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RAI 03.07.01-27, Supplement 2

OUESTION:

Follow-up Question to RAI 03.07.01-19 (STP-NRC-100093)

1. 10CFR50, Appendix S requires that evaluation for SSE must take into account soil-structure
interaction (SSI) effects and the expected duration of vibratory motion. In the response to the
first paragraph of RAI 03.07.01-19, the applicant has presented its approach for developing
the input motion for the SSI analysis and design of the DGFOSV that takes into account the
impact of the nearby heavy RB and RSW Pump House structures. The applicant also stated
that "Conservatively, a 3-dimensional SAP2000 response spectrum analysis was used to
obtain the safe-shutdown earthquake (SSE) design forces due to structure inertia. The
seismic induced dynamic soil pressure on DGFOSV walls were computed using the method
ofASCE 4-98, Subsection 3.5.3.2" The response, however, does not provide details as to how
the SSI analysis of the DGFOSV are performed and how the input motion developed are
subsequently specified in the SSI analysis of DGFOSV to develop the structural response and
in-structure response spectra for any equipment and subsystems within DGFOSV. From the
response it appears that the applicant has not included explicitly DGFOSV structural model
in the SASSI model of the RB and RSW Pump House structures to properly evaluate the
SSSI effect on the DGFOSV. In order for the staff to determine if the evaluation of DGFOSV
for SSE has appropriately accounted SSI effects, the applicant is requested to provide in the
FSAR the following information:

(a) Describe in detail the method used for the SSI analysis of DGFOSV including the
procedures for treatment of strain dependent backfill material properties in the model,
input motion used and how it is specified in the analysis, variation of soil properties, and
the computer programs used for SSI analysis.

(b) Describe in detail how SAP2000 analysis of DGFOSV was performed including, how
foundation soil/backfill material was represented, how many modes were extracted, what
modal damping values were used, how the input motion was specified, and what type of
boundary conditions were used.

(c) Demonstrate that the DGFOSV foundation response spectra and dynamic soil pressure
(on DGFOSV basement walls using ASCE 4-98 criteria) used in the design of DGFOSV
will envelop the results of structure to structure (SSSI) interaction analysis which
explicitly models DGFOSV structure in the SSI model of RB and the RSW Pump House
structure.

(d) Describe in detail if there is any Category I tunnel structure for transporting Diesel Fuel
Oil between DGFOSV and the Diesel Generator located in other buildings including its
layout and configuration and seismic analysis and design method.



RAI 03.07.01-27, Supplement 2 U7-C-STP-NRC- 110008
Attachment 1
Page 2 of 24

2. In the response to Item 2 of RAI 03.07.01-19, the applicant has stated that the P-wave
damping ratios are assigned the same values as those calculated for the S-wave damping
ratios because of the upcoming recommendations of ASCE 4-09 standards. It is further
stated that this recommendation is based on the recent observation of earthquake data and the
realization that the waves generated due to SSI effects are mainly surface and shear waves. It
is noted that the NRC has not endorsed ASCE 4-09 for estimating the P-wave damping. In
general, the P-wave damping is primarily associated with the site response rather than SSI
effects. Because the Pwave energy for the most part will travel in water within the saturated
soil media at relatively high propagation speed and is not affected by shear strains of
degraded soil, the P-wave damping will be small. As such, the applicant is requested to
provide quantitative assessment by performing sensitivity analysis that shows that seismic
responses of Category I structures are not adversely affected to a lower P-wave damping.

SUPPLEMENTAL RESPONSE:

The response to Part 2 of this RAI was submitted with STPNOC letter U7-C-STP-NRC-100208
dated September 15, 2010. The response to Parts l(a) through 1(c) was submitted with STPNOC
letter U7-C-STP-NRC-100274 dated December 21, 2010. This supplemental response provides
the response to Part 1 (d).

1(d). The layout of the Diesel Generator Fuel Oil Tunnels (DGFOTs) is as shown in COLA
Part 2, Tier 2 Figure 3H.6-221 provided in response to Part l(a) of this RAI. There are
three (3) reinforced concrete DGFOTs approximately 50 ft, 200 ft, and 220 ft long for
each unit. Each DGFOT is connected at one end to the Reactor Building (RB) and at the
other end to a Diesel Generator Fuel Oil Storage Vault (DGFOSV). There is a seismic
gap between each of the tunnels and the adjoining RB or DGFOSV. For magnitude of
the required and provided seismic gaps at interface of DGFOTs and the adjoining RB and
DGFOSVs, see the Supplement 1 response to RAI 03.08.04-31 which is being submitted
concurrently with this response.

Each DGFOT has two access regions Which extend above grade; one access region is
located where the tunnel interfaces with the DGFOSV and another where the tunnel
interfaces with the RB. The top of the DGFOT is located at grade. The DGFOT No. 1B,
which is the shortest tunnel, running approximately 50 ft between the RB and DGFOSV
No. T B, has a wall thickness of 2'-0" on both sides. The interior below grade dimensions
of this tunnel are approximately 7 ft high by 3.5 ft wide. The other two longer DGFOTs
(approximately 200 ft and 220 ft long) have a wall thickness of 2'-0" on one side and
2'-6" on the other side to allow for placement of embedded conduits. The interior below
grade dimensions of these tunnels are approximately 7 ft high by 3 ft wide. Any fuel
leak from the fuel oil lines or water infiltration within the tunnels will be collected in a
sump and removed by pumps. The tunnels slope away from the DGFOSV and the RB
towards the sump located at the center of the tunnel runs. The access regions provide
access to the below grade portions of the DGFOTs during maintenance and inspection.
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The overall above grade dimensions of the access regions are approximately 7.5 ft wide
by 7.5 ft long and 15 ft high.

The details of DGFOT design are provided in the response to Part 10 of RAI 03.08.04-30
which is being submitted concurrently with this response. The following provides details
of seismic analysis for DGFOTs.

Seismic Analysis for Generation of In-structure Response Spectra:

The DGFOTs are long reinforced concrete tunnels with above grade access regions at the
two ends of each tunnel. The widened envelop spectra of the resulting in-structure
response spectra from the following two seismic analyses are used as the final in-
structure response spectra for these tunnels and their access regions.

* Two dimensional (2D) soil-structure-interaction (SSI) analysis of a typical cross
section of the DGFOT

* Three dimensional (3D) fixed base seismic analysis of the DGFOT No. lB
(approximately 50 ft long) including its access regions at the two ends of the
tunnel.

The details of the above two seismic analyses are provided below.

A. 2D SSIAnalysis of a Typical Cross section of DGFOT

SASS12000 computer code is used for the SSI analysis, using the direct method.
Figure 3H.7-20 shows the structural part of the 2D plane-strain model of the DGFOT
with 2 ft thick mud mat under the base mat. The top of the tunnel is at the grade
elevation. The specifics of the 2D SSI model are as follows:

" The structural properties (i.e. mass and stiffness) for the 2D model correspond to
per unit depth (1 ft dimension in out-of-plane direction) of the tunnel.

* Layered soil is modeled up to 74 ft depth (more than two times the horizontal
cross section dimension of the tunnel plus its embedment depth) with halfspace
below it.

* Sixteen cases of strain dependent soil properties representing the in-situ lower
bound, mean and upper bound; lower bound backfill over in-situ lower bound,
mean backfill over in-situ mean and upper bound backfill over in-situ upper
bound; cracked concrete wall with in-situ upper bound soil, soil separation with
in-situ upper bound soil; ABWR DCD/Tier 2 generic soil profiles UBID, VP3D,
VP4D, VP5D, VP7D, R, R with soil separation and R with cracked wall.
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* Concrete and mud mat damping are assigned 4% for all cases (conservatively 4%
damping is also used for cracked concrete cases).

* Groundwater is considered at 8 ft depth for site-specific soil and backfill cases
and 2 ft depth for DCD cases. In site-specific and backfill cases, the groundwater
effect is included by using minimum P-wave velocity of 5000 ft/sec with
Poisson's ratio capped at 0.495. In DCD cases, the groundwater effect is included
by using minimum P-wave velocity of 4800 ft/sec with Poisson's ratio capped at
0.495 (per Section 3A.3.3 of DCD, the compression wave velocity of water is
1463 m/sec, i.e. 4800 fi/sec).

" The models are capable of passing frequencies up to at least 33 Hz, in both the
vertical and horizontal directions.

