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3H Details and Evaluation Results of Seismic Category 1 Structures

The information in this appendix of the reference ABWR DCD, including all
subsections, tables, and figures as modified by the STP Nuclear Operating Company
Application to Amend the Design Certification rule for the U.S. Advanced Boiling Water
Reactor (ABWR), "ABWR STP Aircraft Impact Assessment (AIA) Amendment
Revision 3," dated September 23, 2010 is incorporated by reference with the following
departures and supplement.

STD DEP T1 2.15-1
STP DEP T1 5.0-1
STD DEP 1.8-1
STP DEP 3.5-2
STD DEP 3.8-1
STD DEP 3H-1
STD DEP 11.2-1
STD DEP 11.4-1
STP DEP Admin
3H.1 Reactor Building

3H.1.4.2 Site Design Parameters
STP DEP T1 5.0-1

(1) Soil Parameters:

—Minimum static bearing capacity demand: S718.20 kPa

—1In addition for the load combinations involving seismic/dynamic loads, the
dynamic bearing capacity demand shall also be met.

—NMinimum shear wave velocity: 366-m/s(See FSAR Subsections 2.5S.4.4
and 2.5S.4.7)

—Poisson's Ratio: 0.30 to 0.38

—Unit Weight: 1.9 to 2.2 t/m®
(3) Maximurm Design Basis Flood Level

—0-306-m 182.9 cm befew-above grade
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(9) Maximum Rainfall

—Design rainfall is 493503 mm/h. Roof parapets are furnished with scuppers
to supplement roof drains, or are designed without parapets so that
excessive ponding of water cannot occur. Such roof design meets the
provision of ASCE 7-88 Section 8.

3H.1.4.4.3 Liner Plate

STD DEP 3H-1

m Liner plate for RCCV in the wetted area shall be stainless steel conforming to
ASME SA-240, Type 304L.

m Liner plate for the RCCYV in the non-wetted area shall be 6.35 mm thick and
conform to ASME SA-516 GR. 70.

m Liner Anchors: ASTM-A-633-GR—G ASME SA-36.

m Stainless steel cladding to conform to ASME SA-264.

3H.1.5.2 Foundation Soil Springs

3H-2

STP DEP T1 5.0-1

The foundation soil is represented by soil springs. The spring constants for rocking and
translations are determined based on the following soil parameters:

m  Shear wave velocity 306-m/s(See FSAR Subsections 2.5S.4.4 and 2.5S.4.7)

»  Unit weight 4-92-tm° 121 pcf (1.94 t/m3) to 140 pcf (2.24 /m3)

. Sh%ar modulus #-8x40%#m° 3,011 ksf (1.47x10% /m?) to 9,324 ksf (9.55x10%
t/m#)

m  Poisson’s Ratio 8-38 0.46 to 0.48

For the undrained condition (i.e. Poisson's Ratio 0.46 to 0.48, the calculated vertical
spring constant under the mat foundation of the Reactor Building (RB) for STP site
conditions ranges from 132 kips/ft3 to 288 kips/ft> with 197 kips/ft° for best estimate
case. The calculated horizontal spring constant for the STP site conditions ranges from
94 kips/ft3 to 211 kips/ft> with minimum of 141 kips/ft® for best estimate case. The
potential degree of variability is indicated by the spread of values from lower range to
upper range. The soil properties used to compute these spring constants are strain-
compatible and were developed from the site response analyses described in Section
2.5S.2.5. Soil depths for the vertical and horizontal mode spring calculations are 2500
ft and 1300 ft, respectively. Soil layers at depths greater than these depths were
ignored due to their insignificant contribution to the spring values.

Details and Evaluation Results of Seismic Category 1 Structures



Rev. 11
STP 3 & 4 Final Safety Analysis Report

The above calculated STP site-specific soil spring constants are higher than the soil
spring constants used for the ABWR DCD design. For the drained condition with
Poisson’s Ratio of 0.15, the lower range site-specific spring constants are nearly the
same as those for the standard design with a maximum difference of about 5%.
Considering that the layer weighted Poisson’s Ratio is between 0.15 for clay layers and
0.30 for sand layers, even for the drained condition the STP site-specific spring
constants will be either the same or higher than the spring constants for the standard
design. Higher soil spring constants at the STP site will result in mat design forces
smaller than those used for the ABWR DCD design. Therefore, the ABWR DCD mat
design is adequate for the STP site.

3H.1.6 Site Specific Structural Evaluation
STP DEP 3.5-2

The following site specific supplement addresses the structural evaluation of the site
specific design parameters for STP 3 & 4.

As documented in Section 3.3 the ABWR Standard Plant Reactor Building (RB) wind
loads, and tornado loads bound these site parameters for STP 3 & 4. See Section
3H.11 for hurricane winds and hurricane generated missiles.

As documented in Subsections 2.5S.4.4 and 2.4S.4.7, the shear wave velocity at STP
3&4 site varies both horizontally in a soil stratum and vertically with elevation, and is
lower than the 1,000 ft/sec minimum stated in the DCD. A site specific soil-structure
interation (SSI) analysis has been performed using the measured values of shear wave
velocity, with appropriate variation to represent the variability at the site, and site
specific SSE, to demonstrate that the results of the site-specific SSI are bounded by
the standard plant results included in the DCD. This SSI analysis is described in
Appendix 3A.

Figure 3A-301 provides the soil pressure profile between the RB and CB obtained from
SSSI analysis for site-specific Safe Shutdown Earthquake (SSE) along with the design
soil pressures reported in DCD Table 3A-18 and Figure 3H.1-11. As can be seen from
this figure, the soil pressure profile from the SSSI analysis is bounded by the envelope
of the certified design soil pressures from DCD Table 3A-18 and Figure 3H.1-11.
Therefore, the design based on certified design soil pressures is adequate.

Figures 3H.1-1 through 3H.1-6 provide the soil pressure profiles from various SSSI
analyses described in Sections 3H.6.5.3, 3H.6.7 and 3H.7.5.2.2. Also included in these
figures are the design soil pressures. Figure 3H.1-2 shows minor exceedances of the
SSSI seismic soil pressures beyond the DCD soil pressures for the Reactor Building
west wall. However, the induced out-of-plane shear and moment in each wall panel
due to the DCD soil pressures are greater than the out-of-plane shear and moment due
to SSSI soil pressures. Therefore, the exceedances in the SSSI pressures are
acceptable.

As noted in Section 2.5S.4.10.5.4, actual surcharge loads, structural fill properties, and
final configurations of structures are not known at this time. Final earth pressure
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3H-4

calculations are prepared at the project detailed design stage based on the actual
design conditions at each structure, on a case-by-case basis. STP commits to include
the final earth pressure calculations, including actual surcharge loads, structural fill
properties, and final configuration of structures, following completion of the project
detailed design in an update to the FSAR in accordance with 10 CFR 50.71(e) (COM
2.58-3).

The foundation spring constants for mat design are based on settlement calculations.
In the development of settlement estimates, the representative shear wave velocity
value for intervals within a soil column is only one input used in the derivation of the
elastic modulus for layers within that column. Since this derived elastic modulus value
is first adjusted for strain and then weighted with estimated values derived from either
SPT tests (for garanular material) or undrained shear strength tests (for cohesive soils)
the effect of variability of shear wave velocity upon settlement calculations is
significantly attenuated.

Impact of shear wave velocity on foundation spring constants and mat design is
described in Section 3H.1.5.2 where it is concluded that the standard ABWR mat
design is adequate for the STP site.

The effect of settlement due to the flexibility of the structure/basemat and supporting
soil is accounted for through the use of finite element analysis in conjunction with
foundation soil springs, as described in Section 3H.6.6.4. The resulting maximum
calculated ratio of differential foundation settlements (between adjacent points in the
mat finite element model) within the boundary of the RB is 1/1697.

As documented in Subsection 3.4, the STP 3 & 4 site has a design basis flood
elevation that is 182.9 cm (6 ft) above grade. This results in an increase in the flood
level over what was used in the ABWR Standard Plant, however the load due to the
revised flood level, including hydrodynamic drag load due to flood water flow and
hydrodynamic load due to wind generated wave action as described in Section 3.4.2,
on the exterior RB walls is less than the ABWR Standard Plant RB seismic or tornado
loads. The design of above grade RB exterior walls for design basis tornado loading
per Tier 1 Table 5.0, including tornado generated missiles, bounds the design for flood
loading including impact due to floating debris. The design of below grade RB exterior
walls for design basis seismic loading bounds the design for flood loading.

Hence the increased flood loading doesn’t affect the Standard Plant RB structural
design. Increased flood level also increases the buoyancy force resulting in a revised
flotation factor of safety of 2.24. This factor exceeds required factor of safety of 1.1.

The factor of safety against floatation has been calculated and is shown in revised
Table 3H.1-23.

Therefore the STP 3 & 4 RB utilizing the Standard Plant design is structurally
adequate.
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3H.2 Control Building
STP DEP T1 5.0-1

3H.2.4.2.1 Soil Parameters

s Minimum shear wave velocity: n  3056-m/sSee FSAR
Subsections 2.554.4 and
2.58.4.7

m  Poisson ratio: m 031t00.38

= Unit weight s 1.9t022tm°

»n Liquefaction potential: . None

s Minimum Static Soil Bearing n S718.20KPa

Capacity Demanad:

3H.2.4.2.3 Design Basis Flood Level
Design basis flood level is at 8-306/m 182.9 cm befew above grade level.

3H.2.4.2.5 Maximum Rainfall

Design rainfall is 493-503 mm/h. Roof parapets are furnished with scuppers to
supplement roof drains, or are designed without parapets so that excessive ponding of
water cannot occur. Such roof design meets the provision of ASCE 7-88 Section 8.

3H.2.4.3.1.4 Lateral Soil Pressures (H and H’)

The following parameters are used in the computation of lateral soil pressures:

= Dry unit weight: s 1.9t022tm°

m  Shear wave velocity: n  3056m/s See FSAR Subsections
2.5S.4.4and 2.58.4.7

» Internal friction angle: s 30°to 40°

3H.2.6 Site Specific Structural Evaluation
STP DEP 3.5-2

The following site specific supplement addresses the structural evaluation of the site
specific design parameters for STP 3 & 4.

As documented in Subsection 3.3, the ABWR Standard Plant Control Building (CB),
wind loads, and tornado loads bound these site specific parameters for STP 3 & 4. See
Section 3H.11 for hurricane winds and hurricane generated missiles.

Soil spring constants for the undrained condition (i.e. Poisson’s Ratio 0.46 to 0.48) are
higher than spring constants for drained condition (i.e. Poisson’s ratio of 0.15 for clay
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3H-6

layers and 0.30 for sand layers). The calculated vertical spring constant under the mat
foundation of the Control Building (CB) for STP site conditions using drained Poisson’s
ratio of 0.15 ranges from 113 kips/ft3 to 251 kips/ft with 169 kips/ft> for best estimate
case. The calculated horizontal spring constant for the STP site conditions using
drained Poisson’s ratio of 0.15 ranges from 101 kips/ft3 to 241 kips/ft3 with minimum of
152 kips/ft3 for best estimate case. The potential degree of variability is indicated by
the spread of values from lower range to upper range. The soil properties used to
compute these spring constants are strain-compatible and were developed from the
site response analyses described in Section 2.5S.2.5. Soil depths for the vertical and
horizontal mode spring calculations are 1500 ft and 700 ft, respectively. Soil layers at
depths greater than these depths were ignored due to their insignificant contribution to
the spring values.

While the calculated best estimate and upper range STP site-specific soil spring
constants are higher than the best estimate calculated DCD soil spring constants, the
lower range STP site-specific vertical and horizontal soil spring constants are lower by
about 20% and 30%, respectively.

Considering the size and geometry of the CB, arrangement of the exterior and interior
shear walls, thickness of shear walls, and the basemat thickness, the CB basemat is
quite rigid and not significantly sensitive to the soil spring constant values. To
demonstrate this, a three dimensional parametric study was performed where the CB
was subjected to its dead load along with significant seismic moments about the two
horizontal axes and vertical excitation. The CB model was analyzed for two cases,
once with best estimate calculated DCD soil spring constants and the second time with
calculated lower range STP site-specific soil spring constants. Comparison of the
resulting out-of-plane shears and moments from these two analyses show that there is
no significant change in basemat design forces. Based on this parametric study and
the fact that STP site-specific SSE is less than half the standard design SSE, the
ABWR DCD mat design is adequate for the STP site.

As documented in Subsections 2.5S.4.4 and 2.5S.4.7, the shear wave velocity at STP
3&4 site varies both horizontally in a soil stratum and vertically with elevation, and is
lower than the 1,000 ft/sec minimum stated in the DCD. A site specific soil-structure
interaction (SSI) analysis has been performed using the measured values of shear
wave velocity, with appropriate variation to represent the variability at the site, and site
specfic SSE, to demonstrate that the results of the site-specific SSI are bounded by
the standard plant results included in the DCD. This SSI analysis is described in
Appendix 3A.

Figure 3A-302 provides the soil pressure profile between the RB and CB obtained from
SSSI analysis for site-specific Safe Shutdown Earthquake (SSE) along with the design
soil pressures reported in DCD Table 3A-18 and Figure 3H.2-14. As can be seen from
this figure, the soil pressure profile from the SSSI analysis is bounded by the envelope
of the certified design soil pressures from DCD Table 3A-18 and Figure 3H.2-14 with
one exception. The soil pressure from the SSSI analysis slightly exceeds the certified
design soil pressure at a depth of about 26 to 30 feet below the ground surface. At all
other elevations the DCD soil pressures are higher than the site-specific soil pressure.
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Therefore, the total force due to the certified design soil pressure on the wall panel
above or below it will be significantly higher than the total force due to soil pressure
from the SSSI analysis. Therefore, the design based on certified design soil pressures
is adequate.

As noted in Section 2.5S.4.10.5.4, actual surcharge loads, structural fill properties, and
final configurations of structures are not known at this time. Final earth pressure
calculations are prepared at the project detailed design stage based on the actual
design conditions at each structure, on a case-by-case basis. STP commits to include
the final earth pressure calculations, including actual surcharge loads, structural fill
properties, and final configuration of structures, following completion of the project
detailed design in an update to the FSAR in accordance with 10CFR 50.71(e) (COM
2.58-3).

The effect of settlement due to the flexibility of the structure/basemat and supporting
soil is accounted for through the use of finite element analysis in conjunction with
foundation soil springs, as described in Section 3H.6.6.4. The resulting maximum
calculated ratio of differential foundation settlements (between adjacent points in the
mat finite element model) within the boundary of the CB is 1/928.

As documented in Subsection 3.4, the STP 3 & 4 site has a basis flood elevation that
is 182.9 cm (6 ft) above grade. This results in an increase in the flood level over what
was used in the ABWR Standard Plant, however the load due to the revised flood level,
including hydrodynamic drag load due to flood water flow and hydrodynamic load due
to wind generated wave action as described in Section 3.4.2, on the exterior CB walls
is less than the ABWR Standard Plant seismic or tornado loads. The design of above
grade CB exterior walls for design basis tornado loading per Tier 1 Table 5.0, including
tornado generated missiles bounds the design for flood loading including impact due
to floating debris. The design of below grade CB exterior walls for design basis seismic
loading bounds the design for flood loading. Hence the increased flood loading does
not affect the Standard Plant CB structural design. Increased flood level also increases
the buoyancy force resulting in a revised flotation factor of safety of 1.3. This factor
exceeds required factor of safety of 1.1.

The factor of safety against floatation has been calculated and is shown in revised
Table 3H.2-5.

Therefore the STP 3 & 4 CB utilizing the Standard Plant design is structurally
adequate.

