3.0

DESIGN OF STRUCTURES, COMPONENTS, EQUIPMENT, AND
SYSTEMS

This chapter of the Final Safety Analysis Report (FSAR) discusses the principal architectural
and engineering design of those structures, systems, components, (SSCs) and equipment that
are important to safety. It also provides information regarding the design, fabrication, erection,
and testing to quality standards commensurate with the importance of their safety functions to
be performed during the life of the plant. Recognized industry codes and standards are applied
per the safety classifications to ensure that they meet the required safety-related function.
3.1

Conformance with Criteria

3.1.1

Introduction

This FSAR section addresses the principal design criteria of the Advanced Boiling-Water
Reactor (ABWR) Standard Plant measured against the U. S. Nuclear Regulatory Commission
(NRC) General Design Criteria (GDC) for Nuclear Power Plants, Title 10 of the Code of Federal
Regulations (10 CFR) Part 50, “Domestic Licensing of Production and Utilization Facilities,”
Appendix A, “General Design Criteria for Nuclear Power Plants.”
3.1.2

Summary of Application

Section 3.1 of the South Texas Project (STP), Units 3 and 4, Combined License (COL) FSAR
Revision 12 incorporates by reference Section 3.1 of the certified ABWR design control
document (DCD) Revision 4, referenced in 10 CFR Part 52, “Licenses, Certifications, and
Approvals for Nuclear Power Plants,” Appendix A, “Design Certification Rule for the U.S.
Advanced Boiling Water Reactor.” In addition, in FSAR Section 3.1, the applicant provides the
following:
Tier 1 Departures
•

STD DEP T1 2.4-1

Residual Heat Removal System and Spent Fuel
Pool Cooling

This departure adds the capability to choose a third loop of residual heat removal (RHR) in the
Augmented Fuel Pool Cooling and Fuel Pool Makeup Modes.
•

STD DEP T1 2.5-1

Elimination of New Fuel Storage Racks from the
New Fuel Vault

This departure eliminates the new fuel storage racks from the new fuel vault (NFV).
•

STD DEP T1 2.15-1

Re-Classification of Radwaste Building
Substructure from Seismic Category I to NonSeismic

This departure reclassifies the radwaste building (RWB) substructure from seismic Category I to
non-seismic.
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•

STD DEP T1 3.4-1

Safety-Related I&C Architecture

This departure proposes to change safety-related instrumentation and control (I&C)
architecture, including the replacement of the essential multiplex system and the nonessential
multiplex system in the ABWR design with a separate and independent system-level data
communication.
•

STP DEP T1 5.0-1

Site Parameters

This departure identifies site parameters specific to STP, Units 3 and 4, that were considered in
the design. Specific parameters include flood level and maximum probable precipitation.
Tier 2 Departures Not Requiring Prior NRC Approval
•

STP DEP 8.2-1

Electrical Equipment Numbering

This departure addresses offsite electrical design that is unique to STP, Units 3 and 4.
•

STP DEP 1.1-2

Dual Units at STP 3 & 4

The ABWR DCD design is for one unit. This departure identifies the STP as dual units with
some shared equipment and structures.
3.1.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503, “Final
Safety Evaluation Report Related to Certification of the ABWR Standard Design,” (July 1994)
(FSER related to the ABWR DCD). In addition, the relevant requirements of the Commission
regulations for this section and the associated acceptance criteria, are in Section 3.1 of
NUREG–0800, “Standard Review Plan for the Review of Safety Analysis Reports for Nuclear
Power Plants (LWR Edition),” (the Standard Review Plan [SRP]).
In accordance with Section VIII, “Processes for Changes and Departures,” of Appendix A to
10 CFR Part 52, the applicant identifies Tier 1 and Tier 2 departures. Tier 1 departures require
prior NRC approval and are subject to the requirements of 10 CFR Part 52, Appendix A, Section
VIII.A.4. Tier 2 departures not requiring prior NRC approval are subject to the requirements of
10 CFR Part 52, Appendix A, Section VIII.B.5, which are similar to the requirements in 10 CFR
50.59.
3.1.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.1 of the certified
ABWR DCD. The staff reviewed Section 3.1 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to the conformance with criteria.
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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The staff reviewed the following information in the COL FSAR:
Tier 1 Departure
The Tier 1 Departures identified by the applicant in this chapter require prior NRC approval in
the form of an exemption and the full scope of their technical impact may be evaluated in the
other sections (or chapters) of this safety evaluation report (SER) accordingly. For more
information refer to COL application Part 07, Section 5.0 for a listing of all FSAR sections
affected by Tier 1 departures. In addition, compliance with 10 CFR Part 52, Appendix A,
Section VIII.A.4 for Tier 1 departures is being addressed by the staff in an exemption evaluation
in Chapter 1 of this SER.
•

STD DEP T1 2.4-1

Residual Heat Removal System and Spent Fuel
Pool Cooling

This departure adds the capability to choose a third loop of RHR in the Augmented Fuel Pool
Cooling and Fuel Pool Makeup Modes. In FSAR Subsection 3.1.2.6.4.2, “Evaluation Against
Criterion 63,” an editorial change notes the third RHR loop in demonstrating compliance with
GDC 63, “Monitoring fuel and waste storage.” This departure is evaluated in Chapter 5,
“Reactor Coolant System and Connected Systems,” of this SER.
•

STD DEP T1 2.5-1

Elimination of New Fuel Storage Racks from the
New Fuel Vault

This departure eliminates the new fuel storage racks from the NFV. The STP, Units 3 and 4,
will have a single design for fuel storage racks. These racks will store both new and spent fuel
assemblies. This Tier 1 departure is evaluated in Sections 9.1.1, “New Fuel Storage,” and
9.1.2, “Spent Fuel Storage,” of this SER.
•

STD DEP T1 2.15-1

Re-Classification of Radwaste Building
Substructure from Seismic Category I to NonSeismic

This departure reclassifies the RWB substructure from seismic Category I to non-seismic.
FSAR Subsection 3.1.2.6.2.2.1, “Fuel Storage and Handling System,” refers to the
reclassification of the RWB substructure to non-seismic in demonstrating compliance with GDC
61, “Fuel storage and handling and radioactivity control.” This departure is evaluated in Chapter
14 and Sections 3.7, “Seismic Design,” and 3.8, “Seismic Category I Structures,” of this SER.
•

STD DEP T1 3.4-1

Safety-Related I&C Architecture

This departure proposes changes to safety-related I&C architecture. FSAR Subsection
3.1.2.3.3.2, “Evaluation Against Criterion 22,” clarifies the elimination of the multiplex system in
demonstrating compliance with GDC 22, “Protection system independence.” This departure is
evaluated in Chapters 7 and 14 of this SER.
•

STP DEP T1 5.0-1

Site Parameters

This departure identifies site parameters specific to STP, Units 3 and 4, that were considered in
the design, such as flood level and maximum probable precipitation. The applicant provided
additional information in FSAR Subsection 3.1.2.1.2.2, “Evaluation Against Criterion 2,” in
demonstrating compliance with GDC 2, “Design bases for protection against natural
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phenomena.” This departure is evaluated in Section 3.8 and other sections of this SER, as
applicable.
Tier 2 Departures Not Requiring Prior NRC Approval
•

STP DEP 8.2-1

Electrical Equipment Numbering

This departure addresses the offsite electrical design that is unique to STP, Units 3 and 4.
FSAR Subsection 3.1.2.2.8.2.2, “Offsite Electric Power System,” summarizes and describes the
electrical system and refers to FSAR Sections 8.1.1, “Offsite Transmission Network”; 8.1.2,
“Electrical Power Distribution System”; and 8.2, “Offsite Power System.” This departure is
evaluated in Chapter 8 of this SER.
•

STP DEP 1.1-2

Dual Units at STP 3 & 4

The ABWR DCD standard design is for one unit. Therefore, compliance with GDC 5, “Sharing
of structures, systems, and components,” was not applicable to the ABWR standard design. In
this departure, the applicant proposes to construct two ABWR units at the STP site. FSAR
Subsection 3.1.2.1.5.2, “Evaluation Against Criterion 5,” demonstrates compliance with GDC 5,
specifically for the fire protection water supply. This departure is evaluated in various chapters
of this SER.
In addition, FSAR Subsection 3.1.2.4.16.2, “Evaluation Against Criterion 45,” clarifies the scope
of components that comply with GDC 45, “Inspection of cooling water system.” Overall,
revisions to Section 3.1 of STP COL FSAR are clarifications that are needed to ensure
consistency with the detailed descriptions in other FSAR sections. Therefore, the staff found
these changes acceptable.
The applicant’s evaluation determined that this departure does not require prior NRC approval
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the review scope of
this section, the staff found it reasonable that the departure does not require prior NRC
approval. The applicant’s process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
3.1.5

Post Combined License Activities

There are no post COL activities related to this section.
3.1.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
conformance with the GDC that were incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.1 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the Tier 1 departures in accordance
with Section 3.1 of NUREG–0800, and found it reasonable that the identified Tier 2 departures
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are characterized as not requiring prior NRC approval per 10 CFR 52, Appendix A, Section
VIII.B.5.
3.2

Classification of Structures, Components, and Systems

3.2.1

Seismic Classification

3.2.1.1

Introduction

This FSAR section addresses the requirement that nuclear power plant SSCs important to
safety be designed to withstand the effects of earthquakes without losing the capability to
perform their safety functions. Certain features that are safety-related are necessary to ensure:
(1) the integrity of the reactor coolant pressure boundary (RCPB), (2) the capability to shut down
the reactor and maintain it in a safe-shutdown condition, and (3) the capability to prevent or
mitigate the consequences of accidents that could result in potential offsite exposures. The
earthquake for which these safety-related features of the plant are designed is defined as the
safe-shutdown earthquake (SSE). The SSE is based on an evaluation of the maximum
earthquake potential for the site and the earthquake that produces the maximum vibratory
ground motion for which SSCs are designed to remain functional. Those features of the plant
that are designed to remain functional if an SSE occurs are designated seismic Category I in
RG 1.29, “Seismic Design Classification,” Revision 4.
3.2.1.2

Summary of Application

Section 3.2.1 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.2.1 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. Section 3.2.1 also incorporates by reference Section 3.2.1 of the STP Nuclear
Operating Company application to amend the design certification rule for the U.S. ABWR,
“ABWR STP Aircraft Impact Assessment (AIA) Amendment,“ Revision 3, dated September
2010, (the AIA Amendment). This amendment to the ABWR design certification was issued in
December, 2011. In addition, in FSAR Section 3.2.1, the applicant provides the following:
Tier 1 Departures
•

STD DEP T1 2.4-3

RCIC Turbine/Pump

This departure replaces the reactor core isolation cooling (RCIC) system pump and turbine
design in the DCD with a monoblock turbine/pump design for improved reliability, performance,
and simplicity. The departure identifies the RCIC turbine/pump and piping as seismic
Category I in Table 3.2-1, “Classification Summary,” of the COL FSAR.
•

STD DEP T1 2.14-1

Hydrogen Recombiner Requirements Elimination

This departure eliminates the requirement to maintain equipment needed to mitigate a designbasis, loss-of-coolant accident (LOCA) hydrogen release, consistent with the requirements of
10 CFR 50.44, “Combustible gas control for nuclear power reactors.”
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building Substructure
from Seismic Category I to Non-Seismic

This departure changes the seismic classification of the RWB substructure and commits to
follow the guidance of RG 1.143, Revision 2, “Design Guidance for Radioactive Waste
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Management Systems, Structures, and Components Installed in Light-Water-Cooled Nuclear
Power Plants.”
•

STD DEP T1 3.4-1

Safety Related I&C Architecture

This departure eliminates the multiplexing system, renames several I&C systems, and adds the
seismic Category I engineered safety feature (ESF) logic and control system to COL FSAR
Table 3.2-1.
Tier 2 Departure Requiring Prior NRC Approval
•

STD DEP 8.3-1

Plant Medium Voltage Electrical System Design

This departure changes the voltage of the safety-related switchgears from 6,900 volts to 4,160
volts. The seismic classification is unchanged from that in the DCD. This departure affects the
technical specifications (TS).
Tier 2 Departures Not Requiring Prior NRC Approval
•

STD DEP 9.1-1

Update of Fuel Storage and Handling Equipment

This departure changes the safety classification of the fuel-serving equipment from Safety
Class 2 to nonsafety. The seismic classification is unchanged from that in the DCD.
•

STD DEP 9.3-2

Breathing Air System

This departure describes a new breathing air system (BAS) that is entirely separated from the
existing service air system (SAS). The BAS identifies its containment isolation (including
supports, valves, and piping) as seismic Category I in Table 3.2-1 of the COL FSAR.
Supplemental Information
The applicant adds “Hot Machine Shop” under system U95 to Table 3.2-1 of the COL FSAR. In
addition, system and component classification information as a result of design changes in the
Tier 1 and Tier 2 departures are added to FSAR Table 3.2-1.
3.2.1.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. The
regulatory basis of the AIA Amendment information incorporated by reference is in NUREG–
1948, “Final Safety Evaluation Report Related to the Aircraft Impact Amendment to the U.S.
Advanced Boiling Water Reactor (ABWR) Design Certification,” dated June 2011, (the SER
related to the AIA Amendment). In addition, the relevant requirements of the Commission
regulations for the seismic classification, and the associated acceptance criteria, are in Section
3.2.1 of NUREG–0800.
In accordance with Section VIII, “Processes and Changes and Departures,” of Appendix A to
10 CFR Part 52, the applicant identifies Tier 1 and Tier 2 departures. Tier 1 departures require
prior NRC approval and are subject to the requirements specified in 10 CFR Part 52, Appendix
A, Section VIII.A.4. Tier 2 departures affecting the TS require prior NRC approval and are
subject to the requirements of 10 Part CFR Part 52, Appendix A, Section VIII.C.4. Tier 2
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departures not requiring prior NRC approval are subject to the requirements of 10 CFR Part 52,
Appendix A, Section VIII.B.5, which are similar to the requirements in 10 CFR 50.59.
The relevant NRC requirements for reviewing the additional information in the application are in
Section 3.2.1 of NUREG–0800. The specific regulations are as follows:
1.

GDC 2, as it relates to the requirements that SSCs important to safety shall be designed
to withstand the effects of earthquakes without losing the capability to perform necessary
safety functions.

2.

GDC 61, as it relates to the design of radioactive waste systems—and other systems
that may contain radioactivity—to assure adequate safety under normal and postulated
accident conditions.

3.

10 CFR Part 100, “Reactor Site Criteria,” Appendix A, “Seismic and Geologic Siting
Criteria for Nuclear Power Plants,” and 10 CFR Part 50, Appendix S, “Earthquake
Engineering Criteria for Nuclear Power Plants,” as they relate to certain SSCs designed
to withstand the SSE and to remain functional.

