ArevaEPRDCPEm Resource

From: WELLS Russell (AREVA) [Russell. Wells@areva.com]

Sent: Monday, March 14, 2011 11:03 AM

To: Tesfaye, Getachew

Subject: DRAFT Response to U.S. EPR Design Certification Application RAI No. 442, FSAR Ch. 7,
Question 7.1-27

Attachments: RAI 442 Question 07.01-27 Response US EPR DC - DRAFT.PDF

Getachew,

Attached is a draft response for RAI No. 442, FSAR Ch. 7, Question 7.1-27 as shown below in advance of the
April 14, 2011 final date. Proposed changes to the instrumentation and controls (I&C) architecture were
communicated to the NRC staff in the February 15, 2011 public meeting. U.S. EPR FSAR Tier 2, Section 7.2
attached to this response incorporate the revised I&C architecture. This section is provided in its entirety with
this response to facilitate NRC review.

Let me know if the staff has questions or if this can be sent as a final response.

Thanks,

Russ Wells
U.S. EPR Design Certification Licensing Manager
AREVA NP, Inc.
3315 Old Forest Road, P.O. Box 10935
Mail Stop OF-57
Lynchburg, VA 24506-0935
Phone: 434-832-3884 (work)
434-942-6375 (cell)
Fax: 434-382-3884
Russell. Wells@Areva.com

From: WELLS Russell (RS/NB)

Sent: Wednesday, March 02, 2011 4:52 PM

To: Tesfaye, Getachew

Cc: BENNETT Kathy (RS/NB); DELANO Karen (RS/NB); ROMINE Judy (RS/NB); RYAN Tom (RS/NB)
Subject: Response to U.S. EPR Design Certification Application RAI No. 442, FSAR Ch. 7, Supplement 5

Getachew,

On November 19, 2010, AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and
complete response to the questions in RAI 442. Supplement 1 response was sent on January 7, 2011 to
provide a revised schedule for four of the questions. Supplement 2 response was sent on February 9, 2011 to
provide a revised schedule. Supplement 3 response was sent on February 18, 2011 to provide technically
correct and complete responses to four questions. Supplement 4 response was sent on February 25, 2011 to
provide technically correct and complete response to one question. Based on discussions with NRC, the
attached file, “RAl 442 Supplement 5 Response US EPR DC.pdf’ provides technically correct and complete
responses to three of the 12 questions, as committed.



The following table indicates the respective pages in the response document, “RAl 442 Supplement 5
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject question.

Question # Start Page | End Page
RAI 442 07.03-33 2 2
RAI 442 07.03-34 3 4
RAI 442 07.09-61 5 8

AREVA NP's schedule for providing a technically correct and complete response to all questions in RAI
442 remains unchanged and is provided below.

Question # Response Date
RAl 442 — 7.1-26 April 21, 2011
RAl 442 — 7.1-27 April 14, 2011
RAl 442 — 7.1-28 April 7, 2011
RAl 442 — 7.1-30 April 28, 2011
RAI 442 — 7.1-31 April 7, 2011
RAl 442 — 7.1-32 April 7, 2011
RAl 442 — 7.3-32 April 14, 2011
RAl 442 — 7.9-64 April 28, 2011
RAIl 442 — 7.9-67 April 7, 2011
Sincerely,

Russ Wells

U.S. EPR Design Certification Licensing Manager
AREVA NP, Inc.

3315 Old Forest Road, P.O. Box 10935

Mail Stop OF-57

Lynchburg, VA 24506-0935

Phone: 434-832-3884 (work)
434-942-6375 (cell)

Fax: 434-382-3884

Russell. Wells@Areva.com

From: WELLS Russell (RS/NB)

Sent: Friday, February 25, 2011 8:07 AM

To: Tesfaye, Getachew

Cc: BRYAN Martin (External RS/NB); BENNETT Kathy (RS/NB); DELANO Karen (RS/NB); ROMINE Judy (RS/NB); RYAN
Tom (RS/NB)

Subject: Response to U.S. EPR Design Certification Application RAI No. 442, FSAR Ch. 7, Supplement 4

Getachew,

On November 19, 2010, AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and
complete response to the questions in RAI 442. Supplement 1 response was sent on January 7, 2011 to
provide a revised schedule for four of the questions. Supplement 2 response was sent on February 9, 2011 to
provide a revised schedule. Supplement 3 response was sent on February 18, 2011 to provide technically
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correct and complete responses to four questions. Based on discussions with NRC, the attached file, “RAI 442
Supplement 4 Response US EPR DC.pdf’ provides technically correct and complete responses to one of the
13 questions, as committed.

Appended to this file are affected pages of the U.S. EPR Final Safety Analysis Report and Technical Report
ANP-10309P, in redline-strikeout format which support the response to RAI 442 Question 07.09-63.

The following table indicates the respective pages in the response document, “RAl 442 Supplement 4
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject question.

Question # Start Page | End Page |

RAI 442 07.09-63 2 2

Based upon the information presented to the NRC during the February 15, 2011, Public Meeting, the
schedule for the remaining questions has been changed.

AREVA NP's schedule for providing a technically correct and complete response to all questions in RAI 442 is
provided below.

Question # Response Date
RAI 442 — 7.1-26 April 21, 2011
RAI 442 — 7.1-27 April 14, 2011
RAl 442 — 7.1-28 April 7, 2011
RAI 442 — 7.1-30 April 28, 2011
RAI 442 — 7.1-31 April 7, 2011
RAl 442 — 7.1-32 April 7, 2011
RAI 442 — 7.3-32 April 14, 2011
RAl 442 — 7.3-33 April 7, 2011
RAl 442 — 7.3-34 April 7, 2011
RAI 442 — 7.9-61 April 7, 2011
RAl 442 — 7.9-64 April 28, 2011
RAl 442 — 7.9-67 April 7, 2011
Sincerely,

Russ Wells

U.S. EPR Design Certification Licensing Manager
AREVA NP, Inc.

3315 Old Forest Road, P.O. Box 10935

Mail Stop OF-57

Lynchburg, VA 24506-0935

Phone: 434-832-3884 (work)
434-942-6375 (cell)

Fax: 434-382-3884

Russell. Wells@Areva.com




From: BRYAN Martin (External RS/NB)

Sent: Friday, February 18, 2011 12:21 PM

To: Tesfaye, Getachew

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); RYAN Tom (RS/NB)
Subject: Response to U.S. EPR Design Certification Application RAI No. 442, FSAR Ch. 7, Supplement 3

Getachew,

On November 19, 2010, AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and
complete response to the questions in RAI 442. Supplement 1 response was sent on January 7, 2011 to
provide a revised schedule for four of the questions. Supplement 2 response was sent on February 9, 2011 to
provide a revised schedule. Based on discussions with NRC, the attached file, “RAl 442 Supplement 3
Response US EPR DC.pdf” provides technically correct and complete responses to four of the 17 questions,
as committed.

Appended to this file are affected pages of the U.S. EPR Final Safety Analysis Report and Technical Report
ANP-10281P, in redline-strikeout format which support the response to RAI 442 Question 07.01-29.

The following table indicates the respective pages in the response document, “RAl 442 Supplement 3
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject questions.

Question # Start Page | End Page |
RAI 442 07.01-29 2 2
RAI 413 07.09-62 3 4
RAI 413 07.09-65 ) S
RAI 413 07.09-66 6 6

The schedule for technically correct and complete responses to the remaining 13 questions is unchanged and
provided below:

AREVA NP's schedule for providing a technically correct and complete response to all questions in RAI 442 is
provided below.

Question # Response Date
RAI 442 — 7.1-26 March 15, 2011
RAI 442 — 7.1-27 March 15, 2011
RAI 442 — 7.1-28 March 15, 2011
RAI 442 — 7.1-30 March 15, 2011
RAI 442 — 7.1-31 March 15, 2011
RAI 442 — 7.1-32 March 15, 2011
RAI 442 — 7.3-32 March 15, 2011
RAI 442 — 7.3-33 March 15, 2011
RAI 442 — 7.3-34 March 15, 2011
RAI 442 — 7.9-61 March 15, 2011
RAI 442 — 7.9-63 March 15, 2011
RAI 442 — 7.9-64 March 15, 2011
RAI 442 — 7.9-67 March 15, 2011




Sincerely,

Martin (Marty) C. Bryan

U.S. EPR Design Certification Licensing Manager
AREVA NP Inc.

Tel: (434) 832-3016

702 561-3528 cell

Martin.Bryan.ext@areva.com

From: BRYAN Martin (External RS/NB)

Sent: Wednesday, February 09, 2011 5:07 PM

To: Tesfaye, Getachew

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); RYAN Tom (RS/NB)
Subject: Response to U.S. EPR Design Certification Application RAI No. 442, FSAR Ch. 7, Supplement 2

Getachew,

On November 19, 2010, AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and
complete response to the questions in RAI 442. Supplement 1 response was sent on January 7, 2011 to
provide a revised schedule for four of the questions. To allow additional time to interact with the staff and to
process the responses a revised schedule is provided below. It should be noted that the dates below may
need to be adjusted following the February 15, 2011 public meeting between AREVA and the NRC on digital
instrumentation and controls.

AREVA NP's schedule for providing a technically correct and complete response to all questions in RAI 442 is
provided below.

Question # Response Date
RAI 442 — 7.1-26 March 15, 2011
RAI 442 — 7.1-27 March 15, 2011
RAI 442 — 7.1-28 March 15, 2011
RAI 442 — 7.1-29 March 15, 2011
RAI 442 — 7.1-30 March 15, 2011
RAI 442 — 7.1-31 March 15, 2011
RAI 442 — 7.1-32 March 15, 2011
RAI 442 — 7.3-32 March 15, 2011
RAI 442 — 7.3-33 March 15, 2011
RAI 442 — 7.3-34 March 15, 2011
RAI 442 — 7.9-61 March 15, 2011
RAI 442 — 7.9-62 March 15, 2011
RAI 442 — 7.9-63 March 15, 2011
RAI 442 — 7.9-64 March 15, 2011
RAI 442 — 7.9-65 March 15, 2011
RAI 442 — 7.9-66 March 15, 2011
RAI 442 — 7.9-67 March 15, 2011
Sincerely,

Martin (Marty) C. Bryan



U.S. EPR Design Certification Licensing Manager
AREVA NP Inc.

Tel: (434) 832-3016

702 561-3528 cell

Martin.Bryan.ext@areva.com

From: BRYAN Martin (External RS/NB)

Sent: Friday, January 07, 2011 11:15 AM

To: Tesfaye, Getachew

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); RYAN Tom (RS/NB); PANNELL George
(CORP/QP)

Subject: Response to U.S. EPR Design Certification Application RAI No. 442, FSAR Ch. 7, Supplement 1

Getachew,

On November 19, 2010, AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and
complete response to the questions in RAI 442. To allow additional time to interact with the staff a revised
schedule is provided below for questions 7.1.29, 7.1.32, 7.9-65 and 7.9-67. The schedule for the other
guestions remains unchanged.

AREVA NP's schedule for providing a technically correct and complete response to all questions in RAI 442 is
provided below.

