ArevaEPRDCPEm Resource

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

Sent: Monday, March 28, 2011 12:54 PM

To: Tesfaye, Getachew

Cc: LENTZ Tony (EXTERNAL AREVA); SHARPE Robert (AREVA); RANSOM James (AREVA);

LOWMAN Skip (AREVA); BENNETT Kathy (AREVA); DELANO Karen (AREVA);
HALLINGER Pat (EXTERNAL AREVA); ROMINE Judy (AREVA); RYAN Tom (AREVA);
WILLIFORD Dennis (AREVA)

Subject: Draft Response to U.S. EPR Design Certification Application RAI No. 104, FSAR Ch 14,
Question 14.03

Attachments: RAI 104 Question 14.03-1 Response US EPR DC - DRAFT .pdf

Getachew,

Attached is a draft response for RAlI No. 104, Question 14.03, parts a.2 and a.3, in advance of the May 5, 2011
final date.

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

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: Monday, March 28, 2011 12:49 PM

To: 'Tesfaye, Getachew'

Cc: LENTZ Tony (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. 104, FSAR Ch 14, Supplement 10

Getachew,
AREVA NP Inc. (AREVA NP) is unable to provide a response to the remaining RAI No. 104 question at this
time. The schedule for providing a response to the remaining parts of Question 14.03-1 is being revised

because the associated subcompartment pressurization calculations are still being performed.

The revised schedule for technically correct and complete responses to the remaining parts of the question is
provided below:

Question # Response Date

RAI 104 — 14.03-1, Part a2 May 5, 2011




| RAI 104 — 14.03-1, Parta3 | May 5, 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, January 07, 2011 2:45 PM

To: Tesfaye, Getachew

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); WELLS Russell (RS/NB)
Subject: Response to U.S. EPR Design Certification Application RAI No. 104, FSAR Ch 14, Supplement 9

Getachew,

AREVA NP Inc. (AREVA NP) is unable to provide a response to the remaining RAI No. 104 question at this
time. The schedule for providing a response to the remaining parts of Question 14.03-1 is being revised
because the associated subcompartment pressurization calculations are still being performed.

The revised schedule for technically correct and complete responses to the remaining parts of the question is
provided below:

Question # Response Date
RAI 104 — 14.03-1, Part a2 March 28, 2011
RAI 104 — 14.03-1, Part a3 March 28, 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: Thursday, October 21, 2010 3:35 PM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); LENTZ Tony (External RS/NB)
Subject: Response to U.S. EPR Design Certification Application RAI No. 104, FSAR Ch 14, Supplement 8



Getachew,

AREVA NP Inc. (AREVA NP) is unable to provide a response to the remaining RAI No. 104 question at this
time. The schedule for providing a response to the remaining parts of Question 14.03-1 is being revised
because the associated subcompartment pressurization calculations are still being performed.

The revised schedule for technically correct and complete responses to the remaining parts of the question is
provided below:

Question # Response Date
RAI 104 — 14.03-1, Part a2 January 7, 2011
RAI 104 — 14.03-1, Part a3 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: BRYAN Martin (External RS/NB)

Sent: Tuesday, August 31, 2010 5:24 PM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); LENTZ Tony (External RS/NB)
Subject: Response to U.S. EPR Design Certification Application RAI No. 104, FSAR Ch 14, Supplement 7

Getachew,

AREVA NP Inc. (AREVA NP) is unable to provide a response to the remaining RAI No. 104 question at this
time. The schedule for providing a response to the remaining parts of Question 14.03-1 is being revised
because the associated subcompartment pressurization calculations are still being performed.

The revised schedule for technically correct and complete responses to the remaining parts of the question is
provided below:

Question # Response Date
RAI 104 — 14.03-1, Part a2 October 21, 2010
RAI 104 — 14.03-1, Part a3 October 21, 2010
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 (EXT)

Sent: Tuesday, August 10, 2010 7:41 AM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); LENTZ Tony F (EXT)
Subject: Response to U.S. EPR Design Certification Application RAI No. 104, FSAR Ch 14, Supplement 6

Getachew,

AREVA NP Inc. (AREVA NP) is unable to provide a response to the remaining RAI No. 104 question at this
time. The schedule for providing a response to the remaining parts of Question 14.03-1 is being revised
because the associated subcompartment pressurization calculations are still being performed.

The revised schedule for technically correct and complete responses to the remaining parts of the question is
provided below:

Question # Response Date
RAI 104 — 14.03-1, Part a2 September 1, 2010
RAI 104 — 14.03-1, Part a3 September 1, 2010
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 (EXT)

Sent: Friday, May 21, 2010 11:36 AM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen V (AREVA NP INC); BENNETT Kathy A (OFR) (AREVA NP INC); ROMINE Judy (AREVA NP INC); LENTZ
Tony F (EXT)

Subject: Response to U.S. EPR Design Certification Application RAI No. 104, FSAR Ch 14, Supplement 5

Getachew,

AREVA NP Inc. (AREVA NP) is unable to provide a response to the remaining RAI No. 104 question at this
time. The schedule for providing a response to the remaining parts of Question 14.03-1 is being revised
because the associated subcompartment pressurization calculations are still being performed.

The revised schedule for technically correct and complete responses to the remaining parts of the question is
provided below:

Question # Response Date
RAI 104 — 14.03-1, Part a2 August 10, 2010
RAI 104 — 14.03-1, Part a3 August 10, 2010
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: Pederson Ronda M (AREVA NP INC)

Sent: Tuesday, December 08, 2009 6:58 PM

To: Tesfaye, Getachew

Cc: BENNETT Kathy A (OFR) (AREVA NP INC); DELANO Karen V (AREVA NP INC); DUNCAN Leslie E (AREVA NP INC)
Subject: Response to U.S. EPR Design Certification Application RAI No. 104, FSAR Ch 14, Supplement 4

Getachew,

AREVA NP Inc. (AREVA NP) is unable to provide a response to the remaining RAI No. 104 question at this
time. The schedule for providing a response to the remaining parts of Question 14.03-1 is being revised
because the associated subcompartment pressurization calculations are still being performed.

The revised schedule for technically correct and complete responses to the remaining parts of the question is
provided below:

Question # Response Date
RAI 104 — 14.03-1, Part a2 May 21, 2010
RAI 104 — 14.03-1, Part a3 May 21, 2010
Sincerely,

Ronda Pederson

ronda.pederson@areva.com
Licensing Manager, U.S. EPR Design Certification
AREVA NP Inc.

An AREVA and Siemens company
3315 Old Forest Road

Lynchburg, VA 24506-0935

Phone: 434-832-3694

Cell: 434-841-8788

From: WELLS Russell D (AREVA NP INC)

Sent: Friday, June 12, 2009 5:43 PM

To: 'Getachew Tesfaye'

Cc: Pederson Ronda M (AREVA NP INC); BENNETT Kathy A (OFR) (AREVA NP INC); DELANO Karen V (AREVA NP INC)
Subject: Response to U.S. EPR Design Certification Application RAI No. 104, FSAR Ch 14, Supplement 3

Getachew,

AREVA NP Inc. (AREVA NP) provided responses to 2 of the 4 questions of RAlI No. 104 on December 12,
2008. AREVA NP submitted Supplement 1 to the response on February 11, 2009 which provided a compete
response to Question 14.03.11-1 and a partial response to Question 14.03-1. AREVA NP informed NRC on
May 22, 2009 that a schedule for providing a complete response to Question 14.03-1 would be provided by
June 12, 2009. The attached file, “RAI 104 Supplement 3 US EPR DC.pdf,” provides a partial response to the
remaining question.



The schedule for providing a response to the remaining parts of the Question 14.03-1 is being revised because
the associated containment analyses are scheduled to be performed as a part of the Response to RAI 209,
Question 06.02.01-14 (due to the NRC by December 18, 2009).

Appended to this file are affected pages of the U.S. EPR Final Safety Analysis Report in redline-strikeout
format which support the response to RAI 104 Question 14.03-1, Parts a1 and a4.

The following table indicates the respective pages in the response document, “RAI 104 Supplement 3 US EPR
DC.pdf,” that contain AREVA NP’s response to the subject question.

Question # Start Page End Page

RAI 104 — 14.03-1, Part a 2 4

The revised schedule for a technically correct and complete response to the remaining parts of the question is
provided below:

Question # Response Date
RAI 104 — 14.03-1, Part a2 December 18, 2009
RAI 104 — 14.03-1, Part a3 December 18, 2009
Sincerely,

(Russ Wells on behalf of)

Ronda Pederson

ronda.pederson@areva.com
Licensing Manager, U.S. EPR Design Certification
New Plants Deployment

AREVA NP, Inc.
An AREVA and Siemens company

3315 Old Forest Road
Lynchburg, VA 24506-0935
Phone: 434-832-3694

Cell: 434-841-8788

From: WELLS Russell D (AREVA NP INC)

Sent: Friday, May 22, 2009 4:57 PM

To: 'Getachew Tesfaye'

Cc: Pederson Ronda M (AREVA NP INC); BENNETT Kathy A (OFR) (AREVA NP INC); DELANO Karen V (AREVA NP INC)
Subject: Response to U.S. EPR Design Certification Application RAI No. 104, FSAR Ch 14, Supplement 2

Getachew,

AREVA NP is unable to provide a technically correct and complete response to the remaining part of RAl 104
that was scheduled to be completed by May 22, 2009. A revised schedule for responding to RAI 104,
Question 14.03-1, Part a will be provided by June 12, 2009.

Sincerely,

(Russ Wells on behalf of)
Ronda Pederson

ronda.pederson@areva.com




Licensing Manager, U.S. EPR Design Certification
New Plants Deployment

AREVA NP, Inc.
An AREVA and Siemens company

3315 Old Forest Road
Lynchburg, VA 24506-0935
Phone: 434-832-3694

Cell: 434-841-8788

From: Pederson Ronda M (AREVA NP INC)

Sent: Wednesday, February 11, 2009 4:24 PM

To: Getachew Tesfaye

Cc: DELANO Karen V (AREVA NP INC); BENNETT Kathy A (OFR) (AREVA NP INC); DUNCAN Leslie E (AREVA NP INC)
Subject: Response to U.S. EPR Design Certification Application RAI No. 104 (1344, 1447,1468, 1475), Supplement 1

Getachew,

AREVA NP Inc. provided responses to 2 of the 4 questions of RAI No. 104 on December 12, 2008. The
attached file, “RAI 104 Supplement 1 Response US EPR DC.pdf” provides technically correct and complete

responses to Question 14.03-1, Part b and Question 14.03.11-1, as committed, in the revised scheduled e-mailed
on January 28, 2009.

Appended to this file are affected pages of the U.S. EPR Final Safety Analysis Report in redline-strikeout
format which support the response to RAI 104 Questions 14.03-1, Part b and 14.03.11-1.

The following table indicates the respective pages in the response document, “RAI 104 Supplement 1 US EPR
DC.pdf,” that contain AREVA NP’s response to the subject questions.

Question # Start Page End Page
RAI 104 — 14.03-1, Part b 2 3
RAI 104 — 14.03.11-1 4 6

The schedule for technically correct and complete response to the remaining question is unchanged and
provided below:

Question # Response Date
RAI 104 — 14.03-1, Part a May 22, 2009
Sincerely,

Ronda Pederson

ronda.pederson@areva.com

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

An AREVA and Siemens company

3315 OId Forest Road

Lynchburg, VA 24506-0935

Phone: 434-832-3694

Cell: 434-841-8788




From: Pederson Ronda M (AREVA NP INC)

Sent: Wednesday, January 28, 2009 6:55 PM

To: 'Getachew Tesfaye'

Cc: DUNCAN Leslie E (AREVA NP INC); DELANO Karen V (AREVA NP INC); BENNETT Kathy A (OFR) (AREVA NP INC)
Subject: Response to U.S. EPR Design Certification Application RAI No. 104 (1344, 1447,1468, 1475), Supplement 1
Revised Schedule

Getachew,

AREVA NP is unable to provide technically correct and complete responses to the questions that were scheduled to be complete
today.

The schedule for technically correct and complete responses has been revised as provided below.

Question # Response Date
RAI 104 — 14.03-1, Part a May 22, 2009
RAI 104 — 14.03-1, Part b February 11, 2009
RAI 104 — 14.03.11-1 February 11, 2009
Sincerely,

Ronda Pederson

ronda.pederson@areva.com

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

An AREVA and Siemens company

3315 OId Forest Road

Lynchburg, VA 24506-0935

Phone: 434-832-3694

Cell: 434-841-8788

From: Pederson Ronda M (AREVA US)

Sent: Friday, December 12, 2008 4:27 PM

To: 'Getachew Tesfaye'

Cc: DUNCAN Leslie E (AREVA US); DELANO Karen V (AREVA US); BENNETT Kathy A (OFR) (AREVA US)

Subject: Response to U.S. EPR Design Certification Application RAI No. 104 (1344, 1447,1468, 1475), FSAR Ch. 14

Getachew,

Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI). The
attached file, “RAI 104 Response US EPR DC.pdf” provides technically correct and complete responses to 2 of
the 4 questions.

Appended to this file are affected pages of the U.S. EPR Final Safety Analysis Report in redline-strikeout
format which support the response to RAI 104, Question 14.03.11-2.

The following table indicates the respective page(s) in the response document “RAI 104 Response US EPR
DC.pdf” that contain AREVA NP’s response to the subject questions.



Question # Start Page End Page
RAI 104 — 14.03-1 2 2
RAI 104 — 14.03.11-1 3 3
RAI 104 — 14.03.11-2 4 5
RAI 104 — 14.03.07-1 6 7

A complete answer is not provided for 2 of the 4 questions. The schedule for a technically correct and complete
response to each of these questions is provided below.

