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Question No. 05.02.02-1
General Design Criterion (GDC) 15, as it relates to designing the Reactor Coolant System
(RCS) and associated auxiliary, control, and protection systems with sufficient margin to
assure that the design conditions of the reactor coolant pressure boundaries (RCPB) are not
exceeded during any condition of normal operation, including anticipated operational
occurrences (AOOs).
As indicated in NUREG-0800, Section 5.2.2, "Overpressure Protection," SRP Acceptance
Criteria 3.B, to assure sufficient overpressure protection, the designs of the safety valves
should have sufficient capacity to limit the pressure to less than 110 percent of the RCPB
design pressure during the most severe AOO with reactor scram, as specified by ASME Code
Article NB-7000. Also, sufficient available margin should account for uncertainties in the
design and operation of the plant assuming:
i.

The reactor is operating at a power level that will produce the most severe
overpressurization transient,

ii.

All system and core parameters have values within normal operating range, including
uncertainties and technical specification limits that produce the highest anticipated
pressure,

iii.

The second safety-grade signal from the reactor protection system initiates the reactor
scram,

iv.

The discharge flow is based on the rated capacities specified in ASME Code Article
NB-7000 for each type of valve, and

v.

The design of the safety valves should have sufficient capacity to limit the pressure to
less than 110 percent of the RCPB design pressure during the most severe infrequent
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event, as specified by ASME Code Article NB-7000.
APR1400 DCD, Section 5.2.2, “Overpressure Protection,” provides KHNP’s description of
how the APR1400 design complies with these regulatory requirements. In this section, KHNP
states that analyses were performed for pressurizer pilot-operated safety relief valves
(POSRV) and low temperature over pressure (LTOP) design to evaluate the components
capability to provide sufficient overprotection protection. However, the staff is unable to locate
any detailed description of these in the DCD and wishes to review the applicant’s analyses
(including assumptions, inputs, and results) referred to in DCD Section 5.2.2, as follows:
a. DCD Section 5.2.2.1.1, "Design Bases for Overpressure Protection of the Reactor
Coolant System," states, “In order to determine the appropriate pressurizer POSRV
capacity, a sensitivity study was performed with the worst-case initial condition and
nuclear parameters to conservatively evaluate the effect of valve capacity on the
maximum RCS pressure during the design basis event. As shown in Figure 5.2.2-1,
“Optimized Pressurizer POSRV Capacity,” the design POSRV capacity is determined
at the point where an additional increase in the capacity has a negligible effect on
reducing the maximum RCS pressure during the loss-of-load transient.” The staff is
unable to locate this sensitivity study used to define the POSRV design during worst
case loss-of-load transient and develop optimized POSRV capacity shown in Figure
5.2.2-1.
CE System 80+ DCD (Appendix 5A) and other operating CE plants contain an
assessment documenting the adequacy of overpressure protection provided for
System 80+ Standard Design steam generators and reactor coolant system. In
comparison, APR1400 does not include a similar assessment verifying the
overpressure protection is conservatively estimated for relevant AOOs and accidents.
Therefore, the staff expects KHNP to provide a description of the
method/assumptions used to adequately design POSRV and develop Figure 5.2.2-1,
similar to Appendix 5A of System 80+ DCD.
b. Guidelines in SRP Section 5.2.2, SRP Acceptance Criteria 4, state the system for
overpressure protection during low-temperature phases of plant operation should be
designed in accordance with the requirements of Branch Technical Position (BTP) 52, "Overpressurization Protection of Pressurized-Water Reactors While Operating at
Low Temperatures."
DCD Section 5.2.2.2.2.1, "Limiting Transients," states, “The most limiting transients
are determined by the conservative analyses, which maximize mass and energy
additions to the RCS.”
KHNP Technical Report APR1400-Z-M-NR-14008, Rev.0, “Pressure-Temperature
Limits Methodology for RCS Heatup and Cooldown,” specifies the maximum
pressure for LTOP is limited to 43.9 kg/cm2A (625 psia), 20 percent of RCS hydraulic
test pressure of 219.7 kg/cm2A (3,125 psia). The technical report concludes that the
relief valve setpressure is determined to be lower than the LTOP limiting pressure of
43.9 kg/cm2A (625 psia).
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However, neither the DCD, nor the technical report specify the pressures obtained as
result of the mass and energy addition transients or describe which transient is more
severe. The staff is unable to confirm that the use of either shutdown cooling system
(SCS) relief valve will provide sufficient pressure relief capacity to mitigate the most
limiting LTOP events. Therefore, the staff expects KHNP to provide description of the
analysis and, more specifically provide the mass and energy addition transient
results.
c.

