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ArevaEPRDCPEm Resource

From: WILLIFORD Dennis (AREVA) [Dennis.Williford@areva.com]
Sent: Thursday, November 17, 2011 6:59 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. 498 (5842), FSAR Ch. 6, 

Supplement 3
Attachments: RAI 498 Supplement 3 Response US EPR DC.pdf

Getachew, 
 
AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to the 10 
questions in RAI 498 on August 10, 2011.  Supplement 1 response to RAI 498 was submitted on September 9, 
2011 to revise the response schedule as described in the GSI-191 Closure Plan (AREVA NP Inc. letter 
NRC:11:092 dated August 25, 2011).  Supplement 2 response to RAI 498 was submitted on November 2, 
2011 to revise the response schedule for Question 06.02.02-119. 
 
The attached file, “RAI 498 Supplement 3 Response US EPR DC.pdf” provides technically correct and 
complete responses to the 10 questions.  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 RAI 498 Question 06.02.02-114, 
Question 06.02.02-115, Question 06.02.02-117, Question 06.02.02-118 and Question 06.02.02-119. 
 
The following table indicates the respective pages in the response document, "RAI 498 Supplement 3 
Response US EPR DC.pdf” that contain AREVA NP’s response to the subject questions. 
 

Question # Start Page End Page 

RAI 498 — 06.02.02-110 2 3 

RAI 498 — 06.02.02-111 4 4 

RAI 498 — 06.02.02-112 5 5 

RAI 498 — 06.02.02-113 6 6 

RAI 498 — 06.02.02-114 7 8 

RAI 498 — 06.02.02-115 9 9 

RAI 498 — 06.02.02-116 10 10 

RAI 498 — 06.02.02-117 11 12 

RAI 498 — 06.02.02-118 13 13 

RAI 498 — 06.02.02-119 14 14 

 
This concludes the formal AREVA NP response to RAI 498, 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.  
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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: Wednesday, November 02, 2011 11:35 AM 
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. 498 (5842), FSAR Ch. 6, Supplement 2 

Getachew, 
 
AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to the 10 
questions in RAI 498 on August 10, 2011.  Supplement 1 response to RAI 498 was submitted on September 9, 
2011 to revise the response schedule as described in the GSI-191 Closure Plan (AREVA NP Inc. letter 
NRC:11:092 dated August 25, 2011).   
 
The schedule for providing a technically correct and complete response to Question 06.02.02-119 has been 
changed as shown below in bold.  The schedule for responding to the remaining nine questions is unchanged.
 

Question # Response Date 

RAI 498 — 06.02.02-110 November 18, 2011 

RAI 498 — 06.02.02-111 November 18, 2011 

RAI 498 — 06.02.02-112 November 18, 2011 

RAI 498 — 06.02.02-113 November 18, 2011 

RAI 498 — 06.02.02-114 November 18, 2011 

RAI 498 — 06.02.02-115 November 18, 2011 

RAI 498 — 06.02.02-116 November 18, 2011 

RAI 498 — 06.02.02-117 November 18, 2011 

RAI 498 — 06.02.02-118 November 18, 2011 

RAI 498 — 06.02.02-119 January 11, 2012 

 
 
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, September 09, 2011 2:51 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 
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(External RS/NB) 
Subject: Response to U.S. EPR Design Certification Application RAI No. 498 (5842), FSAR Ch. 6, Supplement 1 

Getachew, 
 
AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to the 10 
questions in RAI 498 on August 10, 2011.  The schedule for responding to these questions has been revised 
as described in the GSI-191 Closure Plan (AREVA NP Inc. letter NRC:11:092 dated August 25, 2011) and as 
provided below.   
 

Question # Response Date 

RAI 498 — 06.02.02-110 November 18, 2011 

RAI 498 — 06.02.02-111 November 18, 2011 

RAI 498 — 06.02.02-112 November 18, 2011 

RAI 498 — 06.02.02-113 November 18, 2011 

RAI 498 — 06.02.02-114 November 18, 2011 

RAI 498 — 06.02.02-115 November 18, 2011 

RAI 498 — 06.02.02-116 November 18, 2011 

RAI 498 — 06.02.02-117 November 18, 2011 

RAI 498 — 06.02.02-118 November 18, 2011 

RAI 498 — 06.02.02-119 November 18, 2011 

 
 
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: Wednesday, August 10, 2011 2:03 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. 498 (5842), FSAR Ch. 6 

Getachew, 
 
Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI).  The 
attached file, “RAI 498 Response US EPR DC.pdf,” provides a schedule since a technically correct and 
complete response to the 10 questions is not provided. 
 
The following table indicates the respective pages in the response document, “RAI 498 Response US EPR 
DC.pdf,” that contain AREVA NP’s response to the subject questions. 
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Question # Start Page End Page 

RAI 498 — 06.02.02-110 2 2 

RAI 498 — 06.02.02-111 3 3 

RAI 498 — 06.02.02-112 4 4 

RAI 498 — 06.02.02-113 5 5 

RAI 498 — 06.02.02-114 6 6 

RAI 498 — 06.02.02-115 7 7 

RAI 498 — 06.02.02-116 8 8 

RAI 498 — 06.02.02-117 9 9 

RAI 498 — 06.02.02-118 10 10 

RAI 498 — 06.02.02-119 11 11 

 
A complete answer is not provided for 10 of the 10 questions.  The schedule for a technically correct and 
complete response to these questions is provided below. 
 