" For all SSI cases analyzed, a cut-off frequency of 35 Hz is used for transfer
function calculations.

* Acceleration time histories consistent with Regulatory Guide 1.60 response
spectra anchored at 0.3g peak ground acceleration are used as input at the grade
elevation.

" Since the tunnels run along both East-West and North-South directions, the
horizontal input motions from both East-West and North-South time histories are
considered. East-West input motion is applied to the tunnel sections running
North-South and North-South input motion is applied to the tunnel sections
running East-West. The input motions consistent with RG 1.60 response spectra
anchored at 0.3g peak ground acceleration envelop both the site-specific input
motions and the amplified site-specific motions considering the impact of nearby
heavy RB and Ultimate Heat Sink (UHS)/Reactor Service Water (RSW) Pump
House.

" In-structure response spectra are generated at the top of floor slab (middle of
span), at the top of the roof slab (middle of span) and at the mid-height of two
walls of the tunnel cross-section.

* The responses from the horizontal and vertical directions are combined using the
square-root-of-sum-of-square (SRSS) method.

" The responses from all SSI analyses cases are enveloped.

" The in-structure response spectra at the top of the floor slab (middle of span), at
the roof of slab (middle of span) and at the mid-height of two walls of the tunnel
cross-section are enveloped to conservatively provide the in-structure response
spectra for the entire 2D cross-section of the tunnel.
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In response to an action item from the NRC's audit performed during the week of
October 18, 2010, the following additional information is also included:

The foundation input response spectra (FIRS) for the DGFOT were calculated and
were compared to the outcrop spectra at the foundation level of the DGFOT. The
outcrop spectra were calculated from a deconvolution analysis performed in the
SHAKE program with the site-specific SSE motion applied at the free field
ground surface. Figures 3H.7-22 through 3H.7-32 show the comparison of the
outcrop response spectra and the FIRS, in the two horizontal directions and the
vertical direction for the lower bound, mean and upper bound in-situ soil
properties. These figures show that the FIRS are enveloped by the foundation
outcrop spectra in all cases. The figures also show that the response spectra at the
SHAKE outcrop of DGFOT foundation level also envelop a broad band spectrum
anchored at 0.1g. This is the minimum requirement as stated in SRP 3.7.1 and
Appendix S to 10 CFR 50. The broadband spectrum used in this comparison is
conservatively defined as the Regulatory Guide 1.60 spectrum anchored at 0.1 g.

B. 3D Fixed Base Analysis of DGFOT No. 1B Including its Two Access Regions

A 3D fixed base seismic (basemat fixed) analysis of DGFOT No. lB running between
the RB and DGFOSV No. lB is performed. The following provides the details of this
fixed base analysis:

0 SAP2000 computer code is used to perform the seismic analysis.

* Modal time history method of analysis is used.

* Shell elements are used for modeling the reinforced concrete tunnel section and
the access regions at the two ends of the tunnel.

0 4% damping is used for the shell elements.

* Acceleration time histories (two horizontal directions and a vertical direction)
consistent with Regulatory Guide 1.60 response spectra anchored at 0.3g peak
ground acceleration are used as input motions.

* Nodal acceleration time history responses obtained from the SAP2000 analysis
are processed using the RSG computer code to calculate in-structure response
spectra at selected nodes. The nodes selected for the in-structure response spectra
generation are; four nodes on top of each access regions (middle of four walls)
and three nodes at the top of tunnel (middle of the tunnel).

* The maximum co-directional responses from each of the three directions of
excitations are combined using the SRSS method.
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* The in-structure response spectra at the selected nodes are enveloped to
conservatively provide the in-structure response spectra from fixed base analysis,
for the entire tunnel and the access regions.

The corresponding in-structure response spectra obtained from the 2D SSI analysis and
in-structure response spectra obtained from the 3D fixed base analysis described in parts
A and B above are enveloped and peak widened by + 30%. The 30% peak widening is
used to cover any frequency shift due to the foundation soil flexibility, which is not
included in the fixed base seismic analysis. The final widened in-structure response
spectra for the horizontal and vertical directions of the DGFOTs and their access regions
are provided in Figures 3H.7-31 and 3H.7-32, respectively. The spectra in Figures
3H.7-31 and 3H.7-32 provide the in-structure response spectra for the entire SGFOTs and
their access towers at the two ends.

Structure-Soil-Structure Interaction (SSSI) Analysis to Obtain Seismic Soil Pressures:

Two 2D section cuts are taken for site-specific SSSI analyses; one East-West section cut
through DGFOT No. 1 C, DGFOSV No. 1A and the Crane Foundation Retaining Wall
(CFRW) and one East-West section cut through the RB, DGFOT No. 1A and the CFRW.
These SSSI analyses are used to obtain seismic soil pressures on the walls of DGFOT
considering the effect of nearby structures.

The SSSI model and analyses details for the section cut through DGFOT No. 1C,
DGFOSV No. 1A and the CFRW have been provided in the response to Part 1(a) of this
RAI which was submitted with STPNOC letter U7-C-STP-NRC-100274 dated December
21, 2010.

The structural part of the SSSI model for the section cut through the RB, DGFOT No. 1A
and the CFRW is shown in Figure 3H.7-21. The methodology for the SSSI model
including strain dependent soil properties; soil cases analyzed; and method of analyses
are the same as those for the section cut through DGFOT No. IC, DGFOSV No. 1A and
the CFRW described in the response to Part 1(a) of this RAI. This SSSI model is capable
of passing frequencies up to at least 33 Hz in both the vertical and horizontal directions
and the analysis uses a cut-off frequency of 33 Hz for calculation of transfer functions.

Figures 3H.7-5 through 3H.7-8 show a comparison of the SSI, SSSI, ASCE 4-98 seismic
soil pressures and the enveloping seismic soil pressures used for the design of the
DGFOT walls.

The design of the DGFOTs also accounts for the axial tensile strain and the seismic
induced forces at the tunnel bends due to SSE wave propagation. For more information
on this subject, see the response to Part 10 of RAI 03.08.04-30 which is being submitted
concurrently with this response.
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Revision 4 of COLA Part 2, Tier 2 Section 3H will be revised as shown in Enclosure 3 of the
response to RAI 03.08.04-30 which is being submitted concurrently with this response.
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Figure 3H.7-28: Comparison of Spectra at Foundation of DGFOT - Upper Bound Soil
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Figure 3H.7-29: Comparison of Spectra at Foundation of DGFOT - Upper Bound Soil
Properties, Horizontal Y Direction
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Figure 3H.7-30: Comparison of Spectra at Foundation of DGFOT - Upper Bound Soil
Properties, Vertical Direction



RAI 03.07.01-27, Supplement 2 U7-C-STP-NRC- 110008
Attachment 1

Page 23 of 24

HORIZONTAL DIRECTION RESPONSE SPECTRA

16.00

14.00

12.00

Z0
P

IaJ

id

10.00

8.00

6.00

4.00

2.00

0.00

-0.5% Damping
------ 1% Damping

2.... % Damping
...... 3% Damping

4% Damping
...... 5% Damping

†----- 7% Damping
10% Damping
15% Damping

...... 20% Damping

li.........i..

...... ".................
.. ......... : ............. .. • . , , k

10

0.1 1 FREQUENCY - Hz 10

100

Figure 3H.7-31: Enveloped, Broadened Horizontal Response Spectra for DGFOTs
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Figure 3H.7-32: Enveloped, Broadened Vertical Response Spectra for DGFOTs
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RAI 03.08.04-30

OUESTION:

Follow-up to Question 03.08.04-23

In response to staff question requesting additional information (Letter U7-C-STP-NRC-100036,
dated February 10, 2010) about how various steel and concrete elements of site-specific
structures are designed, and the design results, the applicant provided some analysis and design
information. The applicant also referred to the Supplement 2 response to Question 03.07.01-13
(Letter U7-C-STP-NRC-090230, dated 12/30/09) for pertinent design summary information. In
order for the staff to conclude that the design of site-specific structures meet the requirements of
GDC 2 by meeting the guidance provided in SRP 3.8.4 and 3.8.5, or otherwise, the applicant is
requested to provide the following additional information:

1. The applicant states in the response that a three dimensional finite element analysis
(FEA) is used for structural analysis and design of the UHS/RSW Pump House. FSAR
Section 3H,6.6.1 states that analysis for the seismic loads was performed using equivalent
static loads and the induced forces due to X, Y, and Z seismic excitations were combined
using the SRSS method of combination. However, the applicant did not describe how the
equivalent static loads due to seismic excitation were determined and applied to the static
FEA model from the results of soil structure interaction (SSI) analysis used for
determination of seismic response. Therefore, the applicant is requested to provide details
of how seismic response analysis results from dynamic SSI analysis were trhnsferred to
the static FEA model, including how the effects of accidental torsion were included in the
analysis and design of UHS/RSW Pump house. Please also update FSAR with the
information, as appropriate.