Section 5.2.2.2.2.1 states, “The analyses demonstrate that the SCS suction line relief
valve (SI-179 or SI-189) provides sufficient pressure relief capacity to mitigate the
most limiting LTOP events identified above.” DCD Section 5.2.2.2.2.1 further states,
“The maximum △T for energy addition transient is assumed to be 139 °C (250 °F),
which is greater than the value allowed by Subsections 3.4.6 and 3.4.7 in Technical
Specifications (Chapter 16) during the LTOP mode. However, the operational
procedures direct the operator to maintain the △T below approximately 11.1 °C
(20°F).” The staff is unable to locate any details regarding this referenced analysis to
justify use of SCS for LTOP condition, nor a justification for not meeting the TS.

d. As indicated in DCD Tier 2, Section 5.4.10.3, [Pressurizer] “Design Evaluation,” it is
demonstrated by analysis in accordance with requirements for ASME Section III,
Class 1 vessels that the pressurizer is adequate for all normal operating and transient
conditions expected during the life of the facility. The staff is unable to locate this
analysis referenced in DCD in order to verify that the pressurizer is adequately sized
and spray capacity is sufficient to preclude the POSRVs from actuating during normal
operation. The staff requests additional sizing details and provide access to the
analysis referenced in DCD.

05.02.02-1 - 4 / 8

KEPCO/KHNP

Response
a. The description of the analysis method, assumption and results as well as the
sensitivity study is provided in the Attachment 05.02.02-1. As shown in Table 1 of the
Attachment 05.02.02-1, a sensitivity study on the initial pressurizer pressure and level
has been performed to determine the worst initial conditions. It is shown in Table 1
that the maximum RCS pressure can be obtained with the pressurizer pressure of
152.9 kg/cm2A (2,175 psia) and pressurizer water level of 45% (Case s5). The
optimized POSRV capacity, as shown in DCD Section 5.2.2, Figure 5.2.2-1, was
determined through the overpressure protection analyses with the above limiting
initial conditions by varying the POSRV capacity over 20% to 160% of design
capacity.
b&c. Response to the LTOP Transients
The most limiting LTOP transients are determined by conservative analyses which
maximize mass and energy additions to the RCS. The analysis description and result
of each transient are provided in the following paragraphs.
1. Mass Addition Transient
For the limiting mass addition transient analysis, four(4) SIPs deliver the IRWST
water to the RCS if inadvertent SIAS actuates when the RCS pressure is low enough
and one charging pump is assumed to operate. If mass is added to the RCS in a
water-solid condition, the RCS pressure increases rapidly, and the SCS suction line
relief valve opens at its setpoint, and then it will reduce the increase rate of the RCS
pressure.
Initial pressurizer pressure is assumed to be 450 psia, which is maximum Shutdown
Cooling System operating pressure. .
The LTOP relief valve set pressure is 530 psig. In this analysis, the uncertainty of
instrument used in relief valve set pressure test is considered. Therefore the relief
valve set pressure used in this calculation is 530 psig + 6 psi = 536 psig = 551 psia.
Figure 05.02.02-1 (1) shows the results of the inadvertent safety injection pumps and
charging pump actuation transient analysis for a water-solid RCS when the RCS is at
low temperature condition.
The calculated maximum Reactor Vessel Bottom pressure is 609.4 psia, which is
lower than the LTOP limiting pressure of 625 psia.
2. Energy Addition Transient
The sources of energy input to the RCS are as follows :
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Heat transfer from the secondary side of S/G to the primary side due to an
inadvertent RCP operation when the secondary temperature is higher than
the primary temperature.
RCP Heat
Pressurizer Heater
Core Decay Heat

Initial secondary-to-primary temperature differential of 250℉ is assumed based on
the following : Shutdown cooling is initiated at 350℉. It is assumed that the
secondary side of steam generators remain at 350℉ while the RCS is cooled to a
refueling temperature of 120℉. 20℉ margin is added to the difference of 230℉ for
conservatism. This assumption is more conservative than △T(20℉) allowed by
administrative procedures and △T(100℉) allowed by Technical Specification,
Subsections 3.4.6 and 3.4.7 during the LTOP condition.
It is assumed that one RCP is inadvertently started resulting in the initiation of this
transient. The simultaneous startup of more than one RCP is procedurally precluded
since the operator starts only one RCP at a time and a second RCP is not started
until system pressure is stabilized. The RCS is assumed to be water solid with no
steam bubble in the pressurizer.
The LTOP relief valve set pressure is 530 psig. Initial pressurizer pressure is
assumed to be 450 psia. As described earlier, the relief valve set pressure used in
this calculation is 551 psia.
Figure 05.02.02-1(2) shows the results of the transient analysis of one RCP start
when steam generator secondary side water temperature exceeds the reactor
coolant temperature by a temperature difference △T of 250℉.