Question # Response Date 

RAI 498 — 06.02.02-110 September 29, 2011 

RAI 498 — 06.02.02-111 September 29, 2011 

RAI 498 — 06.02.02-112 September 29, 2011 

RAI 498 — 06.02.02-113 September 29, 2011 

RAI 498 — 06.02.02-114 September 29, 2011 

RAI 498 — 06.02.02-115 September 29, 2011 

RAI 498 — 06.02.02-116 September 29, 2011 

RAI 498 — 06.02.02-117 September 29, 2011 

RAI 498 — 06.02.02-118 September 29, 2011 

RAI 498 — 06.02.02-119 September 29, 2011 

 
 
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: Tesfaye, Getachew [mailto:Getachew.Tesfaye@nrc.gov]  
Sent: Tuesday, July 12, 2011 4:23 PM 
To: ZZ-DL-A-USEPR-DL 
Cc: Strnisha, James; Terao, David; Carneal, Jason; Colaccino, Joseph; ArevaEPRDCPEm Resource 
Subject: U.S. EPR Design Certification Application RAI No. 498 (5842), FSAR Ch. 6 

Attached please find the subject request for additional information (RAI).  A draft of the RAI was provided to 
you on July 1, 2011, and on July 8, 2011, you informed us that the RAI is clear and no further clarification is 
needed.  As a result, no change is made to the draft RAI.  The schedule we have established for review of your 
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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/NARP 
(301) 415-3361 
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Response to  
 

Request for Additional Information No. 498, Supplement 3 
 

7/12/2011 
 

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

Docket No. 52-020 
SRP Section: 06.02.02 - Containment Heat Removal Systems 

Application Section: 6.2.2 
 

QUESTIONS for Component Integrity, Performance, and Testing Branch 1 
(AP1000/EPR Projects) (CIB1) 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 498, Supplement 3 
U.S. EPR Design Certification Application Page 2 of 14 
 
Question 06.02.02-110: 

ANP-10293P, Revision 3, Sections G.2.4 and G.2.6, describe the total debris generated during 
a large break LOCA and the downstream post-LOCA fluid constituents which are assumed to 
pass through the strainers and ingested into the ECCS. Since components in the ECCS will be 
design and qualified to operate in the post-LOCA fluid environment, NRC requests the following 
additional information to further describe the downstream post-LOCA fluid constituents: 

a. Table G.2.2, “Total Debris Generated during the LB LOCA,” lists the debris sizes as 
particulate, small fines, and large pieces. To better define the debris sizes, describe the 
range of sizes for particulate, small fines, and large pieces. 

b. Table G.2.2 states that 1476 ft3 of RMI small fines are generated during a LB LOCA. 
Since no RMI is included in the post-LOCA fluid constituents in Table G.2.3, provide 
justification for the assumption that no RMI will enter the ECCS. [Note: ANP-10293P, 
Section E.4.1 states, “RMI debris pieces of 2 mil thickness and various sizes from RMI 
0.25”x0.25” up to 4”x4” were shown to sink and settle on the bottom of the retaining 
basket.” It also states that “Removing RMI from subsequent tests also prevents the 
possibility of RMI debris trapping fibrous debris in the retaining basket, thus resulting in 
less conservative test conditions.” NRC agrees that this test is conservative for bypass 
of fibers but it is not conservative for downstream component evaluation.] 

c. Table G.2.2 states that 100 ft3 of miscellaneous large pieces of debris are generated 
during a LB LOCA. Since no miscellaneous debris is included in the post-LOCA fluid 
constituents in Table G.2.3, describe the miscellaneous debris and provide justification 
that no miscellaneous debris or pieces of miscellaneous debris will enter the ECCS. 

d. The post-LOCA fluid constituents listed in Table G.2.3 will be used by the vendor for 
design and qualification of downstream ECCS components to ensure operation during 
the mission time. The table lists debris amount and concentration but does not list 
material properties such as density, abrasiveness, size, etc. that may be needed by the 
vendor for component design and qualification. Describe the post-LOCA fluid constituent 
properties that may be needed by the vendor for component design and qualification. 

Response to Question 06.02.02-110: 

Technical Report ANP-10293, Appendix G, Section G.2.4 will be revised to include: 

a) Size range for particulates, small fines, and large pieces. 

b) Justification that no RMI will enter the ECCS.  

c) Description of miscellaneous debris materials and justification that no miscellaneous debris 
will enter the ECCS. 

d) Debris material properties such as density and size. 

Technical Report ANP-10293, Appendix G, Table G.2.5 will be revised to include the post-
LOCA fluid constituent properties that will be used by vendors for the design and qualification of 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 498, Supplement 3 
U.S. EPR Design Certification Application Page 3 of 14 
 
ECCS components to provide 30 days of post-LOCA operation. These properties include 
density, size, concentration, and amount. 

