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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.: 522-8633

Review Section: 07.07 — Control Systems
Application Section: 07.07-20
Date of RAI Issue: 10/01/2016

Question No. 07.07-20

10 CFR 50.55a(h)(3) requires compliance to IEEE Std 603-1991. IEEE Std. 603-1991, Clause
5.6.3, states, in part, the safety system design shall be such that credible failure in and
consequential actions by other systems, as documented in Clause 4.8 of the design basis
section of this standard, shall not prevent the safety systems from meeting the requirements of
this standard. In the applicant's response to RAI 356-7881, Question 07-09, the applicant
presented clear and concise information regarding the criteria for determining which I&C
systems were within the scope of the analysis provided in Technical Report APR1400-Z-J-NR-
14012-P, "Control System CCF Analysis" as well as a table summarizing the safety-related
barriers that could be breached in the presence of a failure of certain systems/components
(e.g. fuel cladding) if a CCF should occur. This information is essential to the staff's
understanding of the response, but the applicant did not commit to updating the technical
report to reflect this information. In addition, the applicant states the following in its response:

“Control systems are included in the evaluation if their failures can affect critical safety
functions, as described in Section 2 of the control systems CCF TeR.”

The applicant goes on to state, as presented in DCD Tier 2, Section 15.0, that the limiting
initiating event criteria for a control system being within the scope of the analysis is if the
control system’s failure can challenge fuel cladding integrity, primary system integrity, lead to

a potential offsite does release and challenge containment integrity. However, it is not clear
(within Technical Report APR1400-Z-J-NR-14012, "Control System CCF Analysis”) that the
failure control system(s) (e.g. block or inhibit a safety function as per the requirements of IEEE
Std. 603-1991, Clause 5.6.3) is specifically addressed or enveloped by the analysis presented.

1. The staff requests the applicant provide Table 1 titled “Results of Screening Process for All
Control System in the APR1400” as well as the screening process description provided in
the applicant’s response, be added to Technical Report APR1400-Z-J-NR-14012.

2. Clarify that the analysis contained within Technical Report APR1400-Z-J-NR-14012,
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"Control System CCF Analysis” also addresses control system failures that could block or
inhibit safety functions and provide this clarification within Technical Report APR1400-Z-J-
NR-14012, "Control System CCF Analysis” as per the requirements of IEEE Std. 603-1991,
Clause 5.6.3.

Response

1.

The evaluation results of Table 1 that were provided in the response to RAI 356-7881,
Question 07-09 are being modified to indicate that the BOP control system failures that
can affect fuel cladding integrity or primary system integrity are evaluated in Technical
Report APR1400-Z-J-NR-14012-P. Therefore, the evaluations about the low pressure (LP)
feedwater heaters, dearator and turbine gland sealing system are modified as shown in
the following Table 1. The underlined portions show the modification from Table 1

provided in the response to RAI 356-7881, Question 07-09.

The modified evaluation results for failure types 2 and 3, including the multiple failures of

the LP feedwater heaters, deaerator and turbine gland sealing system, will be reflected in
the appropriate sections, tables and figures of Technical Report APR1400-Z-J-NR-14012,
Revision 0, as indicated in Attachment 2 associated with this response.

According to the revised evaluation results in Technical Report APR1400-Z-J-NR-14012,
DCD Tier 1, Table 2.5.5-1 will also be revised as indicated in Attachment 1 associated
with this response. The underlined portions show the modification to Table 2.5.5-1 in
Attachment 1 of the response to RAI 68-7892, Question 07.07-2.

In the revised response to RAI 68-7892, Question 07.07-8, the revised Section 4.9 and
Table 4.9-1 of Attachment 1 show the complete list of all safety functions and safety-
related devices that can be controlled from non-safety controllers and provides
clarification that the failures of non-safety controllers do not block or inhibit any safety
function.
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Table 1 Results of Screening Process for All Control System in the APR1400 Plant
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Impact on DCD

The APR1400 DCD Tier 1, Table 2.5.5-1 will be revised as indicated in Attachment 1
associated with this response.

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/lEnvironmental Reports

Technical Report APR1400-Z-J-NR-14012-P, Rev. 0, “Control System CCF Analysis”
Sections 2.0, 4.1, 5.2.4.11,5.2.4.12,5.2.4.13,5.2.4.16,5.2.4.18, 5.3.2 and 5.3.5.1,

Tables 4.5-2, 5.2-1, 5.2-16, 5.2-18, 5.3-1, 5.3-4 and 5.4-1, and Figures 5.3-1 through
5.3-5 will be revised and Table 4.5-3 as indicated in Attachment 2.

