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ArevaEPRDCPEm Resource

From: RYAN Tom (AREVA) [Tom.Ryan@areva.com]
Sent: Friday, August 09, 2013 2:54 PM
To: Snyder, Amy
Cc: Gleaves, Bill; ANDERSON Katherine (EXTERNAL AREVA); DELANO Karen (AREVA); 

LEIGHLITER John (AREVA); ROMINE Judy (AREVA); WILLIFORD Dennis (AREVA); 
KOWALSKI David (AREVA); HOTTLE Nathan (AREVA); HARRINGTON James (AREVA)

Subject: Response to U.S. EPR Design Certification Application RAI No. 553 (6573, 6463), FSAR Ch. 
6, Supplement 5

Attachments: RAI 553 Supplement 5 Response US EPR DC.pdf

Amy, 
 
AREVA NP Inc. provided a schedule for technically correct and complete responses to the two questions in 
RAI No. 553 on August 24, 2012.  Supplement 1 response to RAI No. 553 was sent on February 1, 2013 to 
provide a response to Question 06.03-18.  Based on NRC staff feedback received during a public telecon on 
February 11, 2013, Supplement 2 response to RAI No. 553 was sent on February 14, 2013 to provide a final 
revised response to Question 06.03-18.  Supplement 3 response to RAI No. 553 was sent on May 13, 2013 to 
provide a final revised response to Question 06.03-18.  Supplement 4 response to RAI No. 553 was sent on 
June 28, 2013 to provide a response to Question 06.02.05-31. 
 
The attached file, “RAI 553 Supplement 5 Response US EPR DC.pdf” provides a technically correct and 
complete final revised response to Question 06.03-18.  This response supersedes the prior response to RAI 
553 Question 06.03-18 in its entirety. 
 
Appended to this file are affected pages of the U.S. EPR Final Safety Analysis Report in redline-strikeout 
format which support the revised response to RAI 553 Question 06.03-18. 
 
The following table indicates the respective pages in the response document, “RAI 553 Supplement 5 
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject question. 
 

Question # Start Page End Page 

RAI 553 — 06.03-18 2 7 

 
This concludes the formal AREVA NP response to RAI 553, and there are no questions from this RAI for which 
AREVA NP has not provided responses. 
 
Sincerely, 
 
 

Tom Ryan 
Manager, US EPR DCD 
Regulatory Affairs 
AREVA NP 
An AREVA and Siemens company 
7207 IBM Drive - CLT2B 
Charlotte, NC  28262  
Phone: 704-805-2643, Cell : 704-292-5627 
Fax: 434-382-6657 
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From: WILLIFORD Dennis (RS/NB)  
Sent: Friday, June 28, 2013 5:49 PM 
To: Amy.Snyder@nrc.gov 
Cc: bill.gleaves@nrc.gov; ANDERSON Katherine (External AREVA NP INC.); DELANO Karen (RS/NB); LEIGHLITER John 
(RS/NB); ROMINE Judy (RS/NB); RYAN Tom (RS/NB); NOXON David (RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 553 (6573, 6463), FSAR Ch. 6, Supplement 4 
 
Amy, 
 
AREVA NP Inc. letter NRC:13:050 dated June 28, 2013 provides a technically correct and complete final 
response to the remaining question in RAI 553 (Question 06.02.05-31).  AREVA NP considers some of the 
material contained in the response to be proprietary information. As required by 10 CFR 2.390(b), an affidavit 
is provided to support the withholding of the proprietary information from public disclosure.  Proprietary and 
non-proprietary versions of the enclosure to this letter are provided separately. 
   
The following table indicates the respective pages in the response that contain AREVA NP’s final response to 
the subject question.   
 

Question # Start Page End Page 

RAI 553 – 06.02.05-31 2 134 

 
This concludes the formal AREVA NP response to RAI 553, and there are no questions from this RAI for which 
AREVA NP has not provided a response.        
 
 
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: Monday, May 13, 2013 7:59 PM 
To: Amy.Snyder@nrc.gov 
Cc: bill.gleaves@nrc.gov; DELANO Karen (RS/NB); LEIGHLITER John (RS/NB); ROMINE Judy (RS/NB); RYAN Tom 
(RS/NB); WILLS Tiffany (CORP/QP); KOWALSKI David (RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 553 (6573, 6463), FSAR Ch. 6, Supplement 3 
 
Amy, 
 
AREVA NP Inc. provided a schedule for a technically correct and complete response to the two questions in 
RAI No. 553 on August 24, 2012.  Supplement 1 response to RAI No. 553 was sent on February 1, 2013 to 
provide a response to Question 06.03-18.  Based on NRC staff feedback received during a public telecon on 
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February 11, 2013, Supplement 2 response to RAI No. 553 was sent on February 14, 2013 to provide a 
revised final response to Question 06.03-18. 
 
As discussed with NRC staff during a public meeting/telecon on April 15, 2013 [Topic: Emergency Core 
Cooling System - Net Positive Suction Head Update] and as provided in letter NRC:13:012 dated April 12, 
2013, we are providing a revised response to RAI 553, Question 06.03-18.  The attached file, “RAI 553 
Supplement 3 Response US EPR DC.pdf” provides a revised final response to Question 06.03-18.  This 
response supersedes the prior response to RAI 553 Question 06.03-18 in its entirety. 
 
Appended to this file are affected pages of the U.S. EPR Final Safety Analysis Report in redline-strikeout 
format which support the revised response to RAI 553 Question 06.03-18. 
 
The following table indicates the respective pages in the response document, “RAI 553 Supplement 3 
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject question. 
 

Question # Start Page End Page 

RAI 553 — 06.03-18 2 7 

 
The schedule for a technically correct and complete response to the remaining question has not changed as 
provided below. 
 

Question # Response Date 

RAI 553 — 06.02.05-31 June 28, 2013 

 
 
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, February 14, 2013 4:54 PM 
To: Amy.Snyder@nrc.gov 
Cc: bill.gleaves@nrc.gov; DELANO Karen (RS/NB); LEIGHLITER John (RS/NB); ROMINE Judy (RS/NB); RYAN Tom 
(RS/NB); WILLS Tiffany (CORP/QP); KOWALSKI David (RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 553 (6573, 6463), FSAR Ch. 6, Supplement 2 
 
Amy, 
 
AREVA NP Inc. provided a schedule for technically correct and complete responses to the two questions in 
RAI No. 553 on August 24, 2012.  Supplement 1 response to RAI No. 553 was sent on February 1, 2013 to 
provide a response to Question 06.03-18. Based on NRC staff feedback received during the public telecon on 
February 11th, we have provided a revised final response to Question 06.03-18. 
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Appended to this file are affected pages of the U.S. EPR Final Safety Analysis Report in redline-strikeout 
format which support the revised response to RAI 553 Question 06.03-18. 
 