Acceptance criteria that adequately meet the above requirements include:
1.

GDC 2, 10 CFR Part 100 Appendix A, and 10 CFR Part 50, Appendix S regarding
seismic design classification are met by using the guidance in RG 1.29. This regulatory
guide describes an acceptable method for identifying and classifying those features of
the plant that should be designed to withstand the effects of the SSE.

2.

RG 1.151, “Instrument Sensing Lines,” provides guidance for establishing the seismic
design requirements and the classification of safety-related instrumentation sensing
lines.

3.

RG 1.143, provides guidance for establishing the seismic design requirements of
radioactive waste management SSCs to meet the requirements of GDC 2 and 61, as
they relate to designing these SSCs to withstand earthquakes. This RG identifies
several radioactive waste SSCs requiring some level of seismic design consideration.

4.

RG 1.189, Revision 1, “Fire Protection for Nuclear Power Plants,” provides guidance for
establishing the design requirements of fire protection to meet the requirements of GDC
2, as it relates to designing these SSCs to withstand earthquakes. This RG identifies
portions of fire protection SSCs requiring some level of seismic design consideration.

3.2.1.4

Technical Evaluation

As documented in NUREG–1503 and NUREG–1948, the staff reviewed and approved Section
3.2.1 of the certified ABWR DCD and AIA Amendment. The staff reviewed Section 3.2.1 of the
STP, Units 3 and 4, COL FSAR and checked the referenced ABWR DCD and AIA Amendment
to ensure that the combination of the information in the COL FSAR and the information in the
ABWR DCD and AIA Amendment appropriately represents the complete scope of information
relating to this review topic.1 The staff’s review confirmed that the information in the application
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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and the information incorporated by reference address the required information relating to this
section.
The staff reviewed the following information in the COL FSAR:
Compliance with Regulatory Guidance
The staff reviewed COL FSAR Tier 2 Table 1.9S-1, “Site-Specific Conformance with Regulatory
Guides,” and found that the classification of site-specific SSCs conforms to RG 1.29 Revision 4,
RG 1.143 Revision 2, and RG 1.189 Revision 1. The conformance to the latest RG revisions is
acceptable because it is consistent with the guidance in Regulatory Position C.I.1.9.1 of RG
1.206, “Combined License Applications for Nuclear Power Plants (LWR Edition),” which states
that “COL applicants should provide an evaluation of conformance with the guidance in NRC
regulatory guides in effect 6 months before the submittal date of the COL application.”
Tier 1 Departures
•

STD DEP T1 2.4-3

RCIC Turbine/Pump

The separate casing design of the RCIC system pump and turbine in the DCD has been
changed in the COL FSAR to a single, monoblock casing design for improved reliability,
performance and simplicity. As a result, the separate entry for the RCIC turbine is deleted in
Table 3.2-1 of the COL FSAR. The classification for the RCIC turbine/pump and associated
piping remains seismic Category I to ensure that this equipment remains functional during and
after an SSE. The classification is therefore considered acceptable. The detailed evaluation of
this Tier 1 departure is in Section 5.4, “Component and Subsystem Design,” of this SER.
•

STD DEP T1 2.14-1

Hydrogen Recombiner Requirements Elimination

10 CFR 50.44 was amended after the issuance of the design certification for the ABWR design.
The amended 10 CFR 50.44 eliminates the requirements for hydrogen control systems to
mitigate a design-basis LOCA hydrogen release. As a result of this change, the hydrogen
recombiners (flammability control system) are eliminated from Table 3.2-1 of the COL FSAR.
The staff found this change acceptable. The detailed evaluation of this Tier 1 departure is in
Section 6.2, “Containment System,” of this SER.
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building Substructure
from Seismic Category I to Non-Seismic

This departure changes the seismic classification of the RWB substructure and commits to
follow the guidance of RG 1.143, Revision 2. Table 1.9S-1 of the COL FSAR identifies
conformance with RG 1.143, Revision 2. The staff’s evaluation of the acceptability of this
departure is in Section 3.8.4, “Other Seismic Category I Structures,” and Chapter 11 of this
SER.
•

STD DEP T1 3.4-1

Safety Related I&C Architecture

This departure eliminates the multiplexing system, renames several I&C systems, and adds the
seismic Category I ESF logic and control system to Table 3.2-1 of the COL FSAR. The seismic
classification of the safety-related ESF logic and control system will ensure that it maintains its
function to shut down the reactor during and following an SSE and is therefore acceptable to the
staff. The detailed evaluation of this Tier 1 departure is in Chapter 7 of this SER.
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Tier 2 Departure Requiring Prior NRC Approval
•

STD DEP 8.3-1

Plant Medium Voltage Electrical System Design

This departure changes the voltage of the safety-related switchgear from 6,900 volts to 4,160
volts. The classification of the switchgear remains seismic Category I and is therefore
acceptable. However, this departure does affect the technical specifications (TS). The detailed
evaluation of this Tier 2 departure is in Chapter 8 of this SER.
Tier 2 Departures Not Requiring Prior NRC Approval
•

STD DEP 9.1-1

Update of Fuel Storage and Handling Equipment

This departure changes the safety classification of the fuel-serving equipment from Safety
Class 2 to nonsafety. The seismic classification is unchanged from that in the DCD. The
supplemental requirement in the COL FSAR states that the cranes and fuel-servicing equipment
are designed to hold up their loads and to maintain their position over the units under conditions
of an SSE. This supplemental requirement ensures that an SSE will not cause the failure of the
cranes and fuel-serving equipment or reduce the function of the safety-related SSCs. This
supplemental requirement meets Regulatory Position C.2 of RG 1.29 and is therefore
acceptable.
•

STD DEP 9.3-2

Breathing Air System (BAS)

This departure describes a new BAS that is entirely separated from the existing Service Air
System (SAS). The applicant properly classifies the BAS containment isolation including
supports, valves, and piping as seismic Category I and safety-related, because the containment
isolation function mitigates the consequences of accidents that could result in potential offsite
exposures. This departure meets the 10 CFR Part 50 Appendix S requirements and is therefore
acceptable. However, there were no ITAAC in Part 9 of the COL application for the as-built
BAS containment isolation SSCs to ensure that they meet the seismic requirements. The staff
issued request for additional information (RAI) 03.02.01-3, requesting the applicant to add the
ITAAC in Table 3.0-12, “Breathing Air System,” of Part 9 of the COL application to ensure that
the as-built seismic Category I SSCs will operate in conformity with the COL and the NRC
regulations. Alternatively, the applicant can clarify in the introduction section of Part 9 of the
COL application that ITAAC verification methodology for the basic configuration for SSCs
outside the scope of the DCD will follow the verification methodology stated in DCD Tier 1
Section 1.2, which includes type tests, analyses, or a combination of type tests and analyses of
the seismic Category I mechanical and electrical equipment.
In its response to RAI 03.02.01-3, dated August 6, 2009 (ML092220162), the applicant revised
the BAS ITAAC in COL application Part 9, Table 3.0-12 to include basic configuration
verification. Also, the applicant has revised COL FSAR Part 9, Section 1.0, to state that the
ITAAC verification methodology for the basic configuration for the site-specific SSCs will follow
the verification methodology as stated in DCD Tier 1, Section 1.2. While preparing this
response, the applicant discovered an inadvertent inconsistency in COL FSAR Revision 2,
Subsection 9.3.7.6.1.1 and Figure 9.3-10, “Breathing Air System Flow Diagram.” Specifically,
this FSAR subsection and figure describe the containment isolation scheme for the BAS primary
containment penetration as including a check valve (Valve No. F252) located inside the primary
containment. This description is contrary to Departure STD DEP 9.3-2, which specifies a locked
closed manual isolation valve inside the primary containment rather than a check valve. As
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indicated in the FSAR markups attached to this response, the applicant revised Subsection
9.3.7.6.1.1 and Figure 9.3-10 to correct this inadvertent inconsistency and for completeness,
and to indicate that the American Society of Mechanical Engineers (ASME) Code Class (Class
2) is applied to the safety-related components associated with the BAS primary containment
penetration. The staff found the applicant’s response acceptable. The staff confirmed that the
changes are incorporated in Revision 4 of the COL FSAR. Therefore, this issue in RAI
03.02.01-3 is resolved and closed.
The applicant’s evaluation determined that the above two Tier 2 departures do not require prior
NRC approval in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the
review scope of this section, the staff found it reasonable that these departures do not require
prior NRC approval. The applicant’s process for evaluating departures and other changes to
the DCD is subject to NRC inspections.
Supplemental Information
The hot machine shop was added to Table 3.2-1 of the COL FSAR. The hot machine shop is a
nonsafety-related structure and is classified as non-seismic. This seismic design requirement
meets Regulatory Position C.2 of RG 1.29 and is therefore acceptable.
Table 3.2.1 Completeness Review
COL License Information Item 3.26 (in COL FSAR Subsection 3.8.6.4) requires the applicant to
identify seismic Category I structures. The reactor service water (RSW) pump house and the
firewater pump house are outside the design scope of the ABWR DCD. During the review of
FSAR Revision 2 Table 3.2-1, the staff noted that the seismic classification of these two
structures were not included in this table. The staff issued RAI 03.02.01-2, requesting the
applicant to review the COL application for completeness in order to identify any SSCs that
have not been seismically classified and to clarify when this seismic classification information
will be submitted. In its response to RAI 03.02.01-2, dated August 6, 2009 (ML092220162), the
applicant provided a proposed revision to the COL FSAR Tier 2, Table 3.2-1 that clarifies the
scope of the ultimate heat sink (UHS) and associated structures to include the RSW pump
house, and adds System U17, the firewater pump house with the appropriate classifications.
The staff confirmed that the proposed change is incorporated in Revision 4 of the COL FSAR.
Therefore, this issue in RAI 03.02.01-2 is resolved and closed.
List of SSCs Needed for Continued Operation
In NUREG–0800, Section 3.2.1 states that “if the applicant has set the operating-basis
earthquake (OBE) Ground Motion to the value one-third of the SSE Ground Motion, then the
applicant should also provide a list of SSCs necessary for continued operation that must remain
functional without undue risk of the health and safety of the public and within applicable stress,
strain and deformation, during and following an OBE.” The ABWR design eliminates the OBE
design requirement and sets the OBE ground motion to one-third of the SSE ground motion,
which eliminates this requirement from the design per 10 CFR Part 50, Appendix S,
Section IV(a)(2)(i)(A).
In 10 CFR Part 50, Appendix S, Section IV(a)(3) states that if vibratory ground motion
exceeding that of the OBE ground motion occurs or if significant damage to the plant occurs, the
licensee must shut down the nuclear power plant, and before resuming operations, the licensee
must demonstrate to the NRC that “no functional damage has occurred to those features
necessary for continued operation without undue risk to the health and safety of the public.”
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The licensee must also demonstrate that the licensing basis has been maintained. Additionally,
RG 1.166, “Pre-earthquake Planning and Immediate Nuclear Power Plant Operator
Postearthquake Actions,” provides guidance for evaluating the results obtained from a
walkdown inspection of the plant after an earthquake. Listing the SSCs will allow the
requirements to be addressed when the need exists. The staff issued RAI 03.02.01-6,
requesting the applicant to provide this list of SSCs necessary for continued operation or, as an
alternative, to address the requirements.
In its response to RAI 03.02.01-6, dated August 6, 2009 (ML092220162), the applicant stated
that COL License Information Item 3.20 in DCD Tier 2, Subsection 3.7.5.2, “Pre-Earthquake
Planning and Post-Earthquake Actions,” requires the COL applicant to submit to the NRC the
procedures to be used for pre-earthquake planning and post-earthquake actions. This COL
license information item states that the procedures shall follow the recommended guidelines in
Electric Power Research Institute (EPRI) Report NP–6695, “Guidelines for Nuclear Plant
Response to an Earthquake.” In accordance with Subsection 3.7.5.2 of COL application Part 2
Tier 2, the procedures for pre-earthquake planning, which include a list of SSCs that are
necessary for continued operation without undue risk to the health and safety of the public, will
be developed before the initial fuel loading. In the Supplement 1 response to this RAI dated
January 5, 2010 (ML100080062), the applicant provided a candidate list of systems and
equipment that require inspection either by a walkdown visual inspection or by an inspection of
the process monitoring indicators. The applicant indicated that the procedure for preearthquake planning and post-earthquake actions will include a detailed list of selected systems,
subsystems, and equipment, in addition to the method of inspection. This candidate list and the
future detailed list will be incorporated into pre-earthquake planning and post-earthquake
procedures to be addressed in accordance with the COL FSAR, Section 3.7.4, “Seismic
Instrumentation,” (see Subsection 3.7.4.4 of this SER). As a result of COL License Information
Item 3.20 and the applicant’s pre-earthquake planning procedures that are to be developed, RAI
03.02.01-6 is resolved and closed.
3.2.1.5

Post Combined License Activities

There are no post COL activities related to this section.
3.2.1.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503 and
NUREG–1948“. The staff reviewed the application and checked the referenced DCD and AIA
Amendment. The staff’s review confirmed that the applicant has addressed the required
information relating to the seismic classification, and no outstanding information is expected to
be addressed in the COL FSAR related to this section. Pursuant to 10 CFR 52.63(a)(5) and
10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to seismic
classification that were incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.2.1 of NUREG–0800, and national standards.
The staff’s review concluded that the applicant has adequately addressed the Tier 1 departures,
the Tier 2 departure requiring prior NRC approval, and the supplemental information in
accordance with Section 3.2.1 of NUREG–0800. The staff found it reasonable that the identified
Tier 2 departures are characterized as not requiring prior NRC approval per 10 CFR Part 52,
Appendix A, Section VIII.B.5.
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3.2.2

Quality Group Classifications (Related to RG 1.206, Section 3.2.2, “System
Quality Group Classification”)

3.2.2.1

Introduction

This FSAR section evaluates the requirement to design, fabricate, erect, and test nuclear power
plant SSCs important to safety to quality standards, which are commensurate with the
importance of the safety function they perform. This evaluation is limited to pressure-retaining
items and their supports. The requirement is applicable to both safety-related and nonsafetyrelated SSCs that perform functions important to safety, including safety-related functions to:
(1) prevent or mitigate the consequences of accidents and malfunctions originating within the
RCPB; (2) permit a shutdown of the reactor and maintain it in a safe-shutdown condition; and
(3) retain radioactive material.
3.2.2.2

Summary of Application

Section 3.2.2 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.2.2 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52, Appendix
A. Section 3.2.2 also incorporates by reference Section 3.2.2 of the STP Nuclear Operating
Company application to amend the design certification rule for the U.S. ABWR AIA Amendment.
The departures and supplements listed in Subsection 3.2.1.2 of this SER also apply to this
subsection. COL FSAR Table 3.2-1 updates seismic and quality group (QG) classification
information resulting from design changes and departures from the ABWR DCD.
3.2.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503, and
NUREG–1948. In addition, relevant requirements of the Commission regulations and guidance
for the QG classifications, and the associated acceptance criteria, are in Section 3.2.2 of
NUREG–0800. Review interfaces with other SRP sections are also in Section 3.2.2 of
NUREG–0800.
The specific acceptance criteria are listed below:
(a)

10 CFR Part 50, Appendix A, GDC 1,”Quality standards and records,” and 10 CFR
50.55a, “Codes and standards,” as they relate to SSCs important to safety being
designed, fabricated, erected, and tested to quality standards commensurate with the
importance of the safety function to be performed.

