ArevaEPRDCPEm Resource

From: WILLIFORD Dennis (AREVA) [Dennis.Williford@areva.com]

Sent: Friday, February 10, 2012 1:20 PM

To: Tesfaye, Getachew

Cc: BENNETT Kathy (AREVA); DELANO Karen (AREVA); ROMINE Judy (AREVA); RYAN Tom
(AREVA); GUCWA Len (EXTERNAL AREVA)

Subject: Response to U.S. EPR Design Certification Application RAI No. 434, FSAR Ch. 6,
Supplement 6

Attachments: RAI 434 Supplement 6 Response US EPR DC.pdf

Getachew,

AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI 434
on November 15, 2010. AREVA NP submitted Supplement 1, Supplement 2 and Supplement 3 to the
response on January 26, 2011, February 24, 2011, and March 16, 2011 to provide revised response
schedules. Supplement 4 response to RAI 434 was submitted on March 31, 2011 to provide responses to the
remaining eleven questions. Supplement 5 response to RAI 434 was submitted on December 15, 2011 to
provide revised responses to Question 06.02.02-71, Question 06.02.02-72 and Question 06.02.02-77.

The attached file, “RAl 434 Supplement 6 Response US EPR DC.pdf” provides a revised response to Question
06.02.02-72. The only change is the deletion of a sentence in the Supplement 5 response that stated: The
rooms listed in Table 06.02.02-72-8 do not include the core spreading area and the reactor cavity.

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 Question 06.02.02-72.

The following table indicates the respective pages in the response document, “RAl 434 Supplement 6
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject question.

Question # Start Page [ End Page

RAI 434 — 06.02.02-72 2 26

This concludes the formal AREVA NP response to RAI 434 and there are no questions from this RAI for which
AREVA NP has not provided responses.

Sincerely,

Dennis Williford, P.E.

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

7207 IBM Drive, Mail Code CLT 2B

Charlotte, NC 28262

Phone: 704-805-2223

Email: Dennis.Williford@areva.com

From: WILLIFORD Dennis (RS/NB)

Sent: Thursday, December 15, 2011 5:32 PM

To: Getachew.Tesfaye@nrc.gov

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

Subject: Response to U.S. EPR Design Certification Application RAI No. 434, FSAR Ch. 6, Supplement 5




Getachew,

AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI 434
on November 15, 2010. AREVA NP submitted Supplement 1, Supplement 2 and Supplement 3 to the
response on January 26, 2011, February 24, 2011, and March 16, 2011 to provide revised response
schedules. Supplement 4 response to RAI 434 was submitted on March 31, 2011 to provide responses to the
remaining eleven questions.

The attached file, “RAI 434 Supplement 5 Response US EPR DC.pdf” provides revised responses to Question
06.02.02-71, Question 06.02.02-72 and Question 06.02.02-77.

Appended to this file are affected pages of the U.S. EPR Final Safety Analysis Report in redline-strikeout
format which support the responses to Question 06.02.02-71 and Question 06.02.02-72.

The following table indicates the respective pages in the response document, “RAl 434 Supplement 5
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject questions.

Question # Start Page [ End Page
RAI 434 — 06.02.02-71 2 5
RAI 434 — 06.02.02-72 6 30
RAI 434 — 06.02.02-77 31 32

This concludes the formal AREVA NP response to RAI 434 and there are no questions from this RAI for which
AREVA NP has not provided responses.

Sincerely,

Dennis Wiilliford, P.E.

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

7207 IBM Drive, Mail Code CLT 2B

Charlotte, NC 28262

Phone: 704-805-2223

Email: Dennis.Williford@areva.com

From: WELLS Russell (RS/NB)

Sent: Thursday, March 31, 2011 7:13 PM

To: 'Tesfaye, Getachew'

Cc: GUCWA Len (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. 434, Supplement 4

Getachew,

AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI 434
on November 15, 2010. AREVA NP submitted Supplement 1, Supplement 2 and Supplement 3 to the
response on January 26, 2011, February 24, 2011, and March 16, 2011 to provide revised response
schedules.

The attached file, “RAI 434 Supplement 4 Response US EPR DC.pdf’ provides technically correct and
complete responses to the remaining 11 questions, as committed.