Question # Response Date
RAI 104 — 14.03-1, Parta May 22, 2009
RAI 104 — 14.03-1, Part b January 28, 2009
RAI 104 — 14.03.11-1 January 28, 2009
Sincerely,

Ronda Pederson

ronda.pederson@areva.com
Licensing Manager, U.S. EPR Design Certification
AREVA NP Inc.

An AREVA and Siemens company
3315 OlId Forest Road

Lynchburg, VA 24506-0935

Phone: 434-832-3694

Cell: 434-841-8788

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

Sent: Friday, November 14, 2008 2:01 PM

To: ZZ-DL-A-USEPR-DL

Cc: Anne-Marie Grady; Walton Jensen; Nan Chien; Christopher Jackson; Michael Miernicki; Joseph Colaccino; John
Rycyna; Prosanta Chowdhury

Subject: U.S. EPR Design Certification Application RAI No. 104 (1344, 1447,1468, 1475), FSAR Ch. 14

Attached please find the subject requests for additional information (RAI). A draft of the RAI was provided to
you on October 20, 2008, and discussed with your staff on November 3 and 14, 2008. No change was made
to the draft RAIl as a result of those 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
RAIs 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. 104, Question 14.03-1.a.2 & a.3
11/14/2008

U. S. EPR Standard Design Certification
AREVA NP Inc.

Docket No. 52-020

SRP Section: 14.03 - Inspections, Tests, Analyses, and Acceptance Criteria
SRP Section: 14.03.11 - Containment Systems and Severe Accidents -
Inspections, Tests, Analyses, and Acceptance Criteria

SRP Section: 14.03.07 - Plant Systems - Inspections, Tests, Analyses, and

Acceptance Criteria

Application Section: FSAR Ch. 14

QUESTIONS for Containment and Ventilation Branch 1 (AP1000/EPR Projects)
(SPCV)



AREVA NP Inc.

Response to Request for Additional Information No. 104, Question 14.03-1.a.2 & a.3

u.sS

. EPR Design Certification Application Page 2 of 3

Qu

estion 14.03-1:

a. Primary Containment

1.

FSAR Section 6.2.1.1 describes possible events which might produce a negative
containment pressure. Provide as an ITAAC requirement, verification that the as built
containment can withstand the design maximum negative differential pressure across the
containment building external wall.

The Containment Building is separated into a central portion containing the reactor system
and a peripheral lower temperature portion containing equipment. Separation is
accomplished by compartment walls, foils, doors, and dampers. The foils are located above
the steam generator compartments and are designed to open at a fraction of a psi. The
doors and dampers, located at lower elevations, must also open to avoid stratification so
that steam flowing to the containment dome can circulate down the containment walls to
reach the heat structures and the containment lower elevations. The doors and dampers
are designed to open at various pressures from a few psi to greater than 13 psi. Provide as
an ITAAC requirement verification that the opening characteristics of the foils, doors and
dampers assumed in the analyses will be present for the as-built plant.

The size of the vent openings between containment compartments is important in analyses
of containment mixing following design basis events-as well as in beyond design basis
events evaluated for hydrogen control. In addition the vent opening size is important for the
evaluation of the short term pressure increase within containment subcompartments.
Provide an ITAAC dealing with the flow areas of vent openings which will ensure that the
vent openings are consistent with the values assumed in the safety analyses for
containment mixing and for short term subcompartment pressure analysis.

For the containment subcompartments containing high energy lines for which an
overpressure analysis was performed as described FSAR Section 6.2.1.2, provide an ITAAC
to verify that the subcompartments were built to withstand pressures up to the design
pressures assumed in FSAR Section 6.2.1.2.

b. Accident Response Instrumentation

1. FSAR Table 14.3-7 describes safety-significant containment instrumentation as
containment pressure, containment water level, containment hydrogen concentration and
containment radiation intensity. Provide justification that this instrumentation is sufficient
for operators to deal with design and beyond design basis containment related events and
justify that the information provided in Tier 1 adequately describes the test, analysis and
acceptance criteria for this equipment for the as-built plant.

Response to Question 14.03-1.a2:

a.1

a.2

RAI 104, Supplement 3 provided the Response to Question 14.03-1, Part a.1.

U.S. EPR FSAR Tier 2, Section 6.2.1 will be revised to provide the opening characteristics
of the foils, doors, and dampers assumed in the analyses. This revision discusses the
containment design feature of transforming the two-room containment into a one-room
containment to support the post-accident pressure and temperature response. To support
the two-room to one-room design feature in the containment, the identified foils, dampers,
and listing of the safety-related doors credited in the analyses and their opening
characteristics are provided.



AREVA NP Inc.

Response to Request for Additional Information No. 104, Question 14.03-1.a.2 & a.3
U.S. EPR Design Certification Application Page 3 of 3

U.S. EPR FSAR Tier 2, Table 3.2.2-1, Section 3.8.3, Table 3.8-18, and Figure 3.8-137
through Figure 3.8-144 will be revised to identify the safety classification and seismic
category of the containment doors and to provide their location at the applicable elevation
in containment.

U.S. EPR FSAR Tier 1, Section 2.1.1.1, Table 2.1.1-6 (a), Table 2.1.1-8, ITTAC Item 2.16
through Item 2.19 for containment doors, Section 2.3.1, Table 2.3.1-1 and Table 2.3.1-3,
ITAAC Item 2.1 through Item 5.6 for foils and dampers will be revised to provide ITAAC
requirement verification for the opening characteristics of the foils, dampers, and safety-
related doors credited in the containment analysis for supporting the large break loss of
coolant accident (LBLOCA) and subcompartment analyses. Conforming changes will be
made to U.S. EPR FSAR Tier 1 and Tier 2.

a.3 U.S.EPR FSAR Tier 2, Section 6.2.1 will be revised to provide the vent opening size
(area) and flow area vent paths with connecting rooms credited in the subcompartment
analyses where the pressure increase is greater thand psi in U.S. EPR FSAR Tier 2,
Table 6.2.1-17. U.S. EPR FSAR Tier 2, Table 6.2.1-13 will be revised to identify the vent
opening size (area) and flow area vent paths with connecting rooms credited in the
LBLOCA for pressure relief resulting from pressurizer surge line breaks.

U.S. EPR FSAR Tier 2, Table 3.8-18 will be revised to identify the vent area of the
containment doors.

U.S. EPR FSAR Tier 1, Section 2.1.1.1, Table 2.1.1-6 (b), Table 2.1.1-8, ITTAC Item 2.20
for vent path area for pressure relief will be revised to provide ITAAC requirement
verification for the total vent path area credited in the containment analysis for supporting
the safety analyses for containment mixing, short-term subcompartment pressure analysis,
and LBLOCA pressure relief resulting from pressurizer surge line breaks. Conforming
changes will be made to U.S. EPR FSAR Tier 1 and Tier 2.

a.4 RAI 104, Supplement 3 provided the Response to Question 14.03-1, Part a.4.
b.1  RAI 104, Supplement 1 provided the Response to Question 14.03-1, Part b.1.
FSAR Impact:

U.S. EPR FSAR Tier 1, Section 2.1.1.1, Table 2.1.1-6(a), Table 2.1.1-6(b), Table 2.1.1-8,
Section 2.3.1, Table 2.3.1-1, Table 2.3.1-3, Table 2.4.1-3, Table 2.4.1-4, and Table 2.4.24-2 will
be revised as described in the response and indicated on the enclosed markup.

U.S. EPR FSAR Tier 2, Table 3.2.2-1, Table 3.10-1, Table 3.11-1, Section 3.8.3, Table 3.8-18,
Figure 3.8-137 through Figure 3.8-144, Section 6.2.1, Table 6.2.1-1 through Table 6.2.1-25,
Figure 6.2.1-1 through Figure 6.2.1-9, and Figure 6.2.1-45 through Figure 6.2.1-64 will be
revised as described in the response and indicated on the enclosed markup.



U.S. EPR Final Safety
Analysis Report Markups



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

21141

1.0

14.03-1

Reactor Building
Description

The RB consists of the Reactor Shield Building (RSB), the Reactor Containment
Building (RCB) and the RB internal structures. The RSB is a heavily reinforced Seismic
Category I safety-related cylindrical concrete structure, with an outside diameter of
approximately 186 feet by approximately 230 feet high, which completely encloses the
RCB. The RSB is surrounded by SBs 1, 2, 3, and 4 and by the FB, which are Seismic
Category I safety-related structures. The primary function of the RSB is to protect the
RCB from missiles and loadings resulting from design basis external events such as
hurricanes and tornados, and certain beyond design basis events such as aircraft hazard
and explosion pressure waves. The RCB is a Seismic Category I safety-related
cylindrical post-tensioned concrete structure, with an outside diameter of approximately
162 feet and a height of approximately 218 feet. It has-an approximately 0.25 inch thick
steel liner on its inside surface. The primary functions of the RCB are:

e To protect the safety-related SSC located within.
e To prevent the release of radiation during plant operations.

e To prevent the release of radiation and contamination in the event of accident
conditions.

e To establish an essentially leak-tight barrier against the uncontrolled release of
radioactivity.

e To accommodate the calculated pressure and temperature conditions resulting from
any loss of coolant accident without exceeding the design leakage rate and with
sufficient margin.

The Reactor Building Annulus (RBA) is the annular space between the RSB and the
RCB. The annular space is approximately 5 feet, 11 inches wide between the faces of the
concrete walls of the two buildings. The primary function of the RBA is to serve as an
access area to allow the passage of personnel, piping, ventilation ducts, electrical cables,
and other equipment between the RSB and the RCB.

The RCB design includes consideration for severe accident mitigation. Downward
expansion of the lower head is limited by concrete support structures provided at the
bottom of the reactor cavity. These structures preserve sufficient space for the outflow of
core melt and the later formation of a molten pool in the reactor cavity. Installed barriers
prevent water ingress into the core spreading area prior to the arrival of core melt, which
could lead to steam explosion. Installed barriers prevent core melt relocation to the upper
containment, which could lead to direct containment heating.

The containment is separated into two regions referred to as the two room containment.
Separation is maintained by rupture foils, convection foils, and doors, which open to
transform the two room containment into a one room containment. Rupture foils and
convection foils are part of the combustible gas control system (CGCS) and are addressed
in Section 2.3.1. Doors used as separation barriers are designed to open or provide an
opening to relieve pressure in support of the transformation, making them a “pressure
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2.0
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2.2
23

24

2.5

2.6

2.7

2.8

2.9

relief device” for their respective compartments. The doors provide this pressure relief
function by swinging open or by use of a pressure balance aperture (blowout panel) in the
door.

Key Design Features

Six rib support structures, provided at the bottom of the reactor cavity, as shown on
Figure 2.1.1-9, limit lower reactor pressure vessel head deformation due to thermal
expansion and creep during severe accident mitigation.

As shown on Figure 2.1.1-4, a flooding barrier is provided to prevent ingress of water
into the core melt spreading area.

Core melt cannot relocate to the upper containment due to the existence of concrete
barriers, as shown on Figure 2.1.1-9.

The RB structures are Seismic Category I and are designed and constructed to withstand
design basis loads without loss of structural integrity and safety-related functions. The
design basis loads are those loads associated with:

e Normal plant operation (includingdead loads, live loads, lateral earth pressure loads,
equipment loads, hydrostatic, hydrodynamic, and temperature loads).

e Internal events (including internal flood loads, accident pressure loads, accident
thermal loads, accident pipe reactions, and pipe break loads, including reaction loads,
jet impingement loads, and missile impact loads).

e [External events (including rain, snow, flood, tornado, tornado-generated missiles and
earthquake).

The RCByincluding the liner plate and penetration assemblies, maintains its pressure
boundary integrity at the design pressure.

The RCB is post-tensioned, pre-stressed concrete structure.

The RBA is separated from the SBs and the FB by an internal hazard protection barrier
that has a minimum 3-hour fire rating, as indicated on Figure 2.1.1-20.

The following are provided for water flow to the in-containment refueling water storage
tank (IRWST):

e As shown on Figure 2.1.1-4, RCB rooms which are adjacent to the IRWST contain
wall openings slightly above the floor to allow water flow into the IRWST.

e Asshown on Figure 2.1.1-5, RCB rooms which are directly above the IRWST,
contain trapezoidal-shaped openings in the floor to allow water flow into the IRWST.
The floor openings are protected by weirs and trash racks to provide a barrier against
material transport into the IRWST.

RBA penetrations that contain high-energy pipelines, as described in Table 2.1.1 7, have
guard pipes.
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2.10 Essential equipment required for plant shutdown located in the RB and RBA is located
above the internal flood level.

2.11 The reactor pressure vessel, reactor coolant pumps, pressurizer, steam generators, and
interconnecting RCS piping are insulated with reflective metallic insulation.

2.12 The RB structures have key dimensions that are confirmed after construction.

2.13 The RCB has a minimum containment free volume that is confirmed after construction.

2.14 The RCB and RB internal structures have a minimum containment heat sink surface area
value.

2.15 The integrated leak rate from the RCB does not exceed the maximum allowable leakage
rate.

2.16 The location of the doors and blowout panels is asdisted in Table 2.1.1-6(a).

2.17 Seismic Category I doors and blowout panels can withstand seismic design basis loads
without a loss of the function.

