ArevaEPRDCPEm Resource

From: WELLS Russell (AREVA) [Russell. Wells@areva.com]

Sent: Wednesday, March 30, 2011 6:20 PM

To: Tesfaye, Getachew

Cc: CORNELL Veronica (EXTERNAL AREVA); BREDEL Daniel (AREVA); COLEMAN Sue

(AREVA); BENNETT Kathy (AREVA); DELANO Karen (AREVA); HALLINGER Pat
(EXTERNAL AREVA); ROMINE Judy (AREVA); RYAN Tom (AREVA); WILLIFORD Dennis

(AREVA)

Subject: Draft Revised Response to U.S. EPR Design Certification Application RAI No. 412, FSAR Ch.
3, Question 03.07.02-74

Attachments: RAI 412 Question 03.07.02-74 Response US EPR DC - DRAFT.pdf

Getachew,

Attached is a revised draft response for RAI No. 412, FSAR Ch 3, Question 03.07.02-74 in advance of the May
12, 2011 final response date.

Let me know if the staff has questions or if the draft response can be sent as a final response.

Sincerely,

Russ Wells
U.S. EPR Design Certification Licensing Manager
AREVA NP, Inc.
3315 Old Forest Road, P.O. Box 10935
Mail Stop OF-57
Lynchburg, VA 24506-0935
Phone: 434-832-3884 (work)
434-942-6375 (cell)
Fax: 434-382-3884
Russell. Wells@Areva.com

From: WELLS Russell (RS/NB)

Sent: Tuesday, March 22, 2011 5:35 PM

To: 'Tesfaye, Getachew'

Cc: CORNELL Veronica (External RS/NB); BENNETT Kathy (RS/NB); DELANO Karen (RS/NB); ROMINE Judy (RS/NB);
RYAN Tom (RS/NB)

Subject: Response to U.S. EPR Design Certification Application RAI No. 412, FSAR Ch. 3, Supplement 6

Getachew,

AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI 412
on June 24, 2010. On August 27, 2010, AREVA NP submitted Supplement 1 to provide an INTERIM response
to Question 03.07.02-73. AREVA NP submitted a revised schedule for Question 03.07.02-74 in Supplement 2
and Supplement 3 on September 15, 2010, and November 15, 2010, respectively. On January 27, 2011,
AREVA NP submitted Supplement 4 to provide a revised schedule for Question 03.07.02-74. On February 11,
2011, AREVA NP submitted Supplement 5 to provide a revised schedule for Question 03.07.02-73.

The schedule for Question 03.07.02-74 is being revised to allow AREVA NP additional time to address NRC
comments. The schedule for the remaining question is unchanged.



The schedule for a technically correct and complete response to the remaining questions is provided below.

Question # Interim Response Date Response Date
RAI 412 — 03.07.02-73 August 29, 2010 (Actual) May 12, 2011
RAIl 412 — 03.07.02-74 N/A May 12, 2011

Sincerely,

Russ Wells

U.S. EPR Design Certification Licensing Manager

AREVA NP, Inc.

3315 Old Forest Road, P.O. Box 10935

Mail Stop OF-57

Lynchburg, VA 24506-0935

Phone: 434-832-3884 (work)
434-942-6375 (cell)

Fax: 434-382-3884

Russell. Wells@Areva.com

From: BRYAN Martin (External RS/NB)

Sent: Friday, February 11, 2011 3:06 PM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); CORNELL Veronica (External RS/NB)
Subject: Response to U.S. EPR Design Certification Application RAI No. 412, FSAR Ch. 3, Supplement 5

Getachew,

AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI 412
on June 24, 2010. On August 27, 2010, AREVA NP submitted Supplement 1 to provide an INTERIM response
to Question 03.07.02-73. AREVA NP submitted a revised schedule for Question 03.07.02-74 in Supplement 2
and Supplement 3 on September 15, 2010, and November 15, 2010, respectively. On January 27, 2011,
AREVA NP submitted Supplement 4 to provide a revised schedule for Question 03.07.02-74.

The schedule for Question 03.07.02-73 has changed. The schedule for the remaining question is unchanged.

The schedule for a technically correct and complete response to the remaining questions is provided below.

Question # Interim Response Date Response Date

RAI 412 — 03.07.02-73 August 29, 2010 (Actual) May 12, 2011

RAI 412 — 03.07.02-74 N/A March 23, 2011
Sincerely,

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 (External RS/NB)

Sent: Thursday, January 27, 2011 11:47 AM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); CORNELL Veronica (External RS/NB)
Subject: Response to U.S. EPR Design Certification Application RAI No. 412, FSAR Ch. 3, Supplement 4

Getachew,

AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI 412
on June 24, 2010. On August 27, 2010, AREVA NP submitted Supplement 1 to provide an INTERIM response
to Question 03.07.02-73. AREVA NP submitted a revised schedule for Question 03.07.02-74 in Supplement 2
and Supplement 3 on September 15, 2010, and November 15, 2010, respectively.

The schedule for Question 03.07.02-74 is being revised to allow additional time for AREVA NP to address
NRC comments. The schedule for the remaining question is unchanged.

The schedule for a technically correct and complete response to the remaining questions is provided below.

Question # Interim Response Date Response Date

RAI 412 — 03.07.02-73 August 29, 2010 (Actual) February 17, 2011

RAI 412 — 03.07.02-74 N/A March 23, 2011
Sincerely,

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 (External RS/NB)

Sent: Monday, November 15, 2010 4:45 PM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); CORNELL Veronica (External RS/NB);
'Miernicki, Michael'

Subject: Response to U.S. EPR Design Certification Application RAI No. 412, FSAR Ch. 3, Supplement 3

Getachew,

AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI 412
on June 24, 2010. On August 27, 2010, AREVA NP submitted Supplement 1 to provide an INTERIM response
to Question 03.07.02-73. AREVA NP submitted a revised schedule for Question 03.07.02-74 in Supplement 2
on September 15, 2010.

The schedule for Question 03.07.02-74 is being revised to allow additional time for AREVA NP to address
NRC comments. The schedule for the remaining question is unchanged.

The schedule for a technically correct and complete response to the remaining questions is provided below.



Question #

Interim Response Date

Response Date

RAI 412 — 03.07.02-73

August 29, 2010 (Actual)

February 17, 2011

RAlI 412 — 03.07.02-74

N/A

January 28, 2011

Sincerely,

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 (External RS/NB)
Sent: Wednesday, September 15, 2010 9:42 AM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); CORNELL Veronica (External RS/NB)
Subject: Response to U.S. EPR Design Certification Application RAI No. 412, FSAR Ch. 3, Supplement 2

Getachew,

AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI 412
on June 24, 2010. On August 27, 2010, AREVA NP submitted Supplement 1 to provide an INTERIM response

to Question 03.07.02-73.

The schedule for Question 03.07.02-74 is being revised to allow additional time for AREVA NP to interact with

the NRC. The schedule for the remaining question is unchanged.

The schedule for a technically correct and complete response to the remaining questions is provided below.