The following table indicates the respective pages in the response document, “RAI 553 Supplement 2 
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject question. 
 

Question # Start Page End Page 

RAI 553 — 06.03-18 2 7 

 
The schedule for a technically correct and complete response to the remaining question has not changed and 
is provided below. 
 

Question # Response Date 

RAI 553 — 06.02.05-31 June 28, 2013 

 
 
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: Friday, February 01, 2013 5:20 PM 
To: Amy.Snyder@nrc.gov 
Cc: bill.gleaves@nrc.gov; DELANO Karen (RS/NB); LEIGHLITER John (RS/NB); ROMINE Judy (RS/NB); RYAN Tom 
(RS/NB); WILLS Tiffany (CORP/QP); KOWALSKI David (RS/NB); GUCWA Len (External RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 553 (6573, 6463), FSAR Ch. 6, Supplement 1 
 
Amy, 
 
AREVA NP Inc. provided a schedule for a technically correct and complete response to the two questions in 
RAI No. 553 on August 24, 2012. 
 
The attached file, “RAI 553 Supplement 1 Response US EPR DC.pdf,” provides a technically correct and 
complete final response to one of the two remaining 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 553 
Question 06.03-18. 
 
The following table indicates the respective pages in the response document, “RAI 553 Supplement 1 
Response US EPR DC.pdf,” that contain AREVA NP’s response to the subject question. 
 

Question # Start Page End Page 

RAI 553 — 06.03-18 2 7 
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The schedule for a technically correct and complete response to the remaining question has not changed and 
is provided below. 
 

Question # Response Date 

RAI 553 — 06.02.05-31 June 28, 2013 

 
 
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: Friday, August 24, 2012 3:18 PM 
To: Tesfaye, Getachew 
Cc: BENNETT Kathy (RS/NB); DELANO Karen (RS/NB); LEIGHLITER John (RS/NB); ROMINE Judy (RS/NB); RYAN Tom 
(RS/NB); KOWALSKI David (RS/NB); GUCWA Len (External RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 553 (6573, 6463), FSAR Ch. 6 
 
Getachew, 
 
Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI).  The 
attached file, “RAI 553 Response US EPR DC.pdf,” provides a schedule since a technically correct and 
complete response to the two questions cannot be provided at this time. 
 
The following table indicates the respective pages in the response document, “RAI 553 Response US EPR 
DC.pdf,” that contain AREVA NP’s response to the subject questions. 
 

Question # Start Page End Page 

RAI 553 — 06.02.05-31 2 3 

RAI 553 — 06.03-18 4 5 

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

Question # Response Date 

RAI 553 — 06.02.05-31 June 28, 2013 

RAI 553 — 06.03-18 November 27, 2012 

 
Sincerely, 
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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: Tesfaye, Getachew [mailto:Getachew.Tesfaye@nrc.gov]  
Sent: Wednesday, July 25, 2012 4:27 PM 
To: ZZ-DL-A-USEPR-DL 
Cc: Grady, Anne-Marie; Ashley, Clinton; McKirgan, John; Budzynski, John; Donoghue, Joseph; Gleaves, Bill; Segala, John; 
ArevaEPRDCPEm Resource 
Subject: U.S. EPR Design Certification Application RAI No. 553 (6573, 6463), FSAR Ch. 6 
 
Attached please find the subject requests for additional information (RAI).  A draft of the RAI was provided to 
you on June 26, 2012, and discussed with your staff on June 27, July 3 and July 10, 2012.   Draft RAI Question 
06.02.05-31(e) was modified as a result of those discussions.  The schedule we have established for review of 
your application assumes technically correct and complete responses within 30 days of receipt of RAIs.  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/LB1 
(301) 415-3361 
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Response to 
 
 

Request for Additional Information No. 553, Supplement 5 
 

7/25/2012 
 

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

Docket No. 52-020 
SRP Section: 06.02.05 - Combustible Gas Control in Containment 

SRP Section: 06.03 - Emergency Core Cooling System 
 

Application Section: FSAR Chapter 6 
 

QUESTIONS for Containment & Ventilation Branch (SCVB) 
 

QUESTIONS for Reactor System, Nuclear Performance and Code Review (SRSB) 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 553, Supplement 5 
U.S. EPR Design Certification Application Page 2 of 7 
 
Question 06.03-18: 

Open Item 

 Follow-up to RAI 416, Question 6.3-15 

In response to RAI 416, Question 06.03-15 (June 2011), the applicant references SECY 11-
0014, “Use of Containment Accident Pressure in Analyzing Emergency Core Cooling System 
and Containment Heat Removal System Pump Performance in Postulated Accidents” (January, 
2011).  

In this Commission paper (SECY 11-0014, ML102590196), the staff presented options to the 
Commission to resolve outstanding issues related to the use of containment accident pressure 
(CAP) in determining the net positive suction head (NPSH) margin of safety related pumps.  

The Commission provided direction to the staff in Staff Requirements Memorandum (SRM) 
SECY 11-0014 (ML110740254), on March 15, 2011. Included in the Commission’s response 
was direction to implement the staff’s guidance.  

In FSAR 6.3.3 markup in response to RAI 498 Supplement 4 Question 06.02.02-119 AREVA 
clarifies that the US EPR does use containment accident pressure in assessing the adequacy of 
NPSH for ECCS pumps.  

However, in response to RAI 416, Question 06.03-15, the applicant did not include a description 
of how or if the US EPR met the staff guidance contained in SECY 11-0014. Therefore, the staff 
request AREVA provide information that addresses the guidance, as appropriate.  

As an example, the SECY paper guidance (section 6.3) discusses evaluating effective required 
NPSH (NPSHreff) and Cavitation Erosion. For NPSHreff, the staff guidance proposes that the 
NPSH margin be calculated from NPSHa � NPSHreff, where NPSHreff is the NPSHr3% value 
with uncertainties in NPSHr included. This calculated NPSH margin should be equal to or 
greater than zero. For Cavitation Erosion (or maximum erosion zone) staff guidance states that 
pump tests indicate that the zone of maximum erosion rate lies between NPSH ratios of 1.2 to 
1.6 for pumps operating outside of the zone of suction recirculation. The staff selected a time 
limit of 100 hours for the time permitted in the maximum erosion zone. NPSH ratio = 
NPSHa/NPSHreff. 