The revision to ANP-10293P will be provided by separate letter. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 

Technical Report Impact: 

Technical Report ANP-10293 will be revised as described in the response. 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 498, Supplement 3 
U.S. EPR Design Certification Application Page 4 of 14 
 
Question 06.02.02-111: 

ANP-10293P, Revision 3, Section G.2.5 for ECCS Flow Rate and Flow Velocity states, “the SIS 
design allows fluid velocity in excess of debris material terminal settling velocities to exist, and 
debris settling will not occur.” Provide justification that debris settling will not occur by providing 
additional information such as flow velocities through ECCS, the settling velocity, system 
realignments that may reduce flow rates, etc. 

Response to Question 06.02.02-111: 

Technical Report ANP-10293, Appendix G, Section G.2.5 will be revised to include information 
on ECCS flow velocities and settling velocities to justify analysis that debris settling will not 
occur. 

The revision to ANP-10293P will be provided by separate letter. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 

Technical Report Impact: 

Technical Report ANP-10293 will be revised as described in the response. 
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Response to Request for Additional Information No. 498, Supplement 3 
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Question 06.02.02-112: 

ANP-10293P, Revision 3, Section G.3.1 for Wear Rate Evaluation states, “Erosive wear is 
caused by particles that impinge on a component surface and remove material from the surface 
because of momentum effects. The wear rate of a material depends on the debris type, debris 
concentration, material hardness, flow velocity, and valve position. The component vendor(s) 
will provide data to support acceptable wear rates based on the provided equipment 
specifications.”  Appendix G does not provide details that may be needed by the vendor such as 
debris material properties, debris abrasiveness, flow velocities for each component, valve 
position, etc. Provide details of the information needed by the vendor to perform component 
wear evaluations. 

Response to Question 06.02.02-112: 

Technical Report ANP-10293, Appendix G, Table G.2-5 and Table G.3-1 will be revised to 
include debris properties and velocities needed for component wear evaluation. 

The revision to ANP-10293P will be provided by separate letter. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 

Technical Report Impact: 

Technical Report ANP-10293 will be revised as described in the response. 
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Question 06.02.02-113: 

ANP-10293P, Revision 3, Section G.3.2 for LHSI and MHSI Pump Evaluation describes the 
methodology for the design and qualification of LHSI and MHSI pumps. To more fully describe 
the design and qualification process for the pumps in a post-LOCA fluid environment, NRC 
requests that AREVA address the following item: 

The NRC approved qualification standard for pumps is QME-1-2007. This standard is 
applicable for service conditions when debris is present in the operating fluid. Therefore, 
NRC staff requests that, “the LHSI and MHSI pumps be qualified per QME-1-2007 as 
endorsed by RG 1.100 revision 3 to operate with the post LOCA fluids for at least 30 
days. As part of the qualification process, the pump vendor, at a minimum, will evaluate 
the pump criteria listed in Appendix G, Section G.3.2. Any additional potential pump 
malfunctions shall be identified by the vendor per QME-1-2007, Section QP-7200.” 

Response to Question 06.02.02-113: 

Technical Report ANP-10293, Appendix G, Section G.3.1 will be revised to include the provision 
that the vendor will qualify the LHSI and MHSI pumps to operate with the post-LOCA fluids for 
at least 30 days, using the qualification guidance of QME-1-2007. The vendor will also identify 
any additional potential pump malfunctions, per QME-1-2007 Section QP-7200.  

The revision to ANP-10293P will be provided by separate letter. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 

Technical Report Impact: 

Technical Report ANP-10293 will be revised as described in the response. 

 



AREVA NP Inc. 
 
Response to Request for Additional Information No. 498, Supplement 3 
U.S. EPR Design Certification Application Page 7 of 14 
 
Question 06.02.02-114: 

ANP-10293P, Revision 3, Section G.3.2 for LHSI and MHSI Pump Evaluation describes five 
actions for the pump vendor during the design and qualification process. However, the design, 
qualification, and acceptance criteria are not fully described. To more fully describe the design, 
qualification, and acceptance criteria for the pumps in the post-LOCA fluid environment, NRC 
requests that AREVA address the following items. 

a. State that the vendor is to provide a list of the opening sizes and internal running 
clearances for the LHSI and MHSI pumps. This statement does not describe the 
acceptance criteria. To better describe the evaluation methodology and acceptance 
criteria, the vendor should provide tests and/or analyses to confirm that pump opening 
sizes and internal running clearances provide acceptable operation in post-LOCA fluids 
during the 30-day mission time. Opening sizes and internal running clearances are to be 
recorded in the qualification documentation. 

b. State that hydraulic performance test results confirming that the LHSI and MHSI pumps 
can provide the required safety injection flow rates for at least 30 days of ECCS post-
LOCA operation. Discuss if pump design parameters such as NPSHA (available) 
accounts for suction head losses due to strainer clogging.  

c. State that the vendor is to provide, “a list of materials of the wetted pump surfaces (such 
as wear rings, pump internals, bearing, and casing) and the hardness of each material 
(for example, Brinell hardness number).” To better describe the evaluation methodology 
and acceptance criteria, the vendor should provide tests and/or analyses to confirm that 
the pump wetted surface material (such as wear rings, pump internals, bearing, and 
casing) wear rates provide acceptable operation in post-LOCA fluids during the 30 day 
mission time. A list of materials of the wetted pump surfaces, the hardness of each 
material, and verification of acceptable wear rates are to be recorded in the qualification 
documentation. 