Question # Response Date
RAI 442 — 7.1-26 March 15, 2011
RAI 442 — 7.1-27 March 15, 2011
RAI 442 — 7.1-28 March 15, 2011
RAI 442 — 7.1-29 February 9, 2011
RAI 442 — 7.1-30 February 9, 2011
RAI 442 — 7.1-31 March 15, 2011
RAI 442 — 7.1-32 February 9, 2011
RAI 442 — 7.3-32 February 9, 2011
RAIl 442 — 7.3-33 February 9, 2011
RAI 442 — 7.3-34 March 15, 2011
RAI 442 — 7.9-61 February 9, 2011
RAI 442 — 7.9-62 February 9, 2011
RAI 442 — 7.9-63 February 9, 2011
RAIl 442 — 7.9-64 March 15, 2011
RAI 442 — 7.9-65 March 15, 2011
RAl 442 — 7.9-66 February 9, 2011
RAI 442 — 7.9-67 February 9, 2011
Sincerely,

Martin (Marty) C. Bryan

U.S. EPR Design Certification Licensing Manager
AREVA NP Inc.

Tel: (434) 832-3016

702 561-3528 cell

Martin.Bryan.ext@areva.com




From: BRYAN Martin (External RS/NB)

Sent: Friday, November 19, 2010 5:12 PM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); PANNELL George (CORP/QP)
Subject: Response to U.S. EPR Design Certification Application RAI No. 442, FSAR Ch. 7

Getachew,
Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI). The
attached file, “RAl 442 Response US EPR DC.pdf” provides a schedule since a technically correct and

complete response to the 17 question (s) is not provided.

The following table indicates the respective pages in the response document, “RAI 442 Response US EPR
DC.pdf,” that contain AREVA NP’s response to the subject questions.

Question # Start Page | End Page |
RAI 442 — 7.1-26 2 2
RAI 442 — 7.1-27 3 3
RAI 442 — 7.1-28 4 4
RAI 442 — 7.1-29 5 5
RAI 442 — 7.1-30 6 6
RAI 442 — 7.1-31 7 8
RAI 442 — 7.1-32 9 9
RAI 442 — 7.3-32 10 10
RAI 442 — 7.3-33 11 11
RAI 442 — 7.3-34 12 12
RAI 442 — 7.9-61 13 13
RAI 442 — 7.9-62 14 14
RAI 442 — 7.9-63 15 15
RAI 442 — 7.9-64 16 16
RAI 442 — 7.9-65 17 17
RAI 442 — 7.9-66 18 18
RAI 442 — 7.9-67 19 19

A complete answer is not provided for the 17 questions. The schedule for a technically correct and complete
response to these questions is provided below.

Question # Response Date
RAIl 442 — 7.1-26 March 15, 2011
RAIl 442 — 7.1-27 March 15, 2011
RAIl 442 — 7.1-28 March 15, 2011
RAIl 442 — 7.1-29 January 7, 2011
RAl 442 — 7.1-30 February 9, 2011
RAI 442 — 7.1-31 March 15, 2011
RAI 442 — 7.1-32 January 7, 2011
RAIl 442 — 7.3-32 February 9, 2011
RAI 442 — 7.3-33 February 9, 2011
RAIl 442 — 7.3-34 March 15, 2011
RAIl 442 — 7.9-61 February 9, 2011
RAIl 442 — 7.9-62 February 9, 2011




RAI 442 — 7.9-63

February 9, 2011

RAI 442 — 7.9-64

March 15, 2011

RAI 442 — 7.9-65

January 7, 2011

RAI 442 — 7.9-66

February 9, 2011

RAI 442 — 7.9-67

January 7, 2011

Sincerely,

Martin (Marty) C. Bryan

U.S. EPR Design Certification Licensing Manager

AREVA NP Inc.
Tel: (434) 832-3016
702 561-3528 cell

Martin.Bryan.ext@areva.com

From: Tesfaye, Getachew [mailto:Getachew.Tesfaye@nrc.gov]

Sent: Wednesday, October 20, 2010 8:09 AM

To: ZZ-DL-A-USEPR-DL

Cc: Zhao, Jack; Morton, Wendell; Mott, Kenneth; Spaulding, Deirdre; Truong, Tung; Zhang, Deanna; Jackson, Terry;
Canova, Michael; Colaccino, Joseph; ArevaEPRDCPEm Resource

Subject: U.S. EPR Design Certification Application RAI No. 442(4295,5076,5068,5067), FSAR Ch. 7

Attached please find the subject requests for additional information (RAI). A draft of the RAI was provided to
you on September 10, 2010, and discussed with your staff on October 13, 2010. Drat RAI Questions 07.01-26
and 07.03-33 were modified as a result of that discussion. The schedule we have established for review of
your application assumes technically correct and complete responses within 30 days of receipt of RAls. For
any RAls that cannot be answered within 30 days, it is expected that a date for receipt of this information will
be provided to the staff within the 30 day period so that the staff can assess how this information will impact
the published schedule.

Thanks,

Getachew Tesfaye
Sr. Project Manager

NRO/DNRL/NARP
(301) 415-3361
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Response to

Request for Additional Information No.442 (4295, 5076, 5068, 5067), Revision 1,
Question 07.01-27

10/20/2010

U.S. EPR Standard Design Certification
AREVA NP Inc.
Docket No. 52-020
SRP Section: 07.01 - Instrumentation and Controls - Introduction
SRP Section: 07.03 - Engineered Safety Features Systems
SRP Section: 07.09 - Data Communication Systems

Application Section: FSAR Ch 7

QUESTIONS for Instrumentation, Controls and Electrical Engineering 1
(AP1000/EPR Projects) (ICE1)



AREVA NP Inc.

Response to Request for Additional Information No. 442, Question 07.01-27
U.S. EPR Design Certification Application Page 2 of 2

Question 07.01-27:

a) Address identifiable, but non-detectable failures. Clause 5.1 of IEEE Std. 603-1991 states,
in part, that safety systems shall perform all safety functions required for a design basis
event in the presence of: (1) any single detectable failure within the safety systems
concurrent with all identifiable but non-detectable failures. IEEE Std. 603-1991 states
identifiable, but non-detectable failures are failures identified by analysis that cannot be
detected through periodic testing or cannot be revealed by alarm or anomalous indication.
Sections 7.2.2.2 and 7.3.2.2 of U.S. EPR FSAR did not address identifiable, but non-
detectable failures. If there are no identifiable, but non-detectable failures, then state so.
Also, clearly define what the IEEE Std. 603-1991 detectable failures (i.e. U.S. EPR FMEA
undetected failures).

b) During an audit in February 2010, the NRC staff found the comments column in the U.S.
EPR Failure Modes and Effects Analysis (FMEA) helpful to understand the analysis. WE
request that the information in the comments column be incorporated into the respective
FMEA summary tables in the U.S. EPR FSAR, Table 7.2-2 for Reactor Trip and Table 7.3-2
for ESF Actuations.

Response to Question 07.01-27:

Technical Report ANP-10309, "U.S. EPR Digital Protection System" will be revised to include
the information requested in this RAI. U.S. EPR FSAR Tier 2, Sections 7.2 and 7.3 will be
revised to remove the protection system (PS) FMEA information. The PS FMEA information will
be provided in the Technical Report ANP-10309, "U.S. EPR Digital Protection System."

The revision to U.S. EPR FSAR Tier 2, Section 7.3 is attached to the Response to RAI 442,
Question 7.3-32. The revision to Technical Report ANP-10309, “U.S. EPR Digital Protection
System” will be transmitted by a separate letter. To support the revision to Technical Report
ANP-10309, changes to U.S. EPR FSAR Tier 2 sections that reference Technical Report ANP-
10309, not including Chapter 7, are included in this response.

Proposed changes to the instrumentation and controls architecture were communicated to the
NRC staff in the February 15, 2011 public meeting. U.S. EPR FSAR Tier 2, Section 7.2 has
been revised to incorporate the revised I1&C architecture. This section is provided in its entirety
with this response to facilitate NRC review.

FSAR Impact:

U.S. EPR FSAR Tier 2, Sections 7.2, 1.6, 4.6, 8.1, 8.3 and 19.1 will be revised as described in
the response and indicated on the enclosed markup
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U.S. EPR FINAL SAFETY ANALYSIS REPORT

Table 1.6-1—Reports Referenced

ANP-10285NP

Design Topical Report

Sheet 1 of 4
Report No. Date
(See Notes 1, 2, Submitted FSAR Section
and 3) Title to NRC Number(s)
ANF-89-060P-A Generic Mechanical Design Report High 3/28/91 4.2
ANF-89-060NP-A Thermal Performance Spacer and
Supplement 1 Intermediate Flow Mixer
ANP-10263P-A Codes and Methods Applicability Report |  11/06/07 4,5.1, 15, 16, and
ANP-10263NP-A for the U.S. EPR 19
ANP-10264NP-A U.S. EPR Piping Analysis and Pipe 11/07/08 3.6,3.7,3.8,3.9,
Support Design Topical Report 3.10,3.12, App. 3A,
and App. 3C
ANP-10264NP U.S. EPR Piping Analysis and Pipe 5/10 3.9 and 3.12
Revision 1 Support Design Topical Report
ANP-10266-A AREVA NP Inc. Quality Assurance Plan | 06/18/07 |7.1,14.3,17.1,17.2,
(QAP) for Design Certification of the 17.3,17.5, 18.1,
U.S. EPR Topical Report 18.7, and 18.11
ANP-10268P-A U.S. EPR Severe Accident Evaluation 2/26/08 6.2.5,15.4,19.1,
ANP-10268NP-A Topical Report and 19.2
ANP-10269P-A The ACH-2 CHF Correlation for the U.S. 3/10/08 4.4,5,7,15,and 19
ANP-10269NP-A EPR Topical Report
ANP-10272 Software Program Manual TELEPERM 5/7/10 7.1and 7.6
Revision 2 XS™ Safety Systems Topical Report
ANP-10273P AV42 Priority Actuation and Control 11/28/06 7 and 16
ANP-10273NP Module Topical Report
ANP-10275P-A U.S. EPR Instrument Setpoint 2/26/08 7 and 16
ANP-10275NP-A Methodology Topical Report |RA| 442, 07.01-27 |
ANP-10278P U.S. EPR Realistic Large Break Loss of 01/10 6.2 and 15
ANP-10278NP Coolant Accident Topical Report
Revision 1
IANP-10309P U.S. EPR Digital Protection System 1/24/0903/11| 3-+3;-4.6,7, and
IANP-10309NP Technical Report 19.1;-and-83
Revision 1
ANP-10282P POWERTRAX/E Online Core 11/27/07 4.4
ANP-10282NP Monitoring Software for the U.S. EPR
Technical Report
ANP-10283P U.S. EPR Pressure-Temperature Limits 4/30/09 5.3 and 16
Revision 1 Methodology for RCS Heat-Up and Cool-
ANP-10283NP Down Technical Report
Revision 1
ANP-10285P U.S. EPR Fuel Assembly Mechanical 10/02/07 4

Tier 2

Revision 3—Interim

Page 1.6-2



i

U.S. EPR FINAL SAFETY ANALYSIS REPORT

SIS and EBS systems reliably control reactivity changes to cool the core under
postulated accidents in accordance with GDC 27.

