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3.8

3.8.1

Design of Category | Structures

This design of Category I structures section provides information on the Seismic
Category I structures of the U.S. EPR, including the Reactor Containment Building
(RCB), Reactor Building (RB) internal structures, other Seismic Category I structures,
and their foundations. Figure 3B-1 illustrates key dimensions of the Nuclear Island
(NI) Common Basemat Structure and other Seismic Category I structures.

The RB is located in the central portion of the NI Common Basemat Structure and
houses the reactor coolant system (RCS). The RB consists of two concrete shell
structures, which are the inner RCB and the outer Reactor Shield Building (RSB). The
NI Common Basemat Structure foundation basemat supports both structures. The
RCB houses the RB internal structures. These structures are Seismic Category 1.

The RB is surrounded by Safeguard Buildings (SB) 1, 2, 3, and 4, the Fuel Building (FB),
and four stair towers (included with the SB). The NI Common Basemat Structure
foundation basemat supports each of these buildings, which are safety-related Seismic
Category I structures. The main steam system and main feedwater system valve
stations are located within SBs 1 and 4. The vent stack is a safety-related Seismic
Category I structure supported on the south-east stair tower roof.

Two Emergency Power Generation Buildings (EPGB) are located separately from the
NI Common Basemat Structure. Each EPGB contains two emergency diesel generators
and supporting equipment, and has its own independent foundation basemat. These
structures are Seismic Category I.

Four Essential Service Water Buildings (ESWB), which house Essential Service Water
Cooling Towers (ESWCT) and Essential Service Water Pump Buildings (ESWPB) are
located separately from the NI Common Basemat Structure and are supported by
independent foundation basemats. These structures are Seismic Category I.

Safety-related buried conduit, duct banks, pipes and pipe ducts are installed Seismic
Category I to support and protect safety-related distribution systems outside of the NI
Common Basemat Structure.

The dimensional arrangement drawings for Seismic Category I structures are provided
in Appendix 3B.

Concrete Containment

The RCB is part of the RB system as illustrated in Figure 3B-1. The RCB controls the
release of airborne radioactivity following postulated design basis accidents (DBA) and
provides radiation shielding for the reactor core and the RCS. The RCB is a post-
tensioned concrete pressure vessel and is located inside the reinforced concrete RSB
described in Section 3.8.4. This section addresses the concrete elements of the RCB.
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3.8.1.1

Section 3.8.2 addresses steel sub-elements of the RCB (e.g., the equipment hatch and
other penetrations). Section 6.2 describes the functional aspects of the containment
system (e.g., heat removal, containment isolation, combustible gas control and leakage
testing).

Description of the Containment

Figure 3.8-1—Reactor Building Plan at Elevation -50 Feet, Figure 3.8-2—Reactor
Building Plan at Elevation -20 Feet, Figure 3.8-4—Reactor Building Plan at Elevation
+5 Feet, Figure 3.8-5—Reactor Building Plan at Elevation +17 feet, Figure 3.8-6—
Reactor Building Plan at Elevation +29 feet, Figure 3.8-7—Reactor Building Plan at
Elevation +45 feet,Figure 3.8-8—Reactor Building Plan at Elevation +64 feet,

Figure 3.8-9—Reactor Building Plan at Elevation +79 feet, Figure 3.8-10—Reactor
Building Plan at Elevation +94 feet, Figure 3.8-11—Reactor Building Section A-A, and
Figure 3.8-13—Reactor Building Section C-C show plan and section views of the RCB.
See Sections 3.8.3 and 3.8.4 for additional figures showing structures adjacent to the
RCB.

The RCB is located inside the reinforced concrete RSB. The RSB protects the
containment structure from external hazards (e.g., wind loads, tornado loads, aircraft
hazard, explosion pressure wave and missiles). An annular space, designated as the RB
annulus, is provided between the RCB and the RSB to prevent interaction of the two
structures when subjected to extreme postulated design basis and beyond design basis
loading conditions.

The RCB houses the RB internal structures. To prevent adverse interactions inside the
RCB, the RB internal structures are physically independent of the RCB, except at the
supporting foundation basemat. No structural connections are provided between the
RCB and the RB internal structures. The RCB also provides structural support for the
polar crane.

The NI Common Basemat Structure foundation basemat supports the RCB, and
provides the only physical contact of the RCB with other structures. See Section 3.8.5
for a description of the NI Common Basemat Structure foundation basemat.

