should follow that used to
establish the uncertainty ranges. Explain whether the final nodalization of the break
discharge location in the Marviken facility used for the break flow uncertainty
determination was identical to that for the plant deck.
b. Based on Figure 4-6 of the topical report, it appears that RELAP5 shows underprediction
for two-phase break flow in excess of 4500 kg/s even with the adjusted discharge
coefficient. Provide the range of two-phase discharge flow for the APR1400 design
based on integral tests and plant calculations.

Non-Proprietary
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Response
a)
As described in Audit Issue No. 27-i, the final nodalization of the break discharge location in the
Marviken facility is regarded to be identical to that for the plant deck.
b)
Figure 1 illustrates the break flow rates near pump side and vessel side as a consequence of
the APR1400 plant calculation. As shown in Figure 1, the break flow rates for both sides during
the blowdown period are above 4,500 kg/s unlike with the other LOCA periods. Considering the
break junction void fraction in Figure 2, such two-phase discharge flow ranges exist between
about 1,600 ~ 15,000 kg/s (0 ~ 15 s, pump side) and 260 ~ 25,500 kg/s (0 ~ 243 s, vessel side),
respectively.
[

]TS
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Figure 1. Break Flow Rate at a Pump and a Reactor Vessel
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Figure 2. Break Junction Void Fraction
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TS

Figure 3. Two-phase Critical Flow Rate using [

]TS
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Audit Issues No. 43
The guidance in RG 1.157, Section 3.12.1 establishes acceptable controls for the calculation of
containment pressure. Section 4.2.2.7.2 of the topical report states that [
]TS. However, there is no description of the CONTEMPT inputs (i.e., for heat
transfer surface area, the wall condensation model, etc.), including results of sensitivity
calculations that demonstrate [
]TS. Provide justification for [
TS
]
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Response
As described in response to Audit Issue No. 16, user input is [
]TS. Therefore, it is not necessary to perform sensitivity calculations
that [
]TS

Non-Proprietary
15.10.02 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.08.28 - 1/3

KEPCO/KHNP

RESPONSE TO AUDIT ISSUES
APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic
Methodology for Large-Break LOCA of the APR1400

Issue Date

Evaluation

08/13/2015

Audit Issues No. 45
The guidance in RG 1.157, Section 3.4.2 establishes acceptable controls for the calculation of
bypass flow. Address the following concerns about [
]TS determination
discussed in Section 4.2.3.1 of the topical report:
a. The actual implementation of [
]TS in the code calculations is
unclear. It cannot be determined whether [
]TS. A clarification is needed about the approach used to
incorporate [
]TS in the code during the blowdown, early and late
reflood periods.
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Response
[
]TS Separately from this, the ECC bypass during the early and late reflood periods
is accounted from the assessments against [
]TS. Results of the code assessment against these reflood tests show that the
RELAP5/MOD3.3/K code conservatively calculates ECC bypass during reflood. Therefore, [
]TS.
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Audit Issues No. 45
The guidance in RG 1.157, Section 3.4.2 establishes acceptable controls for the calculation of
bypass flow. Address the following concerns about [
]TS determination
discussed in Section 4.2.3.1 of the topical report:
b. Provide the assessment results of [
]TS is appropriate, should be provided.
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Response
The purpose of [

]TS
TS

Figure 1 Liquid mass through breaks
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TS

Figure 2 Liquid Mass Extracted
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08/13/2015

Audit Issues No. 45
The guidance in RG 1.157, Section 3.4.2 establishes acceptable controls for the calculation of
bypass flow. Address the following concerns about [
]TS determination
discussed in Section 4.2.3.1 of the topical report:
c. The selected test, [
]TS during the refill period initiates from a system pressure of 1200 kPa (i.e., 1.2
MPa). The refill period in APR1400 begins, based on the results in Figure 5-12 of the
topical report, when the system pressure is approximately 6 MPa. Therefore, [
]TS may not capture a large portion of the depressurization transient and the resulting
ECCS bypass during the APR1400 refill period. Discuss the applicability of [
]TS.
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Response
The initial conditions of [
]TS test were determined from the TRAC analysis of US PWR
and starts at 1.2MPa, while the SIT injection in APR1400 starts at 6 MPa. The beginning of the
SIT injection is only dependent on the setpoint of SIT, hence is different due to the design
differences between reference plant of [
]TS and APR1400. Although the SIT injection
starts at 6 MPa, the RCS pressure still drops rapidly after the injection of SIT, and at about 25
sec the RCS pressure becomes below 1.2 MPa, which is consistent to the initial condition of
[
]TS. The period between 6 MPa and 1.5 MPa still has the strong characteristic of
blowdown and therefore not adequate to be considered as the ECC bypass for refill. Also, as
shown in the figures below, though the SIT injection starts at 14 sec, the ECCS during that
period does not get into the downcomer until 25 sec. In conclusion, it is adequate to use [
]TS.
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Figure 1. APR1400 Downcomer Bottom Volume Liquid Volume Fraction [

]TS

TS

Figure 2. APR1400 Downcomer Bottom Volume Liquid Volume Fraction [

]TS
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Audit Issues No. 45
The guidance in RG 1.157, Section 3.4.2 establishes acceptable controls for the calculation of
bypass flow. Address the following concerns about [
]TS determination
discussed in Section 4.2.3.1 of the topical report:
e. NUREG/CR-5249 recommends that the nodalization selected for the nuclear plant be
consistent with that used for selected test facilities. The UPTF nodalization shown in
Appendix F of the topical report is different (i.e., the downcomer axial and azimuthal
nodalization) as compared to that selected for APR1400. Discuss the differences
between the nodalizations and its impact on the conclusions from the UPTF simulations.
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Response
Although the downcomer modeling of UPTF tests is not exactly the same as that of the
APR1400 and the UPTF, the principle ideas employed in modeling [
are consistent.

]TS

In modeling a downcomer, [
]TS. In UPTF, there are 4
hot legs and 4 cold legs, while 2 hot legs and 4 cold legs are in the APR1400. In order to
preserve the [

]TS.
The difference in axial nodalization of the downcomer is mainly due to the noding convenience
that is coming from the geometrical difference between the APR1400 and UPTF facility, e.g. the
downcomer gap width variation in axial direction. It is easier to model the downcomer with the
constant area volumes than to model it with the varying area ones. However, [
]TS
are similar and also the connections to the cold legs are consistent in both nodalizations by
having the same normal connections.
The upper plenum nodalization of UPTF in Appendix F is different from the APR1400
nodalization. The nodalization is based on the upper plenum noding scheme developed for the
analysis of other nuclear power plants in Korea which have the UPI type injection. In this
modeling, every upper plenum structure is modeled using pipes and multi-junction components,
hence, very complicated. This noding scheme was employed because the upper plenum SI
mixing phenomena were considered to be important. In the APR1400 modeling, the detailed
investigations on these phenomena are not necessary and it is decided not to use [
]TS. The UPTF nodalization in Appendix F is [

]TS. In the assessment of UPTF-21D test, the
impact of the modeling differences does not seem significant because the complicated upper
plenum noding may only affect the flow behavior in the upper plenum, which would be very
limited in DVI injection test, such as UPTF-21D.
An additional assessment of UPTF-21D with [
]TS as shown in
Figure 5 is conducted and the results are shown in Figure 6 and 7. The downcomer level and
the break flow show that the code results are slightly more conservative than the test results.
The conclusion from the assessment is consistent with the one in the topical report.
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Figure 1. Azimuthal Modeling of UPTF Downcomer
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Figure 2. Azimuthal Modeling of APR1400 Downcomer
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Figure 3. UPTF Axial Vessel Modeling (Topical Report)
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Figure 4. APR1400 Axial Vessel Modeling (Modified)
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Figure 5. UPTF Axial Vessel Modeling (Simpler Upper Plenum Noding)
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Figure 6. Downcomer Water Level
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Figure 7. Break Flow Mass Flow Rate
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Evaluation

Audit Issues No. 45-g
The guidance in RG 1.157, Section 3.4.2 establishes acceptable controls for the calculation of
bypass flow. Address the following concerns about [
]TS determination
discussed in Section 4.2.3.1 of the topical report:
g. None of the descriptions of the models for APR1400, MIDAS or UPTF that are used to
determine [
]TS mention the use of a counter-current flow limitation
(CCFL) correlation in the downcomer. Clarify whether any such correlation was used
and if so, describe the resulting impact on [
]TS.
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Response
CCFL model is [
]TS
[
[

]TS

]TS the results for test assessment (MIDAS, UPTF)
are conservatively calculated in terms of reflood ECC bypass.
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Audit Issues No. 48
The guidance in RG 1.157, Section 3.11 establishes acceptable controls regarding the
calculation of steam or two-phase fluid interaction with injection flow. Address the following
concerns about [
]TS determination discussed in Section 4.2.3.2 of the
topical report:
a. Results from a past assessment using RELAP5/MOD3.1 have been cited. However,
that is not the code version being utilized for the KHNP analyses. Indicate whether
RELAP5/MOD3.3/K has been used to confirm that the results cited are applicable.
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Response
In the topical report, the applicability of results cited is not confirmed using RELAP5/MOD3.3/K
directly, but it is expected to be acceptable because of the similar code predictability of the
RELAP5/MOD3.3/K against the older version. These have been inferred from the code
accuracy results, which were described in [1] and [2]. There, the code prediction by newer
version shows similar or more conservative (larger calculated value) results.
In order to confirm the code applicability of RELAP5/MOD3.3/K, the assessment against [
]TS The results are consistent with that of RELAP5/MOD3.1 as
shown in Figure 1, where the calculated [
]TS.

Non-Proprietary
15.12.10 - 3/5

KEPCO/KHNP

TS

Figure 1. The new assessment result of [
[

]TS with RELAP5/MOD3.3/K with and without
]TS
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Audit Issues No. 48
The guidance in RG 1.157, Section 3.11 establishes acceptable controls regarding the
calculation of steam or two-phase fluid interaction with injection flow. Address the following
concerns about [
]TS determination discussed in Section 4.2.3.2 of the
topical report:
b. It is expected that the predicted entrainment from the upper plenum will be a strong
function of nodalization in the core and the upper plenum regions. Describe the
nodalization of these components for the comparison against [
]TS. In case the
nodalization for the core and upper plenum for comparison against [
]TS is
different from that for APR1400, justify the applicability of the nodalization used for
APR1400 calculations.
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Response
The upper plenum nodings of [

]TS and APR1400 are shown in the following figure.
TS

In APR1400, the upper plenum is [

]TS
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Audit Issues No. 48
The guidance in RG 1.157, Section 3.11 establishes acceptable controls regarding the
calculation of steam or two-phase fluid interaction with injection flow. Address the following
concerns about [
]TS determination discussed in Section 4.2.3.2 of the
topical report:
c. The implementation of [
]TS in RELAP5/MOD3.3/K is
shown in Slide 18 of 29 of APR1400-F-A-RA-14001-P. Use of inconsistent activation
times for [
]TS may lead to different results and render the assessment inapplicable.
Clarify whether the activation time implemented in RELAP5/MOD3.3/K is consistent with
that used for [
]TS. If the activation times are different, a justification
needs to be provided.
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Response
[

]TS activation time should be matched
phenomenologically, not the absolute time itself, because [
]TS should be considered in
that interested specific period. Therefore, the start of the reflood is used as [
]TS.
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Audit Issues No. 48-d
The guidance in RG 1.157, Section 3.11 establishes acceptable controls regarding the
calculation of steam or two-phase fluid interaction with injection flow. Address the following
concerns about [
]TS determination discussed in Section 4.2.3.2 of the
topical report:
d. The implementation of [
]TS in RELAP5/MOD3.3/K is shown in
Slide 19 of 29 of APR1400-F-A-RA-14001-P which states that this feature is activated at
[
]TS. This selection of the
activation time for this portion of [
]TS. According to Table 3-5 of the topical report, the PIRT assigns a
rank of [
]TS. [
]TS is expected to be more important during
the early reflood period due to the higher rates of flow and entrainment. Justify the
selected activation timing for [
]TS.
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Response
Due to the reasons described in the response of the audit issue No. 71, the activation timing for
[
]TS.
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Audit Issues No. 49
The guidance in RG 1.157, Section 3.16.1 establishes acceptable controls regarding the
calculation of acceptance criteria. In Section 4.3.1.1 of the topical report, the one-sided 95
percent limit of blowdown PCT is specified as [
]TS, and it is calculated using [
]TS. However, the one-sided 95 percent limit of reflood PCT is calculated as [
]TS. Moreover, the calculation for the blowdown period is inconsistent with the expression in
Section 4.3.1 of the topical report. Provide the reason for the discrepancy in the approaches
used for blowdown and reflood PCT calculations in Section 4.3.1.1.
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Response
Description for blowdown code accuracy in Section 4.3.1.1 and Figure 4-7 is wrong. The
equation of one-sided 95 percent limit
]TS is correct, but calculation results of
TS
[
] is wrong. Therefore, description and Figure 4-7 of topical report will be modified as
follows.
Description:
When all [ ]TS data sets are considered, the RELAP5 code is found to over-predict the
measured data by [
]TS.
Figure:
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Figure 4-7. Code Accuracy during Blowdown Phase
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There is no impact on the Technical Specifications.