To complete the staff evaluation of the 6.3 SER Phase 2 Open Item 06.03-15 in support of 
ECCS pump performance, the staff request that AREVA address guidance contained in SECY 
11-0014 and provide key NPSH information in FSAR section 6.3 that identifies the limiting or 
worst case NPSH evaluation for the ECCS pumps with justification for the selected data. At a 
minimum, the staff expects the FSAR to contain the limiting ECCS pump NPSH evaluation, to 
include the following parameters and plots, and to specify the basis for the ECCS pump flowrate 
selected and NPSHr uncertainty. Note, all heads and pressures should be expressed in feet of 
liquid at the pumping temperature selected for the evaluation. 

NPSHa  

• Minimum elevation (static) head (feet) 
• Strainer loss (feet) 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 553, Supplement 5 
U.S. EPR Design Certification Application Page 3 of 7 
 
• Line/friction loss (feet)  
• Atmosphere Pressure (feet) 
• Vapor Pressure of liquid at pump suction (feet) 
• NPSHreff where NPSHreff = (1 + uncertainty) x NPSHr3% 
• Plot of NPSHa and NPSHreff vs. Time  

In addition, as a follow-up to RAI 498, Question 6.2.2-119, the applicant is requested to describe 
why Tables 6.3-2 and 6.3-3 of the FSAR does not identify pump characteristics for flow rates up 
to 3220 gpm and 1110 gpm for the LHSI and MHSI pumps since these upper flow rates are 
identified in Section G.2.5 of Technical Report ANP-10293. 

Response to Question 06.03-18: 

This response to Question 06.03-18 supersedes the prior response provided in Supplement 3 in 
its entirety. 

This response is organized in six parts:  (1) The introduction explains the sequence of events 
used to evaluate the limiting case of net positive suction head (NPSH) for the low-head safety 
injection (LHSI) and medium-head safety injection (MHSI) pumps; (2) Explains the NPSH 
evaluation prior to operator manual action; (3) Explains the NPSH evaluation after operator 
action as the containment continues to heat up; (4) Discusses pump erosion due to cavitation, 
(5) Explains pump flows used in Technical Report ANP-10293, “U.S. EPR Design Features to 
Address GSI-191;” and (6) Provides the conclusion. 

1. Introduction: 

To facilitate understanding of the post-LOCA (loss of coolant accident) sequence of events, 
the heatup and subsequent cooldown of the in-containment refueling water storage tank 
(IRWST) is shown in Figure 06.03-18-1�IRWST Liquid Temperature for the large break loss 
of coolant accident (LBLOCA).   

A previous response to RAI 553, Question 06.03-18 did not consider IRWST mass as a 
function of time, but in this response, the mass of water in the IRWST changes with the 
sequence of events.  Analysis of the limiting NPSH event assumes the IRWST water volume 
at the minimum volume required by U.S. EPR Technical Specifications, U.S. EPR FSAR 
Tier 2, Section 16, 3.5.4 - In-Containment Refueling Water Storage Tank (IRWST) - 
Operating.  The IRWST volume of water initially decreases as the water is injected into the 
break.  Subsequently, water from the break flows back into the IRWST with some of the 
water being held up at locations in the containment building.  Accumulator discharge into the 
reactor coolant system (RCS) is included in the mass of water held up during the plant 
response to a LBLOCA; however, accumulator discharge is conservatively not credited in 
IRWST volume for NPSH analysis.  IRWST water level is presented in Table 3.2-1 of 
Technical Report ANP-10293P.   Technical Report ANP-10293P, “U.S. EPR Design 
Features to Address GSI-191,” will be revised to document this.   

Available NPSH (NPSHa) for the LHSI and MHSI pumps is maintained greater than the 
required NPSH (NPSHr) to provide adequate flow post-LOCA.  This meets the guidance of 
NRC SECY-11-0014, which will be referenced in U.S. EPR FSAR Tier 2, Section 6.3.3 and 
Section 6.3.6. 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 553, Supplement 5 
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2. NPSH Evaluation Before Operator Action: 

During a LBLOCA, the core blows down rapidly and both sets of LHSI and MHSI pumps 
provide flow taking suction on a common suction header, one for each of the four trains of 
the safety injection system (SIS) from the IRWST.  As RCS pressure decreases 
accumulators will empty.  U.S. EPR FSAR Tier 2, Section 6.3.3.3, will be revised to provide 
additional description of the NPSHa factors. 

Minimum static head, hstatic, for the U.S. EPR design results from the difference in elevation 
between the liquid surface of the IRWST and the centerline of the pump suction.  
Throughout the plant response to the LBLOCA, input for the IRWST level elevations were 
taken from the water retention calculation LBLOCA scenario which accounts for liquid 
holdup in upper containment.  Suction elevation for the LHSI and MHSI pumps is 
approximately -26.2 ft.  The resulting static head is 17.7 ft to the U.S. EPR Technical 
Specifications water level of -8.497 ft.  Therefore, the initial condition for the NPSH analysis 
is the U.S. EPR Technical Specifications level of -8.497 ft. 

When considering the head loss resulting from fluid friction and fittings in the flow path to the 
pump, suction flange strainer loss and line/friction loss (units: feet) are major factors.  During 
a LBLOCA, debris could accumulate on the IRWST SIS inlet strainer.  The head loss values 
used in the design of the strainers for pressure loss due to debris clogging by the filter bed 
are based on AREVA GSI-191 testing.  Pressure loss coefficients (K) were developed and 
margin added.  These values were applied to the LBLOCA NPSH calculation.  These test 
results were not available when the initial NPSH analysis was done. 

A design value of total strainer (strainer plus debris) head loss is established as 2.88 ft at 
total flow of 3875 gpm. 

U.S. EPR FSAR Tier 2, Figure 6.3-8—LHSI in LB LOCA and Figure 6.3-9—MHSI in LB 
LOCA, will be revised to show NPSH over time for the LHSI and MHSI pumps, respectively.  
Technical Report ANP-10293P, “U.S. EPR Design Features to Address GSI 191,” will be 
revised to support the IRWST strainer testing and evaluation methods.   

3. NPSH Evaluation After Operator Action: 

A previous response to RAI 553, Question 06.03-18 cited operator action to terminate MHSI 
flow at one hour into the LB LOCA event.  Now, both LHSI and MHSI pumps are now 
assumed to operate for at least 24 hours.  Therefore, the NPSH analysis was redone with 
no reliance on any operator action to terminate any pumps.  The only required operator 
action is to realign the system to simultaneous injection at approximately one hour as 
before.   

After the initial blowdown and refill, decay heat increases IRWST temperature until the heat 
removal rate of the LSHI heat exchangers matches the rate of decay heat as shown in 
Figure 06.03-18-1.  The head equivalent to the vapor pressure of the water varies with 
temperature.  U.S. EPR FSAR Tier 2, Section 6.3.3.3 will be revised to provide additional 
description of the evaluation of the NPSHa during this period. 