(b)

An acceptable method of meeting the requirements of GDC 1 and 10 CFR 50.55a is in
RG 1.26, “Quality Group Classification and Standards for Water-, Steam-, and
Radioactive-Waste-Containing Components of Nuclear Power Plants.” This RG
describes an acceptable method for determining quality standards for QGs B, C, and D
water- and steam-containing components important to safety in light-water-cooled
nuclear power plants.

3.2.2.4

Technical Evaluation

As documented in NUREG–1503 and NUREG–1948, the staff reviewed and approved Section
3.2.2 of the certified ABWR DCD. The staff reviewed Section 3.2.2 of the STP, Units 3 and 4,
COL FSAR and checked the referenced ABWR DCD and AIA Amendment to ensure that the
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combination of the information in the COL FSAR and the information in the ABWR DCD and AIA
Amendment appropriately represents the complete scope of information relating to this review
topic.1 The staff’s review confirmed that the information in the application and the information
incorporated by reference address the required information relating to this section.
The staff reviewed the STP, Units 3 and 4, COL FSAR in accordance with Section 3.2.2 of
NUREG–0800 and the guidance in RG 1.206 and RG 1.26, Revision 4, “Quality Group
Classification and Standards for Water-, Steam-, and Radioactive-Waste-Containing
Components of Nuclear Power Plants.” The review included an evaluation of the criteria used
to establish the QG classifications and the application of the criteria to the classification of
principal components included in Table 3.2.-1. To support and complete this review, the staff
required additional information. The RAIs are discussed below under each review topic.
In January 2011, the staff also performed an audit of design-basis documents to review the
application of QG classifications and the ASME Code Class for risk-significant components.
The results of this audit are presented in ML110880394.
Tier 1 Departures
•

STD DEP T1 2.4-3

RCIC Turbine/Pump

The separate casing design of the RCIC system (System E4) pump and turbine in the DCD has
been changed in the COL FSAR to a single casing design. As a result, the separate entry for
the RCIC turbine is deleted from Table 3.2-1 of the COL FSAR. The QG classification for the
RCIC turbine/pump and associated piping remains “B”, and is acceptable. The detailed
evaluation of this Tier 1 departure is in Section 5.4 of this SER.
•

STD DEP T1 2.14-1

Hydrogen Recombiner Requirements Elimination

10 CFR 50.44 was amended after the issuance of the design certification for the ABWR design.
The amended 10 CFR 50.44 eliminates the requirements for hydrogen control systems to
mitigate a design-basis LOCA hydrogen release. As a result of this change, the flammability
control system (System T8) is eliminated from Table 3.2-1 of the COL FSAR, and is acceptable.
The detailed evaluation of this Tier 1 departure is in Section 6.2 of this SER.
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building Substructure
from Seismic Category I to Non-Seismic

This departure changes the seismic classification of the RWB substructure (System U13) from
seismic Category I to be consistent with the entire RWB. The departure references RG 1.143.
COL application Table 1.9S-1 identifies conformance with RG 1.143, Revision 2. QG
classification does not apply to the RWB. The detailed technical evaluation of this Tier 1
departure is in Section 3.8 and Chapter 11.
•

STD DEP T1 3.4-1

Safety Related I&C Architecture

This departure eliminates the multiplexing system, renames several I&C systems, and adds the
seismic Category I ESF logic and control system (System C14) to COL FSAR Table 3.2-1. The
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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QG classification does not apply to this system. The detailed evaluation of this Tier 1 departure
is in Chapter 7 of this SER.
Tier 2 Departure Requiring Prior NRC Approval
•

STD DEP 8.3-1

Plant Medium Voltage Electrical System Design

This departure changes the voltage of the switchgear from 6,900 volts to 4,160 volts (System
R5). The quality group classification does not apply to this system. The detailed evaluation of
this Tier 2 departure is in Chapter 8 of this SER.
Tier 2 Departures Not Requiring Prior NRC Approval
•

STD DEP 9.1-1

Update of Fuel Storage and Handling Equipment

This departure changes the safety classification of the fuel-serving equipment (System F1) from
Safety Class 2 to nonsafety. The quality group classification does not apply to this system.
•

STD DEP 9.3-2

Breathing Air System

The applicant properly reclassifies the BAS (System P19) containment isolation including
supports, valves, and piping as seismic Category I, safety-related, and quality group “B”
because the containment isolation function mitigates the consequences of accidents that could
result in potential offsite exposures.
The applicant’s evaluation determined that these two Tier 2 departures do not require prior NRC
approval in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the review
scope of this section, the staff found it reasonable that these departures do not require prior
NRC approval. The applicant’s process for evaluating departures is subject to NRC inspections.
Table 3.2-1 Completeness Review
Table 3.2-1 provides the QG classification of SSCs, including those of the site-specific SSCs.
As SRP Section 3.2.2 identifies, the QG classification does not apply to structures. However, it
appears that certain safety-related components, such as the RSW pumps and strainers, are not
included in Revision 2 of the COL FSAR Table 3.2-1. In RAI 03.02.02-1, the staff requested the
applicant to review the COL application for completeness, so as to identify any SSCs that have
not been classified and to clarify when this QG classification information will be submitted. In its
response to RAI 03.02.02-1, dated August 26, 2009 (ML092430131), the applicant modified
FSAR Table 3.2-1 to include additional SSCs. FSAR Table 3.2-1, Revision 4 includes the
quality group classification of the identified site-specific SSCs. With the addition of these sitespecific SSCs, the staff concluded that the scope of the SSCs appears to be essentially
complete and their classification consistent with RG 1.26. Therefore, all issues associated with
RAI 03.02.02-1 are resolved and closed.
Nonmetallic Piping
In RAI 03.02.02-4, the staff requested the applicant to identify whether any nonmetallic piping
will be used in any risk-significant systems and, if so, to identify specific systems and
applications (e.g., underground, sizes, etc.) where the nonmetallic piping will be used. RAI
03.02.02-4 requested the applicant to identify the basis for using nonmetallic piping, including
the applicable ASME Codes, endorsed code cases, supplemental requirements/special
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treatments, and technical justifications such as an engineering evaluation. In its response to
RAI 03.02.02-4, dated August 26, 2009 (ML092430131), the applicant clarified that nonmetallic
piping is not included in the STP COL application. All issues related to RAI 03.02.02-4 are
therefore resolved and closed.
ITAAC
The site-specific ITAAC in Section 3.0 of Part 9 of the COL application include inspection of the
basic configuration for site-specific systems, which includes piping, equipment, and individual
system components and supports. However, the definition of “Basic Configuration” in Section
1.1, “Definitions,” of the ABWR DCD Tier 1 does not consider classifications as part of the basic
configuration for a building or a system.
In RAI 03.02.02-6, the staff requested the applicant to clarify whether the ITAAC used to verify
the basic configuration include verifying the seismic category and the ASME Code classification
for ASME systems. If not, the RAI asked the applicant to explain how the as-built system
classifications are verified.
In its response to RAI 03.02.02-6, dated August 26, 2009 (ML092430131), the applicant
explained that a deliberate decision was made to specify the ASME Code Class in the Tier 1
design descriptions, but not to require a verification of the ASME Code Class as part of ITAAC.
The response further stated that the General Electric’s “ABWR Certified Design Material/ITAAC
Review Guidance” (dated April 1994) was used as a guide for preparing the Tier 1 document.
This guidance specifically indicates that there will be no ITAAC for the ASME Code and the QG
classifications on the basis that welding is covered by configuration control. Although ITAAC in
Table 3.0-14, “Design reports for ASME Class 1, 2, and 3 Components,” will ensure Stress
Reports for ASME Class 1, 2, and 3 components exist, there is no verification of the as-built
ASME Code Class and QG in the as-built configuration. Therefore, the staff found that some
type of inspection and verification is appropriate to establish that the as-built QGs/ASME Code
Class and seismic classification are consistent with the Tier 1 design description and with the
license.
In its revised response to RAI 03.02.02-6, dated February 10, 2010 (ML100490763), the
applicant informed that classifications are verified through the design/QA process described in
the STP, Units 3 and 4, Quality Assurance Program, therefore an ITAAC is not needed. The
staff concurred with this process, which is consistent with the COL License Information Item 1.1
described in ABWR DCD Sections 1.1.4, “Design Process,” and Subsection 1.1.11.1, “Design
Process to Establish Detailed Design Documentation.” The cited design/QA verification process
is an acceptable approach for resolving RAI 03.02.02-6 without a separate ITAAC. However,
the staff considers it prudent that there should be some type of licensing commitment by the
applicant to ensure that the design verification process and the as-built reconciliation are
completed before initial fuel loading. As identified in interim staff guidance DC/COL-ISG-015,
“Post-Combined License Commitments,” this may be represented by an FSAR commitment or
license condition combined with an implementation schedule in order to support confirmation by
the NRC via inspection.
Therefore, the staff issued RAI 03.02-02-10, requesting the applicant to provide a FSAR
commitment that includes a verification of the classifications in combination with the QA process
cited in the revised response to RAI 03.02.02-6. In its response to RAI 03.02.02-10, dated April
15, 2010 (ML101090140), the applicant proposed to add Section 3.2.3S to the COL FSAR to
include Commitment COM 3.2-1 to verify the safety classifications in the review of the design
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reports, in combination with the design/QA process. These verification activities normally will be
completed before the design outputs are used for activities such as procurement, manufacture,
or construction. When such timing cannot be achieved, the design verification will be completed
before the initial fuel loading. The staff found this commitment adequate to ensure that the asbuilt QG/ASME Code Class is consistent with the Tier 1 design requirements. It was confirmed
that Revision 4 of the COL FSAR has incorporated Subsection 3.2.3S and Commitment COM
3.2-1. Therefore, RAIs 03.02.02-6 and 03.02.02-10 are resolved and closed.
3.2.2.5

Post Combined License Activities

The applicant identified the following commitment:
•

3.2.2.6

Commitment (COM 3.2-1) – Perform verification of the design of site-specific systems to
assure that the appropriate design code requirements for the system’s safety class have
been implemented in the design. These verification activities normally will be completed
before the design outputs are used for activities such as procurement, manufacture, or
construction. When such timing cannot be achieved, the design verification will be
completed before the fuel loading.
Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503 and
NUREG–1948. The staff reviewed the application and checked the referenced DCD and AIA
Amendment. The staff’s review confirmed that the applicant has addressed the required
information, and no outstanding information is expected to be addressed in the COL FSAR
related to this section. Pursuant to 10 CFR 52.63(a)(5) and 10 CFR Part 52, Appendix A,
Section VI.B.1, all nuclear safety issues relating to the QG classifications that were incorporated
by reference have been resolved.
The staff reviewed the information in the application regarding the QG classifications of sitespecific systems against the relevant NRC regulations and the guidance in Section 3.2.2 of
NUREG–0800, and applicable NRC RGs. The staff’s review concluded that the STP, Units 3
and 4, systems and components that are important to safety are properly classified and are
consistent with RG 1.26. There are no identified exceptions to RG 1.26 in the application, and
there is reasonable assurance that the QG classifications meet GDC 1 and 10 CFR 50.55a for
pressure-retaining components and their supports.
3.3

Wind and Tornado Loadings

Seismic Category I structures are designed to withstand extreme wind and tornado conditions in
the area of the plant.
3.3.1

Wind Loadings

3.3.1.1

Introduction

The ABWR standard and site-specific plant structures that are seismic Category I are designed
for extreme wind phenomena. To meet the requirements of GDC 2, ”Design bases for
protection against natural phenomena,” the safety-related structures of STP, Units 3 and 4, will
be designed to withstand the effects of a design-wind velocity of a 100-year return period. This
section identifies and describes the following:
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•

The design-wind velocity.

•

The basis for the selection of the site-specific, design-basis wind.

•

The methods used to calculate wind loads on the SSCs.

•

The procedures for treating the effects of the remainder of plant SSCs not designed for
wind loads on safety-related SSCs.

The site-specific design wind loads are expected to be bounded by the design wind loads in the
ABWR DCD.
3.3.1.2

Summary of Application

Section 3.3.1 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.3.1 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.3.1, the applicant provides the following:
Tier 1 Departure
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category I to Non-Seismic

This departure reclassifies the RWB from seismic Category I to non-seismic.
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 3.5-2

Hurricane Generated Missile Protection

This departure addresses design basis hurricane wind and hurricane missiles in the design of
Category I structures and non-seismic structures that are designed to address seismic II/I.
COL License Information Items
•

COL License Information Item 3.1

Site-Specific Design Basis Wind

In Subsection 3.3.3.1, the applicant provided the following site-specific supplement to address
COL License Information Item 3.1:
The site-specific design basis wind does not exceed the design basis wind in
Table 2.0-1 of the referenced ABWR DCD.
•

COL License information item 3.3

Effect of Remainder of Plant Structures, Systems
and Components Not Designed for Wind Loads

In Subsection 3.3.3.3, the applicant provided the following site-specific supplement to address
COL License Information Item 3.3:
The design criteria for plant SSCs not designed for wind loads are as follows:
Such SSCs not designed for wind loads are analyzed using the 1.15 importance
factor or are checked to ensure that their mode of failure will not affect the ability
of safety-related SSCs to perform their intended safety functions.
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Supplemental Information
In Subsection 3.3.1.1 of the STP, Units 3 and 4, COL FSAR, Revision 2, the applicant provided
the following supplement:
The 177 km/h for 50 year recurrence interval and 197 km/h for 100 year
recurrence interval are based on Reference 3.3-1, which is “fastest mile.” Per
Reference 3.3-4 Table 1609.3.1, these correspond to a wind velocity (3 second
gust) of 203 km/h with a recurrence interval of 50 years and 224 km/h with a
recurrence interval of 100 years.
In Subsection 3.3.1.2 of the STP, Units 3 and 4, COL FSAR, the applicant provided the
following supplements:
•

Applied forces for the Reactor and Control Buildings are in Appendices 3H.1 and 3H.2,
respectively.