The RCB is a Seismic Category I, post-tensioned reinforced concrete shell structure
consisting of an upright cylinder capped with a spherical dome. The dimensions of the
RCB are approximately 162 feet outside diameter, by 153 feet inside diameter, by 218
feet high. The RCB is concentric with, and completely enclosed by, the RSB. No soil
loadings are applied to the containment structure, and waterproofing materials are not
required around the exterior surface of containment. A leak-tight steel liner plate
covers the entire inner surface of the RCB, including the basemat (GDC 16).

The RCB is a concrete containment structure with a steel liner designed in accordance
with the ASME Code 2004 Edition, Section III, Division 2 (Reference 1) (GDC 16).
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3.8.1.1.1

Tier 2

The RCB accommodates the calculated pressure and temperature conditions resulting
from a loss of coolant accident (LOCA) without exceeding the design leakage rate and
with sufficient margin (GDC 50). The RCB is designed for an internal pressure of 62
psig and a maximum temperature of 309.2°F. The RCB is also designed for a negative
internal pressure of -3 psig.

The equipment hatch and two airlocks provide access to the RB. A third opening
provides access to the lower containment during construction. Section 3.8.2 provides

a description of these sub-assemblies. The equipment hatch [ ] is
located at | ] and opens to the operating level of the RB internal
structures. A personnel airlock is located at [ ]

at the heavy load operating floor level and connects to a secure stair tower that serves

various levels of the RCB. A construction access is located at [

] An emergency airlock is located at [

] and opens to the operating floor level from [

]

The equipment hatch allows the entry of heavy components (e.g., the reactor pressure
vessel, steam generators, reactor coolant pumps, and pressurizer) into the RB. The size
of the hatch accommodates the entry of the reactor pressure vessel during
construction and the entry of a replacement steam generator or pressurizer in one

piece.

The steel liner plate is part of the concrete containment system and is designed in
accordance with ASME Code, Section III, Division 2 (Reference 1). The liner plate
serves as a leak-tight membrane to prevent the uncontrolled release of radioactive
materials to the environment (GDC 16). The steel liner plate is approximately 0.25
inch thick.

RCB penetrations are described in Section 3.8.2.1.

Concrete Wall and Dome Shells and Connection to Foundation

The RCB wall is 4 feet, 3 inches thick, and the dome is 3 feet, 3 3/5 inches thick. The
NI Common Basemat Structure foundation basemat supporting the containment
structure is approximately 10 feet thick under the liner plate. Additional concrete is
provided over the liner plate inside of containment to support the RB internal
structures.

The wall and dome shells of the RCB are post-tensioned with hoop, vertical, and dome
tendons. Reinforcing steel bars are provided in the concrete containment walls and
dome for crack control and strength to accommodate seismic and other loads.
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3.8.1.1.2

Three buttresses run vertically and project outward from the outside surface of the
cylindrical containment wall. These buttresses serve as the anchorage locations for
terminating the horizontal hoop tendons. The anchorage surfaces of the buttresses are
normal to the tangent line of the anchored hoop tendons. The buttresses are located at
azimuths 0°, 112°, and 230°. Appendix 3E provides details of the design and
reinforcement for the containment cylinder wall and buttresses.

A tendon gallery is provided under the circumference of the cylindrical containment
wall below the NI Common Basemat Structure foundation basemat. This gallery
provides access for installing and maintaining the lower terminations of the vertical
wall tendons. Appendix 3E provides details of the design and reinforcement where
the RCB wall intersects with the NI Common Basemat Structure foundation basemat.

A ring girder is provided around the top perimeter of the cylindrical containment wall
where it transitions into the spherical dome. The ring girder is a thickened area of
concrete that stiffens the containment vessel at the transition area. This serves as the
termination point for the upper end of vertical tendons and the ends of the horizontal
dome tendons.

The concrete shell is thickened around the equipment hatch opening to provide a
reinforced area where the concrete is removed for the opening. Appendix 3E provides
details of the design and reinforcement in the equipment hatch area. Horizontal and
vertical tendons are routed around penetrations through the containment wall. The
two airlocks and the construction opening are located in the thickened buttresses.

Structural anchorages embedded in the containment wall support the polar crane.
Structural members are welded to these embedments for supporting the polar crane
rails.