The calculated maximum Reactor Vessel Bottom pressure is 597.1 psia, which is
lower than the LTOP limiting pressure of 625 psia.
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Figure 05.02.02-1(1). Mass Addition Transient

Figure 05.02.02-1(2). Energy Addition Transient
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d. Design bases of pressurizer size and spray capacity for APR1400 are described in
DCD Tier 2, Section 5.4.10.1. The adequate pressurizer size and spray capacity are
provided so that the pressurizer POSRVs are not actuated by overpressure events
initiated by normal operation transients. The spray capacity is also designed to keep
the pressure below the reactor trip setpoint during maneuvering and load follow
operations and loss of load transients.
Among the overpressure events initiated by normal operation transients, the limiting
event is the turbine trip event. During this event, the pressure increase is limited
below the reactor trip setpoint by virtue of plant control systems such as turbine
bypass valves, pressurizer spray, reactor power cutback system and reactor
regulating system.
The analysis results of the turbine trip event are provided in Figure 05.02.02-1(3). As
shown in the figure, the maximum pressurizer pressure during turbine trip event is
lower than high pressurizer pressure reactor trip setpoint as well as the POSRV
opening pressure setpoint.

Figure 05.02.02-1(3). Results of turbine trip analysis
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Impact on DCD
There is no impact on the DCD.
Impact on PRA
There is no impact on the PRA.
Impact on Technical Specifications
There is no impact on the Technical Specifications.
Impact on Technical/Topical/Environmental Reports
There is no impact on any Technical, Topical or Environmental Reports.
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Introduction

Overpressure protection for the Reactor Coolant System (RCS) and the steam generators of
APR1400 is in accordance with the requirements set forth in the ASME Boiler and Pressure
Vessel Code, Section III. Overpressure protection is provided via pressurizer Power
Operated Safety Relief Valves (POSRVs), Main Steam Safety Valves (MSSVs), and Reactor
Protection System (RPS). The worst-case transient, loss-of-load, in conjunction with a
delayed reactor trip, is the design basis event for evaluating the adequacy of pressurizer
POSRVs. The pressurizer POSRVs, MSSVs, and RPS are designed to maintain the RCS
pressure below 110% of design pressure during the worst-case transient. The MSSVs are
sized conservatively to release steam flow equal to the proposed licensed power level of 4,000
MWt. Steam generator pressure is limited to less than 110% of steam generator design
pressure during the worst-case transient.
2.0

Analysis

2.1

Method

The design basis event for verifying the sizing of the overpressure protection system is a lossof-load with a delayed reactor trip, which is the most conservative event among transients
such as loss-of-feedwater or loss-of-load, described as expected system pressure transients in
the ASME Code Sec. III, Division 1, NB 7000. The digital computer code used in the
transient analysis includes reactor kinetics and thermal-hydraulic performance of the RCS and
the steam generators. The computer simulation includes the effects of reactor coolant pump
performance, elevation heads, inertia of surge line water, and friction drop in the surge line.
The worst-case initial condition and nuclear parameters are assumed for the parametric
analysis. The reactor is assumed to trip at the pressurizer pressure of 169.8 kg/cm2A (2,415
psia), while the pressurizer POSRVs are assumed to lift at the pressure of 177.1 kg/cm2A
(2,519.4 psia). The first, second, and third banks of MSSVs are assumed to lift at 86.9, 89.1
and 91.0 kg/cm2A (1,235.7, 1,267.9 and 1,293.9 psia) and to close at 78.2, 80.2 and 81.9
kg/cm2A (1,112.1, 1,141.1 and 1,164.5 psia), respectively. In order to determine the
appropriate pressurizer POSRV capacity, a sensitivity study was performed to evaluate the
effect of valve capacity on the maximum RCS pressure during the design basis event (Figure
1).
2.2

Computer Code

The KISPAC computer code was used to perform the overpressure protection analysis for the
NSSS. The KISPAC code is a best-estimate simulation code developed to evaluate the