•

The applied forces and the procedures used to determine the wind loading on the
Ultimate Heat Sink are described in Appendix 3H.6.

3.3.1.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the review of “Wind
Loadings,” and the associated acceptance criteria, are in Section 3.3.1 of NUREG–0800.
In accordance with Section VIII, “Processes for Changes and Departures,” of Appendix A to
10 CFR Part 52, the applicant identifies one Tier 1 departure requiring prior NRC approval. This
departure is subject to the requirements of 10 CFR Part 52, Appendix A, Section VIII.A.4. Tier 2
departures not requiring prior NRC approval are subject to the requirements of 10 CFR Part 52,
Appendix A, Section VIII.B.5, which are similar to the requirements in 10 CFR 50.59.
3.3.1.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.3.1 of the certified
ABWR DCD. The staff reviewed Section 3.3.1 of the STP, Units 3 and 4, COL FSAR and
checked the pertinent sections of the referenced ABWR DCD to ensure that the combination of
the information in the COL FSAR and the information in the ABWR DCD appropriately
represents the complete scope of information relating to this review topic.1 The staff’s review
confirmed that the information in the application and the information incorporated by reference
address the required information relating to this section.
The staff reviewed the following information in the COL FSAR:

1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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Tier 1 Departure
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category I to Non-Seismic

This departure is related to the reclassification of the RWB. The staff’s evaluation of the
acceptability of this departure is in Section 3.8.4 of this SER.
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 3.5-2

Hurricane Generated Missile Protection

This departure is related to the conformance to RG 1.221, “Design-Basis Hurricane and
Hurricane Missiles for Nuclear Power Plants,” as described in FSAR Section 3H.11. The staff’s
assessment of this departure is in Section 3.8.4 of this SER.
Supplemental Information
Seismic Category I SSCs are designed according to Subsection 3.3.1.1, “Design Wind Velocity,”
of the referenced ABWR DCD, Revision 4, to withstand wind velocities of 177 kilometers per
hour (km/h) and 197 km/h (110 and 122.4 mph) for 50-year and 100-year mean recurrence
intervals (MRIs), respectively. In a supplement to Subsection 3.3.1.1 of the STP, Units 3 and 4,
COL FSAR, Revision 2, the applicant stated that:
The 177 km/h for 50 year recurrence interval and 197 km/h for 100 year
recurrence interval are based on Reference 3.3-1, which is “fastest mile.” Per
Reference 3.3-4 Table 1609.3.1, these correspond to a wind velocity (3 second
gust) of 203 km/h with a recurrence interval of 50 years and 224 km/h with a
recurrence interval of 100 years.
The staff issued RAI 03.03.01-1, requesting the applicant to discuss, justify, and assure that the
ABWR DCD-defined wind velocities are based on the “fastest mile” as opposed to the “3-sec
gust.” The staff requested the applicant to confirm that Equation 16-34 in International Building
Code (IBC) 2006 was used to convert wind velocities from the “fastest mile” to the “3-sec gust.”
In its response to RAI 03.03.01-1, dated August 26, 2009 (ML092430131), the applicant stated
that 50- and 100-year MRI wind speeds used in the ABWR DCD are based on Reference 3.3-1
and correspond to the “fastest mile” winds. The applicant also determined that the 3-second
(sec) gust wind speeds are based on IBC 2006 for 50-year and 100-year MRIs and identified
the following revisions to the COL FSAR, Revision 2:
•

Reference 3.3-4 will be revised to show IBC 2006.

•

COL FSAR Tier 2, Subsections 2.3S.1.3.1 and 3.3.1.1 and Table 2.0-2
will be revised to show the 224 km/h (139 mph) and the 3-second gust
wind speeds for a recurrence interval of 100 years.

The staff’s review noted that the wind design in the referenced ABWR DCD Revision 4,
Reference 3.3-1, is based on the 1993 version of American Society of Civil Engineers (ASCE) 7
(ASCE 7–93), “Minimum Design Loads for Buildings and Other Structures,” which defines wind
speed measurements as the “fastest mile.” In 2005, the definition of wind velocities in ASCE 7
(ASCE 7–05) was changed to represent “3-sec gust” speeds. The “3-sec gust” wind velocities
are higher than the “fastest mile” winds. Wind speeds can be converted from one measurement
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to the other by applying Equation 16-34 or Table 1609.3.1, “Equivalent Basic Wind Speeds,” of
the IBC 2006. The applicant’s response to RAI 03.03.01-1,: (a) justifies this change, (b) verifies
the “3-sec gust” wind speeds, and (c) commits to revise the pertinent sections of the STP, Units
3 and 4, COL FSAR, thereby adequately responding to the staff’s request for clarification.
Therefore, the staff concluded that the applicant has adequately responded to RAI 03.03.01-1,
and this RAI is considered resolved and closed. The staff’s review of Revision 4 to the FSAR
confirmed implementation of these changes, and the staff considers this issue in RAI 03.03.011, to be resolved and closed.
With respect to the information in Section 3H.6.2, the staff issued RAI 03.03.01-2, requesting
the applicant to provide the technical basis for adopting a simplified approach for the conceptual
design of the UHS basin and the pump house of each unit, by applying the free-field peak
ground motion acceleration of 0.15 g in the two horizontal (north-south [N-S] and east-west [EW]) directions and the vertical direction, thus ignoring the effects of seismic soil-structure
interaction (SSI). Furthermore, the staff asked the applicant to: (1) discuss how the
hydrodynamic effects of the water in the basin were considered; (2) describe in detail how the
so-called final seismic analysis of the UHS structure will comply with the applicable acceptance
criteria of SRP Sections 3.7 and 3.8; and (3) update the status of the FSAR in accordance with
10 CFR 50.71(e), which was tentatively scheduled to be submitted by the second quarter of
2009 for the staff to review. In its response to RAI 03.03.01-2, dated August 26, 2009
(ML092430131), the applicant stated that the final UHS seismic analysis was performed by
implementing the requirements in SRP Sections 3.7 and 3.8, and the analysis is documented in
the enclosure of the applicant’s response to RAI 03.07.01-13, dated August 20, 2009
(ML092360772). The staff concluded that the resolution of RAI 03.03.01-2, will be under the
review of RAI 03.07.01-13, which the staff evaluated in Section 3.7 of this SER. Therefore, RAI
03.03.01-2 is resolved and closed.
COL License Information Items
•

COL License Information Item 3.1

Site-Specific Design Basis Wind

COL License Information Item 3.1 in ABWR DCD Revision 4 Section 3.3.3.1 states:
The site-specific design basis wind shall not exceed the design basis wind given
in Table 2.0-1 of the reference ABWR DCD (Subsection 2.2.1).
The staff verified the applicant’s compliance with the above COL license information item. STP,
Units 3 and 4, COL FSAR Revision 02, Subsection 3.3.3.1 states that “The site-specific design
basis wind does not exceed the design basis wind given in Table 2.0-1, “Envelope of the ABWR
Standard Plant Site Parameters,” of the reference ABWR DCD.”
The staff issued RAI 03.03.01-3, requesting the applicant to provide a justification, including
comparative velocity data, to support the STP assertion that the site-specific, design-basis wind
velocities do not exceed the design-basis wind velocities in Table 2.0-1 of the referenced ABWR
DCD. In its response to RAI 03.03.01-3, dated August 26, 2009 (ML092430131), the applicant
justified the determination of the different wind velocities and shows that the plant-specific wind
speeds are bounded by the assumed wind velocities in ABWR DCD, Revision 4. An excerpt of
the comparison is summarized below.
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Wind Speed Comparison of DCD Table 2.0-1 with ASCE 7–05 (STP Units 3 and 4)
DCD Table 2.0-1
Mean
Recurrence
Interval (MRI)
(yrs)
50
100

Fastest Mile (Vfm)
km/h
177
197

ASCE 7–05

3-Sec Gust (V3S)

mph
110
122

km/h
203
224

mph
126
139

3-Sec Gust (V3S)
km/h
201
215

mph
125
134

During the review and evaluation, the staff noted that several changes to the wind design codes
and standards have occurred since COL License Information Item 3.1 was written and
documented in the ABWR DCD. Therefore, comparing only wind speeds is not considered an
adequate approach, because buildings are not designed only for velocities but to also resist
internal and external wind loadings. Hence, an acceptable method is to compare the building
loadings as expressed in the resulting wind velocity pressures for a given design-basis wind.
The staff performed a comparative set of calculations based on velocity pressures acting on a
building. The results show that in spite of the several code and requirement changes (exposure
categories, importance factor, “fastest mile” versus “3-sec gust,” etc.), the resulting velocity
pressures are very close.
Based on this independent evaluation, the staff concluded that the site-specific design wind
(both velocity and loading) does not exceed the design-basis wind in Table 2.0-1 of the
referenced ABWR DCD. Therefore, RAI 03.03.01-3 is resolved and closed.
•

COL License Information Item 3.3

Effect of Remainder of Plant Structures, Systems
and Components Not Designed for Wind Loads

