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Ref. 1: Letter, Sandra M. Sloan (AREVA NP Inc.) to Document Control Desk (NRC), "Application for
Standard Design Certification of the U.S. EPR (Project No. 733)," NRC:07:070, December 11,
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On December 11, 2007, AREVA NP Inc. (AREVA NP) tendered an application for a standard design
certification for the U.S. EPR (Reference 1). Since the application was tendered, the NRC amended
its regulations to require applicants for new nuclear power reactors to perform a design-specific
assessment of the effects of the impact of a large, commercial aircraft. The final rule - 1 OCFR
50.150, Aircraft Impact Assessment - became effective on July 13, 2009.

This supplement provides the information necessary to describe the results of the U.S. EPR design
assessment demonstrating compliance with 10 CFR 50.150.

Attachment A provides the revised U.S. EPR Final Safety Analysis Report (FSAR) Tier 2, Section
19.2.7, "Beyond Design Basis Large Commercial Aircraft Impact Assessment" in a redline/strikeout
format. These pages provide the NRC staff with information to support the U.S. EPR design
certification review. This supplemental information will be incorporated in Revision 2 to the U.S. EPR
FSAR.

If you have any questions related to this submittal, please contact me by telephone at 434-832-2369
or by e-mail at sandra.sloan5areva.com.
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AREVA NP Inc.

Enclosures

cc: G. Tesfaye
Docket No. 52-020

AREýVA NPONC
An AREVA and Siemens company

3315 Old Forest Road, P.O0 Box 10935, Lynchburg, VA 24506-0935
Tel.: (43.4) 832-3.000 -. Fax: (434) 832-381410 roRM 227O9.VA 1,(411t2OO)



ATTACHMENT

U.S. EPR Final Safety
Analysis Report Markups



1U.S. EPR FINAL SAFETY ANALYSIS REPORT

EPR
e None of the SAMDA candidates were categorized as Considered for Further

Evaluation.

19.2.6.5 Cost Impacts of Candidate Design Improvements

Several of the SAMDA candidates were evaluated to determine the cost impact of

implementing a particular candidate. The implementation cost of candidates was

determined by using the implementation cost provided in recent license renewal

applications for the same SAMDA candidate. The implementation costs obtained were

not modified for inflation.

19.2.6.6 Cost-Benefit Comparison

The SAMDA candidates placed in the Considered for Further Evaluation category

require a cost benefit evaluation. No candidates were identified for this category;
therefore, a cost-benefit evaluation was not required for the U.S. EPR design.

19.2.6.7 Conclusions

As demonstrated by PRA, the low probability of core damage events in the U.S. EPR

coupled with reliable severe accident mitigation features provide significant protection

to the public and the environment. A detailed analysis of specific severe accident
mitigation design alternatives from previous industry studies and from U.S. EPR PRA

insights was performed against broad acceptance criteria. None of the SAMDA

candidates met the criteria; therefore, the overall conclusion is that no additional plant

modifications are cost beneficial to implement due to the robust design of the U.S. EPR

with respect to prevention and mitigation of severe accidents.

19.2.7 Beyond Design Basis Large Commercial Aircraft Impact Assessment

19.2.7.1 Introduction

The U.S. EPR design has been evaluated to demonstrate that it has inherent protection

to avoid or mitigate, to the extent practical and with reduced reliance on operator

actions, the effects of a large commercial aircraft impact.

19.2.7.2 Assessment Scope

The scope of the assessment was to demonstrate-using realistic analyses- that the

U.S. EPR design has design features and functional capabilities such that with reduced

reliance on operator actions:

* The reactor core remains cooled, OR the containment remains intact.

e Spent fuel cooling, OR spent fuel pool integrity is maintained.
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19.2.7.3 Methodology

The methodology used to demonstrate compliance with 10 CFR 50,150 is NEI 07-13,

Revision 7, "Methodology for Performing Aircraft Impact Assessments for New Plant

Designs," dated May 2009 (Reference 18), applying the aircraft impact loading

function provided by the NRC (Reference 19).

The methodology is subdivided into two major evaluations:

" Containment and Spent Fuel Pool Evaluation.

Two distinct types of structural failure modes were evaluated for the containment
structure and spent fuel pool: local failure (i.e.. scabbing and perforation) caused
by aircraft fuselage or engine impact and global structural failure (i.e., plastic
collapse) caused by impact of the complete aircraft.

" Heat Removal Evaluation.

The evaluation considered physical, shock, and fire effects of a large commercial
aircraft impact that can cause damage to systems needed to maintain cooling of
fuel in the vessel and the spent fuel pool.

19.2.7.4 Design Features Credited for Conformance with 10 CFR 50.150

The U.S. EPR design incorporates system redundancy, diversity, and independence.