d. Describe design and testing for the pump mechanical seals. The NRC approved 
qualification standard for pump mechanical seals is QME-1-2007. This standard is 
applicable for service conditions when debris is present in the operating fluid. Therefore, 
NRC staff requests that, “the LHSI and MHSI pump mechanical seals be qualified per 
QME-1-2007 as endorsed by RG 1.100 revision 3 to operate with the post LOCA fluids 
for at least 30 days. 

e. State that, “The pump vendor should also provide an analysis to confirm that the cyclone 
separator, if applicable, is not susceptible to clogging or impairment by fiber or other 
particulates and that there is no adverse impact on pump performance or reliability. If the 
cyclone separators will be impaired in 30 days of operation with post- LOCA fluids, test 
results and/or analysis should be provided to show that the absence of cyclone 
separators yields acceptable seal performance.” NRC staff suggests revising “cyclone 
separator” to state “cyclone separator or any filtering device”. 

Response to Question 06.02.02-114: 

Technical Report ANP-10293, Appendix G will be revised to include the additional information 
stated below. The revision to ANP-10293P will be provided by separate letter. 
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Response to Part a: 

ANP-10293, Section G.3.1 will be revised to include provisions to address Part a of this 
question. 

Response to Part b: 

As stated in U.S. EPR FSAR, Tier 2, Section 6.3.3.3, the NPSH evaluation accounts for suction 
head losses due to debris on the sump strainers. ITAAC 3.1 and 7.5 will be revised in U.S. EPR 
FSAR Tier 1, Section 2.2.3 and Table 2.2.3-3 to provide type tests or analyses to confirm LHSI 
and MHSI pump operation for a minimum of 30 days of continuous post-LOCA.  

Response to Part c: 

ANP-10293 Section G.3.1 will be revised to address Part C of this question. 

Response to Part d: 

ANP-10293 Section G.3.1 will be revised to reflect that the mechanical seals of the LHSI and 
MHSI pumps will be qualified to operate with the post-LOCA fluids for at least 30 days, using the 
qualification guidance of QME-1-2007 endorsed by RG1.100, Revision 3. 

Response to Part e: 

ANP-10293 Section G.3.1 will be revised to state “cyclone separator or any filtering device.” 

FSAR Impact: 

U.S. EPR FSAR, Tier 1, Section 2.2.3 and Table 2.2.3-3 will be revised as described in the 
response and indicated on the enclosed markup. 

Technical Report Impact: 

Technical Report ANP-10293 will be revised as described in the response. 
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Question 06.02.02-115: 

ANP-10293P, Revision 3, Section G.3.3 for LHSI Heat Exchanger Evaluation states, "The LHSI 
heat exchangers are evaluated for susceptibility to tube plugging. The vendor will verify that 
plugging by post-LOCA debris constituents will not occur or adversely affect the performance of 
the heat exchanger.” However, this section does not address the heat exchanger heat transfer 
performance for post-LOCA fluid conditions. The applicant is requested to discuss how it 
intends to verify acceptable performance of the LHSI heat exchangers in post-LOCA fluids 
during the 30-day mission time. 

Response to Question 06.02.02-115: 

Technical Report ANP-10293, Appendix G, Section G.3.2.2 will be revised to address LHSI heat 
exchanger performance during the 30-day mission time.  ITAAC 7.12 in U.S. EPR FSAR Tier 1 
Table 2.2.3-3 will be revised to provide for type test, analysis, or a combination of type test and 
analyses to confirm acceptable LHSI heat exchanger performance during the 30-day mission 
time. 

The revision to ANP-10293P will be provided by separate letter. 

FSAR Impact: 

U.S. EPR FSAR, Tier 1, Table 2.2.3-3 will be revised as described in the response and 
indicated on the enclosed markup. 

Technical Report Impact: 

Technical Report ANP-10293 will be revised as described in the response. 
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Question 06.02.02-116: 

ANP-10293P, Revision 3, Section G.3.4 for Evaluation of Valves states, “The ECCS valves, 
pipes, and orifices are evaluated for susceptibility to blockage. An analysis will be performed to 
verify adequate performance during operation with post-LOCA fluid.” NRC staff requests the 
applicant to address the following comments: 

a. The title should be expanded to include Orifices, Pipes, and Instrument Tubing. 

b. The NRC approved qualification standard for valves is QME-1-2007. This standard is 
applicable for service conditions when debris is present in the operating fluid. Therefore, 
NRC staff requests that, the valves be qualified per QME-1-2007 as endorsed by RG 
1.100 revision 3 to operate with the post-LOCA fluids for at least 30 days. 

Response to Question 06.02.02-116: 

Technical Report ANP-10293, Appendix G will be revised to include the additional information 
stated below. 

The title of ANP-10293, Section G.3.3 will be revised to be “Evaluation of Valves, Orifices, Pipes 
and Instrument Tubing.” Section G.3.3.2 will be revised to state that the ECCS valves will be 
qualified per QME-1-2007 to operate with post-LOCA fluids for at least 30 days. 

The revision to ANP-10293P will be provided by separate letter. 

FSAR Impact: 

The U.S. EPR FSAR will not be changed as a result of this question. 