Impact on Technical/Topical/Environmental Report
Topical report will be revised as discussed in this response.
There is no impact on Technical or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.09.15 - 1/3

KEPCO/KHNP
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Evaluation

Audit Issues No. 50-a and b
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation and
propagation of uncertainties. Address the following concerns about the “coverage check”
discussed in Section 4.3.2 of the topical report.
a. Explain how the limited number of parameters for uncertainty variation in the blowdown
and reflood “coverage check”’ was chosen from the list of all phenomena with [
]TS during these periods.
b. The “coverage check” uses a small subset of parameters for uncertainty variation.
However, a larger set of parameters is actually used in the best-estimate plant
calculations. Explain how it is ensured that inclusion of the additional uncertainty
parameters does not change the results and alter the conclusions of the “coverage
check.” Further, if such a demonstration has been accomplished, describe the change
in the limiting PCT.

Non-Proprietary
15.09.15 - 2/3

KEPCO/KHNP

Response to (a) and (b)
All uncertainty parameters can be consistently considered for blowdown and reflood coverage
check. It is obvious that larger number of uncertainty parameters results in wider uncertainty
variation, i.e., higher cladding temperature.
Meanwhile, it is not needed to consider the uncertainty parameters related to reflood
phenomena for the blowdown coverage check, and vice versa. Some uncertainty parameters
involved with both blowdown and reflood phenomena are commonly used for the blowdown and
reflood coverage check. In addition, both uncertainty parameters related to blowdown and
reflood phenomena are considered for IETs. If the effects of test specific uncertainty are not
negligible [
]TS, those uncertainties are additionally considered.

Non-Proprietary
15.09.15 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.09.15 - 1/3

KEPCO/KHNP
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Issue Date

08/13/2015

Evaluation

Audit Issues No. 50-c
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation and
propagation of uncertainties. Address the following concerns about the “coverage check”
discussed in Section 4.3.2 of the topical report.
c. Clarify whether [
]TS was included in the performance of the
“coverage checks” for reflood period when compared to integral test data.

Non-Proprietary
15.09.15 - 2/3

KEPCO/KHNP

Response
The purpose of “coverage checks” is to confirm the adequacy of the number of uncertainty
parameters and the uncertainty range of each parameter. [
]TS

Non-Proprietary
15.09.15 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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08/13/2015

Evaluation

Audit Issues No. 52
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
uncertainties. In addition, NUREG/CR-5249 describes the process for formulation of uncertainty
distributions. Address the following questions about the statistical treatment of uncertainties in
CAREM.
b. The example of the process shown in NUREG/CR-5249 indicates that mean value of the
effect for each of the uncertainties on the blowdown and reflood portions is calculated.
The sum of all the 95th percentiles relative to the mean are added to obtain the summed
biases. The summed biases are then added to 95th percentile of the response surface
produced from the calculation of the mean peak cladding temperatures from the
uncertainty of high influence parameters. Table 5-4 through 5-7 of the topical report
provide the determination of the biases for application in the CAREM process. Describe
how the CAREM process provides the 95th percentile for the bias determination.
c. RG 1.157 indicates that the uncertainty can vary over time during the transient, and
states that “In evaluating the code uncertainty, it will be necessary to evaluate the code’s
predictive ability over several time intervals, since different processes and phenomena
occur at different intervals. For example, in large-break loss-of-coolant accident
evaluations, separate code uncertainties may be required for the peak cladding
temperature during the blowdown and post-blowdown periods. Justification for treating
these uncertainties individually or methods for combining them should be provided.” It is
not clear how the temporal differences in the bias and uncertainty are treated in the
CAREM methodology. Provide the basis and the process for determination and
application of the bias and uncertainty during the blowdown and reflood (early and late)
periods.

Non-Proprietary
16. 2.12 - 2/4

KEPCO/KHNP

Response
b)
Although the bias evaluation in NUREG/CR-5249 seems to provide 95th percentile for the bias
determination, only the bias related with hot channel could give the 95th percentile
consideration. In CAREM, almost the same approaches as NUREG/CR-5249 are used for the
estimation of biases. The biases in CAREM are evaluated from [
]TS. The thermal-hydraulic conditions that can affect the PCT are observed
and evaluated in the assessment of [
]TS. The evaluated bias is considered as shown in Table 5-4 through 5-7 for
practically all of the SRS cases. For example, [
]TS. Here, 95th percentile of the bias does not
need to be evaluated in CAREM, because the bias is considered for practically all of the SRS
cases. Thus, the maximum biases neglecting the minus biases are considered for the final
scaled bias evaluation for conservatism.
c)
The temporal differences in the biases are treated depending on the importance rankings
defined in APR1400 PIRT. If one bias is considered to be important for certain period, the bias is
only activated for that time period.
[

Non-Proprietary
16. 2.12 - 3/4

KEPCO/KHNP

]TS
All of the biases need not consider the uncertainties due to the application of the biases
estimated. The estimated biases from test assessment are applied for practically all of the SRS
cases, thus the most conservative estimation of biases are obtained as the result of the final
bias evaluation. In conclusion, the conservative approaches to apply biases are employed in
CAREM.

Non-Proprietary
16. 2.12 - 4/4

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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Non-Proprietary
15.08.31 - 1/3

KEPCO/KHNP

RESPONSE TO AUDIT ISSUES
APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic
Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Evaluation

Audit Issues No. 53-a
The guidance in RG 1.157, Section 4.3.1 establishes acceptable controls for the utilization of
conservative parameters in best estimate analysis. Provide the following details:
a. Explain the determination of the radial peaking factor (Fr) for [
]TS in the LBLOCA analysis.

Non-Proprietary
15.08.31 - 2/3

KEPCO/KHNP

Response
Radial peaking factor (Fr) for [
APR1400. The most limiting Fr at [

]TS was determined based on nuclear design data for

]TS
[

]TS

Non-Proprietary
15.08.31 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.08.31 - 1/11

KEPCO/KHNP
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Issue Date

08/13/2015

Evaluation

Audit Issues No. 53-b
The guidance in RG 1.157, Section 4.3.1 establishes acceptable controls for the utilization of
conservative parameters in best estimate analysis. Provide the following details:
b. Describe how the power shape and peaking factor (Fq) were determined for the base
case calculation.

Non-Proprietary
15.08.31 - 2/11

KEPCO/KHNP

Response
Power Peaking Factor
The range of Fq variation for [
]TS as shown in Figure 1. The
variation is for the initial core of the SKN 3 and 4. However, the maximum of [
]TS the
linear heat generation rate (LHGR) limit of the technical specifications.
[

]TS
Power Shape
The procedure of determining the power shape is described in Section 5.1.1 of the topical report.

TS

Non-Proprietary
15.08.31 - 3/11

KEPCO/KHNP

TS

Therefore, the power shape of base case calculation made in accordance with above procedure is shown
in Figure 7.

Non-Proprietary
15.08.31 - 4/11

KEPCO/KHNP

TS

Figure 1. [

]TS

Non-Proprietary
15.08.31 - 5/11

KEPCO/KHNP

TS

Figure 2. [

]TS

Non-Proprietary
15.08.31 - 6/11

KEPCO/KHNP

TS

Figure 3. [
]TS

Non-Proprietary
15.08.31 - 7/11

KEPCO/KHNP

TS

Figure 4. [

]TS

Non-Proprietary
15.08.31 - 8/11

KEPCO/KHNP

TS

Figure 5. [

]TS

Non-Proprietary
15.08.31 - 9/11

KEPCO/KHNP

TS

Figure 6. [

]TS

Non-Proprietary
15.08.31 - 10/11

KEPCO/KHNP

TS

Figure 7. [

]TS

Non-Proprietary
15.08.31 - 11/11

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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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08/13/2015

Evaluation

Audit Issues No. 55
The guidance in RG 1.157, Section 4.3.1 establishes acceptable controls for the utilization of
conservative parameters in best estimate analysis. The guidance in RG 1.157, Section 4
establishes acceptable controls for the estimation of calculational uncertainty. Section 5.1.2 of
the topical report discusses the reactivity feedback related parameters and the corresponding
uncertainty. There is no discussion of the fuel temperature reactivity and its uncertainty. Explain
whether the Doppler reactivity contribution is considered in the model input. If so, provide and
justify the values used and the corresponding uncertainty.

Non-Proprietary
15.10.15 - 2/8

KEPCO/KHNP

Response
The PIRT for a LBLOCA of APR1400 was developed based on the LBLOCA PIRT for KNGR.
Those phenomena whose importance rankings are higher than equal to [4]TS in any temporal
period are counted among the phenomena or processes of KNGR PIRT. The APR1400 PIRT is
discussed in Table 5 of Appendix A. [
]TS.
However, the Doppler reactivity is used as RELAP5 input. In RELAP5, one or more pairs of
numbers are entered to define Doppler reactivity as a function of volume average fuel
temperature.
[
]TS
To simulate the non-linear feedback, the Doppler temperature coefficient (DTC) is defined as
the following input.

[

W1(R)

Temperature (K)

W2(R)

Reactivity (Dollars = ∆ρ/βeff)

Non-Proprietary
15.10.15 - 3/8

KEPCO/KHNP

]TS

Non-Proprietary
15.10.15 - 4/8

KEPCO/KHNP

Table 1. Reactivity vs. Fuel Temperature for APR1400 (SKN3/4) Cycle 1
(Corresponding to Least Negative Doppler Coefficient)

TS

Non-Proprietary
15.10.15 - 5/8

KEPCO/KHNP

Table 2. Reactivity vs. Fuel Temperature for APR1400 (SKN3/4) Cycle 1
(Corresponding to Most Negative Doppler Coefficient)
TS

Non-Proprietary
15.10.15 - 6/8

KEPCO/KHNP

Table 3. Doppler Reactivity Table Used in Plant Calculation

TS

Non-Proprietary
15.10.15 - 7/8

KEPCO/KHNP

References
[1]

3L186-NE-DD012, Rev. 01, “Design Data for Safety Analysis for SHINKORI Nuclear
Units 3&4,” 2009. 6. 29.

Non-Proprietary
15.10.15 - 8/8

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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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08/13/2015

Audit Issues No. 56-a, b and c
The guidance in RG 1.157, Section 3.3 establishes acceptable controls for the determination of
thermal/physical parameters. Section 5.1.3 of the topical report provides details of [
]TS. Address
the following:
a. Section 5.1.3 states that “...variations of gap conductance with linear power can be
simulated via [
]TS.” Although this is technically
reasonable, justification has not been provided for the selected range of [
]TS. Demonstrate the selected range of [
]TS is
either related to gap temperatures of interest based on burn-up and operational cycle or
to available data.
b. The mean value and the variation of the gap conductance are determined using a fuel
performance code that is not referenced. The fuel performance analysis code may have
its own effect on the uncertainty in gap conductance. Provide details of the uncertainty
in the calculation of gap conductance in the fuel performance analysis code, and
describe how any such uncertainty is accounted for.
c. Provide the actual values of the gap conductance (mean and upper and lower bounds)
that are determined and are used in the analysis.

Non-Proprietary
16.02.26 - 2/5

KEPCO/KHNP

Response
a)
As described in the topical report, gap conductance values from the fuel performance analysis
code [

]TS The distribution gap conductance is questionable,
but it is reasonable to use uniform distribution for conservatism.
b)
The gap conductance for the LBLOCA analysis is generated by [
]TS
TS
[
] does not account for uncertainties in the calculation of thermal parameters but
generates the conservative results due to the adverse thermal bias of [
]TS. Therefore,
the conservatism for the predicted thermal parameters such as gap conductance depends on
the conservative thermal bias and the conservatism introduced by input.
[

]TS
Thus, the code predictive thermal bias plus the input bias is adequately conservative for its
intended application for determining LBLOCA initial fuel parameter conditions.
c)
The answer is describe in response to audit issue number 56-a.

Non-Proprietary
16.02.26 - 3/5

KEPCO/KHNP

Table 1. The Biased Main Input Parameters for Conservative Gap Conductance

TS

Non-Proprietary
16.02.26 - 4/5

KEPCO/KHNP

TS

Figure 1. Gap Conductance Range of [

]TS

Non-Proprietary
16.02.26 - 5/5

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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Evaluation

Audit Issues No. 56-d
The guidance in RG 1.157, Section 3.3 establishes acceptable controls for the determination of
thermal/physical parameters. Section 5.1.3 of the topical report provides details of indirectly
capturing the range of initial gap conductance values using the cladding roughness. Address
the following:
d. The current minimum value for the gap conductance in Section 5.1.3 is inconsistent with
the current minimum value in Table 5-1. Address this inconsistency.

Non-Proprietary
16.05.13 - 2/3

KEPCO/KHNP

Response
The minimum value for the gap conductance is [
]TS. However, it was found during selfTS
assessment that this value was inputted as [
] for sampling. 124 times plant calculations
will be re-performed and Topical Report will be revised accordingly. It is believed that the effect
of this input error is insignificant.