3H.3 Radwaste Building

This section of the reference ABWR DCD including all subsections, figures, and tables
is replaced completely. This is due to departures taken in the design of the liquid and
solid radioactive waste system.

STD DEP T1 2.15-1
STD DEP 11.2-1
STD DEP 11.4-1
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STD DEP 3.8-1
STP DEP 3.5-2

The Radwaste Building is a reinforced concrete structure located about 20 feet west of
the Reactor building. It is designed in accordance with the requirements of RG 1.143.
Also, since the above grade height of this building exceeds the distance to the Reactor
Building, to ensure that the integrity of the Reactor Building is maintained, the
Radwaste Building design shall satisfy I/l requirements (i.e. it can not collapse or come
in contact with the Reactor Building under SSE and tornado and hurricane loads).

The RWB is classified as RW-Ila (High Hazard) in accordance with RG 1.143. A
summary of the extreme environmental design parameters is presented in Table
3H.9-1. See Section 3H.11 for hurricane winds and hurricane generated missiles.

The analysis and design of the Radwaste building are based on the following:
A) Criteria for Design Basis:

» Design basis analysis and design are per requirements of RG 1.143 for RW-lla
classification.

» Loads, load combinations, codes & standards, and capacity criteria are in
accordance with Tables 1, 2, 3, and 4 of RG 1.143.

m  Design of structural components is per ACI 349-97 and AISC/N690 (1984).
B) Criteria for 1/l evaluation:

m  The ll/l evaluations are performed for both SSE and Tornado.

m  The ll/l evaluations are based on elastic design.

m The seismic response spectra are the envelop of 0.3g RG 1.60 response spectra
and the resulting SSE response spectra at the ground surface of the Radwaste
Building considering the effect of presence of the Reactor Building when subjected
to site-specific SSE. This satisfies the requirement noted in item (3) of DCD Tier 2
Section 3.7.2.8.

m  Tornado design parameters will be those for the Standard Plant Seismic Category
| structures (i.e. 300 mph tornado).

3H.3.1 Objective and Scope

3H-8

The scope of this subsection is to document the structural design and analysis of the
Radwaste Building (RWB) for STP Units 3 & 4. The RWB is not a Seismic Category |
structure. The RWB is classified as RW-Ila (High Hazard) for STP 3 & 4 site per
Regulatory Guide (RG) 1.143 and designed to meet or exceed applicable
requirements of RG 1.143.
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Due to its close proximity to safety-related seismic category | structures, the RWB
structure is also designed to meet Seismic Il/l requirements to ensure that the building
does not collapse on the nearby safety-related buildings.

3H.3.2 Summary

The following are the major summary conclusions on the design and analysis of the
Radwaste Building:

m The provided concrete reinforcement listed in Tables 3H.3-3 and 3H.3-4 meet the
requirements of the design codes and standards listed in Section 3H.3.4.

m The provided structural steel listed in Table 3H.3-5 meets the requirements of the
design codes and standards listed in Section 3H.3.4.

»  The factors of safety against flotation, sliding, and overturning of the structure
under various loading combinations are higher than the required minimum factors
of safety as shown in Table 3H.6-14.

3H.3.3 Structural Description

The Radwaste Building (RWB) for each STP unit houses the liquid and solid radwaste
treatment and storage facilities, and radwaste processing and handling areas. The
RWB is a reinforced concrete structure consisting of walls and slabs supported by a
mat foundation. Liquid radwaste storage tanks are housed inside concrete cubicles
located below grade at basement level. These cubicles are lined with steel liner plates
to eliminate migration of any liquid outside the concrete cubicles. Metal decking
supported by steel framing is used as form work to support the slabs during
construction.

Radwaste Building floor plans and sections are shown in Figures 3H.3-54 through
3H.3-60.The minimum thickness of the below grade exterior walls of the RWB is 4 ft.
The above grade exterior walls are 3 ft thick. The slab at elevation 35 ft MSL is
comprised of 2 ft, 4 ft and 5 ft thick slabs. The foundation mat is 12 ft thick. The roof is
1.25 ft thick slab on metal decking.

3H.3.4 Structural Design Criteria

3H.3.4.1 Design Codes and Standards

The RWB is designed to meet the design requirements of RG 1.143 Revision 2 and
also satisfy the Seismic I/l requirements that it does not collapse on the adjacent
safety related structures in the proximity of the RWB under seismic and tornado
loadings. The following codes, standards, and regulatory documents are applicable for
the design of the RWB.

m  ASCE 4-98, “Seismic Analysis of Safety-Related Nuclear Structures and
Commentary”
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ACI 349-97, “Code Requirements for Nuclear Safety-Related Concrete Structures
and Commentary”

ANSI/AISC N690, 1984 “Specifications for the Design, Fabrication and Erection of
Steel Safety-Related Structures for Nuclear Facilities”

AWS D1.1 “Steel Structural Welding Code”, 2000
ASCE 7-95, “Minimum Design Loads for Buildings and Other Structures”

NRC RG 1.143, “Design Guidance for Radioactive Waste Management Systems,
Structures, and Components Installed in Light-Water-Cooled Nuclear Power
Plants,” Rev. 2, November 2001

NUREG-0800 SRP 3.3.2, “Tornado Loadings,” Rev. 2, July 1981

NRC RG 1.142, “Safety-Related Concrete Structures for Nuclear Power Plants
(Other Than Reactor Vessels and Containments),” Rev 2, November 2001

NRC RG 1.76, “Design-Basis Tornado and Tornado Missiles for Nuclear Power
Plants,” Rev 1, March 2007.

3H.3.4.2 Site Design Parameters

3H.3.4.2.1 Soil Parameters

3H-10

Poisson’s ratio (above groundwater).............ccc 0.42
Poisson’s ratio (below groundwater) ..............cccc 0.47
Unit Weight (MOiSt).......coooiiiiiii e 120 pcf
Unit Weight (saturated) ... 140 pcf
Liquefaction potential ..............ccc . None
Static Soil Bearing Pressure (plus weight of 2 ft of fill concrete)................... 9.8 ksf
Ultimate Static Soil Bearing Capacity..............ccccoiiiiiiiiiiiiie 91.1 ksf
Static Soil Bearing Capacity Factor of Safety........ccccccvvveiiiiiii, 293
Dynamic Soil Bearing PreSSUre:..........euuiiiiiiiiiiiiieeeeeeeeeeeeeeeeeeeeeeeeeeee e 11.0 ksf
Ultimate Dynamic Soil Bearing Capacity............cccooeiiiiiiiiiiiiiiiieen 71.4 ksf
Dynamic Soil Bearing Capacity Factor of Safety........................cool. 26.5

The soil bearing pressure capacities noted above are determined using the
methodology described in Section 2.5S.4.
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3H.3.4.2.2 Design Ground Water Level

Design groundwater level is at elevation 32 feet MSL, as shown in DCD, Tier 1, Table
5.0. This value bounds the groundwater elevations discussed in Section 2.4S5.12.

3H.3.4.2.3 Design Flood Level

Design flood level is 33 feet MSL, as shown in DCD, Tier 1, Table 5.0. This flood level
is above the level resulting from one-half of the PMF (RG 1.143 requirement) described
in Section 2.4S.3.

3H.3.4.2.4 Maximum Snow Load

Roof snow load is 50 psf (2.39 kPa) as shown in DCD Tier 1 Table 5.0. This snow load
is very conservative for the STP 3 & 4 site. This load is not combined with normal roof
live load.

3H.3.4.2.5 Maximum Rainfall

Design rainfall is 19.4 in/hr (50.3 cm/hr) as shown in COLA Part 2 Tier 1 Table 5.0. This
load is not combined with normal roof live load.

3H.3.4.3 Design Loads and Load Combinations

The RWB is not subjected to any accident temperature or pressure loading. Under
ambient conditions, the uniform temperature changes and thermal gradients within the
structure are less than 50°F and 100°F, respectively. Referring to article 1.3 of ACI
349.1R-07, for such thermal conditions explicit consideration of ambient temperature
effects is not warranted.

3H.3.4.3.1 Normal Loads

Normal loads are those that are encountered during normal plant startup, operation,
and shutdown.

3H.3.4.3.1.1 Dead Loads (D)

Dead loads include the weight of the structure, permanent equipment, and other
permanent static loads. An additional 50 psf (2.39 kPa) uniform load is considered to
account for dead loads due to piping, raceways, grating, and HVAC duct work.

3H.3.4.3.1.2 Live Loads (L)

Live loads include floor and roof area live loads, movable loads, and laydown loads. A
minimum normal floor live load of 200 psf (9.6 kPa) is considered for all floors of the
RWB. A normal live load of 50 psf (2.39 kPa) is considered for the roof. The floor area
live load shall be omitted from areas occupied by equipment whose weight is included
in the dead load.

For the computation of global seismic loads, the live load is limited to the expected live
load present during normal plant operation which is defined as 25% of the normal floor
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and roof live loads. However, design of local elements such as beams and slabs is
based on consideration of full normal live load.

3H.3.4.3.1.3 Snow Loads

The normal roof snow load is 50 psf. This load is not combined with normal roof live
load.

3H.3.4.3.1.4 Lateral Soil Pressures (H and H’)

Lateral soil pressures are calculated using the following soil properties.

. Unitweight (Moist)i.......ccco 120 pcf (1.92 t/m3)
m  Unit weight (saturated): ... 140 pcf (2.24 t/m3)
mInternal friction @ngle: ... 30°
m  Poisson’s ratio (above groundwater).............cooo oo, 0.42
m  Poisson’s ratio (below groundwater) ..., 0.47

Figure 3H.3-1 shows the at-rest lateral soil pressures. Figure 3H.3-2 shows the
dynamic at-rest lateral soil pressures. Figure 3H.3-3 shows the active lateral earth
pressures. Figure 3H.3-4 shows the passive lateral earth pressures.

The RWB east wall is designed for lateral seismic soil pressures shown in Figure
3H.3-50. These soil pressures consider the structure-soil-structure interaction (SSSI)
between the RWB, RSW piping Tunnel, and RB. For details of this SSSI analysis, see
Section 3H.6.5.3.

Figure 3H.3-51 shows seismic soil pressure used for the design of RWB west wall and
the seismic soil pressure considering the SSSI between the RWB, RSW Piping Tunnel,
and RB described in Section 3H.6.5.3. This figure shows a minor exceedance of the
SSSI seismic soil pressure beyond the design dynamic soil pressure. However, the
induced out-of-plane shear and moment in each wall panel due to the design soil
pressures are greater than the out-of-plane shear and moment due to SSSI soil
pressures. Therefore, the exceedance in the SSSI pressures is acceptable.

3H.3.4.3.2 Severe Environmental Load

Severe environmental loads consist of loads generated by wind and earthquake.

3H.3.4.3.2.1 Wind Load (W)

3H-12

The following parameters are used in the computation of the wind loads.

m Basic wind speed (50 year recurrence interval, 3-second gust)................ 126 mph
(203 km/h), as shown in Table 2.0-2. This value envelops the value derived from
ASCE 7-95 (RG 1.143 requirement) for STP 3 & 4 site.
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o 1 = D
IMportance factor: ..., 1.15
Velocity pressure exposure coefficient per ASCE 7 Table 6-3, but = 0.87

B o] oY To [ r=To] o [e3h =Te1 (o ] (R 1.0

Wind directionality factor ..............eeeiiiiiiii 1.0

Wind loads are calculated in accordance with the provisions of Chapter 6 of
ASCE 7-95.

3H.3.4.3.2.2 Earthquake (E,)

The earthquake loads are those due to one-half of the Safe Shutdown Earthquake
(SSE) defined in DCD Tier 1, Table 5.0. This corresponds to the Regulatory Guide
1.60 response spectra anchored to 0.15¢g. The earthquake loads are applied in all three
orthogonal directions. The total structural response is predicted by combining the
applicable maximum co-directional responses by the square root of the sum of the
squares (SRSS) method.

3H.3.4.3.2.3 Flood Load (FL)
The flood level is at 33 feet MSL, as stated in Section 3H.3.4.2.3 above.

3H.3.4.3.3 Extreme Environmental Load

Extreme environmental loads consist of loads generated by tornado.

3H.3.4.3.3.1

Tornado Loads

The tornado load effects consist of wind pressure, differential pressure, and tornado
generated missile loads. The tornado parameters are as follows:

Tornado parameters are equal to three-fifths of the Region 1 tornado parameters
defined in Table 1 of RG 1.76, Rev. 1. The Region 1 maximum tornado wind speed
and pressure drop per Table 1 of RG 1.76, Rev. 1 are 230 mph and 1.2 psi,
respectively. Three-fifths of 230 mph equals 138 mph and three-fifths of 1.2 psi
equals 0.72 psi.

Tornado missile parameters are in accordance with Table 2 of RG 1.143 Revision
2 for RW-lla classification

3H.3.4.3.3.2 Malevolent Vehicle Assault

The RWB is protected from malevolent vehicle assault in accordance with Regulatory
Guide 5.68.
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3H.3.4.3.3.3 Accidental Explosion

In accordance with Table 2 of RG 1.143 Revision 2 for RW-Ila classification, accidental
explosion hazards have been evaluated and found not to pose any hazards to the
Radwaste Building.

3H.3.4.3.3.4 Small Aircraft Crash

As discussed in FSAR Section 2.2S.2.7, the methodology described in NUREG-0800
section 3.5.1.6, RG 1.117 and DOE-STD-3014-96 was used to determine that the risks
due to aircraft hazards are sufficiently low and are not considered in the design of
SSCs at the STP 3&4 site.

3H.3.4.3.4 Load Combinations

3H.3.4.3.4.1 Notations

S = Normal allowable stress for allowable stress design method
U = Required strength for strength design method

D = Dead load
F

= Load due to weight and pressure of fluid with well-defined density and controllable
maximum height

FL = Hydrostatic and hydrodynamic load due to flood

L = Live load

Ro = Piping and equipment reaction under normal operating condition (excluding dead load,
thermal expansion and seismic)

To = Normal operating thermal expansion loads from piping and equipment

Ty = Upset thermal expansion loads from piping and equipment

H = Lateral soil pressure and groundwater effects

H' = Lateral soil pressure and groundwater effects, including dynamic effects

w = Wind load

W = Total tornado load, including missile effects

Eo = Earthquake load

3H.3.4.3.4.2 Structural Steel Load Combinations
S=D+L+F+H+R,+T,

1.33§=D+L+F+H+R,+ Ty,

1.338=D+L+F+H+R,+ Ty +W
1.33S=D+L+F+H +R,+ T, +E,
1.338=D+L+F+H+R,+T,+FL
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165NN =D+ | + F+H+R,+Ty+ W,

For the computation of global seismic loads, the live load is limited to the expected live
load present during normal plant operation which is defined as 25% of the normal floor
and roof live loads. However, design of local elements such as beams and slabs is
based on consideration of full normal live load.

Note 1: The stress limit coefficient in shear shall not exceed 1.4 in members and bolts.