1
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performance related design bases events and was used for overpressure protection and natural
circulation cooldown analyses of APR1400 and OPR1000. The KISPAC code uses a
detailed node and flow path methodology to model the transient behavior of the fluid systems
and components of the NSSS. The performance of the code was successfully verified by
comparing it to the operating plant data.
The KISPAC code performs a mass, energy, and volume balance on each node and a
momentum balance on each flow path. The momentum balance includes the effects of
inertia, elevation, and frictional and geometric losses. This ensures that all RCS pressures
(especially the maximum RCS pressure which exists at the reactor coolant pump discharge)
are correctly predicted.
The reactor coolant pump model consists of a detailed
representation that considers the relationship among pump speed, flows, and discharge heads.
The individual primary and secondary safety valves are modeled in detail. Conservative
values for the primary and secondary safety valve flow capacities are used for the
overpressure protection analysis. The code contains models for all plant control and
protection systems.
2.3

Assumptions
a.

At the onset of a loss-of-load transient, the reactor coolant and main steam systems
are at maximum rated output plus a 2% uncertainty margin. By choosing the
highest possible power output, the heatup rate of the primary loop is maximized;
hence, the rate of pressurization is also maximized.

b.

Moderator temperature coefficient is zero. Analytical studies supported by core
data show that the moderator temperature coefficient can vary between zero and
negative value for various phases of core life. Therefore, a coefficient of zero is
chosen to maximize the power and pressure increase.

c.

The least negative value for Doppler coefficient is used in the loss-of-load analysis.
By choosing the least negative Doppler coefficient, the reduction in reactivity with
increasing fuel temperature is minimized, thereby maximizing the rate of power
increase.

d.

No credit is taken for letdown, charging, pressurizer spray, turbine bypass, reactor
power cutback and feedwater addition (main and auxiliary) after turbine trip in the
loss-of-load analysis. Letdown and pressurizer spray both act to reduce primary
pressure. By not taking credit for these systems, the rate of pressurization is

2
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increased. By not taking credit for the addition of feedwater, the steam generator
secondary inventory will be depleted at a faster rate. This in turn reduces the
capability of the steam generator to remove heat from the primary loop, thereby
maximizing the rate of primary pressurization.
e.

The analysis reflects consideration of plant instrumentation error and pressurizer
POSRV setpoint uncertainties. For example, all pressurizer POSRVs are assumed
to open at their maximum opening pressure of 177.1 kg/cm2A (2,519.4 psia), which
includes the setpoint uncertainty and margin to the design set pressure of 173.7
kg/cm2A (2,470 psia). This extends the period of time before energy can be
removed from the system. The reactor trip setpoint uncertainties are always
assumed to act in such a manner that they delay reactor trip and result in maximum
pressurization.

f.

A parametric study on the initial pressurizer pressure and level is summarized in
Table 1. The ranges of the initial pressurizer pressure and level were chosen to
encompass all steady-state operational configurations. The maximum RCS pressure
can be obtained with the pressurizer pressure of 152.9 kg/cm2A (2,175 psia) and
pressurizer water level of 45 %.

g.

The reactor scram is assumed to be initiated by the second safety grade signal from
the RPS.

3.0

Results

3.1

Main Steam Safety Valve Sizing Verification

The MSSVs are conservatively sized to release the excess steam flow. This limits steam
generator pressure to less than 110% of steam generator design pressure during the worst-case
transient. The MSSVs consist of three banks of valves with the different set pressures. The
valves are spring-loaded type safety valves designed and fabricated in accordance with the
ASME Boiler and Pressure Vessel Code, Section III. The discharge piping serving the
MSSVs is designed to accommodate rated relief capacity without imposing unacceptable
backpressure on the safety valves.
Figure 2 depicts the steam generator pressure transient for this worst-case loss-of-load event.
As shown in Figure 2, the steam generator pressure remains below 110% of design pressure
during the event.

3
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Pressurizer POSRV Sizing Verification

The IRWST and the inlet and discharge piping are sized to preclude unacceptable pressure
drop and backpressure rise which would adversely affect valve operation.
The design basis event for verifying the sizing of the pressurizer POSRV is a loss-of-load in
which the reactor is not immediately tripped. The reactor trip is assumed to occur with a
safety-grade trip signal generated secondly by the RPS, namely by the primary pressure
related core protection calculator (CPC) auxiliary trip. No credit is taken for any pressurereducing devices except the pressurizer POSRVs and the MSSVs. In reality, the event
would be terminated by a number of reactor trips, including the following:
a.