Non-Proprietary
16.05.13 - 3/3

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 Report
Topical report will be revised as discussed in this response.
There is no impact on Technical or Environmental Report.

KEPCO/KHNP

Non-Proprietary
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KEPCO/KHNP

RESPONSE TO AUDIT ISSUES
APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic Evaluation
Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Audit Issues No. 59
The guidance in RG 1.157, Section 4.3.1 establishes acceptable controls for the utilization of
conservative parameters in best estimate analysis. Table 5-2 lists some of the containment
parameters used in the APR1400 RELAP5/MOD3.3/K calculation. Provide the basis for the
containment parameters and any other assumptions used in the analysis regarding the passive
heat sinks and the activation and operation of containment sprays.

Non-Proprietary
15.10.23 - 2/6

KEPCO/KHNP

Response
Table 1 shows major containment parameters used in the LBLOCA analysis of APR1400.
[

Non-Proprietary
15.10.23 - 3/6

KEPCO/KHNP

Non-Proprietary
15.10.23 - 4/6

KEPCO/KHNP

]TS

Non-Proprietary
15.10.23 - 5/6

KEPCO/KHNP

Table 1. Major Input Parameters for Containment

Table 2. Uchida Heat Transfer Coefficients (hUchida)

TS

TS

Non-Proprietary
15.10.23 - 6/6

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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 60
RG 1.157 guidance expresses in many places that results from best estimate calculations will
be considered acceptable provided their technical basis is demonstrated with appropriate data
and analyses. However, some of the results provided in the topical report are unclear. Figures
5-12 to 5-25 provide some transient information for the base case calculation. In order to
understand the details of the base case transient, provide the following additional transient
information:
a. Break mass flow rate from 25 to 125 seconds
b. Downcomer void fractions for the control volumes in [

]TS

c. [

]TS inlet liquid mass flow rate from 30 to 130 seconds

d. [

]TS inlet vapor mass flow rate from 30 to 130 seconds

e. [

]TS inlet liquid mass flow rate from 175 to 225 seconds

f.

]TS inlet vapor mass flow rate from 175 to 225 seconds

[

g. [

]TS inlet liquid mass flow rate from 30 to 130 seconds

h. [

]TS inlet vapor mass flow rate from 30 to 130 seconds

i.

[

]TS inlet liquid mass flow rate from 175 to 225 seconds

j.

[

]TS inlet vapor mass flow rate from 175 to 225 seconds

k. [
l.

[

]TS outlet liquid and vapor flow
]TS outlet liquid and vapor flow

m. Downcomer flow below the cold leg [

]TS

Non-Proprietary
15.12.10 - 2/30

n. Void fraction in the upper plenum

KEPCO/KHNP

Non-Proprietary
15.12.10 - 3/30

KEPCO/KHNP

Response
Figure 1 shows break mass flow rate from 25 to 125 seconds (in response to item a).
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Figure 1. Total Break Mass Flow Rate
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Non-Proprietary
15.12.10 - 4/30

KEPCO/KHNP

The nodalization of downcomer is composed of [
]TS

TS

Figure 2. RELAP5 Nodalization of the Reactor Vessel

Non-Proprietary
15.12.10 - 5/30

KEPCO/KHNP

TS

Figure 3. [

]TS

Non-Proprietary
15.12.10 - 6/30

KEPCO/KHNP

TS

Figure 4. [

]TS

Non-Proprietary
15.12.10 - 7/30

KEPCO/KHNP

TS

Figure 5. [

]TS

Non-Proprietary
15.12.10 - 8/30

KEPCO/KHNP

TS

Figure 6. [

]TS

Non-Proprietary
15.12.10 - 9/30

KEPCO/KHNP

TS

Figure 7. [

]TS

Non-Proprietary
15.12.10 - 10/30

KEPCO/KHNP

TS

Figure 8. [

]TS

Non-Proprietary
15.12.10 - 11/30

Figure 9 shows [
response to item c).

KEPCO/KHNP

]TS inlet liquid mass flow rate from 30 to 130 seconds (in
TS

Figure 9. [

]TS

Non-Proprietary
15.12.10 - 12/30

Figure 10 shows [
response to item d).

KEPCO/KHNP

]TS inlet vapor mass flow rate from 30 to 130 seconds (in
TS

Figure 10. [

]TS

Non-Proprietary
15.12.10 - 13/30

Figure 11 shows [
(in response to item e).

Figure 11. [

KEPCO/KHNP

]TS inlet liquid mass flow rate from 175 to 225 seconds
TS

]TS

Non-Proprietary
15.12.10 - 14/30

KEPCO/KHNP

Figure 12 shows [
]TS inlet vapor mass flow rate from 175 to 225 seconds.
The vapor flow rate from 175 to 225 seconds is almost zero (in response to item f).
TS

Figure 12. [

]TS

Non-Proprietary
15.12.10 - 15/30

Figure13 shows [
to item g).

KEPCO/KHNP

]TS inlet liquid mass flow rate from 30 to 130 seconds (in response
TS

Figure 13. [

]TS

Non-Proprietary
15.12.10 - 16/30

Figure 14 shows [
to item h).

KEPCO/KHNP

]TS inlet vapor mass flow rate from 30 to 130 seconds (in response
TS

Figure 14. [

]TS

Non-Proprietary
15.12.10 - 17/30

Figure 15 shows [
response to item i).

KEPCO/KHNP

]TS inlet liquid mass flow rate from 175 to 225 seconds (in
TS

Figure 15. [

]TS

Non-Proprietary
15.12.10 - 18/30

KEPCO/KHNP

Figure 16 shows [
]TS inlet vapor mass flow rate from 175 to 225 seconds. The vapor
flow rate from 175 to 225 seconds is almost zero (in response to item j).
TS

Figure 16. [

]TS

Non-Proprietary
15.12.10 - 19/30

Figure 17 and Figure 18 show [
respectively (in response to item k).

KEPCO/KHNP

]TS outlet liquid and vapor flow rate
TS

Figure 17. [

]TS

Non-Proprietary
15.12.10 - 20/30

KEPCO/KHNP

TS

Figure 18. [

]TS

Non-Proprietary
15.12.10 - 21/30

KEPCO/KHNP

Figure 19 and Figure 20 show [
response to item l).

]TS outlet liquid and vapor flow rate respectively (in
TS

Figure 19. [

]TS

Non-Proprietary
15.12.10 - 22/30

KEPCO/KHNP

TS

Figure 20. [

]TS

Non-Proprietary
15.12.10 - 23/30

Figure 21 to Figure 26 show downcomer flows of [
item m). The nodalization of downcomer is composed of [

KEPCO/KHNP

]TS respectively (in response to

]TS

Figure 21. [

TS

]TS

Non-Proprietary
15.12.10 - 24/30

KEPCO/KHNP

TS

Figure 22. [

]TS

Non-Proprietary
15.12.10 - 25/30

KEPCO/KHNP

TS

Figure 23. [

]TS

Non-Proprietary
15.12.10 - 26/30

KEPCO/KHNP

TS

Figure 24. [

]TS

Non-Proprietary
15.12.10 - 27/30

KEPCO/KHNP

TS

Fgure 25. [

]TS

Non-Proprietary
15.12.10 - 28/30

KEPCO/KHNP

TS

Figure 26. [

]TS

Non-Proprietary
15.12.10 - 29/30

KEPCO/KHNP

Figure 27 shows void fraction in the upper plenum (in response to item n).
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Figure 27. Void Fraction in the Upper Plenum
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Non-Proprietary
15.12.10 - 30/30

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.09.15 - 1/3

KEPCO/KHNP
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08/13/2015

Audit Issues No. 61-a
The guidance in RG 1.157, Section 3.1 establishes acceptable controls for the establishment of
acceptable break sizes and types. Section 5.2.1.1 of the topical report provides information
regarding the selection of the limiting break. Address the following concerns:
a. Provide the calculated PCT and corresponding elevation during the blowdown period
and the reflood period for the 100 percent and 80 percent guillotine break cases.

Non-Proprietary
15.09.15 - 2/3

KEPCO/KHNP

Response
Calculation results of blowdown and reflood PCTs are presented in Table 1.

Table 1. PCT results of DEG 100 % and 80 %

TS

Non-Proprietary
15.09.15 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.12.11 - 1/12

KEPCO/KHNP
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Issue Date

08/13/2015

Audit Issues No. 61-b ~ f
The guidance in RG 1.157, Section 3.1 establishes acceptable controls for the establishment of
acceptable break sizes and types. Section 5.2.1.1 of the topical report provides information
regarding the selection of the limiting break. Address the following concerns:
b. Since the reflood PCT for [
]TS, provide the basis for NOT examining
the 90 percent and 70 percent guillotine break cases.
c. Since the rod quenching for [
]TS, describe the phenomena resulting in [
]TS.
d. Based on the information on Figure 5-10 of the topical report, [

]TS. Provide information to justify that the 180 percent,
160 percent, 140 percent, etc., CLS break PCT will be bounded by the guillotine break.
e. Based on Figure 5-9, the 100 percent guillotine break is selected as the limiting case
because its blowdown PCT is the maximum as compared to [
]TS. However, the reflood PCT for [
]TS. If
various uncertainties and biases are factored in, it is likely that the reflood PCT for the 80
percent guillotine break resulting from the application of distribution free statistics may
be limiting. Provide evidence that such a situation does not exist.
f.

The CAREM methodology permits the determination of the limiting break type, location
and size with a 95th percentile tolerance at a 95 percent confidence level using the
simple random sampling process to sample across break locations (cold leg or pump
suction leg), break types (DECLG or split) and break sizes/areas. This is the only

Non-Proprietary
15.12.11 - 2/12

KEPCO/KHNP

method that provides a 95/95 basis that the limiting break type, location, and area are
determined. To justify that the calculations performed are representative of the
spectrum of break sizes and locations, provide the results of a calculation using the
simple random sampling method considering the variation in the break type, location,
and area. Also provide confirmation that split breaks continue to remain bounded when
a random selection of break areas for the split break and the DECLG are used.

Non-Proprietary
15.12.11 - 3/12

KEPCO/KHNP

Response to Audit Issue 61-b, d, e and f
In response to the audit issue No. 61-b, d, e and f, the followings are discussed.
Break Location Sensitivity
Figure 1 shows comparison of calculation results for [
]TS In this
figure, both break areas are fixed to have 100 % of broken pipe cross-sectional area.
[

]TS
Therefore, CAREM does not quantify PCT uncertainties for [
]TS
Break Type Sensitivity
Break type sensitivity calculation is performed with the selected break location. Slot break and
DEG break are considered. In case of slot break, several modeling methods are evaluated.
Figure 3 shows three kinds of slot break noding. [

]TS
In the topical report, model B is only used to determine limiting break type because model B has
been selected as limiting slot break modeling for conventional nuclear power plants. But, it is
concluded that various modeling methods for slot break should be evaluated to respond to this
audit issue.
Figure 4 compares PCTs calculated using model A, B and C with DEG break result. This figure
shows that DEG break is still limiting break type.

Non-Proprietary
15.12.11 - 4/12

KEPCO/KHNP

Break Area Sensitivity for Slot Break
The slot break area sensitivity is performed using ‘Model C – Bottom’ case since it shows
relatively high blowdown and reflood PCTs and has the latest reflood quenching time.
Figure 5 shows comparison of cladding temperature results for various slot break areas with
that of 100 % DEG break case. Slot break areas from [
]TS. Since the calculation results [
]TS But, PCT results of
100 % DEG break case are still higher than those of slot break cases for both blowdown and
reflood. Therefore, the PCT of DEG break covers those of slot breaks.
Break Area for DEG Break
To determine the limiting break area, [
]TS are evaluated in the topical report. To support the appropriateness of the limiting break
size selection logic of the topical report, it is determined to perform the simple random sampling
(SRS) calculation with break area as one of the uncertainty parameters. DEG in the cold leg is
assumed as limiting break location and type for this SRS calculation. In this SRS calculation,
break area ranging from [
]TS of the cold leg area are considered, and uniform
distribution function is assumed to have same possibility for all break areas.
Figure 6 shows SRS calculation results for break area as one of the uncertainty parameters
(Case A) with SRS calculation results of the topical report (Case B). The third PCT of Case A is
[
]TS. The third PCTs
of two calculation cases are similar but the PCT of the topical report occurs during blowdown
period while the PCT of Case A occurs during reflood period. Quenching time of Case B is
longer than that of Case A. In conclusion, the SRS calculation in the topical report (100 % cold
leg area as limiting break area) bound the SRS calculation when the break area is considered
as the uncertainty parameter.

