ArevaEPRDCPEm Resource

From: Pederson Ronda M (AREVA NP INC) [Ronda.Pederson@areva.com]

Sent: Monday, November 16, 2009 5:58 PM

To: Tesfaye, Getachew

Cc: BENNETT Kathy A (OFR) (AREVA NP INC); DELANO Karen V (AREVA NP INC); GUCWA
Len T (EXT)

Subject: Response to U.S. EPR Design Certification Application RAI No. 297, FSAR Ch. 6

Attachments: RAI 297 Response US EPR DC.pdf

Getachew,

Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI). The
attached file, “RAI 297 Response US EPR DC.PDF” provides technically correct and complete responses to 1
of the 10 questions.

The following table indicates the respective page(s) in the response document, “RAI 297 Response US EPR
DC.PDF,” that contain AREVA NP’s response to the subject questions.

Question # Start Page | End Page

RAI 297 — 06.02.01-49

RAI 297 — 06.02.01-50

RAI 297 — 06.02.01-51

RAI 297 — 06.02.01-52

RAI 297 — 06.02.02-37

RAI 297 — 06.02.02-38

RAI 297 — 06.02.02-39

RAI 297 — 06.02.02-40

RAI 297 — 06.02.02-41
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RAI 297 — 06.02.02-42

A complete answer is not provided for 9 of the 10 questions. The schedule for a technically correct and
complete response to these questions is provided below.

Question # Response Date
RAI 297 — 06.02.01-49 February 16, 2010
RAI 297 — 06.02.01-50 February 16, 2010
RAI 297 — 06.02.01-51 March 17, 2010
RAI 297 — 06.02.01-52 January 7, 2010
RAI 297 — 06.02.02-37 February 16, 2010
RAI 297 — 06.02.02-38 February 16, 2010
RAI 297 — 06.02.02-39 February 16, 2010
RAI 297 — 06.02.02-40 February 16, 2010
RAI 297 — 06.02.02-41 February 16, 2010
Sincerely,

Ronda Pederson

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




An AREVA and Siemens company
3315 OlId Forest Road

Lynchburg, VA 24506-0935

Phone: 434-832-3694

Cell: 434-841-8788

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

Sent: Thursday, October 15, 2009 1:40 PM

To: ZZ-DL-A-USEPR-DL

Cc: Jensen, Walton; Ashley, Clinton; Jackson, Christopher; Hammer, Charles; Terao, David; Carneal, Jason; Colaccino,
Joseph; ArevaEPRDCPEm Resource

Subject: U.S. EPR Design Certification Application RAI No. 297(3759,3719,3775), FSAR Ch. 6

Attached please find the subject requests for additional information (RAI). A draft of the RAI was
provided to you on September 22, 2009, and discussed with your staff on October 13, 2009. Draft
RAI Question 06.02.02-41 was modified as a result of that discussion. The schedule we have
established for review of your application assumes technically correct and complete responses within
30 days of receipt of RAls. For any RAls that cannot be answered within 30 days, it is expected that
a date for receipt of this information will be provided to the staff within the 30 day period so that the
staff can assess how this information will impact the published schedule.

Thanks,

Getachew Tesfaye
Sr. Project Manager
NRO/DNRL/NARP
(301) 415-3361
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Subject: Response to U.S. EPR Design Certification Application RAI No. 297, FSAR Ch.
6
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Response to
Request for Additional Information No. 297 (3759, 3719, 3775), Revision 0
10/15/2009

U. S. EPR Standard Design Certification
AREVA NP Inc.
Docket No. 52-020
SRP Section: 06.02.01 - Containment Functional Design
SRP Section: 06.02.02 - Containment Heat Removal Systems
Application Section: FSAR Chapter 6

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



AREVA NP Inc.

Response to Request for Additional Information No. 297
U.S. EPR Design Certification Application Page 2 of 12

Question 06.02.01-49:

The NRC staff realizes that the design of some of the safety related systems used to mitigate
containment overpressure is not complete. When the design of these systems is completed,
provide an evaluation of potential common mode failure such that a single failure might
compromise the safety functions of the several systems used to mitigate accidents. Consider
the ECCS, CONVECT system, partial cooldown function, main feedwater and main steam line
isolation, the RPS and any other safety related systems used to mitigate the event.

Response to Question 06.02.01-49:

A response to this question will be provided by February 16, 2010.



AREVA NP Inc.

Response to Request for Additional Information No. 297
U.S. EPR Design Certification Application Page 3 of 12

Question 06.02.01-50:

In RAI 203 question 06.02.01-13 the NRC staff requested in tabular form for the US-EPR
containment analysis in ANP-10299P: 1) the steam flow rate and enthalpy leaving each side of
the break and liquid flow rate and enthalpy leaving each side of the break; and 2) the
containment atmospheric pressure and temperature and IRWST temperature as a function of
time. This information was provided by AREVA but the calculation has been revised as
described in ANP-10299P Revision 1. Provide this information for the revised calculation.