3H.3.4.3.4.3 Reinforced Concrete Load Combinations
U=14D+1.7L+14F +1.7TH + 1.7R, + 1.7T,

U=14D +1.7L + 1.4F + 1.7H + 1.7R, + 1.7T,,
U=14D +1.7L + 1.4F + 1.7H + 1.7R, + 1.7T, + 1.7W
U=14D + 1.7L + 1.4F + 1.7H' + 1.7R, + 1.7T, + 1.7E,
U=D+L+F+H+R,+Ty+FL
U=D+L+F+H+R,+Ty+W,

For the computation of global seismic loads, the live load is limited to the expected live
load present during normal plant operation which is defined as 25% of the normal floor
and roof live loads. However, design of local elements such as beams and slabs is
based on consideration of full normal live load

3H.3.4.4 Materials

Structural materials used in the design of RWB are as follows:

3H.3.4.4.1 Reinforced Concrete

Concrete conforms to the requirements of ACI 349. Its design properties are:

m Compressive strength ..., 4.0 ksi (27.6 MPa)
m  Modulus of elastiCity ...........ccoe 3,597 ksi (24.8 GPa)
B Shearmodulus ... 1,537 ksi (10.6 GPa)
B POISSON’S A0 ...eiiiiiiiii e 0.17

3H.3.4.4.2 Reinforcement

Deformed billet steel reinforcing bars are considered in the design. Reinforcement
conforms to the requirements of ASTM A615. Its design properties are:

m Yieldstrength ..o 60 ksi (414 MPa)

m Tensilestrength ... 90 ksi (621 MPa)
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3H.3.4.4.3 Structural Steel

High strength, low-alloy structural steel conforming to ASTM A572, Grade 50 is
considered in the design for wide-flange sections. The steel design properties are:

m Yieldstrength ... 50 ksi (345 MPa)

m Tensilestrength ... 65 ksi (448 MPa)

3H.3.4.4.4 Steel Grating

Bearing bars conforming to ASTM A1011 are considered in the design. The design
property is:

m Yieldstrength ..o 30 to 50 ksi (207 to 345 MPa)

3H.3.4.4.5 Anchor Bolts

Material for anchor bolts conforms to the requirements of ASTM F1554 (preferred
anchor bolt material endorsed by ANSI/AISC N690-12), Grade 36. Its design
properties are:

m Yieldstrength ..o 36 ksi (248 MPa)

m Tensilestrength ... 58 ksi (400 MPa)

3H.3.5 Structural Design and Analysis Summary
3H.3.5.1 Seismic Analysis

Two types of seismic analyses are performed for the RWB. The analysis and design of
the RWB as well as the I/l design is performed using response spectrum analysis of a
SAP2000 3D finite element model described in Section 3H.3.5.2. The II/l stability
evaluation of the RWB is performed using the base shears and moments obtained from
response spectrum analysis of a fixed base stick model described below. This fixed
base stick model is also used for obtaining the seismic in-plane shears and moments
of the exterior walls reported in Table 3H.3-1 and the structural frequencies reported
in Table 3H.3-2.

In the fixed base stick model, the structure is represented by a lumped-mass model
consisting of structural masses lumped at selected nodes which are connected by
massless elements representing the stiffness properties of the shear walls between
the nodes. The building masses are lumped at elevations where the building weights
are concentrated such as the floors and roof.

For modeling reinforced concrete shear wall elements, the shear walls in each
particular vibration direction are identified. The stiffness of a shear wall along its length
consists of a combination of its shear stiffness and its flexural stiffness, both of which
are calculated individually and combined to obtain the stiffness of the wall.
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3H.3.5.2 Analysis and Design

The analysis and design of the RWB is performed using a SAP2000 3D finite element
model with shell and frame elements, as shown in Figures 3H.3-5 through 3H.3-7. The
seismic loads are obtained from response spectrum analysis of this model. The input
motion for this response spectrum analysis is the Regulatory Guide 1.60 response
spectra for 0.15g.

The RWB SAP2000 finite element model includes uniform foundation soil springs. The
RWB basemat is 12 ft. thick and it is stiffened with interior shear walls arranged
approximately every 30 ft. in both the east-west and the north-south directions.
Therefore, no significant dishing of the mat is expected and the use of uniform
foundation soil springs is appropriate. The static subgrade reaction modulus for the
vertical springs is 50 kips/ft/ftz. The dynamic subgrade reaction modulus for the vertical
springs is 184 kips/ft/ft2.

Per Table 1 of RG 1.143 Revision 2, all concrete and steel designs are in accordance
with the ACI 349-97 and ANSI/AISC N690, 1984 code requirements, respectively.

The forces and moments at critical locations in the Radwaste Building along with the
provided longitudinal and transverse reinforcement are included in Table 3H.3-3 for the
exterior walls and Table 3H.3-4 for the basemat, roof slab, and operating floor
(elevation 35’-0”) slab. Figures 3H.3-8 through 3H.3-27 show the location of the
reinforcement zones listed in Table 3H.3-3 for the exterior walls. Figures 3H.3-28
through 3H.3-42 show the location of the reinforcement zones listed in Table 3H.3-4
for the basemat, roof slab, and operating floor slab. Figure 3H.3-53 shows the labeling
convention for the walls and slabs of the RWB used for presenting the analysis results.

The structural steel member sizes, critical forces, safety margins, and governing load
combinations for the operating floor beams, roof truss members, and roof purlins are
shown in Table 3H.3-5. The layout of the operating floor steel beams is shown in
Figures 3H.3-43 through 3H.3-46. The layout of the roof truss members and roof
purlins are shown in Figure 3H.3-47. The typical east-west spanning truss and typical
north-south spanning truss are shown in Figures 3H.3-48 and 3H.3-49, respectively.

3H.3.5.3 Seismic ll/l Evaluation

The seismic I/l evaluation for the RWB is performed to ensure that the RWB will not
collapse on the nearby Category | structures. The analysis and design for Il/1 is
performed using a SAP2000 3D finite element model with shell and frame elements,
as shown in Figures 3H.3-5 through 3H.3-7. The seismic loads are obtained from
response spectrum analysis of this model. The earthquake input used at the
foundation level is the envelope of 0.3g RG 1.60 response spectrum and the induced
acceleration response spectrum due to site-specific SSE that is determined from an
SSI analysis which accounts for the impact of the nearby Reactor Building (RB). In this
SSI analysis, five interaction nodes at ground surface are added to the three
dimensional SSI model of the RB. These five interaction nodes correspond to the four
corners and the center of the RWB foundation. The average response of these five
interaction nodes is enveloped with the 0.3g RG 1.60 spectra to determine the SSE
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input at the foundation level. The structure is conservatively designed to remain elastic
for this evaluation.

For tornado parameters, including the missiles, the same parameters as those defined
in DCD Tier 1 Table 5.0 are used. For flood, the extreme flood level of 40 ft (12.2 m)
MSL is used, which is caused by the Main Cooling Reservoir dike breach. The
evaluation requirements for this flood, including hydrodynamic and flooding debris
loading, are included in Section 3.4.2.

The 1l/1 stability evaluations for sliding and overturning are performed using the seismic
input motion described in Section 3.7.2.8 and 3.7.3.16 and other site-specific
parameters such as soil properties. The seismic demands for I/l stability evaluation
are determined by response spectrum analysis of the fixed base stick model described
in Section 3H.3.5.1. Figure 3H.3-52 outlines the methodology followed for the seismic
II/1 stability evaluation of the RWB.

3H.3.5.3.1 Load Combinations

The following load combinations, in addition to the extreme environmental load
combinations from Sections 3H.3.4.3.4 are used for Seismic I/l considerations.

3H.3.5.3.1.1 Notations

E’ = Safe Shutdown Earthquake load (as discussed in Section 3H.3.5.3 above) Other
loads are as defined in Section 3H.3.4.3.4.1.

3H.3.5.3.1.2 Structural Steel Load Combinations

168NN =pD+| +F+H +Ro+To+FE

For the computation of global seismic loads, the live load is limited to the expected live
load present during normal plant operation which is defined as 25% of the normal floor
and roof live loads.

Note 1: The stress limit coefficient in shear shall not exceed 1.4 in members and bolts.

3H.3.5.3.1.3 Reinforced Concrete Load Combinations

U=D+L+F+H +Ro+To+F

For the computation of global seismic loads, the live load is limited to the expected live
load present during normal plant operation which is defined as 25% of the normal floor
and roof live loads.

3H.5 Structural Analysis Reports

3H-18

STD DEP T1 2.15-1
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3H.5.3 Structural Analysis Report for the Reactor Building, Control Building and-

and Diesel Generator Fuel Oil Tunnels

3H.5.4 Structural Analysis Report For the Reactor Building; and Control Building
and-Radwaste-Buildirg-Foundation

3H.5.5 Structural Analysis Report For The Radwaste Building (Including Radwaste
Tunnels) and TheTurbine Building

STD DEP 1.8-1
STD DEP T1 2.15-1

The RW/B (including Radwaste Tunnels) and 7/B fsare not classified as a-Seismic
Category 1 structures. Hewever—the-buildingsThe T/B is designed such that damage
to safety-related functions does not occur under seismic loads corresponding to the
safe shutdown earthquake (SSE) ground acceleration. The RW/B (including Radwaste
Tunnels) is designed per Regulatory Guide 1.143 with Ila Classification.

For material properties and dimensions, assess compliance of the as-built structure
with design requirements in Section 3.7.3.16, Table 3.2-1 and the International
Building Code (IBC)YrifermBuilding-Code{UBG) for the Turbine Building and
Regulatory Guide 1.143 for the Radwaste Building (including Radwaste Tunnels)-ard-

Construction deviations and design changes will be assessed to determine appropriate
disposition.

This disposition will be accepted “as-is,” provided the following acceptance criteria are
met:

m The structural design meets the acceptance criteria and load combinations of
Section 3.7.3.16 and the IBCHYBE-code for the Turbine Building and Regulatory
Guide 1.143 for the Radwaste Building (including Radwaste Tunnels).

3H.5.6 Structural Analysis Report For The Ultimate Heat Sink/ Reactor Service
Water Pump House Structure, Reactor Service Water Piping Tunnel and
Diesel Generator Fuel Oil Storage Vault

A structural analysis report will be prepared. It will document the following activities
associated to the construction materials and as-built dimensions of the structures:

(1) Review of construction records for material properties used in construction
(i.e., in-process testing of concrete properties and procurement specifications
for structural steel and reinforcing bars).

(2) Inspection of as-built structure dimensions.

For material properties and dimensions, assess compliance of the as-built structure
with design requirements in the Subsection 3H.6 and in the detail design documents.
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Construction deviations and design changes will be assessed to determine appropriate
disposition.

This disposition will be accepted "as-is," provided the following acceptance criteria are
met:

m  The structural design meets the acceptance criteria and load combinations of
Appendix 3H, Section 3H.6.

m  The dynamic responses (i.e., spectra, shear forces, axial forces and moments) of
the as-built structure are bounded by the spectra in Appendix 3H, Section 3H.6.

Depending upon the extent of the deviation or design changes, compliance with the
acceptance criteria can be determined by either:

(a) Analyses or evaluations of construction deviations and design changes,
or

(b) The design basis analyses will be repeated using the as-built condition.

3H.6 Site-Specific Seismic Category | Structures

The following site-specific supplement addresses site specific Seismic Category |
structures.

3H.6.1 Objective and Scope
The objective of this appendix is to describe the structural analysis and design of the
STP 3 & 4 site-specific seismic Category | structures that are identified below.

(1) Ultimate Heat Sink (UHS) for each unit consists of a water retaining basin
with enclosed cooling towers situated above the basin and a Reactor Service
Water (RSW) pump house that is integral with the UHS basin.

(2) RSW piping tunnel for each unit.
(3) Diesel Generator Fuel Oil Storage Vault for each unit.

The details of analysis and design for Items (1) and (2) are provided in Sections 3H.6.2
through 3H.6.6. The details for Iltem (3) are provided in Section 3H.6.7.

3H.6.2 Summary

A summary of the extreme environmental design parameters is presented in Table
3H.9-1. See Section 3H.11 for hurricane winds and hurricane generated missiles.

For the design of the UHS basin and the pump house of each unit, the seismic effects
were determined by performing a soil-structure interaction (SSI) analysis, as described
in Subsection 3H.6.5. The free-field ground response spectra used in the analysis are
described in Subsection 3H.6.5.1.1.1. The resulting seismic loads were used in
combination with other applicable loads to develop designs of the structures.
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Hydrodynamic effects of the water in the basin were considered. The following results
for the UHS/RSW Pump House are presented in tables and figures, as indicated.
Results for the RSW Piping Tunnel are presented in Sections 3H.6.5.3 and 3H.6.6.2.2.

Natural frequencies (Table 3H.6-3).

Seismic accelerations (Table 3H.6-4).

Seismic displacements (Table 3H.6-4).

Floor response spectra (Figures 3H.6-16 through 3H.6-39).

Factors of safety against sliding, overturning, and flotation (Table 3H.6-5).

Combined forces and moments at critical locations in the structures along with
required and provided rebar (Tables 3H.6-7 through 3H.6-9 and Figures 3H.6-51
through 3H.6-136).

Lateral soil pressures for design (Figures 3H.6-41 through 3H.6-43, Figures 3H.6-
218 through 3H.6-220, and Figures 3H.6-232 through 3H.6-240).

Lateral soil pressures for stability evaluation during normal operation (Figures
3H.6-45 through 3H.6-50)

Tornado evaluation results (Table 3H.6-10)

The final combined responses are used to evaluate the designs against the following
criteria:

Stresses in concrete and reinforcement are less than the allowable stresses in
accordance with the applicable codes listed in Subsection 3H.6.4.1.

The factors of safety against flotation, sliding, and overturning of the structures
under various loading combinations are higher than the required minimum values
identified in Subsection 3H.6.4.5.

The calculated static and dynamic soil bearing pressures/displacements are less
than the allowable values.

The thickness of the roof slabs and exterior walls are more than the minimum
required to preclude penetration, perforation, or spalling resulting from impact of
design basis tornado and hurricane missiles. In addition, the passage of tornado
and hurricane missiles through openings in the roof slabs and exterior walls is
prevented by the use of missile-proof covers and doors, or the trajectory of missiles
through ventilation openings is limited by labyrinth walls configured to prevent
safety-related substructures and components from being impacted.

The RSW piping tunnel seismic analysis has been performed using SSI analysis, as
discussed in Section 3H.6.5.3.
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3H.6.3 Structural Descriptions

3H.6.3.1

The site-specific Seismic Category | structures at STP 3 & 4 consist of one set of the
following for each unit: UHS basin, enclosed UHS cooling towers located on top of the
basin, RSW pump house contiguous with and adjacent to the UHS basin, and buried
RSW piping tunnels and access shafts to the tunnels (see Figures 1.2-34 through
1.2-36). Each UHS basin and RSW pump house has a 10-ft (3.05-m) thick foundation
mat and are connected at a common wall; and the RSW piping tunnels extend from the
pump house to the Control Buildings. Each of these structures is described in more
detail in the following subsections.

Ultimate Heat Sink Basin

The UHS basin is a rectangular reinforced concrete structure with inner dimensions of
280 ft (85.34 m) by 132 ft (40.23 m) and serves as the reservoir for the RSW system.
The walls of the basin are 6 ft (1.83 m) thick and extend from an elevation of 97.5 ft
(29.72 m) MSL down to an elevation of 14 ft (4.27 m) MSL. The walls are braced by
6 ft (1.83m) thick buttresses spaced at a maximum of 50 ft (15.24 m) and are supported
ona 312t (95.10 m) by 164 ft (49.99 m) by 10 ft (3.05 m) thick mat foundation, poured
on a lean concrete mud mat. The mud mat is poured directly on the in-situ soil. Each
UHS includes three independent divisions of mechanical cooling towers, with two
dedicated cooling towers in each division. Plans and sections of the UHS basin and
cooling towers are shown in Figures 3H.6-259 through 3H.6-262. The pump house is
contiguous with the UHS basin and its walls extend from an elevation of -18 ft (-5.49 m)
MSL to an elevation of 50 ft (15.24 m) MSL.

As noted in Subsection 9.2.5.5.2, the seepage loss estimated during the 30 days of
operation following a design basis accident, with no makeup available, is within the
acceptance criteria for standard hydrostatic test HST-025, as defined in ACI 350.1.

