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From: BRYAN Martin (EXTERNAL AREVA) [Martin.Bryan.ext@areva.com]

Sent: Monday, October 04, 2010 4:08 PM

To: Tesfaye, Getachew

Cc: DELANO Karen (AREVA); ROMINE Judy (AREVA); CORNELL Veronica (EXTERNAL

AREVA); HALLINGER Pat (EXTERNAL AREVA); BREDEL Daniel (AREVA); WILLIFORD
Dennis (AREVA); RYAN Tom (AREVA)

Subject: REVISED DRAFT Response to U.S. EPR Design Certification Application RAI No. 354,
FSAR Ch. 3, Questions 3.8.2.13

Attachments: RAI 354 Question 03.08.02-13 Response US EPR DC - DRAFT.pdf

Getachew,

Attached is a revised draft response for RAI 354 Question 03.08.02-13 that addresses staff comments. Let me know if
this can be sent as a final response.

Thanks,

Martin (Marty) C. Bryan

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

Tel: (434) 832-3016

702 561-3528 cell

Martin.Bryan.ext@areva.com

From: BRYAN Martin (EXT)

Sent: Friday, July 30, 2010 4:36 PM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); CORNELL Veronica (EXT); GARDNER
Darrell (RS/NB); HOSKINS Michael (AREVA NP INC); ALCHAAR Nawar (EP/PE); COLEMAN Sue (RS/NB); OSWALD Todd
(EP/PE); SANDERS Harris (RS/NB); RYAN Tom (RS/NB); WILLIFORD Dennis (RS/NB)

Subject: DRAFT Response to U.S. EPR Design Certification Application RAI No. 354, FSAR Ch. 3, Questions 3.8.2.11-15

Getachew,

To support a final response by August 31, 2010, a draft response is provided for your review. Let me know if the staff has
questions or if the response can be sent as final.

Thanks,

Martin (Marty) C. Bryan

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

Tel: (434) 832-3016

702 561-3528 cell

Martin.Bryan.ext@areva.com
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Response to

Request for Additional Information No. 354,
Question 03.08.02-13, Revision 1

3/16/2010

U. S. EPR Standard Design Certification
AREVA NP Inc.
Docket No. 52-020
SRP Section: 03.08.02 - Steel Containment
SRP Section: 03.08.05 - Foundations
SRP Section: 03.06.02 - Determination of Rupture Locations and Dynamic Effects
Associated with the Postulated Rupture of Piping

Application Section: FSAR Ch 3

QUESTIONS for Structural Engineering Branch 2 (ESBWR/ABWR Projects) (SEB2)
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Question 03.08.02-13:
Follow-up to RAI 155, Question No. 03.08.02-4

The staff requests that the applicant submit the following information related to buckling analysis
of the equipment hatch, the air locks, the closure for the construction opening, and the high
energy piping penetrations:

(1) a description of the design-basis analyses conducted;
(2) a summary of the analysis results; and

(3) a comparison of results to ASME Section Ill, Subsection NE-3130 and/or Code Case N-284
acceptance criteria.

This information should also be included in FSAR Section 3.8.2. The applicable detailed
calculations should be available for staff review at a future audit.

Response to Question 03.08.02-13:

Buckling analyses have been performed for the equipment hatch, airlocks, construction
opening, and high energy piping penetrations (main steam and feedwater). The equipment
hatch and airlocks are qualified in accordance with- NE-3222 and Code Case N-284-1. The
construction opening is qualified in accordance with NE-3133. For high energy piping
penetrations (main steam and feedwater); it was determined that buckling is not a failure
mechanism for these penetrations.

U.S. EPR FSAR Tier 2, Section 3.8.2.4 will be revised to provide additional information related
to the containment penetration buckling analyses. The detailed calculations supporting the
analyses described in this response are available for NRC audit. A detailed description of the
analysis performed for each appurtenance is provided in the following sections.

Equipment Hatch and Airlocks
Rigorous Analysis

A rigorous buckling analysis was performed in accordance with NE-3222.1(a)(1). Three-
dimensional finite element submodels of each appurtenance were prepared in ANSYS, Version
11.0. Carbon steel SA-516 Grade 70 material was used and material properties were obtained
from ASME Code Section Il, Part D. Material nonlinearities and large deformations were
considered per NE-3222.1(a)(1). Material nonlinearity was simulated using the Bilinear
Kinematic Hardening material model (BKIN) in ANSYS. The yield strength of the material S, is
33.6 ksi at 300°F. The plastic portion of SA-516 Grade 70 material, represented by tangent
modulus, was conservatively assumed to be 2 percent of the elastic modulus. Large deflection
command NLGEOM in ANSYS was enabled to account for geometric nonlinearity.

In the analysis, the steel liner and ring plate were fixed while constant increments of pressure
are applied on the external surface. The external pressure increases until the solution begins to
diverge. At this point, the analysis was stopped and the critical buckling stress was reached.
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The maximum allowable buckling stress for Design and Levels A & B service limits was
determined as one-third the value of the critical buckling stress per NE-3222.1(a). In
accordance with NE-3222.2, the allowable limits for Level C and D service limits are 120
percent and 150 percent of the value given in NE-3222.1, respectively. The applied pressure in
each load condition was compared to the allowable limit to verify that the criterion is met.

For the rigorous analysis, pressure is the dominant load. The safety margin of each load
condition is determined using the following equation:

Equipment Hatch

The rigorous analysis critical buckling pressure is 257 psig. The lowest margin of 28 percent
was determined for the Design condition based on the applied pressure of 62 psig and the
allowable pressure of 85.67 psig as one-third of the critical buckling pressure of 257 psig.