Non-Proprietary
15.12.11 - 5/12

KEPCO/KHNP

Response to Audit Issue 61-c
[

]TS

Non-Proprietary
15.12.11 - 6/12

KEPCO/KHNP

TS

Figure 1. Comparison of Break Location Sensitivity Results

Non-Proprietary
15.12.11 - 7/12

KEPCO/KHNP

TS

Figure 2. RELAP5/MOD3.3/K Nodalization of the APR1400

Non-Proprietary
15.12.11 - 8/12

KEPCO/KHNP

TS

Figure 3. Three Kinds of Slot Break Modeling

Non-Proprietary
15.12.11 - 9/12

KEPCO/KHNP

TS

Figure 4. Comparison of Slot Break Model Results
TS

Figure 5. Calculation Results for Various Slot Break Areas

Non-Proprietary
15.12.11 - 10/12

KEPCO/KHNP

TS

Figure 6. Comparison of SRS Calculation Results with and without Break Area

Non-Proprietary
15.12.11 - 11/12

KEPCO/KHNP

TS

Figure 7. Comparison of Core Collapsed Water Level

Non-Proprietary
15.12.11 - 12/12

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.08.31 - 1/5

KEPCO/KHNP
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Audit Issues No. 62
RG 1.157 guidance expresses in many places that results from best estimate calculations will
be considered acceptable provided their technical basis is demonstrated with appropriate data
and analyses. However, some of the results provided in the topical report are unclear. The
base case calculation of the APR1400 plant applying the best-estimate operating conditions is
shown in Figures 5-12 through 5-28. The water level in the reactor vessel is mainly determined
by the balance of inlet (ECCS) and outlet mass flow (break flow). During late reflood period,
ECCS water is supplied by SIPs with constant flow rate (see Figure 5-14), while the break flow
in Figure 5-13 decreases to almost zero beyond 250 seconds. Based on these results, the
mass balance is expected to cause continuous water level recovery in the reactor core region
after 250 seconds. However, the water levels in the core and downcomer region, shown in
Figure 5-15, are constant and gradually decreasing, respectively, beyond 250 seconds. Provide
an explanation for the observed behavior.

Non-Proprietary
15.08.31 - 2/5

KEPCO/KHNP

Response
Figure 1 shows the collapsed water level in the downcomer and the active core. Figure 2 shows
the total break and total SI flow rate.
Before SIT is depleted (at about 200 seconds), the downcomer water level is maintained higher
than the height of cold leg due to the excessive SI flow rate. After depletion of SIT, the
downcomer water level is decreased to the cold leg elevation. From this point, the steam
generated in the core is discharged smoothly through the break and the steam flow can carry
the water in the downcomer out the break. Also ECC bypass flow increases. Based on this, as
shown in Figure 2, the break flow rate increases after 200 seconds. After about 250 seconds
(the time that the pressure balance between core and downcomer is maintained), core and
downcomer water levels are maintained constant. Note that, the entire core is quenched at 190
seconds.

Non-Proprietary
15.08.31 - 3/5

KEPCO/KHNP
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Figure 1. Collapsed Water Level in the Downcomer and Active Core

400

Non-Proprietary
15.08.31 - 4/5

KEPCO/KHNP
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Figure 2. Total Break and Total SI Flow Rate
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Non-Proprietary
15.08.31 - 5/5

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.10.06 - 1/3

KEPCO/KHNP
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Audit Issues No. 63
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
calculational uncertainty. Section 5.2.2 of the topical report discusses the use of simple random
sampling approach to perform 124 calculations using the distributions of the uncertainty
parameters listed in Table 5-1. Describe the model or method that is utilized to perform the
random selection of samples and provide justification that the sampling process is unbiased.

Non-Proprietary
15.10.06 - 2/3

KEPCO/KHNP

Response
Following reference is a guide for CAREM.
H. Glaser, “BEMUSE Phase VI Report, Status report on the area, classification of the methods,
conclusions and recommendations”, NEA/CSNI/R(2011)4, 28-Mar-2011; (https://www.oecdnea.org/nsd/docs/2011/csni-r2011-4.pdf),
Following statements are found in section 7.2; “It is also important to note that the model
outcome sample values Y1….YN from which the tolerance intervals/limits are determined must
constitute a random sample of the model outcome Y in the statistical sense, i.e. they must be
realizations of stochastically independent and identically distributed random variables Y1….YN.
This is ensured if the underlying input parameter sample is generated according to the simple
random sampling (SRS) principle. Other types of parameter selection procedures like Latin
Hypercube Sampling or Importance Sampling, etc. may therefore not be appropriate for
tolerance intervals or tolerance limits”.
Also it (in section 7.7) strongly recommends the simple random sampling technique to get a
random sample. There is no concern about the bias with the simple random sampling process in
the reference.
To get the random sample, open source computer program, LHS, is used (G. D. Wyss, K. H.
Jorgensen, “A User’s Guide to LHS: Sandia’s Latin Hypercube Sampling Software”, SAND980210, February 1998).
Simple random sampling is performed using the option “random sampling” in the LHS code that
will cause LHS to perform pure Monte Carlo sampling to generate random sample.

Non-Proprietary
15.10.06 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.09.18 - 1/3

KEPCO/KHNP
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Audit Issues No. 64
RG 1.157 guidance expresses in many places that results from best estimate calculations will
be considered acceptable provided their technical basis is demonstrated with appropriate data
and analyses. However, some of the results provided in the topical report are unclear. Provide
the values and plots for the three highest PCTs predicted via the plant SRS calculations
documented in Section 5.2.2.

Non-Proprietary
15.09.18 - 2/3

KEPCO/KHNP

Response
Figure 1 shows the three highest PCT results from the plant SRS calculations. The first and
second highest PCTs are [
]TS. The third highest PCT is [
]TS.
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Figure 1. Three highest PCTs result from the SRS calculation

300

Non-Proprietary
15.09.18 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
16.05.13 - 1/3

KEPCO/KHNP
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08/13/2015

Audit Issues No. 65
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
uncertainties, including the determination of biases. The selection of the cases for evaluation of
scale bias in Section 5.2.3 of the topical report is “...based on previous experiences...” Provide
details of the referenced “experiences” and the basis for the selection of the cases. Also
confirm that the case with the highest second peak is captured in the set that is used for the
evaluation of the scale bias.

Non-Proprietary
16.05.13 - 2/3

KEPCO/KHNP

Response
In the CAREM, as stated in the section 4.3.2 in the topical report, 124 combinations of the
uncertainty parameters are used to quantify the uncertainty of the PCT prediction. In those
combinations, two cases with two highest PCTs are not considered as valid results.
In the topical report, the set for bias calculation is selected based on the cases whose [
]TS.
[
]TS the scale bias cases is determined based on “the previous
experiences” which means licensing experience in Korea. In addition, considering that [
]TS as indicated in Table 5-8, [
]TS the
scale bias cases seems fairly reasonable to evaluate bias effects.
The sentences in Section 5.2.3 of the topical report will be corrected for typo and modified for
better understanding as follows.
Section
No.
5.2.3

Before

After

Based on the previous experiences, [
]TS are selected
for the scale bias calculations. [

Based on the previous experiences, [
]TS are selected for the scale bias
calculations. [

]TS
]TS
The revised topical report will be submitted later.

Non-Proprietary
16.05.13 - 3/3

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 Report
Topical report will be revised as discussed in this response.
There is no impact on Technical or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.04.06 - 1/3

KEPCO/KHNP
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08/13/2015

Audit Issues No. 67-a
The guidance in NUREG/CR-5429, Section 2.1 establishes acceptable controls for the ranking
and documentation of the PIRT. Appendix A of the topical report provides the modification to
the PIRT ranking of the in-containment refueling water storage tank (IRWST). [
]TS. Address the following:
a. The end of the late reflood period is not clearly specified. Provide the definition for the
end of the late reflood period and therefore, the beginning of the long term cooling period,
in the analysis.

Non-Proprietary
15.04.06 - 2/3

KEPCO/KHNP

Response
The end of late reflood is not specifically defined in LBLOCA topical report. LBLOCA analysis is
performed until the time core quenching is stable, which typically can be established before the
SIT-FD empty. Technically Long Term Cooling (LTC) calculation can begin when stable
quenching is established, typically beginning of late reflood or later.
[
]TS
[1] “Fluidic Device Design for the APR1400, Rev.0”, APR1400-Z-M-TR-12003-P, Rev.0, KHNP
TS

Figure 1. Boil-off Rate Resulting from 1.2 x ANS79 Decay Heat

Non-Proprietary
15.04.06 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.09.18 - 1/3

KEPCO/KHNP
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Issue Date

08/13/2015

Audit Issues No. 67-b and c
The guidance in NUREG/CR-5429, Section 2.1 establishes acceptable controls for the ranking
and documentation of the PIRT. Appendix A of the topical report provides the modification to
the PIRT ranking of the in-containment refueling water storage tank (IRWST). [
]TS. Address the following:
b. To confirm sufficiency, provide the volume of the IRWST and indicate the amount of
water that was depleted at the end of the late reflood period.
c. Explain how suction is provided to the SIPs when the IRWST inventory is exhausted.

Non-Proprietary
15.09.18 - 2/3

KEPCO/KHNP

Response 67-b and c
The minimum normal operation water volume of IRWST is [

]TS.

The detail information about in-containment water storage system (IWSS) is described in
Chapter 6.8 in DCD [1]. [

]TS
[1]

KEPCO, KHNP, “APR1400 Design Control Document Tier 2”, December 2014,
APR1400-K-FS-14002-NP, Rev.0

Non-Proprietary
15.09.18 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.09.15 - 1/3

KEPCO/KHNP
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08/13/2015

Audit Issues No. 68
The guidance in NUREG/CR-5429, Section 2.1 establishes acceptable controls for the
documentation of the ranking rationale for the PIRT. Page A-5 of Appendix A provides the
rationale for the change to PIRT ranking of the stored energy release from pressurizer.
However, it is unclear whether the stored energy release is actually modeled or simply lumped
into the pressure uncertainty. The rationale for the ranking change states, [
]TS In such a case, no stored heat transfer is expected. Explain the
modeling of pressurizer wall heat structures and clarify whether the pressurizer vessel stored
energy release is explicitly represented in the calculation through transient heat transfer to the
fluid.

Non-Proprietary
15.09.15 - 2/3

KEPCO/KHNP

Response
The pressurizer is modeled to transfer vessel stored energy to the fluid through the transient
calculation because pressurizer wall heat structures are modeled.

Non-Proprietary
15.09.15 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
16.01.08 - 1/3

KEPCO/KHNP
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Issue Date

08/13/2015

Audit Issues No. 69
NUREG/CR-5429, Section 2.1 discusses the process for the documentation of the PIRT. Page
A-6 of Appendix A provides the modification to PIRT ranking of [
]TS The rationale for the change states [
what is meant by the phrase [

]TS

]TS Explain
with respect to this issue.

Non-Proprietary
16.01.08 - 2/3

KEPCO/KHNP

Response
In the SBLOCA or long term cooling situation, the water accumulation in the crossover leg can
affect the fluid motion. This is a so called loop seal clearing phenomena. It can be general or
realistic. However, in LBLOCA situation, the fluid does not exist at the cross-over leg during
whole period of interest for most applications. The phrase [
]TS therefore, the assumption is not
realistic.

Non-Proprietary
16.01.08 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
16.01.27 - 1/3

KEPCO/KHNP
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Issue Date

08/13/2015

Audit Issues No. 70
NUREG/CR-5429, Section 2.1 discusses the process for the documentation of the PIRT.
Appendix A provides the modification to the ranking for the phenomenon [
]TS Fluid in the upper head and the
flashing behavior in the upper head may have a significant effect on the LBLOCA transient
response. To understand the bases for the change of the influence rank discussed above,
provide the temperature of the upper head fluid and describe the flow process to and from the
upper head during the LBLOCA.

Non-Proprietary
16.01.27 - 2/3

KEPCO/KHNP

Response
[

]TS which is described in Appendix A of the topical report as the
modified PIRT from KNGR PIRT.

TS

Non-Proprietary
16.01.27 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.12.10 - 1/6

KEPCO/KHNP
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Issue Date

08/13/2015

Audit Issues No. 71
NUREG/CR-5429, Section 2.1 discusses the process for the documentation of the PIRT.
Appendix A provides the modification to the ranking for the phenomenon of [
]TS In the early reflood period the safety
injection flow is higher and the amount of liquid entrainment is likely higher than in the late
reflood period. Therefore, the steam binding effect is expected to be more important during the
early reflood period. Provide the transient results for the steam flow, entrained liquid through
the top nozzles, and the vapor and liquid flow into the steam generator inverted U-tubes. These
are intended to confirm the Applicant’s conclusions on the influence of the phenomenon.