2.18 Doors and blowout panels provide pressurerelief.

2.19 Doors with blowout panels are provided with missile restraint.

2.20 Vent path areas provide room (compartment) pressure relief.

3.0 Inspections, Tests, Analyses, and Acceptance Criteria 7037
Table 2.1.1-8 lists the RB ITAAC.
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Notes:

Table 2.1.1-6(b)—Vent Path Areas in Reactor Containment

Building for Pressure Relief

Room Name Function Total Vent
Pressure Path Area
Relief (ft?)
-8 ft Room 2 @8} 55.68
-8 ft Room 7 (@8] 24.86
-8 ft Room 14 @8} 5.92
-8 ft Room 15 (@8] 5.92
-8 ft Room 16 [@0)] 24.11
-8 ft Room 17 (@8] 18.19
+5 ft Room 16 @8} 61.46
+5 ft Room 20 (@8] 21.35
+5 ft Room 21 (@9} 55.15
+5 ft Room 22 1) 13.89
+45 ft Room 2 (@8] 1123.09
+45 ft Room 3 ) 1167.82
+45 ft Room 6 @ 1167.82
+45 ft Room 7 (@)) 1123.09
+64 ft Room 1 1) 617.79
+64 ft Room 2 (@8} 639.9
+64 ft Room 5 (@8} 639.9
+64 ft Room 6 [@))] 617.79
+64 ft Room 14 (@8} 98.14
+79 ftRoom 12 1) 55.46
-8 ft Room 7 2) 97.85
+5 ft Room 16
+29 ft Room 18
+45 ft Room 18
+45 ft Room 22

1. Supports subcompartment pressure relief (subcompartments pressure greater than 5 psi).

2. Supports pressure relief for LBLOCA pressruizer surge line breaks.

|14.03-1 |

Tier 1

Revision 3—Interim

Page 2.1-24



EPnt

U.S. EPR FINAL SAFETY ANALYSIS REPORT

Table 2.1.1-8—Reactor Building ITAAC (6 Sheets)

Inspections, Tests,

Commitment Wording Analyses Acceptance Criteria

2.15 | The integrated leak rate A test will be performed to The leakage rate does not
from the RCB does not evaluate the RCB leakage exceed 0.25% of RCB air mass
exceed the maximum rate. per day at containment pressure
allowable leakage rate of 55 psig

2.16 | The location of the doors An inspection will be The doors and blowout panels
and blowout panels is as performed of the location of are located as listed in Table
listed in Table 2.1.1-6(a). the doors and blowout panels. | 2.1.1-6(a).

2.17 | Seismic Category I doors a. Type tests, analyses, or a a. Seismic qualification reports
and blowout panels can combination of type tests (SQDP, EQDP, or analyses)
withstand seismic design and analyses will be exist and conclude that the
basis loads without a loss of performed on the Seismic Seismic Category I doors
the function. Category I doors and and blowout panels

blowout panels using 1dentified in Table 2.1.1-6(a)
analytical assumptions, or can withstand seismic design
under conditions, which basis loads without a loss of
bound the Seismic the function listed.

Category l.design

requirements.

b. An inspection will be b. Inspection reports exist and
performed of the Seismic conclude that the Seismic
Category I doors and Category I doors and
blowout.panels to verify blowout panels identified in
that the components, Table 2.1.1-6(a), including
including anchorage, are anchorage, are installed as
installed as specified on specified on the construction
the construction drawings drawings and deviations
and deviations have been have been reconciled to the
reconciled to the seismic seismic qualification reports
qualification reports (SODP, EQDP, or analyses).
(SQDP. EQDP, or
analyses).
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Table 2.1.1-8—Reactor Building ITAAC (6 Sheets)

Inspections, Tests,

Commitment Wording Analyses Acceptance Criteria

2.18 | Doors and blowout panels a. Type tests and as-built a. The pressure at which the
provide pressure relief. testing will be performed swing doors listed in Table

for the swing doors to 2.1.1-6(a) begins to open is
demonstrate the ability of less than or equal to 3.48
the doors to open. psid.

b. Type tests will be b. The pressure at which the
performed to demonstrate blowout panels listed in
the ability of the blowout Table 2.1.1-6(a) open is less
panels to open. than or equal to 1.74 psid.

c. An inspection will be c. The doors listed in listed in
performed to verify the Table 2.1.1-6(a) provide the
vent direction. vent direction as identified.

2.19 | Doors with blowout panels An inspection will be The doors with blowout panels
are provided with missile performed to verify that the listed in Table 2.1.1-6(a) have a
restraint. doors with.-blowout panels are | missile restraint.

provided with a missile

restraint.

2.20 | Vent path areas provide Amn inspection will be The minimum total vent path
room (compartment) performed to verify the total area is greater than or equal to
pressure relief. ventpath area. the value listed in Table 2.1.1-

6(b) for the rooms
(compartments) listed.
14.03-1
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23 Severe Accident Systems
2.31 Combustible Gas Control System
1.0 Description

The combustible gas control system (CGCS) prevents damage to the containment or

emergency equipment in the event of an accident with ensuing mass and energy release.

In addition, for a severe accident with core degradation, the system inhibits potential

damage by controlling the combustible gas concentration in containment.

The CGCS provides the following safety-related function:

e Mixing of the containment atmosphere.

The CGCS provides the following non-safety-related functions:

e Controlling combustible gas concentrations.

e Maintaining containment structural integrity‘by limiting the pressure to within the
containment design pressure resulting from a combustible gas ignition from the most
severe accident.

e Maintaining the two zone separation between accessible and equipment space.

2.0 Arrangement

2.1 The location of the CGCS‘equipment is as listed in Table 2.3.1-1.

3.0 Mechanical Design Features

3.1 Components identified as Seismic Category I in Table 2.3.1-1 can withstand seismic
design basis loads without a loss of the function listed in Table 2.3.1-1.

4.0 Instrumentation and Controls (I&C) Design Features, Displays and Controls

4.1 Displays listed in Table 2.3.1-2—CGCS Equipment I1&C and Electrical Design are
retrievable in the main control room (MCR) and the remote shutdown station (RSS) as
listed in Table 2.3.1-2.

4.2 The CGCS equipment controls are provided in the MCR and the RSS as listed in Table
2.3.1-2.

4.3 Equipment listed as being controlled by a priority and actuator control system (PACS)
module in Table 2.3.1-2 responds to the state requested by a test signal.

5.0 Electrical Power Design Features

5.1 Hydrogen mixing dampers listed in Table 2.3.1-1 fail open on loss of power.

| 14.03-1 |
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6.0 Environmental Qualifications

6.1 Components in Table 2.3.1-2, that are designated as harsh environment, will perform the
function listed in Table 2.3.1-2 in the environments that exist during and following
design basis events.

7.0 Equipment and System Performance

7.1 The hydrogen mixing dampers listed in Table 2.3.1-1 provide pressure relief for design
basis events.

7.2 The convection foils listed in Table 2.3.1-1 provide pressure relief for design basis
events.

7.3 The rupture foils listed in Table 2.3.1-1 provide pressurerelief for design basis events.

7.4 The fusible link of the convection foils listed in Table 2.3.1-1 fails at the designed
temperature.

7.5 The burst element of the convection foilsdisted in Table 2.3.1-1 opens at the designed
pressure.

7.6 The burst element of the rupture foils listed in Table 2.3.1-1 opens at the designed
pressure.

8.0 Inspections, Tests, Analyses, and Acceptance Criteria

8.1 Table 2.3.1-3 lists the Combustible Gas Control System ITAAC.

14.03-1
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Table 2.3.1-23—Combustible Gas Control System ITAAC

(4 Sheets)
Inspections, Tests,
Commitment Wording Analyses Acceptance Criteria

21 | TheCGCS s PAR. ; ) ; The CGCS i the PAR.

ined and ; l Lofil . i d and
losiapoman

2.1 | The location of the CGCS An inspection will be The equipment listed in Table
equipment is as listed in performed of the location of the | 2.3.1-1 is located as listed in
Table 2.3.1-1. equipment listed in Table Table 2.3.1-1.

2.3.1-1.

3.1 | Components identified as a. Type tests, analysecs, or a a. Seismic qualification
Seismic Category I in Table combination of typé tests reports (SQDP, EQDP, or
2.3.1-1 can withstand and analyses will be analyses) exist and conclude
seismic design basis loads performed-on the that the Seismic Category |
without a loss of the components 1dentified as components identified in
function listed in Table Seismi¢ Category I'in Table Table 2.3.1-1 can withstand
2.3.1-1. 2.3.1-1 using analytical seismic design basis loads

assumptions, or under without a loss of the
conditions, which bound the function listed in Table
Seismic Category I design 2.3.1-1.

requirements.

b. Inspections will be b. Inspection reports exist and
performed of the Seismic conclude that the Seismic
Category I components Category I components
identified in Table 2.3.1-1 identified in Table 2.3.1-1.
to verify that the including anchorage, are
components, including installed as specified on the
anchorage, are installed as construction drawings and
specified on the deviations have been
construction drawings and reconciled to the seismic
deviations have been qualification reports (SQDP,
reconciled to the seismic EQDP, or analyses).
qualification reports (SQDP,

EQDP, or analyses).
14.03-1
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Table 2.3.1-23—Combustible Gas Control System ITAAC

4 Sheets
Inspections, Tests,
Commitment Wording Analyses Acceptance Criteria

4.1 | Displays listed in Table Tests will be performed for the | a. The displays listed in Table
2.3.1-2 are retrievable in the | retrieveability of the displays in 2.3.1-2 as being retrieved in
MCR and the RSS as listed the MCR or the RSS as listed the MCR can be retrieved in
in Table 2.3.1-2 in Table 2.3.1-2. the MCR.

b. The displays listed in Table
2.3.1-2 as being retrieved in
the RSS can be retrieved in
the RSS.

4.2 | Controls exist in the MCR Tests will be performed forthe | a. The controls listed in Table
and the RSS as identified in | existence of control signals 2.3.1-2 as being in the MCR
Table 2.3.1-2. from the MCR and the RSS to exist in the MCR.

the equipment listed’in Table b._The controls listed in Table
2.3.1-2. 2.3.1-2 as being in the RSS
exist in the RSS.

4.3 | Equipment listed as being A test will be performed using Equipment listed as being
controlled by a PACS test signals. controlled by a PACS module
module in Table 2.3.1-2 in Table 2.3.1-2 responds to the
responds to the state state requested by the test
requested by a test signal. signal.

5.1 | Hydrogen mixing dampers Testing will be performed for Following loss of power, the
listed in Table 2.3.1-1 fail the hyvdrogen-mixing dampers hydrogen mixing dampers
open on loss of power. listed in Table 2.3.1-1 to fail listed in Table 2.3.1-1 fail

open on loss of power. open.
14.03-1
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Table 2.3.1-23—Combustible Gas Control System ITAAC

(4 Sheets)
Inspections, Tests,
Commitment Wording Analyses Acceptance Criteria

6.1 | Components in Table a. Type tests or type tests and a. Environmental Qualification
2.3.1-2, that are designated analysis will be performed Data Packages (EQDP)
as harsh environment, will to demonstrate the ability of exist and conclude that the
perform the function listed the components listed as components listed as harsh
in Table 2.3.1-1 in the harsh environment in Table environment in Table
environments that exist 2.3.1-2 to perform the 2.3.1-2 can perform the
during and following design function listed in Table function listed in Table
basis events. 2.3.1-1 for the 2.3.1-1 during and

environmental conditions following design basis
that could occur during:and events including the time
following design basis required to perform the
events. listed function.

b. Components listed as harsh | b. Inspection reports exists and
environment in Table conclude that the
2.3.1-2 will be inspected to components listed in Table
verify.installation in 2.3.1-2 as harsh
accordance with the environment have been
construction drawings installed per the
including the associated construction drawings and
wiring, cables and any deviations have been
terminations. Deviations to reconciled to the EQDP.
the construction drawings
will be reconciled to the
EQDP.

7.1 | The hydrogen mixing An inspection will be The hydrogen mixing dampers
dampers listed in.Table performed to verify that the listed in Table 2.3.1-1 provide
2.3.1-1 provide pressure hydrogen mixing dampers a minimum combined total
relief for design basis listed in Table 2.3.1-1 provide open area of 64 ft2.
events. sufficient area for pressure

relief.

7.2 | The convection foils listed An inspection will be The convection foils listed in
in Table 2.3.1-1 provide performed to verify that the Table 2.3.1-1 provide a
pressure relief for design convection foils listed in Table | minimum combined total open
basis events. 2.3.1-1 provide sufficient area area of 450 ft.

for pressure relief.

7.3 | The rupture foils listed in An inspection will be The rupture foils listed in Table
Table 2.3.1-1 provide performed to verify that the 2.3.1-1 provide a minimum
pressure relief for design rupture foils listed in Table combined total open area of
basis events. 2.3.1-1 provide sufficient area 420 ft2.

for pressure relief.
14.03-1
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Table 2.3.1-23—Combustible Gas Control System ITAAC

(4 Sheets)
Inspections, Tests,
Commitment Wording Analyses Acceptance Criteria

7.4 | The fusible link of the Type tests, analyses, or a The fusible link opens at or
convection foils listed in combination of type tests and before reaching a temperature
Table 2.3.1-1 fails at the analyses will be performed to of 185 °F.
designed temperature. demonstrate the ability of the

fusible link to open

7.5 | The burst element of the Type tests will be performed to | The burst element opens
convection foils listed in demonstrate the ability of the bidirectionally at a delta
Table 2.3.1-1 opens at the burst element to open. pressure of 0.7 psid + 30%.
designed pressure.

7.6 | The burst element of the Type tests will be performed to | The burst element opens
rupture foils listed in Table demonstrate the ability,of the bidirectionally at a delta
2.3.1-1 opens at the burst element to opén. pressure of 0.7 psid + 30%.
designed pressure.