3H.6.3.2 Ultimate Heat Sink Cooling Tower Enclosures

3H-22

The_cooling tower enclosure for each unit is a reinforced concrete structure housing
the equipment used to cool the water for the RSW system. The enclosure is located
above the UHS basin and is supported by reinforced concrete columns anchored to
the basin mat foundation. All of the columns are 5 ft (1.52 m) by 5 ft (1.52 m), except
for three which are 5 ft (1.52 m) by 12 ft (3.66 m), see Figure 3H.6-259. The enclosure
is 292 ft (89.0 m) long by 52 ft (15.85 m) wide and extends from the top of the UHS
basin walls to elevation 153 ft (46.63 m) MSL. See Figure 3H.6-260 for a plan view of
the cooling tower and Figures 3H.6-261 and 3H.6-262 for section views. The exterior
east-west walls of the enclosure are 2 ft (0.61 m) thick, and the exterior north-south
walls are 6 ft (1.83 m) thick. Each enclosure is divided into six compartments or cells,
with each compartment housing a fan and associated equipment. The interior walls
dividing the compartments are 2 ft (0.61 m) thick. The concrete beams spanning below
each interior wall are 4 ft (1.22 m) by 4.5 ft (1.37 m). Openings are provided at the base
of each compartment to allow for the flow of water. Each compartment includes a
common basin at the base of the structure, air intake, and substructures and
components used to cool the water (fill, drift eliminators, spray system piping and
nozzles, and the associated concrete support beams). The air intakes for each
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compartment are located at the bottom of the enclosures and are configured to
eliminate the trajectory of tornado and hurricane missiles into the enclosures, thereby
preventing damage to safety-related components. In addition, each compartment
includes a reinforced concrete fan deck that supports the fan and the associated motor.
Finally, heavy steel grating, which is supported by structural steel beams, is installed
at the top of each compartment. This grating allows for the passage of air out of the
compartment and prevents the intrusion of tornado and hurricane wind-borne missiles.
The clear spacing of the grating bars is 15/16 inch to prevent entrance of 1 inch steel
sphere missiles.

3H.6.3.3 Reactor Service Water Pump Houses

The two RSW pump houses are reinforced concrete structures that are continguous
with the UHS basins and house the RSW pumps (six pumps per pump house, with
three RSW divisions, and two pumps per division) and their associated auxiliaries.
Plan views of the RSW Pump houses are shown in Figures 3H.6-258 through
3H.6-260. A section view is shown in Figure 3H.6-261. Each set of pumps extracts
water for the RSW system from the basin. The operating floor of each pump house is
divided into three separate rooms (one per RSW division), each containing two pump
drivers and associated equipment, including self-cleaning strainers. There is also an
access tunnel through which the RSW system piping is routed to and from the
corresponding control building.

The exterior walls of each pump house and the interior walls dividing the pump bay
are integral with the UHS basin walls. The exterior walls of the pump house are 6 ft
thick (1.83 m), and the interior walls are 4 ft (1.22 m) thick. The pump bay for each
pump house measures approximately 44 ft (13.41 m) by 72 ft (21.95 m) in plan with the
top of the bay slab being located at elevation -18ft (-5.49 m). The operating floor is at
elevation 14 ft (4.27 m) and measures 138 ft (42.06 m) by 72 ft (21.95 m) in plan. The
pump house operating floor is 1.75 ft (0.53 m) thick. Covered openings are provided in
the roof of each pump house, which is located at elevation 50 ft (15.24 m), to allow for
the removal of the six pumps. The pump house roof is 1.75 ft (0.53 m) thick.

3H.6.3.4 Reactor Service Water Piping Tunnels

The three RSW piping tunnels, one for each RSW division, are reinforced concrete
structures configured in a stacked arrangement. The tunnel is 17°-0” (5.18 m) wide and
has an overall height of 40’-0” (12.2 m). They extend from each pump room to the
control building. The three tunnels are separated by reinforced concrete slabs, which
serve to isolate the supply and return lines and associated equipment for each of the
three divisions. Access to the tunnels from the surface, for inspections and
maintenance activities, is provided by reinforced concrete personnel access shafts.
The interfaces between the tunnels and the pump houses and control buildings are
configured to allow relative movement between the tunnels and structures. Figure
3H.6-248 provides a plan view of the RSW piping tunnels, and Figure 3H.6-249
provides a typical section of the main tunnel. Figures 3H.6-258 through 3H.6-261
provide plan and section views of the RSW piping tunnels adjacent to the RSW Pump
House.
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3H.6.4 Structural Design Criteria

3H.6.4.1 Design Codes and Standards

Code Requirements for Nuclear Safety-Related Concrete Structures (ACI 349), as
supplemented by RG 1.142

Code Requirements for Environmental Engineering Concrete Structures (ACI 350)

American National Standard Specification for the Design, Fabrication, and Erection
of Steel Safety-Related Structures for Nuclear Facilities (ANSI/AISC N690)

Tightness Testing of Environmental Engineering Concrete Structures (ACI 350.1)
Minimum Design Loads for Buildings and Other Structures (ASCE/SEI 7)

Seismic Analysis of Safety-Related Nuclear Structures and Commentary (ASCE 4)
Structural Welding Code — Steel (AWS D1.1)

Regulatory Guide 1.76, Design Basis Tornado and Tornado Missiles for Nuclear
Power Plants

Regulatory Guide 1.61 — Damping Values for Seismic Design of Nuclear Power
Plants

3H.6.4.2 Site Design Parameters

3H.6.4.2.1 Soil Parameters

Poisson’s ratio (above groundwater):...........cccooooiiiiii 0.42
Poisson’s ratio (below groundwater): ............cccoooiiii 0.47
UNit WEIGNE (MOISE): vttt 120 pcf (1.92 t/m3)
Unit Weight (SAHUrALEA): ...t 140 pcf (2.24 t/m3)
Liquefaction potential: ..., None
Static Soil Bearing Capacity:.......ccccccvvvvvveeveeennnn. See FSAR Subsection 2.55.4.10
*Dynamic Soil Bearing Capacity:........ccccceeeveeeeeen. See FSAR Subsection 2.55.4.10

3H.6.4.2.2 Design Groundwater Level

Design groundwater level is at elevation 28 (8.53 meters) MSL. This elevation bounds
the groundwater elevation defined in FSAR Subsection 2.45.12.

3H-24

Details and Evaluation Results of Seismic Category 1 Structures



Rev. 11

STP 3 & 4 Final Safety Analysis Report

3H.6.4.2.3 Design Basis Flood Level
Design basis flood level is at 12.2 meters MSL. This elevation is defined in Subsection
24S.2.2.

3H.6.4.2.4 Maximum Snow Load

Normal roof snow load is 6.6 psf. Extreme roof snow load is 13.2 psf.

3H.6.4.2.5 Maximum Rainfall

Design rainfall is 19.8 in/hr (503 mm/hour) in accordance with Subsection 2.3S.1.3.4.
The roof of each pump house is designed without parapets so that excessive ponding
of water cannot occur. Such roof design meets the provisions of RG 1.102.

3H.6.4.3 Design Loads and Load Combinations

3H.6.4.3.1 Normal Loads

Normal loads are those that are encountered during normal plant startup, operation,
and shutdown.

3H.6.4.3.1.1 Dead Loads (D)

Dead loads include the weight of the structure, permanent equipment, and other
permanent static loads. An additional 50 psf (2.39 kPa) uniform load is considered to
account for dead loads due to piping, raceways, grating, and HVAC duct work.

3H.6.4.3.1.2 Live Loads (L and L,)

Live loads include floor and roof area loads, movable loads, and laydown loads. The
only areas of the site-specific Category | structures requiring consideration of a live
load are the floors of RSW Tunnels and the operating floor and roof of the pump
houses. While a normal live load of 200 psf (9.6 kPa) is defined for the floors of RSW
Tunnels and the operating floor of pump houses, a live load of 50 psf (2.4 kPa) is
defined for the roof of pump houses.

For the computation of global seismic loads, the live load is limited to the expected live
load present during normal plant operation, L,. This load has been defined as 25% of
the operating floor and roof live loads. However, design of local elements such as
beams and slabs is based on consideration of full normal live load.

3H.6.4.3.1.3 Snow Loads

The normal roof snow load is 6.6 psf.
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3H.6.4.3.1.4 Lateral Soil Pressures (H)

Lateral soil pressures are calculated using the following soil properties.

m Unitweight (Moist)i.........cccc 120 pcf (1.92 t/m3)
m  Unitweight (saturated): ..........ccc o 140 pcf (2.24 t/m3)
mInternal friction @ngle: ... 30°
m  Poisson’s ratio (above groundwater) ..o 0.42
m  Poisson’s ratio (below groundwater) ...........cooooiiiii i 0.47

m  Surcharge load including the effect of adjacent structures, where applicable.
The calculated lateral soil pressures are presented in figures as indicated:

m Lateral soil pressures for design of UHS/RSW Pump House: Figures 3H.6-232
through 3H.6-240.

m Lateral Soil pressures for design of RSW Piping Tunnels: Figures 3H.6-245
through 3H.6-247.

3H.6.4.3.1.5 Thermal Loads (T,)

3H-26

The RSW piping tunnels are not subjected to accident temperature loading. Under
ambient conditions, the uniform temperature changes and thermal gradients within the
RSW piping tunnels are less than 50°F and 100°F, respectively. Referring to article 1.3
of ACI 349.1R-07, for such thermal conditions explicit consideration of ambient
temperature effects is not warranted.

Thermal gradient loads and thermal axial loads are applied to the UHS/RSW Pump
House finite element model for six (6) separate thermal conditions.

The following temperature values are applicable to all six (6) thermal conditions:

m  Reference concrete placement temperature ......................ccl 60°F
B SOl EMPEIrAtUre .....ceveiiieeeeeeeeeeee e 70°F
s Pump house inside air temperature..........cccccccvvviiii 90°F

The basin water temperature and the outside air temperature for the six (6) thermal
conditions are as follows:

(1)  Winter — Accident Basin Water Temperature
m Basin watertemperature ... 95°F
m Outside air tempPerature.............uveeeiiiiiiiiiieiieieeeeeeeeeeeeeeee e 24°F
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(2) Winter — Minimum Basin Water Temperature
m  Basin water temperature ... 50°F
m Outside air temperature......... ... 24°F
(3) Winter - Typical Operating Temperatures
m  Basin watertemperature ... 55°F
m Outside air temperature......... ... 45°F
This thermal condition is applicable only for the basin basemat and basin walls
below the 71 ft maximum water level with ACI 350-01 durability factors. Per
Section 9.2.7 of ACI 350-01, estimation of contraction, expansion, and temperature
change should be based on realistic assessment of such effects occurring in
service. Section R.9.2.7 of ACI 350-01 specifically states that the term “realistic
assessment” is used to indicate the most probable values rather than the upper
bound values.
(4) Summer - Accident Basin Water Temperature
m  Basin watertemperature ... 95°F
m Outside air temperature......... ... 90°F
(5) Summer — Minimum Basin Water Temperature
m  Basin watertemperature ... 60°F
m Outside air temperature......... ... 90°F
(6) Summer — Typical Operating Temperatures
m  Basin watertemperature ... 95°F

m Outside air teMPerature............cccoviiiiiiiiiiic e 90°F

This thermal condition is applicable only for the basin basemat and basin walls below
the 71 ft maximum water level with ACI 350-01 durability factors. Conservatively, the
summer accident temperatures are considered as the typical summer operating
temperatures.

3H.6.4.3.1.6 Hydrostatic Loads(F)

This load is only applicable to UHS/RSW Pump House. The hydrostatic load due to
water inside the UHS basin is calculated considering the maximum water height of 71
ft above the top of the UHS basin basemat. The maximum hydrostatic pressure is 4.43
ksf at the top of UHS basin basemat elevation. An empty basin case is also considered
with the UHS basin conservatively considered completely empty.
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3H.6.4.3.2 Severe Environmental Load

The severe environmental load considered in the design is that generated by wind.
The following parameters are used in the computation of the wind loads:

m Basic wind speed (100 year recurrence interval, 3-second gust).............. 134 mph
(215 km/h)

B OEXPOSUIE: .. C

m Importance factor: ... 1.0

(Importance Factor of 1.15 is used to convert the velocity pressure due to 50-year
wind speed to the velocity pressure due to the 100-year wind speed of 134 mph in
accordance with the requirements of ASCE 7-05. In calculating the velocity
pressure with the ASCE 7-05 Equation 6-15, Importance Factor of 1.0 is used with
the 100-year wind speed of 134 mph.)

m  Velocity pressure exposure coefficient as per ASCE 7 Table 6-3, but > 0.87
m TopographiC factor ... 1.0
m  Wind directionality factor ..., 1.0

Wind loads will be calculated in accordance with the provisions of Chapter 6 of ASCE
7.

3H.6.4.3.3 Extreme Environmental Load

Extreme environmental loads consist of loads generated by the tornado, extreme snow
load, flooding and safe shutdown earthquake (SSE).

3H.6.4.3.3.1 Tornado Loads (Wt)

3H-28

The following tornado load effects are considered in the design:

B O WINA SPEEA ... (Wy)
m Differential PreSSUIE ........oooii i (Wp)
B MISSIlE IMPACT.....coi i (W)

Parameters used in computation of tornado loads are as follows (see Tables 1 and 2
of RG 1.76, for Region II):

. Maximum wind SPeed:..........ooooiiiiiiiiiiii e 200 mph (322 km/h)
s Maximum rotational speed: ...........coeeveiiiiiiiii 160 mph (257 km/h)
s Maximum translational speed:...........cccoooiiiiiiiiiiiis 40 mph (64 km/h)
= Radius of maximum rotational speed: ............cccccoviiiiiiiiiie 150 ft (45.7 m)
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m  Differential pressure: ... 0.9 psi (6.2 kPa)
m  Pressure differential rate: ... 0.4 psi/s (2.8 kPals)
m Missile spectrum:. ... (See Table 2 of RG 1.76)

(1) Tornado Wind Pressure (W,,)

With the exception of the RSW piping tunnel, which does not require the
consideration of a tornado wind pressure, tornado wind pressures are
computed using the procedure described in Chapter 6 of ASCE 7, in
conjunction with the maximum wind speed defined above and the following

parameters:
Importance factor ..., 1.15
Velocity pressure exposure coeffiCient...........ccooooiiiiiiiiiiiiiiiiicc 0.87
o] oTeTo [ r=To] a (o3 = To1 (o] NN 1.0
Wind directionality facCtor ............cccuuiuiiiiiiiiiiiiiiiieeeeeeeee e 1.0

(2) Tornado Differential Pressure (W)

The designs of the UHS basin, UHS cooling tower, and the RSW piping
tunnel do not require the consideration of a tornado differential pressure.
RSW pump house and RSW piping tunnel access shafts are evaluated for the
specified differential pressure.

(3) Tornado Missile Impact (W,,)
All structures are evaluated for the effects of missile impact.

Tornado missile impact effects on the UHS basin and cooling tower
enclosures, RSW pump houses, and RSW tunnels including access shafts
are evaluated for the following two conditions:

(a) Forconcrete barriers, local damage in terms of penetration, perforation,
and spalling, is evaluated using the TM 5-855-1 formula (Reference
3H.6-1). For steel barriers, local damage prediction is performed using
the Ballistic Research Laboratory (BRL) formula (Reference 3H.6-2).

(b) Global overall damage evaluations are performed in accordance with
Revision 3 of SRP 3.5.3. In these evaluations, the tornado loads (i.e.
W,) to be included in combination with other applicable loads are per
combination Wy = W,, + 0.5W, + Wi,

For any critical missile hit location considered, the structure is analyzed
for the resulting equivalent static load due to tornado missile impact in
conjunction with tornado wind pressure and 50% of tornado differential
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pressure. The resulting induced forces and moments from this analysis
are combined with the induced forces and moments due to other
applicable loads within the load combination to determine the total
demand for design of the structural elements.