Subsection 3.3.3.3 listed the following site-specific supplement related to COL License
Information Item 3.3:
The design criteria for plant structures, systems and components (SSCs) not
designed for wind loads are as follows: Such SSCs not designed for wind loads
are analyzed using the 1.11 importance factor or are checked to ensure that their
mode of failure will not affect the ability of safety-related SSCs to perform their
intended safety functions.
With respect to the supplement listed in Subsection 3.3.3.3, the staff issued RAI 03.03.01-4,
requesting a more detailed discussion of the approaches and analyses the applicant plans to
use to ensure that SSCs not designed for wind loads are analyzed and checked so that their
mode of failure will not affect the ability of safety-related SSCs to perform their intended safety
functions. Also, the staff asked the applicant to discuss the codes and standards (e.g.,
ASCE/Structural Engineering Institute [SEI] 7–05) that will be used to ensure the realization of
an expected SSC performance outcome. Furthermore, the discussion in the RAI response
should refer to pertinent SRP acceptance criteria or guidance the applicant relies on to perform
the analyses. In its response to RAI 03.03.01-4, dated August 26, 2009 (ML092430131), the
applicant referred to its response to RAI 03.03.01-5. The resolution of RAI 03.03.01-4, is
addressed under RAI 03.03.01-5 later in the following paragraphs. Therefore, RAI 03.03.01-4 is
resolved and closed.
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ABWR DCD Subsection 3.3.3.3, “Effect of Remainder of Plant SSC Not Designed for Wind
Loads,” directs the applicant to design SSCs not designed for wind loads with an importance
factor of 1.11 or to check that their mode of failure will not affect the performance of safetyrelated SSCs. Consequently, in STP, Units 3 and 4, FSAR Subsection 3.3.3.3, the applicant
committed to design the remainder of the SSCs based on an importance factor of 1.11.
Because the proposed importance factor of 1.11 is not a part of the adopted ASCE 7–05
standard (or SRP Subsection 3.3.1.II), the staff issued RAI 03.03.01-5, requesting the applicant
to justify the use of importance factor 1.11 instead of importance factor 1.15, per SRP
Subsection 3.3.1.II. In addition, the staff requested the applicant to specify the remaining
parameters of the basic wind equation used to determine the building wind loads.
In its response to RAI 03.03.01-5, dated August 26, 2009 (ML092430131), the applicant
confirmed that the nonsafety-related SSCs located in close proximity to seismic Category I
structures will be designed to prevent II/I interactions. Close proximity is defined as when the
distance between the seismic Category I SSC and the nonsafety-related SSC is less than the
height above the grade of the nonsafety-related SSC. Therefore, the severe wind design for no
collapse of SSCs with II/I interactions shall be in accordance with ASCE 7–05. The applicant
adds that COL FSAR Subsection 3.3.3.3 will be revised accordingly.
The staff noted that except for the additional importance factor of 1.15, as provided in SRP
Subsection 3.3.1.II for a seismic Category I SSC (100-year wind plus the importance factor
1.15), the applicant’s procedure described in the above response results in the same wind
loadings used to design a seismic Category I SSC. Such an approach meets the standards of
ASCE 7–05 Table 1-1, “Occupancy Category of Buildings and Other Structures for Flood, Wind,
Snow, Earthquake, and Ice Loads,” if: (a) nonsafety-related structures with a potential for II/I
interactions are considered as Occupancy Category III structures, and (b) they are designated
to be designed for a 100-year wind speed per Table 6-1, “Importance factor, I(Wind Loads),”
(using an importance factor 1.15). Because the building design according to ASCE 7–05 and
IBC 2006 is intended to prevent the loss of life, such structures are not expected to collapse and
are therefore not considered a threat to nearby safety-related SSCs.
However, the consideration of a seismic interaction per SRP Subsection 3.7.2.II.8(C),
“Interaction of Non-Category I Structures with Category I SSCs,” provides under Criterion C that
safety margins against failure be equivalent to those of Category I SSCs. The SRP offers three
different optional criteria to resolve II/I seismic interaction problems. Criterion C corresponds to
the applicant’s procedure for analyzing and designing the nonsafety-related SSCs against
collapse under wind loadings.
The applicant’s proposed procedure to determine wind loading for a nonsafety-related SSC
differs from the design of a seismic Category I SSC in not considering the additional importance
factor of 1.15. Because other design assumptions (e.g., load combinations, allowable stresses,
etc.) that affect the ultimate strength are not known, the staff also requested the applicant to
evaluate and provide safety margins against the failure of nonsafety-related SSCs. The safety
margins should be equivalent to Category I SSC safety margins.
The applicant’s response to RAI 03.03.01-5, committed to revise COL FSAR Subsection 3.3.3.3
as follows:
The design criteria for plant structures, systems and components (SSCs) not
designed for wind loads are as follows: Such SSCs not designed for wind loads
are analyzed using the 1.15 importance factor or are checked to ensure that their
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mode of failure will not affect the ability of safety-related SSCs to perform their
intended safety functions.
In order to comply with the interaction standards in SRP Subsection 3.7.2.II.8(C) described
above, the applicant should provide and evaluate the safety margins against the failure of SSCs
against wind loads whenever wind loads are the governing design loads on a structure. The
safety margin should be equivalent to the safety margin obtained for a seismic Category I SSC.
The revision should have also included a reference to the design parameters listed in the
applicant’s response to RAI 03.03.01-5, regarding the design intended to prevent the collapse of
SSCs with II/I interaction potential.
Therefore, the applicant’s response was considered incomplete and needed to be augmented.
The staff issued RAI 03.03.01-9, requesting the applicant to specifically include and describe
the evaluation of the safety margin of nonsafety-related SSCs against wind failure.
In its response to RAI 03.03.01-9, dated December 16, 2009 (ML093520627), the applicant
stated that the importance factor of 1.11, as described in FSAR Subsection 3.3.3.3 and
incorporated by reference from the ABWR DCD, was approved in the ABWR FSER (NUREG–
1503). However, to provide an additional design margin, an importance factor of 1.15 will be
used for Non-Category I SSCs that have potential interactions with Category I SSCs. Wind load
analysis performed for these Non-Category I SSCs will follow the guidance in ASCE 7-05.
Subsection 3.3.3.3 and Section 3.3.4 of the COL FSAR will be revised to reflect this change.
The staff found this response acceptable and concluded that the design procedures for nonseismic Category I structures with a potential for interaction with seismic Category I structures
ensures adequate safety, in accordance with the SRP. The proposed FSAR changes have
been incorporated in Revision 4 of the COL FSAR. Therefore, RAI 03.03.01-9 is resolved and
closed. The staff’s evaluation of the acceptability of the applicant’s analysis of II/I interactions is
in Section 3.7.2 of this SER.
STP, Units 3 and 4, COL FSAR Subsection 2.3S.1.3.3 does not explicitly discuss the hurricane
wind speeds. The 100-year return period value required in SRP Section 2.3 is presumed to
include hurricane wind speed. According to the data described in FSAR Subsection 2.3S.1.3.3,
there have been five Category 4 and 5 hurricanes in 155 years in the site region. GDC 2
requires the applicant to consider the effects of the most severe historically reported natural
phenomena. The staff issued RAI 03.03.01-6, requesting the applicant to clarify that the basic
wind velocity interpolated from ASCE 7–05, Figure 6-1A, “Basic Wind Speed – Western Gulf of
Mexico Hurricane Coastline,” covers the most severe hurricanes historically reported for the site
region. In its response to RAI 03.03.01-6, dated August 26, 2009 (ML092430131), the applicant
referred to its response to RAI 02.03.01-21, dated May 26, 2009 (ML091490166), which
addressed hurricane winds. The staff evaluated in detail, the issues associated with hurricane
wind and tornado wind in RAI 02.03.01-21 and RAI 02.03.01-24 under Section 2.3.1 of this
SER. Therefore, RAI 03.03.01-6 is resolved and closed.
In STP, Units 3 and 4, COL FSAR Revision 2 Subsections 2.3S.1.3.1 and 3.3.1.1, the applicant
provided the procedures for and parameters of the wind load design. Wind parameters are
provided for 50- and 100-year MRIs. In SRP Section 2.3.1, under “SRP Acceptance Criteria,”
Item 4 states that for the design of seismic Category I structures, the basic (straight-line) 100year return period three-sec gust wind speeds should be based on appropriate standards, with
suitable corrections for local conditions. The staff issued RAI 03.03.01-7, requesting the
applicant to confirm that the site-specific seismic Category I SSCs, including the UHS structure,
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will be designed to withstand the 100-year MRI 3-sec gust. In its response to RAI 03.03.01-7,
dated August 26, 2009 (ML092430131), the applicant stated:
As stated in Section 3H.6.4.3.2 of the enclosure to the response
to RAI 03.07.01-13 (see letter U7-C-STP-NRC-090112 dated August 20, 2009),
the site-specific Seismic Category I structures, systems, and components
(SSCs), including the Ultimate Heat Sink structure, are designed to withstand the
100-year recurrence interval 3-second gust winds.
No additional COLA change is required for this response.
During the evaluation, the staff noted that in STP, Units 3 and 4, COL FSAR Tier 2, Revision 2
Subsection 3H.6.4.3.2, “Severe Environmental Load,” the applicant provides the procedures for
and parameters of wind load design for site-specific seismic Category I SSCs, including the
UHS structures. The stated basic wind speed is 215 km/h (134 mph), which corresponds to the
100-year MRI wind speed at the STP, Units 3 and 4, site. All of the remaining design
parameters in Subsection 3H.6.4.3.2 comply with SRP Subsection 3.3.1.II, “Acceptance
Criteria,” except that importance factor of 1.0 was used with 100-year return period wind speed.
The staff’s acceptance of using an importance factor of 1.0 with 100-year return period wind is
discussed in Subsection 3.8.4.4.2 of the SER. Therefore, the staff concluded that the applicant
has adequately responded to RAI 03.03.01-7. Therefore, RAI 03.07.01-7 is resolved and
closed.
Subsection 3.3.1.2 and Section 3H.6 of the STP, Units 3 and 4, FSAR Revision 2, describe the
applied forces and procedures used to determine the wind loadings on the UHS and on other
site-specific Class I buildings and SSCs, specifying the loads to be determined based on wind
Exposure C. The referenced ABWR DCD Revision 4 is based on the ASCE 7–93 edition
(Reference 3.3-1 in the ABWR DCD). Consequently, wind Exposure D was used in the ABWR
DCD to determine wind loadings on buildings and SSCs. SRP Subsection 3.3.1.II, “Acceptance
Criteria,” provides that wind load designs are to be based on the current ASCE/SEI 7–05
standard, which uses the changed wind exposure definitions. Wind exposure definitions were
changed in 1998. The staff issued RAI 03.03.01-8, asking the applicant to justify the use of
Exposure Category C instead of D to ensure that the correct exposure coefficient is used for
STP site-specific structures, including the UHS structure. In its response to RAI 03.03.01-8,
dated August 26, 2009 (ML092430131), the applicant justified the use of Exposure Category C,
which meets the guidance of SRP Section 3.3.1 and is appropriate for determining the
geographic location of STP, Units 3 and 4, structures. During the evaluation, the staff noted that
because the design documented in ABWR DCD Revision 4 was based on a previous edition of
the code, buildings were designed for wind Exposure Category D, which in older code versions
represented open spaces (including shorelines) in hurricane-prone regions. Exposure
definitions C and D were changed in the ASCE 7–98 edition, so that Exposure Category C, and
not D, includes the hurricane-prone shoreline regions. The ASCE 7-98 Exposure Category D
also applies to structures within the 180-meter (m) (600-foot [ft]) inland from a shoreline if the
water surface extension is more than 1,524 m (5,000 ft), which is the case for the main cooling
reservoir. Class I buildings are beyond the 180-m (600-ft) range, as shown in Figure 2.1S-4,
“Enlarged Site Area Map,” of STP, Units 3 and 4, FSAR Tier 2 Chapter 2, “Site Characteristics.”
According to ASCE 7–05, Exposure Category C applies to all cases that are not applicable to
Exposure Category B or D. Because Exposure Category D applies to all flat, unobstructed
areas and water surfaces outside of hurricane-prone regions, the correct exposure definition at
the STP, Units 3 and 4, site is Exposure Category C in ASCE 7-98. Therefore, the staff
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concluded that the applicant has adequately responded to RAI 03.03.01-8, and this RAI is
resolved and closed.
3.3.1.5

Post Combined License Activities

There are no post COL activities related to this section.
3.3.1.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information relating to wind loadings, and no
outstanding information is expected to be addressed in the COL FSAR related to this section.
Pursuant to 10 CFR 52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear
safety issues relating to the wind loadings that were incorporated by reference have been
resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.3.1 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the COL license information items and
the supplemental information (related to wind loadings) in accordance with Section 3.3.1 of
NUREG–0800.
3.3.2

Tornado Loadings

3.3.2.1

Introduction

This FSAR section addresses the ABWR standard and site-specific plant structures that are
seismic Category I and are designed for extreme tornado phenomena. To meet the
requirements of GDC 2, the safety-related structures of STP, Units 3 and 4, will be designed to
withstand the effects of the design-basis tornado (DBT). This section identifies and describes
the following:
•

The DBT parameters.

•

The basis for selecting the site-specific DBT.

•

The methods for calculating tornado loads on SSCs.

•

The procedures for treating the effects of remaining plant SSCs not designed for
tornado loads on safety-related SSCs.

The site-specific design tornado loading is evaluated to ensure that it is bounded by the design
tornado loading in the ABWR DCD.
3.3.2.2

Summary of Application

Section 3.3.2 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.3.2 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.3.2, the applicant provides the following:
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Tier 1 Departure
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category I to Non-Seismic

This departure reclassifies the RWB from seismic Category I to non-seismic.
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 3.5-2

Hurricane Generated Missile Protection

This departure is related to the conformance to RG 1.221 as described in FSAR Section 3H.11.
The staff’s assessment of this departure is in Section 3.8.4 of this SER.
COL License Information Items
•

COL License Information Item 3.2

Site-Specific Design Basis Tornado

This COL license information item provides site-specific supplemental information showing that
the site-specific DBT does not exceed the DBT in Table 2.0-1 of the referenced ABWR DCD.
•

COL License Information Item 3.4

Effect of Remainder of Plant Structures, Systems,
and Components Not Designed for Tornado Loads

This COL license information item provides site-specific supplemental information showing that
the design criteria for site-specific SSCs not designed for tornado loads and within close
proximity to—and thus their collapse under a tornado loading may impact—nearby safetyrelated SSCs are evaluated for applicable tornado loading parameters, thus ensuring that their
mode of failure will not affect the ability of safety-related SSCs to perform their intended safety
functions.
Supplemental Information
In Subsection 3.3.2.2, “Determination of Forces on Structures,” the applicant provides the
following:
The applied forces and procedure used to determine the tornado loading on the
Ultimate Heat Sink is described in Appendix 3H.6.
In Section 3.3.4, “References,” the applicant provides the following:
3.3-4 International Code Council, 2003 International Building Code.
3.3.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the tornado loadings, and
the associated acceptance criteria, are in Section 3.3.2 of NUREG–0800.
In accordance with Section VIII of Appendix A to 10 CFR Part 52, the applicant identified one
Tier 1 departure that requires prior NRC approval. This departure is subject to the requirements
of Section VIII.A.4.
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3.3.2.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.3.2 of the certified
ABWR DCD. The staff reviewed Section 3.3.2 of the STP, Units 3 and 4, COL FSAR and
checked the pertinent sections of the referenced ABWR DCD to ensure that the combination of
the information in the COL FSAR and the information in the ABWR DCD appropriately
represents the complete scope of information relating to this review topic.1 The staff’s review
confirmed that the information in the application and the information incorporated by reference
address the required information relating to this section.
The staff reviewed the following information in the COL FSAR:
Tier 1 Departure
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category I to Non-Seismic.

This departure addresses the determination that the RWB is not classified as a seismic
Category I structure. The staff’s evaluation of the acceptability of this departure is in Section
3.8.4 of this SER.
COL License Information Items
•

COL License Information Item 3.2

Site-Specific Design Basis Tornado

The ABWR DCD uses Tornado Intensity Region I and assigns a maximum DBT wind speed of
482.7 km/h (300 mph). A complete list of tornado-related site parameters (consistent with the
DBT parameters in RG 1.76, “Design-Basis Tornado and Tornado Missiles for Nuclear Power
Plants,” is in the referenced ABWR DCD Tier 2, Revision 4 Table 2.0-1, and includes the
following site parameter values to which the ABWR standard plant is designed:
•
•
•
•
•
•

Maximum tornado wind speed of 483 km/h (300 mph).
Translational velocity of 97 km/h (60 mph).
Maximum rotational speed of 386 km/h (240 mph).
Radius of 45.7 m (150 ft).
Maximum pressure drop of 13.8 kilopascal (kPa) (2.0 pound per square inch [psi]), and,
Rate of pressure drop of 8.3 kPa per second (kPa/s) (1.2 psi/s).

The STP site is in the Tornado Intensity Region II according to RG 1.76. The parameters of the
DBT for Region II are bounded by those of Region I. The 1 x 10-7 per year probability of
exceedance of wind speed calculated in NUREG/CR–4461, “Tornado Climatology of the
Contiguous United States,” Revision 2, (Table 6-1) for the STP site is 315 km/h (196 mph).
In determining the tornado intensity region applicable to the STP site, information in Revision 2
of NUREG/CR–4461 was taken into consideration. That document was the basis for most of
the technical revisions to RG 1.76. Based on Revision 1 of RG 1.76, the following DBT
characteristics for Tornado Intensity Region II are applicable to STP, Units 3 and 4:
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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•
•
•
•
•
•

Maximum wind speed of 89 m/s (322 km/h) (200 mph).
Translational speed of 18 m/s (64 km/h) (40 mph).
Maximum rotational speed of 72 m/s (258 km/h) (160 mph).
Radius of maximum rotational speed of 45.7 m (150 ft).
Pressure drop of 6.2 kPa (0.9 psi).
Rate of pressure drop of 2.76 kPa/s (0.4 psi/s).