Post-Tensioning System

Tendons are provided both horizontally and vertically in the cylindrical portion of the
RCB. Tendons are provided in two orthogonal directions in the plan view of the
containment dome. Layouts of the tendons vary to accommodate penetrations
through the RCB wall.

The Freyssinet C-range post-tensioning system is the tendon system used for post-
tensioning the concrete RCB. The Freyssinet 55C15 tendon system is made up of 55
seven-wire strands in each tendon. Section 3.8.1.6.3 describes the material properties
of the tendon system. The tendons are grouted in place after tensioning.

A total of 119 horizontal hoop tendons are provided around the cylindrical shell of the
RCB. The tendons terminate at the three vertical buttresses provided around the
outside of the containment wall. Terminations alternate so that each buttress has a
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3.8.1.1.3

horizontal tendon terminating every third hoop (i.e., each hoop tendon extends the
full circumference of the building).

A total of 47 vertical tendons are provided around the cylindrical shell of the RCB.
The vertical tendons terminate at the top of the ring girder that is provided at the
transition of the wall to the spherical dome roof. A total of 104 gamma tendons are
also provided vertically up through the containment wall where they then wrap over
the dome and terminate at the ring girder on the opposite side of the wall. The gamma
tendons are separated into two groups that are placed 90° apart in the RBC dome. The
bottom of both the vertical tendons and the gamma tendons terminate at the tendon

gallery.

Additional information on layout and design of the tendons is provided in

Appendix 3E for the RCB cylindrical wall, and buttress areas. The minimum required
post tensioning force to offset the structural integrity test (SIT) pressure loading is
801k/ft hoop force, 401k/ft vertical force, and 548k/ft in both directions for the dome.

Figure 3.8-18—Finite Element Model of Reactor Containment Building Tendon
Layout in Cylindrical Wall and Figure 3.8-19—Finite Element Model of Reactor
Containment Building Tendon Layout in Dome show the finite element model of the
tendon layout.

Liner Plate System

A carbon steel liner plate covers the entire inside surface of the RCB, excluding
penetrations. The steel liner is 0.25 inch thick and is thickened locally around
penetrations, large brackets, and at major attachments. Except for the bottom
horizontal surface, angle and channel steel sections anchor the liner plate to the
concrete containment structure. The in-containment refueling water storage tank
(IRWST), including the containment sumps, are lined with 0.25 inch thick stainless
steel liner plates that serve as additional corrosion protection for the underlying
carbon steel liner. See Section 3.8.3 for a description of the IRWST.

Steel shapes reinforce the plate both longitudinally and laterally to provide rigidity
during prefabrication, erection, and concrete placement. The steel shapes are welded
to the liner plate and are fully embedded in the concrete to provide a rigid connection
to the inside surface of the RCB concrete. The concrete foundation of the RB internal
structures is poured on top of the liner plate at the basemat surface, embedding the
lower region of the liner plate in the foundation. The liner plate is not used as a
strength element to carry design basis loads; however, the liner supports the weight of
wet concrete during the construction of the RCB.

Section 3.8.2 contains a description of the penetrations through the containment liner,
including the equipment hatch, airlocks, piping penetration sleeves, electrical
penetration sleeves, and the fuel transfer tube penetration sleeve.
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No load transfer attachments are used at the bottom portion of the liner plate to
transfer loads from the concrete RB internal structures into the lower portion of the NI
Common Basemat Structure foundation basemat. RB internal structure lateral
reaction loads are transferred through the liner plate. This is achieved by lateral
bearing on the haunch wall at the bottom of the RB internal structures foundation
where it is embedded in concrete above the NI Common Basemat Structure
foundation basemat.

Structural attachments to the containment walls and dome include various pipe,
HVAQ, electrical, and equipment support brackets, as well as the polar crane rail
supports. The liner plate is continuously welded to embedded plate areas and areas
with thickened plates so that a continuous leak-tight barrier is maintained.