When considering uncertainty with respect to NPSH, NPSHa and NPSHr terms are 
evaluated separately.  U.S. EPR FSAR Tier 2, Section 6.3.3.3, will be revised to provide 
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additional description of the evaluation of the NPSHa and NPSHr uncertainty.  
Table 06.03-18-1 shows the uncertainties considered in the NPSHa calculations. 

U.S. EPR FSAR Tier 2, Table 6.3-2—Low Head Safety Injection Pumps Design and 
Operating Parameters and Table 6.3-3—Medium Head Safety Injection Pumps Design and 
Operating Parameters will be revised to include effective required NPSH (NPSHreff ) values.  
NPSHa values have been deleted from these tables since NPSHa is a function of time and 
temperature dependent system configuration.  A previous response to RAI 553, Question 
06.03-18 identified values in the tables that did not agree with values in U.S. EPR FSAR 
Tier 2, Section 6.3.3.3.  This was a result of a difference in reading the NPSHr curves 
resulting in a small difference that was compounded by unit conversion.  This has been 
corrected such that the values are consistent.  Parameter descriptions were also changed to 
more accurately describe some values.   

4. Susceptibility to Erosion During Cavitation: 

Generic pump tests indicate that the zone of maximum cavitation erosion rate lies between 
NPSH margin ratios of 1.2 to 1.6 according to NRC SECY-11-0014.  The NPSH margin over 
time where NPSH ratio is between 1.2 and 1.6 are shown in U.S. EPR FSAR Tier 2 
Figure 6.3-10—LHSI in LB LOCA – Cavitation Erosion and Figure 6.3-11—MHSI in LB 
LOCA – Cavitation Erosion. 

This predicted period of operation during cavitation erosion concern of six hours is only 6 
percent of the 100 hour limit established in SECY-11-0014 and does not significantly affect 
pump long term capability. 

5. Explanation of Flows used in Technical Report ANP-10293: 

Many scenarios were investigated to evaluate NPSH.  A combined flow rate of 3447 gpm 
(before the RCS fully depressurizes) is considered appropriate for GSI-191 analyses and 
testing.  The effect of a higher flow during the GSI-191 testing is not significant as the debris 
loading was insufficient to fully cover the strainer.  The GSI-191 testing was used to validate 
a form loss factor for the strainer (K) applicable across a wide range of flows.   

U.S. EPR GSI-191 testing found actual strainer head loss values in a debris-loaded sump to 
be 1.34 ft at a total flow of 3447 gpm (1.78 ft. at a flow rate of 3875 gpm adjusted for 
instrument accuracy).  The values used in the design of the strainers for pressure loss due 
to debris clogging of the filter bed are reasonably conservative.   

U.S. EPR FSAR Tier 2, Table 6.3-2 and Table 6.3-3 will be revised to include LHSI flow of 
3220 gpm and MHSI flow of 1110 gpm.   

6. Conclusion: 

In a LBLOCA, there are only two possible lineups of safety injection:  injection into the cold 
leg and simultaneous injection into both the hot leg and cold leg.  Simultaneous injection 
offers two flow paths into the RCS and has lesser total flow resistance in the different 
analysis.  NPSH margins for both scenarios were analyzed.  The difference in margin 
between the cold leg injection case and the simultaneous injection case is only about 
0.1 ft wg. 
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NPSH margin exists throughout the event, as shown in U.S. EPR FSAR Tier 2, 
Figure 6.3-8—LHSI in LB LOCA and Figure 6.3-9—MHSI in LB LOCA.  At approximately 
one hour into the event, operator action is taken to align LHSI flow for simultaneous cold-leg 
and hot-leg injection.  Both cold-leg-only and simultaneous injection were modeled and the 
NPSH margins for simultaneous injection were limiting.  

Table 06.03-18-1�NPSHa Uncertainty 

Uncertainty Factor Pressure/Head Flow 
Friction Loss Factors for Piping & Fittings +/- 20% N/A 
Friction Loss Factors for flow coefficient (Cv) 
Values of Valves +/- 5% N/A 

Pump Wear (4) (1) -10% (3) 
Pump Manufacturing Tolerances (4) + 3% (2) + 3% (3) 
Plant Instrument Uncertainty (4) +/- 2% (2) +/- 2% (3) 
Grid Frequency Variation (4) +/- 1.7% (2) +/- 0.83% (3)

Notes: 

(1) Applies to flow, as flow degradation (seals) is more likely than mechanical wear based 
on infrequent service of pumps. 

(2) Applies to the pump total dynamic head. 

(3) Applies to pump flow. 

(4) These values are considered independent of each other and may be combined using the 
“sum of the squares” method. 
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Figure 06.03-18-1�IRWST Liquid Temperature 

 

 

FSAR Impact: 

U.S. EPR FSAR Tier 2, Section 6.3.3.3, Tables 6.3-2 and 6.3-3, and Figures 6.3-8 through 
6.3-11 will be revised as described in the response and indicated on the enclosed markup. 

Technical Report Impact: 

Technical Report ANP-10293P, “U.S. EPR Design Features to Address GSI-191,” will be 
revised as described in the response and indicated on the enclosed markup. 
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hatm= the head on the liquid surface resulting from the pressure in the 
atmosphere above the IRWST

hstatic = the head resulting from the difference in elevation between the liquid 
surface and the centerline of the pump suction

hloss = the head loss resulting from fluid friction and fittings in the flowpath to 
the pump suction flange

hvp = the head equivalent to the vapor pressure of the water at the water 
temperature

The head equivalent to the vapor pressure of the water at the water temperature varies 
with temperature.  For IRWST water properties during the time period prior to the 
IRWST reaching 212°F, the analysis assumes subcooled liquid at 1 atm, which was the 
containment pressure before the accident.  When IRWST temperature is greater than 
212°F, the containment pressure is set equal to the IRWST liquid vapor pressure.

This evaluation includes the effects of IRWST temperature, sump screen resistance 
with debris, pump performance with uncertainties, and uncertainties in hydraulic 
resistances.  The uncertainties associated with pump performance and hydraulic 
resistances include:

� Friction loss factors for piping and fittings;

� Friction loss factors for flow coefficient (CV) values of valves;

� Pump wear;

� Pump manufacturing tolerances;

� Plant instrument uncertainties;

� Grid frequency variation.

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,The 
limiting case for containment pressure is the hot-leg break.  The limiting case for 
IRWST temperature and NPSH is the double-ended guillotine (DEG) cold-leg break as 
shown in Figure 6.3-7—IRWST LOCA Temperature Response.  The peak IRWST 
temperature is calculated to be 246.2°F.  IRWST level also varies with time.  The 
limiting evaluation of NPSH credits containment accident pressure since it 
conservatively assumes the IRWST liquid is at the saturation pressure corresponding 
to the peak calculated IRWST temperature.