Technical Report Impact: 

Technical Report ANP-10293 will be revised as described in the response. 
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Question 06.02.02-117: 

ANP-10293P, Revision 3, Section G.3.5 for Confirmatory Items states, “The design, 
procurement, installation, and layout of components consider the reliability of the SIS, RHRS, 
and ECCS. Based on the ex-vessel downstream effects evaluation, the following ECCS 
components need verification to confirm post-LOCA operation (with debris constituents listed in 
Table G.2-3) for a minimum of 30 days.”  NRC staff has the following comments regarding 
confirmatory items: 

a. For Item 1, LHSI and MHSI pumps, these items should be revised as needed to be 
consistent with any revisions due to RAIs.  Also, pump design and qualification in a post-
LOCA environment should be addressed by a specific component ITAAC. 

b. For Item 2, LHSI heat exchanger should state that the vendor will verify that post-LOCA 
debris constituent will not affect heat exchanger performance.  Also, LHSI heat 
exchanger test/analysis should be addressed by a specific component ITAAC. 

c. For Item 3, Valves and Orifices should be revised as needed to be consistent with any 
revisions due to RAIs. Also, valve design and qualification in a post-LOCA environment 
should be addressed by a specific component ITAAC. 

Response to Question 06.02.02-117: 

Technical Report ANP-10293, Appendix G will be revised to include the additional information 
provided below. The revision to ANP-10293P will be provided by separate letter. 

Response to Part a: 

ANP-10293 Section G.3.5, item 1 will be revised to reflect the changes due to RAI 498 Question 
06.02.02-113 and Question 06.02.02-114. 

LHSI and MHSI pump design and qualification in post-LOCA environment is addressed in U.S. 
EPR FSAR Tier 1, Section 2.2.3 and Table 2.2.3-3 as ITAAC 3.1.  

Response to Part b: 

ANP-10293 Section G.3.5, item 2 will be revised to contain a provision that the vendor will 
confirm that debris constituent will not affect heat exchanger performance by: 

� Providing test and/or analyses to confirm that the debris plugging and settlement will not 
occur in the heat exchanger tubes and/or affect the performance of the heat exchanger (due 
to fouling by post-LOCA debris) for the 30-day mission time. 

� Providing test and/or analyses to confirm that the heat exchanger tube material will not 
degrade significantly in the post-LOCA fluid over the 30-day mission time. 

The aforementioned LHSI heat exchanger test/analysis will be included in U.S. EPR FSAR Tier 
1, Section 2.2.3 and Table 2.2.3-3 as ITAAC 7.12. 
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Response to Part c: 

ANP-10293, Section G.3.5 will be revised to contain provisions that: 

� ECCS valves will be qualified to operate with the post-LOCA fluids for at least 30 days, 
using the qualification guidance of QME-1-2007. 

� As part of qualification process, vendor will provide data and/or analyses to support 
acceptable wear rates during post-LOCA operation. 

The design and qualification of the ECCS valves for operation in post-LOCA will be included in 
U.S. EPR FSAR Tier 1, Section 2.2.3 and Table 2.2.3-3 as ITAAC 3.1. 

FSAR Impact: 

U.S. EPR FSAR, Tier 1, Section 2.2.3 and Table 2.2.3-3 will be revised as described in the 
response and indicated on the enclosed markup. 

Technical Report Impact: 

Technical Report ANP-10293 will be revised as described in the response. 
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Question 06.02.02-118: 

FSAR Tier 2, Section 6.3, “Emergency Core Cooling System,” Tables 6.3-2 and 6.3-3 for the 
LHSI and MHSI pump design and operating parameters do not list the Service Fluid. To clarify 
the operating fluids for these pumps, these tables should be revised to list the normal operating 
fluids and the “Post-LOCA Downstream Fluid (for 30-day mission time).” Also, FSAR Tier 2, 
Table 6.3-5 for the LHSI heat exchanger design and operating parameters lists the tube side 
fluid as primary coolant. To clarify the tube side fluid for the LHSI heat exchanger, the table 
should be revised to include Post-LOCA Downstream Fluids (for 30-day mission time). In order 
to provide a link between the ECCS design criteria in FSAR Tier 2, Section 6.3 and the design 
criteria in ANP-10293P, Appendix G, the applicable portions of FSAR Tier 2, Section 6.3 should 
reference ANP-10293P, Appendix G for additional component design and evaluation 
parameters for downstream ex-vessel components exposed to post-LOCA fluids. 

Response to Question 06.02.02-118: 

U.S. EPR FSAR, Tier 2, Section 6.3.2.5, Tables 6.3-2, 6.3-3, and 6.3-4 will be revised to list 
“primary coolant” and “post-LOCA downstream fluid” as service fluids for the pumps and heat 
exchangers. 

U.S. EPR FSAR, Tier 2, Section 6.3.2.5 will be revised to reference Appendix G of ANP-10293P 
for additional component design and evaluation parameters for the ex-vessel downstream 
components exposed to post-LOCA fluids. 

FSAR Impact: 

U.S. EPR FSAR, Tier 2, Section 6.3.2.5, Tables 6.3-2, 6.3-3, and 6.3-4 will be revised as 
described in the response and indicated on the enclosed markup. 