14.03-1
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Table 2.4.1-3—Protection System Automatic
Engineered Safety Feature Signals and Input Variables
(2 Sheets)

Engineered Safety Feature Signal

Input Variable

Safety Injection System Actuation

Pressurizer Pressure (NR)

Hot Leg Pressure (WR)

Hot Leg Temperature (WR)

RCS Loop Level

Emergency Feedwater System Actuation

SG Level (WR)

LOOP Signal

SIS Actuation signal

Emergency Feedwater System I[solation

SG Level (WR)

SG Isolation Signal

Partial Cooldown Actuation

SIS Actuation signal

Main Steam Relief Train (MSRT) Opening

SG Pressure

MSRT Isolation

SG Pressure

Main Steam Isolation

SG Pressure

SG Isolation Signal

Containment Equipment Compartment
Pressure

[i4:03-1 1>

Containment Service Compartment Pressure

(NR)

Main FeedwaterIsolation

SG Level (NR)

SG Pressure

RT Breaker Position

SG Isolation Signal

Containment Equipment Compartment
Pressure

Containment Service Compartment Pressure

(NR)

Containment Isolation Stage 1

Containment Service Compartment Pressure

(NR)
: :
WR)

Containment Equipment Compartment
Pressure

Containment High Range Activity

SIS Actuation Signal

Tier 1

Revision 3—Interim
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EPR

Table 2.4.1-3—Protection System Automatic
Engineered Safety Feature Signals and Input Variables

(2 Sheets)
Engineered Safety Feature Signal Input Variable
Containment Isolation Stage 2 Containment Service Compartment Pressure
(WR)
CVCS Charging Isolation Pressurizer Level (NR)
CVCS Isolation for Anti-Dilution Boron Concentration

Boron Temperature

CVCS Charging Flow

Cold Leg Temperature (WR)

Emergency Diesel Generator Actuation LOOP Signal
SIS Actuation Signal
PSRV Opening Hot Leg Pressure (NR)
SG Isolation Main Steam Line Activity
SG Level (NR)

Partial cooldown actuated signal

Reactor Coolant Pump Trip RCP Differential Pressure

Containment Isolation Stage 2 Signal

Main Control Room Air Conditioning System MCR Air Intake Duct Activity
(CRACS) Isolation and Filtering

Turbine Trip RT Breaker Position

Loss of Offsite Power (LOOP) Bus loss of voltage
Bus degraded voltage

Hydrogen Mixing Dampers Opening Containment Service Compartment Pressure
(NR)

Containment Equipment
Compartment/Containment Service
Compartment Differential Pressure

Tier 1 Revision 3—Interim Page 2.4-8
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Table 2.4.1-4—Protection System Manually Actuated

Functions

Reactor Trip

SIS Actuation

Partial Cooldown Actuation

MSRT Actuation

MSRT Isolation

Main Steam Isolation

Main Feedwater (MFW) Isolation

Containment Isolation

SG Isolation

CRACS Isolation and Filtering

EDG Actuation

EFWS Isolation

EFWS Actuation

CVCS Isolation

Anti-Dilution Isolation

PSRV Opening

RCP Trip

Hydrogen Mixing Dampers Opening

<{14.03-1 |

Tier 1

Revision 3—Interim

Page 2.4-9



U.S. EPR FINAL SAFETY ANALYSIS REPORT

EPR

Table 2.4.24-2—Functions Automatically Actuated by the
DAS

Reactor trip on low SG pressure

Reactor trip on low SG level

Reactor trip on high SG level

Reactor trip on low reactor coolant system (RCS) flow (two loops)

Reactor trip on low-low RCS flow (one loop)

Reactor trip on high neutron flux (power range)

Reactor trip on low hot leg pressure

Reactor trip on high pressurizer (PZR) pressure

Turbine trip on reactor trip
EFWS actuation on low SG level

SIS actuation on low PZR pressure

Main steam isolation on low SG pressure with signal to PAS to generate partial cooldown through TBS

Containment isolation on high containment activity (also includes functions that cascade from
containment isolation: Annulus ventilation and Safeguard Building HVAC reconfiguration)

MFWS isolation on low SG pressure
MFWS isolation on high SG level

Opening of containment H>-hydrogen mixing dampers on high containment pressure_or high
containment compartment differential pressure

|14.03-1 |

Tier 1 Revision 3—Interim Page 2.4-127



291-z'c obedq wiejul—g uolsiney (ze)L-€0' ¥l AL

S[of oxrmdmy
Juounredwon)
vin S9X I V/N V-SN ~I9ZLINSSaIq vin
vin S9X I V/N OV-SN PoIR[OY-AI9FES-TON vin
“STSATEUE
Joounredwooqns
pueddT
110ddns 01 aanssaxd
JIp 4O suodo pue
ISS SULInp AJrrgorut
TeImIonIs
“UTeJUuTew IS vin S9X I V/IN S vin
suonjerloua
¢ SSRID HNSY | dln ‘vINn S9K I d S juswrureIuoy) s[qe) TINL
SUOTIRIAUIJ
¢ SSRID HNSY | dln ‘vINn S9K I dq S Juswrureuo)) Surdrg ML
(sBuiping
N[ pienbBajeg
‘Aaln Mn ‘10)0e9Y ‘|19nd) wr
‘HIn ‘gln wayshg [eanjonng|  ‘IrN MrN ‘HrN
‘vin ‘vin S9X I V/N S puejs|JeajonN|  ‘drn ‘vrn ‘vdn
SFANLONYLS
wa)sAg A|ddng
170N ‘VINN ON OSN qd SN Jayep Bunenaaip vd
apo) [erosawwo)| (L1 @0N) | (5 210N) | (91 @I0N) | uoneoyisse|d | (G @ON) uonduasag 9SS | @po9 Jusuodwon
/sjuswiwion uoleso] |weaboud g| Aiobajen | dnoig Ayjenp | uonesiyisse|d 10 walsAg SUM
xipuaddy | olwsiag Kojeg
0G 440 01

81 J0 €61 399Ys
Arewwng uonesyisse|o—|-2'Z'€ d|qel

180d3d SISATVNY ALI4VS TVNIH dd3 'S'N

23




EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

3.8.3.1.1

e Core melt retention area.

e Convection and rupture foils.

14.03-1

e Reactor containment building doors.

These major RB internal structures are further described in Section 5.4, which
contains descriptions of steel supports for the RV, four SGs, four RCPs, and the PZR.

Supports are also provided for distribution systems as part of the RB internal
structures, which include pipe supports; equipment supports; cable tray and conduit
supports; and heating, ventilation and air conditioning (HVAC) duct supports.
Platforms, ladders, stairs, guard rails, and other miscellaneous structures are provided
for equipment access and maintenance.

Reactor Vessel Support Structure and Reactor Cavity

The RV support structure is comprised of a reinforced circular concrete wall that
extends from the top of the RB internal structures basemat at elevation -20 feet, 2
inches to the steel supports for the RV piping at approximately elevation +20 feet. This
circular wall also serves as the interior wall for the IRWST, and provides radiation
shielding for the RV and RCP. A narrow chamber extends through the circular wall
just above the internal structures basemat to provide an outlet from the bottom of the
RV cavity to the core melt retention area. The top, inside edge of the circular concrete
wall supports eightsteel RV support assemblies that are located under the RCP
nozzles. Section 5.4.14 describes the design of the RV steel supports. The circular
concrete wall also functions as the primary radiation shield wall around the RV. The
wall is approximately 8 feet, 11 inches thick. The reactor refueling cavity begins at the
top of the circular wall at elevation +24 feet, 5 inches.

Large penetrations in the circular RV support concrete wall are provided for the
primary loop piping and the cavity ventilation system. A permanently installed cavity
seal ring and neutron shield assembly rests on an embedded ring at the top of the wall.
This seal and shield assembly is fabricated of stainless steel and radiation shielding
material that bridges the annular gap between the RV and vessel cavity concrete wall.
This ring seals the lower RV cavity to prevent water leakage from the refueling canal
located above.

This seal is designed to accommodate the expansion and contraction of the RPV during
heatup and cooldown. The cavity seal is designed to Seismic Category I requirements
and to meet the stress limits of ASME BPVC, Section III, Subsection ND. Seal and
structural welds are made in accordance with ASME BPVC, Section IX and are
examined in accordance with ASME BPVC, Section V. The cavity seal does not rely
on inflated seals, gaskets, o-rings, or other active components. The cavity seal is also

Tier 2
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3.8.3.1.12

3.8.3.1.13

Reactor Containment Building Rupture and Convection Foils

The rupture and convection foils are installed at the steam generator pressure

equalization ceiling and are part of the CONVECT system. The design and
performance of the CONVECT system is described in Section 6.2.5.

Reactor Containment Building Doors

The RCB design allows personnel access to designated areas during plant normal
operating conditions for planned maintenance and inspection activities. To make the
RCB accessible during these normal plant operating conditions, the RCB is separated
into two regions. This two-region concept is referred to as the “two-room” or “two
zone containment.” The two regions or rooms in the RCB are the non-accessible and
the accessible area. The containment dome, the annular rooms, and the operation area
are part of the accessible or service areas. The egdipment spaces inside the secondary
shield wall and the primary or bioshield wall afe part of the non-accessible area, which
is surrounded by walls, closed radiation doors (radiation shielding for personnel and

equipment), and the CONVECT systemddiscussed in Section 3.8.3.1.12.

The two-room RCB design, versus one room. maintains a permanent containment
environmental envelope that allows access and entry to the accessible service spaces at
defined periods during power operationiSeparation is provided by concrete walls and
physical barriers, or “doors,” that can‘be closed to separate adjoining rooms or
compartments. Doofrs, used as barriers as part of the two-room containment, are
designed to open©r provide an opening to relieve pressure in the case of a high energy
line break (HELB), making them a “pressure relief device” for their respective

compartments.

The RCB has several different doors designs. Table 3.8-18 lists the RCB doors, and
Figure 3.8-137 through Figure 3.8-144 show their location by elevation. Different
door types provide barriers for access control, water tight sealing, pressure relief, and
radiation shielding. Some doors provide multiple functions. The radiation doors

provide shielding protection for equipment and personnel. The shielding provided by
the doors is equivalent to the concrete wall in which the door is installed.

RCB doors fall into four general types of design:

e Radiation protection doors, with a pressure relief function.

e Radiation protection doors, without a pressure relief function.

e Interior building room doors, with a pressure relief function.

o Interior building room doors, without a pressure relief function.

14.03-1
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RCB radiation protection doors are large and are typically integrated in the shield
walls surrounding the equipment spaces or inaccessible areas of the RCB during
normal operation of the plant. The RCB has 47 radiation protection doors. Forty-five
of the radiation protection doors also provide a pressure relief function. These 45
radiation doors are designed so that the whole door “swings” open during a pressure
differential related accident to meet its pressure relief function. This swinging or
bursting open response to the differential pressure generated across the doors during a
HELB accident verifies that an acceptable differential pressure across structural walls
of adjacent rooms or compartments is maintained. These 45 radiation protection doors
have a swing/burst pressure of 2.9 psid and only open in one direction. The doors open

into the room where the hinges are mounted. In the case of the radiation protection
doors that have an active and an inactive leaf, both the active and the inactive leaf are
assumed to swing open. These doors require special attention because their
momentum and significant weight in a “burst” opéning can impact civil structures.
Door stops and other features are used to limit@dverse.impact, while still maintaining
the opening efficiency of the doors. A portion of these doors are credited in the
analyses to prevent compartment overpressurization during a HELB and are classified
as safety-related and Seismic Category l.as shown in Table 3.2.2-1 and Table 3.8-18.
Refer to Section 6.2.1.2 for the dynamic effects of postulated HELB in individual
compartments and allowable venting capability to prevent differential pressures from
reaching the structural limits of the compartment walls. The only doors credited to

open are safety-related doors identified in Table 6.2.1-13 and Table 3.8-18. The
remaining radiationoors are classified as non-safety augmented quality (NS-AQ) and

Seismic Category Il as shown in Table 3.2.2-1 and Table 3.8-18.

Two radiation proteetion doors exist at Elevation +5 feet that do not provide a pressure
relief function. These doors are motor-operated, rolling doors without hinges.

Other interior building room doors are primarily used to divide hallways and rooms.
In addition te providing personnel access, these interior door types may also provide
functions such as'leak tightness. The RCB has 45 interior building doors. Forty-three
of these doors provide a pressure relief function. These doors are designed with an
integral pressure relief aperture or “blowout panel.” The pressure relief aperture is

designed to open or burst in only one direction to meet its pressure relief function
during a pressure differential accident. Generally, these 43 interior building room

doors have a burst pressure of 1.45 psid. A portion of these doors are credited in the
analyses to prevent compartment over pressurization during a HELB and are classified
as safety-related and Seismic Category I as shown in Table 3.2.2-1 and Table 3.8-18.
Refer to Section 6.2.1.2 for the dynamic effects of postulated HELB in individual
compartments and allowable venting capability to prevent differential pressures from

reaching the structural limits of the compartment walls. The only doors with burst
panels credited to open are safety-related doors identified in Table 6.2.1-13 and Table

|14.03-1 |
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3.8-18. The remaining interior building doors are classified as NS-AQ and Seismic
Category II as shown in Table 3.2.2-1 and Table 3.8-18.

The pressure relief door -8 feet, door 8 is the venting area room door for the spreading
compartment and has a higher burst pressure up to 2.9 psid.

The doors with blowout panels are provided with panel or missle restraints to prevent

their momentum from adversely impacting civil, mechanical, electrical, or I&C
components in the immediate area.

There are two interior building room doors at Elevation +17 feet that do not provide a

pressure relief function. These two doors provide access and entrance to the RV cavity

ool area and the transfer canal pool area, are part of the pool liner, and are required to

be water tight, with no pressure relief function or bast pressure capability required in
support of a HELB.