4.6.6 References Z_‘RAl 442, 07-01'27|
1. | ANP-10309P, Revision 01, “U.S. EPR Digital Protection System Technical Report,”
November2009March 2011.
2. IEEE Standard 603-1998, “IEEE Standard Criteria for Safety Systems for Nuclear
Power Generating Stations,” Institute of Electrical and Electronics Engineers, Inc.,
1998.
3. IEEE 384-1992, “IEEE Standard Criteria for Independence of Class 1E Equipment
and Circuits,” Institute of Electrical and Electronics Engineers, Inc., 1992.
Tier 2 Revision 3—Interim Page 4.6-8
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7.2

7.21

7.211

RAI 442,

Reactor Trip System
Description

The U.S. EPR provides safety-related instrumentation and controls to sense conditions
requiring protective action and automatically initiate a reactor trip (RT). The
protection system (PS) initiates automatic RT to rapidly introduce negative reactivity
to the core to mitigate the effects of anticipated operational occurrences (AOO) and
postulated accidents, and to prevent acceptable fuel design limits from being exceeded.
The PS automatically initiates an RT when selected variables exceed setpoints that are
indicative of conditions that require protective action. Additionally, the ability to
manually initiate the RT function is provided in the main control room (MCR) and the
remote shutdown station (RSS). Initiation of the RT function results in removal of
electrical power from the control rod drive mechanism (CRDM) coils, allowing the
rods to fall by gravity into the core.

System Description

The PS processes both automatic and‘manual RT functions. Each RT function is
performed redundantly and independently in each of the four PS divisions. An RT
order, produced by any two of the four divisions, results in a reactor shutdown. The
functional description and architecture of the PS'is described in Section 7.1.1.4.

Key process variablesare continuously monitored to determine the safety status of the
plant. Three categories of variables are used as inputs to automatic RT functions:

e Incore instrumentation: The self powered neutron detectors (SPND) are used as
inputs to calculate variables that cannot be directly measured, such as linear power
density and departure from nucleate boiling ratio (DNBR). The incore
instrumentation system is described in Section 7.1.1.5.

e Excoreinstrumentation: The power range detectors (PRD) and intermediate range
detectors (IRD) provide measurements of reactor power, and are used as inputs to
RT functions that detect conditions such as high neutron flux and low doubling
time. The excore instrumentation system is described in Section 7.1.1.5.

e Process instrumentation: Process instrumentation is used to measure variables
such as pressure, temperature, and flow. These process measurements are used
directly to initiate RT or as inputs to calculations of variables that cannot be
measured directly.

07.01-27 \

Any one of threetwo diverse sets of RT devices can successfully remove power to the
CRDM coils. The sets are the RT breakers; and the RT contactors;-and-the-transistors-

of the CRDM-eperating-eoils. When an RT order is generated, the PS acts on all-
threeboth sets of RT devices as described:

e RT breakers: There are four RT breakers, two each in electrical divisions 2 and 3.

Tier 2

Revision 3—Interim Page 7.2-1
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RAI 442,

07.01-27 \

Each division of the PS acts on the undervoltage coil of one RT breaker. The
opening of one breaker in electrical division 2 and one breaker in electrical
division 3 results in reactor shutdown. The RT breakers are part of the non-Class
1E power supply (NUPS) system and are described in Section 8.3.

e RT contactors: There are 23 sets of four RT contactors. Eleven sets of contactors
are in electrical division 1 and twelve sets are in division 4. Each set of contactors
supplies power to four CRDMs, with the exception of one set in division 4 which
supplies power to only the center CRDM. Each division of the PS opens one
contactor in each of the 23 sets. Each set of contactors is arranged in a two-out-of-
four configuration, so that RT orders issued from any two PS divisions results in
reactor shutdown. The RT contactors are part of the control rod drive control
system which is described in Section 7.1.1.5.

Figure 7.2-4—Safety Related RT Devices, illustrates the arrangement and divisional
assignments of the safety-related RT devices.

An automatic RT actuation is performed by the PS when selected plant parameters
reach appropriate setpoints. The typical sequence performed by the PS to initiate an
automatic RT is illustrated in Figure 7.2-1—Typical RT Actuation and is described as
follows:

e An acquisition and processing unit (APU) in each division of the PS acquires one
fourth of the redundant sensor measurements that are inputs to a given RT
function}, from the SCDS.|<——RAI 442,

07.01-27

e The APU in each division performs any required processing or calculations using
the input measurements, and compares the resulting variable to a relevant
setpoint. If a setpoint is breached, a partial trigger signal is generated.

e The partial trigger signals generated in each PS division are sent to redundant
actuation logic units (ALU) in all four divisions where two-out-of-four logic is
performed. If partial triggers are present from two divisions, the ALU in all four
divisions generate RT signals.

e The RT signals of the redundant ALU in each sub-system are combined in a
hardwired “functional AND gate” logic. If an RT signal is present from both
redundant ALU, an RT output is generated. The RT outputs from both sub-
systems in a division are combined in a hardwired “functional OR gate” logic. If
either subsystem produces an RT output, a divisional RT order is propagated to the

RT breakers and; RT contactors;and-transistors-of the CRDM-operatingcoils.|

K RAI 442,

07.01-27
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The capability for manual RT is available to the operator through the safety
information and control system (SICS) in both the MCR and RSS. At each location,
four manual RT buttons are provided to correspond to the four PS divisions. Manual
RT initiation is illustrated in Figure 7.2-3—Manual RT and is also described in ANP-
10309P, “U.S. EPR Digital Protection System Technical Report” (Reference 1). The
SICS is described in Section 7.1.1.2.

7.21.2 Reactor Trip Functional Description
The variables monitored by the PS are used either directly or as an input to a
calculation, to detect the plant conditions which initiate reactor shutdown:
e Low departure from nucleate boiling ratio.
e High linear power density.
e Highneutron flux rate of change.
e High core power level.
e [Low saturation margin.
e Low reactor coolant system loop flow (two loops).
e Low-low reactor coolant system loop flow (one loop).
e Low reactor coolant pump speed.
e High neutron flux.
e Low doubling time.
e Low pressurizer pressure.
e High pressurizer pressure.
e High pressurizer level.
Tier 2 Revision 3—Interim Page 7.2-3
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e Low hot leg pressure.

e Steam generator pressure drop.
e Low steam generator pressure.
e High steam generator pressure.
e Low steam generator level.

e High steam generator level.

e High containment pressure.

Each of these process conditions is determined to exist when a pre-defined or variable
setpoint is exceeded by a related process parameter. The specific setpoint values are
chosen to protect safety limits and support the assumptions made in the plant safety
analysis as described in Chapter 15. The variables monitored for RT and their
measuring ranges are listed in Table 7.2-1—Reactor Trip Variables.

In addition to the process conditions that cause RT, these safety-related signals initiate
an RT:

e Safety injection system (SIS) actuation.
e Emergency feedwater system (EFWS) actuation.
e Manual RT signals from SICS.

Operating bypasses of specific RT functions are permitted when plant conditions
dictate that the function is not needed, or that the function would prevent proper
plant operation. These bypasses are implemented in the form of permissive signals
(P#) that are generated within the PS. The logic used to generate the permissive
signals is described in Section 7.2.1.3. The applicable permissive signals (if any)
associated with each RT are identified in the description of each function in
Section 7.2.1.2.1 through Section 7.2.1.2.22.

Reactor Trip on Low Departure From Nucleate Boiling Ratio

The low DNBR trip is provided to protect the fuel against the risk of departure from
nucleate boiling (DNB) during events that lead to a decrease of the DNBR value. On-
line calculations are used in the PS to construct variables representative of the DNBR
phenomenon.
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The DNBR calculation performed by the PS is described in Reference 3 and is based
on:

e Power density distribution of the hot channel: This parameter is directly derived
from the SPND measurements.

e Inlet temperature: This parameter is derived from the cold leg temperature
Sensors.

e Pressure: This parameter is given by the pressurizer pressure sensors.

e Core Flow Rate: This parameter is derived from the reactor coolant pump (RCP)
speed sensors.

The outputs of the DNBR calculation consist of twelve DNBR values (one per SPND
finger), and twelve outlet quality values (one per SPND finger). The output values are
used in various combinations to generate an RT:

e Second lowest DNBR value compared to a variable low setpoint.

e Lowest DNBR value compared to a variable low setpoint that is only valid when
either a rod drop (1/4) signal or SPND imbalance signal is present.

e Lowest DNBR value compared to a variable low setpoint that is only valid when a
rod drop (2/4) signal is present.

e Second highestquality value compared to a fixed high setpoint.

e Highest quality value compared to a fixed high setpoint that is only valid when
either a rod drop (1/4) signal or SPND imbalance signal is present.

The values of the variable low DNBR setpoints depend on the number of invalidated
SPND fingers. Each SPND input signal is monitored by the PS, using both inherent
and engineered monitoring mechanisms, to determine the validity of the signal. A
description of the inherent and engineered monitoring features utilized by
TELEPERM XS is found in Reference 1 and in EMF-2110(NP)(A), Revision 1,
“TELEPERM XS: A Digital Reactor Protection System,” (Reference 2). If an SPND
input signal is determined to be invalid, it is automatically assigned a faulty status.
Additionally, if an SPND is determined to be faulty in the course of manual
surveillance, the corresponding input signal is manually assigned a faulty status. Since
the DNBR calculation produces its outputs on a per-finger basis (six SPND per finger),
if one SPND carries a faulty status, then the entire finger is considered invalid. One of
six pre-determined setpoint values is automatically selected for use based on the
number of invalidated fingers. This is done for each of the three variable setpoints
used in the DNBR function. The determination of setpoint values for the variable
DNBR setpoints as well as the fixed high quality setpoints is described in ANF-10287P,
“Incore Trip Setpoint and Transient Methodology for U.S. EPR” (Reference 3).
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RAI 442

The rod drop (1/4) and rod drop (2/4) signals are based on the rate of change of the

| 107.01-27 Nanalog rod position measurements acquired by the PS. If a dropped rod is detected in

7.21.2.2

RAI 442,

07.01-27 \

one quadrant of the core, the rod drop (1/4) signal is generated, and the corresponding
setpoints are activated. If a dropped rod is detected in two or more quadrants of the
core, the rod drop (2/4) signal is generated and the corresponding DNBR setpoint is
activated. The logic for generation of the rod drop signals is shown in

Figure 7.2-5—Rod Drop Detection.

The SPND imbalance signal is generated based on an indication of asymmetrical power
distribution in the core. All 72 SPND measurements are used in each PS division to
detect this condition. The calculation of the SPND imbalance condition is described in
Reference 3.

The P2 permissive condition bypasses the low DNBR RT function at low power levels.
This bypass is automatically removed as power increases above the P2 setpoint.
Generation of the P2 permissive signal is described in Section 7.2.1.3.

The logic for the low DNBR RT function is shown in Figure 7.2-6—Low DNBR.

Reactor Trip on High Linear Power Density

The high linear power density (HLPD) RT function is provided to protect the fuel
against melting at the center of the fuel pellet during events which lead to an increase
of linear power density in the core.