Question #

Interim Response Date

Response Date

RAI 412 — 03.07.02-73

August 29, 2010 (Actual)

February 17, 2011

RAI 412 — 03.07.02-74

N/A

December 13, 2010

Sincerely,

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 (External RS/NB)
Sent: Friday, August 27, 2010 5:13 PM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen (RS/NB); ROMINE Judy (RS/NB); BENNETT Kathy (RS/NB); CORNELL Veronica (External RS/NB)
Subject: Response to U.S. EPR Design Certification Application RAI No. 412, FSAR Ch. 3, Supplement 1-INTERIM

4




Getachew,

AREVA NP Inc. (AREVA NP) provided a schedule for a technically correct and complete response to RAI 412
on June 24, 2010.

The attached file, “RAI 412 Supplement 1 Response US EPR DC - INTERIM.pdf” provides a technically correct
and complete INTERIM response to 1 of the remaining 2 questions, as committed.

The following table indicates the respective pages in the response document, “RAI 412 Supplement 1
Response US EPR DC- INTERIM.pdf,” that contain AREVA NP’s response to the subject questions.

Question # Start Page | End Page |
RAI 412 — 03.07.02-73 2 2

The schedule for a technically correct and complete response to the remaining questions is provided below.

Question # Interim Response Date Response Date
August 29, 2010 (Actual- February 17, 2011
RAI 412 — 03.07.02-73 August 27, 2010)
RAIl 412 — 03.07.02-74 N/A September 20, 2010
Sincerely,

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: Thursday, June 24, 2010 2:00 PM

To: 'Tesfaye, Getachew'

Cc: DELANO Karen V (AREVA NP INC); ROMINE Judy (AREVA NP INC); BENNETT Kathy A (OFR) (AREVA NP INC); VAN
NOY Mark (EXT); CORNELL Veronica (EXT); RYAN Tom (AREVA NP INC); GARDNER George Darrell (AREVA NP INC)
Subject: Response to U.S. EPR Design Certification Application RAI No. 412, FSAR Ch. 3

Getachew,

Attached please find AREVA NP Inc.’s response to the subject request for additional information (RAI). The
attached file, “RAl 412 Response US EPR DC.pdf” provides a schedule since a technically correct and
complete response to the 2 questions is not provided.

The following table indicates the respective pages in the response document, “RAl 412 Response US EPR
DC.pdf’ that contain AREVA NP’s response to the subject questions.

Question # Start Page | End Page

RAlI 412 — 03.07.02-73 2 2

RAlI 412 — 03.07.02-74 3 3




A complete answer is not provided for 2 of the 2 questions. The dates provide are based upon the
civil/structural re-planning activities and revised RAIl response schedule presented to the NRC during
the June 9, 2010, Public Meeting, and to allow time to interact with the NRC on the responses.

Prior to submittal of the final RAI response, AREVA NP will provide an interim RAI response that
includes:

(1) a description of the technical work (e.g., methodology)

(2) U.S. EPR FSAR revised pages, as applicable

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

Question # Interim Response Date Response Date
RAIl 412 — 03.07.02-73 August 29, 2010 February 17, 2011
RAI 412 — 03.07.02-74 N/A September 20, 2010
Sincerely,

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

Sent: Friday, May 28, 2010 8:11 AM

To: ZZ-DL-A-USEPR-DL

Cc: Chakravorty, Manas; Hawkins, Kimberly; Miernicki, Michael; Patel, Jay; Colaccino, Joseph; ArevaEPRDCPEm Resource
Subject: U.S. EPR Design Certification Application RAI No. 412(4744), FSAR Ch. 3

Attached please find the subject requests for additional information (RAI). A draft of the RAI was provided to
you on May 25, 2010, and on May 27, 2010, you informed us that the RAl is clear and no further clarification is
needed. As a result, no change is made to the draft RAl. 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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Response to

Request for Additional Information No. 412 (4744), Revision 0
Question 03.07.02-74, Revision 2
5/28/2010

U.S. EPR Standard Design Certification
AREVA NP Inc.
Docket No. 52-020
SRP Section: 03.07.02 - Seismic System Analysis
Application Section: 03.07.02

QUESTIONS for Structural Engineering Branch 2 (ESBWR/ABWR Projects) (SEB2)



AREVA NP Inc.

Response to Request for Additional Information No. 412, Question 03.07.02-74, Revision 2
U.S. EPR Design Certification Application Page 2 of 25

Question 03.07.02-74:
RAI from Audit 4/26-30, 2010

As part of the staff review of the SSI analysis of the Nuclear Island (NI) Common Basemat
Structure, AREVA was asked to describe how seismic fluid-structure interaction was considered
for those structures containing water in the NI (e.g., the IRWST, the spent fuel pool, etc.).
AREVA stated that the entire mass of water is treated as a lumped mass which is added to the
mass of the structure in which it is contained. In general the staff was satisfied with the method
described but to ensure the analysis and design of the NI meets the requirements of GDC 2 for
earthquake design and that the loads due to the seismic response of the water have been
properly determined, the staff requests that AREVA provide the following information regarding
fluid/structure interaction:

1. Describe how the contained water is modeled in the seismic analysis of the NI;

If convective loads are ignored, provide the basis for not considered them:

Justify the freeboard is sufficient to accommodate sloshing in the IRWST;

Provide the basis for water level assumptions when determining the effects of sloshing;
If they exist, describe the effect of sloshing loads; and,

o ok WD

Evaluate potential overspill in Spent Fuel Pool.

Provide the basis for not considering a seismic hydrodynamic impact load on the bottom of the
spent fuel pool, the IRWST, or any other significant pool or tank in the NI, due to the response
of the water from an earthquake acting in the vertical direction.

Response to Question 03.07.02-74:

1. Hydrodynamic loads are developed using the method provided in TID-7024 (Reference 1),
Chapter 6 and Appendix F for the Nuclear Island (NI) pools in Table 03.07.02-74-1 and the
Essential Service Water Building (ESWB). Attachment 1 demonstrates the development of
hydrodynamic loads, natural frequencies and hydrodynamic forces on the pool walls, and
slab for the spent fuel pool (SFP).

The impulsive effects are affected by the flexibility of the walls and slab, but the convective
effects are insensitive to flexibility. For the impulsive load, the natural frequencies of
individual pool walls and floors are calculated by considering the impulsive mass effect and
the in-structure response spectra (ISRS). Seven percent damping is used to determine the
corresponding accelerations. For the convective mode, the natural frequency of sloshing
water is determined using TID-7024, Equation 6.8, and the corresponding acceleration is
based on 0.5 percent damping. Damping associated with sloshing is approximately 0.5
percent ( see TID-7024, Section 6.6). Damping associated with the impulsive mode is
primarily motion of the supporting structure, which is seven percent for the NI reinforced
concrete structure. The ISRS at pool wall mid-elevation determines the corresponding
accelerations for the entire pool wall.

Figure 03.07.02-74-1 to Figure 03.07.02-74-3 show the hydrodynamic forces in a pool
resulting from a horizontal earthquake, and represented by a combination of:



AREVA NP Inc.

Response to Request for Additional Information No. 412, Question 03.07.02-74, Revision 2
U.S. EPR Design Certification Application Page 3 of 25

— Impulsive (Po) and convective (P) forces acting on the pool walls.