Non-Proprietary
15.12.10 - 2/6

KEPCO/KHNP

Response
Figure 1 shows the steam and liquid flow rate through the top nozzles. Figure 2 shows the vapor
and liquid flow rate into the steam generator inverted U-tubes.
[
]TS
Flooding Rate
Reflood begins as water enters the core from the lower plenum. During the reflood period, part
of the water injected into the vessel flows through the downcomer and lower plenum to core. In
the core, the water is accumulated, vaporized to steam, or entrained by the steam flow exiting
the core. The water entrained by the steam flow is either de-entrained at or above the top
nozzle, or carried over to the hot legs and steam generators. Water entrained into the steam
generators vaporizes by reverse heat transfer from the secondary side of the steam generators
causing a pressure increase in the upper plenum. The pressure increase reduces the flooding
rate. [

]TS
[

]TS

The entrained droplets evaporate and the steam becomes superheated in the u-tubes. This
droplet evaporation and steam superheating phenomena result in steam binding. In CAREM,
the effect of steam binding is evaluated [
]TS. As the RELAP5 code does not
include a model to describe mechanical de-entrainment due to the internal structures in the
upper plenum, [

]TS
The reflood during the FD-SIT injection period, the excessive entrainment from the core is
expected due to the high safety injection penetration into the core. The RELAP5/MOD3.1/K
which was used for the earlier version of CAREM was assessed against FLECHT/SEASET
series test and found that the entrainment coming out of core is [
]TS higher than the
experimental data on average[1]. RELAP5/MOD3.3/K of the present TR shows [

]TS

Non-Proprietary
15.12.10 - 3/6

KEPCO/KHNP
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Figure 1. Steam and Liquid Flow Rate through the Top Nozzle
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Non-Proprietary
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Figure 2. Vapor and Liquid Flow Rate into the SG Inverted U-tube
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Non-Proprietary
15.12.10 - 5/6

KEPCO/KHNP

Reference
[1]

Topical Report, “The best evaluation methodology for the Emergency Core Cooling
System,”TR-KHNP-002, KEPRI/KHNP, December 2002.

Non-Proprietary
15.12.10 - 6/6

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP
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Issue Date

08/13/2015

Audit Issues No. 73-a
NUREG/CR-5429, Section 2.1 discusses the process for the documentation of the PIRT and
associated ranking of various phenomena. Appendix A provides the modification to the ranking
for the phenomenon “stored energy release” for the lower plenum and downcomer components.
In order to concur with the modified influence ranking, provide the following information:
a. Transient results for the energy release from the lower plenum metal structures as a
function of time, the enthalpy (or fluid temperature and void fraction, if saturated) as a
function of time, and the stored energy of the lower plenum metal structures as a
function of time for the base case calculation discussed in Section 5.2.1.3.

Non-Proprietary
15.09.03 - 2/7

KEPCO/KHNP

Response
The lower plenum is from the bottom of vessel to active core inlet as shown in Figure 1. Figure 2
shows the energy release from the lower plenum metal structures. Figure 3 shows enthalpy of
the fluid at the lower plenum. The stored energy of the lower plenum metal structures is
expressed as the volume average temperature of the lower plenum (Figure 4).

Non-Proprietary
15.09.03 - 3/7

KEPCO/KHNP

TS

Figure 1. Nodalization of the Reactor Vessel (The Red Boxes are Lower Plenum Region)

Non-Proprietary
15.09.03 - 4/7

KEPCO/KHNP
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Figure 2. Energy Release from the Lower Plenum Metal Structures
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Figure 3. Enthalpy of Fluid at the Lower Plenum
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Figure 4. Volume Average Temperature of the Lower Plenum Metal Structures
(LSS: Lower Support Structure)
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Non-Proprietary
15.09.03 - 7/7

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP
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KEPCO/KHNP
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Issue Date

08/13/2015

Audit Issues No. 73-b
NUREG/CR-5429, Section 2.1 discusses the process for the documentation of the PIRT and
associated ranking of various phenomena. Appendix A provides the modification to the ranking
for the phenomenon “stored energy release” for the lower plenum and downcomer components.
In order to concur with the modified influence ranking, provide the following information:
b. Transient results for the energy release from the reactor vessel downcomer metal
structures, core barrel and thermal shield metal structures as a function of time, the
enthalpy of the fluid (or temperature) as a function of time, and the stored energy of the
downcomer, core barrel and thermal shield metal structures as a function of time for the
base case calculation discussed in Section 5.2.1.3.

Non-Proprietary
15.09.06 - 2/7

KEPCO/KHNP

Response
The reactor vessel downcomer and core barrel metal structures are shown in Figure 1. Figure 2
shows sum of the energy release from the reactor vessel downcomer metal structures and core
barrel metal structures. Figure 3 shows enthalpy of the fluid at the downcomer. The stored
energy of the downcomer and core barrel metal structures is expressed as the volume average
temperature of the downcomer and core barrel metal structures (Figure 4). The downcomer is
composed of [
]TS Therefore, the average values of [
]TS in the same
elevation are presented in Figure 3 and Figure 4.

Non-Proprietary
15.09.06 - 3/7

KEPCO/KHNP

TS

Figure 1. Nodalization of the Reactor Vessel

Non-Proprietary
15.09.06 - 4/7

KEPCO/KHNP
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Figure 2. Energy Release from the Reactor Vessel Wall and Core Barrel Structures
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KEPCO/KHNP
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Figure 3. Enthalpy of Fluid at the Downcomer
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Non-Proprietary
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Figure 4. Volume Average Temperature of the Downcomer and Core Barrel Metal Structures

Non-Proprietary
15.09.06 - 7/7

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
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08/13/2015

Audit Issues No. 73-c
NUREG/CR-5429, Section 2.1 discusses the process for the documentation of the PIRT and
associated ranking of various phenomena. Appendix A provides the modification to the ranking
for the phenomenon “stored energy release” for the lower plenum and downcomer components.
In order to concur with the modified influence ranking, provide the following information:
c. The outside boundary conditions used for the heat structures representing the vessel
wall in the downcomer region and the lower head are not specified in the topical report.
The RELAP5 base model uses an insulated boundary condition for these regions. The
selection of the boundary condition affects the stored energy release to the fluid in the
downcomer and the lower head. Justify the outer surface boundary conditions used for
the lower head and vessel wall in the downcomer region in the APR1400
RELAP5/MOD3.3/K model, and if external cooling of the reactor pressure vessel (RPV)
lower head can impact this boundary condition.

Non-Proprietary
15.09.09 - 2/3

KEPCO/KHNP

Response
External cooling of the reactor pressure vessel (RPV) lower head is not modeled in the
APR1400 analysis.
The outer surface boundary conditions used for the lower head and vessel wall in the
downcomer region are [
]TS The heat structure number
is [
]TS The details are as follows:
TS

Non-Proprietary
15.09.09 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP
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08/13/2015

Audit Issues No. 74
NUREG/CR-5429, Section 2.1 discusses the process for the documentation of the PIRT and
associated ranking of various phenomena. Provide the rationale for [
]TS to the coast down phenomenon in the RCP component for the blowdown period in
Table 3 of Appendix A.

Non-Proprietary
15.12.28 - 2/3

KEPCO/KHNP

Response
In the CAREM, the reactor coolant pumps (RCPs) are shutoff when LBLOCA occurs due to
assumption of loss of offsite power. RCP coast down starts at this time. Since there is no
electric power supplied to the RCPs during the transient, stored energy of RCP fly wheel is
spent by hydraulic and friction torques. However, almost all of liquid is vaporized in few seconds
caused by rapid depressurization even if RCP is located in intact loop side, and then RCP
degradation effects are increased significantly whereas RCP coastdown effects are relatively
decreased. [
]TS

Non-Proprietary
15.12.28 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.08.27 - 1/6

KEPCO/KHNP
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Issue Date

08/13/2015

Audit Issues No. 75-a
The guidance in NUREG/CR-5429, Section 2.1.4 establishes acceptable controls over code
versions and changes that could affect best estimate calculations. The RELAP5/MOD3.3/K
source code has been provided in response to a previous NRC RAI. Address the following
concerns:
a. The file “gapcon.f” for the RELAP5/MOD3.3/K code (in the folder Question-2\(1) Source
code\relap5\kREM from the response CD) contains several changes that are in addition
to the single line mentioned in Section 1.4 of Appendix B. Examples of such changes
include lines 51-53, lines 73-81 and line 233 in the file “gapcon.f.” Explain the purpose
and function of these additional changes.

Non-Proprietary
15.08.27 - 2/6

KEPCO/KHNP

Response
Gap conductance is one of the uncertainty parameters in the CAREM. RELAP5/MOD3.3 code
doesn’t have minor or major edit for gap conductance data, so RELAP5/MOD3.3 code is
modified to write gap conductance data as well as pellet radius as major edit. Modified lines
which are not mentioned in Appendix B exist for additional major edit to identify current heat
structure number.
Line 38 ~ 39
Global and local variables are defined in these modified lines.

TS

Line 51 ~ 53
Local real variables are defined and defined real variables are connected with global memory
array (fa array).
TS

Line 73 ~ 81
This modifications are made to identify current heat structure number if current heat structure is
one of the fuel rod heat structures which are put in by additional user input card of 41000N00
described in Section 1.4.2 of response document for RAI no. 7425. However, identified current
heat structure number information is not used in this sub-routine, that information is used
another sub-routine.
TS

Non-Proprietary
15.08.27 - 3/6

KEPCO/KHNP

TS

Line 183
Calculated pellet radius is stored to local real variable of ‘pellet’. And pellet radius data is printed
as major edit data.
TS
Line 213 ~ 214
This modifications are described in Appendix B.
TS

Line 233

Non-Proprietary
15.08.27 - 4/6

KEPCO/KHNP

Calculated gap conductance data is stored to local variable of ‘gpcond’. And gap conductance
data is printed as major edit data.
TS

Non-Proprietary
15.08.27 - 5/6

KEPCO/KHNP

Reference
[1]

“RELAP5/MOD3.3 Code Manual Volume I: Code Structure, System Models, and
Solution Methods,” NUREG/CR-5535, Rev P3, U.S.NRC, March 2003.

Non-Proprietary
15.08.27 - 6/6

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP
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Issue Date

08/13/2015

Audit Issues No. 77
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
uncertainties. Table 2-2 in Appendix C shows the parameters and distribution functions used
for SRS calculations for FLECHT-SEASET tests. Explain how the uncertainty range and
distribution for flooding rate and power were determined. Explain the implication of negative
power and flooding rate and how these are handled in the calculations.

Non-Proprietary
15.12.15 - 2/3

KEPCO/KHNP

Response
Measurement uncertainties of total power and volumetric flow rate (turbine meter) as one sigma
level are as follows:

TS

Since liquid phase velocity is used as boundary condition using time-dependent junction,
volumetric flow rate should be changed to velocity using core area (0.0156 m2).
TS

In the CAREM, sampling uncertainty ranges are calculated by [
]TS
Thus, sampling uncertainty ranges for power and liquid phase velocity (reflooding rate) are as
follows:
TS

The above calculated uncertainty ranges for power and reflooding rate are determined and the
normal distribution function is assumed for power and reflooding rate in common since the
measurement uncertainty data described in reference [2-1] of Appendix C are the standard
deviations for each measurement.
The rod power in Table 2-1 in the Appendix C of the topical report is the linear heat generation
rate of a rod, while the uncertainty of the power obtained above is the uncertainty of the total
power. Also the unit of the flooding rates in Table 2-1 in the Appendix C is mistakenly used as
cm/s, which should have been used as mm/s. This will be fixed in the future revision of the
topical report.
The sampled values for power and reflooding rate are variation from nominal values of the total
power and reflood rate which are boundary conditions of each test. Thus, the sampled values
are added to the nominal values of the total power and reflood rate.

Non-Proprietary
15.12.15 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.04.06 - 1/3

KEPCO/KHNP
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Issue Date

08/13/2015

Audit Issues No. 78
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
uncertainties. Clarify the uncertainty limits (e.g., 2 times standard deviation) used for the
parameters with normal distribution during the SRS sampling in Appendix C.

Non-Proprietary
15.04.06 - 2/3

KEPCO/KHNP

Response
For the SRS sampling of the uncertainty variables with normal distribution, the uncertainty range
of [
]TS is used in order to include as much
uncertainty range as possible.
On the other hand, for the sampling with uniform distribution, the uncertainty range of [
]TS is used. In this case, σ means the
standard deviation but μ means the deviation of one-sided limitation.

Non-Proprietary
15.04.06 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
15.04.06 - 1/3

KEPCO/KHNP

RESPONSE TO AUDIT ISSUES
APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic Evaluation
Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Audit Issues No. 79
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
uncertainties. Section 4.5 of Appendix C states that “...the selected code parameters and
distribution functions for the NEPTUN test are the same as those used in the SRS calculations
against FLECHT-SEASET tests.” However, Table 4-5 of Appendix C lists only 8 parameters
compared with the 12 parameters used for the FLECHT-SEASET tests. Confirm this apparent
inconsistency.

Non-Proprietary
15.04.06 - 2/3

Response
See the response to audit issue number 50-a.

KEPCO/KHNP

Non-Proprietary
15.04.06 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP
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08/13/2015

Audit Issues No. 82
NUREG-0800, Section 15.0.2 establishes review guidance related to the documentation of the
evaluation model. The scaling of the ATLAS facility is briefly discussed in Section 2.1 of
Appendix E. Describe how the metal mass to fluid volume ratio was scaled in order to correctly
capture the stored energy release and the downcomer boiling phenomena.