3.8.3.2 Applicable Codes, Standards, and Specifications 12037
The following codes, standards, specifications, design criteria, regulations, and
regulatory guides are used in the design, fabrication, construction, testing, and
inservice inspection of concrete and steel RB internal structures (GDC 1, GDC 2, GDC
4 and GDC5). Section 5.4.14 describes the applicable codes, standards, and
specifications for the design of NSSS component supports.

3.8.3.2.1 Codes and Standards
e ACI 301-05, Specifications for Structural Concrete for Buildings.

e ACI 304R-00, Guide for Measuring, Mixing, Transporting, and Placing Concrete.

e ACI 305.1-06, Specification for Hot-Weather Concreting.

o ACI 306R-88 (Re-approved 2002), Cold-Weather Concreting (Reference 49).

e ACI306.1-90 (Re-approved 2002), Standard Specification for Cold Weather
Concreting.

e ACI308R-01, Guide to Curing Concrete (Reference 50).

e ACI 308.1-98, Standard Specification for Curing Concrete (Reference 39).

e ACI 311.4R-05, Guide for Concrete Inspection (Reference 40).

e ACI 347-04, Guide to Formwork for Concrete.

e ACI 349-01/349-R01, Code Requirements for Nuclear Safety-Related Concrete
Structures and Commentary on Code Requirements for Nuclear Safety Related
Concrete Structures (exception described in 3.8.4.4 and 3.8.4.5) (GDC 1).
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exposed to the hot walls of the nuclear steam supply system. The cooler, accessible
areas are the “service space.”

In the event of an accident, communication is established between the two zones by

opening mixing dampers, aié foils, and safety-related doors, thereby transtorming the

containment into a single convective volume. This transformation into a single
convective volume is performed by the CONVECT system and safety-related doors,

which equalizes pressure between the containment compartments and promotes
efficient mixing of the atmosphere by establishing a global convective pathway. The
CONVECT system of convection foils, rupture foils, and mixing dampers is part of the
combustible gas control system (CGCS).

The containment is designed so that the CONVECT system and safety-related doors, in

conjunction with recirculation features built into the in-containment refueling water
storage tank (IRWST) and re-alignment of the emergency core cooling system (ECCS)
system to the hot legs, will rapidly reduce the containment pressure and temperature
following a LOCA. These systems maintain the containment pressure and temperature
at acceptably low levels (GDC 38). As a result, the containment can accommodate,
without exceeding the design leakage rate and with sufficient margin, the calculated
pressure and temperature conditions resulting from any LOCA (GDC 50).

The containment is provided with the means for monitoring the reactor containment
atmosphere, spaces containing components for recirculation of LOCA fluids, effluent
discharge paths, and the plant environs for radioactivity that may be released during
normal operations, including anticipated operational occurrences, and from postulated
accidents (GDC 64).

The containment conforms to the functional requirements of 10 CFR part 50,
Appendix K, which defines acceptable evaluation models and calculation of minimum
containment pressure for evaluating ECCS capability, specifically for sources of heat
during the LOCA and containment pressure control requirements. Refer to

Section 15.6.5 for compliance with 10 CFR part 50, Appendix K requirements.

Section 6.2.1.1 addresses those aspects of containment design and evaluation that
relate to its accident mitigation functions. Containment performance during refueling
operations and reduced primary inventory conditions are discussed in

Section 6.2.1.1.1, and the disposition of GL 88-17 for the U.S. EPR design is provided
in Section 5.4.7.2.1 and in Table 15.0-60. Section 3.8 provides a physical description of
the containment and presents the design criteria relating to construction techniques,
static loads, and seismic loads.
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The determination and evaluation of the minimum containment pressure transient are
addressed in Section 6.2.1.5.

6.2.1.1.2 Design Features

The principal containment design features impacting the post accident pressure and
temperature response are the IRWST, the CONVECT system the conversion from a
two-room containment into a one-room containment and passive heat sinks inside the

containment.

The function of the IRWST is to provide a large reserve of borated water. It is the
safety-related source of water for emergency core cooling in the event of a LOCA, and
is a source of water for containment cooling and for core melt cooling in the event of a
severe accident. The IRWST contains a minimum of 500,000 gallons of borated water
and is maintained at a temperature between 60°Fand 122°F. The IRWST resides at the
lowest point in the containment, and drain paths allow water discharged from the RCS
to drain into the IRWST.

Containment heat removal is accomplished by recirculation of cooled IRWST water
injected into the RCS where the ECCS absorbs residual energy. The heated ECCS
returning to the IRWST is subsequently cooled by LHSI heat exchangers.

The CONVECT system, consisting of rupture and convection foils in the steam

generator equipment room ceiling and mixing dampers in the wall between the lower
14.03-1 accessible area and the IRWST air space, transforms the two-room containment into a
one-room containment. A steel framework at the upper boundary of the steam
generator equipment rooms, houses rupture and convection foils with a combined
opening area of 855870 ft?.

Large break LOCA (LBLOCA) and small break LOCA (SBLOCA) events establish
different requirements for flow cross sectional area which is achieved by the diffgrent
system components. For the LBLOCA, the full cross sectionallarea (855870 ft°) is |
used to limit the pressure peak. Asa consequence of low mass and energy release

during a SBLOCA event, the opening of all the rupture foils may not occur. For
effective steam distribution in the containment, a minimum free-flow cross-sectional

| area of 480450 ft2|is fulfilled by the convection foils alone.

Eight fail-safe-open mixing dampers, with a total free flow cross-sectional area of
64 ft2, connect the IRWST air space to the lowest accessible room. These open

@ia spring tension on loss of power in fail-safe mode. They can also be
opened and closed manually.

Tier 2 Revision 3—Interim Page 6.2-6
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6.2.1.1.3

Safety-related doors are required to complete the transformation of the two-room

containment into a one-room containment following a break of the pressurizer

surgeline inside the pressurizer compartment.

The passive heat sinks inside the primary containment consist of all painted and
unpainted concrete, steel structures and liner for the containment shell and IRWST
surfaces. The IRWST heat sinks are exposed to the water in the pool. The remaining
heat sinks are exposed to the containment atmosphere. These areas are approximately
the same temperature as the containment ambient temperature during normal plant
operation. The list of passive heat sinks in the U.S. EPR Containment and their
parameters are listed in Table 6.2.1-4—Containment Heat Sink Inventory. Selected
heat sinks were not included in the containment pressure-temperature analysis for
conservatism. The minimum heat sink surface area for Tier 1, Section 2.1.1.1 is
64,998 m? or 699,633 ft2.

The design pressure of the containment is 62 psig. Calculated containment pressures,
based on the conservative analyses, are described in Sections 6.2.1.3 and 6.2.1.4.

The functional capability and frequency of operation of the systems provided to
maintain the containment and subcompartment atmospheres within prescribed
pressures, temperatures, and humidity limits during normal operation are discussed in
Section 9.4.7.

Design Evaluation

Containment and subcompartment design parameters are provided in

Table 6.2.1-5~~Containment Initial and Boundary Conditions, and Table 6.2.1-4. The
general arrangement drawings for the reactor containment are provided in

Section 3.8.1. The structural design of the containment and the subcompartments, as
well as the applicable codes, standards and guides that apply to the design of the
containment structure, are addressed in Section 3.8. The structural design considers
the effects of postulated piping ruptures, as discussed in Section 3.6.

The severity of the temperature rise and pressure peak resulting from a LOCA or
MSLB depends upon the nature, size, and location of the postulated rupture. The U.S.
EPR containment is designed to contain the energy released from the RCS in the event
of a LOCA or from the steam generator (SG) during an MSLB.

In the case of a LOCA, reactor coolant at the primary system temperature is the source
of the mass and energy released into the containment. A portion of the coolant is
converted to steam and will remain as steam if its enthalpy is sufficient. Coolant
released from the primary system causes an increase in containment steam mass,
which in turn increases pressure and temperature.

Tier 2
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Table 6.2.1-9 lists ferty—three54 cases for the MSLB, with fivel4 break sizes ranging
from the double-ended guillotine break to the 0-30.005 square foot break area, and

power levels from 100 percent to 0 percent of rated thermal power (RTP). The peak
containment pressure results from the assumed double-ended guillotine MSLB with a
failure of one MSIV at 20 percent RTP.

The requirements of 10 CFR part 50, Appendix K, Part I.A list the required features of
the evaluation models for sources of heat during the LOCA. For the heat sources of
10 CFR part 50, Appendix K, it must be assumed that the reactor has been operating
continuously at a power level at least 1.02 times rated thermal power to allow for
instrumentation error. The assumed power level may be decreased provided the
proposed alternative value has been demonstrated to account for uncertainties of
power level with a lower instrumentation error. The core power is measured using a
secondary side-heat balance with feedwater flow rate. A heat balance measurement
uncertainty of approximately 0.5 percent of rated thermal power, or 1.005, is
applicable to the core power for the U.S. EPR design. This value is achieved with the
use of an ultrasonic flow meter for the feedwater flow rate. This value is consistent
with the assumption used in the safety analysis in Section 15.0.0.3.1.

The heat removal due to safety injection system/residual heat removal (SIS/RHR)
system operation is simulated in the GOTHIC Version 7.2b computer code by
specifying heat exchanger input values from Table 6.2.1-3. The GOTHIC heat
exchanger model was benchmarked against heat exchanger performance data to
provide a conservative representation.

Table 6.2.1-5 lists the initial containment conditions, based on the range of the normal
expected conditions within the containment, with consideration given to maximizing
the calculated peak containment pressure. Selection of these conditions is described in
Analysis of Containment Response to Postulated Pipe Ruptures Using GOTHIC.
(Reference 1)

The highest calculated containment pressure is produced by a hot leg break LOCA
with the single active failure of one train of ECCS. A summary of the results of the
containment pressure and temperature analyses for the spectrum of postulated LOCAs
is listed in Table 6.2.1-6, Table 6.2.1-7, and Table 6.2.1-8, and for MSLBs in

Table 6.2.1-9.

The IRWST is located near the basement floor of the Containment Building. The tank
contains a minimum of 500,000 gallons of borated water and is maintained at a
temperature between 60°F and 122°F. For the most limiting DBA, the IRWST
temperature remains within the limit that supports continuous operation of the safety
injection pumps to mitigate the consequences of the accident. The operation of the
safety injection pumps provides the necessary cooling to limit containment

Tier 2
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6.2.1.2.1

temperature and pressure within design requirements. A graph illustrating IRWST
temperature versus time is presented in Figure 6.3-7.

The SIS has four accumulators to provide water to the RCS in the event of a LOCA.
The accumulators’ non-condensable cover gas (nitrogen) and the mass and energy
release rates of the accumulators are included in the short-term model, and are
supplied as input boundary conditions to the forcing functions in the long-term
GOTHIC model. The nitrogen is assumed to enter the containment starting at time
zero and is completely released at time 20 seconds, although the actual release of the
nitrogen does not occur until the accumulators’ liquid empties into the RCS loops. The
calculations require that the nitrogen gas be assigned a temperature value. Since the
nitrogen is stored within the accumulators above the water volume, the gas expands as
the water drains from the accumulator into the RCS. The expansion results in
polytrophic (pV™) cooling. The cooled gas flows from the accumulators through the
RCS piping, and to the containment atmosphere, where it mixes with the RCS coolant,
causing the nitrogen temperature to rise to.the RCS coolant temperature. Since the
RCS is depressurizing through the break; the RCS temperature would be lower than
the normal operating temperatures. A bounding value of 565.5°F is assigned to the
nitrogen. This value corresponds to the RCS cold leg temperature. This conservative
assumption is applied with all break locations.

The long-term system behavior during various LOCAs has been evaluated to verify the
ability of the SIS/RHR system to keep the reactor vessel flooded and maintain the
containment within design conditions following a LOCA. This evaluation is based on
the conservative predictions of the performance of the ESF consistent with the single
failures assumed for each accident analyzed.

Aftera DBA, the conditions in containment are measured by post-accident monitoring
instrumentation described in Section 7.5.

Containment Subcompartments
Design Basis

The containment internal compartments protect against dynamic effects, including
the effects of missiles, pipe whipping, and fluid discharge, that result from equipment
failures and from events and conditions outside the containment. The containment

internal compartments are [designed to accommodate the effects of environmental

conditions associated with normal operation, maintenance, testing, and postulated
accidents, including LOCAs (GDC 4).

The reactor containment structure design, including access openings and penetrations,
allows the containment internal compartments to accommodate the calculated
pressure and temperature conditions resulting from any LOCA. The design must

Tier 2
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withstand these conditions without exceeding the design leakage rate requirement
(GDC 50).

Subcompartments within containment can withstand the transient differential

pressures of a-postulated pipe breaks. The subcompartment walls are challenged by
the differential pressures resulting from a postulated break-in-a-high-energy line break

(HELDB) within individual compartments. 1hese rooms are arranged to allow venting
of HELBs to prevent differential pressures from reaching the structural limits of
compartment walls.

Fluid systems are considered high energy when, during normal plant conditions, the
systems are operated or maintained under conditions where either or both of the
following criteria are met:

e Operating temperature exceeds 200°F.
e Operating pressure exceeds 275 psig.

Fluid systems are considered moderate-energy systems when operated at the above
conditions for 2 percent or less of the time the systems are in operation, or for less than
1 percent of the plant operation time.

For the U.S. EPR design, the leak before break (LBB) concept is applied (Section 3.6.3)
to preclude the need to design components, piping, and supports for the structural
dynamic effects of postulated large or double-ended primary system pipe ruptures
equal to the pressurizer surge line area or larger. The LBB concept also precludes the
need to consider double-ended steam line ruptures in the structural design of the_

subcompartment, steas system components, and supports.