Because the tornado-related site parameters identified in the ABWR DCD bound those for the
STP site that is in Tornado Intensity Region II, the staff concluded that the applicant is in
compliance with COL License Information Item 3.2.
•

COL License Information Item 3.4

Effect of Remainder of Plant Structures, Systems,
and Components Not Designed for Tornado Loads

For an evaluation of COL License Information Item 3.4, see RAI 3.03.02-6 under the
“Supplemental Information” discussion below.
Supplemental Information
In 10 CFR Part 50, Appendix A, GDC 2 requires that SSCs important to safety shall be
designed to withstand the effects of natural phenomena such as earthquakes, tornadoes,
hurricanes, tsunami, floods, and seiches without losing the capability to perform their safety
functions. The UHS structure is a site-specific seismic Category I structure that should be
designed to withstand the effects of tornado loading and missiles. In Subsection 3.3.2.2 of the
STP, Units 3 and 4, COL FSAR, the applicant stated that the applied forces and procedures
used to determine the tornado loading on the UHS are described in Section 3H.6. The staff
reviewed Section 3H.6 and needed more information to complete the review of the integrity of
the UHS. The staff issued RAI 03.03.02-2, requesting the applicant to provide details of the
design procedures used to ensure the structural integrity of the UHS against tornado impact
effects. In its response to this RAI dated October 7, 2009 (ML092860129), the applicant stated
that the UHS will be designed to the Region II DBT, as specified in RG 1.76 and described in
COL FSAR Tier 2, Subsection 3H.6.4.3.3.1. The missile spectrum for the Region II DBT that is
specified in SRP Section 3.5.1.4 will be used to assess the local damage and overall damage
effects according to the missile barrier design procedures in SRP Section 3.5.3. The staff
concluded that this is an acceptable approach because it conforms to RG 1.76 and meets the
SRP acceptance criteria. Therefore, RAI 03.03.02-2 is resolved and closed.
In Subsection 3H.6.4.3.3.1 of the COL FSAR Revision 1, the applicant stated that tornado
missile impact effects on the UHS basin, cooling tower structures, and RSW pump houses are
evaluated for local damage and global structural responses using the U.S. Department of Army
TM 5-855-1 formula in “Fundamentals of Protective Design for Conventional Weapons,”
November 1986, and the procedure in Bechtel Topical Report BC-TOP-9A, Revision 2, “Design
of Structures for Missile Impact,” September 1974, respectively. Because these methods are
not referenced in SRP Section 3.5.3, the staff issued RAI 03.03.02-3, requesting the applicant to
discuss the validity of these methods in light of the corresponding SRP acceptance criteria and
to justify any deviations. In its response to this RAI dated October 7, 2009 (ML092860129), the
applicant stated that predicting local damage in terms of the penetration, perforation, and
spalling of concrete barriers will be performed using the TM 5-855-1 formula, so as to remain
consistent with that used in the DCD design for standard plant safety-related structures. In
comparison to the National Defense Research Council (NDRC) formula specified in SRP
Section 3.5.3 as acceptable, the TM 5-855-1 formula will predict a higher penetration but a
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lower required thickness to prevent scabbing. However, actual thicknesses provided for the
UHS basin, cooling tower enclosures, and RSW pump house walls and slabs acting as missile
barriers exceed the higher scabbing thickness predicted by the NDRC formula. Furthermore,
the applicant stated that the reference to BC-TOP-9A was removed in the COL application,
Revision 2, and the structural response evaluation was not performed in accordance with BCTOP-9A. Additionally, the applicant stated that the ductility limits for the concrete barriers are in
accordance with the limits specified in Appendix C of American Concrete Institute (ACI) 349–97,
“Code Requirements for Nuclear Safety Related Concrete Structures and Commentary,” which
are consistent with the limits specified in SRP Section 3.8.4. For the overall response
calculation, the applicant follows the methods described in the ABWR DCD for rigid missiles and
deformable missiles. The staff noted that, although the applicant did not follow the SRP
recommended approach for determining the minimum barrier thicknesses, the applicant’s wall
thicknesses exceed the SRP acceptance criteria and are therefore acceptable. The staff thus
concluded that the applicant’s methods for predicting local and overall missile damage meet or
exceed the SRP acceptance criteria. Therefore, RAI 03.03.02-3 is resolved and closed.
The load combinations for reinforced concrete structures specified in Appendix 3H.6.4.3.4.3 for
site-specific structures are different when compared to the load combinations specified in the
SRP, which endorses ACI 349–97 and RG 1.142. The staff issued RAI 03.03.02-4, requesting
the applicant to explain these differences and to justify the use of environmental durability
factors defined in ACI 350–2001. In its response to this RAI dated October 7, 2009
(ML092860129), the applicant presented a table comparing the load combinations specified in
COL application Revision 3 and in ACI 349–97. The applicant stated that the apparent
differences arise because the OBE is not used in the design basis of STP, Units 3 and 4.
Furthermore, the applicant notes that the accident pressure load, reaction load, jet impingement
load, and missile load are not applicable because the RSW piping is not a high-energy line.
Figure 9.2-7, “Reactor Service Water System P&ID,” of the DCD describes the RSW piping as
Seismic Class I piping with a design pressure of 0.79 mega Pascal (MPa) (100 pounds per
square inches gauge [psig]) and a design temperature of 50 degrees Celsius (°C) (122 degrees
Fahrenheit [°F]). SRP Section 3.6.2 provides for the consideration of pipe break effects (e.g.,
accident pressure load, reaction load, jet impingement load, and missile load) from only highenergy and medium-energy piping. Therefore, the staff’s evaluation found that such effects
need not be considered for the RSW piping. Adhering to ACI 350–2001, (ACI 350-01), “Code
Requirements for Environmental Engineering Concrete Structures and Commentary,” the
applicant increased the load factor on the hydrostatic load for the design of the UHS basin. The
applicant maintains that ACI 350 was not available when the earlier nuclear power plants were
built in the United States during the 1970s and 1980s, and the use of durability factors is
therefore conservative for the design of the UHS structures. The staff reviewed the basis for the
change in load combinations for site-specific structures and concluded that the new load
combinations proposed by the applicant are conservative compared to those specified in the
SRP acceptance criteria. The applicant’s response to RAI 03.03.02-4, is therefore satisfactory.
The staff confirmed that the applicant’s proposed changes were included in Revision 4 of the
FSAR. Therefore, this issue in RAI 03.03.02-4 is resolved and closed.
The RWB at STP, Units 3 and 4, is now designed as a non-seismic Category I structure.
Because this building is in close proximity to the reactor building (RB), the staff issued RAI
03.03.02-5, asking the applicant to confirm that: (1) the design will prevent the collapse of this
building onto the adjacent seismic Category I buildings; and (2) any missiles generated are
bounded by the STP, Units 3 and 4, DBT missiles. Because the above grade height of this
building exceeds the distance to the RB, the applicant’s response to this RAI, dated October 7,
2009 (ML092860129), stated that the RWB design will satisfy the II/I requirements of not
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collapsing or coming into contact with the RB or other seismic Category I SSCs under SSE and
tornado loads. The applicant has chosen to design the lateral load resisting system of the RWB
for tornado design parameters defined in the DCD for the standard plant seismic Category I
structures (i.e., a 483-km/h [300-mph] tornado). This approach is conservative because the
site-specific tornado for the STP site is a Region II tornado according to RG 1.76 (i.e., a 322km/h [200–mph] tornado). Furthermore, the applicant confirmed that the RWB is a typical
structure found within the power block of nuclear power plants and does not include any unique
design or construction features that may provide a new tornado-generated missile spectrum
beyond those for typical nuclear power plants. Thus, any tornado-generated missile from the
RWB is considered bounded by the STP, Units 3 and 4, DBT-generated missiles. The staff
reviewed the tornado design criteria proposed by the applicant and concluded that the design
meets the SRP acceptance criteria (SRP Section 3.3.2 Acceptance Criterion 4B). The staff
agreed with the judgment that any missiles generated from a tornado-induced failure of the
RWB are bounded by the Region I DBT missiles used in the design of seismic Category I
structures. Therefore, the applicant’s response is satisfactory and RAI 03.03.02-5, is resolved
and closed. The staff’s evaluation of the acceptability of the applicant’s analysis of II/I
interactions is in Section 3.7.2 of this SER.
The STP, Units 3 and 4, layout includes non-seismic Category I structures that are not designed
for tornado loadings and missile impacts and may be in close proximity to seismic Category I
structures. The staff issued RAI 03.03.02-6, asking the applicant to describe the approaches
and analyses used to ensure that site-specific SSCs not designed for tornado loads are
analyzed and checked to prevent modes of failure that will affect the ability of safety-related
SSCs to perform their intended safety functions. In its response to this RAI, dated October 7,
2009 (ML092860129), the applicant stated that those site-specific SSCs not designed for
tornado loads and within close proximity to—and thus their collapse under a tornado loading
may impact—nearby safety-related SSCs are evaluated for applicable tornado loading
parameters. The staff concludes that this aspect of the design is in conformance with SRP
Section 3.3.2, Acceptance Criterion 4B. The applicant’s response to RAI 03.03.02-6, is
therefore satisfactory. The staff confirmed that the proposed FSAR changes in Subsection
3.3.3.4 were incorporated in Revision 4 of the FSAR. Therefore, RAI 03.03.02-6 is resolved and
closed.
In the ABWR DCD design, the conversion of tornado wind velocity into loads on structures and
elements followed the methods described in Bechtel Topical Report BC-TOP-3-A, Revision 3,
“Tornado and Extreme Wind Design Criteria for Nuclear Power Plants.” The Bechtel Topical
Report BC-TOP-3-A, is not endorsed in the SRP and the conversion of the design wind velocity
into velocity pressure and design wind pressures in Bechtel Topical Report BC-TOP-3-A may be
different from the procedures in ASCE/SEI 7–05, which is approved in the SRP. The staff
issued RAI 03.03.02-7, requesting the applicant to clarify the approach for the design and
analysis of STP, Units 3 and 4, site-specific structures, including the UHS structure. In its
response to this RAI, dated October 7, 2009 (ML092860129), the applicant stated that sitespecific structures including the UHS structure will be designed to withstand site-specific
tornado loading using the procedures described in ASCE/SEI 7–05. Accordingly, the applicant
calculated a maximum velocity pressure using a maximum wind speed of 322 km/h (200 mph),
which corresponds to the Region II tornado intensity in RG 1.76. The staff concludes that this
aspect of the design procedure for tornado loading on site-specific structures is in conformance
with the acceptance criteria of SRP Section 3.3.2 which endorses ASCE/SEI 7–05. The staff
confirmed that the proposed FSAR changes in Subsection 3.3.2.2 were included in Revision 4
of the FSAR. Therefore, RAI 03.03.02-7 is resolved and closed.
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In ABWR DCD Revision 4, wind Exposure Category D was used to determine tornado loadings
on buildings and SSCs, as provided by the ASCE 7–93 standard (Reference 3.3-1 in ABWR
DCD). SRP Subsection 3.3.1.II (“SRP Acceptance Criteria”) provides that tornado designs
should be based on the current ASCE/SEI 7–05 standard, which uses the 1998 changed wind
exposure definitions. Therefore, the staff issued RAI 03.03.02-8, requesting the applicant to
clarify the exposure coefficient used for site-specific structures, including the UHS structure. In
its response to this RAI dated October 7, 2009 (ML092860129), the applicant justified the use of
Exposure Category C because it meets the acceptance criteria of SRP Section 3.3.2 and is
appropriate for the geographic location of the STP, Units 3 and 4, structures. Furthermore, the
applicant adds that a constant value of 0.87 will be used for a velocity pressure exposure
coefficient, as specified in SRP Section 3.3.2. The staff found that this aspect of the design
procedure for tornado loadings on site-specific structures conforms to the acceptance criteria of
SRP Section 3.3.2. Therefore, the staff concludes that the applicant’s response to RAI
03.03.02-8 is satisfactory, and this RAI is resolved and closed.
In the STP, Units 3 and 4, COL FSAR, Part 2, Tier 2 Section 1.8 and Table 1.8-21, “Industrial
Codes and Standards Applicable to ABWR,” the applicant committed to use the IBC 2006,
which the State of Texas has also adopted, in place of the IBC 2003 that was referenced in
Revision 2, Section 3.3.4 of the COL FSAR. The staff issued RAI 03.03.02-9, asking the
applicant to reconcile this discrepancy. In its response to this RAI, dated October 7, 2009
(ML092860129), the applicant stated that COL FSAR Tier 2, Section 3.3.4 would be revised to
change the reference from IBC 2003 to IBC 2006. The proposed FSAR changes in Subsection
3.3.4 have been incorporated in Revision 4 of the FSAR. Therefore, the staff found the
applicant’s response acceptable, and this issue in RAI 03.03.02-9 is resolved and closed.
3.3.2.5

Post Combined License Activities

There are no post COL activities related to this section.
3.3.2.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information relating to the tornado loadings, and
no outstanding information is expected to be addressed in the COL FSAR related to this
section. Pursuant to 10 CFR 52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all
nuclear safety issues relating to the tornado loadings that were incorporated by reference have
been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.3.2 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the COL license information items and
the supplemental information (related to “Tornado Loadings,”) in accordance with Section 3.3.2
of NUREG–0800.
3.4

Water Level (Flood) Design

This FSAR section describes the design features and flood protection measures taken for
structures at STP, Units 3 and 4, to resist external floods from natural phenomena (probable
maximum flood, tsunamis, precipitation, etc) and from a single failure of man-made structures
(e.g. a failure of the main cooling reservoir).
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3.4.1

Flood Protection for Onsite Equipment Failure

3.4.1.1

Introduction

This FSAR section addresses internal flood protection for all SSCs of the plant whose failure
could prevent a safe shutdown of the plant or result in an uncontrolled release of a significant
amount of radioactivity.
Site-specific external flooding parameters are discussed in SER Sections 2.4.2 through 2.4.6.
The review of the requirements to protect all safety-related facilities from external floods is
discussed in SER Sections 2.4.10, “Flooding Protection requirements,” and 2.4.14, “Technical
Specifications and Emergency Operation Requirements.”
3.4.1.2

Summary of Application

Section 3.4.1 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.4.1 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.4.1, the applicant provides the following:
Tier 1 Departures
•

STD DEP T1 2.3-1

Deletion of MSIV Closure and Scram on High
Radiation

This departure eliminates the scram and main steam isolation valve (MSIV) automatic closure
by the high main steamline radiation monitor (MSLRM) indication.
•

STP DEP T1 5.0-1

Site Parameters

This departure is discussed in Sections 2.4S.2 through 2.4S.6 and Sections 2.4S.10 and
2.4S.14 of this SER.
•

STD DEP T1 2.15-1

Re-classification of Radwaste Building Substructure
from Seismic Category I to Non-Seismic

This departure revises the seismic category of the RWB substructure from seismic Category I to
non-seismic.
Tier 2 Departures Not Requiring Prior NRC Approval
•

STD DEP 1.2-1

Control Building Annex

This departure relocates the reactor internal pump (RIP) motor-generator sets and associated
support components to a new building (the control building annex) adjacent to the control
building (CB).
•

STP DEP 1.2-2

Turbine Building

This departure changes the turbine building design, including the size of the condenser and the
circulating water piping.
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•

STD DEP 3.5-2

Hurricane Generated Missile Protection

This departure addresses design basis hurricane wind and hurricane missiles in the design of
Category I structures and non-seismic structures that are designed to address seismic II/I.
•

STP DEP 3.8-1

Resizing the Radwaste Building

This departure changes the dimensions and layout of the RWB.
•

STP DEP 9.2-5

Reactor Service Water (RSW) System

This departure modifies the RSW system to increase the RSW flow rates and pipe sizes.
COL License Information Items
•

COL License Information Item 3.5

Flood Elevation

This COL license information item addresses COL License Information Item 3.4.3.1 in the
ABWR DCD. The COL applicant addresses COL License Information Item 3.5 by requiring that
all penetrations and doors that penetrate the exterior walls of seismic Category I buildings
located below the design-basis flood level (DBFL) be watertight.
•

COL License Information Item 3.6

Ground Water Elevation

This COL license information item addresses COL License Information Item 3.4.3.2 in the
ABWR DCD. The COL applicant addresses COL License Information Item 3.6 by describing
ground water elevation as lower than 61.0 centimeters (cm) (24 inches [in.]) below grade.
•