3.8.1.2 Applicable Codes, Standards, and Specifications
The following codes, standards, specifications, design criteria, regulations, and
regulatory guides are used in the design, fabrication, construction, testing, and in-
service inspection of the RCB (GDC 1, GDC 2, GDC 4, GDC 16, and GDC 50).
3.8.1.21 Codes
e ACI 117-90/117R-90, Specification for Tolerances for Concrete Construction and
Materials (Reference 6).
o ACI 301-05, Specifications for Structural Concrete for Buildings (Reference 7).
e ACI 304R-00, Guide for Measuring, Mixing, Transporting, and Placing Concrete
(Reference 8).
e ACI 305.1-06, Specification for Hot-Weather Concreting (Reference 9).
e ACI 306.1-90, Standard Specification for Cold-Weather Concreting
(Reference 10).
e ACI 347-04, Guide to Form Work for Concrete (Reference 11).
e ACI 349-01, Code Requirements for Nuclear Safety-Related Concrete Structures
and Commentary (exception described in Sections 3.8.4.4 and 3.8.4.5)
(Reference 12).
o ACI 349-06/349R-06, Code Requirements for Nuclear Safety-Related Concrete
Structures and Commentary (Appendix D) with the exception of Condition A
strength reduction factors even when supplemental reinforcement is provided
(Reference 63).
e ACI SP-2 (99), Manual of Concrete Inspection (Reference 13).
Tier 2 Revision 2 Page 3.8-6
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3.8.1.2.2

3.8.1.2.3

ANSI/AWS D1.4-2005, Structural Welding Code - Reinforcing Steel
(Reference 19).

ASME Code - 2004 Edition.

— Section II - Material Specifications.

—  Section III, Division 2 - Code for Concrete Reactor Vessels and Containments.
— Section V - Nondestructive Examination.

— Section VIII - Pressure Vessels.

— Section IX - Welding and Brazing Qualifications.

— Section XI — Rules for Inservice Inspection of Nuclear Power Plant
Components.

Acceptable ASME Code cases per RG 1.84, Revision 33, August 2005.

ASME NOG-1-04, Rules for Construction of Overhead and Gantry Cranes (Top
Running Bridge, Multiple Girder) (Reference 21).

Standards and Specifications

Industry standards (e.g., those published by the ASTM) are used to specify material
properties, testing procedures, fabrication, and construction methods. Section 3.8.1.6

lists the applicable standards used.

Structural specifications cover the areas related to the design of the RCB. These
specifications emphasize the important points of the industry standards for the RCB
and reduce the options that would otherwise be permitted by the industry standards.

These specifications cover the following areas:

Concrete material properties.

Mixing, placing, and curing of concrete.
Reinforcing steel and splices.
Post-tensioning system.

Liner plate system.

Design Criteria

The design of pressure retaining components of the RCB complies with:

Article CC-2000 of the ASME Code, 2004 Edition, Section III, Division 2.
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3.8.1.2.4

3.8.1.2.5

3.8.1.3

e Article CC-3000 of the ASME Code, 2004 Edition, Section III, Division 2 (GDC 1,
GDC 2, and GDC 16).

e ASME Code 2004 Edition, Section XI, Subsection IWL, Requirements for Class CC
Concrete Components of Light-Water Cooled Plants.

e ASME Code 2004 Edition, Section XI, Subsection IWE, Requirements for Class MC
and Metallic Liners of Class CC Concrete Components of Light-Water Cooled
Power Plants.

Regulations
e 10 CFR 50 - Licensing of Production and Utilization Facilities.

e 10 CFR 50, Appendix A — General Design Criteria for Nuclear Power Plants (GDC
1,2, 4, 16, and 50).

e 10 CFR 50, Appendix ] — Primary Reactor Containment Leakage Testing for Water
Cooled Power Reactors.

e 10 CFR 100 — Reactor Site Criteria.
NRC Regulatory Guides

Regulatory Guides applicable to the design and construction of the RCB:

e RG 1.7, Revision 3.

e RG 1.84, Revision 33.

e RG 1.90, Revision 1 (exception described in 3.8.1.7).

e RG 1.94, Revision 1.

e RG 1.107, Revision 1.

e RG 1.136, Revision 3 (exception described in 3.8.1.3).

e RG 1.199, November 2003 (exception described in 3.8.1.4).
Loads and Load Combinations

The U.S. EPR standard plant design loads envelope includes the expected loads over a
broad range of site conditions. Loads and load combinations for the RCB are in
accordance with the requirements of Article CC-3000 of the ASME Code, Section III,
Division 2, Code for Concrete Containments and ACI Standard 359, and RG 1.136
(GDC 1, GDC 2, GDC 4, GDC 16, and GDC 50). RG 1.136 endorses the 2001 Edition of
the ASME Code with the 2003 addenda (including exceptions taken in RG 1.136). The
U.S. EPR standard plant design is based on the 2004 Edition of the Code, inclusive of
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3.8.1.3.1

the exceptions taken in RG 1.136. Design loads and loading combinations for the
concrete RCB are described in Sections 3.8.1.3.1 and 3.8.1.3.2.