Technical Report Impact: 

Technical Report ANP-10293 will not be changed as a result of this question. 
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Question 06.02.02-119: 

FSAR Tier 2, Section 6.3.3.3, "NPSH Evaluation," states, “The SIS pump NPSH evaluation for 
LB LOCA 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." However, Tables 6.3-2 and 6.3-3, "LHSI and MHSI Pump Design 
and Operating Parameters," do not list NPSH available for the LHSI and MHSI pumps, and 
Table 6.3-4, "IRWST Design Parameters," does not list the head loss due to screen blockage 
for SIS pump screen filters. The NRC staff requests that the applicant describe these design 
parameters in FSAR Tier 2, Section 6.3. 

Response to Question 06.02.02-119: 

The limiting evaluation for the NPSH does credit containment overpressure; U.S. EPR FSAR, 
Tier 2, Section 6.3.3.3 will be updated accordingly.  The LHSI and MHSI pump operating 
parameters, U.S. EPR FSAR, Tier 2, Table 6.3-2 and Table 6.3-3, respectively will be updated 
and will also include the Available NPSH.  The head loss due to screen blockage for the ECCS 
pump screen filters will be added to U.S. EPR FSAR, Tier 2, Section 6.3.2.2, System 
Components. 

FSAR Impact: 

U.S. EPR FSAR, Tier 2, Sections 6.3.2.2 and 6.3.3.3 and Table 6.3-2 and Table 6.3-3 will be 
revised as described in the response and indicated on the enclosed markup. 

Technical Report Impact: 

Technical Report ANP-10293 will not be changed as a result of this question. 
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2.2.3 Safety Injection System and Residual Heat Removal System  

1.0 Description 

The safety injection system and residual heat removal system (SIS/RHRS) is a 
safety-related system.  The SIS/RHRS has four divisions.  The SIS/RHRS provides the 
following safety-related functions: 

� Emergency core cooling. 

� Residual heat removal. 

� Reactor coolant pressure boundary integrity. 

� Containment isolation. 

2.0 Arrangement 

2.1 The functional arrangement of the SIS/RHRS is as shown on Figure 2.2.3-1—Safety 
Injection System and Residual Heat Removal System Functional Arrangement. 

2.2 The location of the SIS/RHRS equipment is as listed in Table 2.2.3-1—SIS/RHRS 
Equipment Mechanical Design. 

2.3 Physical separation exists between the divisions of the SIS/RHRS located in the 
Safeguard Buildings as shown in Figure 2.2.3-1. 

3.0 Mechanical Design Features 

3.1 Pumps and valves listed in Table 2.2.3-1 will be functionally designed and qualified such 
that each pump and valve is capable of performing its intended function for a full range 
of system differential pressure and flow, ambient temperatures, and available voltage (as 
applicable) and with debris-laden coolant fluids under conditions ranging from normal 
operating to design-basis accident conditions. 

3.2 Check valves listed in Table 2.2.3-1 will function to change position as listed in Table 
2.2.3-1 under system operating conditions. 

3.3 Deleted. 

3.4 Components identified as Seismic Category I in Table 2.2.3-1 can withstand seismic 
design basis loads without a loss of the function listed in Table 2.2.3-1.  

3.5 Deleted. 

3.6 Deleted. 

3.7 Deleted. 

3.8 Deleted. 

06.02.02-114, 117
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Table 2.2.3-3—Safety Injection System and Residual Heat 
Removal System ITAAC (10 Sheets) 

Commitment Wording Inspections, Tests, 
Analyses 

Acceptance Criteria 

7.5 The SIS/RHRS delivers water 
to the reactor coolant system 
for core cooling. 

Tests will be performed. to 
determine the SIS/RHRS 
delivery rate under design 
conditions. 

The SIS/RHRS delivers the 
following flowrate to the 
reactor coolant system: 
a. MHSI pump capacity: 

� 600 gpm @ 580 psia 
(cold leg pressure). 

b. LHSI pump capacity: 
� 2200 gpm @ 25 psia 
(cold leg pressure). 

c.  MHSI pump capacity: � 
165 gpm @ pressure 
greater than 1300.0 psia 
(shutoff condition) 

d. LHSI pump capacity: � 
525 gpm @ pressure 
greater than 300.0 psia 
(shutoff head condition) 

e. MHSI pump capacity: � 
1110 gpm @ 14.5 psia 
(run-out condition) 

f. LHSI pump capacity: � 
3220 gpm @ 14.5 psia 
(run-out condition) 

7.6 Deleted.  
The SIS/RHRS delivers water 
to the reactor coolant system 
within the system run-out 
flow rate and pump shutoff 
head for core cooling. 

Deleted. 
a. Tests will be performed to 

verify satisfactory 
operations of the 
SIS/RHRS pumps at 
run-out flow rate. 

Deleted.  
a. The SIS/RHRS pumps 

perform satisfactorily at 
system run-out flow rate. 

  Deleted 
.b. Tests will be performed to 

verify satisfactory 
operations of the 
SIS/RHRS pumps at 
shutoff head.  

Deleted. 
b. The SIS/RHRS pumps 

perform satisfactorily at 
shutoff head (minimum 
recirculation flow). 