COL License Information Item 3.7

Flood Protection Requirements for Other Structures

This COL license information item addresses COL License Information Item 3.4.3.3 in the
ABWR DCD. The COL applicant addresses COL License Information Item 3.7 by describing
the flood protection levels for the UHS and RSW Piping Tunnel.
3.4.1.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition the relevant requirements of the Commission regulations for flood protection for onsite
equipment failure, and the associated acceptance criteria, are in Section 3.4.1 of NUREG–0800.
In accordance with Section VIII, “Processes for Changes and Departures,“ of Appendix A to
10 CFR Part 52, the applicant identifies Tier 1 and Tier 2 departures. Tier 1 departures require
prior NRC approval and are subject to the requirements of 10 CFR Part 52, Appendix A, Section
VIII.A.4. Tier 2 departures not requiring prior NRC approval are subject to the requirements of
10 CFR Part 52, Appendix A, Section VIII.B.5, which are similar to the requirements in 10 CFR
50.59.
3.4.1.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.4.1 of the certified
DCD for the ABWR design. The staff reviewed Section 3.4.1 of the STP, Units 3 and 4, COL
FSAR and checked the referenced ABWR DCD to ensure that the combination of the
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information in the COL FSAR and the information in the ABWR DCD appropriately represents
the complete scope of information relating to this review topic.1 The staff’s review confirmed
that the information in the application and the information incorporated by reference address the
required information relating to this section.
The staff reviewed the information in the COL FSAR:
Tier 1 Departures
•

STD DEP T1 2.3-1

Deletion of MSIV Closure and Scram on High
Radiation

This departure deletes the MSIV closure and scram on high radiation in the main steamline
tunnel. The staff reviewed this departure and determined that it does not affect any Tier 1
information related to protection from internal flooding. The removal of the MSIV closure on
high radiation does not affect the previously approved analysis of internal flooding because the
design bases do not credit the MSIV isolation as a mitigating strategy. The main steamline
tunnel is designed to contain the worst case of a feedwater line break flood during a two-hour
period. The water discharged from a postulated feedwater line break will be contained in the
seismic Category I structure of the main steamline tunnel area and will not flood any safetyrelated equipment in the RB. On the basis of this information, the staff concluded that this
departure from Subsection 3.4.1.1.2 of the certified ABWR DCD is acceptable with regard to
protection from internal flooding.
•

STD DEP T1 2.15-1

Re-classification of Radwaste Building Substructure
from Seismic Category I to Non-Seismic

The staff reviewed Departure STP DEP T1 2.15-1, which reclassifies the RWB substructure
from a seismic Category I structure to a non-seismic structure. The review focused on the
departure’s impact on internal flood protection. As described in COL FSAR Subsection
3.4.1.1.2.3 and shown in Figures 1.2-23a through 1.2-23e, the RWB does not contain any
safety-related equipment. The radwaste tanks are located below grade. Furthermore, the
building’s substructure can act as a large sump, given that it has the capacity to collect and hold
any leakage within the building. Piping used to transfer liquid waste to the RWB from other
buildings is routed through a radwaste tunnel; the top of the tunnel is at grade level. Seals are
used to prevent building-to-building flooding within the tunnel. The applicant stated in COL
FSAR Subsection 3.4.1.1.2.3 that, “The structural design of this building is such that no internal
flooding is expected or will occur under the worst case conditions from medium and large
radwaste tanks.” Given these design features, the staff concluded that this departure from
Subsection 3.4.1.1.2.3 of the certified ABWR DCD is acceptable, with regard to protection from
internal flooding.
Tier 2 Departures Not Requiring Prior NRC Approval
The applicant identifies the following Tier 2 departures that do not require prior NRC review and
approval, as permitted by 10 CFR Part 52, Appendix A, Section VIII.B.5. This regulation allows
the applicant to depart from the ABWR DCD Tier 2 information without obtaining prior NRC
approval if (among other things) the departure does not result in more than a minimal increase
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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in: (a) the likelihood of an occurrence of or the consequences from a malfunction of an SSC
important to safety, or (b) the consequences of an accident previously evaluated in the plantspecific DCD:
•

STD DEP 1.2-1

Control Building Annex

The staff reviewed Departure STD DEP 1.2-1, which relocates the RIP motor-generator sets
and associated support components to a new building (the CB annex) adjacent to the CB.
However, FSAR Subsection 3.4.3.3 does not address flood protection for the CB annex. ABWR
DCD COL License Information Item 3.7, “Flood Protection Requirements for Other Structures,”
states that the COL applicant will demonstrate that the structures outside the scope of the
ABWR standard plant meet the requirements of GDC 2 and the guidance of RG 1.102,
Revision 1, “Flood Protection for Nuclear Power Plants,” Section 3.4. During the Phase I
review, which was based on Revision 1 of the applicant’s COL application, the staff determined
that this departure may affect the flood protection analysis incorporated by reference from the
DCD. The CB annex is a site-specific structure that is outside the scope of the design
certification. During the Phase I review, the staff could not locate supporting information in the
FSAR to confirm that internal flooding considerations relative to the CB annex have been
evaluated to ensure that safety-related equipment housed in the CB annex will not be adversely
affected. The staff issued RAIs 03.04.01-2 and 03.04.01-3, requesting the applicant to provide
additional information related to Departure STD DEP 1.2-1. In RAI 03.04.01-2, the staff
requested the applicant to address flood protection for the CB annex. In RAI 03.04.01-3, the
staff requested the applicant to identify sources of flooding and equipment in the CB annex that
require protection from flooding.
In its response to RAIs 03.04.01-2 and 03.04.01-3, dated April 28, 2008 (ML081220431), the
applicant provided clarification to the design and safety functions of the CB annex, and
proposed the following to be added to FSAR Subsection 1.2.2.16.15:
The Control Building Annex is a nonsafety-related structure located adjacent to
the Control Building. It houses the two nonsafety-related Reactor Internal Pump
Motor Generator [MG] sets, control panels, and the cooling water lines, HVAC
system, and electrical lines that support the MG sets. The reactor internal pump
motor-generator set equipment performs no safety-related function.
The staff concluded that this explanation adequately addresses the concerns raised in RAIs
03.04.01-2 and 03.04.01-3. The staff also confirmed that Revision 2 of the COL FSAR
incorporated the proposed changes. Therefore, these RAIs are resolved and closed.
Specifically, the CB annex does not contain any safety-related systems or components.
Furthermore, a flood event that occurs in the CB annex will not affect any safety-related
equipment in adjacent buildings (e.g., the CB and RB), because all penetrations and doors that
penetrate the exterior walls of seismic Category I buildings located below the DBFL are
watertight, as stated in COL Tier 2, FSAR Subsection 3.4.3.1.
The applicant's evaluation determined that this departure does not require prior NRC approval,
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the review scope of
this section, the staff found it reasonable that the departure does not require prior NRC
approval. The applicant's process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
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•

STP DEP 1.2-2

Turbine Building

The staff reviewed Departure STP DEP 1.2-2, which changes the turbine building design,
including the size of the condenser and the circulating water piping. The review focused on the
departure’s impact on internal flood protection. As described in Section 3.0, “Site-Specific
ITAAC,” of Revision 2 of the COL application, Part 7, “Departures Report,” and Revision 2 of
COL FSAR Subsection 3.4.1.1.2.5, the only two turbine building water systems with a sufficient
capacity to fill the condenser pit and potentially propagate flood water into adjacent buildings are
the circulating water system (CWS) and turbine building service water (TSW) system. The
break flow from these systems is limited by automatic leak detectors that provide system
isolation and shutdown. Even if the automatic leak detection fails, two additional design
features are used to prevent water from propagating into adjacent structures:
(1)

A normally closed and alarmed door within the passageway between the turbine building
and service building.

(2)

A sealing system used at both ends of the radwaste tunnel to prevent water flow either
into or out of the tunnel.

The Departures Report also notes that the only safety-related equipment inside the turbine
building is instrumentation associated with the reactor protection system (RPS) and condensate
pump motor trip circuit breakers. This safety-related equipment is located above the DBFL.
The applicant's evaluation determined that this departure does not require prior NRC approval,
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the review scope of
this section, the staff found it reasonable that the departure does not require prior NRC
approval. The applicant's process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
•

STD DEP 3.5-2

Hurricane Generated Missile Protection

This departure is related to the conformance to RG 1.221, “Design-Basis Hurricane and
Hurricane Missiles for Nuclear Power Plants,” as described in FSAR Section 3H.11, “Design for
Site-Specific Hurricane Winds and Missiles.” The staff’s assessment of this departure is in
Section 3.8.4 of this SER.
•

STP DEP 3.8-1

Resizing the Radwaste Building

The staff reviewed Departure STP DEP 3.8-1, which changes the dimensions and layout of the
RWB. As indicated in Section 3.0 of Revision 2 of the COL application, Part 7, “Departures
Report,” and Revision 2 of COL FSAR Subsection 3.4.1.1.2.3, the RWB does not contain any
safety-related equipment. Furthermore, the building’s substructure acts as a large sump given
that it has the capacity to collect and hold any leakage within the building. Piping used to
transfer liquid waste to the RWB from other buildings is routed through a radwaste tunnel; the
top of the tunnel is at grade level. Seals are provided for all penetrations from the tunnel to
prevent building-to-building flooding.
The applicant's evaluation determined that this departure does not require prior NRC approval,
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the review scope of
this section, the staff found it reasonable that the departure does not require prior NRC
approval. The applicant's process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
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•

STP DEP 9.2-5

Reactor Service Water (RSW) System

The staff reviewed Departure STP DEP 9.2-5, which modifies the RSW system, including
substantial increases in RSW flow rates and pipe sizes that could significantly affect
considerations regarding internal flooding. In the CB, three divisions of RSW/RB cooling water
(RCW) are located in separate division-specific rooms that are, in turn, separated by watertight
doors. Therefore, to assure that the NRC’s approval is not required for this departure, the staff
issued RAI 03.04.01-4, requesting the applicant to sufficiently demonstrate that the RSW
modifications will not result in more severe consequences from internal flooding than previously
assumed.
As indicated in Revision 2 of the COL application, Part 7, “Departures Report,” and in Revision 2
of COL FSAR Table 9.2-13, “Reactor Service Water System (Interface Requirements),” the
RSW flow rate was increased from 1,800 to 3,290 cubic meters (m3)/h (7,926 to 14,487 gallons
per minute [gpm]). Due to this increase, the associated pipeline sizes were also increased. As
described in Revision 2 of COL FSAR Sections 19R.1, “Introduction and Summary,” and
19R.4.6, “RSW Pump House,” there are two sets of water level signals within each of the RCW
heat exchanger division rooms located in the lower level of the CB. When the water level
reaches 0.4 m (1.31 ft), the first set of sensors will alert operators. When the water level
reaches 1.5 m (4.76 ft), the second set of sensors will alert operators and will also trip the RSW
pumps and RSW system isolation valves in the affected division. Even if the RCW heat
exchanger isolation valve fails to close and the water from the RSW supply or return lines drain
into the affected heat exchanger room, the water elevation will not exceed 5 m (16.4 ft). The
staff concluded that Revision 2 of the COL FSAR adequately addresses the concerns raised in
RAI 03.04.01-4. Therefore, this RAI is resolved and closed. Specifically, the applicant has
properly implemented 10 CFR Part 52, Appendix A, Section VIII.B.5 given that the maximum
flood water elevation associated with the RSW modifications represented in Departure STP
DEP 9.2-5 (i.e., 5 m [16.4 ft]) is bounded by the maximum flood water elevation in the ABWR
DCD (5 m [16.4 ft]).
The applicant's evaluation determined that this departure does not require prior NRC approval,
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the review scope of
this section, the staff found it reasonable that the departure does not require prior NRC
approval. The applicant's process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
COL License Information Items
•

COL License Information Item 3.5

Flood Elevation

•

COL License Information Item 3.6

Ground Water Elevation

The staff evaluated the applicant’s responses to COL License Information Items 3.5 and 3.6 on
the flood elevation and ground water elevation in SER Section 2.4S.12, “Groundwater,” as they
relate to external flood protection.
•

COL License Information Item 3.7

Flood Protection Requirements for Other Structures

The staff noted that COL FSAR Section 9.2.5 describes the UHS as supplementary to the
ABWR DCD. Although the COL FSAR does not specifically address the UHS in the flood
analysis, the staff’s internal flood evaluation considered the UHS design information. The staff
noted that the UHS storage basin and the RSW pump house are located adjacent to each other
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(see FSAR Figures 1.2-33, “Turbine Building, General Arrangement, at Section B-B,” and 1.234, “UHS Tower Plans”). There are electrical and mechanical equipment rooms in the RSW
pump house that are located below the RSW pumps and below the water level of the UHS
storage basin. The basin wall separates the water inventory in the UHS basin from these rooms
(see FSAR Figure 1.2-34, Section A) and includes penetrations through the mechanical room.
RSW piping penetrates the basin wall between the mechanical equipment room and UHS
storage basin (Figure 1.2-34, “Partial Plan Elevation -1’ – 0”). Should there be a failure in the
sealing system associated with RSW pipe penetrations into the UHS storage basin, it appears
that water from the storage basin will flow into the RSW pump house. Information in Revision 1
of the FSAR was insufficient for the staff to determine: (1) the functions of the RSW electrical
and mechanical equipment that are described, (2) whether this equipment is safety-related, (3)
how the equipment is protected from the effects of internal flooding, and (4) whether the
protection of this equipment is consistent with the acceptance criteria in SRP Section 3.4.1. In
RAI 03.04.01-1, the staff requested the applicant to address these questions.
As described in FSAR Revision 2, Subsections 9.2.15.2.1 and 9.2.15.2.3, Section 19R.1, and
Subsection 19R.4.2.4, the RSW electrical and mechanical equipment rooms in the RSW pump
house are arranged on a divisional basis, similar to the arrangement of the RSW pumps on the
upper elevation. The mechanical equipment rooms contain heating, ventilation, and air
conditioning (HVAC) equipment that cools the RSW components. Interdivisional walls in the
RSW pump house are substantial enough to withstand potential internal flood levels.
Penetrations through these walls will utilize seals designed and rated to withstand these flood
levels. Interdivisional watertight access doors will be used to protect the RSW pump rooms,
electrical rooms, and HVAC rooms. Watertight doors located in the RSW pump house are
remotely monitored, so that a control room alarm will be generated if a door is not closed and
dogged (i.e., mechanically locked). Further assurance that watertight doors remain closed and
dogged will be accomplished by means of walkdowns conducted once per shift.
However, there appeared to be no mention in FSAR Revision 2 of the methods used to assure
the functionality of other aspects of the watertight doors (e.g., door seals, aging degradation,
and procedural requirements for testing and maintaining the door seals). In accordance with
SRP Section 3.4.1 Item III.2, the adequacy of the techniques used to prevent flooding, including
watertight doors, should be assessed. The staff issued RAI 03.04.01-6, requesting the
applicant to provide additional details regarding the methods used to assure the functionality of
the watertight doors. In its response to RAI 03.04.01-6, dated May 13, 2009 (ML091350198),
the applicant responded to this RAI by referring to the description provided in Appendix 19K of
the Revision 2 FSAR. The staff reviewed the applicant’s response and concluded that Revision
2 of the COL FSAR Appendix 19K adequately addresses the concerns raised in RAI 03.04.01-1
and RAI 03.04.01-6, regarding the methods used to assure the functionality of watertight doors.
As stated in COL FSAR Appendix 19K, watertight doors installed in the RSW pump house are
identified as important SSCs that are included as part of the Reliability Assurance Program
(RAP). COL FSAR Table 19K-4, “Failure Modes and RAP Activities,” indicates that during plant
operation, the watertight doors will be subject to RAP-related inspections annually and after any
major maintenance activities. Because the watertight doors are identified as risk-significant per
the RAP, they will also be subject to the Maintenance Rule Program, as indicated in COL FSAR
Section 17.6S. Typically, door inspections will be accomplished through the Preventive
Maintenance Program, which will specify pertinent acceptance criteria for the doors (such as
door seals). Therefore, RAI 03.04.01-1 and RAI 03.04.01-6 are resolved and closed.
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Technical Specifications
The applicant has not identified any plant-specific TS changes that may affect internal flood
protection. The staff agreed with this finding.
ITAAC
The applicant noted that in FSAR Tier 1, ITAAC Item 6 in Table 3.0.5, “Reactor Service Water
System (RSW),” removes testing for vacuum breakers because the vacuum breakers are not
used in the STP Units 3 and 4 plant-specific design. The staff found this change acceptable.
In Revision 2 of Tier 2 FSAR Table 3.4-1, “Structures, Penetrations, and Access Openings
Designed for Flood Protection,” the applicant revised the values of the designed flood level
(external), designed ground water level, referenced plant grade, base slab, and actual plant
grade. These changes are external flood parameters that are evaluated in Section 2.4 of this
SER.
3.4.1.5