Steam generator low level trip

b.

High pressurizer pressure trip (first RPS trip)

c.

Manual trip

A series of loss-of-load cases were run with various sizes of pressurizer POSRVs. As shown
in Figure 1, after the pressurizer POSRV capacity increases to a certain value, additional
increase in capacity has small effect in reducing the maximum system pressure experienced
during the loss-of-load transient. Pressurizer POSRVs are sized such that the maximum
pressure experienced during the loss of load transient is kept to a minimum.
Figures 2, 3 and 4 represent time dependent changes of the steam generator pressure, reactor
coolant system pressure, and reactor power, respectively, during the worst- case loss-of-load
event. As shown in Figures 2 and 3, the maximum steam generator pressure and reactor
coolant system pressure remain below 110% of design pressure during this worst-case
transient.
The first, second and third bank MSSVs open at approximately 7.46, 9.14 and 13.20 seconds,
respectively. The MSSVs remove energy from the reactor coolant system and thus mitigate
the pressure excursion. The pressurizer POSRVs are conservatively assumed to open at
177.1 kg/cm2A (2,519.4 psia). The pressurizer POSRVs open at 7.00 seconds after the
initiation of the event.
The analysis of a complete loss-of-load event is described in Section 15.2. As demonstrated
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in this analysis, if a complete loss-of-load occurs with a delayed reactor trip, the overpressure
protection provided by the CPC auxiliary reactor trip, pressurizer POSRVs and the MSSVs is
sufficient to ensure that the integrity of the RCS and steam generators is maintained.
3.3

Conformance with the Valve Blowdown Requirements

The pressurizer POSRVs shall be adjusted to close after blowing down to a pressure not
lower than 95% of set pressure, otherwise valve blowdown is specified in the valve design
specification and the basis for the setting is evaluated in the overpressure protection report in
accordance with the ASME, Sec. III requirements. The pressurizer POSRVs are designed to
discharge not only steam but also water. Therefore, even though the pressurizer POSRVs
blow down to 87% of valve opening set pressure, which is below the 95% of set pressure, no
adverse effect is expected due to the water discharge that may result from pressurizer water
level increase in the event of pressurizer POSRVs opening.
4.0

Conclusions

The steam generator and RCS of the NSSS are protected from overpressurization in
accordance with the guidelines set forth in the ASME Boiler and Pressure Vessel Code,
Section III. Peak reactor coolant and steam generator pressures are limited to less than 110%
of design pressures during the worst-case loss-of-load event. Reliable overpressure
protection is ensured by the pressurizer POSRVs, the MSSVs, and the RPS.
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Table 1. Parametric Study Results for Initial Pressurizer Pressure and Level

Input Parameters
Initial
Case

PZR
Level
(%)

s1
s2

Initial PZR
Pressure
(psia)
2175

Output
Reach
Reactor
Trip SP
(sec)
6.52

POSRVs

1st MSSVs 2nd MSSVs

SG Peak

RCS Peak

Open

Open

Open

Pressure

Pressure

(sec)

(sec)

(sec)

(psia)

(psia)

8.20

7.49

9.14 1)

1293.9

2693.1

2)

1294.0

2693.4

9.15

2200

6.07

7.80

7.50

2250

5.12

6.98

7.50

9.24

1291.1

2689.7

s4

2325

3.56

5.66

7.56

9.76

1272.8

2671.8

s5

2175

5.59

7.00

7.46

9.14 3)

1293.9

2699.1

2200

5.21

6.67

7.46

9.19

1292.3

2696.6

2250

4.45

6.00

7.48

9.37

1280.4

2689.7

2325

3.16

4.91

7.60

10.15

1272.8

2674.2

4)

1293.9

2698.2

s3

s6
s7

21

45

s8
s9

2175

5.37

6.73

7.45

2200

5.01

6.42

7.45

9.22

1289.0

2695.8

2250

4.29

5.77

7.48

9.43

1278.3

2688.4

s12

2325

3.06

4.73

7.61

10.28

1272.6

2674.3

s13

2175

5.16

6.46

7.44

9.18

1291.7

2697.7

2200

4.82

6.16

7.45

9.26

1286.1

2695.0

2250

4.13

5.54

7.48

9.50

1276.5

2687.4

s16

2325

3.00

4.59

7.63

10.36

1271.9

2675.6

s17

2175

4.96

6.20

7.43

9.22

1288.6

2696.1

2200

4.64

5.91

7.44

9.31

1283.5

2693.6

2250

3.97

5.30

7.49

9.59

1275.1

2685.7

2325

2.90

4.41

7.65

10.50

1270.8

2676.7

s10
s11

s14
s15

s18
s19
s20

50

55

60

1) 3rd MSSVs open at 11.79 seconds
2) 3rd MSSVs open at 12.16 seconds
3) 3rd MSSVs open at 13.20 seconds
4) 3rd MSSVs open at 14.27 seconds
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Maximum RCS Pressure Normalized to Design Pressure
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1.4