— Impulsive (Pyo) and convective (Py1) forces acting on the pool slab.

For each pool, the impulsive and convective pressures are calculated for the horizontal (X
and Y) direction in 3.28 feet (1 meter) increments (see Table 03.07.02-74-1). The total
pressure is obtained by adding the convective pressure to the impulsive pressure at each
increment.

The hydrodynamic pressure on the slab and walls resulting from a vertical earthquake are
calculated in accordance with ASCE 4-98, Equation 3.5-7, using the fluid mass density
multiplied by the vertical zero peak acceleration (ZPA) as a function of water depth below
the surface. The vertical ZPA of pool slabs is less than 1 g for the eight soil cases. No
water mass impact on the pool slab resulting from vertical seismic excitation is expected.

The design of the NI uses the dynamic model, superstructure static model, and basemat
model. In the superstructure static finite element model (FEM), seismic loads are applied
statically in six directions (east, west, north, south, up, and down) and the square root of the
sum of the squares (SRSS) method is used for combining directional seismic loads as
described in the Response to RAI 376, Question 03.08:03-24. In each direction, a set of
hydrodynamic pressure loads are simultaneously applied on the walls and slab. As shown
in Figure 03.07.02-74-3, when the earthquake moves toward the east, the east wall is
pushed outward, the west wall is pulled inward, the east half slab is pushed downward, and
the west half slab is pulled upward. The application of hydrodynamic loads accounts for the
rotational effects of water motion. For SFP rack loads, see the Response to RAI 335,
Question 03.08.04-10.

For U.S. EPR pools, the water does not impact slabs in a vertical earthquake because the
vertical ZPAs are less than 1 g. One-hundred percent water mass was used in the slab
vertical pressure and wall horizontal pressure calculation (see Attachment 1, Table
03.07.02-74-A13).

The dynamic soil structure interaction (SSI) time history model develops the ZPAs for the
static model. In the dynamic model, fluid mass on the pool walls and slab is included based
on tributary mass contribution (i.e., 1/2 of water mass added to each wall and total water
mass added to the slab). For the SFP, the total fuel/racks assembly mass is added to the
slab in addition to the fluid total mass, conservatively neglecting racks occupying volume.

The basemat model develops loads on the basemat. The hydrodynamic mass applied to
the basemat model is identical to the mass applied in the dynamic model. Table 03.07.02-
74-4 provides the water weight, impulsive weight and force, convective weight and force,
total hydrodynamic weight (impulsive plus convective), and other relevant parameters. The
ratio between hydrodynamic weight and water weight is approximately equal to one. The
water weight applied to the dynamic model is approximately the same as the calculated
hydrodynamic weight based on TID-7024, except for surge pools. For the surge pools, the
actual water level is less than the dynamic model in Table 03.07.02-74-4. The additional
water weight of the surge pools in the dynamic model is approximately 0.07 percent of the
total NI weight (concrete plus water), and is negligible.



AREVA NP Inc.

Response to Request for Additional Information No. 412, Question 03.07.02-74, Revision 2
U.S. EPR Design Certification Application Page 4 of 25

There is no water in the reactor pool during operation. The reactor pool has no mass in the
dynamic model and no loads in the static model.

U.S. EPR FSAR Tier 2, Sections 3.8.3 and 3.8.4 will be revised to describe the
hydrodynamic load analysis methodology.

2. Convective loads are included in the hydrodynamic loads for the static FEM, as described in
the Response to Iltem 1. Figure 03.07.02-74-1 and Figure 03.07.02-74-2 show the total
hydrodynamic wall pressure distributions for SFP, including impulsive and convective
pressures. The contribution from convective mode to the total hydrodynamic load is
negligible for the ESWB pool, SFP and other NI pools, except for smaller or shallow pools
such as the surge pool and in-containment refueling water storage tank (IRWST). Table
03.07.02-74-1 shows the wall frequencies and pressures for NI pools.

See the Response to Item 4.

The freeboard values (dy) are determined using the analyzed water levels in Table 03.07.02-
74-3. The maximum water levels in the pools are checked against the analyzed water levels
and the difference is negligible as shown in Table 03.07.02-74-3.

5. Sloshing height (dmax) is calculated in accordance with TID-7024, Equation 6.11, and
compared to the available freeboard (dg) for each pool to determine if water spillage in an
open pool or ceiling impact in a covered pool occurs. The enveloped 0.5 percent damping
ISRS for the entire building floor were previously used to calculate the sloshing height and
hydrodynamic wall pressures. These wall pressures are applied to the static model for
critical section design. A refined analysis, specific to individual pool walls and slabs, using
0.5 percent damping ISRS, was performed and resulted in smaller accelerations. The
refined analysis results, in Table 03.07.02-74-2, show that no spillage in open pools and no
ceiling impact in covered pools occur.

See the Response to Item 5.

See the Response to Item 1.
FSAR Impact:

U.S. EPR FSAR Tier 2, Section 3.8.3.4.4 and Section 3.8.4.4.1 will be revised as described in
the response and indicated on the enclosed markup.



AREVA NP Inc.

Response to Request for Additional Information No. 412, Question 03.07.02-74, Revision 2

U.S. EPR Design Certification Application Page 5 of 25
Table 03.07.02-74-1—Wall Frequencies and Hydrodynamic Average
Pressures
wall Average
Pool Size Frequenc Wall
Nuclear Island Hydrodynamic ?H ) y Pressure
Pools Mode z (psf)
Lx Ly h
) | @ | () X | Y | X Y
Spent Fuel Pool Impulsive 33 19 | 1255 | 1303
51.67 | 29.36 | 45.60
(Open) Convective 022 | 03 | 34 | 24
Emergency Im :
pulsive 17 21 627 | 819
reedwater Fool2 | 2133 | 27.23 | 26.90
an Convective 0.35 | 0.31 | 24 | 39
(Enclosed)
Emergency .
Impulsive 19 16 802 | 1021
reedwater Pool T | 28.21 | 22.97 | 26.90
(Enclosed) Convective 0.30 | 0.34 | 32 36
Surge Pool 2 and 3 Impulsive 58 76 355 | 344
(Enclosed) 82 | 11.48 | 10.099——C  ecive | 056 | 047 | 30 | 54
Surge Pool 1 and 4 Impulsive 130 144 159 171
10.5 | 13.12 | 6.89
(Enclosed) Convective 049 | 043 | 57 | 79
In-containment :
; Impulsive 30 117 | 250 | 250
Retuelng VIaler | 35.43 | 82.68{ 12:37
orage oo Convective 024 | 024 | 55 | 55
(Enclosed)
Reactor Pool 2329 | 76.44 | 41 67 ImpuIS|Ye 25 54 | 1098 | 926
(Open) Convective 0.33 | 018 | 18 | 52




AREVA NP Inc.