Response to Question 06.02.01-50:

A response to this question will be provided by February 16, 2010.



AREVA NP Inc.

Response to Request for Additional Information No. 297
U.S. EPR Design Certification Application Page 4 of 12

Question 06.02.01-51:

The U.S. EPR FSAR presents two sets of MSLB analyses, one in Chapter 6 and one in Chapter
15. The Chapter 6 calculations are part of containment analysis, while the Chapter 15
calculations are mainly to evaluate core performance and radioactive material release. Chapter
6 addresses a break inside containment, Chapter 15 a break outside containment. The
assumed single failures are also different. The Chapter 15 analysis shows that the reactor
returns to power due to more severe cooldown, since 2 steam generators are blowing down.

No return to power was indicated in the Chapter 6 analysis.

With postulating failure of a Main Steam Relief Control Valve (MSRCYV) as the single failure in
case of a MSLB inside containment, the core would return to power increasing heat input to the
containment. On the other hand, the MSRCYV is outside containment, energy removed through
the blowdown of the second steam generator would be transferred to the atmosphere, not the
containment. This is a compensating effect. The combined effect on containment pressure is
not known.

Perform a containment analysis for MSLB inside containment with an assumed MSRCYV failure
as the single failure. Run the case that resulted in the highest return to power in Chapter 15 but
assuming that the break flow enters the containment. The calculations should be run until
steam flow to the containment ceases. Show that the results meet all applicable containment
related requirements.

Response to Question 06.02.01-51:

A response to this question will be provided by March 17, 2010.



AREVA NP Inc.

Response to Request for Additional Information No. 297
U.S. EPR Design Certification Application Page 5 of 12

Question 06.02.01-52:

In an SER concerning reload of AREVA fuel into the North Anna Power Station (ML040370390),
the staff concluded that AREVA methodology for calculating minimum containment back
pressure using the ICECON code could be accepted if it is shown to be conservative for each
case. For US-EPR provide a benchmark showing that, for the limiting large break LOCA
analyzed of FSAR Chapter 15, the ICECON methodology is conservative compared with a best
estimate analysis using the AREVA multi-node GOTHIC model. The same mass and energy
releases should be input into both ICECON and GOTHIC.

Response to Question 06.02.01-52:

A response to this question will be provided by January 7, 2010.



AREVA NP Inc.

Response to Request for Additional Information No. 297
U.S. EPR Design Certification Application Page 6 of 12

Question 06.02.02-37:

AREVA's proposed Debris Generation Analysis provides the basis for selecting the volume of
Microtherm insulation debris, generated by the postulated break, as 'discussions with vendors'.
RG 1.82 indicates that the volume of debris contained within the ZOI should be used to estimate
the amount of debris generated by a postulated break. Provide justification that the alternate
method proposed to select the volume of Microtherm is conservative in comparison to the ZOI
methodology. Also, AREVA indicates that Microtherm is a fibrous source term. NUREG/CR
6808 section 2.2 indicates Microtherm is a particulate insulation. What are the characteristics of
Microtherm (type, size, shape, density etc.) that AREVA assumes in the analysis?

Response to Question 06.02.02-37:

A response to this question will be provided by February 16, 2010.



AREVA NP Inc.

Response to Request for Additional Information No. 297
U.S. EPR Design Certification Application Page 7 of 12

Question 06.02.02-38:

AREVA's proposed Debris Generation Analysis calculates the amount of fiber debris due to
small diameter piping (1/2” diameter piping). The calculation assumes a certain number of
small diameter pipes are present in the ZOl. Provide the basis for the assumed number of small
diameter pipes in the ZOIl. In addition, the number of pipes assumed is described as 10 pipes
or 30 lengths. The calculation uses 10. How are these numbers related or which number is
correct?

Response to Question 06.02.02-38:

A response to this question will be provided by February 16, 2010.



AREVA NP Inc.

Response to Request for Additional Information No. 297
U.S. EPR Design Certification Application Page 8 of 12

Question 06.02.02-39:

ANP-10293 report section 3.1.1.5 lists the strainer submergence at approximately 5 feet of
water post-LBLOCA. AREVA RAI response to Question 06.02.02-8 H12 indicates the strainer
submergence is approximately 2.1 feet under loss of coolant accident conditions. What is the
correct minimum submergence of the strainer under loss of coolant accident conditions? In
addition, given that submergence levels may be less than the strainers design basis head loss,
provide a summary of the methodology, assumptions, and results used to determine if flashing
would occur across the strainer surface.

Response to Question 06.02.02-39:

A response to this question will be provided by February 16, 2010.



AREVA NP Inc.