(4) Tornado Load Combinations

Tornado load effects are combined as follows:

W= W,

W, = W, +0.5W, +W

3H.6.4.3.3.2 Safe Shutdown Earthquake Loads (E')

The SSE loads are applied in three mutually orthogonal directions— two horizontal
directions and the vertical direction. The total structural response is predicted by
combining the applicable maximum co-directional responses in accordance with RG
1.92.

The SSE loads are based on seismic analysis using the ground motion response
spectra defined in Subsection 3H.6.5.1.1.1. The loads consist of vertical forces,
horizontal forces, torsional moments, and overturning moments.

The SSE induced loads also include the hydrodynamic effect of the water in the UHS
basin. This hydrodynamic effect was calculated based on the methodology included
in Section 3.1.6.3 of ASCE 4 and TID 7024, referenced in the commentary section of
ASCE 4.

3H.6.4.3.3.3 Lateral Soil Pressures Including the Effects of SSE (H’)

The calculated lateral soil pressures including the effects of SSE are presented in
figures as indicated:

m Lateral soil pressures for design of UHS/RSW Pump House: Figures 3H.6-41
through 3H.6-43 and Figures 3H.6-218 through 3H.6-220. Figure 3H.6-219 shows
exceedances of the SSSI seismic soil pressures beyond the design dynamic soil
pressures on the north wall of the Reactor Service Water Pump House. However,
the induced out-of-plane shear and moment in each wall panel due to the design
soil pressures are greater than the out-of-plane shear and moment due to SSSI soil
pressures. Therefore, the exceedances in the SSSI pressures are acceptable.

m Lateral Soil pressures for design of RSW Piping Tunnels: Figure 3H.6-44 and
Figures 3H.6-212 through 3H.6-217.

3H.6.4.3.3.4 Extreme Environmental Flood (FL)

The design basis flood level is 40.0 ft MSL, in accordance with Subsections 2.45.2.2
and 3H.6.4.2.3. The flood water unit weight, considering maximum sediment
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concentration, is 63.85 pcf per Section 2.45.4.2.2.4.3. The design requirements for this
flood, including hydrostatic, hydrodynamic, and floating debris loading, are included in
Section 3.4.2.

3H.6.4.3.3.5 Extreme Snow Load (Sg)

Per FSAR Section 2.3S.1.3.4, the ground snow load for both normal winter
precipitation event and extreme frozen winter precipitation is 5.5 psf. ISG-7 provides
guidance for converting the ground snow load to roof snow load using methodology
provided in ASCE 7-05. ASCE 7-05 utilizes an exposure factor (C,), a thermal factor
(Cy), and an importance factor (1) as multipliers for converting ground snow load to roof
snow load using Equation 7-1 in Section 7.3. ISG-7 also provides recommended
values for these three coefficients to be used in Equation 7-1. As noted in ISG-7, pages
9 and 10, the coefficients to be used in Equation 7-1 of ASCE 7-05 are (Co=1.1),
(C=1.0), and (I1=1.2). Using these values for the coefficients in Equation 7-1 of ASCE
7-05, and the limitation for minimum value provided in Section 7.3 of ASCE 7-05, the
roof snow load is determined to be 6.6 psf, corresponding to a ground snow load of 5.5
psf.

Per ISG-7, the extreme winter precipitation shall be the larger of the following two
cases:

Case 1: Normal winter precipitation + Extreme frozen winter precipitation
Case 2: Normal winter precipitation + Extreme liquid winter precipitation

Per FSAR Section 2.3S.1.3.4, the extreme liquid winter precipitation is 34 inches (or
177 psf). Assuming that both the roof drains and scuppers are clogged, Case 1 will
yield a loading of 6.6 + 6.6 = 13.2 psf and Case 2 will yield a loading of 6.6 + 177 =
183.6 psf. However, since the roofs of site-specific structures are designed without
parapets (see Section 3H.6.4.2.5), for site-specific Category | structures, the extreme
winter precipitation can not exceed Case 1 loading of 13.2 psf

3H.6.4.3.3.6 Accident Temperature (T,)

UHS Basin Water temperature (95°F) during accident condition.

3H.6.4.3.4 Load Combinations

The load combinations and structural acceptance criteria used to evaluate the site-
specific Category | concrete structures are consistent with the provisions of ACI 349,
as supplemented by RG 1.142 as well as ACI 350. Loads R,, P, Y,, Yj, and Ym, as
defined in ACI 349, are not applicable to the evaluation of the site-specific seismic
Category | structures since there are no high energy line breaks associated with the
site-specific Category | concrete structures; therefore these loads are not included in
the load combinations defined below.
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3H.6.4.3.4.1 Notation

S
U =
D
F
L =

Lo =

FL =

Wit =

E =

Allowable stress for allowable stress design method

Required strength for strength design method

Dead load

Hydrostatic load

Live load

Live load concurrent with SSE

Static and dynamic effects due to extreme environmental flood
Extreme snow load

Lateral soil pressure and groundwater effects

Lateral soil pressure and groundwater effects, including dynamic
effects of SSE

Wind load

Tornado load

SSE load, including associated hydrodynamic loads

Piping and equipment reactions

Internal moments and forces caused by temperature distributions

Accident temperature

3H.6.4.3.4.2 Structural Steel Load Combinations

3H-32

S

S
1.6S (Note 1)

1.6S (Note 1)
1.6S (Note 1)
1.6S (Note 1)

D+L+H+F+Ry+T,
D+L+W+R,+H+F+T,
D+L+Wt+H+R,+F+T,
D+L+FL+H+R,+F+T,
D+L+E+H +R,+F+T,

D+L+Sg+Ry+H+F+T,

For the computation of global seismic loads the live load is limited to the expected live
load present during normal plant operation which is defined as 25% of the operating
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floor and roof live loads. However, design of local elements such as beams and slabs
is based on consideration of full normal live load.

Note 1: The stress limit coefficient in shear shall not exceed 1.4 in members and bolts.

3H.6.4.3.4.3 Reinforced Concrete Load Combinations
= 1.4D+14F +1.7L+1.7TH+ 1.7 R,

= 14D +14F +1 7L+ 1.7TH+ 1.7W + 1.7 R,

= D+F+L+H+T,+FE

= D+F+L+H+Ty+Ry+ W,
D+F+L+H+T,+Ry+E

= 1.05D + 1.05F + 1.3L + 1.3H+ 1.2T, + 1.3R,

= 1.05D + 1.05F + 1.3L + 1.3H + 1.3W + 1.2T, + 1.3R,

=  D+F+L+H+T,+R,+FL

CcC C C Cc cCc c c c c
1

= D+F+L+H+T,+R,+ Sg

For the computation of global seismic loads the live load is limited to the expected live
load present during normal plant operation which is defined as 25% of the operating
floor and roof live loads. However, design of local elements such as beams and slabs
is based on consideration of full normal live load.

3H.6.4.3.4.4 ACI 350 Reinforced Concrete Load Combinations for UHS Basin
Design

ACI 350 requirements are applicable to portions of environmental engineering
concrete structures where durability, liquid-tightness, or similar serviceability are
considerations. Therefore, the ACI 350 requirements and load combinations listed in
this section are applicable only to the UHS basemat and basin walls below the
maximum water level elevation.

Per ACI 350, although fluid densities and heights are usually well known, the load
factor for fluid loads should be taken as 1.7 as part of the concept of environmental
durability and long-term serviceability. ACI 350 states that the required strength from
ACI 350 load combinations shall be multiplied by the following environment durability

factors:

B Flexural strength..........oo oo 1.3
= Axial tension (including hoop tension)............c.oooo oo, 1.65
m  Excess shear strength carried by shear reinforcement....................................L. 1.3
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In addition to the reinforced concrete load combinations listed in Section 3H.6.4.3.4.3,
the UHS basemat and basin walls below the maximum water level elevation are also
designed for the load combinations listed below with ACI 350 durability factors applied.
Except durability factors need not be applied for the hydrostatic leak-tightness testing
condition, which is a temporary loading where environmental durability and long term
serviceability are not required. The hydrostatic leak-tightness testing load combination
uses a load factor of 1.4 on the fluid load because it is not a long-term serviceability
condition that requires a load factor of 1.7. Per ACI 350, durability factors need not be
applied to load combinations that include earthquake loads. As stated in Section
3H.6.4.3.1.5, the design thermal loads used in ACI 350 load combinations should be
based on most probable temperature values, rather than the upper bound temperature

values.

Uu = 14D+1.7F+1.7L+1.7H

U = 14D+1.7F+1.7L+1.7H+1.7W

U = 14D+ 1.4F +1.7W (Hydrostatic leak-tightness testing)
U = 14D+17F+14T,+1.3H

3H.6.4.4 Materials

Structural materials used in the design of the site-specific Category | structures are as
follows:

3H.6.4.4.1 Reinforced Concrete

Concrete conforms to the requirements of ACI 349. Its design properties are:

m Compressive Strength ... 4.0 ksi (27.6 MPa)
m Modulus of elastiCity .........ccceeeiiiiiiiiiiie 3,597 ksi (24.8 GPa)
B Shearmodulus ... 1,537 ksi (10.6 GPa)
B POISSON’S FALIO ...eii i 0.17

3H.6.4.4.2 Reinforcement

Deformed billet steel reinforcing bars are considered in the design. Reinforcement
conforms to the requirements of ASTM A615. Its design properties are:

m Yieldstrength ..., 60 ksi (414 MPa)
m Tensilestrength.........cco . 90 ksi (621 MPa)

3H.6.4.4.3 Structural Steel

High strength, low-alloy structural steel conforming to ASTM A572, Grade 50 is
considered in the design. The steel design properties are:
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m Yieldstrength ..o, 50 ksi (345 MPa)
m Tensilestrength....... 65 ksi (448 MPa)

3H.6.4.4.4 Steel Grating

Bearing bars conforming to ASTM A1011 are considered in the design. The design
property is:

m Yieldstrength ... 30 to 50 ksi (207 to 345 MPa)

3H.6.4.4.5 Anchor Bolts

Material for anchor bolts conforms to the requirements of ASTM F1554 (preferred
anchor bolt material endorsed by ANSI/AISC N690-12), Grade 36. Its design
properties are:

m Yieldstrength ..., 36 ksi (248 MPa)

m Tensilestrength.......coo e, 58 ksi (400 MPa)

3H.6.4.4.6 Testing and ISI Requirements

Site-specific Seismic Category | structures have been included in the scope of the
Design Reliability Assurance Program. Per Section 17.6S1.1b, all systems, structures,
components identified as risk-significant via the Reliability Assurance Program for the
design phase are included within the initial maintenance rule scope. As such these
site-specific Seismic Category | structures are included in the Maintenance Rule
Program. The Maintenance Rule, including monitoring and maintenance requirements
for the structural materials used in the design of the site-specific Seismic Category |
structures, will be implemented in accordance with 10CFR50.65 and Regulatory Guide
1.160, as described in Section 17.6S and Table 13.4S-1.

For periodic site monitoring of ground water chemistry, see Section 2.4S5.12.4.

3H.6.4.4.7 Materials and Quality Control

Concrete ingredients and reinforcing bar splices will meet the requirements of ACI 349,
supplemented by the Reg. Guides, Codes and Standards found in DCD Tables 1.8-20
and 1.8-21 and in Tables 1.8-21, 1.8-21a, and 1.9S-1.

Nondestructive examination of the materials to determine physical properties,
placement of concrete, and erection tolerances; will meet the requirements of ACI 349,
supplemented by the Reg. Guides, Codes and Standards found in DCD Tables 1.8-20
and 1.8-21 and in Tables 1.8-21, 1.8-21a, and 1.9S-1.

The materials and quality control programs comply with ACI 349, with additional criteria
provided by RG 1.142 for concrete and ANSI/AISC N690-1994 including Supplement
2 (2004) for steel. These codes are included in DCD Tables 1.8-20 and 1.8-21 and in
Tables 1.8-21, 1.8-21a, and 1.9S-1.
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Welded rebar splices will not be used for STP 3&4.

3H.6.4.5 Stability Requirements

The following minimum factors of safety are required against overturning, sliding, and
flotation:

Load Combination Overturning Sliding Flotation
D+F - - 1.1
D+H+W 1.5 1.5 -
D+H+ W, 1.1 1.1 -
D+H' +E 1.1 1.1 -

Loads D, H, H', W, W,, and E' are defined in Subsection 3H.6.4.3.4.1. F'is the buoyant
force corresponding to the flood water level.

3H.6.5 Seismic Analysis

3H.6.5.1 Seismic Design Parameters

3H.6.5.1.1 Design Ground Motion

3H.6.5.1.1.1 Design Response Spectra

3H-36

Site-specific horizontal and vertical ground motion response spectra (GMRS) for the
SSE are developed for the STP 3 & 4 site. The development of these spectra is
documented in Subsection 2.5S.2.

For the seismic analysis of the site-specific structures, free field ground surface
response spectra (Input Spectra) were developed, in the horizontal and vertical
directions, by modifying the 0.13g Regulatory Guide 1.60 response spectra. The Input
Spectra are the same as the 0.13g Regulatory Guide 1.60 spectra for frequencies
equal to and higher than 2.5 Hz for the horizontal spectrum, and 3.5 Hz for the vertical
spectrum. For frequencies lower than 2.5 Hz for the horizontal spectrum, and 3.5 Hz
for the vertical spectrum, the Regulatory Guide spectra were increased to envelop the
GMRS. These Input Spectra are defined as the site specific design SSE spectra (see
Section 3.7.1) and were developed to meet the following requirements:

a. The Input Spectra shall envelop the GMRS. See Figures 3H.6-1 and 3H.6-2
showing that the Input Spectrum envelops the GMRS in the horizontal and
vertical directions, respectively.

b.  When a deconvolution analysis is performed in the SHAKE program with the
Input Spectrum applied at the free field ground surface, the resulting
response spectrum at the outcrop of each Seismic Category | foundation will
envelop the foundation input response spectrum (FIRS) developed using the
same probabilistic approach and model which was used to develop the
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GMRS. A detailed description of the seismic wave transmission of the site,
and the procedure used to calculate the GMRS, which is the same for the
development of FIRS, is provided in FSAR Sections 2.5S.2.5 and 2.5S.2.6,
respectively. See Figures 3H.6-3a, 3b & 3c through 3H.6-10a, 10b & 10c and
3H.6-11a through 3H.6-11L for a comparison of the outcrop response
spectra, resulting from the application of the time histories consistent with the
Input Spectra at the free field ground surface in SHAKE, and the FIRS for the
UHS basin, RSW tunnel, and RSW pump house foundations, in the two
horizontal and vertical directions. These figures show that the FIRS are
enveloped by the foundation outcrop spectra in all cases.

c. The response spectrum at the SHAKE outcrop of each Seismic Category |
foundation envelops 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,
“Earthquake Engineering Criteria for Nuclear Power Plants”. The broad band
spectrum used in our analysis is conservatively defined as the Regulatory
Guide 1.60 spectrum anchored at 0.1g. See Figures 3H.6-3 through 3H.6-11,
which demonstrate that this requirement is met for the UHS basin, RSW
tunnel, and RSW pump house foundations, in the two horizontal and vertical
directions.