2. The applicant stated in its response that the modulus of subgrade reaction for static
loading was calculated as the average of the local values at nine locations under the
foundation. The applicant is requested to provide these nine values, and explain why it is
considered appropriate to use the average value. Please also explain how the foundation
subgrade modulus was used for calculating nodal springs for the FEA model, and how
the effect due to coupling of soil springs was considered in the analysis.

3. For seismic loading, the applicant has outlined a hand-calculated procedure that
utilizes published formulas and charts to estimate the foundation spring constants.
According to this procedure, the equivalent modulus and Poisson's ratio of a layered soil
system are first estimated using the cumulative strain energy method. The resulting
values are then used in the equations for computation of the spring constants for a rigid
foundation of an arbitrary shape embedded in a uniform half-space. The shear moduli
used for individual layers are strain compatible values, and include the mean, upper
bound, and lower bound soil cases. The approximate procedure outlined above for
developing the foundation spring constants does not take into account the pressure
distribution under the base slab. Furthermore, this procedure does not account for the
frequency dependence of these springs. As such, the applicant is requested to provide a
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justification for not considering the effects of pressure distribution and system frequency
in developing the foundation dynamic springs including describing the impact on the
calculated results.

4. The applicant's response does not provide details as to how the soil springs calculated
under static and seismic loadings are inputted to the 3-D static FEA model to calculate
the design stresses. Therefore, the applicant is requested to describe in detail how the
static and seismic soil springs are inputted into the FEA model, and how the results are
obtained for stress evaluations. Specifically, the applicant is requested to explain if the
two sets of springs were used in a single model, and how the two sets were combined to a
single set of springs. Otherwise, if the two sets of springs were applied to separate FEA
models, describe how the load combinations were performed. The applicant is also
requested to provide sufficient detail to assist staff in understanding how static and
seismic soil springs are used in the FEA model and results combined for stress
evaluations.

5. In the FSAR mark-up of Sections 3H.6.6.3.1 and 3H.6.6.3.2 provided with the response,
the applicant identifies the method used by the applicant for combining forces and
moments. In this method, for each reinforcing zone, the maximum force or moment is
coupled with the corresponding moment or force for design for the same load
combination. It is not clear if this method of combining forces and moments for design
will envelop the worst combination of forces and moments for all elements in a
reinforcing zone. Therefore, the applicant is requested to describe the method of
combining forces and moments used by the applicant with a typical example of a
reinforcing zone, and demonstrate that this method of combination will yield the worst
combination of forces and moments that should be considered for design.

6. The staff notes that in the FSAR mark-up of Section 3H.6.6.3.1 provided with the
response, the reported values of soil springs for the RSW Pump House are significantly
larger than those for the UHS basin. The applicant is requested to confirm these values,
and explain the reason for the large difference.

7. The response did not include any information about the maximum static and dynamic
bearing pressures under the foundations of UHS/RSW Pump House. The applicant is
requested to provide the maximum static and dynamic bearing pressure under the
foundations of UHS/RSW Pump House, compare these values with the maximum
allowable static and dynamic bearing pressures, and include this information in the
FSAR.

8. In its response to Question 03.07.01-19 (letter U7-C-STP-NRC-100129, dated June 7,
2010), the applicant provided analysis and design information for the seismic category I
Diesel Generator Fuel Oil Storage Vault (DGFOSV) which was not previously included
in the FSAR. The information included in the response does not describe how structural
analysis and design of the structure was performed. Also, reference is made to FSAR ,
Section 3H.6.4 for design loads. FSAR Section 3H.6.4 has been updated several times in
various responses, and it is not clear where this information can be found. Therefore, the
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applicant is requested to provide complete structural analysis and design information for
the DGFOSV to ensure it meets acceptance criteria 1 through 7 of SRP 3.8.4 and 3.8.5.
The staff needs this information to conclude that the DGFOSV is designed to withstand
seismic loads and meet GDC 2. Include in the response an updated version of Appendix
3H where structural analysis and design information for all seismic category I structures
can be found.

9. While reviewing this response, and other responses referenced in this response, the staff
noted that the applicant has used different values of coefficient of friction for sliding
stability evaluation; e.g., the value 0.3 was used for the RSW Pump House, 0.4 was used
for UHS basin, 0.58 was used DGFOSV, and for the Reactor Building (RB) and the
Control Building (CB), it was stated to be more than 0.47. It is not clear if these values
are the required coefficient of friction, or the minimum coefficient of friction available.
The applicant is requested to clearly specify the minimum coefficient of friction at
various locations of the site, if they are different, and explain how these values were
determined. Please also clarify this information in the FSAR.

10. The staff noted references to Diesel Generator Fuel Oil Tunnel (DGFOT) in several
RAI responses. Please confirm that DGFOT is not a seismic category I structure, and if it
is seismic category I, include the analysis and design information to show how the design
of the DGFOT meets the acceptance criteria 1 through 7 in the SRP 3.8.4 and 3.8.5 in the
FSAR.

RESPONSE:

The response to Parts 1 through 7 of this RAI is currently scheduled to be submitted by
January 31, 2011. The following is the response to Parts 8 through 10. In addition the following
COLA mark-ups are provided based on discussions during the NRC audit performed during the
week of October 18, 2010.

" Mark-up for Section 3.7.2.8 provides a summary of the seismic input motion used for
seismic II/I evaluation of Non-Seismic Category I structures.

* Mark-up for Section 3.8.6.1 clarifies that the minimum required coefficient of friction for
waterproof membrane is determined based on sliding stability of the structure considering
the site-specific SSE motion.

8. The following response is broken into sub-sections a through g to address the design of the
Diesel Generator Fuel Oil Storage Vaults (DGFOSV).

a) Soil-Structure Interaction Analyses:

The structural analysis and design of the Diesel Generator Fuel Oil Storage Vault (DGFOSV)
described in the response to RAI 03.07.01-19, Revision 2 (submitted with letter
U7-C-STP-NRC-100129, dated June 7, 2010), has been revised.
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The revised soil-structure interaction (SSI) analyses for generation of in-structure response
spectra considering both full and empty fuel oil tanks, and the two (2) new two-dimensional
(2D) structure-soil-structure interaction (SSSI) analyses for obtaining seismic soil pressures
were provided in the response to RAI 03.07.01-27, Supplement 1, submitted with STPNOC
letter U7-C-STP-NRC- 100274 dated December 21, 2010.

b) Equivalent Static Method Used for Design:

The design of the DGFOSVs has been revised. In the revised design, the seismic loads are
conservatively determined using the equivalent static method described below.

The structural analysis and design of the Diesel Generator Fuel Oil Storage Vault (DGFOSV)
was performed using a finite element analysis (FEA). The finite element model (FEM) for
this FEA is shown in COLA Part 2, Tier 2 Figure 3H.6-140. The maximum nodal
accelerations from the SSI analysis in the X, Y, and Z direction for the subgrade and above
grade roofs were averaged and used as the accelerations in the X, Y, and Z directions for the
entire structure to obtain the equivalent static seismic loads. The induced forces due to the X,
Y, and Z seismic excitations were combined using the square-root-sum-of-squares (SRSS)
method.

In order to demonstrate that the above equivalent static method is conservative, the seismic
in-plane shear forces, axial forces and in-plane moments for the shear walls of this structure
from the equivalent static method and those from the SSI analyses were compared at a
section cut just above the basemat (see Figure 03.08.04-30.1 for location of this section cut).
Tables 03.08.04-30.1 and 03.08.04-30.2 provide the results of this comparison. As seen from
these tables, the use of equivalent static method for determination of seismic loads yields
seismic loads in excess of those from the SSI analyses. Thus, use of the equivalent static
method is conservative.