A COL applicant that references the U.S. EPR design certification will confirm that
site-specific loads lie within the standard plant design envelope for the RCB, or
perform additional analyses to verify structural adequacy.

Design Loads

The concrete RCB is designed for the following loads:

Service Loads

e Normal Loads — Normal loads are those loads encountered during normal plant
operation and shutdown (GDC 4). This load category includes:

— Dead Loads (D) — Dead loads include the weight of the structure and any
permanent equipment or material weights. Dead load effects also refer to
internal moments and forces due to dead loads.

— Live Loads (L) — Live loads include any normal loads that vary with intensity
or point of application, including moveable equipment. Live load effects also
refer to internal moments and forces due to live loads. Live loads are applied,
removed, varied from zero to full value, or shifted in location to obtain the
worst-case loading conditions. Impact forces due to moving loads are applied
as appropriate for the loading condition.

— Soil Loads or Lateral Earth Pressure (H) — There are no soil or lateral earth
pressure loads on the RCB because it is surrounded by other Seismic Category I
structures that shield it from these loads.

— Hydrostatic Loads (F) — Hydrostatic loads due to water stored in pools and
tanks are considered in the design of RB internal structures that exert reaction
loads on the RCB and NI Common Basemat Structure foundation basemat.
Hydrodynamic loads resulting from seismic excitation of fluids are included as
a component of the safe shutdown earthquake (SSE) load. There are no
hydrostatic loads from groundwater or external floods on the RCB because it is
surrounded by other Seismic Category I structures that subsequently provide a
shield. Buoyancy loads are addressed in Section 3.8.5 for foundation design.

— Thermal Loads (T,) — Thermal loads consist of thermally induced forces and
moments resulting from normal plant operation and environmental
conditions. Thermal loads and their effect are based on the critical transient or
steady-state condition. Thermal expansion loads due to axial restraint, as well
as loads resulting from thermal gradients, are considered.

The ambient air temperatures listed below are for normal operation. Normal
operation temperatures are given as a maximum value during summer and a
minimum value during winter.
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RB internal ambient temperatures:

During normal operation:
Equipment Area: 131°F (maximum), 59°F (minimum).
Service Area: 86°F (maximum), 59°F (minimum).

During normal shutdown: 86F (maximum), 59°F (minimum).
RB annulus internal ambient temperatures:
During normal operation: 113'F (maximum), 45°F (minimum).

Pipe Reactions (R,) — Pipe reactions are those loads applied by piping system
supports during normal operating or shutdown conditions based on the critical
transient or steady state conditions. The dead weight of the piping and its
contents are not included. Appropriate dynamic load factors are used when
applying transient loads, such as water hammers.

Post-Tension Loads (J) — Post-tension loads are those loads developed from
applying strain on the containment tendons.

Relief Valve Loads (G) — Relief valve loads are those loads resulting from the
actuation of a relief valve or other high-energy device.

Pressure Variant Loads (P,) — Pressure variant loads are those external pressure
loads resulting from pressure variation either from inside or outside of
containment.

Construction Loads — Construction loads are those loads to which the structure
may be subjected during construction of the plant. Construction loads will be
applied to evaluate partially completed structures, temporary structures, and
their respective individual members. Design load requirements during
construction for buildings and other structures will be developed in
accordance with Table CC-3230-1 of the Section III, Division 2, of the ASME
Code and with SEI/ASCE 37-02. The magnitude and location of construction
loads will be applied to generate the maximum load effects of dead, live,
construction, environmental, and lateral earth pressure loads. Consideration
will be given to the loads and load effects of construction methods, equipment
operation, and sequence of construction.

Test Loads — Test loads are those loads that are applied during structural
integrity testing or leak-rate testing. This load category includes:

Test Pressure Loads (P,) — Test pressure loads are those loads resulting from
the pressure exerted on the RCB during the SIT at 1.15 times the design
pressure and during the leak-rate test at 1.0 times the DBA pressure.