Two key features incorporated to mitigate the effects of potential impact of aircrafts

are:

" The use of a hardened shield building structure,

" The site arrangement of major structures.

The following U.S. EPR design features are credited for compliance with 10 CFR

50.150:

" Hardened Shield Building over Containment.

" Hardened Shield Building over Fuel Building.

" Hardened Shield Building over Control Room.

" Hardened Shield Building over ECCS Components.

" Hardened Decay Heat Removal Systems.

" Hardened and Internalized Emergency Feedwater Tanks.

" Hardened and Internalized Emergency Core Cooling Water.
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o Physically Separate and Redundant Trains.

These features are described in Section 2,0 of ANP-10296, "U.S. EPR Design Features

That Enhance Security Technical Report" (Reference 20).

19.2.7.5 Evaluation of U.S. EPR Performance

The U.S. EPR design was evaluated to establish a damage footprint for physical, fire,

and vibration damage,

" Physical Damage.

Finite element analyses indicate that interior areas of the Safeguards Buildings.
Fuel Building, or the Containment Building are not susceptible to damage due to
physical perforation of aircraft components into the structures. The physically
separate and redundant train design of the U.S. EPR provides for survival of
supporting functions such as power and ultimate heat sink capability.

" Fire Damage.

The analyses indicate that perforation and entry of aircraft fuel are prevented:
therefore, no interior areas are susceptible to damage because of accelerant-fed
fires, The fire damage footprint includes effects from exterior fires that may
damage areas within the air intake and exhaust ducts up to the first fire-rated
doors.

" Vibration Damage.

An analysis was performed of the linear distance from the impact point to each
elevation of each structure. This resulted in specific zones at each elevation to
account for the damage footprint for the most sensitive equipment. Analyses were
performed based on shock induced vibration from an exterior wall strike and a
strike on the adjacent Containment Shield Structure.

The damage footprint was used to assess containment integrity, RCS heat removal

capability, SFP integrity, and SFP heat removal capability.

19.2.7.5.1 Containment Integrity

The Containment Structure is considered to be acceptable if the containment is

maintained intact after both the local and global impact analyses. The assessment

concluded that the containment shield structure was not perforated, and no significant

structural damage occurred because of either local or global impacts. The

Containment Building, inside the Containment Shield Structure, was not impacted by

the aircraft or any associated debris. Therefore, the containment performance,
including ultimate pressure capacity, is unaffected. Under these conditions, no

physical damage or fire damage inside containment needs to be considered.
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19.2.7.5.2 RCS Heat Removal Capability

The reactor coolant system heat removal is considered sufficient if the heat removal

capability analyses performed conclude that sufficient heat removal equipment is

available consistent with the PRA success criteria. The analyses performed

demonstrated the ability of the U.S. EPR design, after the impact by a large

commercial aircraft, to maintain functionality of one or more divisions of systems

credited in U.S. EPR FSAR Tier 2. Chapter 15 with providing reactor core cooling

under accident conditions. NEI 07-13 does not require postulating a Chapter 15 event

concurrent with an aircraft impact that does not perforate the structures containing

RCS piping. Therefore, the RCS heat removal capability evaluation demonstrates

additional margin in the US. EPR design,

19.2.7.6.3 SFP Integrity

The SFP integrity is considered to be maintained if the fuel pool liner does not have a

leakage path below the minimum water level, the fuel is protected and there would be

no unacceptable releases of radionuclides to the environment. Analyses demonstrate

that no physical damage to the interior of the Fuel Building results from the aircraft

crash. The prevention of aircraft perforation of the exterior wall of the Fuel Building

ensures that the SFP is not perforated and that SFP integrity is maintained.

19.2.7.5.4 SFP Heat Removal Caoabilitv

With the SFP integrity maintained, SFP cooling is provided consistent with the PRA.

The availability of the make-up systems is assured due to the integrity of the Fuel

Building exterior walls. The fire protection system provides the capability to fill the

Spent Fuel Pool.

19.2.7.6 Conclusions

The U.S. EPR has inherent protection to avoid or mitigate, to the extent practical and

with reduced reliance on operator actions, the effects of an aircraft impact. The

assessment confirmed that the U.S. EPR design meets the four acceptance criteria. The

reactor remains cooled, AND the containment remains intact: AND spent fuel cooling

is maintained, AND spent fuel pool integrity is maintained. Accordingly, the U.S. EPR

design features and functional capabilities provide for adequate protection of public

health and safety in the event of an impact of a large commercial aircraft as required

by 10 CFR 10.150, In fact, by exceeding the minimum acceptance criteria, the U.S.
EPR design maintains significant margin beyond the minimum requirements specified

in 10 CFR 50.150.
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