The design of the DGFOSV meets Acceptance Criteria 1 through 7 of Standard Review Plans
3.8.4, Revision 2, and 3.8.5, Revision 2, as noted in the referenced sections of COLA Part 2,
Tier 2 and the COLA mark-ups provided in Enclosure 3 of this response as described below:

1. Description of the Structures and Foundation: Refer to COLA Part 2, Tier 2, Section
3H.6.7 and Section 3H.6.7.3 provided in Enclosure 3.

2. Applicable Codes, Standards and Specifications: Refer to Section 3H.6.7.1 provided
in Enclosure 3.

3. Loads and Load Combinations: Refer to Section 3H.6.7.1 provided in Enclosure 3.
4. Design and Analysis Procedures: Refer to Section 3H.6.7.2 provided in Enclosure 3.
5. Structural Acceptance Criteria: Refer to COLA Part 2, Tier 2, Section 3H.6.4.3.4.
6. Materials, Quality Control and Special Construction Techniques: Refer to Section

3H.6.7.1 provided in Enclosure 3 and COLA Part 2, Tier 2, Section 3H.5.6.
7. Testing and Inservice Surveillance Requirements: Testing and inservice surveillance

requirements are not applicable to the DGFOSVs.
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c) Design Loads and Load Combinations:

The loads and load combinations used for the design of DGFOSVs are in accordance with
those described in Revision 4 of COLA Part 2, Tier 2 Section 3H.6.4.3.

'd) Foundation and Soil Springs

The foundation for the DGFOSV consists of a reinforced concrete mat and a lean concrete
mud mat. The basemat deflections due to the flexibility of the basemat and supporting soil
were accounted for through the use of foundation soil springs in the SAP2000 FEA models.
Both the Winkler Method and the Pseudo-Coupled Method were used to model the
foundation soil springs, and the results of the two analyses were enveloped for design
purposes. Additional information on these two methods for modeling of the foundation soil
springs is provided in the response to RAI 03.08.05-4, Supplement 1, submitted with
STPNOC letter U7-C-STP-NRC-100248, dated November 17, 2010.

In addition, two different subgrade reactions (soil spring constants) are used, one for seismic
loads and one for non-seismic loads. The following soil spring constants were used in the
FEA models of the DGFOSVs:

Vertical springs (with static loads) .............................................................. 60
kips/ft/ft2

Vertical springs (with seism ic loads) .............................................................. 314
kips/ft/ft2

North-south springs (with static and seismic loads) ............................................. 229
kips/ft/ft

2

East-west springs (with static and seismic loads ) ............................................... 213
kips/ft/ft

2

e) Uplift

The SAP2000 finite element models were checked for uplift effects by reviewing the joint
reaction at the basemat. It was determined that under seismic loading the DGFOSV
experiences uplift. Using the 100%, 40%, 40% rule for combination of three seismic
excitations, non-linear analysis was run on each model with uniform Winkler soil springs and
pseudo-coupled soil springs to determine an enveloping adjustment factor for forces and
moments from the linear analysis for the foundation mat and the connecting walls. The
non-linear analysis iterates multiple times removing soil springs that go into tension during
each iteration until no soil springs are in tension. For the directional earthquake loading
required for the nonlinear analysis, the DGFOSV critical loading, a safe shutdown
earthquake (SSE) from the southwest in combination with static active and passive loads for
SSE, is considered (See Figure 03.08.04-30.2 for a schematic view of the directional seismic
load).

Comparing resultant foundation mat and wall reactions from the linear analysis with mat and
wall reactions from the nonlinear analysis, there is a maximum reaction increase of
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approximately 67% for the foundation mat shear and axial forces, 17% increase for the
foundation mat bending moments, and 6% increase for the connecting walls shear forces,
axial forces, and bending moments (enveloping cases with Winkler and pseudo-coupled soil
springs) in the nonlinear analysis. To account for this, the resulting forces and moments
from the linear analyses were adjusted by applying an increase factor of 1.67 to all forces in
the foundation mat, an increase factor of 1.17 to all moments in the foundation mat, and an
increase factor 1.06 to all forces and moments in the connecting walls for the DGFOSV
design.

f) Stability

Detailed stability evaluations were performed for sliding, overturning, and flotation as
described in response to RAI 03.07.01-19, Revision 2 (letter U7-C-STP-NRC- 100129, dated
June 7, 2010). For sliding and overturning evaluations, the 100%, 40%, 40% rule was used for
consideration of the X, Y, and Z seismic excitations. Since the orientation of the DGFOSVs in
the horizontal plane can be along the East-West or North-South axes, the horizontal seismic
values used in the stability calculation envelope the SSI accelerations in the X and Y directions.
The stability safety factors considering the revised SSI analyses are provided in Table 3H.6-12
(see Enclosure 3).

g) Design Results:

The strength design criteria of ACI 349-97, as supplemented by RG 1.142, were used for the
design of the reinforced concrete elements of the DGFOSV. Concrete with minimum
compressive strength of 4.0 ksi (27.6 MPa) and reinforcing steel with yield strength of 60 ksi
(414 MPa) are considered in the design.

Due to difference in soil spring constants for seismic and non-seismic loads, the FEA
analyses for the non-seismic loads and equivalent static seismic loads were run on different
FEA models and the results from these models were combined and adjusted per paragraph (e)
above outside the SAP2000 model to obtain the combined total design forces and moments
for the seismic load combinations.

The revised design forces and provided reinforcement for the DGFOSV walls and slabs are
shown in Table 3H.6-11 included in Enclosure 2. Each face and each direction of each wall
and slab has a corresponding longitudinal reinforcement zone figure. Each wall and slab also
has a corresponding transverse shear reinforcement zone figure where transverse shear
reinforcement is required. The reinforcement zone figures (Figure 3H.6-142 through
3H.6-208 included in Enclosure 2) show the various zones used to define the provided
reinforcement based on the finite element analysis results. Actual provided reinforcement,
based on final rebar layout, may exceed the reported provided reinforcement and the zones
with higher reinforcement may be extended beyond their reported zone boundaries.

The shell forces from every element for every load combination in the finite element analysis
were evaluated to determine the provided reinforcement in each reinforcement zone. For
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each reinforcement zone, the following out-of-plane moment and axial force coupled with
the corresponding load combination are reported in Table 3H.6-11 (see Enclosure 3):

" The maximum tension axial force with the corresponding moment acting
simultaneously from the same load combination.

" The maximum compression axial force with the corresponding moment acting
simultaneously from the same load combination.

" The maximum moment that has a corresponding axial tension acting simultaneously in
the same load combination.

" The maximum moment that has a corresponding axial compression acting
simultaneously in the same load combination.

For each reinforcement zone, the following in-plane and transverse shears with the
corresponding load combination are reported in Table 3H.6-11 (see Enclosure 3):

" The in-plane shear is the maximum average in-plane shear along a plane that crosses the
longitudinal reinforcement zone.

" The transverse shear is the maximum average transverse shear along a plane in that
transverse reinforcement zone.

The provided longitudinal reinforcing for each face and each direction is determined based
on the out-of-plane moments, axial forces, and in-plane shears occurring simultaneously for
every load combination.

The provided transverse shear reinforcing (as required) is determined based on the transverse
shears and axial forces perpendicular to the shear plane occurring simultaneously for every
load combination.

The DGFOSV below grade roof was designed with composite steel beams and concrete slabs
for vertical loading. The composite beams span in the SAP2000 model Y-direction with the
concrete slab designed as spanning one-way between the composite beams. The below grade
roof slab acts as a diaphragm to transfer lateral loads. The provided reinforcing for the below
grade roof slab is reported in Table 3H.6-11 (see Enclosure 3).

A Reviewers Guide for Section 3H will be made available upon completion of the changes
affecting this section.

9. Sliding Stability Evaluations

Ultimate Heat Sink (UHS)/Reactor Service Water (RSW) Pump House:
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The sliding stability of the UHS/RSW Pump House against sliding, overturning and flotation
was re-evaluated considering the latest SSI analyses described in the response to RAI
03.07.02-24, Supplement 2, submitted with STPNOC letter U7-C-STP-NRC-100268, dated
December 14, 2010 considering both full and empty basin conditions. The UHS/RSW Pump
House considering a full basin condition was found to be stable against sliding without
utilizing any passive pressure. The UHS/RSW Pump House considering an empty basin
condition was found to be stable against sliding by engaging some passive pressure. The
at-rest coefficients of friction considered for these stability evaluations were 0.3 for RSW
Pump House and 0.4 for UHS Basin. The available at-rest (static) coefficient of friction
based on tangent of the soil friction angle (phi) is 0.70.