06.02.02-114
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Table 2.2.3-3—Safety Injection System and Residual Heat 
Removal System ITAAC (10 Sheets) 

Commitment Wording Inspections, Tests, 
Analyses 

Acceptance Criteria 

7.11 Deleted.  
LHSI pump and MHSI pump 
provide safety injection flow 
to the RCS during 
post-LOCA operation. 

Deleted. 
Type tests, analyses, or a 
combination of type tests and 
analyses for LHSI and MHSI 
pumps will be performed. 

Deleted. 
Test results confirm that the 
LHSI and MHSI pumps are 
capable of providing their 
required safety injection flow 
for a minimum of 30 days of 
continuous post-LOCA 
operation. 

7.12 LHSI heat exchanger cools 
the post-LOCA fluid for a 
minimum of 30 days. 

Type tests, analyses, or a 
combination of type tests and 
analyses for heat exchanger 
performance will be provided 
by the vendorperformed. 

Type tests, analyses, or a 
combination of type tests and 
analyses confirm that debris 
plugging and settlement in the 
tubes will not occur, and/or 
affect the performance of the 
heat exchanger for the 30-day  
mission time. Type tests, 
analyses, or a combination of 
type tests and analyses also 
confirms that failure due to 
abrasive wear will not 
degrade the performance of 
the heat exchanger below the 
30-day acceptance criteria. 
Analysis confirms that tube 
plugging and failure due to 
abrasive wear will not 
degrade the performance of 
the heat exchanger below the 
30-day acceptance criteria. 

06.02.02-117b, and
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separation between the RCS equipment space and the annular space during normal 
plant operation.  During certain LOCA events, flow between each retaining basket 
and the annular space is permitted by IRWST wall penetrations and the gutters.

� The SIS and SAHRS strainers are arranged above each respective SIS and SAHRS 
sump.  These strainers are designed as large cages with inclined sieves to facilitate 
debris detachment during backflushing.  The opening size of the sieves limits the 
passage of debris during SIS and SAHRS recirculation flow to avoid pump 
malfunction and clogging of the smallest restriction in the core.  The CVCS sump 
is also provided with a suction strainer.

The large dispersion area within the IRWST results in low flow velocity and promotes 
settling of fine debris that passes through the retaining baskets.  The orientation of the 
various IRWST sumps is shown on the sump level plan view on Figure 6.3-5—IRWST 
Sump Level Plan View.  The orientation of the trash racks and weirs is shown on the 
heavy floor plan view on Figure 6.3-6—IRWST Heavy Floor Level Plan View.

The IRWST sump screen flow performance was evaluated to verify that adequate 
long-term core cooling remains available in spite of impairment by accident-generated 
debris as well as debris in containment prior to the accident.  The strainer design basis 
head loss is 2.18 psi at 104°F.  The conservative estimate of total debris used for the 
evaluation, and an estimate of total debris in the containment of the U. S. EPR, is 
presented in Table 6.3-5.  The increased use of reflective metal insulation (RMI), 
which is not subject to transport to the SIS sumps, in the U. S. EPR design in place of 
most or all of the fibrous or micro-porous insulation assumed in the evaluation further 
reduces the potential for post-accident blockage of the sumps.

The features of the IRWST screen design address the issues of GSI-191, as further 
described in Section 6.3.2.5.  Technical Report ANP-10293, “U.S. EPR Design Features 
to Address GSI-191” (Reference 19) provides additional description of the U.S. EPR 
design features that limit the impact of post-accident debris accumulation on SIS 
performance, summarizes the performance evaluations and component test program, 
and compares the design to the regulatory positions of RG 1.82 and the information 
requested in GL 2004-02.

Performance of the strainers is enhanced by cleanliness programs that limit debris in 
the containment.  A COL applicant that references the U.S. EPR design certification 
will describe the containment cleanliness program which limits debris within 
containment.  This program consists of the following elements:

� Controls of permanent and temporary modifications so that changes to analytical 
inputs and assumptions confirm that the ECCS remains in compliance with 10 CFR 
50.46, related regulatory requirements, and is consistent with guidance in RG 1.82 
and GL 2004-02.

06.02.02-119
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The design features addressing GSI-191 and the performance evaluations are further 
described in Section 6.3.2.2.2 and Reference 19.  Reference 19 also describes the 
component test program and compares the design to the regulatory positions of RG 
1.82 and the information requested in GL 2004-02.  Additional component design and 
evaluation parameters for downstream ex-vessel components exposed to post-LOCA 
fluids are given in Appendix G of Reference 19.

6.3.2.6 Protection Provisions

The four independent SIS trains are individually housed in four separate, Seismic 
Category I, reinforced concrete structures as described in Section 3.8.4.  Since the SIS 
itself is Seismic Category I, the system is protected from potential earthquake damage.  
The rugged structures also protect the system from other natural phenomena and 
external hazards.  The design of the system includes margin to safely accommodate 
displacement due to thermal stresses and limited movement due to operational 
anomalies or external stimuli.  Physical separation is provided for the SIS/RHR system 
redundant components, including cross connects, located within the RB such that 
local effects of any internal hazard (e.g., pipe whip) are restricted to one train.  Specific 
layout provisions, arrangement of components, or design features prevent any global 
effects from an internal hazard affecting the operability of system components inside 
containment.  Refer to Section 3.10 for seismic qualification of equipment.  Protection 
against other natural phenomena is addressed in Sections 3.3 and 3.4.  Missile 
protection and protection against dynamic effects are addressed in Sections 3.5 and 3.6, 
respectively.  Section 9.5.1 and Appendix 9A address fire protection, Section 3.11 
addresses environmental qualification of equipment, and Section 3.9 reviews the 
thermal and displacement stresses.