TS



RAI 522-8633 - Question 07.07-20 Attachment 1 (1/1)
APR1400 DCD TIER 1

Table 2.5.5-1

Controller Group Arrangement of the PCS and NPCS

Control Function Description Controller Group Distribution
SG1 feedwater control (FWCS 1) Each control is in a separate controller group
SG2 feedwater control (FWCS 2) Each control is in a separate controller group
Pressurizer pressure control (PPCS) Each control is in a separate controller group
Pressurizer level control (PLCS) Each control is in a separate controller group
Turbine bypass control (SBCS Main) Each control is in a separate controller group
Turbine bypass control (SBCS Permissive) Permissive is in a separate controller group
Reactor makeup control (CVCS) YUY YT Each control is in a separate controller group
Control rod control (-KRS-K‘RRS/&J Each control is in a separate controller group
Control rod control (DRCS) Each control is in a separate controller group
Reactor coolant pump control Each control is in a separate controller group
HP Feedwater heater train A control Each control is in a separate controller group
HP Feedwater heater train B control Each control is in a separate controller group
HP Feedwater heater bypass line control Each control is in a separate controller group
Feedwater pumps On/Off Each control is in a separate controller group
Non-1E AC power to the station Each control is in a separate controller group

auxiliaries (13.8kV Non-Class 1E System)

Condenser vacuum and LP Feedwater heater| Each control is in a separate controller group
control

Turbine control (TCS) Each control is in a separate controller group

Miscellaneous BOP control Each control is in a separate controller group
- Circulating water pump
- Condensate pump

- Deaerator

- Turbine Gland Sealing

2.5-52 Rev. 0



RAI 522-8633 - Question 07.07-20 Attachment 2 (1/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

2. SCOPE

This TeR provides the evaluation methods and results of the evaluation for the postulated control system
CCF (CSCCF).

4 )

- /

The expected failures due to a shared signal failure and CSCCF are divided into four parts as follows.
e Failure Type 1 : multiple function failures due to a single failure of a shared signal
e Failure Type 2 : multiple failures of a single control group due to CSCCF
e  Failure Type 3 : multiple failures of more than one control group due to CSCCF

e Failure Type 4 : multiple failures of Information Flat Panel Display (IFPD) control
commands due to CSCCF

TS
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Failure Types 1 and 2 are evaluated to meet the AOO acceptance criteria of the DCD Chapter 15. Refer
to Sections 5.1 and 5.2 for the evaluation method and the results.

Failure Types 3 and 4 are evaluated to meet the PA acceptance criteria of the DCD Chapter 15. Refer to
Sections 5.3 and 5.4 for the evaluation method and the results.

KEPCO & KHNP 2



RAI 522-8633 - Question 07.07-20 Attachment 2 (2/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

4. CONTROL SYSTEM DESIGN FEATURES TO PREVENT CCF

This section describes design features of the non-safety control systems and safety systems that (1)
prevent failures that could otherwise lead to a CCF, (2) reduce the adverse effect of CCFs or (3) allow
coping with CCFs.

4.1. Credible Failure Boundary

TS
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Most of the control systems are implemented by a DCS-based common platform that has been proven by

operating experiences in the nuclear industry and other industries.

The DCS conducts the functions of operator interface, component level control, automatic process control,

high-level group control, and data processing for normal operation. The DCS is designed with a

redundant and fault-tolerant architecture for high reliability and to minimize and prevent the failure of a

single component from causing a spurious plant trip.

Some instrumentation and control (I&C) systems are implemented by self-standing systems.

As the non-safety control systems are software-based systems that are susceptible to a software defect,

the design features and evaluation are necessary to prevent CSCCF. s
T
N
J

4.2. Control System Overview

The non-safety control systems consist of the power control system (PCS) and the process-component
control system (P-CCS).

The PCS includes the reactor regulating system (RRS), the digital rod control system (DRCS), and the
reactor power cutback system (RPCS).

The P-CCS includes the NSSS process control system (NPCS) and balance of plant (BOP) control
systems. The NPCS consists of the feedwater control system (FWCS), steam bypass control system
(SBCS), pressurizer pressure control system (PPCS), pressurizer level control system (PLCS), and other
miscellaneous nuclear steam supply system (NSSS) control functions.