It should be noted that the embedment depths shown in Section 3H.6.5.1.3 for the
RSW Pump House and RSW Piping Tunnel are based on the current design. For the
SSI analysis of UHS/RSW Pump House these elevations were used. However, the
comparisons shown in Figures 3H.6-3 through 3H.6-11 are at elevations based on the
design when the FIRS were developed. Although there is some difference in these
elevations, from the review of Figures 3H.6-3 through 3H.6-11, and Figures 3A-233
through 3A-250 in Appendix 3A, it is evident that the requirements stated in (b) and (c)
above are met for a wide range of elevations, starting from the deepest embedment of
the Reactor Building to the shallowest embedment of the UHS Basin. Therefore, it is
concluded that these two requirements are also met for the current embedment depths
for the RSW Pump House and RSW Piping Tunnel, shown in Section 3H.6.5.1.3.

3H.6.5.1.1.2 Design Time Histories

Synthetic acceleration time histories consistent with the Input Spectra defined and
discussed in Subsection 3H.6.5.1.1.1 were developed, using the 1952 Taft Earthquake
Time Histories as seed, for use as input to the seismic analysis. A single set of time
histories (two horizontal and one vertical) was developed satisfying the enveloping
requirements of Option 1, Approach 2 of SRP 3.7.1, Section Il (Acceptance Criteria),
Revision 3. Per paragraph 2(d) of Approach 2, in lieu of the power spectrum density
requirement, the requirement that the computed 5% damped response spectrum of the
Synthetic time history does not exceed the target response spectrum at any frequency
by more than 30% was met. In the time history method of analysis, the two horizontal
and the vertical time histories were applied separately (not applied simultaneously)
and the maximum responses were combined using the square-root-of-the-sum-of-the-
squares (SRSS) or the 100-40-40 percent spatial combination rule. Therefore, per
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3H-38

Regulatory Guide 1.92, Revision 2, statistical independence of the three time histories
(cross-correlation coefficient requirement) is not required.

Figures 3H.6-12 through 3H.6-14 show the comparison of the response spectrum for
the Synthetic time history, the Input Spectrum, and 1.3 times the Input Spectrum, in the
two horizontal and vertical directions. The response spectra of synthetic time histories
were calculated for comparison with target spectra at 275 frequency points with
spacing as shown in Tables 3H.6-2d through 3H.6-2f. As shown in Tables 3H.6-2d
through 3H.6-2f, the 5% damped response spectra of the synthetic time histories do
not fall more than 10% below the target response spectrum at any frequency.

The time step and duration of the synthetic time histories are 0.005 seconds and 22
seconds, respectively. When the time histories are input in SSI analysis using
SASSI2000 program, trailing zeros are added at the end of 22 seconds to yield a total
duration of 40.96 seconds (the time step of trailing zeros is also 0.005 seconds).

The duration of the time histories for Arias Intensity to rise from 5% to 75% is 11.2
seconds for the two horizontal design time histories and 12.2 seconds for the vertical
design time history. For the characteristic earthquake time history this duration is
calculated to be 20 to 45 seconds. The shorter duration for the design time histories
is acceptable because:

(a) The SRP requires that synthetic time histories be derived from recorded time
histories from recorded earthquakes. Strong motion recorded earthquake with a
20 — 45 seconds duration of the time histories for Arias Intensity to rise from 5%
to 75% are not readily available to be used for the seed time histories to generate
the synthetic time histories.

(b) The time histories are being used for linear elastic analyses. For linear analysis,
the duration of the time histories is not critical provided the duration is
comparable to recorded strong motion earthquakes and the time history spectra
closely matches the target response spectra. For the design time histories, the
duration is consistent with the Taft Earthquake and the time history closely
matches the target response spectra.

For the characteristic earthquake V/A is calculated as 52 to115 cm/sec/g and AD/V? is
calculated as 2.03 to 5.28. For the design time histories, the V/A is 230, 288, and 167
cm/sec/g for the two horizontal and the vertical time histories respectively and the
AD/V? values are 2.08, 1.89, and 3.02 respectively. This variation between the design
time histories and the characteristic earthquake is due to the conservative design
response spectra described in Section 3H.6.5.1.1.1. The design response spectra is
a 0.13g RG 1.60 spectra with enhanced low frequency content to account for the very
deep soil site. The comparison of the V/A and the AD/V2 value of the characteristic
earthquake and the conservative design response spectra shows that the design
response spectra has a higher energy (greater maximum Velocity).
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3H.6.5.1.2 Percentage of Critical Damping Values

The percentages of critical damping values considered in the seismic analysis for site-
specific seismic Category | structures and associated systems and components are
the same as listed in DCD Table 3.7-1. The damping values are the same as in
Regulatory Guides 1.61 and 1.84, except for the cable trays and conduits, as explained
in DCD Section 3.7.1.3. The OBE damping values were used for the generation of
in-structure response spectra (ISRS) for all site-specific seismic Category | structures.
The only exception is the cracked case SSI analysis for the Reactor Service Water
(RSW) Piping Tunnels where SSE damping (i.e. 7%) was used because of high stress
levels. All other SSI analysis cases of RSW Piping Tunnels used OBE damping

(i.e. 4%) damping.

The strain-compatible, soil-damping values considered in the seismic analysis are
discussed in Subsection 3H.6.5.2.4.

3H.6.5.1.3 Supporting Media for Seismic Category | Structures

Soil conditions at the STP 3 & 4 site are described in Subsection 2.5S.4. The soil at
the site extends down several thousand feet and consists of alternating layers of clay,
silt, and sand. Soil layering characteristics, geophysical shear wave velocity, unit
weight, and Poisson’s ratio are included in Table 2.5S.4-27. Based on the site
groundwater conditions originally described in Section 2.4S.12, the groundwater
elevation of approximately 8 ft below grade (26 feet MSL) was used in computing soil
properties for the SSI analysis. Subsection 2.4S5.12 and Table 2.0-2 now state the
groundwater elevation as 28 feet MSL. The implementation of this change in the
seismic analysis is discussed in Sections 3H.6.5.2.4.3 and 3H.6.5.3.

The SASSI2000 soil model, for the UHS basin and RSW pump house, included soil
down to a minimum of two times the maximum plan dimension of the building below
the basemat. The bottom boundary of the model was considered to have an elastic
half space condition.

The characteristic dimensions of the above grade site-specific seismic Category |
structures are summarized below:

Embedment Depth

to Bottom of Maximum
Structure Foundation Mat [1] Height[1] Base Dimensions
UHS Basin 32t (9.75 m) 955 (29.1m) 312 ft(95.10 m) x 164 ft (49.99
m) x 10 ft (3.05 m) thick
foundation
UHS [2] 151 ft (46.0 m) N/A

Cooling Towers
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RSW Pump 64 ft (19.5 m) 80ft(24.4m) 941t (28.65m)x 170 ft (51.82 m)
Houses
Pump Bays
RSW Piping 44 ft (13.4 m) 42 ft (12.8 m) [3] 17 ft (5.2 m) wide
Tunnel

[1] As measured from the bottom of the foundation mudmat.
[2] Located above the basin and supported on columns.

[3] The access shafts for the tunnels extends to a maximum height of approximately
66 ft above the bottom of the foundation mudmat.

3H.6.5.2 Seismic System Analysis

The following Subsections 3H.6.5.2.1 through 3H.6.5.2.14 describe the seismic
analysis of the UHS and RSW pump house structures. Subsection 3H.6.5.3 describes
the seismic analysis of the RSW piping tunnel.

3H.6.5.2.1 Seismic Analysis Methods

The seismic analysis of the UHS basin and RSW pump house structures was
performed using a frequency-domain time history analysis as described in DCD
Appendix 3A using SASSI2000. Analyses were performed for three orthogonal (two
horizontal and one vertical) directions and account for the translational, rocking, and
torsional responses of the structures and foundations.

3H.6.5.2.2 Natural Frequencies and Responses

The natural frequencies up to 33 Hz for the UHS/RSW Pump House are presented in
Table 3H.6-3. Accelerations and displacements at key locations are provided in Table
3H.6-4. The SSE loads at select locations are provided in Table 3H.6-4a. Response
spectra at the major equipment elevations and support points are provided in Figures
3H.6-16 through 3H.6-39. Combined forces and moments at critical locations, along

with required and provided reinforcements, are provided in Tables 3H.6-7 through

3H.6 9.

The analysis of RSW Piping Tunnels is presented in Section 3H.6.6.2.2.

3H.6.5.2.3 Procedures for Analytical Modeling

3H-40

The seismic analysis of the UHS basin and enclosed cooling tower as well as RSW
pump house for each unit was performed using a three-dimensional finite element
model presented in Figure 3H.6-40. The material properties for concrete elements of
the model are presented in Section 3H.6.4.4.1. Uncracked concrete section was used
for member stiffness. Another case with cracked concrete section properties was
analyzed. The section modulus of the cracked concrete was based on 50% of the
uncracked section modulus. For structural steel elements the Young’s Modulus of
29x10g psi and Poisson’s ratio of 0.3 was used. The model consists primarily of plate
elements that represent the reinforced concrete walls, buttresses, and foundation as
well as the walls and slabs of the basin, cooling towers, and pump house. Beam
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elements were used to represent concrete columns and beams. Finally, solid
elements were used to represent the basin and pump houses house basemat. The
floor and wall flexibility was modeled in the finite element model. The structural model
mesh size is detailed enough to model the principal features of the structure and
transmit frequencies of at least 33 Hz. The analysis was performed in the frequency
domain as described in DCD Appendix 3A. The input time histories were defined at a
time step of 0.005 seconds. The same time step was used for generation of the in-
structure response spectra.

The mass of the structures was represented primarily by the density of the plate, beam,
and solid elements comprising the model. The dead load of the structures and major
equipment (fans and pumps) was included along with a 50 psf load to account for the
attached piping, grating, electrical cable trays and conduits, HVAC duct work etc., as
described in Section 3H.6.4.3.1.1. In addition, as described in Section 3H.6.4.3.1.2,
25% of the floor live load was also included. The damping values consistent with
Regulatory Guide 1.61 were used as described in Section 3H.6.5.1.2. The impulsive
water mass was calculated using the procedure described in Commentary Subsection
C3.5.4 of ASCE 4-98, and was included in the model.

3H.6.5.2.4 Soil-Structure Interaction

The following describes the soil-structure-interaction (SSI) analysis for the UHS/RSW
Pump House.

SSI effects were accounted for by the use of the SASSI2000 computer program using
subtraction method of analysis, in conjunction with time histories described in
Subsection 3H.6.5.1.1.2 and the structural model described in Subsection 3H.6.5.2.3
and shown in Figures 3H.6-15 and 3H.6-15a through 3H.6-15g. For resolution of
issues with the subtraction method of analysis identified by the Defense Nuclear
Facilities Safety Board (DNFSB) see Section 3H.10. The input ground motion time
histories described in Section 3H.6.5.1.1.2 were applied at the finished grade in the
free field. SASSI2000 implicitly considers transmitting boundaries in the formulation of
impedance calculation. SASSI2000 sub-structuring method was used and no
boundary condition besides the standard SASSI2000 elastic half space at the bottom
of the site soil layering was used. The SASSI2000 analysis addresses the embedment
of the structure, groundwater effects, the layering of the soil, and variations of the
strain-dependent soil properties. A separate SSI analysis for effects of side soil-wall
separation during the seismic event was performed for mean in-situ soil profile using
the method in Section 3.3.1.9 of ASCE 4-98. Results of this analysis were enveloped
with other SSI analyses.

The strain-compatible soil shear wave velocity and damping values for the SSI analysis
were obtained from the same site response analysis which was used to develop the
GMRS, as described in Section 2.5S.2.5. The seismic site response analysis was
conducted using P-SHAKE computer program, which also provided the
strain-compatible soil properties for the SSI analysis. A set of mean strain-compatible
shear wave velocity and damping profiles along with the associated standard
deviations was calculated. The calculated mean properties and associated standard
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deviations were used to develop the best estimate (BE), upper bound (UB), and lower
bound (LB) profiles. While the BE profile is the mean profile, the UB and LB profiles are
the median +/- one standard deviation, respectively, maintaining the minimum variation
of 1.5 on soil shear modulus, per the guidance provided in SRP 3.7.2. The
corresponding compression wave velocity profiles were calculated using the shear
wave velocity and the Poisson’s ratio.

For saturated soil, the Poisson’s ratio was capped at 0.48 to avoid any potential
numerical instability that might be caused if a larger value is used in soil-structure
interaction analysis using the SASSI2000 program. A sensitivity study was performed
to assess the effect of capping the Poisson’s ratio in the seismic SSI results. Control
Building (CB) SSI model was used to perform this sensitivity study. SSI analysis results
using Poisson’s ratio limit of 0.495 were compared with the analyses results which
used the Poisson’s ratio limit of 0.48. The responses compared were (a) transfer
functions, (b) total seismic forces, (c) maximum nodal accelerations and (d) response
spectra. The comparisons were performed for the lower bound soil and the upper
bound sail.

Based on these comparisons, it was concluded that the results obtained from
Poisson’s ratio capped at 0.495 are in general close to the corresponding enveloped
responses obtained from the Poisson’s ratio capped at 0.48, except for some of the
responses in the vertical direction, especially for the vertical responses of the floor
slabs. The following considerations apply to these exceedances.

m  Forthe Control and Reactor Buildings, where the original site-specific SSl analyses
used 0.48 as the Poisson’s ratio cut-off, as described in Appendix 3A, it was shown
that the DCD responses were higher than the site-specific responses. Even the
modified responses, with 0.495 as the Poisson’s ratio cut-off, show similar margins
in comparison to the DCD responses. Therefore, the increases in vertical
responses shown in this sensitivity study, as discussed above, are not significant
to the conclusion that the DCD responses significantly envelop the site-specific
responses for the Reactor and Control Buildings.

m  Forthe new SSI analyses of the site-specific structures, a Poisson’s ratio of 0.495
has been used. Therefore, the conclusions derived from the new analyses include
the effect of higher Poisson’s ratio cut-off.

The resulting strain-compatible properties for the three profiles, which were used in the
SSl analysis, are presented in Table 3H.6-1. The soil layer thicknesses used in the SSI
model were sufficiently small to transmit frequencies up to 33 Hz for mean soil
properties in the vertical direction (i.e. SASSI2000 interaction nodes spacing in the
vertical direction).

The layer thicknesses used for both in-situ soil and back fill soil, in the SSI model, were
modified from those shown in Tables 3H.6-1 and 3H.6-2 to have thicknesses
sufficiently small enough to conservatively transmit frequencies up to 33 Hz in the
vertical direction for the corresponding mean soil properties. Tables 3H.6-1a, b, and c
provide the actual layer thicknesses, along with the strain-compatible soil properties
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data and passing frequency values for the three in-situ soil profiles, i.e., mean, upper
bound, and lower bound, respectively. Similar data for the backfill are provided in
Tables 3H.6-2a, b, and c. The layer thicknesses, H, were computed using the following
equation:

H = V/(5%F,_¢)

where V is the shear wave velocity and Fy_ is the transmittal frequency.

In the SSI model, the layer thicknesses used for the mean soil case were also used for
the lower bound in-situ and back fill soil. Based on the above equation, the transmittal
frequencies for the lower bound soil layers are 26 Hz or higher in the vertical direction.
ASCE 4-98, Section 3.3.3.5 recommends that “The cutoff frequency may be taken as
twice the highest dominant frequency of the coupled soil-structure system for the
direction under consideration, but not less than 10 Hz.” The dominant frequency of
coupled soil-structure system has been calculated using the procedure recommended
in ASCE 4-98, Section 3.3.3.5. Based on this calculation the highest frequency of the
coupled soil-structure system is less than 6 Hz. Thus, the cutoff frequency is required
to be at least 12 Hz. The lower bound soil model’s lowest transmittal frequency of 26
Hz is larger than the required 12 Hz, and therefore is acceptable.