DGFOSV:

The DGFOSV sliding stability evaluation was based on mobilization of passive pressure
using a sliding coefficient of friction of 0.39, which is equal to two-thirds of the minimum
available at-rest (static) coefficient of friction of 0.58. The available at-rest (static)
coefficient of friction of 0.58 is based on tangent of the soil friction angle ((p).

Control Building:

The Control building stability evaluation is based on mobilization of passive pressure using a
sliding coefficient of friction of 0.47, which is equal to two-thirds. of the minimum available
at-rest (static) coefficient of friction of 0.70. The available at-rest (static) coefficient of
friction of 0.70 is based on tangent of the soil friction angle (9).

Reactor Building:

Please see the response to part 4 of RAI 03.08.04-28 submitted with STPNOC letter
U7-C-STP-NRC-100208, dated September 15, 2010.

10. The layout of the Diesel Generator Fuel Oil Tunnels (DGFOTs) is as shown in COLA Part 2,
Tier 2 Figure 3H.6-221 provided in response to Part l(a) of RAI 03.07.01-27, Supplement 1,
submitted with STPNOC letter U7-C-STP-NRC- 100274 dated December 21, 2010. There
are three (3) reinforced concrete DGFOTs approximately 50 ft, 200 ft, and 220 ft long for
each unit. Each DGFOT is connected at one end to the Reactor Building (RB) and at the
other end to a Diesel Generator Fuel Oil Storage Vault (DGFOSV). There is a seismic gap
between each of the DGFOT and the adjoining RB and DGFOSV. For magnitude of the
required and provided seismic gaps at interface of DGFOTs and the adjoining RB and
DGFOSVs, see the Supplement 1 response to RAI 03.08.04-31 which is being submitted
concurrently with this response.

Each DGFOT has two access regions which extend above grade; one access region is located
where the tunnel interfaces with the DGFOSV and another where the tunnel interfaces with
the RB. The top of the DGFOT is located at grade. Any fuel leak from the fuel oil lines or
water infiltration within the tunnels will be collected in a sump and removed by pumps. The
access regions provide access to the below grade portions of the DGFOTs during
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maintenance and inspection. The overall above grade dimensions of the access regions are
approximately 7.5 ft wide by 7.5 ft long and 15 ft high.

For details of the soil-structure interaction (SSI) analysis for generation of in-structure
response spectra and structure-soil-structure (SSSI) analysis for determination of seismic soil
pressures, see the response to RAI 03.07.01-27, Supplement 2 which is being submitted
concurrently with this response.

The DGFOTs are Seismic Category I structures. The structural analysis and design of the
DGFOT is performed using a three-dimensional (3D) SAP 2000 finite element analysis (FEA)
with shell elements representing the walls, slabs and mat. The foundation soil is represented
by vertical and horizontal springs. The FEA finite element model (FEM) is shown in Figure
3H.7-1 (see Enclosure 4).

The DGFOT No. 1B, which is the shortest tunnel, running approximately 50 ft between the
RB and DGFOSV No. 1B, has a wall thickness of 2'-0" on both sides. The interior below
grade dimensions of this tunnel are approximately 7 ft high by 3.5 ft wide. The other two
longer DGFOTs (approximately 200 ft and 220 ft long) have a wall thickness of 2'-0" on one
side and 2'-6" on the other side to allow for placement of embedded conduits. The interior
below grade dimensions of these tunnels are approximately 7 ft high by 3 ft wide. DGFOT
No. 1B, with a wall thickness of 2'-0" on both sides and shorter tunnel length for resisting
torsion effects, is selected as the critical tunnel for the FEA.

The Safe Shutdown Earthquake (SSE) design forces (E') are conservatively determined using
equivalent static seismic loads. The mass of the structure, equipment weights, and seismic
live loads are excited in the X, Y, and Z directions using the enveloping maximum nodal
accelerations in the X, Y, and Z directions from the soil-structure interaction (SSI) analysis.
A comparison between the maximum accelerations from the SSI analysis and the design
accelerations for the DGFOT shows the design accelerations envelope the SSI analysis
accelerations. The comparison is provided in Table 03.08.04-30.3. The resulting element
forces and moments due to X, Y, and Z excitations are combined using the SRSS method.

Figures 3H.7-5 through 3H.7-8 (see Enclosure 4) show a comparison of the SSI soil
pressures, the SSSI soil pressures, the ASCE 4-98 soil pressures and the total enveloping soil
pressure used in design on the walls of the DGFOT.

The codes and standards used for the design of the DGFOT are as outlined in Section
3H.7.4.1 provided in the COLA mark-ups in Enclosure 4 of this response. The loads and
load combinations are as noted in Section 3H.7 provided in the COLA mark-ups in
Enclosure 4 of this response.

Additionally, the axial strain on the DGFOT due to SSE wave propagation is determined
based on the equations and commentary outlined in Section 3.5.2.1 of ASCE 4-98. The
maximum curvature is computed based on Equation 3.5-3 in Section 3.5.2.1.3 of ASCE 4-98.
The forces at bends due to SSE wave propagation are determined based on Section 3.5.2.2 of



RAI 03.08.04-30 U7-C-STP-NRC-1 10008
Attachment 2

Page 10 of 120

ASCE 4-98. The forces at tunnel bends are included as additional loads in the SAP2000
models.

Multiple SAP2000 FEA models were created to represent different conditions and load
combinations for the DGFOTs. Additional information on the SAP2000 models is
documented in Section 3H.7.5.1 (see Enclosure 4). The following is a breakdown of the
different FEA models:

1. Normal (Operating Condition, Heavy Load Condition, and Flood Load Condition):

The purpose of these models is to consider the effects of operating load conditions (i.e.
dead loads, minimum live loads, etc.), the heavy load condition (when heavy vehicles and
cargo are moved across the top of the tunnel), and the flood load condition (the extreme
flood loads due to a MCR breach).

2. SSE (SSE loads without SSE Wave Propagation):

The purpose of these models is to consider the effects of SSE loads without the effects of
the SSE wave propagation, which are considered in a separate model. The dead loads,
live loads, soil loads, and accidental eccentricity loads are applied to the static
(non-seismic) model. The SSE loads are combined using the SRSS method in the
dynamic (seismic) model.

3. SSE (SSE loads with SSE Wave Propagation per ASCE 4-98):

The purpose of these models is to consider the effects of SSE loads with the effects of the
SSE wave propagation and additional forces and moments due to bends in the tunnel per
ASCE 4-98. The dead loads, live loads, soil loads, accidental eccentricity loads, SSE
wave propagation loads and additional forces and moments due to bends in the tunnel are
applied to the static (non-seismic) model. The SSE loads are combined using the SRSS
method in the dynamic (seismic) model.

4. Tornado Missile:

The purpose of these models is to consider the effects of tornado missiles. The full
tornado load combinations, outlined in Section 3H.7.4.3.4.2 (see Enclosure 4) are applied
to the model considering a vertical tornado missile. The results of this SAP2000 model
are combined with those from a manual calculation which considers the full tornado load
combination and a horizontal tornado missile.

5. Effect of Uplift:

The purpose of this model is to consider the effects of uplift on the basemat during a
seismic event. All loads are simultaneously applied to a single static model.
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The models described above are developed to determine the reinforcement required for their
specific loading conditions. The results are post-processed as described in Section 3H.7.5.3.1
(see Enclosure 4).

The required reinforcement (longitudinal, in-plane shear and transverse) reported in
Table 3H.7-1 (see Enclosure 4) is based on the envelop of the required reinforcement
determined from all the SAP2000 FEA analyses and the required reinforcement determined
via the manual calculation for the full tornado load combination.

The stability of the DGFOT is evaluated for the various load combinations listed in Section
3H.7.4.5 (see Enclosure 4). The DGFOT factors of safety against sliding, overturning and
flotation are provided in Table 3H.7-2 (see Enclosure 4). These factors of safety meet the
requirements of Standard Review Plan (SRP) 3.8.5. For sliding and overturning evaluations,
the 100%, 40%, 40% rule was used for consideration of the X, Y, and Z seismic excitations.