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 434 Questions 06.02.02-71, 06.02.02-72, 06.02.02-74, and
06.02.02-75.
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The following table indicates the respective pages in the response document, “RAl 434 Supplement 4
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject questions.

Question # Start Page [ End Page
RAI 434 — 06.02.02-69 22 2
RAI 434 — 06.02.02-70 33 4
RAI 434 — 06.02.02-71 55 8
RAI 434 — 06.02.02-72 99 34
RAI 434 — 06.02.02-73 3535 36
RAI 434 — 06.02.02-74 3737 37
RAI 434 — 06.02.02-75 3838 38
RAI 434 — 06.02.02-76 3939 39
RAI 434 — 06.02.02-77 4040 41
RAI 434 — 06.02.02-78 4242 43
RAI 434 — 06.02.02-79 4444 44

This concludes the formal AREVA NP response to RAI 434 and there are no questions from this RAI for which
AREVA NP has not provided responses.

Sincerely,

From: WELLS Russell (RS/NB)

Sent: Wednesday, March 16, 2011 4:31 PM

To: Tesfaye, Getachew

Cc: GUCWA Len (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. 434, FSAR Ch. 6, Supplement 3

Getachew,

AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI 434
on November 15, 2010. AREVA NP submitted Supplement 1 to the response on January 26, 2011 to provide
a revised response schedule. Supplement 2 response to RAI 434 was provided on February 24, 2011 to
provide a revised schedule for responding to Questions 06.02.02-70, 06.02.02-75 and 06.02.02-77.

To provide an opportunity for additional interaction with the NRC staff, AREVA NP is providing a revised
schedule for responding to Questions 06.02.02-69, 06.02.02-71, 06.02.02-72, 06.02.02-73, 06.02.02-
74, 06.02.02-76, 06.02.02-78, and 06.02.02-79. The schedule for the remaining questions is unchanged.

The schedule for a technically correct and complete response to these questions is provided below.

Question #

Response Date

RAI 434 — 06.02.02-69

March 31, 2011

RAI 434 — 06.02.02-70

March 31, 2011

RAI 434 — 06.02.02-71

March 31, 2011

RAI 434 — 06.02.02-72

March 31, 2011

RAI 434 — 06.02.02-73

March 31, 2011

RAI 434 — 06.02.02-74

March 31, 2011

RAI 434 — 06.02.02-75

March 31, 2011

RAI 434 — 06.02.02-76

March 31, 2011

RAI 434 — 06.02.02-77

March 31, 2011

RAI 434 — 06.02.02-78

March 31, 2011




| RAI 434 — 06.02.02-79 | March 31, 2011 |

Sincerely,

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

From: WELLS Russell (RS/NB)

Sent: Thursday, February 24, 2011 5:11 PM

To: 'Tesfaye, Getachew'

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

Subject: Response to U.S. EPR Design Certification Application RAI No. 434, FSAR Ch. 6, Supplement 2

Getachew,

AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI 434
on November 15, 2010. AREVA NP submitted Supplement 1 to the response on January 26, 2011 to provide
a revised response schedule. To provide an opportunity for additional interaction with the NRC staff, AREVA
NP is providing a revised schedule for responding to Questions 06.02.02-70, 06.02.02-75 and 06.02.02-77.
The schedule for the remaining questions is unchanged.

The schedule for a technically correct and complete response to these questions is provided below.

Question #

Response Date

RAI 434 — 06.02.02-69

March 16, 2011

RAI 434 — 06.02.02-70

March 31, 2011

RAI 434 — 06.02.02-71

March 25, 2011

RAI 434 — 06.02.02-72

March 25, 2011

RAI 434 — 06.02.02-73

March 16, 2011

RAI 434 — 06.02.02-74

March 16, 2011

RAI 434 — 06.02.02-75

March 31, 2011

RAI 434 — 06.02.02-76

March 16, 2011

RAI 434 — 06.02.02-77

March 31, 2011

RAI 434 — 06.02.02-78

March 16, 2011

RAI 434 — 06.02.02-79

March 16, 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: Wednesday, January 26, 2011 12:16 PM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); GUCWA Len (External RS/NB)
Subject: Response to U.S. EPR Design Certification Application RAI No. 434, FSAR Ch. 6, Supplement 1

Getachew,
AREVA NP Inc. provided a schedule for technically correct and complete responses to the 11 questions in RAI
No. 434 on November 15, 2010. To allow additional time to finalize the responses and interact with the NRC, a

revised schedule is provided.