Response to Request for Additional Information No. 412, Question 03.07.02-74, Revision 2
U.S. EPR Design Certification Application Page 6 of 25

Table 03.07.02-74-2—Sloshing Height Based on Updated Accelerations

Nuclear Island Convective Sloshing | Free- If dinax > do,
Pools Direction | Acceleration Height board | Overspill or Ceiling
Sa (9) Aimax (ft) d, (ft) Impact?
Spent Fuel Pool X 0.05 1.17 :
1.64 No O I
(Open) Y 0.09 1.8 o Lverspl
Emergency
X 0.11 1.18
Feedwater Fool 2 164 | No Ceiling Impact
Y 0.09 1.19
(Enclosed)
Emergency
Feedwater Pool 1 X 0.09 1.23 .
1.64 No Ceiling Impact
and 4 % 0.11 1.27
(Enclosed) ' '
Surge Pool 2 and X 0.36 2.85
3 8.29 No Ceiling Impact
(Enclosed) Y 0.27 2.24
Surge Pool 1 and X 0.24 1.66
4 3.60 No Ceiling Impact
(Enclosed) Y 0.21 1.66
In-containment
Refueling Water |y ¢ 0.05 0.79 6.17 | No Ceiling Impact
Storage Pool
(Enclosed)
Reactor Pool X 0.10 1.15 164 No Overspill
(Open) Y 0.03 1.00




AREVA NP Inc.

Response to Request for Additional Information No. 412, Question 03.07.02-74, Revision 2
U.S. EPR Design Certification Application Page 7 of 25

Table 03.07.02-74-3—Normal and Maximum Water Level of Pools

Nuclear Island Pools Analyzed Water Level Max. Water Difference
(ft) Level (ft) (ft)
Spent Fuel Pool 62 34 62 66 0.33
(Open)
Reactor Pool 62.34 62.66 0.33
(Open)
In-containment Refueling
Water Storage Pool -7.81 -7.71 0.10
(Enclosed)
Emergency Feedwater
Pool2and 3" 26.90 26.90 0.00
(Enclosed)
Emergency Feedwater
Pool 1and 4" 26.90 26.90 0.00
(Enclosed) ,
Surge Pool 2:and 3 78.97 78.97 0.00
(Enclosed) ,
Surge Pool 1.and 4 75.79 75.79 0.00
(Enclosed)

Notes:

1. For emergency feedwater pools; the maximum water level at overflow pipe elevation was
conservatively used to calculate the pool loads.

2. Maximum required surge volume for surge tanks is 925 ft>. The water level analyzed is
based on a volume of 950 ft* (hormal and maximum water levels).
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Figure 03.07.02-74-1—Impulsive and Convective Wall Pressure
Distributions in the X direction
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Figure 03.07.02-74-2—Impulsive and Convective Wall Pressure
Distributions in the Y direction
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Figure 03.07.02-74-3—Hydrodynamic Pressure in Pool due to Horizontal
Acceleration
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Attachment 1 - Spent Fuel Pool Example

Accelerations (ax, ay, and az) for the impulsive mode are based on the localized seven percent
damping ISRS specific to the SFP walls/slabs. These accelerations are smaller compared to
the accelerations from the enveloped ISRS of the entire Fuel Building (FB) floor. These
principles apply to the convective mode accelerations, as discussed in Item 5 of this response,
which used localized 0.5 percent damping ISRS. The lower accelerations were used in the
sloshing height calculation as described in Item 5 of this response.

The higher accelerations from the enveloped FB ISRS were used in calculating the
hydrodynamic loads in this Attachment 1, Section 1.2 to Section 1.4, and applied to the static
model used for design of critical sections. The higher accelerations (ax, ay, and az) from the
enveloped FB ISRS are 1.0 g, 1.6 g, and 1.44 g, respectively.

1.0 Hydrodynamic Load in Spent Fuel Pool

According to TID-7024 (Reference 1), the horizontal acceleration of fluid in a tank or pool
generates hydrodynamic forces acting outward on one side of the pool and inward on the other
side. The seismically-induced fluid motion developed in a pool is represented by a combination
of impulsive force, Py, and convective force, P4, acting on the pool walls and the combination of
impulsive force, Py, and convective force, Py4, acting on the pool slab, as shown in Figure
03.07.02-74-3.

In order to use TID-7024, Equation 6.4 or Equation F.47 to obtain impulsive pressures on pool
walls and slab, the natural frequencies of the walls and slab are required for finding the
corresponding accelerations.

The hydrodynamic pressure on the pool walls and slab resulting from vertical seismic
acceleration (az) is calculated using a similar formula to that used for hydrostatic calculation as
follows:

P, = Pwater 8z d
1.1 Natural Frequencies of Spent Fuel Pool
East or West Wall

According to TID-7024, impulsive force, Py, is created by a portion of the fluid, of weight W,
acting as if it were rigidly connected to the walls. The impulsive equivalent water mass
associated with one wall at X = —/ or X = +/ is determined with TID-7024, Equation 6.1 for total
weight calculation:

tanh(ﬁ ;lj

— TID-7024, Equation 6.1
3
v h

Wy =W x

Where W = total weight of fluid.
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tanh(\/? ;ZJ
o

Wy = Pater] X =1279 psf
Where I=Lx/2 =51.67/2 = 25.84 ft, pyater = 64.3 pcf, and h = 45.6 ft.
The total weight per unit wall area for frequency calculation is:
W = Wot peoncrete(t) = 1279+150%4.1 = 1894 psf
Where t = 4.1 ft (minimum wall thickness of east or west wall.

Reference 2, Table 36, Case 16 (the edges simply supported) is used to find natural frequency
of the walls, where “a” is the short edge of the plate and “b” is the long edge.

The maximum unsupported span of either east or west.wall is 21.65 ft. Therefore, a = 21.65 ft
(the length of unsupported span), b ~ h = 45.6 ft (the .unsupported height of the pool), and the
lowest natural frequency of the east or west wall is:

Ki = n?[1+(a/b)?] = n° [1+(21.65/45.6)%] =.12.09
E. = 57000(f 's)*° = 57000(6000)"° = 4.42x10° psi =6.36x10° psf

D = Et/[12(1-v?)] = (6.36x10%)(4.1)*[12(1-0.17%)] = 3.76x10° Ib-ft

9
Natural frequency, f=£ }Dg = 12'09\/(3'76X10 )x322 =33Hz
2z \wa' < 2rx 1894 x21.65*

Using ISRS near the mid-height of pool water, the maximum acceleration in the X direction for
seven percent damping ratio at 33 Hz is:

ax = .81g
North or South Wall

The impulsive equivalent water mass associated with one wall at Y = —/or Y = +/is determined
using TID-7024, Equation 6.1 as follows:

tanh(ﬁ lj
g

WO = ,0 Waterl X = 859psf

Where [ = Ly/2 = 29.36/2 = 14.68 ft, pwater = 64.3 pcf, and h = 45.6 ft.
The total weight per unit wall area for frequency calculation is:

W = WO+ pconcrete(t) = 859"'150)(5.9 = 1745 pSf
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Where t=1.8m =5.9 ft

With a = h =45.6 ft and b = Lx = 51.67 ft, the lowest natural frequency of the north or south wall
is:

Ki = n?[1+(a/b)?] = n° [1+(45.6/51.67)%] = 17.56

D = Et*/[12(1-v?)] = (6.36x10%)(5.9)*/[12(1-0.17%)] = 1.12x10"° Ib-ft

10
Natural frequency, f =51 | D€ =17‘56\/(1'12X10 )¥322 1oy
2z \wa*  2x 1745x 45.6*

Using ISRS approximately at the mid-height of the SFP water, the maximum acceleration in the
Y direction for seven percent damping ratio at 19 Hz is:

ay =1.13g
Pool Slab

The flexibility of the pool slab is considered when generating vertical response spectra. The
ZPA for the pool slab at Elevation +12.1 ft in the Z direction is:

az = 0.45¢g
1.2 Hydrodynamic Pressure of Spent Fuel Pool due to Seismic Load in X Direction
East or West Wall
As illustrated in TID-7024, Section 6.5 for slender tanks with h > 1.5/, the impulsive pressures,
Po, has to be further divided into two zones. The upper portion of water with a depth of 1.5/ is in

fluid motion, and TID-7024, Equation F.47 is used to find impulsive pressures, Py, as a function
of water depth below the surface (d):

P = 'hi—lizﬁtanh \/51 ford =0to 1.5/
0= A T, I '

Where u, = ax =1.0g, | = 25.84 ft, and h = 38.76 ft.

The lower portion of water (below 36.76 ft) is assumed to move as a completely constrained
fluid in calculating the impulsive pressure as follows:

B = pugl

Based on these equations, the impulsive pressures at 3.28 ft increments along the height of the
wall are calculated and shown in Table 03.07.02-74-A1.
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Convective force, P4, is created by a portion of the fluid moving as if it were a solid oscillating
mass flexibly connected to the walls with a maximum sloshing height of dmax, as shown in Figure
03.07.02-74-3. The natural frequency of sloshing fluid is determined by TID-7024, Equation 6.8:

w* = %tanh(@j =1.95

=2 0220z
2r

Where g = 32.2 ft/secz, |=25.84 ft, and h = 45.6 ft.

The maximum acceleration in the X direction for 0.5 percent damping ratio at 0.22 Hz for
Elevation +48.5 ft is:

Sa1=0.05¢g
dmax Of water surface is estimated by TID-7024, Equation 6.11:

d.. = 0.5271 =117 ft< dp=1.64 ft

ZL -1 (tanh 158hj
6, /

B 1.58A1(

Where 6, tanh

1-58}’) = 0.05 rad TID-7024, Equation 6.9.

A, (max displacement) = S, /w%= (0.05)(32.2)/1.95 = 1.95 ft=0.826 ft.

To find convective pressures, P4, at X= —/ or X= +/, as a function of water height above the pool
bottom, (h-d), TID-7024, Equation F.62 is used. To find the maximum value of P4, the sinot is
set equal to one and, consequently, removed from the equation as follows:

r COSh1.58(h—d)
i=r32

0,
sinh 1.58h

Based on the P, equation, the convective pressures at 3.28 ft increments along the height of
wall are calculated and shown in Table 03.07.02-74-A2.

Table 03.07.02-74-A3 shows the total hydrodynamic pressures on the East or West wall, which
are obtained by adding the results from Table 03.07.02-74-A1 and Table 03.07.02-74-A2.
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Pool Slab

The pressure on the pool bottom (Py) produced by the impulsive force (Py) in the X direction is
obtained using TID-7024, Equation F.48, expressed as a function of distance from the
centerline of the pool (X):

ﬁ sinh \/iX
By = prigh—
2 NEY;

Where u, =ax=1.0g, I = 25.84 ft, and h = 45.6 ft.

Based on the Py equation, the impulsive pressures at 3.28 ftincrements from the centerline of
the pool bottom are calculated and shown in Table 03.07.02-74-A4.

The pressure on the pool bottom (Py4) produced by the convective force (P,) in the X direction is

obtained using TID-7024, Equation F.74, expressed as a function of distance from the centerline
of the pool (X):

3 .
p =) Borae X_1(X)] _snt
2\V2 [ 31 . /Sh
sinh . | —

Where 6, = 1.58%tanh(@j TID-7024, Equation 6.9
A1 = Sa1/(,02

By setting the sinwt to one, substituting 6, and A4, TID-7024, Equation F.74 for Py, can be
rewritten as follows:

al
bl splz[)( 1()(}3} 158
bl — A A - 5 A
2\ 2 I 301 COshl.58h
Where S,1 = 0.07g.

Based on the Py, equation, the convective pressures at 3.28 ft increments from the centerline of
the pool bottom are calculated and shown in Table 03.07.02-74-A5.

Table 03.07.02-74-A6 shows the total vertical pressure on the pool slab resulting from impulsive
and convective pressures in the X direction, which is obtained by adding the results from Table
03.07.02-74-A4 and Table 03.07.02-74-A5.
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1.3 Hydrodynamic Pressure of Spent Fuel Pool due to Seismic Load in Y Direction
North or South Wall

As illustrated in TID-7024, Section 6.5 for slender tanks with h > 1.5/, the impulsive pressures,
Po, has to be further divided into two zones. The upper portion of water with a depth of 1.5/ is

considered to be in fluid motion, and TID-7024, Equation F.47 is used to find impulsive
pressures, Py, as a function of water depth below the surface (d):

c|d 1(adY !
P, = piigh| ———| =| K3 tanh \/§Z ford =0 to 1.5/

h 2\h

Where u, =a,=1.6g, /= 14.68 ft, and h = 1.5/ = 22.02ft.

The lower portion of water (below 22.02 ft) is assumed to move as a completely constrained
fluid in calculating the impulsive pressure using:

Fy = puyl
The calculated impulsive pressure at 3.28 ft increments along the height of the wall are shown

in Table 03.07.02-74-A7. For convective pressure calculation, the natural frequency of sloshing
fluid is found by TID-7024, Equation 6.8:

w* = %tanh(@j =3.47

£ =2 -030Hz
27

Where g = 32.2 ft/secz, 1=14.68 ft, and h = 45.6 ft.

The maximum acceleration in the Y direction for 0.5 percent damping ratio at 0.30 Hz for
Elevation +48.5 ft is:

Sa1=0.09g
dmax Of water surface is estimated by TID-7024, Equation 6.11:

d. .= 0.5271 =1.28ft<dy=1.64ft

;g -1 (tanhl'sghj
6, /

1.58hj

tanh =0.09 TID-7024, Equation 6.9

where 0, = I'SSA‘(
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Aq = Sai/w?= (0.09)(32.2)/3.47 = 0835 ft

Convective pressures at 3.28 ft increments along the height of wall are calculated using the
following equation, and Table 03.07.02-74-A8 shows the results:

1.58(h—d)
p=ol ECOSh / 20 TID-7024, Equation F.62
TN s O - '

Table 03.07.02-74-A9 shows the total hydrodynamic pressures on the South or North wall,
which are obtained by combining the results from Table 03.07.02-74-A7 and Table 03.07.02-74-
A8.

Pool Slab

The pressure on the pool bottom (Pyg) produced by the'impulsive forces in the Y direction is
obtained using TID-7024, Equation F.48, expressed as a function of distance from the centerline
of the pool (Y):

J3Y

\/—smh—
2

cosh—

By = puyh

Where u, = ay = 1.6g, /=14.68 ft, and h = 45.6 ft.