The calculation of HLPD performed by the PS uses the 72 SPND measurements as
inputs. The HLPD calculation is described in Reference 3 and is performed on a per-
SPND basis, resulting in 72 values of HLPD.

The second highest value of HLPD from the 72 calculated values is compared to a
variable high setpoint to generate an RT. The value of the variable setpoint depends
on the number of invalidated SPND measurements.

Each SPND input signal is monitored by the PS, using both inherent and engineered
monitoring mechanisms, to determine the validity of the signal. A description of the
inherent and engineered monitoring features utilized by TELEPERM XS is found in
References 1 and 2. If an SPND input signal is determined to be invalid, it is
automatically assigned a faulty status. Additionally, if an SPND is determined to be
faulty in the course of manual surveillance, the corresponding input signal is manually

assigned a faulty status.[ If the number of invalidated SPNDs is above a fixed setpoint

| Max1p), an RT signal shall be generated. |One of six pre-determined setpoint values is

automatically selected for use based on the number of invalidated SPND. The
determination of setpoint values used in the HLPD RT function is described in
Reference 3.
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7.21.2.3

The P2 permissive condition bypasses the HLPD RT function at low power levels.
This bypass is automatically removed as power increases above the P2 setpoint.
Generation of the P2 permissive signal is described in Section 7.2.1.3.

The logic for the HLPD RT function is shown in Figure 7.2-7—High Linear Power
Density.

Reactor Trip on High Neutron Flux Rate of Change

The high neutron flux rate of change RT function is provided to protect against an
excessive reactivity increase. Specifically, the main objective of the function is to cope
with a fast reactivity insertion such as that resulting from a rod ejection event.

The initiating signal is the derivative of neutron fluxderived from measurements
provided by the power range detectors (PRD). Each PS division acquires
measurements from one of four pairs of PRD. Each pair consists of one measurement
taken from the top half of the core, and one measurement taken from the bottom half.
A calculation of nuclear power is performed in each division based on the two
measurements acquired in that division:

Ovn = Kcarn * (KCAL] s i(l)+ Keara* i(Z))

Where:
Qun = Nuclear power
i(1)= _Top PRD measurement
i(2)= Bottom PRD measurement

Calibration coefficient applied to the top measurement

Il

I{CALI

Keam Calibration coefficient applied to the bottom measurement

Keain Calibration coefficient applied to the sum of the calibrated top and bottom

measurements

A rate/lag filter is then applied to the calculated nuclear power value to obtain a signal
representative of the derivative of neutron flux. The derivative value is compared to a
fixed high setpoint to generate an RT.

There are no operating bypasses associated with the high neutron flux rate of change
RT. The logic for this function is shown in Figure 7.2-8—High Neutron Flux Rate of
Change.
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7.21.24 Reactor Trip on High Core Power Level or Low Saturation Margin
The RT on high core power level (HCPL) is provided to protect against an excessive
reactivity addition during operation at intermediate and high power levels. This
function uses an enthalpy balance to calculate core thermal power. Additionally, an
RT on low saturation margin is introduced because, in case of saturation occurring in a
hot leg, the thermal core power level calculation becomes invalid.
The thermal core power level is calculated based on the principles of conservation of
energy and mass:
dM d\M*H
Orm = Kcarrn * Wiy * (HOUT — HIN)— Hour * + ( )
dt dt

Where:

Qrig= Thermal core power

Kcarrg= Calibration constant

M = Mass of water in the core

H = Average specific enthalpyof the water in the core

Hiy= Specificenthalpy at the core inlet

Hoyr = Specific enthalpy at the core outlet

W= Mass flow rate at the core inlet
The enthalpies are calculated based on the cold leg wide range (WR) temperature, the
hot leg narrow range (NR) temperature, and the hot leg (WR) pressure.
The mass flow rate is calculated by using the enthalpy and the pressure to determine a
local density, which is then multiplied by the nominal core flow rate (constant value).
A three loop operating signal is used to account for the change in flow rate caused by
the shutdown of an RCP. The three loop operating signal is generated as part of the
low RCS flow rate RT function (refer to Section 7.2.1.2.5).
The mass of water in the core is calculated by using average enthalpy and the pressure
to determine an average density, which is then multiplied by the volume of the core
(constant value).
The resulting value of thermal core power is compared to a fixed high setpoint to
generate an RT.
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7.21.2.5

7.2.1.2.6

To determine the saturation margin value, the liquid saturation enthalpy (Hg,1) is
calculated as a function of measured hot leg pressure, and the specific enthalpy at the
core outlet (Hqoyr) is calculated as a function of measured pressure and temperature at

the core outlet. The saturation margin (DHg,7) is then determined according to:

DHsar = Hsar — Hour

The resulting value of saturation margin is compared to a fixed low setpoint to
generate an RT.

The P5 permissive condition bypasses both the high core power level and low
saturation margin RT functions at low power levels. This bypass is automatically
removed as power increases above the P5 setpoint. Generation of the P5 permissive
signal is described in Section 7.2.1.3.

The logic for these functions is shown in Figure 7.2-9—High Core Power Level & Low
Saturation Margin.

Reactor Trip on Low Reactor Coolant System Flow Rate —Two Loops

This function is provided to preventa deviation from an adequate DNBR and to
prevent loss of sufficient heat removal from the reactor coolant system (RCS). An RT
is ordered when a low flow rate is detected in two RCS loops.

Four redundant flow measurements are taken in each RCS loop. Each division of the
PS acquires one sensor from each loop, and each is compared to a fixed low setpoint
(Minlp). If two partial triggers are generated for one RCS loop, the flow in that loop is
considered low. An additional level of two-out-of-four voting logic is then applied so
that a low flow must be detected in at least two RCS loops to generate an RT. If a low
flow condition is present in any one RCS loop, a three loop operating signal is
generated. Thissignal is used to modify other PS functions which assume a nominal
flow rate through the core.

The P2 permissive condition bypasses the low RCS flow rate—two loops RT function at
low power levels. This bypass is automatically removed as power increases above the
P2 setpoint. Generation of the P2 permissive signal is described in Section 7.2.1.3.

The logic for the low RCS flow rate RT function is shown in Figure 7.2-10—Low RCS
Flow.

Reactor Trip on Low-Low Loop Flow Rate — One Loop

This function is provided to prevent a deviation from an adequate DNBR and to
prevent loss of sufficient heat removal from the RCS. An reaetortripRT is ordered
when a low-low flow rate is detected in one RCS loop.
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7.21.2.7

7.2.1.2.8

The 16 RCS flow sensor measurements are acquired by the PS in the manner described
in Section 7.2.1.2.5. The individual flow measurements are compared to a fixed low
setpoint (Min2p). If two partial triggers are generated for low-low flow in any one
RCS loop, RT orders are generated.

The P3 permissive condition bypasses the low RCS flow rate—one loop RT function at
low power levels. This bypass is automatically removed as power increases above the
P3 setpoint. Generation of the P3 permissive signal is described in Section 7.2.1.3.

The logic for the low-low RCS flow rate RT function is shown in Figure 7.2-11—Low -
Low RCS Flow.

Reactor Trip on Low Reactor Coolant Pump Speed

This function protects against a loss of forced flow in the RCS due to events affecting
the electrical supply of all four reactor coolant pumps (RCP). The loss of four RCPs is
detected based on measurements of RCP speed (one measurement per pump).

Each PS division acquires the speed measurement from one RCP and compares it to a
fixed low setpoint. If any two of the four speed measurements decrease below the
setpoint, RT orders are generated.

The P2 permissive condition bypasses the low RCP speed RT function at low power
levels. This bypass isautomatically removed as power increases above the P2 setpoint.
Generation of the P2 permissive signal is described in Section 7.2.1.3.

The logic for the low RCP speed RT function is shown in Figure 7.2-12—Low RCP
Speed.

Reactor Trip on High Neutron Flux

This function is provided to protect against excessive reactivity additions during
reactor start-up from a subcritical or low power startup condition. The neutron flux
variable is directly derived from the measurements of the IRDs. Each division of the
PS acquires the measurement from one of four IRDs.

To detect a high neutron flux condition, the IRD measurements are multiplied by a
calibration constant, and the resulting variables are compared to a fixed high setpoint.
If two-out-of-four measurements exceed the setpoint, RT orders are generated.

The P6 permissive condition bypasses the high neutron flux RT function above a fixed
core thermal power level. This bypass is automatically removed when core thermal
power decreases below the P6 setpoint. Generation of the P6 permissive signal is
described in Section 7.2.1.3.
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The logic for the high neutron flux RT function is shown in Figure 7.2-13—High
Neutron Flux.

7.21.2.9 Reactor Trip on Low Doubling Time
This function is provided to protect against excessive reactivity additions during
reactor start-up from a sub-critical or low power start-up condition. The doubling
time variable is calculated using the IRD measurements as inputs. Each division of the
PS acquires the measurement from one of four IRDs.
To detect a low doubling time condition, the IRD measurements are used to calculate
the neutron flux doubling time according to the relation:
P(t)=Pge /
T
Where:
P(t) = the reactor power as a function of time,
P, = the initial reactor power,
t = the time during the transient in seconds, and,
t = the reactor period in seconds.
To determine the time to double the power, set P(t) = 2P, and t = t;, (doubling time),
1
2B =R,
and solving for tp,
t,=7ln2
If any two of the four PS divisions determine that a low doubling time condition is
present, RT orders are generated.
The P6 permissive condition bypasses the low doubling time RT function above a fixed
core thermal power level. This bypass is automatically removed when core thermal
power decreases below the P6 permissive setpoint. Generation of the P6 permissive
signal is described in Section 7.2.1.3.
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7.21.2.10

7.21.2.11

7.2.1.2.12

The logic for the low doubling time RT function is shown in Figure 7.2-14—Low
Doubling Time.

Reactor Trip on Low Pressurizer Pressure

This function is provided to protect the integrity of the fuel in case of an RCS
depressurization that could lead to excessive boiling and saturated steam conditions in
the core. The RCS pressure variable is redundantly measured by four (NR) pressurizer
(PZR) pressure sensors. Each division of the PS acquires one of the four pressure
measurements and compares it to a fixed low setpoint (Min2p). If any two of the four
measurements are below the setpoint, RT orders are generated.

The P2 permissive condition bypasses the low PZR pressure RT function at low power
levels. This bypass is automatically removed as power increases above the P2
permissive setpoint. Generation of the P2 permissive signal is described in

Section 7.2.1.3.

The logic for the low PZR pressure RT function is shown in Figure 7.2-15—High
Pressurizer Pressure & Low Pressurizer Pressure.

Reactor Trip on High Pressurizer Pressure

This function is provided to protect the integrity of the reactor coolant pressure
boundary and prevent opening of the pressurizer safety relief valves in case of a RCS
overpressure event. The RCS pressure variable is redundantly measured by four
narrow range (NR) PZR pressure sensors. These measurements are acquired by the PS
as described in Section 7.2.1.3.9 and are compared to a fixed high setpoint (Max2p). If
any two of the four measurements are above the setpoint, RT orders are generated.

There are no operating bypasses associated with the high PZR pressure RT. The logic
for the high PZR pressure RT function is also shown in Figure 7.2-15.