Test Thermal Loads (T,) — Test thermal loads include thermal effects and
loads experienced by the RCB during the structural integrity and leak-rate
tests.
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Factored Loads

Severe Environmental Loads — Severe environmental loads are those loads that
could be encountered infrequently during the life of the plant (GDC 2). This load
category includes:

Wind Loads (W) — There are no wind loads applicable on the RCB because it is

surrounded by other Seismic Category I structures that subsequently provide a
shield.

There are no operating basis earthquake (OBE) loads applicable to the overall
RCB design for the U.S. EPR because an OBE level of one-third the SSE has
been selected. See Section 3.7.1 for a description of the OBE.

Extreme Environmental Loads — Extreme environmental loads are those that are
credible but are highly improbable (GDC 2). This load category includes:

SSE (E’) — SSE loads are those loads generated by an earthquake with a peak
horizontal ground acceleration of 0.30g. Seismic loads in the vertical direction
and two orthogonal horizontal directions are considered to act simultaneous.
Section 3.7 provides a description of how SSE loads are determined and
combined. SSE loads are considered due to applied inertia loads, including
dead loads, live loads, and hydrodynamic loads (i.e., water in storage pools and
tanks).

Tornado Loads (W,) — Loads generated by the design basis tornado are
described in Section 3.3 and Section 3.5. This load category includes:

Tornado Wind Pressure (W,,) — Tornado wind pressure is not applicable
because the RCB is protected from wind forces by the RSB.

Tornado Created Differential Pressure (W) — The RSB is designed as an
enclosed, unvented structure, which does not allow tornado differential
pressure forces to affect the RCB.

Tornado Generated Missiles (W,) — Tornado-generated missile loads are

not applicable because the RSB serves as a barrier to protect the RCB from
missile strikes.

Abnormal Loads — Abnormal loads are those loads generated by a postulated high-
energy pipe break accident. This event is classified asa DBA (GDC 4 and GDC 50).
These loadings include an appropriate dynamic load factor to account for the
dynamic nature of the load, unless a time-history analysis is performed to justify
otherwise. Abnormal loads include the following loads:

Internal Flooding Loads (F,) — Loads resulting from the internal flooding of
containment during or following a postulated DBA.

Buoyant Force (F,) — Fluid forces acting vertically on a partially or fully
submerged body as a result of the design basis maximum flood. Section 3.8.5
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describes application of buoyant force loads to the NI Common Basemat
Structure foundation basemat.

— Pressure Load (P,) — Pressure equivalent static load within or across a
compartment or building generated by a postulated pipe break.

— Thermal Load (T,) — Thermal loads generated by the postulated pipe break
(including thermal load T,).

— Accident Pipe Reactions (R,) — Pipe reactions generated by the postulated pipe
break (including pipe reaction load R,).

— Pipe Break Loads (R,) — Local loads following a postulated pipe break. Unless a
time-history analysis is performed to justify otherwise, these loadings include
an appropriate dynamic load factor to account for the dynamic nature of the
load. This load category includes:

Pipe Break Reaction Loads (R,,) — R,, is defined as the equivalent static load
on the structure generated by the reaction of the high-energy pipe during
the postulated break.

Pipe Break Jet Impingement Loads (R;;) — R, is defined as the jet
impingement equivalent static load on the structure generated by the
postulated break.

Pipe Break Missile Impact Loads (R,,,) — R, is defined as the missile impact
equivalent static load on the structure generated by or during the
postulated break, such as pipe whipping.

Other Loads

Other loads refer to postulated events or conditions that are not included in the design

basis (GDC 4). These loading conditions and effects are evaluated without regard to

the bounding conditions under which SSC are required to perform design basis

functions. This load category includes:

Aircraft Hazard (A) — Aircraft hazard refers to loads on a structure resulting from
the impact of an aircraft. The evaluation of this loading condition is considered as
part of the plant safeguards and security measures. Aircraft hazard loads are not
applicable on the RCB because it is surrounded by other Seismic Category I
structures that provide a shield.