Using the guidance of RG 1.193 and ASME Code Case N-284-1, a critical buckling stress
margin of 22 percent was calculated.

Airlocks

The rigorous analysis critical buckling pressure of the airlock cylinder and torispherical head and
penetration sleeve assembly is 337 psig. The critical buckling pressure of the airlock hatches is
260 psig.

A linear eigenvalue buckling analysis-of the airlock cylinder and torispherical head and
penetration sleeve assembly was also performed The resulting critical buckling pressure was
303 psig.

Conservatively, the lowest value of the airlock appurtenance was used for the qualification. The
lowest margin of 28 percent was determined for the Design condition based on the applied
pressure of 62 psig and the allowable pressure of 86.67 psig as one-third of the critical buckling
pressure of 260 psig.

Using the guidance of RG 1.193 and ASME Code Case N-284-1, the critical buckling stress
margin for the airlock appurtenance is 45 percent for the calculated buckling stress of the airlock
cylindrical part.

Construction Opening

Due to the simple geometry, the buckling analysis for the construction opening was performed
in accordance with NE-3133, and an evaluation according to code Case N-284-1 is not required.
The maximum allowable external pressure is 79 psig. This value is higher than the pressure of
any loading condition. The lowest margin for the Design condition is 21 percent.

Main Steam Line and Feedwater Line Penetration

Buckling is not a failure mechanism for the main steam and feedwater line penetrations. These
penetrations were analyzed using classical analysis where the slenderness ratio (KL/r) must be
large enough for buckling to occur. For short columns (or piers) with a KL/r less than 89

(structural steel), the columns will reach yield before buckling occurs. The main steam line and
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feedwater line penetrations are defined as short columns (or piers). The calculated slenderness
ratio is below 89, and buckling will not occur.

FSAR Impact:

U.S. EPR FSAR Tier 2, Section 3.8.2.4 will be revised as described in the response and
indicated on the enclosed markup.
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EPR

PP=D+L+T,+R,+P,+E
PP=D+L+T,+R,+P,+E
Level C Service Limits

These service limit load combinations include the loads subject to Level A service
limits, plus the additional loads resulting from natural phenomena for which safe
shutdown of the plant is required (GDC 2, GDC 4, GDC 50).

PP=D+L+T,+R,+P,+E
PP=D+L+T,+R,+P,+E
P*=D+Pg1+Pg2‘

In the last load combination, P, + P,, should not be less than 45 psig and evaluation of
instability is not required as specified by the code.

Level D Service Limits

These service limit load combinations include other applicable service limits and
dynamic loads for which containment function is required (GDC 2, GDC 4, and GDC
50).

|03'08-02'13 | Pr=D+L+T#R,+P,+ R, +R; + R, + E'
P =D+L+F,+E.

3.8.24 Design and Analysis Procedures

The steel items described in Section 3.8.2.1 are designed and analyzed in accordance
with Article NE-3000 of Subsection NE of the ASME Code, Section I1I, Division 1, and
as augmented by the applicable provisions of RG 1.57 (GDC 1 and GDC 16).

Containment penetrations, or portions thereof, within the jurisdictional boundaries
defined by ASME Code, Section III, Division 1, Subsection NE do not exceed the stress
intensity limits defined by Articles NE-3221.1, NE-3221.2, NE-3221.3, and NE- 3221.4

of the ASME BPV Code. Goede-elassshell ecomponentsareevaluated for bueklingunder

Tier 2 Revision 3—Interim Page 3.8-43
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I\

3.8.2.4.1

Buckling analyses are performed for the containment penetrations. Simple
eometries (e.g., construction opening) are qualified in accordance with NE-3133.
More complex geometries (e.g., equipment hatch and airlocks) are qualified in
accordance with NE-3222.1(a)(1) through the use of a rigorous finite element buckling
analysis. The calculated stresses are compared to the allowable buckling limits of NE-
3222.2 for the particular loading condition (i.e., Design and Service A, B, C & D).

Complex geometries are also qualified in accordance with RG 1.193 and ASME Code
Case N-284-1.

Evaluation of the containment penetrationsuse 3-D finite element modeling
techniques (ANSYS) using loads and load combinations discussed in Sections 3.8.2.3.1
and 3.8.2.3.2, respectively.

Code class MC components are screened for cyclic service analysis according to the
criteria in Article NE-3221.5 of the ASME Code.

Refer to Section 3.5.3 for a description of requirements for missile barrier design and
ductility requirements applicable to the design of steel portions of the RCB.

The following sections provide individual descriptions of the design and analysis
procedures performed to verify the structural integrity of the steel items. Section 3.8.1
addresses the design and analysis procedures used to qualify the RCB concrete
structure for openings provided through the containment pressure boundary for these
items. Containment ultimate capacity analysis results are described in

Section 3.8.1.4.11, which includes evaluation of major containment steel penetrations.

Equipment Hatch, Airlocks, and Construction Opening

The equipment hatch described in Section 3.8.2.1.1 is supported entirely by the
concrete shell of the RCB. The sleeve of the equipment hatch is embedded in the
concrete containment shell and welded at the periphery to the liner plate. Expansion
joints, located in the annulus, allow for differential movement and minimize load
transfer between the RCB and RSB walls. The expansion joints maintain the pressure
boundary for the annulus ventilation system. The liner plate is thickened in the
vicinity of the equipment hatch penetration. The equipment hatch cover is dished and
stiffened by a reinforcing ring where it interfaces with the sleeve of the equipment
hatch.

Tier 2

Revision 3—Interim Page 3.8-44
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