The schedule for providing a complete response to the remaining questions has been revised as indicated

below.

Question #

Response Date

RAI 434 — 06.02.02-69

March 16, 2011

RAI 434 — 06.02.02-70

March 16, 2011

RAI 434 — 06.02.02-71

March 25, 2011

RAI 434 — 06.02.02-72

March 25, 2011

RAI 434 — 06.02.02-73

March 16, 2011

RAI 434 — 06.02.02-74

March 16, 2011

RAI 434 — 06.02.02-75

March 16, 2011

RAI 434 — 06.02.02-76

March 16, 2011

RAI 434 — 06.02.02-77

March 25, 2011

RAI 434 — 06.02.02-78

March 16, 2011

RAI 434 — 06.02.02-79

March 16, 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: Monday, November 15, 2010 4:58 PM

To: 'Tesfaye, Getachew'




Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); GUCWA Len (External RS/NB); 'Miernicki,
Michael'
Subject: Response to U.S. EPR Design Certification Application RAI No. 434, FSAR Ch. 6

Getachew,
Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI). The
attached file, “RAl 434 Response US EPR DC.pdf,” provides a schedule since a technically correct and

complete response to the 11 questions is not provided.

The following table indicates the respective pages in the response document, “RAl 434 Response US EPR
DC.pdf,” that contain AREVA NP’s response to the subject questions.

Question # Start Page | End Page |
RAI 434 — 06.02.02-69 2 2
RAI 434 — 06.02.02-70 3 3
RAI 434 — 06.02.02-71 4 5
RAI 434 — 06.02.02-72 6 6
RAI 434 — 06.02.02-73 7 7
RAI 434 — 06.02.02-74 8 8
RAI 434 — 06.02.02-75 9 9
RAI 434 — 06.02.02-76 10 10
RAI 434 — 06.02.02-77 11 11
RAI 434 — 06.02.02-78 12 12
RAI 434 — 06.02.02-79 13 13

A complete answer is not provided for 11 of the 11 questions. The schedule for a technically correct and

complete response to these questions is provided below.

Question #

Response Date

RAI 434 — 06.02.02-69

January 26, 2011

RAI 434 — 06.02.02-70

January 26, 2011

RAI 434 — 06.02.02-71

January 26, 2011

RAI 434 — 06.02.02-72

January 26, 2011

RAI 434 — 06.02.02-73

January 26, 2011

RAI 434 — 06.02.02-74

January 26, 2011

RAI 434 — 06.02.02-75

January 26, 2011

RAI 434 — 06.02.02-76

January 26, 2011

RAI 434 — 06.02.02-77

January 26, 2011

RAI 434 — 06.02.02-78

January 26, 2011

RAI 434 — 06.02.02-79

January 26, 2011

Sincerely,

Martin (Marty) C. Bryan

U.S. EPR Design Certification Licensing Manager

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

Martin.Bryan.ext@areva.com




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

Sent: Friday, October 15, 2010 11:11 AM

To: ZZ-DL-A-USEPR-DL

Cc: Ashley, Clinton; Jackson, Christopher; McKirgan, John; Carneal, Jason; Colaccino, Joseph; ArevaEPRDCPEm Resource
Subject: U.S. EPR Design Certification Application RAI No. 434 (4897), FSAR Ch. 6

Attached please find the subject requests for additional information (RAI). A draft of the RAI was provided to
you on August 6, 2010, and discussed with your staff on September 24, 2010. No changes were made to the
draft RAI as a result of that discussion. The schedule we have established for review of your application
assumes technically correct and complete responses within 30 days of receipt of RAls. For any RAls that
cannot be answered within 30 days, it is expected that a date for receipt of this information will be provided to
the staff within the 30 day period so that the staff can assess how this information will impact the published
schedule.

Thanks,

Getachew Tesfaye
Sr. Project Manager
NRO/DNRL/NARP
(301) 415-3361
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Response to
Request for Additional Information No. 434, Supplement 6
10/15/2010

U. S. EPR Standard Design Certification
AREVA NP Inc.
Docket No. 52-020
SRP Section: 06.02.02 - Containment Heat Removal Systems
Application Section: 6.3

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



AREVA NP Inc.