KEPCO & KHNP 4



RAI 522-8633 - Question 07.07-20

Control System CCF Analysis

Attachment 2 (3/28)

APR1400-Z-J-NR-14012-NP, Rev.0

Table 4.5-2 Control Group

TS
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« ] Table 4.5-3 is added on the
next page.
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RAI 522-8633 - Question 07.07-20 Attachment 2 (4/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

Table 4.5-3 Results of Screening Process for All Control System in the APR1400 Plant

/

-

KEPCO & KHNP

25

TS




RAI 522-8633 - Question 07.07-20 Attachment 2 (5/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

Table 4.5-3 Results of Screening Process for All Control System in the APR1400 Plant (cont’d)

/

KEPCO & KHNP
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RAI 522-8633 - Question 07.07-20 Attachment 2 (6/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0
TS
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RAI 522-8633 - Question 07.07-20 Attachment 2 (7/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0
TS

KEPCO & KHNP 56



RAI 522-8633 - Question 07.07-20 Attachment 2 (8/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0
TS
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RAI 522-8633 - Question 07.07-20

Control System CCF Analysis

Attachment 2 (9/28)

APR1400-Z-J-NR-14012-NP, Rev.0
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RAI 522-8633 - Question 07.07-20

Attachment 2 (10/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

5.3. Failure Type 3: Multiple Failures of more than One Control Group

TS

4 )

NS /
KEPCO & KHNP 59



RAI 522-8633 - Question 07.07-20 Attachment 2 (11/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0
TS
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RAI 522-8633 - Question 07.07-20

Control System CCF Analysis

Attachment 2 (12/28)

APR1400-Z-J-NR-14012-NP, Rev.0

Table 5.2-1 Control Group Segmentation (Continued)

KEPCO & KHNP
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RAI 522-8633 - Question 07.07-20

Control System CCF Analysis

Attachment 2 (13/28)

APR1400-Z-J-NR-14012-NP, Rev.0

Table 5.2-1 Control Group Segmentation (Continued)

KEPCO & KHNP
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RAI 522-8633 - Question 07.07-20 Attachment 2 (14/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

Table 5.2-16 Multiple Failures of Single Control group (Condenser Vacuum Control)

KEPCO & KHNP 100




RAI 522-8633 - Question 07.07-20 Attachment 2 (15/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

Table 5.2-18 Multiple Failures of Single Control group (Miscellaneous BOP control)

KEPCO & KHNP 102




RAI 522-8633 - Question 07.07-20

Control System CCF Analysis

Attachment 2 (16/28)

APR1400-Z-J-NR-14012-NP, Rev.0

Table 5.3-1 Assumptions for Event 1

TS
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RAI 522-8633 - Question 07.07-20

Control System CCF Analysis

Attachment 2 (17/28)

APR1400-Z-J-NR-14012-NP, Rev.0

Table 5.3-4 Sequence of Major Events for Event 1

KEPCO & KHNP
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RAI 522-8633 - Question 07.07-20

Control System CCF Analysis

APR1400-Z-J-NR-14012-NP, Rev.0

Attachment 2 (18/28)

Table 5.4-1 Multiple Failures of IFPD control commands - Fuel Cladding Integrity

TS
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RAI 522-8633 - Question 07.07-20 Attachment 2 (19/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

|Replace this figure with the following one /v/

Figure 5.3-1 Core Power (Event 1) \
/ g

KEPCO & KHNP 110



RAI 522-8633 - Question 07.07-20 Attachment 2 (20/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

TS

Figure 5.3-1 Core Power (Event 1)

KEPCO & KHNP 110



RAI 522-8633 - Question 07.07-20 Attachment 2 (21/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

Replace this figure with the following one /

Figure 5.3-2 Pressurizer Pressure (Event 1) \

KEPCO & KHNP 111



RAI 522-8633 - Question 07.07-20 Attachment 2 (22/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

TS

Figure 5.3-2 Pressurizer Pressure (Event 1)
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RAI 522-8633 - Question 07.07-20 Attachment 2 (23/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

Replace this figure with the following one /Y/

Figure 5.3-3 Safety Injection Flow (Event 1)
/ NS /

KEPCO & KHNP 112



RAI 522-8633 - Question 07.07-20 Attachment 2 (24/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

TS

Figure 5.3-3 Safety Injection Flow (Event 1)
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RAI 522-8633 - Question 07.07-20 Attachment 2 (25/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

Replace this figure with the following one

Figure 5.3-4 SG Pressure (Event 1)
/ - S/
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RAI 522-8633 - Question 07.07-20 Attachment 2 (26/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

TS

Figure 5.3-4 SG Pressure (Event 1)
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RAI 522-8633 - Question 07.07-20 Attachment 2 (27/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

|Replace this figure with the following one

Figure 5.3-5 DNBR (Event 1)
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RAI 522-8633 - Question 07.07-20 Attachment 2 (28/28)

Control System CCF Analysis APR1400-Z-J-NR-14012-NP, Rev.0

TS

Figure 5.3-5 DNBR (Event 1)
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