Non-Proprietary
16.02.25 - 2/4

KEPCO/KHNP

Response
NUREG-0800, Section 15.0.2 establishes review guidance related to the documentation of the
evaluation model. The scaling of the ATLAS facility is briefly discussed in Section 2.1 of
Appendix E of the topical report. Descriptions of how the metal mass to fluid volume ratio was
scaled in order to correctly capture the stored energy release and the downcomer boiling
phenomena are as follows.
For the reactor pressure vessel downcomer with an annular shape, the metal mass to fluid
volume ratio is proportional to volume ratio and can be expressed by
TS

where Di, Do is the downcomer inner and outer diameter, respectively. L is the height, and t is
the vessel thickness. The ratio of the metal mass to fluid volume can be expressed by,
assuming the same metal property
TS

where G is the downcomer gap defined as (Do-Di), the subscript R indicates a ratio of a model to
a prototype. In order to preserve the stored energy release from the downcomer wall to fluid in
the scaled-down model, the ratio, (t/G)R, should be kept to be unit in an ideal condition. It implies
that the diameter of the downcomer and the wall thickness should be reduced by the same
scaling ratio. However, in the as-built design of ATLAS, the downcomer diameter was
intentionally enlarged to have a gap enough to simulate the cap bubble rising in the downcomer
region and the wall thickness was increased to be able to withstand high pressure conditions
according to the requirement of the ASME B&PV Code, Section VIII, Division II. Consequently,
the ratio (t/G)R of ATLAS becomes [
]TS It means that the ATLAS downcomer wall has larger
stored energy per unit fluid volume than the prototype plant by a factor of [
]TS A summary of
the comparison of the major scaling values is given in Table 1. These scaling conditions provide
more conservative condition particularly when the downcomer boiling phenomena are simulated
in the ATLAS facility.

Non-Proprietary
16.02.25 - 3/4

KEPCO/KHNP

Table 1. Summary of the major parameters of the ATLAS facility

TS

Non-Proprietary
16.02.25 - 4/4

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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Issue Date

08/13/2015

Audit Issues No. 83
The guidance in RG 1.157, Section 3.16.2 establishes acceptable controls for the data
comparisons necessary to justify best estimate models. Section 2.2 of Appendix E states that
the conditions at the start of the reflood period of the APR1400 LBLOCA were given as the
initial and boundary conditions. Presumably, these conditions are determined based on code
calculations. Confirm this understanding and clarify whether RELAP5/MOD3.3/K is used to
determine the initial conditions. If so, describe the assessments used to validate the code’s
prediction of the phenomena during the blowdown period. Include details about the accuracy of
code prediction of depressurization, levels and break flow discharge during the blowdown period
against corresponding data.

Non-Proprietary
16.02.25 - 2/3

KEPCO/KHNP

Response
The initial and boundary conditions of the ATLAS tests at the start of the reflood period of the
APR1400 LBLOCA were obtained by [
]TS However, the code prediction during blowdown and refill periods is not
different from RELAP5/MOD3.3/K because [
]TS Therefore, the code assessments for
blowdown period in Appendix C and D of the topical report is valid for checking the
adequateness of the code used in determination of the initial condition of the ATLAS tests.

Non-Proprietary
16.02.25 - 3/3

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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Audit Issues No. 84
The guidance in RG 1.157, Section 3.16.2 establishes acceptable controls for the data
comparisons necessary to justify best estimate models. Figures 2-9 and 2-15 of Appendix E
show the SIT-FD injection rate (high- and low-flow) for the ATLAS tests 9 and 11. The tests
start from the reflood period and therefore, as shown in Figure 2-6 of Appendix E, a portion of
the SIT-FD flow is not considered. Explain how the time at which SIT-FD injection occur and
therefore, the injection rate in the tests is determined. Also explain the reason for the difference
in the injection rate between the four SITs as seen in Figure 2-9 and especially, for Figure 2-15.

Non-Proprietary
16.02.25 - 2/3

KEPCO/KHNP

Response
As described in the response of audit issue no. 83, the initial condition of the reflood test and the
injection rate of the SIT-FD in the ATLAS tests were determined using the [
]TS
The condition determined by the code is experimentally achieved as follows.
As the main objective of the ATLAS tests 9 and 11 was to simulate the reflood phase only, the
initial portion of the SIT-FD flow during the refill period was excluded in the ATLAS tests as
shown in Figure 2-6 of Appendix E. The initial condition of the ATLAS reflood test was obtained
along a series of preparation steps: (1) filling, (2) heating, (3) steady state, (4) draining, (5)
break open, (6) power restart, (7) SIT injection, and (8) SIP injection.
In the draining step among them, when the water level in the core and downcomer region
reached at specified levels, the core power increased linearly from 0 to specified heater powers.
The power maintained at a specified value until the maximum heater rod surface temperature
reached a specified surface temperature of 450 oC, which generated a SIT injection signal. The
specified core and downcomer levels for test 9 and 11 were [
]TS,
respectively. The specified core powers for test 9 and 11 were [
]TS,
respectively.
From the code predictions to determine the initial condition of the tests, it was assumed that the
reflood period started [
]TS When the reflood period was
TS
triggered [
] , the core power was controlled to follow the
specified ANS73 decay curve multiplied by 1.2 (in the case of test 9) and the ANS79 curve
multiplied by 1.02 (in the case of test 11), respectively.
The injection rates between the four SITs seen in Figure 2-9 and Figure 2-15 of Appendix E
show a little differences with each other. Mainly these differences come from the small
differences in the orifice diameter and the opening of flow control valves. Although extensive
preliminary tests were done for four SITs in order to obtain a consistent injection behavior, small
differences in the orifice hole size, initial water level, initial SIT pressure and pressure drop
across the flow control valve resulted in such a difference in the actual test. Such differences
among four SITs are within reasonably acceptable range, taking into account of the inherent
characteristics of the most integral effect tests.
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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Issue Date

08/13/2015

Audit Issues No. 87
The guidance in RG 1.157, Section 3.16.2 establishes acceptable controls for the data
comparisons necessary to justify the applicability of the best estimate models. Provide the fluid
volume temperatures and the void fractions for each of the control volumes in both stacks of the
dual stack RELAP5 model (i.e., two channel modeling) for the downcomer boiling test.

Non-Proprietary
15.09.18 - 2/5

KEPCO/KHNP

Response
Figure 1 and Figure 2 show the fluid volume temperature and the void fractions for each of the
control volumes in both stacks of the dual stack RELAP5 model for the downcomer boiling test.

Non-Proprietary
15.09.18 - 3/5

KEPCO/KHNP

TS

Figure 1. Fluid Temperature of Control Volumes for Dual Stack RELAP5 Model

Non-Proprietary
15.09.18 - 4/5

KEPCO/KHNP

TS

Figure 2. Void Fraction of Control Volumes for Dual Stack RELAP5 Model
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Impact on DCD
There is no impact to the DCD.

Impact on PRA
There is no impact on the PRA.

Impact on Technical Specifications
There is no impact on the Technical Specifications.
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Audit Issues No. 89
The guidance in RG 1.157, Section 3.16.2 establishes acceptable controls for the data
comparisons necessary to justify the applicability of the best estimate models. Appendix H
Section 1.3.1 briefly discusses the air release behavior for Cases 01-01 through 01-03 referring
to Figure 1-7 of Appendix H. That figure shows two peaks in the air release behavior. Section
1.3.2 of Appendix H discusses the air release behavior for Case 01-04 referring to Figure 1-11
of the same Appendix.
a. Provide the physical reason(s) for the double-peaked behavior of air release for Cases
01-01 through 01-03.
b. Provide a discussion of the noncondensible transport, the impact on the flow pattern,
and the effect on the heat transfer.

Non-Proprietary
16.02.26 - 2/6

KEPCO/KHNP

Response
a)
In the SIT-FD, there is no flow path through the supply port after the water level drops below the
top of the stand pipe, and the pressure drop occurs only through the control ports. The water
level inside the stand pipe becomes lower than the water level in the SIT to compensate for the
pressure drop and to balance the pressure difference between the vortex chamber and the top
of the SIT. As a result, the water in the stand pipe becomes depleted before the water in the SIT
is completely discharged.
The air in the SIT can be released through the stand pipe and vortex chamber when the water
level in the stand pipe drops down to the top of the supply nozzles in the vortex chamber, which
corresponds to the time of about 100 sec in Figure 1-7 of Appendix H.
It is expected that the flow in the vortex chamber changes from single phase water swirling flow
to two-phase air-water swirling flow after the inception of the air release at around 100 sec. The
two-phase swirling flow in the vortex chamber is so much complicated that even up-to-date CFD
analysis has great difficulty in predicting the precise behavior.
The air release rate is governed by the pressure drop characteristics in the vortex chamber.
Both the water level and pressure in the SIT decrease as time elapses following the air release.
The decrease in the water level affects the opening ratio of the supply nozzles in the vortex
chamber, which probably promotes the air release rate up to a certain degree. On the other
hand, the decrease in the SIT pressure definitely reduces the air release rate. The first peak at
around 125 sec resulted from the balance of the above two factors.
The second peak starts from around 160 sec, which corresponds to the time when the water in
the SIT becomes completely depleted. That is, the air in the SIT is released not only from the
stand pipe and supply nozzles but also from the control ports and control nozzles, and the flow
in the vortex chamber becomes single phase flow of air. The air release rate is determined by
the pressure difference between the SIT and the downstream piping of the SIT. The air release
is terminated at around 195 sec when the pressure difference becomes insignificant.
Figures 1 ~ 3 illustrate the structure of the APR1400 SIT-FD and the vortex chamber in the
Fluidic Device of the APR1400 SIT.
b)
The noncondensable transport phenomenon is described in the response to the current issue a.
The air release behavior of the SIT-FD can affect the ECC bypass behavior due to the
condensation decrease by noncondensable gas existence. However, the effect on the flow
pattern and heat transfer in the downcomer region will become negligible soon, because the
noncondensable gas introduced to the downcomer will vanish eventually.
In general, the downcomer water level can be pushed down abruptly by the noncondensable
gas release after the depletion of the SIT water. This will enhance the core quenching and thus,
may have some effects on the core quenching behavior. The noncondensable gas release from
the conventional SIT would be more favorable to the core quenching.

Non-Proprietary
16.02.26 - 3/6
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The noncondensable transport is hard to simulate using the system code such as RELAP5 and
even using the up-to-date CFD analysis. However, the impact of noncondensable gas release
behavior observed in VAPER test are evaluated in the modeling of the SIT-FDs as described in
Appendix H of the topical report.

Non-Proprietary
16.02.26 - 4/6
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Table 1 Test Matrix for additional LBLOCA tests

TS

TS

Figure 1 Structure of the APR1400 SIT installed with the Fluidic Device

Non-Proprietary
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TS

Figure 2 Structure of the Fluidic Device

TS

Figure 3 Typical flow pattern in the vortex chamber at small injection flow rate condition
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There is no impact on the Technical Specifications.

Impact on Technical/Topical/Environmental Report
There is no impact on any Technical, Topical, or Environmental Report.

KEPCO/KHNP

Non-Proprietary
16.01.08 - 1/6

KEPCO/KHNP

RESPONSE TO AUDIT ISSUES
APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic Evaluation
Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Audit Issues No. 90 a through g
The guidance in RG 1.157, Section 3.16.2 establishes acceptable controls for the data
comparisons necessary to justify the applicability of the best estimate models. Address the
following concerns regarding the SIT-FD tests and K-factor determination discussed in
Appendix H:
a. The Section 5.1.5 of the topical report states that [
]TS The range selected for the sensitivities, as
documented in Section 3 of Appendix H, is narrow as compared to the scatter in the
experimental results shown in Figure 1-2 of Appendix H for the high and low-injection
period. The scatter in the low-flow K-factor for the experimental results is [
]TS These K-factors are much higher than the design
values which are supposed to bound the K-factor for the SIT-FD. Explain the rationale
and basis for the selection of the SIT-FD K-factors.
b. Figure 1-2 in Appendix H shows the selected SIT-FD K-factor values based on the
sensitivity calculations. [
]TS is lower than that shown in Figure 1-2 of
Appendix H. Justify the use of the lower K factor for the APR1400 plant calculations.
c. Table 3-1 of Appendix H defined the “K” sensitivity study range and also the fluidic
device high flow and low flow loss coefficient design requirements. Demonstrate that
either the manufacturing tolerance of the device will result in loss coefficients within the
defined range, or, the bounding K values based on LOCA analyses can greatly cover the
K value uncertainties due to the manufacturing tolerance.
d. Figure 1-2 in Appendix H shows a large number of data points and large variations in the
K-factor determination. However, Figure 1-5 of Appendix H does not show a similar
number of data points and variation for the SIT-FD level. Explain the reason for these
differences.

Non-Proprietary
16.01.08 - 2/6

KEPCO/KHNP

e. The initial SIT-FD water temperature for the VAPER tests listed in Table 1-3 of Appendix
H is 5°C to 6°C which is lower than the operating temperature range of 10°C to 50°C
according to Table 6.3.2-1 of the APR1400 DCD. Provide the justification for such a low
initial SIT-FD water temperature. Also discuss the impact of the initial water temperature
on the non-condensable gas release behavior near the end of SIT injection in the test.
f.