The combination of the NSSS concentrated loads and the subcompartment differential

pressure creates critical loading scenarios on the supporting structural elements. These
elements are then labeled as critical sections for the Reactor Building interior

structures. Appendix 3E presents the Reactor Building critical sections and the
structural evaluations associated with them. Table 6.2.1-10 lists all rooms adjacent to a

critical section which contain a HELB.

6.2.1.2.2

14.03-1

Design Features

The general arrangement drawings for the reactor containment are provided in
Section 3.8.1. These drawings form the basis of the subcompartment analysis models.

Subcompartments are evaluated based on the mass and energy discharge from each
high-energy line in the compartment. Table 6.2.1-11 lists the subcompartment, HELB

Tier 2
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14.03-1

line, conditions and energy discharge for the line with the highest energy discharge in
each of subcompartments. Table 6.2.1-12 lists the mass and energy discharge rates for
each of the limiting lines identified in Table 6.2.1-11. Subcompartments without
high-energy lines are omitted from further analyses.

The U.S. EPR principal containment subcompartment design parameters are-provided-
in-TablesTablesTable 6:2113;and Table svhieh-include the free-volume and vent

area for each eritieal-subcompartment-aleng-with-the neighberingsubeompartment

volumes. The vent paths considered in the subcompartment analysis include open

doors, grates, and through-wall openings. The effects of vent areas that become
available after the occurrence of a postulated pipe break (e.g., blowout panels, hinged

doors;-eellapsing insulation).are speeifically noted-and-conservatively treated._The
only doors credited to©pen are the safety grade doors listed in Table 6.2.1-13.

Design Evaluation

High-energy lines identified for the subcompartments are compared based on the full-

power operating conditions. The mass flux from the postulated pipe rupture is then
calculated using the Moody and Henry-Fauske critical flow models. With the cross-
sectional area for each of the high-energy lines known, the energy flow is calculated.
The highest energy flow for each subcompartment will be selected for subsequent
subcompartment analyses. The critical flow rate is held constant for most of the HELB
calculations. Some subcompartment calculations shorten the duration based on a
limited inventory (e.g., isolation of one side of the break), while others use the

CRAFT? or RELAPS5 system analysis codes to determine the mass and energy release as
a function of time. These mass and energy rates are listed in Table 6.2.1-14 and Table

6.2.1-15, respectively.

The GOTHIC computer code is used to determine the differential pressure across

subcompartment walls. The calculation of the pressure load uses aspects of the NRC-
approved GOTHIC containment methodology pertinent to subcompartment pressure

Tier 2
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response in the Containment Response Topical Report (Reference 1). The suitability

of the GOTHIC computer code to calculate differential pressures has been
demonstrated in various experimental verifications.

Two detailed GOTHIC models are used for conducting the subcompartment analyses.
The GOTHIC models define a subcompartment as any fully or partially enclosed
volume in the primary containment that would limit the flow of fluid to the main
containment volume. Large subcompartments are further divided into rooms at the
elevations specified by the general arrangement drawings provided in Section 3.8.1.

One GOTHIC model includes a node for each room in the equipment space, while the
other includes a node for each room in the service space and pressurizer cavity.

Together, they model each individual subcompartment and connect them
hydraulically by junctions or flow paths.

The analysis approach is to inject the mass and energy release from the break into the
relevant containment subcompartment. The appropriate GOTHIC model is selected
based on the location of the break. The HELBs listed in Table 6.2.1-11 are either

analyzed using GOTHIC or addressediby the analysis of a symmetrical room.

Each room, represented by a single node that yields a pressure increase greater than 5
psi, was subdivided into multiple cells, as shown in Figure 6.2.1-45 for UJA23004, so
that the initial peaks or blowdown peaks inside the rooms are fully captured. These
nodalization sensitivitysstudies showed that the pressure response either decreased or
increased by less than 1 psi as a result of more rigorous nodalization. The principal
containment subcompartment.design parameters are provided in Table 6.2.1-16 and
Table 6.2.1-17, whichdnclude the room volume and vent area for each

subcompartment-where the pressure increases more than 5 psi.

Assumptions for the distribution of mass and energy release are biased towards
maximizing the subcompartment pressure. The vent flow behavior through the
junctions in thednodel is based on a homogenous mixture in thermal equilibrium with
100 percent water entrainment. GOTHIC code options are used to force thermal
equilibrium and disable drop to liquid conversion. A small break drop size is used to
obtain velocity equilibrium. The NRC-accepted homogeneous equilibrium model

(HEM) critical flow model for air-steam-water mixtures is used for the vent and other

downstream junctions. The GOTHIC compressibility option is also used. The

compressibility option has the effect of slightly increasing the loss coefficient because
of increased density of upstream fluid when pressure drop across the junction becomes

large.

Initial atmospheric conditions are chosen to maximize differential pressures. NRC-

accepted initial conditions with air at the maximum allowable temperature, minimum
absolute pressure, and zero percent relative humidity are used in each node of the

GOTHIC models.
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Peak pressure results are presented in Table 6.2.1-18 for subcompartments with
pressure increases greater than 5 psi. Plotted pressures are shown in Figure 6.2.1-46 to
Figure 6.2.1-64, where the pressure increases greater than 5 psi that are adjacent to a
critical section. The results of these evaluations are used in Section 3.8.3 to show that
the subcompartments can withstand the applied loads, including the subcompartment
pressures, and remain in allowable limits. The structural load calculations include a
minimum load of 5 psi on the critical sections with an additional factor of 1.4 applied
to the peak pressure predictions from these analyses prior to their use as inputs in the
design of the structures.High-energylines-identified-fortheeritical subeompartments-
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6.2.1.3

Mass and Energy Release Analyses for Postulated Loss of Coolant
Accidents

The containment pressure response to a LOCA in a U.S. EPR is similar to that of a
conventional Pressurized Water Reactor (PWR) with a large dry containment.
However, containment sprays are not an engineered safety feature used to mitigate the
containment pressure response in the U.S. EPR design. Termination of a LOCA event
is achieved by quenching core region steaming with pumped safety injection.
Following steam quench, hot liquid leaving the reactor coolant system drains to the
IRWST, which is attached to an LHSI heat exchanger cooling chain providing the
ultimate heat sink.

For the U.S. EPR design, the spectrum of LOCA breaks analyzed includes a range of
cold leg pump discharge, cold leg pump suction, and hot leg breaks, ranging from a
three-inch SBLOCA up to the largest postulated double-ended guillotine break. The
double ended guillotine break of a large RCS pipe is the most limiting event for the
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absorb the energy in containment and reduce the pressure. During the reflood phase
of the event, steam generated in the core superheats. It approaches saturated
conditions as the core water level increases. Steam from the core traverses the SG,
absorbing additional energy from the secondary system. As a result, the energy
content of the break effluent increases beyond the capacity of the containment heat
structures, and the containment pressure begins to rise again. A reduction in the
steam flow from the decreasing decay heat allows the crossover legs to begin to fill and
form loop seals. The most penalizing condition occurs when the three intact loops no
longer provide a vent path to the break such that steam from the core flows to the
containment by a path that circumvents cold ECCS injection water. This condition
causes a further increase in the containment pressure until the manual switchover of at
least 75 percent of the LHSI to the hot legs. The limiting break configuration for the
cold leg pump suction break scenario is a double-ended guillotine break with
minimum safety injection supplied to the two cross-connected intact loops with no
LOOP. Figure 6.2.1-14 through Figure 6.2.1-17 provide the pressure and temperature
results for the most limiting cold leg pump suction scenarios. The temperature profile
corresponds to the temperature in the equipment room area where the break occurs.
Figure 6.2.1-38 shows the temperature profiles in the dome region at various
elevations. This figure demonstrates that thermal stratification does not occur in the
long term. Figure 6.2.1-39 shows the temperature profiles in different rooms below
the dome area.

A blowdown peak of 66.44 psia occurs at 28.0 seconds. The containment pressure
begins rise following refill until ECCS injecting in the hot legs can suppress core steam
production. The post-reflood peak-of 69.27 psia occurs at 3600 seconds when at least
1720 gpm of each of the available LHSI trains is aligned to the hot legs. The
containment pressure continues to decrease, reaching 32.0 psia by the end of the
analysis at 24 hours.

A break in the cold leg pump discharge piping produces the lowest peak containment
pressure. The blowdown phase is similar in duration to the cold leg pump suction
break and produces a similar containment pressure response. However, the reflood
and post-reflood phases of the cold leg pump discharge event are less limiting than the
pump suction break. Unlike the pump suction break, coolant delivery to the loop seal
piping segment is significantly reduced because of a weir in the U.S. EPR reactor

coolant pump design-rising-abeve-the-top-of the-coldlegpiping. | As a result, the

formmation of toop seatsisTot tikely umtil after re-atignmentof thre LHSI to the hot legs.
The steam that goes through the intact loop must pass pumped injection locations on
the way to the reactor vessel (RV) downcomer and through the break. As a result of
the condensation on the safety injection fluid, the effluent through the RV side of the
break has a lower enthalpy.

The limiting break configuration for the cold leg pump discharge break scenario is a
double-ended guillotine break with minimum available SIS and no postulated LOOP.
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Figure 6.2.1-18 through Figure 6.2.1-21 provide the pressure and temperature results
for the limiting cold leg pump discharge scenarios. The temperature profile
corresponds to the temperature in the equipment room area where the break occurs.
Figure 6.2.1-40 shows the temperature profiles in the dome region at various
elevations. This figure shows that there is adequate mixing in the dome region
following the LOCA accident; therefore, thermal stratification does not occur.
Figure 6.2.1-41 shows the temperature profiles in different rooms below the dome
area. A blowdown peak of 65.44 psia occurs at 23.9 seconds. The containment
pressure rises following refill until ECCS suppresses core steam production. The post-
reflood peak of 68.4 psia occurs at 1860 seconds, and the containment pressure
continues to decrease, reaching 32.6 psia by the end of the analysis at 24 hours.

The U.S. EPR LOCA analyses examine a spectrum of breaks and include variations in
the SIS flow, offsite power availability, and pipe break size and configuration. In
addition, sensitivity studies evaluate the smaller breaks to confirm that sufficient vent
area between the equipment area and the accessible area exists. For these smaller
breaks, the rupture foils in the CONVECT system are conservatively deactivated in the
GOTHIC model and venting is delayed until the containment temperature at the
pressure equalization ceiling (PEC) exceeds the temperature setpoint of the convection
foils. The break location studiesinclude a break of the pressurizer surgeline inside the
pressurizer compartment to confirm venting from the pressurizer compartment to the
accessible space is adequate. Critical parameters for the six safety-related doors

credited in this analysis are included in| Table-6:2-118Table 6.2.1-13. 14.03-1

6.2.1.3.1 Mass and Energy Release Data

Blowdown mass and energy release data are presented in Table 6.2.1-19 through
Table 6.2.1-21 for the limiting cases at each of the three break locations analyzed. The
mass and energy at break in the above tables represent both short-term and long-term
releases. For the short-term period, the phasic mass and energy release on both sides of
the breaks (vessel side and steam generator side) are presented. For the long-term
period, mass and energy releases are calculated internally by the GOTHIC with one
break junction representing RCS connection to containment. As a result, only one set
of data (RV side) is provided.

To maximize the containment peak pressure and temperature, the U.S. EPR LBLOCA
and SBLOCA analyses use conservative assumptions that maximize the mass and
energy released from the RCS to the containment atmosphere. These assumptions
maximize the primary system inventory and the heat into the RCS, and also maximize
transfer of mass and energy into the containment. In addition, the analyses assume
that doors between different rooms in the containment remain closed during the
entire transient. To provide conservatism, the computer models:

e Maximize the initial reactor power level.
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N

Emergency feedwater flow depends on the discharge pressure. However, MSLB
analysis does not consider this, so the analysis assumes the highest possible flow to the
SGs.

The emergency feedwater system isolates on high level in the SG. Since SG level is not
modeled, isolation of the emergency feedwater is assumed to occur by operator action
30 minutes after the start of the event. Because peak containment pressure and
temperature occur before 30 minutes, emergency feedwater flow is available for the
duration of the analysis.

Postulated Break Size, Type, and Location

Releases are analyzed for five MSL breaks: the double-ended guillotine break and
break sizes of 1.0, 0.7, 0.52, and 0.3 square feet in area. Each of the break sizes are
analyzed at seven initial power levels. Sensitivities en large split break sizes are
performed only at lower power levels because'the limiting case occurs at low power.
Additional sensitivities of very small breakizes are also pexformed only at low power.
The very small break size sensitivity studies are performed because the affected SG still

has significant inventory at the time of EFWS isolation at 30 minutes. The break
itiviti ify that the limiting break size is identified. Releases-

Each SG is equipped with a flow orifice that limits the effective area for the MSLB.
Although the area of the main steam line is 4.1 ft?, the effective break area after main
steam isolation is no greater than the flow restrictor throat area of 1.4 square feet.

Break location affects steam-line blowdown by virtue of the pressure losses that occur
in the length of piping between the SG and the break location. The effect of the
pressure loss is to reduce the effective break area seen by the SG. This reduces the rate
of blowdown, but it does not significantly change the total release of energy to the
containment. Therefore, piping pressure drop from the affected SG to the break
location is ignored in all analyses. Because the location of the break within
containment can affect the containment temperature and pressure response, break
locations are analyzed in both the accessible and inaccessible areas.

6.2.1.4.1.5 Availability of Offsite Power
The U.S. EPR design does not have a containment spray system or containment fan
coolers as part of the engineered safety features that would be delayed if there was a
LOQOP. Therefore, offsite power is assumed to be available, and the mass and energy
Tier 2 Revision 3—Interim Page 6.2-30
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released from the break are maximized due to continued operation of the reactor
coolant pumps. The energy transferred from the reactor coolant system to the SGs,
with continued operation of the MFW and EFW pumps, maximizes the SG inventories
available for release to containment.