Response to Request for Additional Information No. 434, Supplement 6
U.S. EPR Design Certification Application Page 2 of 26

Question 06.02.02-72:

Follow-up to RAI 111, Question 06.02.02-8, and RAI 233, Question 06.02.02-29 Regarding
Upstream Effects and water hold-up:

Upstream effects and water holdup is an important aspect of Generic Safety Issue (GSI) 191
and NEI 04-07, especially where curbs or weirs or flooding berms are used to hold up debris
and water. In RAI 111, Question 06.02.02-8 responses, AREVA provides a discussion of the US
EPR upstream effects and provides water hold-up information in the Supplement 4 response to
RAI 233, Question 06.02.02-29. This information is an important design detail to support
resolution of GSI-191 upstream effects and water hold-up. However, minimal upstream effects
and water hold information is provided in the FSAR. In addition, ANP 10293 Rev 1, “US EPR
Design Features to Address GSI-191”, assesses the US EPR design with respect to NEI 04-07
and RG 1.82 but provides a limited discussion on upstream effects and water holdup. The staff
requests that AREVA document their upstream effects and water hold-up evaluation in ANP-
10293 or the FSAR and include a summary of design information such as a table listing hold-up
volumes and their location (floors, steam, condensate, trapped in compartments etc.).

Response to Question 06.02.02-72:

This response supersedes the prior response to RAI 434, Supplement 5, Question 06.02.02-72
(submitted December 15, 2011) in its entirety.

The water holdup work analyzes a large break loss of coolant accident (LBLOCA), two small
break LOCA cases, and a small break in a pressurizer line. Table 06.02.02-72-11 lists the
water retention results for each case and the margin of water remaining in the in-containment
refueling water storage tank (IRWST) required for net positive suction head (NPSH). The
LBLOCA is found to be the most limiting case, and will be used in the tables and discussions for
this response.

The mass of water holdup in the Reactor Building (RB) is examined during various phases of
the transient: blowdown, refill/reflood, post reflood, peak containment pressure, peak IRWST
temperature, and half peak containment pressure. There are several different categories
analyzed for water holdup:

e Condensate on walls and ceilings.
o Water retained in steam and droplet phase within the containment atmosphere.

e Water retained on floors.

During blowdown there may be sufficient pressure difference between the equipment space and
the service space to force water from the IRWST into the annular area. The exact amount of
IRWST water that could be displaced is dependent on a number of interrelated factors for each
break scenario. In the water retention analysis for a LBLOCA, a worst case evaluation was
made assuming that the annular area would instantly fill with IRWST liquid to the height of the
weir. The results showed that the water holdup is still within the margin of allowable IRWST
inventory for NPSH.

Table 06.02.02-72-1 lists the wall condensation film thickness during each phase. The mass of
condensation on walls in each compartment is listed in Table 06.02.02-72-2.



AREVA NP Inc.

Response to Request for Additional Information No. 434, Supplement 6
U.S. EPR Design Certification Application Page 3 of 26

Table 06.02.02-72-3 lists the volume of condensation drops on ceilings per square foot. The
mass of condensation on the ceiling of each compartment during each phase is listed in Table
06.02.02-72-4.

Table 06.02.02-72-5 lists the mass of water retained during the steam and droplet phase in the
containment atmosphere.

Table 06.02.02-72-6 lists the depths of flooding level within the lower annular region during the
different phases. Table 06.02.02-72-7 lists the depths of flooding level on the heavy floor at the
different phases. Table 06.02.02-72-8 lists the flooding depths of the compartments, which will
flood due to curbs/doors. Table 06.02.02-72-9 lists the mass of water retained on floors in the
annular region, heavy floor, and behind doors/curbs in other compartments.

The mass of retained water re-injected into the reactor coolant system (RCS) is calculated using
the maximum flow of safety injection pumps in the beginning of the transient. After the end of
reflood, the mass of retained water re-injected into the RCS is calculated based on the RCS
volumes. The values of the mass of retained water re-injected into the RCS for each phase are
listed in Table 06.02.02-72-10.