According to Table 1-2 of Appendix H, the exit pressure for the SIT-FD in the VAPER
tests (e.g., the stock tank pressure) is atmospheric for all tests. The RPV pressure
during a LBLOCA is higher than atmospheric pressure at the time of SIT injection. This
is also demonstrated by the results of the Applicant’s simulation studies (see Figure 5-12
of the topical report). Therefore, the exit pressure boundary condition in the VAPER
tests (especially Cases 01-01 through 01-03) results in a higher pressure difference
between the SIT tank and the exit as compared to that during a LBLOCA. Provide the
rationale for the selected boundary pressures in the tests as compared to the
prototypical pressure boundary conditions, and the impact of the low pressure in the test
on the SIT-FD high and low-flow delivery and K-factor determination in Appendix H
Figure 1-2.

g. Figure 3-1 of Appendix H shows noticeable variation of the maximum SIT-FD flow which
is not reflected in the PCT prediction shown in Figure 3-5 in Appendix H. However, the
ECCS bypass bias does not appear to be factored into the sensitivity in Section 3 of
Appendix H. Clarify whether the ECCS bypass bias was included in the SIT-FD K-factor
sensitivities.

Non-Proprietary
16.01.08 - 3/6

KEPCO/KHNP

Response
a)
The K-factor ranges for high and low flow injection are determined by the requirements of the
SIT-FD described in reference [1], and the VAPER test aims to verify whether the performance
of the fluidic device satisfies the requirements.
Experimental data in Figure 1-2 of Appendix H are measured for whole test period, so the
variations of the experimental data are caused by oscillation of the measurement data. Thus, it
is reasonable to use averaged K-factor values of all tests for high and low flow injection region
separately to confirm the performance of the fluidic device. [
]TS
In Appendix H, it is concluded that averaged experiment results satisfied the requirements of the
SIT-FD and the representative K-factor values described in Section 1.2 of Appendix H provided
reasonable code assessment results on the VAPER tests.
b)
The K-factor is calculated by following equation.
TS

where, KFD:

Equation (4.3-2) of Reference [1]

pressure loss coefficient of the FD

∆PFD:

pressure drop across the FD (Pa)

USI:

area averaged velocity of SIT water (m/s)

APipe:

cross-sectional area of the SIT discharge line (m2)

The K-factors for the APR1400 SIT-FD are different from those of the VAPER test because of
different pipe area. The relation between K-factor for the APR1400 and K-factor for the VAPER
test is as follows:
TS

Equation (4-4) of Reference [4] in the topical report
Hence, [
]TS
c)
The K-factor ranges of the SIT-FD in Appendix H are determined based on the design
requirements described in reference [1]. The requirements include the K-factor specification of

Non-Proprietary
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KEPCO/KHNP

the fluidic device and also the pressure loss coefficient of the surgeline to the RPV. The K-factor
specification should include the uncertainty of the K-factor due to the manufacturing tolerance,
because this is the requirement of the manufactured SIT-FD. Therefore, it is concluded that the
determined K-factor ranges based on the requirement can cover uncertainties due to the
manufacturing tolerance.
d)
Figure 1-6 of Appendix H does not contain whole experimental data because of readability of
figure and experimental data of SIT water level has small variations.
e)
The effects of the temperature variations on the performance of the fluidic device are negligible
because the variations of water properties for operating temperature ranges are not significant.
Therefore water temperature was not considered as initial condition for the test.
Initial water temperature can affect the heat transfer to the non-condensable gas during SIT-FD
injection. It is natural that low initial water temperature has low heat transfer rate to the gas
phase, thus gas pressure near the end of SIT-FD injection could be lower than that of relatively
high temperature water case. However, since the gas phase temperature during SIT-FD
injection decreases much lower than the initial water temperature, the effects of initial water
temperature on the behavior of non-condensable gas release are not significant.
f)
As shown in Table 1-3 of Appendix H, Case-01-04 test is conducted to evaluate the impact of
pressure difference on the K-factors of the SIT-FD. Calculated K-factors for all test cases are
presented in reference [1], and it shows that pressure difference has insignificant effects on the
K-factors for both of high and low injection periods.
g)
Since this sensitivity study does not focus on the total PCT quantification but the effects of the
SIT-FD K-factors to the PCT, the ECC bypass bias is not factored.

Non-Proprietary
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Reference
[1]

“Fluidic Device Design for the APR1400,” APR1400-Z-M-TR-12003-P, Rev. 0, KHNP,
December 2012.
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Audit Issues No. 90-h
The guidance in RG 1.157, Section 3.16.2 establishes acceptable controls for the data
comparisons necessary to justify the applicability of the best estimate models. Address the
following concerns regarding the SIT-FD tests and K-factor determination discussed in
Appendix H:
h. Describe the type and number of valves in the line connecting the SIT-FD to the RPV in
the actual APR1400 plant. Furthermore, explain whether all the valves have been
represented in the VAPER tests. If not, justify the exclusion of the valves and their
corresponding loss coefficients in determining the SIT-FD K-factor and injection rate.

Non-Proprietary
16.02.02 - 2/4

KEPCO/KHNP

Response
The following Figure 1 (Figure 6.3.2-1 in Tier 2 DCD) shows the P&ID of the line connecting the
SIT-FD to the RPV in the APR1400 plant. [
]TS.
The actual APR1400 plants, Shin-Kori Unit 3 and 4 built in Korea, have the same configuration.
The total K-factor is [
]TS The K-factor of the piping line can be
evaluated without difficulty based on the previous experiences in designing the nuclear power
plant. However, the SIT-FD is the component which was firstly adopted in the APR1400, and
the flow structure inside the Fluidic Device is complicated. Therefore, the K-factor of SIT-FD
was validated using a full scale test facility, VAPER.
The purpose of the VAPER tests is to validate the K-factor of SIT-FD and [
]TS

Non-Proprietary
16.02.02 - 3/4

KEPCO/KHNP

TS

Figure 1. P&ID of the line connecting the SIT-FD to the RPV
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Audit Issues No. 91
The guidance in RG 1.157, Section 3.16.2 establishes acceptable controls for the data
comparisons necessary to justify the applicability of the best estimate models. Appendix H
describes the assessment of RELAP5/MOD3.3/K for the performance of the safety injection
tank with the fluidic device installed. Address the following concerns:
a. Figure 1-6 of Appendix H shows the experimental data for the water level (as well as
three RELAP5/MOD3.3/K models) as a function of time for three tests in the VAPER test
facility. Based on the stand pipe height in Table 1-1 in Appendix H, the water level falls
below the top of the standpipe at approximately 50 seconds. However, the rate of water
level decrease is seen to change at approximately 35 seconds. Explain this change.
b. Figure 1-7 of Appendix H shows that gas is released beginning at about 105 seconds
while the SIT-FD tank level is approximately 1.9 m. Provide a description of the fluid and
gas flow patterns in the SIT-FD tank from approximately 100 seconds to 225 seconds.
c. It is difficult to discern between the actual data and the analysis calculations in Figures
1-6 through 1-13 of Appendix H. Provide a comparison of the prediction of each model
against the experimental data separately to confirm the Applicant’s conclusions.

Non-Proprietary
15.12.28 - 2/20

KEPCO/KHNP

Response
a)
The disagreement occurred from the difference in the definition of the two levels. The definitions
of the two levels are as follows;
•

[

•

[

]TS
]TS

There is another source of the disagreement coming from the Coriolis effect; the fluid is rotating
when it sinks due to the Coriolis force. Therefore, the level of the water varies in radial direction
due to the characteristics of rotating fluid motion. In the most of the nuclear thermal-hydraulic
applications, the Coriolis force is not significant compared to other forces. However, in the
specific situation with SIT, the effect of the Coriolis effect become more important. As a result,
the water level at the center is lower than that at the near wall. Since the DP tab is installed at
the tank wall, actual water level could be lower than the measured data.
The change of water injection rate in the test starts to occur when the water level drops around
5.5 m and it ends when the water level is below around 4.8 m as shown in Figure 1-2 of
Appendix H. [
]TS. Considering
the two sources of disagreement stated above, the SIT water level matches with the stand pipe
height reasonably well.
b)
When the water level is higher than the top of the standpipe, water can flow through both supply
and control ports installed in the fluidic device as shown in Figure 2.2-2 of Reference [1]. Since
the standpipe is filled with non-condensable gas at around 100 sec, some of the noncondensable gas can be entrained into vortex chamber of the fluidic device at this time
exhibiting gas flow rate from the SIT. After that, water injection flow rate decreases continuously,
so drag force to the entrained non-condensable gas by liquid flow is decreased, whereas,
buoyancy force of entrained non-condensable gas in the vertical part of surgeline becomes
relatively dominant. Non-condensable gas release behavior during 125 sec ~ 150 sec is the
result of force balance between drag and buoyancy forces. And non-condensable gas release
rate increases after about 150 sec because non-condensable gas can be injected to the stock
tank directly. Since experimental data of SIT water level shown in Figure 1-6 of Appendix H
includes dead zone volume level, the level no longer decreases after around 160 sec. It means
that SIT is empty at this time. Non-condensable gas release rate ends at around 200 sec
because pressure in the SIT reaches atmospheric condition at this time as shown in Figure 1-8
of Appendix H.
c)
Figure 1 ~ 4 show SIT water level results for each model separately which is shown in Figure 16 of Appendix H.

Non-Proprietary
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Figure 5 ~ 8 show air release rate results for each model separately which is shown in Figure 17 of Appendix H.
Figure 9 ~ 12 show SIT pressure results for each model separately which is shown in Figure 1-8
of Appendix H.
Figure 13 ~ 16 show liquid mass flow rate results for each model separately which is shown in
Figure 1-9 of Appendix H.
Figure 17 ~ 20 show SIT water level results for each model separately which is shown in Figure
1-10 of Appendix H.
Figure 21 ~ 24 show air mass flow rate results for each model separately which is shown in
Figure 1-11 of Appendix H.
Figure 25 ~ 28 show SIT pressure results for each model separately which is shown in Figure 112 of Appendix H.
Figure 29 ~ 32 show liquid mass flow rate results for each model separately which is shown in
Figure 1-13 of Appendix H.
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Figure 1. SIT Water Level: Test Case-01-01 ~ Case-01-03 (Model A)

TS

Figure 2. SIT Water Level: Test Case-01-01 ~ Case-01-03 (Model B)
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Figure 3. SIT Water Level: Test Case-01-01 ~ Case-01-03 (Model C)

TS

Figure 4. SIT Water Level: Test Case-01-01 ~ Case-01-03 (Model D)
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Figure 5. Air Release Rate: Test Case-01-01 ~ Case-01-03 (Model A)

TS

Figure 6. Air Release Rate: Test Case-01-01 ~ Case-01-03 (Model B)
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Figure 7. Air Release Rate: Test Case-01-01 ~ Case-01-03 (Model C)

TS

Figure 8. Air Release Rate: Test Case-01-01 ~ Case-01-03 (Model D)

Non-Proprietary
15.12.28 - 8/20

KEPCO/KHNP

TS

Figure 9. Pressure at Top of the Tank: Test Case-01-01 ~ Case-01-03 (Model A)

TS

Figure 10. Pressure at Top of the Tank: Test Case-01-01 ~ Case-01-03 (Model B)
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Figure 11. Pressure at Top of the Tank: Test Case-01-01 ~ Case-01-03 (Model C)

TS

Figure 12. Pressure at Top of the Tank: Test Case-01-01 ~ Case-01-03 (Model D)
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Figure 13. Liquid Mass Flow Rate: Test Case-01-01 ~ Case-01-03 (Model A)

TS

Figure 14. Liquid Mass Flow Rate: Test Case-01-01 ~ Case-01-03 (Model B)
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Figure 15. Liquid Mass Flow Rate: Test Case-01-01 ~ Case-01-03 (Model C)

TS

Figure 16. Liquid Mass Flow Rate: Test Case-01-01 ~ Case-01-03 (Model D)
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Figure 17. SIT Water Level: Test Case-01-04 (Model A)

TS

Figure 18. SIT Water Level: Test Case-01-04 (Model B)
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Figure 19. SIT Water Level: Test Case-01-04 (Model C)

TS

Figure 20. SIT Water Level: Test Case-01-04 (Model D)

Non-Proprietary
15.12.28 - 14/20

KEPCO/KHNP

TS

Figure 21. Air Mass Flow Rate: Test Case-01-04 (Model A)

TS

Figure 22. Air Mass Flow Rate: Test Case-01-04 (Model B)
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Figure 23. Air Mass Flow Rate: Test Case-01-04 (Model C)

TS

Figure 24. Air Mass Flow Rate: Test Case-01-04 (Model D)
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Figure 25. Pressure at Top of the Tank: Test Case-01-04 (Model A)

TS

Figure 26. Pressure at Top of the Tank: Test Case-01-04 (Model B)
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TS

Figure 27. Pressure at Top of the Tank: Test Case-01-04 (Model C)

TS

Figure 28. Pressure at Top of the Tank: Test Case-01-04 (Model D)
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TS

Figure 29. Liquid Mass Flow Rate: Test Case-01-04 (Model A)

TS

Figure 30. Liquid Mass Flow Rate: Test Case-01-04 (Model B)
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Figure 31. Liquid Mass Flow Rate: Test Case-01-04 (Model C)

TS

Figure 32. Liquid Mass Flow Rate: Test Case-01-04 (Model D)

Non-Proprietary
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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RESPONSE TO AUDIT ISSUES
APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic Evaluation
Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Audit Issues No. 94
The guidance in NUREG-0800, Section 15.0.2 establishes acceptable controls for the
documentation of the evaluation model. Provide the following documents cited in the topical
report and in APR1400-F-A-EC-13012-P:
a. “Performance Verification Test for APR1400 Fluidic Device,” A03NJ02, KAERI, February
2005.
b. “Phenomena Identification and Ranking Tabulation Korean Next Generation Reactor
Large Break Loss of Coolant Accident,” KINS/INEEL, 2001.
c. “The Best Evaluation Methodology for the Emergency Core Cooling System,” TR-KHNP002, KEPRI/KHNP, December 2002.
d. “Development of PCT Uncertainty Quantification Methodology, Assessment of Separate
Models and Construction of Thermal-Hydraulic Data Banks for Establishment of the
Korean ECCS Evaluation Model,” KINS/GR-011, December 1990.
e. Nuclear Technology, V.148, 3, 2004.
f.