Pressurizer POSRV Capacity Normalized to Design Capacity
Figure 1. Worst-Case Loss-of-Load Event:
Maximum RCS Pressure Normalized To Design Pressure
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XUX\

At 7.46 sec., 1st bank MSSVs open
At 9.14 sec., 2nd bank MSSVs open
At 13.20 sec., 3rd bank MSSVs open

SG Pressure Normalized to Design Pressure
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Figure 2. Worst-Case Loss-of-Load Event:
SG Pressure Normalized To Design Pressure

8

X]

X_

YW

RAI 233-8244 - Question 05.02.02-1

Attachment (11/12)

Primary Pressure Normalized to Design Pressure

1.2

1.1

RCP discharge pressure
Pressurizer pressure

1.0

0.9

0.8

0.7

At 7.00 sec., POSRVs open
At 6.54 sec., reactor trip is initiated
At 5.59 sec., reactor trip condition
is reached
0
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8
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12

14

Time, Seconds
Figure 3. Worst-Case Loss-of-Load Event:
Primary Pressure Normalized To Design Pressure

9

16

18

20

RAI 233-8244 - Question 05.02.02-1

Attachment (12/12)

Figure 4. Worst-Case Loss-of-Load Event:
Reactor Power Normalized To 100% of Rated Power
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
APR1400 Design Certification
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. 52-046
RAI No.:

233-8244

SRP Section:

05.02.02 – Overpressure Protection

Application Section: SRP 5.2.2, 5.4.14 and 19.1.3
Date of RAI Issue:

10/02/2015

Question No. 05.02.02-3
10 CFR 52.47(b)(1), which requires that a DC application contain the proposed inspections,
tests, analyses, and acceptance criteria (ITAAC) that are necessary and sufficient to provide
reasonable assurance that, if the inspections, tests, and analyses are performed and the
acceptance criteria met, a plant that incorporates the design certification is built and will
operate in accordance with the design certification, the provisions of the Atomic Energy Act,
and the NRC's regulations. The staff reviews Tier 1 content, including ITAAC, to ensure that
all Tier 1 information is consistent with Tier 2 information since all Tier 1 information is derived
from Tier 2.
DCD Tier 1, Table 2.4.1-4, “Reactor Coolant System ITAAC,” Item 9.a, includes an
acceptance criteria indicating “Maximum opening time (including dead time) of the POSRVs is
0.5/5 seconds (hydraulic/manual). Maximum closing time (including dead time) of the
POSRVs is 0.9/9 seconds (hydraulic/manual).” While opening time of 0.5 seconds is
consistent with DCD Tier 2, Table 5.4.14-1, Pilot-Operated Safety Relief Valve Parameters,”
and technical specification for the POSRV design, the staff is unable to locate any detail or
definition of the manual actuation response time in Tier 2 or the safety significance of not
meeting manual response time.
The staff requests KHNP to provide additional details (basis and assumptions) for the POSRV
manual actuation response times of 5 seconds and 9 seconds.

Response
The POSRVs perform both overpressure protection function and rapid depressurization
function. The spring loaded pilot valve and the main valve in the POSRV perform the
overpressure protection function using the passive hydraulic mechanism. Whereas, the motor
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operated pilot valve and the main valve in the POSRV perform the rapid depressurization
function using the manual operation during the feed and bleed operation in a total loss of
feedwater event. Schematic diagram of POSRV is shown in Figure 05.02.02-3.
The manual actuation times of 5 seconds for opening and 9 seconds for closing are related to
the motor operated pilot valve and the main valve during the feed and bleed operation in a
total loss of feedwater event as described in DCD Tier 2, Sections 5.4.14.2 and 19.1.3.1 d.
Meeting manual actuation times (5/9 seconds) is not safety significant for feed and bleed
operation. The POSRV manual actuation response times of 5 seconds and 9 seconds are
determined based on the motor size related to the required torque and thrust for the manual
operation during beyond design basis event of a total loss of feedwater.