In the water retention analysis, it is assumed that one of the double compartment retaining
baskets becomes clogged and is completely filled with water. Based on the volume of the
retention compartments above the IRWST level, the retained mass for the clogged basket is
68,064 Ibm. This mass is conservatively applied during each phase.

Table 06.02.02-72-10 lists the total mass of retained water in the RB for each analysis during a
transient.

A summary of the water holdup evaluation is included in Section 3.2.5 of Technical Report ANP-
10293P, Revision 4, “U.S. EPR Design Features to Address GSI-191.” U.S. EPR FSAR Tier 2,
Table 1.6-1, Section 6.1.3, Section 6.3.6 and Section 15.6.6 will be revised to include this
revision of the technical report.

U.S. EPR FSAR Tier 2, Section 6.3.3 will be revised to reflect the change in the peak, post-
LOCA IRWST temperature from 230°F to 246.2°F.

U.S. EPR FSAR Tier 2, Table 6.3-2 will be revised to correct a typographical error regarding
Low Head Safety Injection (LHSI) pump flow rate.

FSAR Impact:
U.S. EPR FSAR Tier 2, Table 1.6-1, Section 6.1.3, Section 6.3.3, Section 6.3.6, Table 6.3-2 and

Section 15.6.6 will be revised as described in the response and indicated on the enclosed
markup.
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Table 1.6-1—Reports Referenced

Sheet 2 of 5
Report No. Date
(See Notes 1, 2, Submitted FSAR Section
and 3) Title to NRC Number(s)
ANP-10287P Incore Trip Setpoint and Transient 11/27/07 43,44,7.1,7.2,
ANP-10287NP Methodology for U.S. EPR Topical 15.0, 15.1,
Report 15.2,15.3,15.4,15.6,
16
ANP-10288P U.S. EPR Post-LOCA Boron 01/10 15
ANP-10288NP Precipitation and Boron Dilution
Revision 1 Technical Report
ANP-10290 AREVA NP Environmental Report 9/11/09 19.2
Revision 1 Standard Design Certification
ANP-10291P Small Break LOCA and Non-LOCA 5/09 15
ANP-10291NP Sensitivity Studies and Methodology
Technical Report
ANP-10292 U.S. EPR Conformance with Standard 5/09 1.9
Revision 1 Review Plan (NUREG-0800) Technical 06.02.02-72
Report / _|
ANP-10293P, U.S. EPR Design Features to Address 311/11 6.3 and 15.6.5.4.3
Revision 34 GSI-191 Technical Report
ANP-1029% U.STEPR Reactor Coolant Pump Motor 3709 5471606
Revision 1 Flywheel Structural Analysis Technical
Report
ANP-10295P U.S. EPR Security Design Features. 10/0912/11 13.6
ANP-10295NP Technical Report
Revision 3
ANP-10295
Revision1
ANP-10296 U.S. EPR Design Features that Enhance 12/08 13.6
Security
ANP-10299P Applicability of AREVA NP 12/09 6.2.1 and 6.2.25
Revision 2 Containment Response Evaluation
Methodology to the U.S. EPR for Large
Break LOCA Analysis, including
Supplement 1, August 2011.
ANP-10304 U.S. EPR Diversity and Defense in Depth 6/11 19,7.1,7.2,7.3,
Revision 4 Assessment Technical Report 7.8,18.7,19.1
ANP-10306P Comprehensive Vibration Assessment 12/09 3.9.2.1.1,3.9.2.3,
Program for U.S. EPR Reactor Internals 3.9.2.4,and 3.9.2.7
Technical Report
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6.1.3 References

1. ASME Boiler and Pressure Vessel Code, Section III, “Rules for Construction of

Nuclear Plant Power Components,” The American Society of Mechanical
Engineers, 2004.

2. ASME Boiler and Pressure Vessel Code, Section II, “Materials,” The American
Society of Mechanical Engineers, 2004.

3. Deleted.

4. EPRI Report 1009801, “Materials Reliability Program: Resistance to Primary
Water Stress Corrosion Cracking of Alloys 690, 52, and 152 in Pressurized Water
Reactors (MRP-111),” Electric Power Research Institute, March 2004.

5. EPRI Report 1014986, “Pressurized Water Reactor Primary Water Chemistry
Guidelines,” Revision 6, Electric Power Research Institute, December 2007.