Explosion Pressure Wave (B) — Explosion pressure wave refers to loads on a
structure resulting from an explosion in the vicinity of the structure. The
evaluation of this loading condition is considered as part of the plant safeguard and
security measures. Explosion pressure wave loads are not applicable on the RCB
because it is surrounded by other Seismic Category I structures that provide a
shield.
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3.8.1.3.2

e Combustible Gas (C) — Combustible gas loads are pressure loads that result from a
fuel-clad metal-water reaction followed by an uncontrolled hydrogen burn during
a post-accident condition in a reactor containment inerted by carbon dioxide
(Refer to Section 6.2.5). RG 1.136, Regulatory Position C.5 provides the loads and
load combinations acceptable for analysis and design of containment when
exposed to the loading conditions associated with combustible gas. The principal
combustible gas for the U.S. EPR is hydrogen. The U.S. EPR design does not
include an inerting gas system. Containment maximum pressure is 75 psig based
on pressure load time histories due to the hydrogen released by assuming 100
percent fuel-clad reaction with reactor coolant followed by hydrogen burning.
RG 1.136, Regulatory Position C.5 and RG 1.7 specify a minimum pressure of 45
psig combined with dead load (D) as a minimum design condition. U.S. EPR
calculated maximum pressure is greater than the regulatory required minimum
pressure. ANSYS computer code was used to perform a structural analysis of the
Reactor Containment Building (RCB) to calculate maximum liner strain. The
elastic model of containment described in Section 3.8.1.4.1 is employed. The
elements associated with the liner plate, containment wall, ring girder, dome,
foundation, and RBIS foundation are isolated from the overall static model.
Additionally, a nonlinear model created from a 6° slice of the RCB liner, wall, ring
girder, and dome, which implements axisymmetric boundary conditions, is also
analyzed. This nonlinear model allows for concrete cracking and the tensile
capability of the reinforcing bars. A separate analysis is performed to determine
the effects of the pressure load on containment penetrations. These analyses
consider dead loads, pre-stressing loads, and the internal pressure load from the
hydrogen burn event, and considered degradation of material properties due to the
higher temperature resulting from hydrogen burn. RCB liner strains calculated for
the pressure time histories during this hydrogen burn are within strain limits
described by RG 1.7 and ASME Code Section III, Division 2, Subarticle CC — 3720.

Missile Loads other Than Wind- or Tornado-Generated Missiles

There are no missile loads on the RCB resulting from activities of nearby military
installations, turbine failures, or other causes. The RCB is surrounded by other Seismic
Category I structures that shield it from missiles.

Design Load Combinations

Loading combinations used for the design of the RCB, including its steel liner plate, are
in accordance with guidance provided in NUREG-0800, Standard Review Plan,
Section 3.8.1 (Reference 3) (GDC1, GDC 2, GDC 4, GDC 16, and GDC 50).

The NI Common Basemat Structure is a monolithic concrete structure. However,
various portions of the structure have different classifications (i.e., RCB, RB internal
structures, and other Seismic Category I structures) and correspondingly different
design requirements, as shown in Figure 3.8-118. In some instances, the load
combinations identified in NUREG-0800 do not include certain independent loadings
which should be considered to account for potential structure-to-structure effects (i.e.,
the effect on one structure resulting from loadings applied to a separate, but
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monolithically connected, structure). To account for potential structure-to-structure
effects, the NUREG-0800 loading combinations are adjusted by including the
necessary additional independent loadings. The independent loadings added to the
load combinations include hydrostatic load (F), buoyant force (F}), and soil load/lateral

earth pressure (H). The load factors for hydrostatic load (F) and buoyant force (Fy) are

matched to that of the dead load (D) for each loading combination, while the load
factor for soil load/lateral earth pressure (H) is matched to that of the live load (L).
Section 3.8.1.3.1 provides details regarding all loads considered for the design of the
RCB. The following guidance is used for applying load combinations for the design of
the RCB:

e The live load (L) is applicable after construction of containment. Construction
loadings, temporary or otherwise, may also be considered as live loads and
included within appropriate loading combinations.

e Unless a time-history analysis is performed to justify otherwise, the maximum
values of load combinations including the loads P,, T,, R,, R, R;, R, or G are
used, including an appropriate dynamic load factor.

Tj>

e For concrete members, Us is defined as the required section strength for service
loads based on the allowable stresses defined in Subarticle CC-3430 of the ASME
Code, Section III, Division 2, with additional guidance provided by NUREG-0800.

e For concrete members, Uy is defined as the required section strength for factored
loads based on the allowable stresses defined in Subarticle CC-3420 of the ASME
Code, Section III, Division 2, with additional guidance provided by NUREG-0800.

e The following requirements are met for the design of concrete components for
factored load conditions:

— Primary forces must not bring the local section to a general yield state with
respect to any component of section membrane strain or section flexural
curvature. General yield state is the point beyond which additional section
deformation occurs without an increase in section forces.