Figure 05.02.02-3 POSRV Schematic Diagram

Impact on DCD
There is no impact on the DCD.
Impact on PRA
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There is no impact on the PRA.
Impact on Technical Specifications
There is no impact on the Technical Specifications.
Impact on Technical/Topical/Environmental Reports
There is no impact on any Technical, Topical or Environmental Reports.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
APR1400 Design Certification
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. 52-046
RAI No.:

233-8244

SRP Section:

05.02.02 – Overpressure Protection

Application Section: SRP 5.2.2 and 5.4.10
Date of RAI Issue:

10/02/2015

Question No. 05.02.02-4
GDC 15, as it relates to designing the RCS and associated auxiliary, control, and protection
systems with sufficient margin to assure that the design conditions of the RCPB are not
exceeded during any condition of normal operation, including AOOs.
As indicated in NUREG-0800, Section 5.2.2, "Overpressure Protection," SRP Acceptance
Criteria 3.B, to assure sufficient overpressure protection, the designs of the safety valves
should have sufficient capacity to limit the pressure to less than 110 percent of the RCPB
design pressure during the most severe AOO with reactor scram, as specified by ASME Code
Article NB-7000. Also, sufficient available margin should account for uncertainties in the
design and operation of the plant assuming:
i.
ii.
iii.
iv.
v.

The reactor is operating at a power level that will produce the most severe
overpressurization transient,
All system and core parameters have values within normal operating range, including
uncertainties and technical specification limits that produce the highest anticipated
pressure,
The second safety-grade signal from the reactor protection system initiates the reactor
scram,
The discharge flow is based on the rated capacities specified in ASME III for each type
of valve, and
The design of the safety valves should have sufficient capacity to limit the pressure to
less than 110 percent of the RCPB design pressure during the most severe infrequent
event, as specified by ASME Code Article NB-7000.

To demonstrate compliance with these regulatory requirements, the APR-1400 DCD displays
the worst-case transient in Figures 5.2.2-2, “Steam Generator Pressure Normalized to Design
Pressure vs. Time for the Worst-Case Loss-of-Load Event,” 5.2.2-3, “Primary Pressure
Normalized to Design Pressure vs. Time for the Worst-Case Loss-of-Load Event,” and 5.2.2-
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4, “Reactor Power Normalized to 100% of Rated Power vs. Time for the Worst-Case Loss-ofLoad Event,” but lacks clear description of the transients and assumptions made to develop
figures. DCD Section 5.2.2.1.1, “Design Bases for Overpressure Protection of the Reactor
Coolant System,” indicates, “The pressurizer POSRVs, MSSVs, and RPS are designed to
maintain the RCS pressure below 110 percent of design pressure during the worst-case lossof-load event with a delayed reactor trip.” The DCD also specifies peak reactor coolant and
steam generator pressures are limited to less than 110 percent of design pressures during the
worst-case transient (Figures 5.2.2-2, 5.2.2-3, and 5.2.2-4). The staff is unable to locate a
clear description of “worst-case loss-of-load event” in the DCD and unable to determine the
method or assumptions used to develop Figures 5.2.2-2, 5.2.2-3, and 5.2.2-4.
The APR1400 DCD omitted an assessment to verify the overpressure protection is
conservatively estimated for relevant AOOs and accidents. Therefore, the staff expects KHNP
to provide an evaluation. Staff notes the System 80+ Appendix 5A, defining the “worst-case
loss-of-load event with a delayed reactor trip”, describing the method/assumptions used to
adequately design overpressure protection components, and providing basis for Figures
5.2.2-2, 5.2.2-3, and 5.2.2-4. CE System 80+ DCD (Appendix 5A) and other operating CE
plants contain an assessment documenting the adequacy of overpressure protection provided
for System 80+ Standard Design steam generators and reactor coolant system. These are
examples the staff has found acceptable in the past.

Response
For the NRC’s further review of the APR1400 DCD, Section 5.2.2, additional information on
the overpressure protection evaluation, including the detailed description of the transient,
analysis method and assumptions, is provided as the Attachment 05.02.02-1 for the response
to Question 05.02.02-1 and Question 05.02.02-4.