More detailed and specific description of loads, load combinations and results of analysis and
design of the DGFOT is provided in the COLA mark-up shown in Enclosure 4.

COLA will be revised as shown in Enclosures 1 through 4 as a result of this response.
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I In-plane
Shear Force

I (kip) I

in-plane
Moment
(kip-ft) I Axial Force(kip)

" SAP2000 section cut seismic design forces:

-pea sec ion cu rces:

1J section cu orces:

I I

02-
0 _ SAP2000 section cut seismic design forces: 5277 32140

27 32140
Enveloped 551 peaK section cut forces: 4162 25651

a
U)

I-I
R-atio AP20uuuI0 i section cut forces: 1.27 1.25 N/A

01 P00 section cut forces due to Z-
.C direction seismic load: N/A N/A 2559

Enveope I peak secton cut forces: N/A N/A 2488

a o 000/5S1 section cut forces: N/A N/A 1.03

Table 03.08.04-30.1: SAP2000 (Uniform Springs Model) vs SSI Model Section Cut Seismic Force
and Moment Comparison for DGFOSV
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In -plane IIShear Force
I (kip) I

in-plane
Moment
(kip-ft) I Axial Force(kip)

SAP2000.". section cut seismic design fo

O v op pea section cut orces:

[RiU a P20 U sei on cu Trces:

I I 71R I

C

SAP2000 section cut seismic design forces: 5239 33571

I-I-
Enveloped 81 peak section cut torces: 4162 25651

0 416 25651~

KdUU b/A 65UUUI01 ser-Bon cut tores: 1 .2 1.31 N/A

0section cut forcesdutoZ
.2 direction seismic load: N/A N/A 2559

nvelope I peak section cut forces: N/A N/A 2488

SRatio SAP2000/SSI section cut forces: N/A N/A 1.03

Table 03.08.04-30.2: SAP2000 (Coupled Springs Model) vs SSI Model Section Cut Seismic Force
and Moment Comparison for DGFOSV
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Horizontal (X & Y) Vertical (Z)
+

From SSI
Analysis

(al

Used in
Design

(01

From SSI
Analysis

(al

Used in
Design

(01
Tunnel0.0 0.3591 0.45 0.3078 0.37(0.0 <= Z <= 9.0)

Access Regions 0.7324 0.85 0.3286 0.40
(9.0 < Z <= 23.17)

K

Table 03.08.04-30.3: Comparison of SSI Accelerations vs. Design Accelerations for DGFOT
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Section Cut
Elevation

Note:

The first row of elements at the bottom of the DGFOSV walls are 3' link elements that model the
distance from the center of the 6' basemat to the bottom of the walls. Therefore, the section cuts
are taken at the second row of elements from the bottom of the walls.

Figure 03.08.04-30.1: Location of section cut in SAP2000 design model
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zxdirocboon

aceebatitn

Figure 03.08.04-30.2: Schematic view of the Directional Seismic Load
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Enclosure 1
Revision to COLA Section 3.7
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3.7.2.8 Interaction of Non-Seismic Category I Structures, Systems and Components
with Seismic Category I Structures, Systems and Components

The Category I structures and their physical proximity to nearby non-Category I
structures are shown in Figure 3.7-40. None of the non-Category I structures proposed
as part of STP Units 3 and 4 is intended to meet Criterion (2) of DCD Section 3.7.2.8.
Rather, for each non-Category I structure, either: (1) it is determined that the collapse
of the non-Category I structure will not cause the non-Category I structure to strike a
Category I structure; or (2) the non-Category I structure will be analyzed and designed
to prevent its failure under SSE conditions in a manner such that the margin of safety
of the structure is equivalent to that of Seismic Category I structures. Non-Category I
structures that can interact with Seismic Category I structures include the Turbine
Building (TB), Radwaste Building (RWB), Service Building (SB), Control Building
Annex (CBA) and the stack on the Reactor Building roof. Table 3H.6-14 provides
sliding and overturning factors of safety under site-specific SSE for TB, RWB, SB, and
CBA.
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Enclosure 2
Revision to COLA Section 3.8
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3.8.6.1 Foundation Waterproofing

The coefficient of friction of the waterproofing material will be determined with a
qualification program prior to procurement of the membrane material. The qualification
program will be developed to demonstrate that the selected material will meet the
waterproofing and friction requirements. The qualification program will include testing to
demonstrate that the waterproofing requirements and the coefficient of friction required
to transfer seismic loads for STP 3 & 4 have been met. Testing methods will simulate
field conditions to demonstrate that the minimum required coefficient of friction is
achieved by the structural concrete fill - waterproof membrane structural interface. The

3.8.6.4 Identification of Seismic Category I Structures

The following site-specific supplement addresses COL License Information Item 3.26.

A complete list of Seismic Category I Structures, Systems, and Components can be
found in Table 3.2-1, which includes the following site-specific Seismic Category I
Structures:

" Ultimate Heat Sink

" Rector Service Water Piping Tunnel

A description of these structures can be found in section 3H.6.
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Enclosure 3
Revision to COLA Section 3H.6
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3H.6.7 Diesel Generator Fuel Oil Storage Vaults (DGFOSV)

The settlement information on the DGFOSV is included in Section 2.5S.4.10.

The calculated factors of safety against sliding, overturning, and
DGFOSV are included in Table 3H.6-12.
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Table 3H.6-12: Factors of Safety Against Sliding, Overturning, and Flotation
for Diesel Generator Fuel Oil Storage Vaults

Calculated Safety Factor Notes

Load Combination
Overturning Sliding Flotation

D + F' --- 1.28
D*H+ $A ---

D+H+W 4-ý,

D + H + Wt

D+H+E 1.1 1.1 -- 3,4

Notes:

1) Loads D, H, W, Wt, and E' are defined in Subsection 3H.6.4.3.4.1. F' is the buoyant force
corresponding to the design basis flood.

2) Reported safety factors are conservatively based on considering empty weight of the fuel oil tank.

3) Coefficients of friction for sliding resistance are 0.58 for static conditions and 0.39 for dynamic
conditions for the Diesel Generator Fuel Oil Storage Vault.

4) The calculated safety factors consider less than the full passive pressure. The calculated safety
factors increase if full passive pressure (Kp = 3.0) is considered.
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4-H-L 4'-0"

2-H-L 9-6"

1-H-L 48'-0"

3-H-L 91-0 "

5-H-L 4'-0"

81'-6"

Figure 3H.6-142 Slab I Looking Down

Horizontal Reinforcement Zones

Near Side Face
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2-VA. I 4-V-L I 1-V-L I5-V-L I 3-V-L 48'-0"

-1 61-0' 
F I _ [_ _ J _ _

81'-6"I-

Figure 3H.6-143 Slab 1 Looking Down

Vertical Reinforcement Zones

Near Side Face
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2-V-L I 4-V- 1 i-V-I I 5-V-I 13-V-L 48*-0

11.-0. -I-ý- - 0

Figure 3H.6-145 Slab I Looking Down

Vertical Reinforcement Zones

Far Side Face
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Figure 3H.6-146-
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32'-0"1-H-L

i . 511-6"

Figure 3H.6-147 Roof 2 Looking Down

Horizontal Reinforcement Zones

Near Side Face
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2-V-L 21-9"

-1

1-V-L

I - 3-v-

32'-0"

1
I- 814-. --

I -. 51'-6"

Figure 3H.6-148 Roof 2 Looking Down

Vertical Reinforcement Zones

Near Side Face
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1-H-L 32'-01

I

51'-6*

Figure 3H.6-149 Roof 2 Looking Down

Horizontal Reinforcement Zones

Far Side Face
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8'-0" 3-H-L

K 35'-1"

I -Ic• 1I -H-L • 32'-0"

81-7" -I4'-8"
65'-6"

Figure 3H.6-163 Wall 7 Looking From Outside

Horizontal Reinforcement Zones

Near Side Face
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3-V-T,
3-H-T

32 -0"

Figure 3H.6-167 Wall 7 Looking From Outside

Transverse Reinforcement Zones
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1 -H-L
32'-0"

65'-6"