Based on the Py equation, the impulsive pressures at 3.28 ft increments from the centerline of
the pool bottom are calculated and shown in Table 03.07.02-74-A10.

Convective pressures at 3.28 ft increments from the pool bottom centerline are calculated using
the following equation, and Table 03.07.02-74-A11 shows the results:

Sal
bl 5p12{y 1 [yﬂ 158
bl Al A R R EIA
2\2 [ 301 cosh 1.58h
Where S;; = 0.15g.
Table 03.07.02-74-A12 shows the total vertical pressure on the pool slab resulting from
impulsive and convective pressures in the Y direction, which is obtained by combining the

results from Table 03.07.02-74-A10 and Table 03.07.02-74-A11.

1.4 Hydrodynamic Pressure of Spent Fuel Pool due to Seismic Load in the Z Direction
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The hydrodynamic pressure resulting from seismic load in the Z direction is calculated using the
following formula, and Table 03.07.02-74-A13 shows the results.

Pz=pazd

Where az = 1.44g, and d = depth of fluid.
1.5 Loading Pit and Transfer Pit
The loading pit and transfer pit are two small areas adjacent to the SFP and are separated from
the SFP with access hatches. When the hatches are open, the loading pit and transfer pit

become part of SFP. Instead of developing separate sets of loads for these two small pit areas,
it is conservative to apply the loads developed for the larger SFP to the two smaller pool areas.

For walls:

The floors of the loading pit and transfer pit are located at Elevations +31.8 ft and +19.5 ft,
respectively, which are higher than the floor of the SFP-at Elevation +16.7 ft. The hydrostatic
and hydrodynamic water pressures on the walls for SFPs is used for the loading pit and transfer
pit up to water depths as follows:

Water Height of Loading Pit, hy = 30.5 ft
Water Height of Transfer Pit, h, = 42.8 ft
For slabs:

The SFP hydrostatic pressures and hydrodynamic pressure resulting from seismic loading in the
Z direction near water depths, hy and h,, is used for the loading pit and transfer pit slabs.

Because the loading pit and transfer pit are located in the SFP corners, maximum values of
hydrodynamic pressures resulting from seismic loading in horizontal directions at the SFP slab
corner near water depths, hy and h,, is conservatively used for the loading pit and transfer pit
slabs.

References:

1. TID-7024, “Nuclear Reactors and Earthquakes”, United States Atomic Energy Commission,
1963

2. Roark’s Formulas for Stress & Strain, 6th edition, McGraw-Hill Book Company, 1989



AREVA NP Inc.

Response to Request for Additional Information No. 412, Question 03.07.02-74, Revision 2
U.S. EPR Design Certification Application

Page 20 of 25

Table 03.07.02-74-A1—Impulsive Pressure on East or West Wall of Spent

Fuel Pool in the X Direction

Depth (ft) d Py
from to (ft) (psf)
0.00 3.28 1.64 145
3.28 6.56 4.92 418
6.56 9.84 8.20 666
9.84 13.12 11.48 888
13.12 16.40 14.76 1087
16.40 19.68 18.04 1260
19.68 22.97 21.33 1408
22.97 26.25 24.61 1532
26.25 29.53 27.89 1631
29.53 32.81 31.17 1706
32.81 36.09 34.45 1755
36.09 39.37 37.73 1780
39.37 42.65 41.01 1661
42.65 45.60 4413 1661

Table 03.07.02-74-A2—Convective Pressure on East or West Wall of Spent

Fuel Pool in the X Direction

Depth (ft) d P4
from to (ft) (psf)
0.00 3.28 1.64 88
3.28 6.56 4.92 72
6.56 9.84 8.20 59
9.84 13.12 11.48 49
13.12 16.40 14.76 40
16.40 19.68 18.04 33
19.68 22.97 21.33 28
22.97 26.25 24.61 23
26.25 29.53 27.89 20
29.53 32.81 31.17 17
32.81 36.09 34.45 15
36.09 39.37 37.73 13
39.37 42.65 41.01 12
42.65 45.60 44 .13 12
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Table 03.07.02-74-A3—Total Hydrodynamic Pressure on East or West Wall

of Spent Fuel Pool in the X Direction

Depth (ft) d Pux
from to (ft) (psf)
0.00 3.28 1.64 233
3.28 6.56 4.92 490
6.56 9.84 8.20 725
9.84 13.12 11.48 937
13.12 16.40 14.76 1126
16.40 19.68 18.04 1293
19.68 22.97 21.33 1436
22.97 26.25 24.61 1555
26.25 29.53 27.89 1651
29.53 32.81 31.17 1722
32.81 36.09 34.45 1770
36.09 39.37 37.73 1793
39.37 42.65 41.01 1674
42.65 45.60 4413 1673

Table 03.07.02-74-A4—Vertical Pressure on Spent Fuel Pool Slab due to

Impulsive Force in the X Direction

Distance (ft) X Puo
from to (ft) (psf)
0.00 3.28 1.64 104
3.28 6.56 4.92 314
6.56 9.84 8.20 528
9.84 13.12 11.48 751
13.12 16.40 14.76 986
16.40 19.68 18.04 1236
19.68 22.97 21.33 1505
22.97 25.84 24.40 1778
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Table 03.07.02-74-A5—Vertical Pressure on Spent Fuel Pool Slab due to
Convective Force in the X Direction

Distance (ft) X Py
from to (ft) (psf)
0.00 3.28 1.64 1
3.28 6.56 4.92 3
6.56 9.84 8.20 5
9.84 13.12 11.48 7
13.12 16.40 14.76 9
16.40 19.68 18.04 10
19.68 22.97 21.33 11
22.97 25.84 24.40 12

Table 03.07.02-74-A6—Vertical Pressure on Pool Slab due to Hydrodynamic
Force in the X Direction

Distance (ft) X P<x
from to (ft) (psf)
0.00 3.28 1.64 105
3.28 6.56 4.92 317
6.56 9.84 8.20 534
9.84 13.12 11.48 759
13.12 16.40 14.76 995
16.40 19.68 18.04 1246
19.68 2297 21.33 1516
22.97 25.84 24.40 1790
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Table 03.07.02-74-A7—Impulsive Pressure on North or South Wall of Spent
Fuel Pool in the Y Direction

Depth (ft) d Py
from to (ft) (psf)
0.00 3.28 1.64 226
3.28 6.56 4.92 629
6.56 9.84 8.20 964
9.84 13.12 11.48 1232
13.12 16.40 14.76 1434
16.40 19.68 18.04 1568
19.68 22.97 21.33 1635
22.97 26.25 24.61 1510
26.25 29.53 27.89 1510
29.53 32.81 31.17 1510
32.81 36.09 34.45 1510
36.09 39.37 37.73 1510
39.37 42.65 41.01 1510
42.65 45.60 4413 1510

Table 03.07.02-74-A8—Convective Pressure on North or South Wall of
Spent Fuel Pool in the Y Direction