Reactor Trip on High Pressurizer Level

This function is provided to avoid overfilling the PZR in case of a control system
malfunction leading to an excessive increase in PZR water inventory. The PZR level
variable is redundantly measured by four, NR, PZR level sensors. Each division of the
PS acquires one of the four level measurements and compares it to a fixed high
setpoint (Max1p). If any two of the four measurements are above the setpoint, RT
orders are generated.

The P12 permissive condition bypasses the high PZR level RT function below the P12
pressure threshold. This bypass is automatically removed as pressure increases above
the P12 permissive ‘setpoint. Generation of the P12 permissive signal is described in
Section 7.2.1.3.

Tier 2

Revision 3—Interim Page 7.2-12



Erit

U.S. EPR FINAL SAFETY ANALYSIS REPORT

7.21.213

7.21.2.14

7.21.2.15

The logic for the high PZR level RT function is shown in Figure 7.2-16—High
Pressurizer Level.

Reactor Trip on Low Hot Leg Pressure

This function is provided to protect the integrity of the fuel in case of a RCS
depressurization that could lead to excessive boiling and saturated steam conditions in
the core. The RCS pressure variable is directly measured by four (WR) hot leg
pressure sensors (one per hot leg). Each division of the PS acquires one of the four
pressure measurements and compares it to a fixed low setpoint (Minlp). If any two of
the four measurements are below the setpoint, RT orders are generated.

The P12 permissive condition bypasses the low hot leg pressure RT function at low
RCS pressure conditions (measured by the PZR pressure sensors). This bypass is
automatically removed as pressure increases above the P12 permissive setpoint.
Generation of the P12 permissive signal is described in Section 7.2.1.3.

The logic for the low hot leg pressure RT function is shown in Figure 7.2-17—Low
Hot Leg Pressure.

Reactor Trip on Steam Generator Pressure Drop

This function is provided to protect the integrity of the fuel in case of an overcooling
event caused by an excessive increase in steam demand or to adapt the reactor power
to the capacity of the safety systems in case of an event that causes a decrease in heat
removal by the secondary system. The steam-generator{SG) pressure variable is
directly measured by four pressure sensors in each SG. Each division of the PS
acquires one pressure measurement from each SG and compares them to a variable low
setpoint. If two measurements from any one SG decrease below the variable setpoint,
RT orders are generated.

The condition to be detected is an SG pressure drop greater than a specified value
(Max1p). This is accomplished by using a variable low setpoint. The value of the
variable setpoint is maintained lower than the measured pressure by a fixed amount,
with a limitation placed on the rate of decrease of the setpoint value. The measured
pressure will only fall below the setpoint if it decreases at a rate greater than that of the
rate-limited setpoint for a given amount of time.

There are no operating bypasses associated with the SG pressure drop RT. The logic
for the SG pressure drop RT function is shown in Figure 7.2-18—SG Pressure Drop.

Reactor Trip on Low Steam Generator Pressure

This function is provided to protect the integrity of the fuel in case of an overcooling
event caused by an excessive increase in steam demand. For smaller breaks in steam or
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7.2.1.2.16

7.21.2.17

feedwater piping, the rate of SG depressurization may not reach the setpoint for RT on
SG pressure drop (refer to Section 7.2.1.2.14). Therefore, an RT on low SG pressure is
used to protect the fuel in these cases. The SG pressure variable is directly measured
by four pressure sensors in each SG. Each division of the PS acquires one pressure
measurement from each SG and compares them to a fixed low setpoint (Minlp). If
two measurements from any one SG decrease below the setpoint, RT orders are
generated.

The P12 permissive condition bypasses the low SG pressure RT function at low RCS
pressure conditions (measured by the PZR pressure sensors). This bypass is
automatically removed as pressure increases above the P12 permissive setpoint.
Generation of the P12 permissive signal is described in Section 7.2.1.3.

The logic for the low SG pressure RT function is shown in Figure 7.2-19—Low SG
Pressure.

Reactor Trip on High Steam Generator Pressure

This function is provided to protect the integrity of the fuel and of the SG in case of a
secondary side over-pressure event. The SG pressure variable is directly measured by
four pressure sensors in each SG. These measurements are acquired by the PS as
described in Section 7.2.1.2.14 and are compared to a fixed high setpoint (Max1p). If
two measurements from any one SGare above the setpoint, RT orders are generated.

There are no operating bypasses associated with the high SG pressure RT. The logic
for the high SG pressure RT function is shown in Figure 7.2-20—High SG Pressure.

Reactor Trip on Low Steam Generator Level

This function is provided to protect the integrity of the fuel in case of a steam demand
versus feedwater flow mismatch caused by a control system malfunction or a break in
feedwater piping. The SG level variable is directly measured by four (NR) level
sensors in each SG. Each division of the PS acquires one level measurement from each
SG and compares them to a fixed low setpoint (Minlp). If two measurements from any
one SG decrease below the setpoint, RT orders are generated.

The P13 permissive condition bypasses the low SG level RT function at low
temperatures as measured in the hot legs. This bypass is automatically removed as hot
leg temperature increases above the P13 permissive setpoint. Generation of the P13
permissive signal is described in Section 7.2.1.3.

The logic for the low SG level RT function is shown in Figure 7.2-21—Low SG Level.
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7.21.218

7.21.2.19

7.2.1.2.20

Reactor Trip on High Steam Generator Level

This function is provided to protect the integrity of the fuel in case of a main feedwater
control malfunction that causes an increase in feedwater flow resulting in RCS
overcooling and a reactivity insertion. This function also protects the turbine from
moisture carryover in case of excessive feedwater addition or a rising SG water level
due to a tube rupture.

The SG level variable is directly measured by four (NR) level sensors in each SG.
These measurements are acquired by the PS as described in Section 7.2.1.2.17 and are
compared to a fixed high setpoint (Max1p). If two measurements from any one SG are
above the setpoint, RT orders are generated.

The P13 permissive condition bypasses the high SG level RT function at low
temperatures as measured in the hot legs. This bypass is automatically removed as hot
leg temperature increases above the P13 permissive setpoint. Generation of the P13
permissive signal is described in Section 7.2.1.3.

The logic for the high SG level RT function isshown in Figure 7.2-21—Low SG Level.

Reactor Trip on High Containment Pressure

This function is provided to protect the integrity of the containment during any event
leading to water or steam discharge into containment. The containment pressure
variable is directly measured by two sets of four redundant pressure sensors. One set
of four measures the pressure in the containment equipment compartments. The
other set of four measures the pressure in the containment service compartments.

Each division of the PS acquires one pressure measurement from each set of sensors-

and-compares-them to-afixed-high-setpeint{Maxlp). The containment service
compartment pressure measurements are compared to the Max2p setpoint and the

containment eqé@ipment compartment pressure measurements are compared to the
Max1p setpoint. If two measurements from either set of four pressure sensors are

above the setpoint, RT orders are generated.

There are no operating bypasses associated with the high containment pressure RT.
The logic for the high containment pressure RT function is shown in
Figure 7.2-23—High Containment Pressure.

Reactor Trip on Safety Injection System Actuation

This function is provided to trip the reactor when the SIS is automatically actuated by
the PS. In each division of the PS, when a safety injection (SI) signal is generated, an
RT order is also generated in the same division.
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7.2.1.2.22

RAI 442,
07.01-27

There are no operating bypasses associated with this function; any automatic SI
actuation will result in RT.

Automatic actuation of the SIS is described in Section 7.3, and the logic for generation
of the SI signal is shown in Figure 7.3-2—SIS Actuation. The logic combining the
safety injection signal with the remainder of the RT signals is shown in

Figure 7.2-24—RT Signal Generation.

Reactor Trip on Emergency Feedwater System Actuation

This function is provided to trip the reactor when the emergency feedwater system
(EFWS) is actuated by the PS due to low SG level.

In each division of the PS, when an EFWS actuation signal is generated due to low SG
level (regardless of the EFWS train to be initiated), an RT signal is also generated in the
same division.

The P13 permissive condition bypasses the RT on EFWS actuation function at low
temperatures as measured in the hot legs. This bypass is automatically removed as hot
leg temperature increases above the P13 permissive setpoint. Generation of the P13
permissive signal is described in Section 7.2.1.3.

Automatic actuation of the EFWS is described in Section 7.3, and the logic for
generation of the EFWS actuation signal is shown in Figure 7.3-3. The logic
combining the EFWS actuation signal with the remainder of the RT signals is shown
in Figure 7.2-24.

Manual Reactor Trip

The capability for manual RT is provided to the operator through the SICS in both the
MCR and RSS. At each location, four manual RT buttons are provided to correspond

~

to the four PS.divisions, and any two of four RT buttons together will actuate a RT.
Manual RT from the MCR and RSS is hardwired to bypass the electronics of the PS
and act directly on the undervoltage coils of the RT breakers. The MCR and RSS
initiation signal is also acquired by the PS and processed with the automatic RT

functions. ManualF om-the | hardwired-to-byp 0 of the

—Manual RT initiation is

illustrated in Figure 7.2-3. Manual RT is described further in Reference 1. The logic
combining the manual RT signal from the MCR with the automatic RT signals is
shown in Figure 7.2-24.

Manual RT is credited for SG tube rupture (SGTR) event to trip the reactor when the

chemical and volume control system (CVCS) is operating.

A

RAI 442,
07.03-32
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RAI 442,

07.01-27

-

7.21.3

RAI 442,

07.01-27 \

7.21.31

Permissive Signal Functional Description

Permissive signals are used to enable, disable, or modify the operation of RT and
engineered safety features actuation functions based on plant conditions.

The state of a permissive signal is defined as either validated or inhibited:

e A validated permissive signal carries a logical value of 1.
e An inhibited permissive signal carries a logical value of 0.

The validation or inhibition of permissive signals is defined as one of two types,
depending on whether the state of the permissive is set automatically or manually.
Those that are automatically validated or inhibited based on the corresponding plant
condition are defined as P-AUTO. If an operator action is required to either validate
or inhibit the permissive after the corresponding plant condition is satisfied, the

permissive is defined as P-MANU. The operator may activate permissives from-either
SICS-exPICS.

Generation of each permissive signal is described in Section 7.2.1.3.1 through

Section 7.2.1.3.12. These permissive signals are generated within the PS for use in RT
and engineered safety features actuation functions. Certain functions implemented in
the diverse actuation system (DAS) are also subjected to the same permissive
conditions. In these cases, the permissive logic used in the PS is duplicated and
performed separately within the DAS.

P2 Permissive

The P2 permissive is representative of PRD neutron flux measurements higher than a
low-power setpoint value (10 percent power). The P2 permissive setpoint value
corresponds to the value below which transients do not lead to risk of DNB.

To generate the permissive, neutron flux measurements from the PRDs are compared
to the setpoint. When two-out-of-four measurements are greater than the setpoint,
the permissive is validated. Otherwise, it is inhibited.

This permissive is P-AUTO with respect to validation and inhibition.

Figure 7.2-25—P2 Permissive Logic illustrates the logic of the P2 permissive.
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7.21.3.2

7.2.1.3.3

7.21.3.4

P3 Permissive

The P3 permissive is representative of PRD neutron flux measurements higher than an
intermediate power setpoint value (70 percent power). The P3 permissive setpoint
value corresponds to the value below which loss of one reactor coolant pump does not
lead to risk of DNB.