Figure 3H.6-170 Wall 8 Looking From Outside

Horizontal Reinforcement Zones

Far Side Face
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1-V-T,
3-H-T-

1-V-T

1-V-T,
1-H--T

1-V-T,
2--T-~

2-V-T, 3-V-T,
3-H-T 3-H-T 3-H-T

2-V-T 3-V-T

2-V-T, -HT 3-V-T,
1-H-T 1-H-T
2-V-T,
2-H-T 2-H-T 3-V-T,

2-H-T

4'-0"

32'-0"

4i-0

4-0--

T-4"
4'-8

-j 4.-3j

Figure 3H.6-172 Wall 8 Looking From Outside

Transverse Reinforcement Zones
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1-H-L

20'-0"

2-H-L] 1V-3"

14-0"

Figure 3H.6-173 Wall 9 Looking From Outside

Horizontal Reinforcement Zones

Near Side Face
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1-V-L

2-V-L ' 2-6"

20'-0"

f

Figure 3H.6-174 Wall 9 Looking From Outside

Vertical Reinforcement Zones

Near Side Face
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1-H-L

20-4"

.1 • 14'-0"

Figure 3H.6-175 Wall 9 Looking From Outside

Horizontal Reinforcement Zones

Far Side Face



RAI 03.08.04-30 U7-C-STP-NRC-1 10008
Attachment 2

Page 51 of 120

1 -V-L

2WY-0"

14!-0"

Figure 3H.6-176 Wall 9 Looking From Outside

Vertical Reinforcement Zones

Far Side Face
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1-H-L

20'-0" e

14'-0"

Figure 3H.6-177 Wall 10 Looking From Outside

Horizontal Reinforcement Zones

Near Side Face
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I-V-L 20'-0"

-'
4-- 2'-4-

~14'-0"

Figure 3H.6-178 Wall 10 Looking From Outside

Vertical Reinforcement Zones

Near Side Face
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1-H-L

20'-0"

IA

14-O"

Figure 3H.6-179 Wall 10 Looking From Outside

Horizontal Reinforcement Zones

Far Side Face
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1 -V-L

20'-0'

- 14'-0" 1

Figure 3H.6-180 Wall 10 Looking From Outside

Vertical Reinforcement Zones

Far Side Face
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32-tV

-F

32'-0

&-8

Figure 3H.6-186 Wall 12 Looking From Outside

Vertical Reinforcement Zones

Near Side Face
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28'-0"

t-V-T 2-v-r 3240"

I~
1-V-T, 2-V-T,
1-H-T 1-H-T

-U- 5-6 [--19'--1D" -" "=- 6'-8"

32,-01"

Figure 3H.6-189 Wall 12 Looking From Outside

Transverse Reinforcement Zones

-t -
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I

2-H-L I 1-H-L 3-H-LI 32-0"

"4 32'-0" --1

32'-O"

-~-- 2-9"

Figure 3H.6-190 Wall 13 Looking From Outside

Horizontal Reinforcement Zones

Near Side Face
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32'-0

-- " 21'-6G - --6

-432'-0" •-

Figure 3H.6-191 Wall 13 Looking From Outside

Vertical Reinforcement Zones

Near Side Face
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1-V-T 2-V-T 3-V-T 14-V-T

32'-0"

1-V-T,
14-T+1 - 2-V-T,

1--1--T 
I

3-V-T, 4-V-T,

1-H-T 1-H- 4- 1-H-T

32'-0"

Figure 3H.6-194 Wall 13 Looking From Outside

Transverse Reinforcement Zones
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1-V-L 2040"

32'-0"I -

Figure 3H.6-196 Wall 14 Looking From Outside

Vertical Reinforcement Zones

Near Side Face



RAI 03.08.04-30 U7-C-STP-NRC-1 10008
Attachment 2

Page 62 of 120

1-v-L 2"-ti"

37-0" - I

Figure 3H.6-198 Wall 14 Looking From Outside

Vertical Reinforcement Zones

Far Side Face
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Figure 3H.6-199 Wall 14~Lc~6Riiigfroiii Qutsidc
Trnsvcr&R~ifcrceicntR oNe, Not Use~d
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1-V-L

Figure 3H.6-201 Wall 15 Looking From Outside

Vertical Reinforcement Zones

Near Side Face
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Enclosure 4
Revisions to COLA Section 3H.7
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ttQv

47

,.nft w0i ............. Of

ni 19

qu Onp 8 .........

''K' al

ZZ-'060 4,04OWUmol4, s!

3KXAZW'MWi"O0ftW4J

d, ",dny4odi& nfýlem ra ,ý6 1. 1,-
jacte to , t C- Ing-,pe, tire
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3H.7.4,31.1. 094d,-Lbads'(D)

Ch _566 Pýff L , ' - ' --- ý4 ý,, I , , -alAL oa&of -004WJ6ýý ý, 46ý, of jhA-26ur ard,ý ho 1ý0 gra eý

31414.14-- Pf"-ýUja -,&)

Lateral, soil 'pressures

0: ............ ...... ....... 120 pcQ1.92 t/m3)
'Unj ight

wei s ............. + 114" of f2,'24,tim3)

ý.interirial 6rjb11,aogloi.

sson'S.-Tatio, (above ýroundýva .......

PoissOn's rato,(beloWbrQundývaterý)''.,,L.,.,.. .... ........ ..... ý,Q747

Lateral soil pfessur(ý Y wZlhrdu& 8H.7-8.

W7.4.3AA Thiar mal-Loa
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3H.7.4.3.145 IntOnal Modload

3H.TA3.2-Sa464JEOWtoomentall Load

Oftwtýf loads WiW f tedbyvfnd.

3147*1Z WlOdloa.4, 4 VV)

The f6llOrwi6 -g Oarameters,'aný!, Ltsedý in, the'do'rnputation of',the. wind loads,

............. ...... ....... ............. 'D

arice factor ...........
V'ejodityL rjý

%pres , -Oxposure'. .................. 0-002563<Z

Wind- loads'atý, calcuiatedlý in acc6rdanc6 w6the provisibn's'of Ctiaptte`tof"A-$ýýe-r 7,88.

3H.7-4.3.34W, ýEnmronth'ental- Load

3H.7.4,131 Tornado Loads ( WO

The fogoiwing'Aornado load effeCtSa eýcr' OAý,,Idýfed in the design:

" Wind, pressure., I ý A -I ............... -1 .......... ýA W

" I)iff&entia pressuee-'- .....

" Missile, Impact, .......... .........

The tornadoýpammeters used in'th-e cafc6fifio'hs of tornado loads are As, f6tiow's"

OM Xi Qr
a m m ndspeed: .... .......................... - 300 mph

" Press'ur6.diffevential: ............... ......................... ...... ...... psi

" Radius of, maximum rotational speed ...... ......... ......... ..... I ý 1,50 feet

" Pressure dift rential rate: .............. -- -1 ....... ........ - -. 1.2 psysec

*Missile soadtrum (per DCD Tier 2 Table 2.0-1): .,..
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A 4060'Jbs.,6Vt6McbiJe (I 6.4ft x t ý. 6ft X4,M)

B: 276,1k, W dicoMeter a-ftor'A)l6rdm, aiýjlery'shell

C: V dlami*ýSolid steel sp

Notes,

hheight.

ptj q ým o4 Assessodep, noted below:

ýPM(iom, , ,,p Ing.

0) Týblel 3H 1-3:-contains the- resultý',-,Of, the t6 M.'ado-iiiissile, impad evaluation.