Nuclear Technology, V.158, 2007.

g. Annals of Nuclear Energy, Vol. 38 (2011), p.1053-1064.
h. “Fluidic Device Design for the APR1400,” APR1400-Z-M -TR-12003-P Rev.0, 2012.

Non-Proprietary
15.09.15 - 2/3
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Response
a)
Document mentioned is a proprietary material of Korea Atomic Energy Research Institute, and
this material was submitted to U.S.NRC as a proprietary material.
b) and d)
Documents mentioned are proprietary materials of Korea Institute of Nuclear Safety, and these
materials were submitted to U.S.NRC as proprietary materials.
c)
Document mentioned is proprietary material of Korea Hydro & Nuclear Power, and this material
was submitted to U.S.NRC as a proprietary material.
e), f), and g)
Documents mentioned are papers, and these papers are available in the web site of each
journal with subscription fee.
h)
Document mentioned is topical report for safety injection tank equipped with fluidic device, and
this report was submitted to U.S.NRC. Non-proprietary version of this report is available in
ADAMS with accession number of ML13107A008.

Non-Proprietary
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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RESPONSE TO AUDIT ISSUES
APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic Evaluation
Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Audit Issues No. 96
The guidance in RG 1.157, Section 4 establishes acceptable controls for the estimation of
uncertainties. The “inlet factor” or form loss coefficient for the limiting channel is identified as
one of the uncertainty parameters for minimum departure from nucleate boiling ratio
determination in Section 5.2 of the technical report (APR1400-F-C-NR-12001-P, Rev. 0). The
uncertainty in the inlet form loss coefficient for the hot channel is expected to be important in the
calculation of the reflood PCT. Justify the reason for not including this parameter in the
APR1400 LBLOCA uncertainty analysis and the PIRT described in the topical report (APR1400F-A-TR-12004-P, Rev. 0).

Non-Proprietary
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Response
During the reflood period, the quality of the vapor is high and the flow rate is comparatively low.
The pressure difference due to the geometry is not so significant because of the low fluid
velocity. Therefore, [
]TS
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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 Report
There is no impact on any Technical, Topical, or Environmental Report.
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RESPONSE TO AUDIT ISSUES
APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic Evaluation
Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Audit Issues No. 97
The list of acronyms in the topical report does not contain all the acronyms used in the topical
report (e.g., EDG, SI, etc. are missing). An updated list of all acronyms or abbreviations needs
to be supplied.

Non-Proprietary
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Response
The page for list of acronyms in topical report will be updated as follows.
Acronyms
ACC
AO
BE
BOC
CAMP
CAREM
CCDAS
CCF
CHF
CLI
CSAU
CWO
DG
DNB
DOE
DP
DVI
ECC
ECCS
ECCW
EDG
EIR
EOB
EPRI
FD
HPIS
HPSI
HTC
ICAP
IET
INEEL
INEL
IRWST
JAERI
JRC
KAERI
KNGR
LBLOCA
LHGR
LOCA
LPCI
LPIS
LPSI
LPSIP
MSIV
MSLB
MTC
ORNL

Activation of the Accumulators
Axial Offset
Best Estimate
beginning of cycle
Code Application Maintenance Program
Code-Accuracy-based Realistic Evaluation Methodology
Computer-Controlled Digital Data Acquisition System
Counter-Current Flow
Critical Heat Flux
Cold Leg Injection
Code Scaling, Applicability and Uncertainty
Core Wide Oxidation
Diesel Generator
Departure from Nucleate Boiling
Department of Energy
Differential Pressure
Direct Vessel Injection
Emergency Core Cooling
Emergency Core Cooling System
Emergency Core Cooling Water
Emergency Diesel Generator
Eidge Institut fuer Reaktorforschung
End of Blowdown
Electric Power Research Institute
Fluidic Device
High-Pressure Injection System
High-Pressure Safety Injection
Heat Transfer Coefficient
International Code Assessment and Application Program
Integral Effect Test
Idaho National Engineering and Environment Laboratory
Idaho National Engineering Laboratory
In-containment Refueling Water Storage Tank
Japan Atomic Energy Research Institute
Joint Research Center
Korea Atomic Energy Research Institute
Korea Next Generation Reactor
Large-Break Loss-of-Coolant Accident
Linear Heat Generation Rate
Loss-of-Coolant Accident
Low-Pressure Coolant Injection
Low-Pressure Injection System
Low-Pressure Safety Injection
Low-Pressure Safety Injection Pump
Main Steam Isolation Valve
Main Steam Line Break
Moderator Temperature Coefficient
Oak Ridge National Laboratory

Non-Proprietary
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PCT
PIRT
PLO
POSRV
PSI
PWR
PZR
RCP
RCS
RPV
SBLOCA
SET
SG
SGTR
SI
SIP
SIS
SIT
SKN
SRS
UGS
UH
USNRC
WH

KEPCO/KHNP

Peak Cladding Temperature
Phenomena Identification and Ranking Table
Peak Local Oxidation
Pilot Operated Safety Relief Valve
Paul Scherrer Institute
Pressurized-Water Reactor
Pressurizer
Reactor Coolant Pump
Reactor Coolant System
Reactor Pressure Vessel
Small Break Loss-of-Coolant Accident
Separate Effect Test
Steam Generator
Steam Generator Tube Rupture
Safety Injection
Safety Injection Pump
Safety Injection System
Safety Injection Tank
Shin-Kori Nuclear Power Plant
Simple-Random Sampling
Upper Guide Structure
Upper Head
United States Nuclear Regulatory Commission
Westinghouse Corporation
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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 Report
Topical report will be revised as discussed in this response.
There is no impact on Technical or Environmental Report.
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RESPONSE TO AUDIT ISSUES
APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. PROJ0782
Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic Evaluation
Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Audit Issues No. 98
There is a typographical error in the second paragraphs of Section 3.3 of the topical report and
Section 1 of Appendix A. The current text incorrectly states “ARP1400” instead of “APR1400.”
Also the second paragraph of Section 3.6.2 of the topical report, “CONTEPT4” should read
“CONTEMPT4” and in Section 3.6.3 where “CONTEPM4” should read “CONTEMPT4.”
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Response
Typos will be corrected and reflected in the future revision of the topical report as follows.
Section No.
3.3

App. A 1
3.6.2

3.6.3

Before
The PIRT of APR1400 LBLOCA is
based on “KNGR PIRT.” KNGR is
initialism for “Korea Next Generation
Reactor;” and it was ARP1400’s
name during its developmental stage.
KNGR was the name for ARP1400 at
its early developmental stage.
A proper constitutive equation or
relation needs to be determined
based on code assessment
calculations against the database.
Typical constitutive equations of the
RELAP5/MOD3.3/K and
CONTEPT4/MOD5 are listed in Table
3 5 together with the related
important phenomena and
processes.
In order to obtain accurate and stable
solutions of the governing and
constitutive equations, consistency,
completeness, and well-posedness
should be theoretically established
and justified through validation
calculations. The validity of the
numerical methods of RELAP5 and
CONTEMP4 were justified by the
assessment calculations against
various numerical problems, and by
separate and integral effect tests.
[7][8][9][10]

After
The PIRT of APR1400 LBLOCA is based
on “KNGR PIRT.” KNGR is initialism for
“Korea Next Generation Reactor;” and it
was APR1400’s name during its
developmental stage.
KNGR was the name for APR1400 at its
early developmental stage.
A proper constitutive equation or relation
needs to be determined based on code
assessment calculations against the
database. Typical constitutive equations
of the RELAP5/MOD3.3/K and
CONTEMPT4/MOD5 are listed in Table 3
5 together with the related important
phenomena and processes.
In order to obtain accurate and stable
solutions of the governing and
constitutive equations, consistency,
completeness, and well-posedness
should be theoretically established and
justified through validation calculations.
The validity of the numerical methods of
RELAP5 and CONTEMPT4 were justified
by the assessment calculations against
various numerical problems, and by
separate and integral effect tests.
[7][8][9][10]
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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 Report
Topical report will be revised as discussed in this response.
There is no impact on Technical or Environmental Report.
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RESPONSE TO AUDIT ISSUES
APR1400 Topical Reports
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
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Review Section

TR Realistic Evaluation Methodology for LBLOCA of the APR1400

Application Section

Topical Report: APR1400-F-A-TR-12004 Realistic Evaluation
Methodology for Large-Break LOCA of the APR1400

Issue Date

08/13/2015

Audit Issues No. 99
The topical report Table 4-4 lists “RELAP5 document” as the entry in the second column “Tests
(SET)” for a couple of phenomena. List the full document reference and to the actual tests used
for the assessment.

Non-Proprietary
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Response
The table 4-4 in the topical report will be modified in the future revision of topical report as
shown in Table 1 of this response.
In Table 1, test assessments, which have “※)” mark in the Table 1, are conducted in this topical
report whereas, the others are conducted in RELAP5 code manual.

Non-Proprietary
16.03.07 - 3/5

KEPCO/KHNP

Table 1. RELAP5/MOD3.3 Model and Tests Used for the Assessment
RELAP5 MOD3.3
Model / Parameter
Gap conductance

Two-phase pump torque multiplier

Power burst
RELAP5 document  1979 ANS Standard for
Decay Heat Power in Light Water Reactors
Marviken
CE pump, CREARE, Semiscale pump, W_pump,
LOFT pump, Byron-Jackson, B&W
Semiscale

Critical heat flux,
Vapor generation,
Non-equilibrium heat transfer

Bennet experiment 5358, 5294, 5394
Royal Institute of Technology (RIT) Test 261
ORNL Bundle CHF Test 3.07.9B, 3.07.9N, 3.07.9W

Core decay heat model
Critical flow model
Two-phase pump head multiplier

Subcooled boiling
Dittus-Boelter Liquid/Vapor HTC
Chen nucleate boiling HTC
Chen transition boiling heat flux
Bromley film boiling HTC
Pressurizer model
Interphase drag model

※)

Tests (SET)  Tests

Christensen Subcooled boiling Test 15,
Shoukri Subcooled Boiling Experiment
McAdams-Frost, Larsen and Ford, Kreith, Heineman,
Morris-Whitman, Slecher-Rouse
Dengler-Addoms, Schrock-Grossman, Sani,
Bennett et al, Wright
B&W, Bennett, Bennett & Kearsey, Bertoletti, Bishop,
Era, Jansson, Herkenrath
RELAP5 document  ADI data ¶)
MIT Pressurizer Test ST4
Dukler Air-Water Tests, FROJA, FRIGG, CISE,
Kasai et al, ORNL TLTA, GEC TLTA, Hall et al,
FLECHT-SEASET※), THETIS, FIST, Hughes, Carrier,
ORNL THTF※), AERE Harwell, GE, Marviken, Petrick

Accumulator model

LOFT Accumulator blowdown test, VAPER※)

ECC bypass

UPTF※), CREARE, MIDAS※), ATLAS※)

Downcomer boiling

DOBO※), ATLAS※)

Steam generator heat transfer

ATLAS※)

Overall reflood phenomena

FLECHT-SEASET※), NEPTUN※), CCTF※), PKL※),
ATLAS※)

Overall blowdown phenomena

THTF※)

Overall LOCA phenomena

LOFT※), Semiscale※), LOBI※)

Tests used for the code assessment conducted in this report.
Data tables are on file with the American Documentation Institute, Washington, D.C. Test conditions are
described in page 132 of Reference [1].
¶)
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Reference
[1]

“RELAP5/MOD3.3 Code Manual Volume 4: Models and Correlations,” NUREG/CR5535, Rev P3, March 2006.
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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 Report
Table 4-4 of the topical report will be revised to Table 1 of this response.
There is no impact on Technical or Environmental Report.
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