Safety System Failures

Six potential single failure scenarios for the MSLB event are considered:

1. Failure of the MFW pump to trip.

2. MFW isolation valves failure.

3. MFW control valve failure.
4. MSIV failure.

5. CONVECT system failure.

6. Containment door failure.

The most severe single active failure is the failure of an MSIV on the main steam line
of the affected steam generator. An.MSIV failure would provide additional fluid that

is released to the containment via the break. This fluid comes from the blowdown of

the steam piping between.the breakdocation and the isolation valves in the intact

loops. This single failure is more severe than the failure of an MSIV on an intact loop
because of the volume of the steam line that is isolated.

The singlefailure of the MSIV on the affected steam generator is more severe than any
failuredn the MFW.system.because of the redundancy of the valves in the main
feedwater system. A failure in the CONVECT system would involve only a single foil,
not the entire CONVECT system, and therefore a single failure of the CONVECT
system is not as limiting as the MSIV failure. A containment door can not be the
limiting single failure because no containment doors are credited in the analyses.The-
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Table 6.2.1-2—Main Steam Line Breaks

Sheet 1 of 2

Power Level Offsite Power

Case (RTP) Break Type! Size Single Failure| Configuration
1 100% DEG 1.4 ft? MSIV Available
2 100% Split 1.0 ft2 MSIV Available
3 100% Split 0.7 ft2 MSIV Available
4 100% Split 0.52 ft? MSIV Available
5 100% Split 0.3 ft2 MSIV Available
6 80% DEG 1.4 ft2 MSIV Available
7 80% Split 1.0 ft2 MSIV Available
8 80% Split 0.7 ft2 MSIV Available
9 80% Split 0.52 ft? MSIV Available
10 80% Split 0.3 ft2 MSIV Available
11 60% DEG 1.4 ft? MSIV Available
12 60% Split 1.0 ft? MSIV Available
13 60% Split 0.7 ft2 MSIV Available
14 60% Split 0.52 ft? MSIV Available
15 60% Split 0.3 ft2 MSIV Available
16 50% DEG 1.4 ft? MSIV Available
17 50% Split 1.0 ft? MSIV Available
18 50% Split 0.7 ft2 MSIV Available
19 50% Split 0.52 ft? MSIV Available
[14.03-115 50% Split 03 f2 MSIV Available
21 40% DEG 1.4 ft? MSIV Available
| 22 40% Split 1.0 ft? MSIV Available
22(A 40% Split 3.0 fi2 MSIV Available
22(B) 40% Split 1.72 f2 MSIV Available
23 40% Split 0.7 ft2 MSIV Available
24 40% Split 0.52 ft? MSIV Available
25 40% Split 0.3 ft2 MSIV Available
26 20% DEG 1.4 ft? MSIV Available
26(A) 20% DEG? 1.4ft2 MSIV Available
26(B) 20% DEG?>3 1.4f¢2 MSIV Available
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A

-14_03_1 Table 6.2.1-2—Main Steam Line Breaks
Sheet 2 of 2
\ Power Level Offsite Power
Case (RTP) Break Type! Size Single Failure| Configuration
26(C) 20% Split 8.25 fi2 MSIV Available
26(D) 20% Split 4.12 2 MSIV Available
26(E) 20% Split 3.0 ft2 MSIV Available
26(F 20% Split 1.72 ft2 MSIV Available
27 20% Split 1.0 ft2 MSIV Available
28 20% Split 0.7 ft2 MSIV Available
29 20% Split 0.52 ft? MSIV Available
30|14.03-1] 20% Split 0.3 fi2 MSIV Available
31 0% DEG 1.4 ft? MSIV Available
32 0% Split 1.0 ft? MSIV Available
32(A) 0% Split 8,05 fi2 MSIV Available
32(B) 0% Split 4,12 fi2 MSIV Available
32(C) 0% Split 3.0 ft? MSIV Available
32(D) 0% Split 1.72 f2 MSIV Available
32(E 0% §pllz 1.72 fi2 MSIV Available
33 0% Split 0.7 ft2 MSIV Available
34 0% Split 0.52 ft? MSIV Available
35 0% Split 0.3 ft2 MSIV Available
35(A) 0% Split® 0.3 ft2 MSIV Available
36 0% Split 0.2 ft2 MSIV Available
37 0% Split 0.15 ft? MSIV Available
38 0% Split 0.1 ft2 MSIV Available
39 0% Split 0.01 ft? MSIV Available
40 0% Split 0.005 ft? MSIV Available
Notes:

1. DEG = double-ended guillotine.
2. No EFW supplied to broken SG.

3. Break located in the accessible space outside the SG towers.
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Table 6.2.1-9—Peak Containment Pressure and Temperature for MSLB

Sheet 1 of 3
Time of Peak Time of Peak Peak
Pressure Peak Pressure Temperature Temperature
Description (s) (psia) (s) (°F)

100% Power Cases
DEG' 56.0 54.8 28.0 406.9
1.0 ft? split 180.0 55.8 180.0 376.2
0.7 ft? split 300.0 55.4 275.0 388.8
0.52 ft? split 380.0 55.9 365.0 388.0
0.3 ft? split 1800.0 57.5 610.0 395.4
80% Power Cases
DEG! 80.0 56.0 28.0 410.6
1.0 ft? split 185.0 56.6 57.0 377.6
0.7 ft? split 300.0 56.1 255.0 388.2
0.52 ft? split 420.0 56.6 400.0 387.1
0.3 ft? split 1800.0 583 670.0 401.2
60% Power Cases
DEG! 41.0 58.0 26.0 418.0
1.0 ft? split 2100 56.2 165.0 388.8
0.7 ft? split 300.0 56.4 265.0 388.4
0.52 ft? split 420.0 56.9 385.0 389.0
0.3 ft? split 1800.0 58.5 670.0 403.6
50% Power Cases
DEG! 39.1 58.9 26.1 420.8
1.0 ft? split 240.0 56.4 96.0 381.7
0.7 ft? split 340.0 56.7 280.0 388.1
0.52 ft? split 440.0 57.0 405.0 386.3
0.3 ft? split 1800.0 58.6 762.0 400.7
40% Power Cases
DEG' 39.1 59.8 26.1 423.3
3.0 ft2 split 52.0 59.0 28.0 426.9
1.72 ft2 split 140.0 57.6 42.0 392.2
1.0 ft? split 240.0 56.7 80.0 382.3
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Table 6.2.1-9—Peak Containment Pressure and Temperature for MSLB

Sheet 2 of 3
Time of Peak Time of Peak Peak
Pressure Peak Pressure Temperature Temperature
Description (s) (psia) (s) (°F)

0.7 ft? split 340.0 56.9 285.0 387.4
0.52 ft? split 1800.0 57.1 420.0 384.4
0.3 ft? split 1800.0 58.9 740.0 403.0

20% Power Cases
14.03-1 ||DEG! 38.5 62.1 26.1 427.3
DEG? 34.1 62.7 26.1 428.5
DEG?>?3 18.15 66.4 18.1 479.5
| [|8.25 ft? split 38.0 61.1 24.0 433.7
| [|4.12 ft split 41.0 61.4 24.0 428.3
| ||3.0.ft2 split 52.0 61.2 26.0 431.3
| [|L.72ft? split 100.0 59.4 38.0 398.3
1.0 ft? split 210.1 58.3 82.1 384.6
0.7 ft? split 340.0 58.0 320.0 382.8
0.52 ft? split 1800.0 58.4 500.0 380.9
0.3 ft? split 1800.0 59.6 950.0 391.5

0% Power Cases

| [|pEGE 41.0 60.5 2.0 401.2
| 8.25 ft2 split 38.0 60.1 1.0 420.8
| [|4.12ft? split 42.0 58.7 31.0 363 .9
| [|3.0ft2split 47.0 57.9 34.0 369.4
| ||1.72ft2 split 66.0 63.1 33.0 413.1
| [|L72 ft2 split® 66.0 64.8 19.0 433.8
| ||1.72 ft2 split®3 56.0 65.6 19.0 435.0
| ||1.0ft2split 220.0 60.4 45.0 390.3
| |]0.7ft? split 320.0 60.4 285.0 395.1
| 0.52 ft2 split 440.0 60.5 430.0 397.2
| 1]0.3ft2 split 1800.0 61.2 830.0 416.0
| [|0.2.ft2 split 1860.0 62.1 1330.0 407.8
| |]0.15 ft split 1900.0 62.9 1860.0 397.4
| []O.Lft? split 2600.0 59.1 2540.0 372.8
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Table 6.2.1-9—Peak Containment Pressure and Temperature for MSLB

Sheet 3 of 3
Time of Peak Time of Peak Peak
Pressure Peak Pressure Temperature Temperature
Description (s) (psia) (s) (°F)

| |]0.01 ft? split 1800.0 215 1800.0 196.7
| |10.005 ft? split 1800.0 19.2 1800.0 167.2
| | [PEG- 415 60-4 2.0 401+
| | |:-6-f2sphic 2200 604 451 e
| | |6-7Fsplit- 340-0 60-0 325-0 3775
| | |652fsphit 18000 59.9 580-0 S
| | |63FFsplit 18000 615 11400 389-7
| | [0-3Fsphie 18000 590 10800 325-0
| | |0-2fsplit 19800 622 19800 3827
| | |635fsphic 25400 593 25400 375.0
| | |[0+Fsplic 3700-0 545 3700-0 3640
| | |6-6+fsphic 18000 214 17700 196.4
| | |6-005£>split 1800:0 192 1800-0 1675

Notes:

1. DEG = double-ended guillotine:

2. No EFW supplied to broken SG.

3. Break located in the accessible space outside the SG towers.
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U.S. EPR FINAL SAFETY ANALYSIS REPORT

Table 6.2.1-14—Mass and Energy Discharge Rates for Feedwater
Lines (LABn0BRO005)

Sheet 1 of 2
Time Discharge Rate Discharge Enthalpy
(s) (Ib/s) (Btu/lb)
0.000 0 435.6
0.004 6772 435.6
0.008 23270 437.2
0.012 43239 439.6
0.016 42335 440.5
0.020 41589 4415
0.024 42731 443.0
0.028 40484 443.5
0.032 42311 445.3
0.036 40084 445.7
0.040 41547 447.4
0.044 39986 448.0
0.048 40510 449.3
0.052 40050 450.4
0.056 39489 451.3
0.060 39714 452.6
0.064 38571 453.4
0.068 39292 454.9
0.072 38116 455.6
0.076 38391 456.9
0.080 37565 457.8
0.084 37622 459.0
0.088 37768 460.2
0.092 37233 461.2
0.096 37746 462.5
0.100 36977 463.4
0.117 37115 466.2
0.133 36625 470.0
0.150 36154 473.5
0.167 35718 476.8
0.183 35371 480.1
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U.S. EPR FINAL SAFETY ANALYSIS REPORT

Table 6.2.1-14—Mass and Energy Discharge Rates for Feedwater
Lines (LABnOBR005)
Sheet 2 of 2
Time Discharge Rate Discharge Enthalpy
(s) (Ib/s) (Btul/lb)
0.200 35014 483.3
0.217 34349 486.2
0.233 33843 488.9
0.250 33483 4915
0.267 33072 493.9
0.283 32663 496.0
0.300 32390 498.1
0.317 32125 500.1
0.333 31808 501.9
0.350 31556 503.7
0.367 31321 505.3
0.383 31091 506.8
0.400 30891 508.2
0.417 30677 509.5
0.433 30464 510.7
0.450 30279 511.9
0.467 30104 513.0
0.483 29936 514.1
1.000 24529 530.0
10.0 24529 530.0
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U.S. EPR FINAL SAFETY ANALYSIS REPORT

EPR ]

Table 6.2.1-15—Mass and Energy Discharge Rates for Letdown and
Charging Lines
Sheet 1 of 3
Pipe Name
KBA10BR002 / KBA11BR001 /
KBA10BR003 KBA10BR004 KBA12BR001
Discharge | Discharge | Discharge | Discharge | Discharge | Discharge
Time Rate Enthalpy Rate Enthalpy Rate Enthalpy
(s) Rate (lb/s)| (Btu/lb) |[Rate (Ib/s)| (Btu/lb) | Rate (lb/s)| (Btul/lb)
2.00E-03 45.8 565.5 17.8 566.9 17.8 566.9
0.50 796.9 543.6 519.0 566.2 429.3 569.6
0.60 794.6 539.5 518.6 366.4 429.1 569.7
0.70 795.9 535.4 518.3 566.6 428.8 570.0
0.80 795.3 5317 518.0 566.8 428.7 570.0
0.90 794.2 528.1 517.9 566.8 428.6 570.1
1.00 792.0 524.9 517.8 566.9 428.6 570.1
1.20 786.6 520.7 517.7 567.0 428.4 570.2
1.40 802.6 512.5 517.6 567.0 428.3 570.3
1.60 874.5 498.3 517.5 567.1 428.3 570.3
1.80 880.5 490.7 517.5 567.1 428.3 570.3
2.00 886.5 483.5 517.3 567.3 428.3 570.3
2.20 892.5 476.5 517.5 567.1 428.2 570.4
2.40 898.5 469.7 517.5 567.1 428.4 570.1
2.60 903.5 463.5 517.5 567.1 428.0 570.7
2.80 908.0 458.0 517.5 567.1 428.5 570.0
3.00 910.5 453.8 517.5 567.1 428.0 570.7
3.20 913.5 449.5 517.5 567.1 428.5 570.0
3.40 915.0 446.3 517.5 567.1 428.0 570.7
3.60 916.5 443.5 517.5 567.1 428.5 570.0
3.80 918.0 440.9 517.5 567.1 428.0 570.7
4.00 9185 439.0 517.5 567.1 428.0 570.7
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U.S. EPR FINAL SAFETY ANALYSIS REPORT