To generate the permissive, neutron flux measurements from the PRDs are compared
to the setpoint. When two-out-of-four measurements are greater than the setpoint,
the permissive is validated.

This permissive is P~AUTO with respect to validation and inhibition.
Figure 7.2-26—P3 Permissive Logic illustrates the logic of the P3 permissive.

P5 Permissive

The P5 permissive is representative of IRD neutron flux measurements above a low-
power setpoint value (10 percent power). The P5 permissive setpoint value
corresponds to the boundary between the operating ranges of the source range
detectors and intermediate range detectors.

To generate the permissive, neutron flux measurements from the IRDs are compared
to the setpoint. When two-out-of-four of the measurements are greater than the
setpoint, the permissive is validated.

This permissive is P~AUTO with respect to validation and inhibition.
Figure 7.2-27—P5 Permissive Logic illustrates the logic for the P5 permissive.

P6 Permissive

The P6 permissive is representative of core thermal power above a low-power setpoint
value (10 percent power) corresponding to the boundary between the operating ranges
of the IRDs and the PRDs.

Hot leg pressure (WR) measurements, hot leg temperature (NR) measurements, and
cold leg temperature (NR) measurements are used to calculate core thermal power.
These calculated core thermal power levels are compared to the setpoint. When
three-out-of-four of the calculated core thermal power levels are greater than the
setpoint, the operator is prompted to manually validate the permissive.

This permissive is P-MANU with respect to validation and a P-AUTO with respect to
inhibition.

Figure 7.2-28—P6 Permissive Logic illustrates the logic of the P6 permissive.
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7.21.3.5

7.2.1.3.6

RAI 442,

P7 Permissive

The P7 permissive defines when reactor coolant pumps (RCPs) are no longer in
operation.

RCP speed and breaker positions are monitored. If two-out-of-four of the following
conditions are true, then a signal is generated for that pump:

e RCP breaker open position.

e RCP bus breaker open position.

e First RCP speed measurement less than or equal to a setpoint (90% percent).

e Second RCP speed measurement less than or equal to a setpoint (90% percent).

When signals are generated for all four pumps; a delay time is started. After the delay
time has expired, the permissive is validated.

This permissive is P~AUTO with respect to validation and inhibition.
Figure 7.2-34—P15 and P7 Permissive Logic illustrates the logic for the P7 permissive.

P8 Permissive

The P8 permissive defines the shutdown state with all rods in (ARI).

07.01-27 _\

Rod cluster control assembly (RCCA) analog rodlewer-end position sensors are
acquired in four different electrical divisions. For each division, when all rods in the

shutdown banks are less than the P8 permissive setpoint (two inches)reach-thelower
end-pesitien, a signal is generated. When two-out-of-four of divisions indicate all rods

7.21.3.7

in, the permissive is validated.
This permissive is P-AUTO with respect to validation and inhibition.
Figure 7.2-30—P8 Permissive Logic illustrates the logic for the P8 permissive.

P12 Permissive

The P12 permissive facilitates plant heatup and cooldown by disabling certain
Engineered Safety Features (ESF) functions.

Pressurizer pressure (NR) measurements are compared to the P12 permissive setpoint
(2005 psia). When three-out-of-four of the measurements are less than the setpoint,
the operator is prompted to manually validate the permissive.

This permissive is P-MANU with respect to validation and P-AUTO with respect to
inhibition.
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7.2.1.3.8

7.2.1.3.9

7.2.1.3.10

Figure 7.2-31—P12 Permissive Logic illustrates the logic for the P12 Permissive.

P13 Permissive

The P13 permissive defines when steam-generatorSG draining and filling operations
are allowed.

Hot leg temperature (WR) measurements are compared to the P13 setpoint (200°F).
When three-out-of-four of the measurements are less than the setpoint, the operator is
prompted to manually validate the permissive.

This permissive is P-MANU with respect to validation and P-AUTO with respect to
inhibition.

Figure 7.2-32—P13 Permissive Logic illustrates the logic for the P13 permissive.

P14 Permissive

The P14 permissive defines when the residual heat removal system is allowed to be
connected to the RCS.

Hot leg temperature (WR) and hot leg pressure (WR) measurements are each
compared to a setpoint (350°F, 464 psia). When two-out-of-four of the hot leg
temperature (WR) measurements are less than the temperature setpoint, and two-out-
of-four of the hot leg pressure measurements (WR) are less than the pressure setpoint,
the operator is prompted to manually validate the permissive.

This permissive is P-MANU with respect to validation and inhibition.
Figure 7.2-33—P14 Permissive Logic illustrates the logic for the P14 permissive.

P15 Permissive

The P15 permissive defines when SI actuation due to AP, is disabled and SI actuation

due to low loop level is enabled.

RCP-eurrent measurements-and-theThe same pressure and temperature measurement
used in P14 are used for this permissive. RCP speed and breaker positions are
monitored to determine if an RCP is off. If two-out-of-four of the following

conditions are true, then an “RCP OFF” signal is generated for that pump:
e RCP breaker open position.
o RCP bus breaker open position.

e First RCP speed measurement less than or equal to a setpoint (90%).
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7.2.1.3.11

RAI 442,

e Second RCP speed measurement less than or equal to a setpoint (90%).

When “RCP OFF” signals are generated for all four pumps, a delay time is started.
After the delay time has expired, and the P14 pressure and temperature conditions are
satisfied, the operator is prompted to manually validate permissive P15.

This permissive is P-MANU with respect to validation and P-AUTO with respect to
inhibition.

Figure 7.2-34—P15 and P7 Permissive Logic illustrates the logic for the P15
permissive.

P16 Permissive

The P16 permissive defines when the SIS may be aligned from cold leg injection to hot
leg injection.

07.01-27

7.2.1.3.12

Hot leg pressure (WR) is compared to a setpoint (289.7 psia). When two-out-of-four of

the hot leg pressure (WR) measurements are les$ithan the setpoint, the operator is
prompted to manually validate the permissive.

This permissive is P-MANU with respect to validation and P-AUTO(coneurrent-with-
reactor-tripreset)P-MANU (concurrent with RT reset or hot leg pressure > 289.7 psia)

with respect to inhibition.
Figure 7.2-35—P16 Permissive Logic illustrates the logic for the P16 permissive.

P17 Permissive

The P17 permissive corresponds to the temperature conditions where brittle fracture
protection is required.
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RAI 442,
07.01-27

4

This permissive is P-MANU with respect to validation and P-AUTO with respect to
inhibition.

Figure 7.2-36—P17 Permissive Logic illustrates the logic for the P17 permissive.

7.21.3.13

P18 Permissive

The P18 permissive prevents the unsafe positioning of the SG transfer valves.

Hot leg temperature (WR) measurements are compared to a setpoint (194°F). When

three-out-of-four measurements are less than the setpoint, or an RT is initiated, the
permissive is validated.

This permissive is P-AUTO with respect to validation‘and inhibition.

7.2.2

7.2.21

72211

7.2.21.2

Analysis
Design Basis Information

Clause 4 of IEEE Std. 603-1998 (Reference 6) specifies the information used to
establish the design basis for safety systems. This section describes design basis
information for the U.S. EPR RT function. Reactor trip is performed automatically by
the PS and manually through the SICS in conjunction with PS. The design basis
information related to the equipment of these safety systems, environmental
conditions in which they must function, and methods used to determine their
reliability is described in Section 7.1.

The design basis information below pertains to the requirements placed on the RT
function and the variables monitored to initiate the RT function.

Design Basis: Applicable Events (Clause 4.a and 4.b of IEEE 603-1998)

The design basis events requiring protective action are analyzed in Chapter 15. The
initiating events analyzed are listed in Table 15.0-1. The initial conditions analyzed
for each event are defined in Chapter 15. Correlation between each event and specific
RT functions is found in Table 15.0-10.

Design Basis: Permissive Conditions for Operating Bypasses (Clause 4.c of
IEEE 603-1998)

The operating bypasses applicable to each RT function are identified in

Section 7.2.1.2.1 through Section 7.2.1.2.20. Each operating bypass (permissive signal)
is described in Section 7.2.1.3. The functional logic used to generate each operating
bypass is also specified in Section 7.2.1.3.
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7.221.3

7.2.21.4

7.2.21.5

7.2.21.6

Design Basis: Reactor Trip Input Variables (Clause 4.d of IEEE 603-1998)

Each RT function is listed in Table 15.0-7 with the relevant nominal trip setpoint,
normal and degraded uncertainties, and time delays for the function. For each of these
functions, Table 7.2-1 lists the input variables that are used either directly or as inputs
to a calculation to initiate an RT. The range to be monitored for each of these
variables is also listed in Table 7.2-1.

Design Basis: Manual Reactor Trip Initiation (Clause 4.e of IEEE 603-1998)

The capability for manual RT is available to the operator as described in

Section 7.2.1.1. There are no operating bypasses placed on the manual RT function; it
is available at any time, under any plant conditions. The variables to be displayed to
the operator to use in manual RT initiation are determined as part of the methodology
used for selecting Type A variables as described in Section 7.5.

Design Basis: Spatially Dependent Variables (Clause 4.f of IEEE 603-1998)

Neutron flux varies spatially in a three dimensional manner throughout the core.
Calculations used in the high linear power density and low DNBR RT functions take
these spatial variations into account. The SPND are located systematically throughout
the core to provide the spatially dependent neutron flux information for these
calculations. Provisions are made in the RT logic to accommodate any five failed
SPNDs for the HLPD function, and any number of failed SPND on up to five fingers
for the low DNBR function.

Hot leg coolant thermal streaming results in radial variations of coolant temperature.
Each hotleg contains four (NR) temperature sensors that are used as inputs to the high
core power level and low saturation margin RT functions. The four sensors in each
hot leg are mounted approximately 90 degrees apart in the cross-sectional plane of the
piping to obtain a representative temperature sample. The four measurements are
averaged to obtain an accurate value of hot leg temperature despite the streaming
phenomenon. Provisions are made in the RT logic to detect and accommodate up to
two failed sensors in a hot leg.

Design Basis: Critical Points in Time or Plant Conditions (Clause 4.j of IEEE
603-1998)

Reactor trip is initiated by the PS when selected variables exceed the associated RT
setpoints. The plant conditions that define the proper completion of the RT function
are defined on an event-by-event basis in the Chapter 15 analyses. The RT function is
only reset (returned to normal) after manual action has been taken to close the RT
breakers. Plant specific operating procedures govern the point in time when the RT
breakers can be reset following an RT.
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7.2.2.2

RAI 442,
07.01-27

.

Failure Modes and Effects Analysis

A system-level failure modes and effect analysis (FMEA) is performed on the PS to
identify potential single point failures and their consequences. The architecture of the
PS as defined in Reference 1 is used as the basis for the analysis. The FMEA considers
each major part of the system, how it might fail, and the effect of the failure on the
system.