Depth (ft) d P4
from to (ft) (psf)
0.00 3.28 1.64 99
3.28 6.56 4.92 69
6.56 9.84 8.20 49
9.84 13.12 11.48 34
13.12 16.40 14.76 24
16.40 19.68 18.04 17
19.68 22.97 21.33 12
22.97 26.25 24.61 8
26.25 29.53 27.89 6
29.53 32.81 31.17 4
32.81 36.09 34.45 3
36.09 39.37 37.73 2
39.37 42.65 41.01 2
42.65 45.60 44 .13 2
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Table 03.07.02-74-A9—Total Hydrodynamic Pressure on North or South

Wall of Spent Fuel Pool in the Y Direction

Depth (ft) d Puy
from to (ft) (psf)
0.00 3.28 1.64 325
3.28 6.56 4.92 698
6.56 9.84 8.20 1013
9.84 13.12 11.48 1267
13.12 16.40 14.76 1458
16.40 19.68 18.04 1585
19.68 22.97 21.33 1647
22.97 26.25 24.61 1519
26.25 29.53 27.89 1516
29.53 32.81 31.17 1515
32.81 36.09 34.45 1514
36.09 39.37 37.73 1513
39.37 42.65 41.01 1512
42.65 45.60 4413 1512

Table 03.07.02-74-A10—Vertical Pressure on Spent Fuel Pool Slab due to

Impulsive Force in the Y Direction

Distance (ft) Y Puo
from to (ft) (psf)
0.00 3.28 1.64 218
3.28 6.56 4.92 659
6.56 9.84 8.20 1109
9.84 13.12 11.48 1577
13.12 14.68 13.90 1937

Table 03.07.02-74-A11—Vertical Pressure on Spent Fuel Pool Slab due to

Convective Force in the Y Direction

Distance (ft) Y Pu1
from to (ft) (psf)
0.00 3.28 1.64 0
3.28 6.56 4.92 1
6.56 9.84 8.20 1
9.84 13.12 11.48 2
13.12 14.68 13.90 2




AREVA NP Inc.

Response to Request for Additional Information No. 412, Question 03.07.02-74, Revision 2
U.S. EPR Design Certification Application Page 25 of 25

Table 03.07.02-74-A12—Total Vertical Pressure on Spent Fuel Pool Slab
due to Hydrodynamic Force in the Y Direction

Distance (ft) Y Psy
from to (ft) (psf)
0.00 3.28 1.64 219
3.28 6.56 4.92 660
6.56 9.84 8.20 1111
9.84 13.12 11.48 1579
13.12 14.68 13.90 1939

Table 03.07.02-74-A13—Hydrodynamic Pressure on Walls and Slab of
Spent Fuel Pool due to Seismic Load in the Z Direction

Depth (ft) d P,
from to (ft) (psf)
0.00 3.28 1.64 152
3.28 6.56 4.92 456
6.56 9.84 8.20 759
9.84 13.12 11.48 1063
13.12 16.40 14.76 1367
16.40 19.68 18.04 1671
19.68 22.97 21.33 1975
22.97 26.25 24.61 2278
26.25 29.53 27.89 2582
29.53 32.81 31.17 2886
32.81 36.09 34.45 3190
36:09 39.37 37.73 3493
39.37 42.65 41.01 3797
42.65 45.60 44.13 4086
Slab 45.60 4222




U.S. EPR Final Safety
Analysis Report Markups



EPR

U.S. EPR FINAL SAFETY ANALYSIS REPORT

Section 3.8.3.6 describes methods used to confirm that concrete properties satisfy
design requirements.

Seismic Structural Damping

Seismic analysis of RB internal structures uses the following SSE structural damping
values recommended by RG 1.61.

Structure Type Percent of Critical Damping
e Welded Steel 4
e Bolted Steel, Slip-Critical Connections 4
e Bolted Steel, Bearing Connections 7
e Reinforced Concrete 7

Hydrodynamic Load Analyses

Hydrodynamic loads are applied to the IRWST and refueling canal walls and floors to
account for the impulsive and impaetiveconvective effects of water moving and
sloshing in the tank as a result of seismic excitation. These loads are considered as part
of the seismic SSE loads, and components of these loads in the three orthogonal
directions are combined in the same manner as other seismic loads. Methodology
consistent with USAEC TID-7024 is used to determine hydrodynamic loadings. The
effect of tank structure flexibility on spectral acceleration is included when
determining the hydrodynamic pressure on the tank walls for the impulsive mode._

The SSE spectra with seven percent damping lare used to determine the corresponding

impulsive accelerations. For convective mode, the natural frequency of sloshing water

is determined and the corresponding acceleratio based on (0.5 percent damping.

~_]03.07.02-74

In the static finite element model, hydrodynamic loads are applied statically in each of

six directions (east, west, north, south, up, and down). The hydrodynamic loads due to

a horizontal earthquake are a combination of impulsive and convective forces

simultaneously acting on the pool walls and slabs.[accounting for the rotational effects |
of water motion. The hydrodynamic pressure on the slab and walls due to a Vertg% 1
earthquake are calculated using the fluid mass density multiplied by the vertical 03.07.02-74

spectral acceleration of each pool slab location as a function of water depth below the

surface.

Design for hydrodynamic loads is within the elastic range of concrete and steel
members and elements.

Tier 2
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e Welded Steel 4
e Bolted Steel, Slip Critical Connections 4
e Bolted Steel, Bearing Connections 7
e Reinforced Concrete 7
Hydrodynamic Loads

Hydrodynamic loads are applied to the walls and floors of the spent fuel pool and
liquid storage tanks in the SBs and in the ESWBs to account for the impulsive and
impaetiveconvective effects of the water moving and sloshing in the tanks as a result of
seismic excitation. These loads are considered as part of the seismic SSE loads, and
components of these loads in the three orthogonal directions are combined in the same
manner as other seismic loads. The requirements of ASCE Manual No. 58, USAEC
TID-7024, and other proven methods are used to determine hydrodynamic loadings.
The effect of tank structure flexibility on spectral acceleration is included when
determining the hydrodynamic pressure on the tank wall for the impulsive mode. The

SSE spectra with seven percent damping areased to determine the correspondin

impulsive accelerations. For convective mode, the natural frequency of sloshing water
is determined and the corresponding.acceleratio ased on 0.5 percent damping.

In the static finite element model. hydrodynamic loads are applied statically in each of
six directions (i.e., east, west, north, south, up, and down). The hydrodynamic loads

due to a horizontal earthguake are a combination of impulsive and convective forces
simultaneously acting on the pool walls and slabs./accounting for the rotational effects |

Arer
earthguake are calculated using multiplied by the vertical

spectrabacceleration of each pool slab location as a function of water depth below the

surface.

For the spent fuel pool, the combined rack and hydrodynamic loads including rack
sliding/impact loads are applied separately in the static finite element model. The

combined loads need to be higher than the whole pool seismic analysis results,
considering the rack, fluid, and pool dynamic interaction. The impact, friction, and/or

hvdrodynamic peak instantaneous loads due to rack rocking/sliding will be considered
in a local design for punching shear and bending checks.

Design for hydrodynamic loads is within the elastic range of concrete and steel
members and elements.