All indicated changes are in response to RAI 553, Question 06.03-18All indicated changes are in response to RAI 553, Question 06.03-18
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800 seconds.  During this time frame, the MHSI and LHSI pumps maintain 
largeadequate NPSH margin (see Figure 6.3-8—LHSI in LBLOCA and Figure 6.3-9—
MHSI in LBLOCA).  The MHSI and LHSI NPSH margin is calculated under the 
following conditions:

� IRWST temperature of 135°F.

� IRWST water level elevation at approximately -9.39.008 ft.

� Minimum static head of 16.917.2 ft.

� Strainer head loss including debris, of 2.511.98 ft at 3617 gpm.

� RCS break pressure of 45 psia (RCS break remains at or above this pressure until 
after PCT has been reached).

� Containment pressure atreduced to 1 atm (containment pressure prior to the 
accident).

� Enhanced pump performance and degraded system resistances.

� LHSI: NPSHa = 37.4 ft, NPSHreff = 7.2 ft, margin = 30.2 ft.

� MHSI: NPSHa = 39.4 ft, NPSHreff = 10.2 ft, margin = 29.2 ft.

For the LBLOCA, after approximately 1.54 hours IRWST temperature exceeds 212°F.  
However, before reaching this temperature, operator action for termination of MHSI 
flow when the core outlet remains saturated can proceed when total LHSI flow 
exceeds the minimum flow rate specified by accident analysis.  In some scenarios, such 
as the containment analysis case of only two trains of SI in operation, continued MHSI 
flow is necessary and will not be terminated.  Therefore in this NPSH analysis both 
LHSI and MHSI pumps are assumed to operate for the duration of the event.

During the period that IRWST temperature exceeds 212°F, the atmospheric pressure 
term is set equal to the IRWST liquid vapor pressure and is used in calculating NPSHa  
During this period, the following equation applies:

NPSHa = hstatic - hloss 

The liquid temperature continues to increase until about 3 hours into the event when 
the heat removal capacity of the LHSI heat exchangers exceeds the heat addition to the 
IRWST by the liquid break flow. 

The most limiting case for NPSH for the LHSI pump is 26552764 gpm during 
simultaneous hot leg and cold leg injection, saturated liquid in the IRWST, and 
saturation pressure both in containment and at the break at 212°F as shown in 
Figure 6.3-8—LHSI in LBLOCA.  For this case, the MHSI pump is switched off so the 

All indicated changes are in response to RAI 553, Question 06.03-18All indicated changes are in response to RAI 553, Question 06.03-18
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LHSI pump discharge flow rate equals the total suction flow rate.  The results are:

IRWST water level = -9.009 ft

hatm = hvp

hstatic = 17.1917.487 ft

hloss  = 2.722.11 ft (strainer + debris)

hloss  = 8.698.53 ft (total = debris + strainer + piping)

LHSI NPSHa = 8.498.96 ft

LHSI NPSHreff = 7.848.17 ft

LHSI NPSH Margin = 0.660.79 ft or 8.49.7 percent

The most limiting case for NPSH for the MHSI pump is 1111 gpm during the same case 
of simultaneous injection, saturated liquid in the IRWST, and saturation pressure both 
in containment and at the break at 212°F, as shown in Figure 6.3-9—MHSI in 
LBLOCA.   For this case, the total suction flow rate is 3750 gpm because the MHSI and 
LHSI systems operate together at the beginning of a LOCA.  The analyzed LHSI flow 
rate is 2643 gpm.  The results are:

hatm = hvp

hstatic = 17.487 ft 

hloss = 2.11 ft (debris + strainer)

hloss = 6.45.97 ft (total = debris + strainer + piping)

MHSI NPSHa = 10.7911.52 ft

MHSI NPSHreff = 10.4311.51 ft

MHSI NPSH Margin = 0.36 ft or 3.40.009 ft or 0.08 percent

The instrument uncertainty on IRWST level is 0.33 ft (4.0 inches).  LHSI margin is 
never this small.  The period during which the MHSI NPSH margin to NPSHreff is less 
than 0.33 ft is about 1.2 hours.

The SIS lineup for evaluating the most limiting case for NPSH is when only one SIS 
train is injecting to the RCS considering one train is unavailable due to a single failure; 
another train is out for maintenance, and another train feeds the broken loop.

All indicated changes are in response to RAI 553, Question 06.03-18All indicated changes are in response to RAI 553, Question 06.03-18
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Most significant cavitation erosion effects occur between NPSH ratios of 1.2 to 1.6.  A 
short period of approximately seven hours, during which the NPSH ratios are in this 
range, does not significantly affect MHSI or LHSI pump long term capability, as shown 
in Figure 6.3-10—LHSI in LBLOCA - Cavitation Erosion and Figure 6.3-11—MHSI in 
LB LOCA - Cavitation Erosion.

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.

The installation and design of the SIS and IRWSTS provides accessibility for periodic 
testing and in-service inspection.  Sections 3.9.6, 5.2.4, and 6.6 address the pre-service 
and in-service testing and inspection programs for the SIS.

6.3.5 Instrumentation Requirements

The SIS trains and IRWSTS are monitored and controlled from the main control room 
through the instrumentation and control systems.  The instrumentation and control 
systems process and display information in the main control room, and actuate the 
safety injection function as required by plant process safety parameters.

Operator intervention to protect the SIS equipment is required in the event of alarms 
that indicate unacceptable parameters, such as high bearing oil, motor winding, or 
motor air temperatures, or loss of suction head.  Such conditions alarm or indicate in 
the control room.

The SIS pumps start automatically on receipt of a safety injection signal, with 
independent power supply for each train provided by the emergency power supply 
system.  When the permissive P12 is not validated (RCS pressure is at or near that for 
power operation), the SIS pumps start on the receipt of a low pressurizer pressure 
signal.  When the permissive P12 is validated (RCS pressure indicates reactor 
shutdown and cooldown in progress), the SIS pumps start on the receipt of a low RCS 
delta-Psat signal (difference between the RCS hot-leg actual pressure and the RCS hot-
leg saturation pressure).  In the event a LOCA occurs when permissive P15 is validated 
(LHSI is in RHR mode with no RCPs in operation), the MHSI pumps start 
automatically on loss of RCS level.  Permissive signals are described in Section 7.2.1.3.

On receipt of a safety injection signal, the motor operated valves in the injection paths 
receive a signal to open and the hot-leg suction or alternate injection line isolation 
valves receive a signal to close.