W,=W11,

V.Vt =WO

Wt =W,

A =,Ww,+ 0.5 Wp

W, = W,ý +-Wrý

Wt=WW+Oý5-Wp+Wm
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M74ý14,12`0#* 4UW449'ý

hký,0450,60 0

tffi-714

u vir M(ithod

J VLOý, blAd

ikl6li@OdrgrA*q Wa r'4ffoatjýjnd 0,

F E*,e&een

3H'.7#k3,,0 R,6,'Ihf 0ý6d 00"n"C"'rie'te Loiad 06mbinations

U = 1.4D*f7L jjH.,_ýLj,.-7jN
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1"3L41`,31H'+ 1,3 W

Structural materials used'in the-&s1gn,,-Of -DGIZOT- are as Wows,

C-ow eto'conformsto, tbý,.,nýq ' u ' ifernonts- of A-M.34-91", Jtsý4esigp- propsdýOs aW

CompriýssiVe strength,. ....... (2?,6 MPa

Modulds-of elasticity ... -.. p ...... 3,507 ksi 241-8,GPa)

Shear mod'utut .... ............ ................ 1 Y537 ktrýl 0A GPa)

v Poisson's -ratio.. ........ ........... 04 17

3H'.T,4AZ'_'OOwOrCOMent

" Yeldýstrength.-... ......... ....... .............. ......... .60 W 4414 MPa)

" Tensile strength ............. ...... ........ .ý.90'W ý(621'MPý)

3HIA.0 ý Stf udtural Steel

Yield strength ................ ..................... ...... ...... 50 ksi (345 MPa)

Tensile strength ....... ........ ...... ... 65 ýsi ý44-8 MPa)
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3HJ-4.,5 Sobility, Roquirements

LoadCbmbination 0 , itu , Silvo ýIipg_ 0 ,g ,,,lotsjh ý ti6h
Dý+ F'ý

D + H"+W '15

D +ýR:+ Wt

0 + HI + E, 11 J, ý ý 1 1-1 1 -

3H. 1'4 Strudurat-An'itysis and]Desiýo "tOrnary

3H.7.$-Aý -ApWytfoaj Model Analysjs and t)"Ig n
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1. Nbrm"61ý(Olerating Condition, Heavytoad Cbhdition,-. and Flood1bad Condition):

2ý SSt(,S8Eý-10*adSW,60ut"SSPW3)ie"Pýý on):

3. SSE- (S-SF- loa ds vAth SSE Wave ftpaoaýbn per ASCE 4-98):

4. Tomado Missile:
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The, dalajlý,b "tfi# ro'Videdtelpw'.-,( *"ý,ýý,vi3,,týý6.8'eismýc:-ýr,1$49 

W,"OA . ,, ý ,
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The--re4ponteýý.,ftfa8ft SSI adalys4s'cases are enveloped.

ýSAPý1000 compitderoode Is usod, to perform the'-seismir, ariatysis,

Modal tj m-e -his"tot'y'-fnethod'of ý8'hýlysis I's I Uýý,

4% dampingis.,US'Od for. the'thell',slementsý

0
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3H.7.5.2.2,Struetttre-Soji-Structure lnter4otlon,("$l),Anal ' is for Ssl' lc,, S64Y's sm Priarýsuros

3H.,7.5.!'.3,fOrsj0n4jVffects

3H.!-.5.2'.4-,'S$E'Wbve Propagation EffOcts
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Calculated Safety FactorLoad Notes
Combination Overturning Sliding Flotation

D + Fh - -- 1.70

D + H + W 1.58 3.47 -- 2. 3 (Sliding Only)

D + H +Wt 1.10 1.10 -- 2.4

D + H'+ E' 1.30 1.28 -- 2. 3

Notes:
1) Loads D, H, H', W, Wt, and E' are defined in Section 3H.7.4.3.4. Fb is the

buoyant force corresponding to the design basis flood.
2) Coefficients of friction for sliding resistance are 0.58 for static conditions and

0.39 for dynamic conditions for the Diesel Generator Fuel Oil Tunnel.
3) The calculated safety factors consider the full passive pressure.
4) The minimum calculated safety factor against sliding and overturning for tornado wind is

2.32. For tornado wind in conjunction with tornado missile, subsequent detailed design
of the restraints for the Access Regions will provide sliding and overturning safety factors
greater than 1.10.



RAI 03.08.04-30 U7-C-STP-NRC- 110008
Attachment 2

Page 88 of 120

:' AUl-

Minimum required thickness to prevent penetration, perforation, and scabbing =
Local Check DGFOT and 15.14"

Access Regions Minimum provided thickness = 24"

Flexure controls.

Overall Check of WMaximum impact load including Dynamic Load Factor (DLF) = 899 kips for

Impacted Em Walls and Slabs of Access Regions and 862 kips for DGFOT
DGFOT and Access

Regions Ductility demand = 1.4 for shell missile and 1.0 for automobile missile < Ductility
limit = 10

Equivalent static impact forces due to missile impact are considered in the local
Global and global design of the DGFOT. The analysis results presented in Table 3H.7-
Check 1 provide a summary of the results for all load combinations including those

affected by the tornado missile impact.
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Lateral Pressure (psf)
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Lateral Pressure (psf)
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VERTICAL DIRECTION RESPONSE SPECTRA
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RAI 03.08.04-31, Supplement 1

OUESTION:

Follow-up to Question 03.08.04-25

The staff reviewed the applicant's response to Question 03.08.04-25 (letter U7-C-STP-NRC-
100108, dated May 13, 2010). In order for the staff to conclude that the interface between
seismic category I buildings and tunnels will not result in any unacceptable interaction, the
applicant is requested to provide the following additional information:

1. The applicant stated in its response that the separation gap between the Reactor Service
Water (RSW) Piping Tunnels and the RSW Pump House and the Control Building (CB),
as well as between the Diesel Generator Fuel Oil Storage Vaults (DGFOSV) and the
Diesel Generator Fuel Oil Tunnels (DGFOT), will be at least 50% larger than the
absolute sum of the calculated displacements due to seismic movements and long term
settlement. The material used as flexible filler will be able to be compressed to
approximately 1/3 of its thickness without subjecting the building to more than a
negligible force. However, the applicant provided vendor test result where 7 psi
compressive stress was observed when 5 inch joint was compressed to 50% movement.
This does not provide any estimate of how much compressive stress may be developed
when the material is compressed to 1/3 thickness of the material. Therefore, the applicant
is requested to justify that no significant stress will be imparted to the building when the
joint is compressed to 1/3 thickness.

2. The DGFOT is connected to the DGFOSV at one end. It is not clear from the response
where the DGFOT is connected at the other end, and what are the anticipated movements
at that connection. Please include this information in Table 3H.6-15.

3. Please provide an ITAAC with key parameters for as-built verification of the
connections, or provide justification for not doing so.

SUPPLEMENTAL RESPONSE:

The response to Parts 1 and 3 of this RAI was submitted with STPNOC letter
U7-C-STP-NRC-100208, dated September 15, 2010. This supplemental response
provides the response to Part 2.

2. The layout of the Diesel Generator Fuel Oil Tunnels (DGFOTs) is as shown in COLA
Part 2, Tier 2 Figure 3H.6-221 provided in the Supplement 1 response to RAI
03.07.01-27 which was submitted with STPNOC letter U7-C-STP-NRC-100274
dated December 21, 2010. There are three (3) DGFOTs for each unit and each
DGFOT is connected at one end to the Reactor Building (RB) and at the other end to
a Diesel Generator Fuel Oil Storage Vault (DGFOSV). There is a seismic gap
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between each of the DGFOT and the adjoining RB and DGFOSV. COLA Part 2,
Tier 2, Table 3H.6-15 will be revised (see Enclosure 1) to include the required and
provided gaps for the DGFOTs. This revised table also incorporates changes due to:

" Revised soil-structure-interaction (SSI) analysis for the Reactor Service
Water (RSW) Piping Tunnels described in the Supplement 1 response to
RAI 03.07.02-24 which was submitted with STPNOC letter
U7-C-STP-NRC- 100253 dated November 29, 2010.

" Revised SSI analysis for the DGFOSVs described in the Supplement 1
response to RAI 03.07.01-27 which was submitted with STPNOC letter
U7-C-STP-NRC- 100274 dated December 21, 2010.

Revision 4 of COLA Part 2, Tier 2 will be revised as shown in Enclosure 1.
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RAI 03.08.04-31, Supplement 1
Enclosure 1

Revised Table 311.6-15
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Table 3H.6-15: Required and Provided G
Seismic Category I Structures and

Adjoining Structures

Interfacing Structures Required and Provided Gaps
(inches) I

RSW Piping Tunnels and Control Building

RSW Pump House and RSW Piping Tunnel A

RSW Pump House and RSW Piping Tunnel B

RSW Pump House and RSW Piping Tunnel C

Diesel Generator Fuel Oil Storage Vault (DGFOSV) No. 1 and
its Diesel Generator Fuel Oil Tunnel

Diesel Generator Fuel Oil Storage Vault (DGFOSV) No.
its Diesel Generator Fuel Oil Tunnel

Diesel Generator Fuel Oil Storage Vault (DGFOSV) No. and
its Diesel Generator Fuel Oil Tunnel

Note: SoeJAPAW--314, ki4syo4, 4 t'uNS