Thermal Analysis and Design

Normal thermal loads (T,) are considered in the analysis and design of other Seismic

Category I structures. Abnormal pipe break accident thermal loads (T,) are considered

Tier 2

Revision 3—Interim Page 3.8-115

ical
03.07.02-74




<<
  /ASCII85EncodePages false
  /AllowTransparency false
  /AutoPositionEPSFiles true
  /AutoRotatePages /PageByPage
  /Binding /Left
  /CalGrayProfile (None)
  /CalRGBProfile (sRGB IEC61966-2.1)
  /CalCMYKProfile (U.S. Web Coated \050SWOP\051 v2)
  /sRGBProfile (sRGB IEC61966-2.1)
  /CannotEmbedFontPolicy /OK
  /CompatibilityLevel 1.4
  /CompressObjects /Tags
  /CompressPages true
  /ConvertImagesToIndexed true
  /PassThroughJPEGImages true
  /CreateJobTicket true
  /DefaultRenderingIntent /Default
  /DetectBlends true
  /DetectCurves 0.1000
  /ColorConversionStrategy /UseDeviceIndependentColor
  /DoThumbnails false
  /EmbedAllFonts true
  /EmbedOpenType false
  /ParseICCProfilesInComments true
  /EmbedJobOptions true
  /DSCReportingLevel 0
  /EmitDSCWarnings false
  /EndPage -1
  /ImageMemory 1048576
  /LockDistillerParams false
  /MaxSubsetPct 100
  /Optimize true
  /OPM 1
  /ParseDSCComments true
  /ParseDSCCommentsForDocInfo true
  /PreserveCopyPage true
  /PreserveDICMYKValues true
  /PreserveEPSInfo true
  /PreserveFlatness true
  /PreserveHalftoneInfo false
  /PreserveOPIComments true
  /PreserveOverprintSettings true
  /StartPage 1
  /SubsetFonts true
  /TransferFunctionInfo /Preserve
  /UCRandBGInfo /Preserve
  /UsePrologue false
  /ColorSettingsFile ()
  /AlwaysEmbed [ true
  ]
  /NeverEmbed [ true
  ]
  /AntiAliasColorImages false
  /CropColorImages true
  /ColorImageMinResolution 150
  /ColorImageMinResolutionPolicy /OK
  /DownsampleColorImages false
  /ColorImageDownsampleType /Bicubic
  /ColorImageResolution 300
  /ColorImageDepth 8
  /ColorImageMinDownsampleDepth 1
  /ColorImageDownsampleThreshold 1.50000
  /EncodeColorImages true
  /ColorImageFilter /FlateEncode
  /AutoFilterColorImages false
  /ColorImageAutoFilterStrategy /JPEG
  /ColorACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /ColorImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000ColorACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000ColorImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasGrayImages false
  /CropGrayImages true
  /GrayImageMinResolution 150
  /GrayImageMinResolutionPolicy /OK
  /DownsampleGrayImages false
  /GrayImageDownsampleType /Bicubic
  /GrayImageResolution 300
  /GrayImageDepth 8
  /GrayImageMinDownsampleDepth 2
  /GrayImageDownsampleThreshold 1.50000
  /EncodeGrayImages true
  /GrayImageFilter /FlateEncode
  /AutoFilterGrayImages false
  /GrayImageAutoFilterStrategy /JPEG
  /GrayACSImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /GrayImageDict <<
    /QFactor 0.76
    /HSamples [2 1 1 2] /VSamples [2 1 1 2]
  >>
  /JPEG2000GrayACSImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /JPEG2000GrayImageDict <<
    /TileWidth 256
    /TileHeight 256
    /Quality 15
  >>
  /AntiAliasMonoImages false
  /CropMonoImages true
  /MonoImageMinResolution 1200
  /MonoImageMinResolutionPolicy /OK
  /DownsampleMonoImages false
  /MonoImageDownsampleType /Bicubic
  /MonoImageResolution 450
  /MonoImageDepth -1
  /MonoImageDownsampleThreshold 1.50000
  /EncodeMonoImages true
  /MonoImageFilter /CCITTFaxEncode
  /MonoImageDict <<
    /K -1
  >>
  /AllowPSXObjects false
  /CheckCompliance [
    /None
  ]
  /PDFX1aCheck false
  /PDFX3Check false
  /PDFXCompliantPDFOnly true
  /PDFXNoTrimBoxError true
  /PDFXTrimBoxToMediaBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXSetBleedBoxToMediaBox true
  /PDFXBleedBoxToTrimBoxOffset [
    0.00000
    0.00000
    0.00000
    0.00000
  ]
  /PDFXOutputIntentProfile (None)
  /PDFXOutputConditionIdentifier ()
  /PDFXOutputCondition ()
  /PDFXRegistryName ()
  /PDFXTrapped /False

  /CreateJDFFile false
  /Description <<
    /CHS <FEFF4f7f75288fd94e9b8bbe5b9a521b5efa7684002000410064006f006200650020005000440046002065876863900275284e8e55464e1a65876863768467e5770b548c62535370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c676562535f00521b5efa768400200050004400460020658768633002>
    /CHT <FEFF4f7f752890194e9b8a2d7f6e5efa7acb7684002000410064006f006200650020005000440046002065874ef69069752865bc666e901a554652d965874ef6768467e5770b548c52175370300260a853ef4ee54f7f75280020004100630072006f0062006100740020548c002000410064006f00620065002000520065006100640065007200200035002e003000204ee553ca66f49ad87248672c4f86958b555f5df25efa7acb76840020005000440046002065874ef63002>
    /DAN <>
    /DEU <>
    /ESP <>
    /FRA <>
    /ITA (Utilizzare queste impostazioni per creare documenti Adobe PDF adatti per visualizzare e stampare documenti aziendali in modo affidabile. I documenti PDF creati possono essere aperti con Acrobat e Adobe Reader 5.0 e versioni successive.)
    /JPN <>
    /KOR <FEFFc7740020c124c815c7440020c0acc6a9d558c5ec0020be44c988b2c8c2a40020bb38c11cb97c0020c548c815c801c73cb85c0020bcf4ace00020c778c1c4d558b2940020b3700020ac00c7a50020c801d569d55c002000410064006f0062006500200050004400460020bb38c11cb97c0020c791c131d569b2c8b2e4002e0020c774b807ac8c0020c791c131b41c00200050004400460020bb38c11cb2940020004100630072006f0062006100740020bc0f002000410064006f00620065002000520065006100640065007200200035002e00300020c774c0c1c5d0c11c0020c5f40020c2180020c788c2b5b2c8b2e4002e>
    /NLD (Gebruik deze instellingen om Adobe PDF-documenten te maken waarmee zakelijke documenten betrouwbaar kunnen worden weergegeven en afgedrukt. De gemaakte PDF-documenten kunnen worden geopend met Acrobat en Adobe Reader 5.0 en hoger.)
    /NOR <>
    /PTB <>
    /SUO <>
    /SVE <>
    /ENU (Use these settings to create Adobe PDF documents suitable for compliance with 10CFR1, Appendix A.  Created PDF documents can be opened with Adobe Reader 5.0 and later.)
  >>
>> setdistillerparams
<<
  /HWResolution [300 300]
  /PageSize [612.000 792.000]
>> setpagedevice