All indicated changes are in response to RAI 553, Question 06.03-18All indicated changes are in response to RAI 553, Question 06.03-18
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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
Design pressure/temperature 1160 psig/360°F
DesignNormal flowrate (approximate) 2200 gpm
Discharge head at design flow rateNormal flow 
head (approximate)

480 ft

Minimum flowrate (approximate) 530 gpm
FlowDischarge head at minimum flow rate 
(approximate)

750 ft

MaximumNominal motor power (approximate) 340 kW
LHSI Pump Characteristics

Pump Flow (gpm) TDH (ft) NPSHr3% (ft) NPSHreff (ft)
0.0 782 2.5 3.0
440 760 2.8 3.4
880 718 3.2 3.9

1320 656 3.8 4.6
1760 575 4.4 5.3
2200 480 5.3 6.4
2640 356 6.2 7.5
3220 108 8.2 9.9

All indicated changes are in response to RAI 553, Question 06.03-18All indicated changes are in response to RAI 553, Question 06.03-18
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 Table 6.3-3—Medium 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
Design pressure/temperature 1525 psig/250°F

DesignNormal flowrate (approximate) 600 gpm

Discharge head at design flow rateNormal flow 
head (approximate)

2260 ft

Minimum flowrate (approximate) 165 gpm

Flow Discharge head at minimum flow rate 
(approximate)

3200 ft

MaximumNominal motor power (approximate) 455 kW

MHSI Pump Characteristics
Pump Flow (gpm) TDH (ft) NPSHr3% (ft) NPSHreff (ft)

0.0 3281 N/A N/A
220 3146 6.857.4 8.39.0
440 2751 5.14.7 6.25.7
660 2096 4.85.1 5.86.2
880 1182 5.96.7 7.18.1

1110 328 8.6 10.4

All indicated changes are in response to RAI 553, Question 06.03-18All indicated changes are in response to RAI 553, Question 06.03-18
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Figure 2-1  U.S. EPR ECCS Sump Blockage Mitigation Design 
Features 
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This tiered “defense-in-depth” strategy includes: 

• A large area, low flow velocity region in each of the four RCS loop vaults that 

promotes debris settling. 

• A set of four protective weir/trash rack structures to retain large debris in the RCS 

loop vault.  

- The weir (curb) is approximately 2 inches high, to facilitate water pooling and 

debris settling in the RCS loop vault areas.  

- The trash rack is a 4x4 inch heavy-duty screen that fully encompasses the 

floor opening and prevents large debris from entering the retaining basket 

below. 

• Four retaining baskets in the IRWST.  Each retaining basket is located under 

each weir/trash rack port to catch and retain any small debris that is carried 

through the trash racks by ECCS recirculation flow. 

ANP-10293NP

All indicated changes are in response to RAI 553, Question 06.03-18
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2.3.3 IRWST (ECCS) Sump Strainers  

The ECCS sump strainers are arranged above each of their respective sumps. The 

following aspects are taken into account to size the IRWST strainers: 

• Nature of the debris (e.g., fiber, RMI, particulates, paint chips). 

• Maximum quantity of debris that can reach one strainer during the recirculation 

phase after a large break loss of coolant accident (LBLOCA) when considering 

the effectiveness of the retaining basket.  

• A conservative design head loss across the strainer of approximately 2.18 2.88  

feet psi at 3875 gpm. 104°F.  

• The zone of influence of the break. 

• ECCS recirculation flow. 

• Maximum head loss across the strainer with consideration of ECCS pump NPSH 

margin and the mechanical strength of the strainer. 

• Ample strainer surface area to prevent excessive strainer head loss. 

A conservative approach is used for sizing the ECCS strainer.  Based on the above 

conservative input and assumptions, the minimal design surface area of approximately 

690 ft2 is selected for the ECCS strainer.  The installed strainers will have about 10% 

more surface area (approximately 760 ft2) to provide additional margin.  The strainer 

sizing has been validated by testing. 

The screen filters retain debris to prevent pump/equipment malfunction and clogging of 

the smallest restrictions in the core. The screen design reflects a flat grid configuration 

with a nominal opening size of 0.08 x 0.08 inches to limit passage of debris through the 

strainer. 

Strainer testing demonstrated conservatism in the dimensioning of the strainer.  

Because most of the debris is trapped in the retaining basket, a limited amount of debris 

ANP-10293NP
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• Design Basis Debris Loaded Strainer Head Loss Test 

• Fibrous Debris Only Sample Bypass Test 

• Debris Loaded Strainer Head Loss Thin Bed Test 

The overall design head loss for the debris-loaded strainer was reduced to 2.88 feet at 

3875 gpm for 16 inch pipe and 120°F.  The acceptance criterion is based on a head 

loss value of approximately 1.78 feet at 3875 gpm for 16 inch pipe and 120°F.  This 

value is based on a design clean strainer head loss of 1.19 feet at 3875 gpm, 16-inch 

pipe, and a temperature of 120°F.  This head loss is increased (�50 percent) to 

1.78 feet (at 3875 gpm for 16-inch pipe and 120°F) to accommodate debris head loss. 

The head loss is dependent on flow.  The overall strainer head loss includes the debris 

head loss.  This is considered an acceptable approach because the strainer, screen 

material, screen openings, and surface area are modeled on the plant design 

configuration. 

The test data (for Tests 1D, 1E, 2E, and 2F in Appendix E) were then evaluated to 

determine the head loss acceptance criterion for each data point, based on as-tested 

observed strainer head loss and flow.  The as-tested head loss values were compared 

to the calculated head loss acceptance criterion.  In some cases, the as-tested value 

exceeded the criterion. 

A summary of the test results is presented in Table 3.1-2.  All tests were considered 

acceptable. 

ANP-10293NP
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Table 3.1-2  Test Results Summary  

Test 
Test 

Duration 
(hr:min) 

Data points 
exceeding 

acceptance 
criterion  

(number/ percent) 

Number of 
associated 

time 
sequences 

Duration of 
time in excess 
of acceptance 

criterion 
Comments 

1D 34:27 35/0.18% of  
19166 data points 5 5.2 minutes 

Average duration 
per sequence:  

1.0 min 

1E 32:01 5/0.03% of  
18643 data points 3 0.8 minutes 

Average duration 
per sequence: 

0.3 min 

2E 6:38 24/0.65% of  
3720 data points 12 3.8 minutes 

Average duration 
per sequence: 

0.3 min 

2F 6:46 21/ 0.52% of  
4026 data points 7 3.3 minutes 

Average duration 
per sequence: 

0.5 min 

Based on the above results, the data points that exceeded the acceptance criterion 

were few in number and occurred over a very short period.  These points represent an 

unsustainable condition that was not maintained during the testing.  Therefore, the tests 

are considered acceptable.  The acceptance criterion provides approximately a 

60 percent margin to the analysis value. 