6.3.2.7 Provisions for Performance Testing and Inspection

The general installation and design of the SIS provides ready accessibility for testing 
and inspection.  Process and auxiliary fluid paths are isolable and instrumented to 
accommodate maintenance and testing of the valves, instrumentation, and other 
critical SIS components, with multiple minimum flow paths provided for dynamic 
testing of the SIS pumps.  The redundancy provided by the four separate trains of the 
system allows such activities to be performed online as well as during scheduled 
maintenance or outages.  The arrangement of the piping and components is shown in 
Figures 6.3-1 through 6.3-3.  Performance testing is addressed in Section 6.3.4.

6.3.2.8 Manual Actions

The SIS injects automatically in response to the safety injection signal and requires no 
operator intervention to accomplish its function.  The emergency coolant supply is 
enclosed within the containment and is constantly replenished by recirculated coolant 
flow, therefore no operator action is required to provide the continuous supply of 
coolant or the removal of decay heat during the injection phase.

06.02.02-118
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prohibited during power operation and the downstream accumulator isolation valves 
are secured open (breakers racked out) to protect against active single failure.

When the RCS pressure falls below the accumulator pressure, fluid from the 
accumulators is injected into the cold legs.  SIS flow injects into the RCS when system 
startup-time delays have elapsed and primary system pressure falls below the 
respective shutoff heads of the MHSI and LHSI systems.  While some of the ECCS flow 
bypasses the core and goes directly out of the break, the downcomer and lower 
plenum gradually refill.  During this refill phase, heat is primarily transferred from the 
hotter fuel rods to cooler fuel rods and structures by radiative heat transfer.

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.

6.3.3.3 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 246.2°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 credits containment 
overpressure.  It conservatively assumes the IRWST liquid is at the saturation pressure 
corresponding to the peak calculated IRWST temperature of 246.2°F.  Simultaneous 
operation of both the MHSI and LHSI pumps is considered.  The increase in IRWST 
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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 
212°F)

2.1 ft

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
NPSH required at maximum flowrate 
(approximate)

8.2 ft

Nominal motor power (approximate) 340 kW
LHSI Pump Characteristics

Pump Flow (gpm) TDH (ft) NPSHR (ft) NPSHA (ft)
0.0 782 2.5 15.9
440 760 2.8 15.2
800 718 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 flow (gpm) TDH (ft) NPSHR (ft)
0.0 787.4 N/A
440 771.0 N/A
880 721.8 3.3

1320 656.2 3.9
1760 574.1 4.6
2200 475.7 5.2
2640 360.9 6.2

06.02.02-118
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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
Maximum strainer head loss during LBLOCA (at 
212°F)

2.1 ft

Design pressure/temperature 1525 psig/250°F

Normal flowrate (approximate) 600 gpm

Normal flow head (approximate) 2260 ft

Minimum flowrate (approximate) 165 gpm

Flow head at minimum flowrate (approximate) 3200 ft

NPSH required at maximum flowrate 
(approximate)

10 ft

Nominal motor power (approximate) 455 kW

MHSI Pump Characteristics
Pump Flow (gpm) TDH (ft) NPSHR (ft) NPSHA (ft)

0.0 3281 N/A 15.9
220 3146 7.4 15.7
440 2751 5.1 15.4
660 2096 5.1 15.0
880 1182 6.7 14.5

1053 281 7.9 14.0

Pump flow (gpm) TDH (ft) NPSHR (ft)
0.0 3280.8 N/A

220 3116.8 8.9

440 2706.7 6.2

660 2050.5 6.6

880 1148.3 7.9

06.02.02-118
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 Table 6.3-4—LHSI Heat Exchanger Design and Operating Parameters

Note:

1. Physical dimensions are approximate values.

Parameter Value
Type U-Tube, horizontally mounted
Number of units 4
Type of fluid (tube side) Primary coolant; post-LOCA 

downstream fluid
Type of fluid (shell side) Cooling water from CCWS
Material (tube side) Austenitic stainless steel
Material (shell side) Ferritic steel
Design pressure (tube side) 1160 psig
Design pressure (shell side) 175 psig
Design temperature (tube side) 360°F
Design temperature (shell side) 225°F
CCWS maximum inlet temperature (normal cooldown) 100.4°F
CCWS maximum inlet temperature (design basis accident) 113°F
LHSI flowrate – injection mode LBLOCA (including
minimum flow)

392.4 lbm/s

LHSI flowrate – RHR operation (minimum flow line closed) 330.7 lbm/s
CCWS flowrate Trains 1 and 4 (shell side) 828.9 lbm/s
CCWS flowrate Trains 2 and 3 (shell side) 608.5 lbm/s
Heat transfer coefficient (UA value) 3.5361 x 106 BTU/(hr °F)
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