In order to account for the backfill placed adjacent to the walls, an additional set of SSI
analyses was performed by modeling the backfill as the soil horizon above the
foundation level in the SASSI2000 model. The soil layer thicknesses used for the back
fill were sufficiently small to transmit the required frequencies as explained in the above
paragraph. The responses obtained from this set of SSI analyses and the analyses
using in-situ soil as the horizon were enveloped.

The following properties were used for the backfill to obtain shear wave and
compression wave velocities, and damping ratios used in the SSI analysis:

B UnitWeighto...o . 120 pcf (1,922 kg/m3)
LT 7] 43T oY= Tox 1o o TR 95% Modified Proctor
m  Poisson’s Ratio:.......cocovvvevviveiinnnn.. 0.42 above water table, 0.47 below water table

Based on the physical properties of the backfill described above, its strain compatible
dynamic soil properties are estimated using the following steps:

(1) Determine SSE compatible soil shear strains in the backfill

It is assumed that the strains in the backfill are same as in the surrounding
soil (in-situ soil). This assumption is reasonable because the extent of the
backfill is small as compared to the surrounding soil and the primary motion
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of the backfill will be about the same as the surrounding soil. The strain in the
in-situ soil is calculated using the following steps:

(@) The ratio G / Gmax for an in-situ stratum is calculated using the mean
strain compatible shear wave velocity (V_ g4in) in layers (from Table
3H.6 1) within the stratum and the average field measured shear wave
velocity ( V_gelg, from Table 2.5S.4-27) in the following equation:

G/Gmax = [V. syain ! Veielg 12

(b) Using the shear modulus degradation curve (see Table 2.5S.4-32) of
the soil stratum and the above calculated G / Gmax ratio, the SSE
induced shear strain is calculated for the stratum.

(c) An average value of shear strain is calculated for the entire backfill
depth by averaging the strain values for all the strata.

Determine the strain compatible shear modulus and damping values of the
backfill

The backfill is granular soil compacted to 95% Modified Proctor (85% relative
density). Based on this, shear modulus degradation curve for the 85%
relative density sand from Earthquake Engineering Research Center (EERC)
Report 70-10 (Soil Moduli and Damping Factors for Dynamic Response
Analysis, by Seed and Idriss) is used for calculating the strain compatible
shear modulus, for the strain calculated in Step 1. The strain compatible
shear modulus of the backfill , Gy ki is calculated using the following
equation:

Gpackfin = 1000 K, omy2 psf (EERC Report 70-10)

Where the coefficient K5 is from the EERC Report 70-10 degradation curve
for the calculated shear strain, and o, is the effective mean principal stress
in the soil.

The damping value of the backfill is estimated using the sand strain
dependent damping curve provided in EERC Report 70-10.

The above strain compatible shear modulus is the best estimate values (G,)).
To consider the variability in shear modulus values, the lower bound (G g)
and upper bound (Gg) values are calculated using SRP Section 3.7.2
criteria.

GLB=Gm/1'5
GUB= 1.5XGm

The corresponding strain compatible shear wave velocities (Vg) and
compression wave velocities (Vp) are calculated using the general equations:
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Vg=[G/p] 12 where G is the shear modulus and p is the mass density
of sail.

Vp=Vg[(2-2v)/(1-2v)]"2

Where, v is the Poisson’s Ratio values equal to 0.42 and 0.47 for the backfill
above groundwater and below groundwater table, respectively.

The strain-compatible shear wave and compression wave velocities, and damping
ratios calculated as above are used in the three backfill models (mean, upper bound,
and lower bound) are shown in Table 3H.6-2.

3H.6.5.2.4.1 Soil-Structure Interaction Analysis for Empty UHS Basin

Section 3H.6.5.2.4 describes the SSI analysis for the full UHS basin case. An
additional SSI analysis was performed for the empty UHS basin case. This analysis
uses the same model and methodology as the analysis described in Section
3H.6.5.2.4 except that analyses for mean and lower bound backfill soil cases were
excluded because their properties are bounded by the lower and upper bound in-situ
soil cases. Also Poisson's ratio limit was set at 0.495 for calculation of compression
wave velocity for soil layers below the ground water table. Results of this analysis and
the analysis for the full basin case were enveloped.

3H.6.5.2.4.2 Additional Sensitivity Analysis for Refined Mesh

Additional SSI analyses were performed using a refined mesh for the soil and structural
model. These analyses are described below.

Two additional UHS/RSW Pump House SSI analyses were performed for the upper
bound soil profile case (UB soil case) considering both full and empty UHS basin, with
a refined model shown in Figure 3H.6-15h.

The refined SSI model used for these analyses has the following passing frequency
capability (passing frequency, f = Vg /5 h, where Vs is the shear wave velocity of the
soil layer and h is the vertical or horizontal distance between the adjacent interaction
nodes):

Vertical direction: 40.4 Hz
Horizontal direction: 23.5 Hz

For soil layers below groundwater level, the Poisson's ratio was capped at 0.495 for
determining the compression wave velocity. A cut-off frequency of 33 Hz was used in
these analyses for transfer function calculation.

The passing frequency of about 24 Hz in the horizontal direction was selected since
the site has a deep soil profile and the SSI frequencies are below 6 Hz. Also, as noted
in SRP 3.7.1 Revision 3, Appendix A, the energy content of the earthquake time
histories above 24 Hz is inconsequential.
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Based on the results of the above refined SSI analyses, and additional structural mesh
sensitivity analyses, envelope modification factors were determined for increase of the
following in-structure response spectra obtained from the SSI analyses described in
Section 3H.6.5.2.4 and 3H.6.5.2.4.1.

» Vertical direction spectra at the center of the Pump House Roof
» Vertical direction spectra at the center of the Pump House Operating Floor
m Vertical direction spectra of the Cooling Tower Walls

m  Out-of-plane horizontal spectra of the Basin Walls

3H.6.5.2.4.3 Final In-Structure Response Spectra

In response to issues with the subtraction method of analysis identified by the Defense
Nuclear Facilities Board (DNFSB) discussed in Section 3H.10, the SSI analysis for the
upper bound in-situ soil case was repeated for both full and empty basin cases using
the modified subtraction method of analysis. Also, in these analyses the groundwater
table was changed to 6 ft below grade. Based on comparison of the resulting response
spectra from these analyses to those from the subtraction method of analysis
additional modification factors were determined for increase of in-structure response
spectra from the subtraction method of analysis to account for the effect of using the
modified subtraction method. The product of these modification factors and those
described in Section 3H.6.5.2.4.2 as shown in Table 3H.6-17 were used to increase
the in-structure response spectra described in Sections 3H.6.5.2.4 and 3H.6.5.2.4.1.
Then, the results of the full and empty basin analyses were enveloped.

The final in-structure response spectra are shown in Figures 3H.6-16 through 3H.6-39.

3H.6.5.2.5 Development of In-Structure Response Spectra

In-structure response spectra (ISRS), shown in Figures 3H.6-16 through 3H.6-39 were
developed as part of the SSI analysis in accordance with RG 1.122. The ISRS in a
given direction was obtained by combining the three ISRS in that direction (developed
from the separate analyses of the three directions of input motion) by the square-root-
of-the-sum-of-the-squares (SRSS) method. The frequency increment for the
calculation of ISRS was either smaller than or the same as provided in Table 1 of
Regulatory Guide 1.122. The ISRS were broadened by +15% based on the guidance
provided in Regulatory Guide 1.122. See Section 3H.6.5.2.9 for the treatment of the
effects due to concrete cracking.

3H.6.5.2.6 Three Components of Earthquake Motion

3H-46

Separate analyses were performed in three orthogonal (two horizontal and one
vertical) directions. Total structural responses (accelerations, displacements, and
forces) were calculated by combining the co-directional responses as described in
Subsection 3H.6.5.1.1.2.
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3H.6.5.2.7 Combination of Modal Responses

Since a frequency-domain seismic analysis was performed, there were no modal
responses to be combined.

3H.6.5.2.8 Interaction of Non-Category | Structures with Category | SSCs

There are no non-Category | structures near the site-specific seismic Category |
structures. Consequently, there is no interaction between non-Category | and the site-
specific seismic Category | structures.

3H.6.5.2.9 Effects of Parameter Variations on Floor Responses

The soil property variation described in Subsection 3H.6.5.2.4 is accounted for in the
generation of the ISRS. In addition, the impact of variations in the input parameters to
the seismic analysis is accounted for by broadening the FRS in accordance with RG
1.122. To account for concrete cracking, in addition to other uncertainties, the ISRS
are developed with structural properties based on cracked concrete stiffness and the
mean soil properties. These spectra are enveloped with the spectra from the
uncracked analysis and, then, widened by +15% to obtain final ISRS for use in design.

3H.6.5.2.10 Use of Equivalent Vertical Static Factors

Since a separate seismic analysis was performed for the vertical direction, equivalent
static factors were not used to define the vertical seismic responses.

3H.6.5.2.11 Methods Used to Account for Torsional Effects

Inherent torsion (i.e. torsion resulting from eccentricity between the locations of the
center of mass and the center of rigidity) is accounted for in the seismic analysis. Note
that the structural model in the SSI analysis of the UHS/RSW pump house is a detailed
3-D finite element model which incorporates torsional degrees of freedom and
eccentricities. The SSI analysis does not account for accidental torsion.

The accidental torsion is computed in accordance with the SRP Acceptance Criteria
3.7.2.11.11 considering an additional eccentricity of 5% of the maximum building
dimension for both horizontal directions. The magnitude and location of the
eccentricities in the two horizontal directions are determined separately at each floor
elevation. The induced member forces due to this accidental torsion are obtained from
static analysis of the structure and are added to the induced forces due to other
applicable loads whether the analysis predicts positive or negative results (i.e.
absolute sum).

3H.6.5.2.12 Comparison of Responses

Since only a frequency-domain analysis is performed, comparison of responses with
the response spectrum method of analysis is not applicable.
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3H.6.5.2.13 Analysis Procedure for Damping

The SSI analysis accounts for the structural and soil-damping described in Subsection
3H.6.5.1.2.

3H.6.5.2.14 Determination of Seismic Overturning Moments and Sliding Forces for

3H-48

Seismic Category | Structures

The evaluation of seismic overturning moments and sliding accounts for the
simultaneous application of seismic forces in three directions using 100%, 40%, 40%
combination rule as shown below:

+100% X-excitation +40% Y-excitation +40% Z-excitation
+40% X-excitation +100% Y-excitation +40% Z-excitation

(Note: X & Y are horizontal axes and Z is vertical axis. Positive Z is upward.
Also, +40% X-excitation +40% Y-excitation +100% Z-excitation is not critical for the
UHS/RSW Pump House).

The resisting forces and moments due to dead load are calculated using a reduction
factor of 0.90. Resisting forces and moments due to soil are based on at-rest soil
pressure, or passive soil pressure, as appropriate. The friction coefficients used for the
sliding evaluation are 0.30 under the RSW Pump House and 0.40 under the UHS
Basin. See Figure 3H.6-137 for formulations used for calculation of factors of safety
against sliding and overturning. The calculated stability safety factors for the
UHS/RSW Pump House are provided in Table 3H.6-5.

Note: Figure 3H.6-137 presents the formulations for sliding and overturning check for
a single horizontal direction earthquake. When considering two horizontal (X and Y)
excitations, for sliding check, the formulations of Figure 3H.6-137 remain unchanged
except that the friction force (F) along the X or Y direction is replaced with Fx and Fy
(friction force along the x and y axes, respectively). Fx and Fy forces are determined
as follows:

Let:

Rx = Total driving sliding force along the x-axis

Ry = Total driving sliding force along the y-axis

R = Resultant driving sliding force = [Rx2 + Ry2]1/2

F = Total friction force as defined in Figure 3H.6-137
Fx = Friction force along the x-axis

Fy = Friction force along the y-axis

Then,
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Fx = F(Rx/R)
Fy = F(Ry/R)

For overturning check, when considering two horizontal (X and Y) excitations, the
structure will tend to tip about a building corner. However, since under two
simultaneous horizontal excitations there is no reduction in the resisting dead load and
soil pressures against overturning about each of the two principal axes of the structure,
the formulations of Figure 3H.6-137 for calculation of minimum factor of safety against
overturning will remain unchanged. Depending on the magnitude of the driving and
resisting forces as well as building geometry, overturning about one of the two principal
axes of the structure will yield the minimum safety factor against overturning. Since the
STP 3&4 overturning evaluations address overturning about each of the two principal
axes of the structure, the minimum safety factor against overturning of the structure is
appropriately determined.

3H.6.5.2.15 Plant Shutdown Criteria

The plant shutdown criteria described in DCD Section 3.7.4.4 will be used based on
the site-specific SSE response spectra shown in Figures 3.7-1a and 3.7-2a.

3H.6.5.2.16 Seismic Category | Substructures

Analysis and design of site-specific Seismic Category | substructures (e.g., platforms,
support frame structures, buried piping, tunnels, etc.) are in accordance with DCD Tier
2 Section 3.7.3, except that the site-specific SSE is used as seismic input. There is no
site-specific Seismic Category | above ground tank at STP 3 & 4.

3H.6.5.3 Seismic Analysis of RSW Piping Tunnels

The RSW Piping Tunnel runs north from the UHS/RSW Pump House to Control
Building (CB) and passes between the Reactor Building (RB) and Radwaste Building
(RWB). Since, the tunnel is a long structure, two dimensional (2D) SSI analyses have
been performed for this tunnel. The following three sections of the RSW Tunnel have
been used in the SSI analyses:

m  An east-west typical 2D section of the tunnel between the UHS/RSW Pump
House and the RB for SSI analysis of the RSW tunnel.

m  An east-west 2D section of the tunnel between the RWB and RB, for
structure-soil-structure interaction (SSSI) analysis to determine the SSSI effect
on the seismic soil pressures.

= A north-south 2D section of the tunnel between the Diesel Generator Fuel Oil
Storage Vault (DGFOSV) and the UHS/RSW Pump House, for SSSI analysis
to determine the SSSI effect on the seismic soil pressures.

All of the above SSI analyses have been performed using SASSI2000 computer
program. The following summarizes the details of the above stated SSI and SSSI
analyses.
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3H-50

SSI Analysis of the Typical 2D Section of RSW Tunnel (using the direct method of

analysis)

Figure 3H.6-209 shows the structural part of the 2D plane-strain model of the
reinforced concrete RSW Piping Tunnel with 2 ft thick mud mat under the base slab.
The top of the tunnel is 1.75 ft below grade. The model uses 4-node plane-strain
elements to model the 3 ft thick exterior walls, 3 ft thick base slab, two 2 ft thick
intermediate floors, 2 ft thick mud mat and the 1.75 ft soil above the tunnel. As shown
in Figure 3H.6-209, spring elements are added on the side walls of the tunnel to
calculate the seismic soil pressures on the tunnel walls.

The Specifics of this 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 the out-of-plane direction) of the tunnel.

Layered soil is modeled up to 124 ft depth with half space below it (more than
two times the horizontal dimension of RSW Piping Tunnel plus its embedment
depth).

Six cases of strain dependent soil properties representing in-situ lower bound,
mean and upper bound; and backfill lower bound, mean and upper bound are
considered.

Analysis cases also include one case with cracked concrete (50% concrete
modulus value) and one case with soil separation (20 ft depth). Backfill upper
bound soil case was used in these analyses.

Concrete and mud mat damping are assigned 4% for all cases, except 7%
damping is assumed for the cracked case.

Groundwater was considered at 8 ft depth (26 feet MSL). Subsection 2.4S.12
and Table 2.0-2 now state the site groundwater elevation as 28 feet MSL.
Therefore, a sensitivity analysis of this change in groundwater elevation was
performed using the Diesel Generator Fuel Oil Storage Vault SSI model, which
showed no significant effect on the analysis results. The ground water effect is
included by using minimum P-wave velocity of 5000 ft/sec except for cases
where use of this minimum P-wave velocity results in Poisson's ratio in excess
of 0.495.