A number of tests were performed to look at different filtering media.  The tests 

performed with 0.06 x 0.06 inch nominal opening size performed similarly to the existing 

design with the 0.08 x 0.08 inch nominal opening.  The overall fibrous debris bypass 

percentage for the 0.06 x 0.06 inch strainer was approximately the same as the existing 

design.  Therefore, a change from the existing design was not considered. 

The ECCS strainer performance testing demonstrated the effective and reliable 

performance of the U.S. EPR design for GSI-191.  The strainer design, complimented 

by the design mitigation features of the retaining basket, provides an abundance of 

sufficient head loss margin for the ECCS strainer.  Testing concludes the strainer head 

loss maintains approximately a 60 percent margin to the analysis value. is 

conservatively limited to less than 0.5 feet of water as compared to a strainer design 

ANP-10293NP
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head loss of approximately 5.0 feet.  The observed head loss was zero feet because of 

debris.  In addition, testing revealed no thin bed formation on the strainer.  Fiber-only 

bypass testing also yielded acceptable results. 

The details of U.S EPR ECCS strainer performance testing are provided in Appendix E.  

3.2 Other Considerations 

3.2.1 NPSH Assessment 

An  NPSH assessment of the ECCS system was performed.  Results of this 

assessment conclude the system will satisfactorily function with the strainer design 

head loss of approximately 5 2.88 feet at 3875 gpm.  Based on the results of strainer 

testing, the actual strainer head loss for the design basis LOCA is less than 0.5 

1.78 feet at 3875 gpm. with a water temperature of 120°F.  The strainer testing head 

loss of provides approximately 1/10th of the60 percent margin to the design strainer 

head loss and ensures adequate NPSH margin for the ECCS pumps.  

3.2.2 Strainer Vortexing, Submergence, Flashing, and Deaeration Assessment  

Vortexing 

An evaluation was performed of the potential for IRWST vortexing using the 

methodology of ANSI Standard 9.8-1998 (Reference 5),  Sections 9.8.6 and 9.8.7. To 

minimize free surface vortices for the U.S. EPR inlet sump for the low head safety 

injection (LHSI) and medium head safety injection (MHSI) pumps, the recommendation 

in ANSI Standard 9.8-1998 was followed, which recommends a minimum submergence 

of ~50 in. The U.S. EPR-designed submergence is ~147 in., so there is no vortexing 

potential for the U.S. EPR sump design. The calculated minimum submergence is 

based on maximum LHSI/MHSI combined flow and higher-than-expected fluid 

temperature, both of which are conservative and provide additional vortexing margin. 

ANP-10293NP
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Submergence / Flashing  

The strainer height is 7.8 feet.  The IRWST minimum level for ECCS pump NPSH is 

10.0 11.2 feet for the limiting NPSH condition.  This results in a strainer submergence of 

2.2 3.4 feet under LOCA conditions.  The maximum strainer head loss is 2.88 feet at 

3875 gpm.0.88 psi at 212°F.  This converts to an equivalent head of 2.1 feet of head 

loss.  The strainer submergence level exceeds the associated head loss.  If the surface 

pressure is conservatively assumed at the saturation pressure of the IRWST water 

temperature, the local static pressure after the strainer will not be less than the 

saturation pressure, and flashing will not occur across the strainer surface. 

During testing, the maximum observed head loss across the strainer is less than 0.5 

feet, which provides additional margin to flashing. 

Deaeration  

The strainer submergence post LOCA is greater than the observed head loss under 

loss of coolant conditions.  Since solubility of gas in water is directly proportional to the 

fluid pressure, the increase in solubility of air due to the static pressure increase of the 

water above the strainer is more than enough to compensate for the decrease in 

solubility of air due to the head loss across the strainer.  Therefore, de-aeration of fluid 

will not occur.  The design head loss value is a conservative value aimed primarily at 

minimizing the calculated NPSH for the ECCS pumps, and does not imply de-aeration 

even though it may be greater than the strainer submergence. 

3.2.3 IRWST Cleanliness 

The IRWST serves as a water source, heat sink, and return reservoir and contains a 

large volume of borated water that is monitored for a homogeneous concentration, level, 

and temperature.  The IRWST is an open pool within a partly immersed building 

structure.  The walls of the IRWST have an austenitic stainless steel liner covering the 

immersed region of the building structure.  The liner prevents interaction of the boric 

acid and concrete structure and provides water tightness. 
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During normal operations and refueling, there is the potential for debris to enter the 

IRWST and settle on its submerged surfaces.  This “latent, resident” debris could 

become re-entrained post-accident.  To maintain the cleanliness of the IRWST, the 

IRWST water inventory and access to the IRWST areas will be controlled and 

monitored.  The fuel pool purification system (FPPS) is utilized to maintain the purity of 

the IRWST water inventory.   IRWST programmatic controls for foreign material 

exclusion (FME) and tank cleaning will be implemented.  A cleanliness control program 

will limit debris within containment.  

3.2.4 Strainer Mechanical Integrity 

The ECCS strainers are designed to accommodate an approximate 5.0 feet pressure 

differential. The maximum pressure drop across the strainers is less than 0.5 feet as 

shown by strainer performance testing and corresponds to approximately 1.8 feet at 

3875 gpm.  The strainers are Seismic Category I, safety-related components. 

3.2.5 Water Holdup 

The water holdup mass in the Reactor Building is examined during various phases of 

the LBLOCA transient, including time of blowdown, refill/reflood, post-reflood, peak 

containment pressure, and half peak containment pressure time.  The LBLOCA 

transient is the most limiting scenario for ECCS pump NPSH.  There are different 

categories analyzed for water holdup, including condensate on walls and ceilings, water 

retained in steam and droplet phase in the containment atmosphere, and water retained 

on floors.  Water is also retained in a retaining basket assumed to be clogged and in the 

RCS.   

Condensation on vertical walls and ceilings is assumed to be at a uniform film thickness 

and distribution throughout the Reactor Building.  For a LBLOCA, the mass of droplets 

in the containment atmosphere is only significant early in the transient during blowdown.  

Steam mass inside the containment atmosphere is evenly distributed throughout the 
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The total amount of water holdup is used to calculate the IRWST level for evaluation of 

NPSH requirements and for the debris distribution evaluation for GSI-191 requirements. 

This water holdup is time dependent.  Therefore, the impact on ECCS pump NPSHA is 

dependent on event time.  The limiting NPSH condition occurs at approximately 1.5 

hours into the event.  This correlates to an IRWST elevation level at �-9.01 feet.  This 

level meets the ECCS pump NPSH requirements. 