Because the PS is an integrated RT and engineered safety features actuation system
(ESFAS), a single failure in the system has the potential to affect both types of
functions. Therefore, a single FMEA is performed on the PS and the effects on both

RT and ESFAS functions are considered. The result of the FMEA is described in the

Digital Protection System Technical Report (ANP-10309P) (Reference 1).with-regard-
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7.2.2.3

7.2.2.31

RAI 442,

07.01-27\

7.2.2.3.2

Conformance to Applicable Criteria
Compliance to the Single Failure Criterion (Clause 5.1 of IEEE 603-1998)

The PS maintains the ability to perform the RT function in the presence of any
credible single failure of an input sensor, functional unit of the PS, or RT device. The
RT function is performed in a four-fold redundant manner from sensor to actuation
device.

Single failures upstream of the voting logic (sensor or APU failure) are accommodated
by the voting logic. The two-out-of-four vote in all divisions becomes either two-out-
of-three or one-out-of-three, depending on the nature of the failure automatically
detected or not. In either case, the ability to perform RT when required is retained.
Certain exceptional failures that can occur upstream of the voting logic are
accommodated in other ways. For example, single failures of SPND or RCCA position
measurements are accommodated by either signal selection (2™ MIN or 2" MAX) or
through automatic use of a more conservative trip setpoint.

Single failures at the level of the voting logic are accommodated by either redundancy
within each division or redundancy across the four divisions. In case of a detected or
an “undetected—spurious” failure of an ALU, the redundant ALU in the same division
performs the RT function, and RT orders are still generated in all four divisions. In
case of an “undetected—blocking” failure of an ALU, the affected division cannot issue
RT orders, but any two of the remaining three divisions can actuate the RT function.

Single failures of RT devices are accommodated by the two-out-of-four arrangement
of the devices. A spurious opening of an RT device does not result in either spurious
trip or loss of ability to trip. A failure of a single RT device to open is accommodated
by the opening of any two of the other three redundant devices.

A system level FMEA is performed to verify conformance with the single failure

criterion. The FMEA is described in Section 7.2.2.2, and the results are described in
Reference 1. summarizedinTable 7-2-2-

Compliance to Requirements for Quality of Components and Modules
(Clause 5.3 of IEEE 603-1998 and Clause 5.3 of IEEE 7-4.3.2-2003)

Components and modules that are required to perform the RT function are classified as
safety-related and are designed to Class 1E standards, and are applied in accordance
with a stringent quality assurance program. Software used in the RT function is
developed and applied in accordance with a safety-related software program. Further
description of conformance of the PS to requirements for quality is found in

Section 7.1.

Tier 2

Revision 3—Interim Page 7.2-26



i

U.S. EPR FINAL SAFETY ANALYSIS REPORT

7.2.2.3.3

7.22.3.4

Compliance to Requirements for Independence of the RT Function (Clauses
5.6 and 6.3 of IEEE 603-1998 and GDC 24)

Redundant portions of the PS are independent from one another so that a failure in
any one portion of the system does not prevent the redundant portions from
performing the RT function. Both electrical and communication independence are
maintained as described in Section 7.1 and in Reference 1.

Equipment required to perform the RT function is independent from the effects of the
events which the RT function mitigates. The functional units of the PS are located in
areas that are not subject to degraded environmental conditions as the result of an
event. Equipment located in areas subject to a degraded environment following an
event (e.g., sensors) is qualified to operate as required in the expected post-event
environment. Environmental qualification of instrumentation and control equipment
is described in Section 3.11 and Section 7.1.

The PS does not rely on input from any non-safety-related control system to perform
the RT function. The plant accident analysis does not credit actions taken by non-

safety-related control systems to improve the response of the RT function. If a control
system action can make the effects of an event more severe, then the action is assumed
to occur. In this way, the RT function is demonstrated to act independently of any

non-safety-related control system. Certain sensor measurements are shared as inputs
to both an RT function and a plant control function. In these cases, the measurement

is acquired by the signal conditioning of the PS signal conditioning and distribution
system (SCDS). .The signal is multiplied and passed to the control system through an|

electrically isolated connection, to maintain the independence of the RT function.

Conformance to requirements concerning independence of safety-related
instrumentation and control (I&C) systems is addressed further in Section 7.1.

Compliance to Requirements Concerning Diversity and Defense in Depth
(Clause 5.16 of IEEE 603-1998)

RAI 442,
07.01-27

The two PS sub-systems are used to implement signal diversity for RT functions. The

/'application of signal diversity is described in References 1 and 4.

RAI 413,
07.08-42
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7.2.2.3.5

7.2.2.3.6

A non-safety-related diverse actuation system (DAS) is provided to perform automatic
RT functions in case of the unlikely event of a common cause software failure that
renders the entire PS inoperable. The hardware and software utilized in the DAS are
diverse from that used in the PS so that the DAS cannot be subject to the same
common cause failure as the PS. The functionality of the DAS is described in

Section 7.1 and Section 7.8.

Additionally, the capability for manual RT is available to the operator. The manual RT
from the MCR actuates the RT function in a manner separate and diverse from the
automatic RT functions of the PS.

The overall U.S. EPR I&C approach to diversity and defense in depth is described in
Reference 4.

Compliance to Requirements on System Testing and Inoperable
Surveillance Requirements (Clause 5.7 of IEEE 603-1998)

The design of the PS allows for testing of the RT function while retaining the
capability to perform the RT function. The majority of the components required for
RT can be tested with the reactor at power. Surveillance of the PS consists of
overlapping tests to verify performance of the complete RT function from sensor to RT
devices.

The computerized portions of the PS are continuously monitored through self-testing
during power operation. During outages, extended computer self-testing is performed
to verify functionality that cannot be tested with the reactor at power.

Sensors and acquisition circuits are periodically tested. The input channel to be tested
is placed in a lockout condition, and the downstream voting logic is automatically
modified to disregard the input being tested. The RT function is still performed using
the redundant input channels.

The connections between the PS output circuits and the RT devices and the RT
devices themselves can be tested during power operation. One division of the PS and
one redundancy of the RT devices are tested at a time to avoid spurious RT. If reactor
trip orders are generated during the test, the RT is performed normally.

Conformance to Guidance Regarding the Use of Digital Systems (IEEE 7-
4.3.2-2003)

The RT function is implemented using the TELEPERM XS digital platform which is
approved for use in safety-related systems of nuclear power generating stations in the
United States. The RT function is implemented in an architecture designed to satisfy
requirements applicable to all safety-related I&C systems, digital or otherwise.
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Implementation of safety-related 1&C systems is governed by the requirements of

IEEE 603-1998 (Reference 6). Guidance on the use of digital computers in safety-
related systems is provided by IEEE 7-4.3.2-2003 (Reference 7). Conformance to these
standards is described in Section 7.1.

7.2.2.3.7 Compliance to Requirements for RT Setpoint Determination (Clause 6.8 of
IEEE 603-1998)
Each setpoint used to initiate an RT function is selected based on the safety limits
assumed in the plant accident analysis. The RT setpoint provides margin to the safety
limit and takes into account measurement uncertainties. The methodology to
determine setpoints used in SPND-based RT functions is documented in Reference 3.
The methodology to determine setpoints for all other RT functions is documented in
Reference 5. The single-sided measurement uncertainty reduction factor shall not be
used in determining U.S. EPR setpoints. RAI 4472,
7.2.3 References / 07.01-27
1. |ANP-10309P, Revision 01, “U.S. EPR Digital Protection System Technical Report,”
AREVA NP Inc., Nevember2009March2011.
2. EMF-2110(NP)(A), Revision 1, “TELEPERM XS: A Digital Reactor Protection
System,” Siemens Power Corporation, July 2000.
3. ANP-10287P, Revision 0, “Incore Trip Setpoint and Transient Methodology for
U.S. EPR Topical Report,” AREVA NP Inc., November 2007.
4. ANP-10304, Revision 1, “U.S. EPR Instrumentation and Controls Diversity and
Defense-in-Depth Assessment Technical Report,” AREVA NP Inc., December
2009.
5. ANP-10275P, Revision 0, “U.S. EPR Instrument Setpoint Methodology Topical
Report,” AREVA NP Inc., March 2007.
6. IEEE Std 603-1998, “IEEE Standard Criteria for Safety Systems for Nuclear Power
Generating Stations,” Institute of Electrical and Electronics Engineers, 1998.
7. 1EEE 7-4.3.2-2003, “IEEE Standard Criteria for Digital Computers in Safety
Systems of Nuclear Power Generating Stations,” Institute of Electrical and
Electronics Engineers, 2003.
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Table 7.2-1—Reactor Trip Variables

Range of
Protective Function Variables To Be Monitored Variables
High Linear Power Density Neutron Flux-Self Powered Neutron 0-590 W/cm
Detectors
Low DNBR Neutron Flux-Self Powered Neutron 0-590 W/cm

Detectors

Cold Leg Temperature (NR)

500°F-626°F

RCP Speed 800 -1600 rpm
RCS Loop Flow 0-120% NF
RCCA position 0-100% Insertion

Pressurizer Pressure

1615-2515 psia

High Neutron Flux Rate of
Change

Neutron Flux-Power Range Detectors

0.5-200% NP

High Core Power Level

Cold Leg Temperature (WR)

32°F - 662°F

Hot Leg Pressure (WR)

15-3015 psia

Hot Leg Temperature (NR)

536°F -662°F

loop)

RCS Loop Flow 0-120% NF
Low Reactor Coolant Pump RCP Speed 800 -1600 rpm
Speed
Low Loop Flow Rate (two loops) | RCS Loop Flow 0-120% NF
Low-Low Loop Flow Rate (one |RCS Loop Flow 0-120% NF

Low Doubling Time

Neutron Flux-Intermediate Range Detector

5 x 10E-6-60% NP

High Neutron Flux Neutron Flux-Intermediate Range Detector |5 x 10E-6-60% NP
Low Pressurizer Pressure Pressurizer Pressure (NR) 1615-2515 psia
High PZR Pressure Pressurizer Pressure (NR) 1615-2515 psia
High PZR Level Pressurizer Level 0-100% MR

Low Hot Leg Pressure

Hot Leg Pressure (WR)

15-3015 psia

Steam Generator Pressure Drop

SG Pressure

15-1615 psia

Low Steam Generator Pressure

SG Pressure

15-1615 psia

High Steam Generator Pressure

SG Pressure

15-1615 psia

Low Steam Generator Level SG Level (NR) 0-100% MR
High Steam Generator Level SG Level (NR) 0-100% MR
High Containment Pressure Containment Service Compartment Pressure |-3 psig to +7 psig
(NR)
Containment Equipment Compartment -3 psig to +7 psig
Pressure
Low Saturation Margin Cold Leg Temperature (WR) 32°F - 662°F

Hot Leg Pressure (WR)

15-3015 psia

Hot Leg Temperature (NR)

536°F-662°F

RCS Loop Flow

0-120% NF

Notes on Table 7.2-1: NP = Nuclear Power, NF = Nominal Flow, MR = Measuring

Range
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Figure 7.2-1—Typical RT Actuation
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U.S. EPR FINAL SAFETY ANALYSIS REPORT

i

— Station Class 1E batteries are qualified in accordance with IEEE Std 535-1986
as endorsed by RG 1.158.

e [EEE Std 603-1998, “IEEE Standard Criteria for Safety Systems for Nuclear Power
Generating Stations.”