6. ASTM D5144-00, “Standard Guide for Use of Protective Coating Standards in
Nuclear Power Plants,” American Society for Testing and Materials, 2000.

7. ASME NQA-1-1994, “Quality Assurance Program Requirements for Nuclear
Facilities,” American society of Mechanical Engineers, 2004.

8. ASTM D3843-00, “Standard Practice for Quality Assurance for Protective Coatings
Applied to Nuclear Facilities,” American Society for Testing and Materials, 2000.

9. NUREG/CR-4513, “Estimation of Fracture Toughness of Cast Stainless Steels
During Thermal Aging in LWR Systems,” Revision 1, U.S. Nuclear Regulatory
Commission, May 1994.
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6.3.3.3

06.02.02-72

When the lower plenum is refilled to the bottom of the fuel rod heated length, the
refill phase ends and the reflood phase begins. The ECCS fluid flowing into the
downcomer provides the driving head to move coolant through the core. As the
mixture level moves up the core, steam is generated and liquid is entrained. As this
entrained liquid is carried into the SGs, it vaporizes because of the higher temperature
in the SGs. This causes steam binding, which reduces the core reflooding rate. The
fuel rods are cooled and quenched by radiation and convective heat transfer as the
quench front moves up the core. Long term recirculation cooling is maintained by the
LHSI function of the SIS.

NPSH Evaluation

An evaluation of the MHSI and LHSI pumps demonstrates sufficient NPSH is available
during postulated DBAs. This evaluation includes the effects of IRWST temperature,
sump screen resistance with debris, pump performance, and uncertainties in hydraulic
resistances.

IRWST temperatures are calculated using RELAP5/B&W (Reference 16) to determine
the mass and energy release, and GOTHIC (Reference 17) to determine the
containment and IRWST responses. The IRWST temperatures are calculated
conservatively by mixing the condensed liquid in the containment with the IRWST
water. The limiting case is the double-ended guillotine (DEG) hot-leg break,

Figure 6.3-7—IRWST LOCA Temperature Response. The peak IRWST temperature is

calculated to be 246.2230°F.

The SIS pump NPSH evaluation for LBLOCA events is performed using the maximum
pump flow head-capacity curves, maximum system resistances, debris laden sump
screen resistance, and a reduced IRWST level to account for liquid hold up in the
containment. The limiting evaluation of NPSH does not credit containment
overpressure. It conservatively assumes the IRWST liquid is at the saturation pressure
corresponding to the peak calculated IRWST temperature of 246.2230°F.

Simultaneous operation of both the MHSI and LHSI pumps is considered. The
increase in IRWST temperature is taken into account for the LBLOCA analysis in
Section 15.6.5. The LBLOCA analysis inherently bounds the SBLOCA analysis.

6.3.4 Tests and Inspections
Refer to Section 14.2 (Test abstract #014, #015, #016, #022, #175, and #177) for initial
plant testing. Applicable guidance from RG 1.79 is incorporated in the initial plant
testing described in Section 14.2.
Surveillance Requirements 3.5.1, 3.5.2, 3.5.3, and 3.5.4 in Chapter 16 describe the SIS
surveillance requirements.
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Table 6.3-2—Low Head Safety Injection Pumps Design and Operating

Parameters
Parameter Value
Number 4
Type/arrangement Centrifugal/horizontal
| Type of fluid primary coolant; post-LOCA downstream fluid
Maximum strainer head loss during LBLOCA (at 2.1ft
212°F)
Design pressure/temperature 1160 psig/360°F
Normal flowrate (approximate) 2200 gpm
Normal flow head (approximate) 480 ft
Minimum flowrate (approximate) 530 gpm
Flow head at minimum flowrate (approximate) 750 ft
(approximate)
Nominal motor power (approximate) 340 kW
LHSI Pump Characteristics
Pump Flow (gpm TDH (ft) NPSHR (ft) NPSHA (ft)
440 760 2.8 15.2
[06.02.02-72]—>| 880 | 718 3.2 14.2
1320 656 3.8 12.9
1760 575 4.4 11.1
2200 475 5.3 9.1
2640 356 6.2 6.7
Pump-flew{gpm) FOH-#) NPSHR-#)
00 7874 NA
440 7710 NA
880 7218 33
1320 6562 39
1760 5741 46
2200 4757 52
2640 3609 6:2
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