Table 3.2-1:  IRWST Level in LB LOCA (Tech. Spec.) 

t(h) 0.000 0.008 0.017 0.167 1.000 3.418 11.145
t(s) 0 29 60 600 3600 12,305 40,123
holdup (lbm) -- 472,310 229,104 216,071 252,718 262,050 187,635
level (ft) -8.497 -9.993 -9.276 -9.185 -9.068 -8.807 -8.878

 The maximum amount of water holdup for a LBLOCA occurs at 29 seconds into the 

transient.  Table 3.2-1 summarizes water holdup in the Reactor Building at 29 seconds.  

Table 3.2-1 shows that after accounting for the water held up in containment, the 

IRWST has a margin to ECCS pump NPSH of 79,726 pounds. 

Table 3.2-1  Maximum Water Holdup  
Time (s) 29 
Steam Phase (lbm) 303,391 
Droplets (lbm) 39,208 
Wall Condensate (lbm) 28,855 
Ceiling Condensate (lbm) 26,053 
Retention on RB Floors (lbm) 717,968 
Retention in Clogged Basket (lbm) 68,064 
Re-injected into RCS (lbm) 54,958 
Total Mass of Retained Water (lbm) 1,238,497 
Accumulator Injection (lbm) -94,683 
RCS Inventory (lbm) -671,504 
Total IRWST Water Loss (lbm) 472,310 
Allowable IRWST Loss (lbm) 552,036 
Margin (lbm) 79,726 
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Table B.1  GL 2004-02 Information Matrix 

 
GL 2004-02 Potential Impact of Debris Blockage on Emergency Recirculation During 

design Basis Accidents At Pressurized-Water Reactors  
 Requested Information Observation/Comment 
2.(d)(i) The minimum available NPSH margin for the 

ECCS and CSS pumps with an unblocked 
screen. 

The minimum available NPSH 
margin for the ECCS pumps is 
detailed in the U.S. EPR Safety 
Injection Systems Analysis for 
Design Certification.  The U.S. 
EPR design does not take credit 
for the CSS. 

2.(d)(ii) The submerged area of the sump screen at 
this time and the percent of submergence of 
the sump screen (i.e., partial or full) at the 
time of switchover to sump recirculation 

Switchover is not part of the U.S. 
EPR design. 
However, the U.S. EPR design is 
such that the ECCS sump 
screens remain completely and 
continuously submerged. (Refer 
to Section 3.2)  

2.(d)(iii) The maximum head loss postulated from 
debris accumulation on the submerged 
sump screen, and a description of the 
primary constituents of the debris bed that 
result in this head loss.  In addition to debris 
generated by jet forces, from the pipe 
rupture, debris created by the resulting 
containment environment (thermal and 
chemical) and CSS washdown should be 
considered in the analyses.  Examples of 
this type of debris are disbonded coatings in 
the form of chips and particulates and 
chemical precipitants caused by chemical 
reactions in the pool.   

Section 3.2 provides the 
maximum head loss for the ECCS 
pumps.  The performance of the 
U.S. EPR ECCS strainers is 
based upon studies and strainer 
validation testing. The testing 
included a mix of particulates, 
micro-porous insulating material, 
paint chips, latent debris, etc., as 
defined in the U.S. EPR debris 
evaluation. 
 
 
Approved coatings will be used. 

2.(d)(iv) The basis for concluding that the water 
inventory required to ensure adequate 
ECCS and CSS recirculation would not be 
held up or diverted by debris blockage at 
choke points in containment recirculation 
sump return flowpaths.  

The minimum IRWST water level 
for ECCS recirculation is variable 
based on the time into the event.  
At no time does the NPSHA 
decrease below the NPSHR of the 
ECCS pumps.-10.2 ft.  This level 
considers the initial IRWST water 
inventory prior to the LOCA event,  
return water from the LOCA, 
quantities of water in containment 
that do not return to the IRWST 
(pooled water on the containment 
floor, atmospheric steam, wetted 
areas, trapped water pockets at 
various locations).  The return 
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GL 2004-02 Potential Impact of Debris Blockage on Emergency Recirculation During 

design Basis Accidents At Pressurized-Water Reactors  
 Requested Information Observation/Comment 

6.6 ft thick heavy floor, the trash 
racks and distance for protection 
from jet impingement and 
missiles. Nevertheless, they are 
designed for the maximum 
expected debris loading and the 
corresponding differential 
pressure.  The ECCS sump 
screen design head loss is 
2.88 feet at 3875 gpm.  Based on 
testing, the maximum differential 
pressure across the strainer 
provides approximately 
60 percent margin. 

2.(d)(viii) If an active approach (e.g., backflushing, 
powered screens) is selected in lieu of or in 
addition to a passive approach to mitigate 
the effects of the debris blockage, describe 
the approach and associated analyses. 

The U.S. EPR design does not 
take credit for an active approach 
to reduce/eliminate the effects of 
debris blockage.  
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This change in distribution did not significantly affect the strainer head loss testing.  The 

increase in particulate was 12.3 lbs. This represents a 0.83 percent increase in the 

amount of particulate.  This increase is determined to be negligible relative to the total 

amount of particulate debris.  In addition, significant margin to strainer clogging exists 

and can accommodate this additional amount. 

C.4.3.6 Miscellaneous Debris 

This evaluation defines miscellaneous debris as debris that is placed inside containment 

for some operational, maintenance, or engineering purpose.  Such debris materials 

include tape, tags, stickers, adhesive labels used for component identification, fire 

barrier materials, and a variety of other materials such as rope, fire hoses, ventilation 

filters, plastic sheeting, etc.  Some miscellaneous debris source materials are distinctly 

two-dimensional with a very thin cross-section (e.g., tape, tags, stickers, labels).  This 

evaluation employs an engineering judgment to provide a practical means of accounting 

for the potential miscellaneous debris that may be generated by the effects of a 

postulated LOCA (Assumption C.2.2.3).   

C.4.3.7 Coatings Debris 

Qualified coating amounts are consistent with the guidance outlined in Section 3.4.2.1 

of NEI 04-07 Volume 2 (Reference 1).  The guidance specifies an L/D value for coatings 

equal to 10D, or a plant specific analysis may be used to determine the size of the 

coatings ZOI.  Per the latter guidance, testing was conducted to justify reducing the ZOI 

values for specific types of coatings.  Testing demonstrated several coatings that 

qualified for a ZOI reduction to 4D.  The same tests did not show that IOZ coatings 

could withstand destruction pressures within a 4D ZOI.  Therefore, containment IOZ 

coatings without a topcoat will use a 10D ZOI destruction radius. 

The U.S. EPR design will utilize an epoxy topcoat with a 4D ZOI as determined from the 

testing.  The 4D ZOI for epoxy and 10D ZOI for IOZ are used to determine a spherical 

surface area based on the largest possible pipe break.  Section 3.4.3.4 of NEI 04-07 
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