Response to Request for Additional Information No. 297
U.S. EPR Design Certification Application Page 9 of 12

Question 06.02.02-40:

AREVAs' response to Question 06.02.02-8 H12 suggests that strainer submergence may be
less than design basis head loss (2.2 psi @ 104F per ANP-10293). If strainer submergence is
less than the design basis head loss some deaeration of the fluid as it passes through the
debris bed may occur. Air ingestion due to deaeration is a plant specific or load specific issue.
Therefore, AREVA is requested to assess the potential for US EPR sump fluid to undergo
deaeration. If deaeration is predicted to occur, assess the impact on required NPSH and
explain how the testing considers this phenomenon.

Response to Question 06.02.02-40:

A response to this question will be provided by February 16, 2010.



AREVA NP Inc.

Response to Request for Additional Information No. 297
U.S. EPR Design Certification Application Page 10 of 12

Question 06.02.02-41:

Provide the methodology and acceptance criteria for evaluating the ex-vessel downstream
components for conservatively-determined debris load in the recirculation fluid. Since the
specific ex-vessel downstream components (e.g., pumps, valves, seals, heat exchangers) have
not yet been selected or designed for specific EPR plants, the staff will base its findings
regarding their ability to adequately perform their safety functions for the required mission time
on a review of the applicable evaluation methods and acceptance criteria. For operating U.S.
PWRs, the evaluations of specific downstream components for wear and plugging for
conservatively-determined debris-laden recirculation water are based on approved methods and
acceptance criteria that are then applied to plant-specific components. In response to RAI No.
111 6.02.02-10 and RAI No. 111 6.02.02-11, AREVA stated that the assessments of specific
downstream components for wear and plugging would be addressed by the equipment vendors.
An audit of available safety injection system design calculations on April 23, 2009, did not reveal
any methods or criteria for evaluating specific components. Also, in a discussion with AREVA at
a public meeting on July 8, 2009, AREVA indicated that downstream sampling of test
recirculation fluid would be input to vendor specifications and that the vendors would then
qualify the equipment for the fluid debris and mission time. However, tests that maximize the
head loss across the strainer may not maximize the debris that passes downstream, and there
was no specific methodology and acceptance criteria provided at the meeting for the various
possible component materials and configurations. Please provide the methodology and
acceptance criteria for evaluating the ex-vessel downstream components, as discussed above.

Response to Question 06.02.02-41:

A response to this question will be provided by February 16, 2010.



AREVA NP Inc.

Response to Request for Additional Information No. 297
U.S. EPR Design Certification Application Page 11 of 12

Question 06.02.02-42:

Address the effects of debris-laden post-LOCA recirculation fluid conditions on the heat
exchanger fouling factors. In RAI No. 82 6.02.02-1a, the staff requested that AREVA justify the
fouling factors used in the LHSI heat exchangers. In response, AREVA characterized the
fouling factors as “typical” and stated that the fouling factors can be monitored with available
systems information. In RAI No. 266 6.02.02-33, the staff further requested that AREVA
demonstrate that the fouling factors used in the containment analysis conservatively represent
those that will be present over the life of the plant. In response to this RAI, please address the
following additional consideration. The fouling factors that can be monitored with available
systems information reflect only the normal degradation of heat transfer by the heat exchangers
for normally occurring decay heat removal fluid conditions and would not reflect the greater
degradation that might occur during debris-laden post-LOCA fluid conditions. For example, the
thermal properties of the debris-laden recirculation water may be different, and the water will
contain various suspended solid debris and dissolved chemicals that may deposit on heat
transfer surfaces.

Response to Question 06.02.02-42:

It is unlikely that significant heat exchanger degradation will occur within 30 days post-accident
due to the following factors:

1) Deposition of solid debris and dissolved chemicals at the tube entrance to heat
exchangers is related to the presence of a vena contracta region, where the
boundary layer of the fluid separates from the wall following a sharp contraction. The
low velocity zone within the vena contracta region encourages particle trapping,
which will be further accelerated by flashing due to sudden pressure loss that is most
pronounced in fluid of high quality (Reference 1). Since flow through the U.S. EPR
low head safety injection (LHSI) heat exchanger will be single phase during safety
injection, deposition at the entrance of the heat exchanger tubes will be minimized.

2) The concentration of larger particles that could potentially be deposited in the LHSI
heat exchanger is expected to be low because of settling and filtration through the
U.S. EPR three-tier debris retention equipment (i.e., trash racks / weirs, retention
baskets, and safety injection system strainers).

3) There is insufficient time for the formation of such deposits. Heat exchanger fouling
normally occurs gradually as a function of time. Several fuel burnup cycles are
usually required for flow passages to be closed off in heat exchangers when the
chemistry and thermal hydraulics favor such deposition. Heat exchangers are
designed conservatively based on a maximum design basis heat load, including
fouling. Heat loads dissipate rapidly over the first 24 hours following a LOCA, before
long-term heat removal capacity degradation occurs.

References:
1. Helena E. C. Rummens, J. T. Rogers, C. W. Turner, "The Thermal Hydraulics of Tube

Support Fouling in Nuclear Steam Generators,“ Nuclear Technology, Vol. 148, pg. 268 —
286
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Response to Request for Additional Information No. 297
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FSAR Impact:

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