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 Reports
There is no impact on any Technical, Topical or Environmental Reports.
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RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
APR1400 Design Certification
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. 52-046
RAI No.:

233-8244

SRP Section:

05.02.02 – Overpressure Protection

Application Section: 5.2.2
Date of RAI Issue:

10/02/2015

Question No. 05.02.02-5
GDC 30 requires that the reactor coolant pressure boundary be designed, fabricated, erected
and tested to the highest quality standards practical. Application of GDC 30 to overpressure
protection system provides assurance that the reactor coolant pressure boundary will have an
extremely low probability of failure because of manufacturing or design defects. As indicated
in NUREG-0800, Section 5.2.2, SRP Acceptance Criteria 5, states that the performance of
tests and inspections should occur before operation and during startup to functionally
demonstrate that the over pressure protection system, as installed, meets all design
requirements.
DCD Section 5.2.2.10, “Testing and Inspection,” describes testing and inspection applied to
the pressurizer POSRV’s and main steam safety valves(MSSVs) providing a list of verification
testing to be performed for operability of the pressurizer POSRVs. DCD Section 5.2.2.10
further references DCD Chapter 14 for specifying preservice testing. DCD Tier 2, Section
14.2.12.1.3, “Pressurizer Pilot Operated Safety Relief Valve Test,” contains POSRV tests to
verify the open/closing pressure and opening response time. Compared to Chapter 14, the
Section 5.2.10 verification testing seems to contain additional pre-service testing (setpoint,
response time, leak test, position indicator, closing time, etc…).
In addition, DCD Tier 2, Section 14.2.12.1.3 contains a reference to Section 5.4.14, “Safety
and Relief Valves.” for performance acceptance criteria, but much of the performance
description is located in Section 5.2.2 of DCD.
The staff requests applicant to define the complete preservice testing to be performed on the
POSRVs and update the DCD accordingly.
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Response
KHNP has reviewed the subject question and understands the staff’s request. KHNP is in the
process of upgrading the test plans presented in Section 14.2 of the DCD. This effort is
focused on adding additional SSCs that are important to safety and risk significant as well as
increasing the level of detail described in the DCD for test prerequisites, test methods and
acceptance criteria for the various tests including POSRV tests. It has been determined that
the action to be taken as a result of this question is within the scope of the upgrade effort.
Therefore, KHNP will address the noted items in the upgrade effort, which is scheduled to be
completed by January 18, 2016.
Impact on DCD
Section 14.2 of the DCD Tier2 will be revised by January 18, 2016.
Impact on PRA
There is no impact on the PRA.
Impact on Technical Specifications
There is no impact on the Technical Specifications.
Impact on Technical/Topical/Environmental Reports
There is no impact on any Technical, Topical, or Environment Report.

05.02.02-6 - 1 / 2

KEPCO/KHNP

RESPONSE TO REQUEST FOR ADDITIONAL INFORMATION
APR1400 Design Certification
Korea Electric Power Corporation / Korea Hydro & Nuclear Power Co., LTD
Docket No. 52-046
RAI No.:

233-8244

SRP Section:

05.02.02 – Overpressure Protection

Application Section: SRP 5.2.2
Date of RAI Issue:

10/02/2015

Question No. 05.02.02-6
In accordance of NUREG-0800 (Section 5.2.2), Review Procedures, 1.B.iii, NRC reviews the
capacities, setpoints, and setpoint tolerances for all primary and secondary SRVs or other
overpressure protection system devices. The reviewer verifies that these constraints are
adequate to provide overpressure protection to the RCPB at critical values of pressure and
temperature based on RCPB material parameters.
Section 5.2.2.9, “System Reliability,” states, “The pressurizer POSRVs are pilot-operated
mechanisms and cannot fail closed if the setpoint pressure is exceeded. The force of the
spring on the main valve disc area is designed to resist the inward pressure force of 2.0
kg/cm2 D (29 psid).” Since the main valve disc is not spring loaded, the staff is unable to
determine which spring is being referenced in this paragraph. Therefore, the staff requests
applicant to provide additional details on the main valve spring on the main disc and update
the DCD as appropriate.

Response
A spring is installed in the main valve as depicted in Figure 05.02.02-6. The force of the
spring in the main valve is designed to resist the inward pressure force of 2.0 kg/cm2 D (29 psid)
as described in DCD Section 5.2.2.9. In order for the main valve to remain open once opened, the
differential pressure at the disc piston of the main valve must be higher or equal to 2.0 kg/cm2 D
(29 psid).
In addition, when the main valve is maintained in the closed position, the differential pressure at
the disc piston pressure required to open the valve from the closed position must be higher or
equal to 10.2 kg/cm2 D (145 psid). Therefore, the RCS inventory is secured by having the
main valve in closed position even if the RCS pressure is an ambient pressure.
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Figure 05.02.02-6 POSRV Schematic Diagram

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