Model is capable of passing frequencies for both vertical and horizontal
directions at least up to 32.9 Hz.

Cut-off frequency for transfer function calculation is 33 Hz.

Input motion is the amplified site specific SSE motion considering the effect of
nearby heavy RB and UHS/RSW Pump House structures. These amplified

motions were obtained from three dimensional (3D) SSI analyses of the RB and
UHS/RSW PH SSI analyses as described below. For resolution of issues with
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the subtraction method of analysis identified by the Defense Nuclear Facilities
Safety Board (DNFSB) see Section 3H.10.

In the three dimensional SSI analysis of the RB for site-specific SSE, one
interaction node at the ground surface and one interaction node at the depth
corresponding to the bottom elevation of the RSW Piping Tunnel were located
at six locations along the centerline of the RSW Piping Tunnel.

In the three dimensional SSI analysis of the UHS/RSW Pump House for
site-specific SSE, one interaction node at the ground surface and one
interaction nodeat the depth corresponding to the bottom elevation of the RSW
Piping Tunnel were located at one location at centerline of the Tunnel.

The resulting amplified response spectra at the interaction nodes, representing
the response of the RSW Piping Tunnel, from the above SSI analyses of RB
and UHS/RSW Pump House were obtained. In order to find a reasonable
envelop of these response spectra, to be used in the SSI analysis of the RSW
Piping Tunnels, these spectra were compared to 1.15 x site-specific SSE to
identify those exceeding 1.15 x site-specific SSE. Figures 3H.6-209a through
3H.6-209d include the response spectra which exceed 1.15 x site-specific
SSE.

Based on the comparison of the response spectra shown in Figures 3H.6-209a
through 3H.6-209d, six motions were selected as envelop amplified motions for
SSI analysis. These six motions correspond to 1.15 x site-specific SSE
andamplified motion time histories for Nodes 29378, 29379, 29390, 29392, and
15129.

SSI analyses of the RSW Piping Tunnel were performed, for each soil case,
using 1.15 x site-specific SSE input and acceleration time histories for the five
nodes, noted above, obtained from the RB and UHS/RSW Pump House SSI
analyses for the corresponding soil cases.

The horizontal direction and vertical direction input motions were applied at the
grade elevation.

The responses from the horizontal and vertical direction excitations were
combined using square root of sum of square (SRSS) method.

The responses from all SSI analyses from the six soil cases, concrete cracked
case and soil separation case were enveloped.

The in-structure response spectra were peak widened by + 15% at frequency
scale.

Envelope of the resulting response spectra for the base slab, intermediate
floors and the roof slab shown in Figures 3H.6-138 and 3H.6-139 are used as
the design in-structure response spectra for the RSW Piping Tunnel.
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3H-52

SSSI Analysis of the East-West 2D section of the RSW piping tunnel between the RWB

and RB

Figure 3H.6-210 shows the structural part of the 2D plane-strain model of RB + RSW
Piping Tunnel + RWB. Specifics of this SSSI analysis are as follows:

Subtraction method of analysis is used. For resolution of issues with the
subtraction method of analysis identified by the Defense Nuclear Facilities
Safety Board (DNFSB) see Section 3H.10.

The structural properties (mass and stiffness) for the 2D model of the individual
structures correspond to per unit depth (1 ft dimension in the out-of-plane
direction) of the respective structure.

Layered soil is modeled up to 551 ft depth with halfspace below it (more than
two times the maximum horizontal dimension of any of the buildings plus their
embedment depth).

Lower bound in-situ, upper bound in-situ, and upper bound in-situ with upper
bound backfill strain-dependent soil properties were used in the SSSI analysis.

The damping of structural part of the model is 4%.

Groundwater was considered at 8 ft depth (26 feet MSL). Subsection 2.4S.12
and Table 2.0-2 now state the site groundwater elevation as 28 feet MSL.
Therefore, a sensitivity analysis of this change in groundwater elevation was
performed using the Diesel Generator Fuel Oil Storage Vault SSI model, which
showed no significant effect on the analysis results. The ground water effect is
included by using minimum P-wave velocity of 5000 ft/sec except for cases
where use of this minimum P-wave velocity results in Poisson's ratio in excess
of 0.495.

Model is capable of passing frequencies of at least up to 35.9 Hz in the vertical
direction and 61.6 Hz in the horizontal direction.

Cut-off frequency for transfer function calculation is 33 Hz.
Input motion is site specific SSE motion.
The horizontal (E-W) input motion is applied at the grade elevation.

Figures 3H.6-212 and 3H.6-213 show the resulting soil pressures.

SSSI Analysis of the North-South 2D section of the RSW piping tunnel between the

DGFOSV and UHS/RSW PH

Figure 3H.6-211 shows the structural part of the 2D plane-strain model of RB + two
DGFOSVs + RSW Piping Tunnel (adjacent to UHS/RSW Pump House) + UHS/RSW
PH. Specifics of this SSI analysis are as follows:
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Subtraction method of analysis is used. For resolution of issues with the
subtraction method of analysis identified by the Defense Nuclear Facilities
Safety Board (DNFSB) see Section 3H.10.

The structural properties (mass and stiffness) for the 2D model of the individual
structures correspond to per unit depth (1 ft dimension in the out-of-plane
direction) of the respective structure.

Layered soil is modeled up to 546 ft depth with halfspace below it (more than
two times the maximum horizontal dimension of any of the buildings plus their
embedment depth).

Lower bound in-situ and upper bound in-situ strain-dependent soil properties
were used in the SSSI analysis.

The damping of structural part of the model is 4%.

Groundwater was considered at 8 ft depth (26 feet MSL). Subsection 2.4S5.12
and Table 2.0-2 now state the site groundwater elevation as 28 feet MSL.
Therefore, a sensitivity analysis of this change in groundwater elevation was
performed using the Diesel Generator Fuel Oil Storage Vault SSI model, which
showed no significant effect on the analysis results. The ground water effect is
included by using minimum P-wave velocity of 5000 ft/sec except for cases
where use of this minimum P-wave velocity results in Poisson's ratio in excess
of 0.495.

Model is capable of passing frequencies of at least up to 35.9 Hz in the vertical
direction and 61.6 Hz in the horizontal direction.

Cut-off frequency for transfer function calculation is 33 Hz.
Input motion is site specific SSE motion.
The horizontal (N-S) input motion is applied at the grade elevation.

Figures 3H.6-214 and 3H.6-215 show the resulting soil pressures.

3H.6.6 Structural Analysis and Design Summary

3H.6.6.1 Analytical Models

The structural analysis and design of the UHS basin and the RSW pump house was
performed using a finite element model (FEM). The FEM model is shown in Figure
3H.6-40. Two SAP2000 3D FEA models are used to calculate the element design
forces; one model for short term loading (seismic) and one model for long term loading
(non-seismic). The only differences between the two FEA models are the loading and
soil springs applied in the global Z (i.e. vertical) direction. The stiffness of the soil
springs for both the short term loading and long term loading models are determined
by multiplying the corresponding foundation subgrade modulus for the short term and
long term loading by the tributary area of mat elements for each spring.
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The resulting element forces from the short term loading model for X, Y, and Z seismic
loads are combined by the SRSS method. These SRSS’d element forces constitute
the E’ term in the third and fifth load combinations in Section 3H.6.4.3.4.3. The element
forces that comprise the E’ term are added and subtracted from the other applicable
resulting element forces from the long term loading model in the load combinations
defined in Section 3H.6.4.3.4.3, in a database outside of the FEA model to determine
final element design forces for each load combination. Since both the accidental
torsional moment and soil loads (H’) are directional in nature, they are added
algebraically to the seismic load combinations.

The envelope of the seismic accelerations from the refined and original SSI models
considering both the full basin and the empty basin were used in the short term loading
model. The enveloping SSI nodal accelerations in the global X, Y, and Z directions for
both the full basin case and the empty basin case were averaged by group for each of
nine groups based on the locations in the UHS / RSW pump house. The final group
accelerations used in the full basin seismic load case and the empty basin seismic load
case represent the envelope of the original mesh accelerations and the refined mesh
accelerations. For resolution of issues with the subtraction method of analysis
identified by the Defense Nuclear Facilities Safety Board (DNFSB) and its impact on
design see Section 3H.10.

The mass of the structure, equipment weights, seismic live loads, and hydrodynamic
forces were normalized by a factor of 1 g in the equivalent static seismic FEA model.
Depending on their location in the structure, these loads were multiplied by the group
acceleration corresponding to their location in the structure and combined with other
seismic loads by first adding the seismic loads in each direction and then combining
the X, Y, and Z components by the SRSS method. Forces and moments determined
from horizontal section cuts from the equivalent static FEA model are compared to
similar forces and moments determined from the horizontal section cuts from the SSI
analysis model to ensure that the design forces used in the equivalent static FEA
model envelope the maximum SSI analysis forces.

For the portions of the UHS basin where liquid-tightness is required (i.e., exterior walls
and basemat of the basin), in addition to satisfying ACI 349 strength requirements, the
required strength was increased by the environmental durability factors noted in
Subsection 3H.6.4.3.4.3 per Section 9.2.8 of ACI 350-01. Detailed stability evaluations
were performed for sliding, overturning, and flotation for normal operating cases and
for the case of an empty UHS basin. For sliding and overturning evaluations, the
100%, 40%, 40% rule was used for consideration of the X, Y, and Z seismic
excitations.

3H.6.6.2 Analytical Approach

3H.6.6.2.1 UHS Basin, UHS Cooling Tower Enclosure, and RSW Pump House

The analysis described in Subsection 3H.6.6.1 considers the following loads,
combined in accordance with Subsection 3H.6.4.3.4:
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s Dead and live loads on the UHS basin, UHS cooling tower enclosures, and RSW
pump houses as specified in Subsection 3H.6.4.3.1, plus the weight of the UHS
cooling tower fill, equipment and commodities in the RSW pump house.

»  Hydrostatic and hydrodynamic (impulsive and convective) loads corresponding to
the water in the basin, and on the walls and the piers of the UHS basin. The
hydrodynamic loads are calculated in accordance with Subsection C3.5.4 of ASCE
4 and meet the guidance provided in SRP 3.7.3, Acceptance Criterion 14.

m  Specifically the “Housner method” described in TID-7024 is used to determine the
hydrodynamic impulsive and convective masses.

»  The impulsive masses are applied to the walls of the UHS Soil-Structure Interaction
(SSI1) model. Therefore, the horizontal impulsive-mode spectral acceleration is
based on consideration of the flexibility of the tank.

= The seismically induced hydrodynamic pressures on the tank walls are determined
by the modal and spatial combination methods outlined in SRP Section 3.7.2
including the effects of soil-structure interaction.

= Since the fundamental sloshing (convective) frequency is so low (0.135 cycles per
second in the N-S direction and 0.078 cycles per second in the E-W direction), the
convective mass is not included in the SSI model but is considered in the design
by employing the spectral acceleration of the horizontal convective frequency at
0.5 percent damping.

m  The hydrodynamic pressure is added to the hydrostatic pressure to account for the
induced tension and compression forces on basin walls in the design.

m At-rest lateral soil pressure on the walls of the UHS basin and RSW pump houses.

» Hydrostatic pressures on the walls of the UHS basin and RSW pump houses due
to groundwater.

»  Envelope of dynamic lateral soil pressures on the walls of the UHS basin and RSW
pump houses due to an SSE, calculated from (a) methodology defined in
Subsection 3.5.3.2.2 of ASCE 4, (b) SSI analysis, and (c) structure-soil-structure
(SSSI) analysis. At rest lateral soil pressures are presented in Figures 3H.6-41
through 3H.6-43. Figures 3H.6-218 through 3H.6-220 provide a comparison of
lateral soil pressures from SSI and SSSI analysis to those from ASCE 4
methodology.

»  Surcharge pressure of 300 psf (14.4 kPa) is applied to the UHS basin and RSW
pump houses.

s SSE forces corresponding to the weight of the structures being acted on by the
accelerations established by the SSI analysis.
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= Wind loads on the UHS basin, UHS cooling tower enclosures, and RSW pump
houses calculated as indicated in Subsection 3H.6.4.3.2.

= Tornado wind and pressure loads on the UHS basin, UHS cooling tower
enclosures, and RSW pump houses calculated as specified in Subsection
3H.6.4.3.3.1.

m  The design flood loads on the RSW pump houses and tunnels are as stated in
Subsection 3H.6.4.2.3.

3H.6.6.2.2 RSW Piping Tunnels

3H-56

The individual components of the RSW Piping Tunnels (roof slab, intermediate slabs,
base mat and walls) have out-of-plane frequency in excess of 33 Hz and their out-of-
plane seismic loads are determined using a conservative acceleration of 0.21g which
exceeds the maximum Zero Period Acceleration (ZPA) of response spectra Figures
3H.6-138 and 3H.6-139. Manual calculations are used for the analysis and design of
individual components of the RSW Piping Tunnels (roof slab, intermediate slab, base
mat, walls) considering all applicable loads and load combinations including dead load,
live load, earth pressure loads, wind and tornado loads, SSE seismic loads, internal
flood loads and external flood loads.

In general the walls and slabs are designed as one-way slabs with walls spanning in
the vertical direction and the slabs spanning in the East-West direction (normal to the
tunnel axis). All connections are conservatively considered pinned except for those
connecting to the base mat, which are considered fixed. The resulting moments and
shears from this simplified analysis along with any induced axial tension or
compression due to dead load and/or reactions from adjoining elements are used to
determine the required rebar in accordance with the requirements of ACI 349-97.
Table 3H.6-6 provides the design summary for RSW Piping Tunnels.

The tensile axial strain on the RSW Tunnel due to Safe Shutdown Earthquake (SSE)
wave propagation is determined based on the equations and commentary outlined in
Section 3.5.2.1 of ASCE 4-98. Equation 3.5-1 of ASCE 4-98 is used to compute the
axial strain. As this equation gives the upper bound, Equation 3.5-2 from Section
3.5.2.1.2 of ASCE 4-98 is conservatively neglected.

The maximum curvature is computed based on Equation 3.5-3 in Section 3.5.2.1.3 of
ASCE 4 98. The maximum curvature is then converted into additional axial strain by
multiplying the curvature by the distance from the centroid of the RSW Piping Tunnels
to the extreme fiber of the RSW Tunnel. For these computations, the following
parameters are considered:

= An apparent wave velocity of 3,000 ft/sec (as recommended in appendix C3.5.2.1
of ASCE 4-98)

= A maximum ground velocity of 6.24 in/sec (which is based on 48 in/sec/g and site-
specific SSE maximum ground acceleration of 0.13g)
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= A triangular soil pressure distribution on the transverse leg of the tunnel near the
bend which is limited by the maximum passive pressure using passive pressure
coefficient Kp = 3

The tensile axial strain and strain due to maximum curvature are conservatively added
together to obtain the actual strain in the longitudinal direction of the RSW Tunnel. The
actual strain is then compared to the cracking strain of concrete and maximum
allowable strain of the reinforcing. The maximum computed tensile axial strain is 1.8 x
10" in/in which is about 9% of the rebar yield strain of 2.069 x 103 in/in. The design
also accounts for the induced forces at tunnel bends due to SSE wave propagation.
These forces are determined in accordance with Section 3.5.2.2 of ASCE 4-98 by
considering the structure as a beam on elastic foundation. To determine the required
reinforcement, the induced forces at the tunnel bends are considered to act
simultaneously with all other applicable loads (including dynamic soil pressures) in the
seismic load combinations.

This analysis considered the loads identified below, combined in accordance with
Subsection 3H.6.4.3.4.

s Dead load of the tunnel walls and the soil above 