RAI 442,
07.01-27 — C(lass 1E distribution systems meet the design, reliability, qualification, and

testability requirements of IEEE Std 603-1998 for safety systems power
requirements. Section 7.1 describes the use of IEEE Std 603-1998 instead of

Std 603- 1991 —whteh—meets—e%exeeeds—fhefequeﬁ&eﬁfs—ef—}EEE—Sféégg%Qi—

e [EEE Std 665-1995, “IEEE Guide for Generating Station Grounding.”

— Station grounding system design for personnel safety and equipment
protection is in accordance with IEEE Std 665-1995 as augmented by RG 1.204
and is addressed in Section 8.3.1.3.8.

e [EEE Std 666-1991, “IEEE Design Guide for Electrical Power Service Systems for
Generating Stations.”

— Electrical distribution system grounding is done per the guidelines in IEEE Std
666-1991 as endorsed by RG 1.204 and is addressed in Section 8.3.1.3.8.

e [EEE Std 741, “IEEE Standard Criteria for the Protection of Class 1E Power
Systems and Equipment in Nuclear Power Generating Stations.”

— Containment electrical penetration assembly protection meets the guidance of
IEEE Std 741-1986 as endorsed by RG 1.63 and is addressed in
Section 8.3.1.1.10.

—  Undervoltage and degraded voltage setpoints are developed in accordance
with IEEE Std 741-1997 as described in BTP 8-6 and is addressed in
Section 8:3.1.1.3.

e IEEE Std 1050-1996, “IEEE Guide for Instrumentation and Control Equipment
Grounding in Generating Stations.”

— Instrumentation and control systems are grounded in accordance with the
specifications of IEEE Std 1050-1996 as endorsed by RG 1.204 and is addressed
in Section 8.3.1.3.8.

e JEEE Std C62.23-1995, “IEEE Application Guide for Surge Protection of Electrical
Generating Plants.”

— Station surge protection is designed in accordance with the specifications of
IEEE Std C62.23-1995 as endorsed by RG 1.204 and is addressed in
Section 8.3.1.3.5.

Tier 2 Revision 3—Interim Page 8.1-8
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18.

19.

20.

21.

22.

23.

24,

25.

26.

27.

28.

IEEE Std 1050-1996, “IEEE Guide for Instrumentation and Control Equipment
Grounding in Generating Stations,” Institute of Electrical and Electronics
Engineers, 1996.

IEEE Std C62.23-1995, “IEEE Application Guide for Surge Protection of Electrical
Generating Plants,” Institute of Electrical and Electronics Engineers, 1995.

BTP 8-1, “Requirements on Motor-Operated Valves in the ECCS Accumulator
Lines.,” U.S. Nuclear Regulatory Commission, Standard Review Plan, Branch
Technical Position, Rev. 3, March 2007.

BTP 8-2, “Use of Diesel-Generator Sets for Peaking,” U.S. Nuclear Regulatory
Commission, Standard Review Plan, Branch Technical Position, Rev. 3, March
2007.

BTP 8-3, “Stability of Offsite Power Systems,” U.S. Nuclear Regulatory
Commission, Standard Review Plan, Branch Technical Position, Rev. 3, March

2007.

BTP 8-4, “Application of the Single Failure Criterion to Manually Controlled
Electrically Operated Valves,” U.S. Nuclear Regulatory Commission, Standard
Review Plan, Branch Technical Position, Rev. 3, March 2007.

BTP 8-5 “Supplemental Guidance for Bypass and Inoperable Status Indication for
Engineered Safety Features Systems,” U.S. Nuclear Regulatory Commission,
Standard Review Plan, Branch Technical Position, Rev. 3, March 2007.

BTP 8-6, “Adequacy of Station Electric Distribution System Voltages,” U.S.
Nuclear Regulatory Commission, Standard Review Plan, Branch Technical
Position, Rev. 3, March 2007.

BTP 8-7, “Criteria for Alarms and Indications Associated with Diesel-Generator
Unit Bypassed and Inoperable Status,” U.S. Nuclear Regulatory Commission,
Standard Review Plan, Branch Technical Position, Rev. 3, March 2007.

NRC Generic Letter No. 96-01, “Testing of Safety-Related Logic Circuits,” U.S.
Nuclear Regulatory Commission, Office Of Nuclear Reactor Regulation, January
10, 1996.

NRC Generic Letter 2006-02, “Grid Reliability and the Impact on Plant Risk and
the Operability of Offsite Power,” U.S. Nuclear Regulatory Commission, Office of
Nuclear Reactor Regulation, February 1, 2006.

RA[ 447 29. NRC Generic Letter 2007-01: “Inaccessible or Underground Power Cable Failures
’ that Disable Accident Mitigation Systems or Cause Plant Transients,” U.S. Nuclear
07.01-27 Regulatory Commission, Office of Nuclear Reactor Regulation, February 7, 2007.
30.|Deleted ANP10309P,~U-S—EPR Digital Preteetion-SystemrTechnieal Repert,-
AREVA NP Ine; November 2009
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RAI 442,
07.01-27

e Alternate feeds are limited to the redundant electrical divisional pairs of 1 and 2,
or 3 and 4 which keep the load groups of division 1 and 2 physically separate and
electrically independent from the load groups of division 3 and 4.

e At least one redundant train is supplied from division 1 or 2 and the other is
supplied from division 3 or 4.

Conformance with RG 1.75

Each EPSS division is located in an independent Seismic Category I SB, ESWPB and
EPGB. This arrangement provides physical separation through the use of Seismic
Category I structures for the majority of the electrical equipment and circuits. Cable
routing, derating, raceway fill, separation, identification of redundant Class 1E circuits
and isolation of non-Class 1E circuits from Class 1E circuits is in accordance with
Reference 10, as supplemented by RG 1.75.

Cable routing including cable derating and cable tray fill criteria is described in
Section 8.3.1.1.8.

Cable independence and separation is described in Section 8.3.1.1.9.

Conformance with RG 1.153

The electrical distribution system design is in accordance with Reference 1, so that
safety-related functions are supported by providing independence and separation as

described in Section 8.3.1.1.1. Referencel-meets-orexeeeds-therequirements
inSection 7.1 describes the use of Reference 1 instead of TEEE Std 603-1991

(Reference 40) as endorsed by RG 1.153.

Conformance with RG 1.155

SBO conformance with RG 1.155 is described in Section 8.4.

Conformance with RG 1.204

Station grounding and lightning protection is designed in accordance with IEEE Std
665-1995 (Reference 15), IEEE Std 666-1991 (Reference 16), IEEE Std 1050-1996
(Reference 17), and IEEE Std C62.23-1995 (Reference 18) as endorsed by RG 1.204 and
as described in Section 8.3.1.3.5 and Section 8.3.1.3.8.

NUREG/CR-0660

Recommendations of Reference 9 have been incorporated in the EDG design as
described in Section 8.3.1.1.5.

Tier 2
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39.

40.

4].

42.

43.

44,

45.

46.

47.

48.

49.

50.

51.

RAI 442,
07.01-27

54.

52.

NUREG/CR-0098, N. M Newmark and W. J. Hall, “Development of Criteria for
Seismic Review of Selected Nuclear Power Plants,” U.S. Nuclear Regulatory
Commission, May 1978.

EPRI TR-102266, “Pipe Failure Study Update,” Electric Power Research Institute,
1993.

NUREG/CR-2300, “A Guide to Performing Probabilistic Risk Assessment of
Nuclear Power Plants,” U.S. Nuclear Regulatory Commission, 1983.

RES/OERAB/SO2-01, “Fire Events—Update of U.S. Operating Experience,
1986-1999,” commissioned by the Office of Nuclear Regulatory Research, January
2002.

NUREG/CR-6928, Eide, S.A., et al. "Industry-Average Performance for
Components and Initiating Events at U.S. Commercial Nuclear Power Plants,” U.S.
Nuclear Regulatory Commission Report, February 2007.

NUREG-1829, Tregoning, R., et al., “Estimating Loss-of-Coolant Accident (LOCA)
Frequencies Through the Elicitation Process,” U.S. Nuclear Regulatory
Commission Report—Draft Report for Comment, June 2005.

NUREG/CR-6365, MacDonald, P.E., et al. “Steam Generator Tube Rupture
Failures,” U.S. Nuclear Regulatory Commission Report, April 1996.

NUREG/CR-6595, Appendix A, Rev 1, “An Approach for Estimating the
Frequencies of Various Containment Failure Modes and Bypass Events,” U.S.
Nuclear Regulatory Commission, 2004.

NUREG-1524, “A Reassessment of the Potential for an Alpha-Mode Containment
Failure and a Review of the Current Understanding of Broader Fuel Coolant
Interaction Issues: Second Steam Explosion Review Work Group Workshop,” U.S.
Nuclear Regulatory Commission, 1996.

Deleted.

Deleted.

Deleted.

Deleted.

Deleted.

ANP-10309P, Revision 01, “U.S. EPR Digital Protection System Technical Report,”
AREVA NP Inc., March 2011 Nevember2009.

EMF-2110(NP)(A), Revision 1, “TELEPERM XS: A Digital Reactor Protection
System,” Siemens Power Corporation, July 2000.
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Table 19.1-102—U.S. EPR Design Features Contributing to Low Risk

Sheet 4 of 7 RAI 442,

No

U.S. EPR Design Feature Description 07-011 -27

Disposition

Because of the level of redundancy of such systems, concerns
regarding the potential for common-cause failures must be
addressed. A number of important measures have been taken to
limit the potential for CCFs for the digital I&C systems of the U.S.
EPR, including the following:

e The Protection System employs subsystems called diversity
groups to accomplish essential actuations. These subsystems
are functionally diverse and independent. The diversity results
from the use of different application programs and different
parameter/sensor inputs. No information is shared between
diversity groups via network connections.

e The outputs of the protective system (PS) are connected to
diverse reactor trip devices.

e The ESF functions are also divided between the diverse
subsystems to obtain maximum functional diversity.

In addition to the functional diversity provided by the subsystems

within the PS and the diversity of the reactor trip devices, there is

additional defense-in-depth provided in the I&C architecture. This
includes the following:

e Trip reduction features of the RCSL and PAS systems, which
provide control, surveillance, and limitation functions to
reduce reactor trips and PS challenges. Among these features is
the automatic power reduction that is not credited in the PRA.

e Backup trip and actuation functions are performed by the non-
safety-related I&C system (i.e., the PAS).

The potential for software CCFs is minimized by such measures as
the following:

e High quality software design tools.

e A deterministic operating system.

e Built in monitoring and testing.

e Built in functional diversity.

Tier 2, Section 7.1.1.4.1;
Tier 2, Section 7.2.1.1;

ANP-10309P, Revision 1

(Reference 53), Section
10

Tier 2, Section 7.1.1.4.5;
Tier 2, Section 7.1.1.4.6

Tier 2, Section 7.4.1.1

Tier 2, Section 7.1.1.1;
Tier 2, Section 7.1.1.2

10

Diversity of some elements of HVAC

Diversity is incorporated into the design of the safety chilled water
system through the use of air cooling for the refrigeration units in
Divisions 1 and 4, and CCW cooling for the refrigeration units of
Divisions 2 and 3.

Tier 2, Section 9.2.8.2.2;
Tier 2, Section 9.2.8.4
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