— Under combined primary and secondary forces on a section, the development
of a general yield state with respect to those membrane strains or flexural
curvatures that correspond to secondary stress components is acceptable, and
is subject to rebar strain limits specified in Subarticle CC 3420 of the ASME
Code, Section III, Division 2. The concept of a general yield state is not
applicable to strains associated with radial shear stress.

e Primary and secondary forces are as defined in Subarticle CC-3130 of the ASME
Code, Section III, Division 2.

e Limitations on maximum concrete temperatures as defined in Subarticle CC-3440
of the ASME Code, Section III, Division 2 are observed.
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e Loads and loading combinations encompass the soil cases described in
Section 3.7.1, using the design criteria described in Section 3.7.1 and Section 3.7.2.

The following load combinations define the design limits for the Seismic Category I
concrete RCB. These load combinations define the design limits for the Seismic
Category I steel liner plate for the RCB, except that load factors are considered to be
1.0.

e Service load combinations (test loads).
Us=D+L+H+F+F+]J+P +T,

e Service load combinations (construction loads).
Us=D+L+H+F+F+T,+]J+W

e Service load combinations (normal loads).
Us=D+L+H+F+F+T,+R,+]J+G+P,

e Factored load combinations (severe environmental loads).

Up=D+13L+13H+F+F,+T,+R,+]J+G+P,+15W

e TFactored load combinations (extreme environmental loads).
U=D+L+H+F+F+T,+R+]J+G+P, + E
Up=D+L+H+F+F+T,+R,+]J+G+P, + W,

e Factored load combinations (abnormal loads).
Us=D+L+H+F+F+J+G+15P,+T,+ R,
U=D+L+H+F+F+]+G+P,+T,+125R,
Up=D+L+H+F+F+]+125G+1.25P, + T, +R,

e Factored load combinations (abnormal or severe environmental loads).

Us=D+L+H+F+F+]J+G+1.25W + 1.25P, + T, + R,
Up=D+L+H+F+F+ T,+]J+G+F,+W

e Factored load combinations (abnormal or extreme environmental loads).

U=D+L+H+F+F+]J+G+E +P,+T,+R, + R,
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3.8.1.4

Design and Analysis Procedures

The analysis and design of the post-tensioned RCB comply with the requirements of
Article CC-3300 of the ASME Code, Section III, Division 2 and RG 1.136 (GDC 1 and
GDC 16).

Computer programs perform many of the computations required for the RCB analysis
and design. In many cases, classical methods and manual techniques are also used for
the analysis of localized areas of the containment structure and its subassemblies.
Manual calculations are generally used for:

e Initial proportioning of the dome, wall, and base slab and determining tendon
layout.

e Evaluation of the effects of locally applied loads, such as crane loads and pipe
reaction loads.

e Preparation of input for the computer analyses.
e Design of the liner plate and its anchorage to the concrete containment shell.

The analysis and design methods incorporate several phases. Overall analysis and
design are performed for structures using computer models of the NI Common
Basemat Structure, Seismic Category I structures. Then, localized design evaluations
account for local loadings and discontinuities in structures (e.g., openings and local
changes in member cross-sections). Results from the local analyses are combined with
the overall global analysis results to produce the final design.

An ultimate capacity analysis is performed, as described in Section 3.8.1.4.11, to
determine the ultimate internal pressure load capability of the containment for use in
probabilistic risk assessment and severe accident analyses. The ultimate capacity
analysis evaluates the concrete containment structure (including the liner plate), as
well as large containment penetrations, such as the equipment hatch and airlocks.

Gaps are provided between the RCB and adjoining interior and exterior structures to

accommodate deformation during pressurization and as a result of seismic movements.

Appendix 3E provides details of the design and reinforcement for the containment
wall to foundation connection.

Appendix 3E provides details of the design and reinforcement for the containment
cylinder wall and buttresses.

The following sections provide details of design and analysis of the RCB.
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3.8.1.4.1

Computer Programs

The containment structure is included in an overall model developed for analysis of
the NI Common Basemat Structure, which includes the RCB with the RB internal
structures, the RSB, the SBs, the FB, and the NI Common Basemat Structure
foundation basemat. The RCB is modeled and analyzed using the ANSYS computer
program. ANSYS is a validated an