EPR

Table 6.2.1-15—Mass and Energy Discharge Rates for Letdown and
Charging Lines

Sheet 2 of 3
Pipe Name
KBA10BR002 / KBA11BR001 /
KBA10BR003 KBA10BR004 KBA12BR001
Discharge | Discharge | Discharge | Discharge | Discharge | Discharge
Time Rate Enthalpy Rate Enthalpy Rate Enthalpy
(s) Rate (Ib/s)| (Btu/lb) |Rate (Ib/s)| (Btu/lb) | Rate (Ib/s)| (Btu/lb)
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U.S. EPR FINAL SAFETY ANALYSIS REPORT

Table 6.2.1-15—Mass and Energy Discharge Rates for Letdown and
Charging Lines

Sheet 3 of 3
Pipe Name
KBA10BR002 / KBA11BR001 /
KBA10BR003 KBA10BR004 KBA12BR001
Discharge | Discharge | Discharge | Discharge | Discharge | Discharge
Time Rate Enthalpy Rate Enthalpy Rate Enthalpy
(s) Rate (Ib/s)| (Btu/lb) |Rate (Ib/s)| (Btu/lb) | Rate (Ib/s)| (Btu/lb)
9.80 925.0 417.3 517.5 567.1 428.5 570.0
10.00 925.5 416.7 517.5 567.1 428.0 570.7

Tier 2
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U.S. EPR FINAL SAFETY ANALYSIS REPORT

Table 6.2.1-16—Subcompartment Volumes (For Subcompartments Where
the Pressure Increase is More Than 5 psi)
Volume | Elevation | Height
Room Number Room Description (ft3) (ft) (ft)
-8 ft Room 2 Access Area 11464 -7.5 10.5
-8 ft Room 7 LCQ (SGBS) HX Room 9210 -7.5 10.5
-8 ft Room 14 KBA12 (CVCS) HX Room 1542 -7.5 10.5
-8 ft Room 15 KBA11 (CVCS) HX Room 1471 -7.5 10.5
-8 ft Room 16 KBA (CVCS) Valve Room 1584 -7.5 10.5
-8 ft Room 17 KBA (CVCS) Valve Room 1260 -7.5 10.5
+5 ft Room 16 LCQ50 (SGBS) Tank room 9234 4.9 15.0
+5 ft Room 20 KBA (CVCS) Valve Room 2053 49 15.6
+5 ft Room 21 KBA (CVCS) Valve Room 4471 49 14.6
+5 ft Room 22 KBA10 (CVCS) HX Room 2020 4.9 10.3
+45 ft Room 2 JEA10 (SG) Room 7195 45.3 18.7
+45 ft Room 3 JEA20 (SG) Room 7408 453 18.7
+45 ft Room 6 JEA30 (SG) Room 7408 45.3 18.7
+45ft Room 7 JEA40 (SG) Room 7195 45.3 18.7
+64 ft Room 1 JEA10 (SG) Room 4992 64.0 15.1
+64 ft Room 2 JEA20 (SG) Room 5004 64.0 15.1
+64 ft Room 5 JEAB0 (SG) Room 5004 64.0 15.1
+64 ft Room 6 JEA40 (SG) Room 4992 64.0 15.1
+64 ft Room 14 | JEF10 (RCS) Pressurizer Room 5509 67.9 13.6
+79 ft Room 12 Pressurizer Head & Safety 3168 83.2 8.7
Relief Valves Room

Tier 2

Revision 3—Interim
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|14-03-1 | U.S. EPR FINAL SAFETY ANALYSIS REPORT

Fime Mass-flow-Rate EnergyFlowRate Enthalpy
{s} {ib../5} (BFU/s) (BFUAb,.)

6-000 6-60 0-00E+00 6-60
0-004 612672 3-32E+06 54136
0-008 938354 5:07E+06 53996
0:012 1065790 5:76E+06 540:86
0-016 10596-60 5-73E+06 540-80
0-020 1081580 5-85E+06 5406:95
0:024 H546:70 6:25E+06 54151
0-028 H227:80 6-08E+06 54125
0-032 H558-60 6:26E+06 54153
0-036 1298710 7-05E+06 54278
0-040 1387350 7-54E+06 543:59
0-044 1342420 +29E+06 54315
0-043 1325410 720E+06 543-00
0-052 1328600 721E+06 543:03
0-056 12962.00 #03E+06 54273
0:060 1279240 6:94E+06 54258
0-064 1224250 6:64E+06 542:09
0-068 169560 6:33E+06 54163
0:072 12014-00 6:51E+06 54190
0-076 1261450 6-84E+06 54242
0-080 1+3662:00 7-06E+06 54277
0-084 1296240 7-04E+06 54273
0-088 12699:60 6-89E+06 54249
0-092 12305-70 6:67E+06 54215
0-096 1200690 6:51E+06 54189
0-100 12158-00 6:59E+06 542:02
0117 185140 6-42E+06 54176
0133 1270530 6:89E+06 54252
0-150 1263790 6-86E+06 54247
0167 169250 6:33E+06 54165
0183 H526:20 6:24E+06 54152
0-200 191240 6-45E+06 54184
0217 147180 6:21E+06 54148
0233 +H039-60 5:97E+06 54113
0250 1096730 5:93E+06 54107
0267 10968-00 5:93E+06 54107
0283 HO1H-90 5:96E+06 54111
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14.03-1 U.S. EPR FINAL SAFETY ANALYSIS REPORT

FHme Mass-flow-Rate Energy-FlowRate Enthalpy
{s} {ib../5} {BFU/s) (BFUAb,.)
6:300 1086900 5-:88E+06 54101
0:317 1060870 5-74E+06 540-81
6:333 1066070 5:77E+06 54085
6:350 1043950 5:64E+06 54069
0:367 10115.00 5-47E+06 540-46
6:383 9926-03 5:36E+06 540:33
0-400 978835 5:29E+06 54023
0417 9690-09 5:23E+06 540-16
6:433 992369 5:36E+06 540:33
06-450 1015330 5:49E+06 540-49
0-467 1002210 5:42E+06 540-40
0:483 997150 5:39E+06 540:36
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U.S. EPR FINAL SAFETY ANALYSIS REPORT

EPR [f7051]

Fime Mass-flewRate Energy FlowRate Enthalpy
{s} {1b./s} {BTU/s) (BFUAb,)

6-000 6:00 0-00E+00 6:00
0-004 4313-62 1-88E+06 43557
06-008 2326980 102E+07 43721
6:012 4323900 190E+07 439:58
6:016 4233450 186E+07 44053
6-:020 4158890 184E+07 44149
0:024 4273080 189E+07 443-04
6-028 4048420 1-80E+07 44348
6:032 4231130 1-88E+07 44527
0:036 40084-00 179E+07 445-67
6-040 4154720 186E+07 44735
0:044 3998610 179E+07 44797
0:048 40510-00 1 82E+07 44935
6:052 4005030 +80E+07 450:36
0:056 3948920 1-78E+07 45133
0-060 39713.90 +80E+07 45261
0:064 3857070 H75E+07 45335
0-068 3929230 H79E+07 45487
0:072 38115:50 +74E+07 455-61
0:076 3839050 H75E+07 456:95
6-080 3756460 F72E+07 457:84
0-084 3741600 +72E+07 459:02
0-088 3727390 F72E+07 46025
06:092 3645050 168E+07 46117
0:096 36674-80 +70E+07 46255
6100 3561830 165E+07 46336
0117 35260-70 164E+07 466:24
6133 3451600 162E+07 469:96
6150 3379060 160E+07 473-46
0167 3311440 158E+07 476:85
6183 3251190 156E+07 480-14
6-200 31899.90 154E+07 48327
06217 3123580 152E+07 486-18
6:233 3067810 150E+07 48894
6:250 3026430 149E+07 49154
0:267 2979950 HA47E+07 493-88

Tier 2 Revision 3—Interim Page 6.2-100




14.03-1 U.S. EPR FINAL SAFETY ANALYSIS REPORT

FHme Mass-flow-Rate Energy-FlowRate Enthalpy
{s} {ib../5} {BFU/s) (BFUAb,.)
6:283 2933900 146E+07 496:04
6:300 2901210 +45E+07 49813
6:317 2869310 143E+07 50010
6333 2832520 1H42E+07 50194
6:350 2801900 +41E+07 503-68
0:367 27730-00 140E+07 505-30
0:383 2744890 139E+07 50680
0-400 2719490 138E+07 508:20
06417 2692630 137E+07 509-48
0:433 2666300 136E+07 510:69
0-450 2642340 135E+07 51186
0-467 26194-00 1:34E+07 51298
0-483 2597570 $:34E+07 51406
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EP’\R [14.031] U.S. EPR FINAL SAFETY ANALYSIS REPORT
/

BPeer# Frem-Reera-t Te-Reeom-# Buowet-Presstre Verthires
07Db40048B HAO7013 HJAO7-018 +-45-psid+20% 5.92 ft*
+HDb4003B HAH-0H4 HAH-018 2:90-psid—+20% 28.63-f7
+Hb40048B HAH-O15 HAH-O018 2:90-psid—+20% 28.63-f7
18Db406028B HA18-014 HALS-018 2:90-psid—+20% 264
23D40028 HA23-042 HA23-049 2:90-psid—+20% 21.85 1t
23D406158 HA23-014 HJA23-042 1-45-psid+20% 5.92 ft*

. —]966'1‘S—Gpeﬁ—l‘ﬂfe—t‘he_Ffefﬁ_fee‘ﬂi— = z 0
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Figure 6.2.1-1
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EPR

Figure 6.2.1-2—SG-Gavity-Nedalization-Diagram-{(UJA23-004Figure Deleted
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EPR

Figure 6.2.1-3—SG-Gavity-Nedalization-Diagram-(UJA29-0604Figure Deleted
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EPR

Figure 6.2.1-4

YJA34-049)Figure Deleted
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EPR

Figure 6.2.1-5—REP-Cavity Pressure-vs—Fime{JJA45-006)Figure Deleted
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EPR

Figure 6.2.1-6—SG-Cavity-Pressure-vs—Fime{UJJA23-0084Figure Deleted)
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EPR

Figure 6.2.1-7—SG-GCavity-Pressure-vs—Fime{UJA29-004)Figure Deleted

Tier 2 Revision 3—Interim Page 6.2-165



[14.03-1] U.S. EPR FINAL SAFETY ANALYSIS REPORT

EPR

Figure 6.2.1-8—Pressurizer-Cavity Pressure-vs—Fime{UJA29-049)Figure

Deleted
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EPR ]

Figure 6.2.1-9—Pressurizer-Cavity Pressure-vs—Fime{UJA34-049)Figure
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14.03-1 U.S. EPR FINAL SAFETY ANALYSIS REPORT

EPR

Figure 6.2.1-46—Access Area Pressure vs. Time (UJA07013)

30

25

Pressure (psia)
N
o

15

10 L L L . | . L L L | . L L L 1 . L L L
0.0 0.5 1.0 1.5 2.0

Time (s)

EPR7050 T2

Tier 2 Revision 3—Interim Page 6.2-204




EP"\R [14.031] U.S. EPR FINAL SAFETY ANALYSIS REPORT

Figure 6.2.1-47—LCQ (SGBS) HX Room Pressure vs. Time (UJA07018)

25
20
<
%0]
2
o
>
9]
%]
o
o
15 | .
10 L | L | 1 | L | L | L L L L | L | L |
0 10 20 30 40
Time (s)
EPR7055 T2

Tier 2 Revision 3—Interim Page 6.2-205



14.03-1 U.S. EPR FINAL SAFETY ANALYSIS REPORT

EPR

Figure 6.2.1-48—KBA12 (CVCS) HX Room Pressure vs. Time (UJA07026)
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EPR

\/

Figure 6.2.1-49—KBA11 (CVCS) HX Room Pressure vs. Time (UJA07027)
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N/
Figure 6.2.1-50— KBA (CVCS) Valve Room Pressure vs. Time (UJA07028)
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Figure 6.2.1-51—KBA (CVCS) Valve Room Pressure vs. Time (UJA07029)
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Figure 6.2.1-52—LCQ50 (SGBS) Tank Room Pressure vs. Time (UJA11018)
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Figure 6.2.1-53— KBA (CVCS) Valve Room Pressure vs. Time (UJA11022)
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Figure 6.2.1-54—KBA (CVCS) Valve Room Pressure vs. Time (UJA11023)
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Figure 6.2.1-55—KBA10 (CVCS) HX Room Pressure vs. Time (UJA11024)
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Figure 6.2.1-56—JEA10 (SG) Room Pressure vs. Time (UJA23003)
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Figure 6.2.1-57—JEA20 (SG) Room Pressure vs. Time (UJA23004)
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Figure 6.2.1-58—JEA40 (SG) Room Pressure vs. Time (UJA23008)
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Figure 6.2.1-59— JEA10 (SG) Room Pressure vs. Time (UJA29003)
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Figure 6.2.1-60—JEA20 (SG) Room Pressure vs. Time (UJA29004)
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Figure 6.2.1-61—JEA30 (SG) Room Pressure vs. Time (UJA29007)
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Figure 6.2.1-62—JEA40 (SG) Room Pressure vs. Time (UJA29008)
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Figure 6.2.1-63—JEF10 (RCS) Pressurizer Room Pressure vs. Time
(UJA29019)
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Figure 6.2.1-64—Pressurizer Head & Safety Relief Valves Room Pressure

vs. Time (UJA34019)
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