Post Combined License Activities

There are no post COL activities related to this section.
3.4.1.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues related to
the flood protection for onsite equipment failure that were incorporated by reference have been
resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.4.1 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the Tier 1 departures and COL License
Information Item 3.7 in accordance with Section 3.4.1 of NUREG–0800, and found it reasonable
that the identified Tier 2 departures are characterized as not requiring prior NRC approval per
10 CFR Part 52, Appendix A, Section VIII.B.5.
Based on the results of this evaluation, the staff determined that the internal flood protection
design is acceptable. The review of external flooding is in Section 2.4S.12 of this SER.
3.4.2

Analysis and Test Procedures

3.4.2.1

Introduction

This FSAR section addresses analytical procedures for SSCs that are designed and analyzed
for the maximum hydrostatic and hydrodynamic forces, in accordance with loads and load
combinations indicated in DCD Subsections 3.8.4.3 and 3.8.5.3, which use well-established
methods based on the general principles of engineering mechanics.
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3.4.2.2

Summary of Application

Section 3.4.2 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.4.2 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.4.2, the applicant provided the following:
Tier 1 Departure
•

STP DEP T1 5.0-1

Site Parameters
(Table 3.4-1)

This departure changes the flood level from 30.5 cm (1 ft) below grade to 182.9 cm (6 ft) above
grade (grade is 1036.3 cm [34 ft] above mean sea level [MSL]; maximum flood elevation is
12.2 m [40 ft] MSL). This change in flood elevation results from the postulated failure
assumption of the main cooling water reservoir embankment at the STP site and constitutes the
DBF.
3.4.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for “Analysis and Test
Procedures,” and the associated acceptance criteria, are in Section 3.4.2 of NUREG–0800.
In accordance with Section VIII of Appendix A to 10 CFR Part 52, the applicant identifies one
Tier 1 departure requiring prior NRC approval. This departure is subject to the requirements of
10 CFR Part 52, Appendix A, Section VIII.A.4.
3.4.2.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.4.2 of the certified
ABWR DCD. The staff reviewed Section 3.4.2 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
Tier 1 Departure
•

STP DEP T1 5.0-1

Site Parameters
(Table 3.4-1)

Section 3.4.2, of ABWR DCD Tier 2 states, in part, the following:
Structures, systems, and components in the ABWR Standard Plant are designed
and analyzed for the maximum hydrostatic and hydrodynamic forces in
accordance with loads and load combinations indicated in Subsections 3.8.4.3
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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and 3.8.5.3 using well established methods based on the general principles of
engineering mechanics. All Seismic Category I structures are in stable condition
due to either moment or uplift forces which result from the proper load
combinations including the design basis flood.
ABWR DCD Tier 2, Subsection 3.4.3.1, “Flood Elevation,” further states:
The COL applicant will ensure the design basis flood elevation for the ABWR
Standard Plant structures will be 30.5 cm below grade (Section 3.4).
ABWR DCD Tier 2, Subsection 3.4.3.2, “Ground Water Elevation,” states:
The COL applicant will ensure the design basis ground water elevation for the
ABWR Standard Plant structures will be 61.0 cm below grade (Section 3.4).
ABWR DCD Tier 2, Subsection 3.4.3.3, “Flood Protection Requirements for Other Structures,”
states:
The COL applicant will demonstrate, for the structures outside the scope of the
ABWR Standard Plant, that they meet the requirements of GDC 2 and the
guidance of RG 1.102 (Section 3.4).
In light of the above listed ABWR DCD requirements covering analytical procedures and license
information related to water level (flood) design considerations, the applicant commits to the
following engineering analysis and design approach in Section 3.4.2 of the STP, Units 3 and 4,
COL FSAR:
Since the design basis flood (DBF) elevation is at El. 40.0 ft (see Subsection
2.4S.2.2), 182.9 cm above the finished plant grade, the lateral hydrostatic and
hydrodynamic pressures on the structures due to the design flood water level, as
well as ground and soil pressures, are calculated.
Additionally, the applicant provides the following discussions in the STP DEP T1 5.0-1
Departure Report:
The site design basis flood level is increased from that specified in the DCD. The
certified design site parameter for site flooding is changed from 30.5 cm below
grade to 182.9 cm above grade (grade being 1036.3 cm above mean sea level
(MSL)) in order to handle a main cooling reservoir failure as a design basis event
at STP.
The main cooling reservoir at the South Texas site is a non-seismic Category 1
dam; hence, its failure must be assumed in the worst possible location. This
results in the site design basis flood.
STP, Units 3 and 4, safety-related SSCs are designed for or protected from this flood event by
watertight doors that prevent the entry of water into the RB and CB in case of a flood. Exterior
doors located below the maximum flood elevation on the 12300 floor of the RB and CB are
revised to be watertight doors. The UHS storage basin, including the pump houses and the
RSW piping tunnels are watertight below the flood level.
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Departure STD DEP T1 5.0-1, introduces a new set of site-specific loads, including
hydrodynamic loads not accounted for within the certified scope of ABWR DCD. The staff
issued RAI 03.04.02-1, requesting the applicant to discuss how the following site-specific flood
design issues were calculated (the maximum design flood level is 16.4 m [40 ft] above MSL):
the lateral hydrodynamic pressure on the structures due to the design flood water level and the
lateral soil pressure. The staff also asked the applicant to discuss the extent to which IBC 2006
has been adopted at STP, Units 3 and 4, and to justify its application to the flood design of the
SSCs (IBC 2006 references ASCE 7–05).
In its response to RAI 03.04.02-1, dated October 7, 2009 (ML092860129), the applicant
described the following design parameters taken from COL FSAR Part 2 Revision 2, Subsection
3H.2.4.2.3 and Section 2.4:
DBFL is 6 ft above grade; maximum water velocity is 4.72 ft/sec and maximum
hydrodynamic force is 44 pounds per square foot of the projected submerged
area.
For specific responses regarding the effects of these changed parameters on the design of
Seismic Class I and nonsafety-related structures, the applicant referred to responses to four
other RAIs: RAI 03.04.02-1, RAI 03.04.02-4, RAI 03.04.02-5, and RAI 03.08.01-1. The
applicant further stated that the flood protection design and associated stability safety factors of
the site-specific, safety-related SSCs are analyzed based on the revised DBFL.
In its response to RAI 03.04.02-1, dated October 7, 2009 (ML092860129), the applicant
provided no response regarding the adequacy of using ASCE 7 guidelines for the flood design.
According to SRP Subsection 3.4.2.II(3), where the flood level is above the proposed plant
grade, the dynamic loads of wave action should be considered. Procedures for determining
these dynamic loads are acceptable if they are in accordance with or equivalent to (as
applicable) those procedures delineated in the U.S. Army Coastal Engineering Research Center
publication, “Shore Protection Manual,” (Vol. I, June 2002, reprinted from the 1973 Edition and
Vol. II, June 2002, reprinted from the 1973 Edition); or in EM 1110-2-1100, “Coastal Engineering
Manual,” (Part II, Chapter 1); or in the publication, “Water Wave Mechanics,” (U.S. Army Corps
of Engineers, April 30, 2002). Any other proposed methods should be provided with adequate
justifications and should be reviewed on a case-by-case basis. As a result of this evaluation,
the applicant’s response was considered incomplete and needed to be augmented. The staff
issued RAI 03.04.02-9, requesting the applicant to modify and augment the response to RAI
03.04.02-1, in order to evaluate the dynamic loads of wave action using the reference in SRP
Subsection 3.4.2.II(3). The staff closed RAI 03.04.02-1 and tracked this issue under RAI
03.04.02-9 as Open Item 03.04.02-9 in the SER with open items.
In its response to RAI 03.04.02-9, dated July 12, 2010 (ML101950140), the applicant stated:
Waves generated based on the provisions of the reference given in Standard
Review Plan (SRP) Section 3.4.2.11 (3) are discussed in FSAR Section 2.4S.3.6,
which refers to FSAR Section 2.4S.4.3.1, which concludes that the maximum
flood level, including the maximum wave run-up, would be El. 34.4 ft MSL. Table
2.4S.4-8 presents the water levels due to dam break, wind set-up and wave runup at STP 3 & 4 for the critical fetch. The dynamic load effects due to wave runup splash of 0.4 ft above plant grade level would negligible in comparison to outof-plane design basis loads such as tornado wind pressure for Seismic Category
I structures. The methodology given by the Coastal Engineering Manual (CEM),
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Reference 2.4S.4-13, was adopted to estimate the wave height and wave run-up
at STP 3 & 4 power block. The procedures outlined in the CEM use the wind
speed, wind duration, water depth, and over-water fetch distance, and the run-up
slope surface characteristics as input. Reference 2.4S.4-13 is the "Coastal
Engineering Manual," U.S. Army Corps of Engineers, June 2006, which is a later
version of the reference given in SRP Section 3.4.11 (3). As discussed in COLA
Section 2.4S.4.2.2.4.3 and in response to RAI 03.04.02-1, the 44 pounds per
square foot hydrodynamic drag force is due to velocity of the Main Cooling
Reservoir breach flood flow.
The staff’s evaluation noted that the applicant’s RAI response refers to the wave action that is
associated with the postulated river dam breaks located upstream of the STP, Units 3 and 4,
site. These events are calculated to result in a maximum flood elevation (including wave action)
of 10.5 m (34.4 ft) MSL, thus only 0.12 m (0.40 ft) above the nominal finished plant grade set at
10.4 m (34.0 ft) MSL. Therefore, the staff agreed that the resulting hydrodynamic and wave
loads from those events are not significant. However, the governing flood event is an assumed
breach of the main cooling reservoir, which leads to a calculated flood elevation of 11.8 m
(38.8 ft) MSL or a nominal DBFL of 12.2 m (40.0 ft) MSL. As stated in the applicant’s response,
the fluid analysis had determined a flow velocity of 1.44 m/s (4.72 ft/s) with an associated
hydrodynamic surcharge fluid pressure of 2.11 kPa (44 pounds per square foot [psf]). For a
DBFL above the finished grade, SRP Subsection 3.4.2.11(3) provides for consideration of wave
load effects in the design of seismic Category I SSCs. In this response, the applicant did not
evaluate the effects of water waves that may propagate on the water surface of the governing
flood event.
As a result of the staff’s evaluation, the applicant’s response was considered incomplete and is
not acceptable. Consequently, the staff issued RAI 03.04.02-11, as a follow-up to RAI
03.04.02-9. In its revised response to RAI 03.04.02-11, dated November 29, 2010
(ML103360074), the applicant reflected the action item from the October 2010, audit
(ML110110104) regarding the use of higher water density (including sediments). In the revised
response, the applicant stated that concurrent with the main cooling reservoir dam breach, a
wind-generated height of 0.6 m (2.1 ft) of a nonbreaking wave would be applied in addition to
the hydrostatic and hydrodynamic loads already specified in the design basis. The wave height
of 0.6 m ( 2.1 ft) corresponds to a one-percent probability of exceedance based on the CEM
(“Coastal Engineering Manual,” U.S. Army Corps of Engineers, June 2006) for an estimated
fetch distance and a two-year mean recurrence interval wind speed of 80 km/h (50 mph) (fastest
mile). Following the procedures in the CEM, the applicant uses wave height results in the
loading diagram in Figure 3.4.-1, “Non-Breaking Wave Force on Vertical Wall,” which is used in
the structural design of the SSCs. The applicant’s response also proposed revisions to FSAR
Subsection 2.4S.4.2.2.4.3 and Section 3.4.2, and revised existing RAI responses that are
affected by the results of wave action. The staff found the response acceptable and therefore
Open Item 03.04.02-9 is resolved and closed. Therefore, this issue in RAIs 03.04.02-9 and
03.04.02-11 is resolved and closed.
The staff’s evaluation also noted that FSAR Reference 2.4S.4-7, which was used to determine
the governing wind speed, corresponds to American National Standards Institute/American
Institute of Steel Construction (ANSI/AISC) 2.8–1992, which is considered historical or
withdrawn because the periodic certification required for the validation of this standard has not
been performed. This standard is also referenced in SRP Section 2.4.4, Revision 3, but the
standard is only used in the wave analysis based on the two-year wind speed of 80 km/h (50
mph) (fastest mile). Thus, although ANSI/AISC 2.8-1992 is considered historical or withdrawn,
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the staff still accepts its use for the purpose of wind speed determination. Because the
applicant is using ANSI/AISC 2.8-1992 only for this purpose, the use of ANSI/ANS 2.8–1992 is
deemed acceptable. Both SRP Section 3.4.2 and ASCE 7–05 reference the CEM as the basis
for assessing wave loadings. The CEM describes the underlying wave mechanics. ASCE 7–05
provides the required design provisions to consider the effects of breaking waves on structures
that result in higher pressures, wall loadings, and vertical wall loading heights. ASCE 7–05 also
permits the use of design loadings based on more advanced numerical or experimental
procedures. The applicant provided additional comparative analyses during the October 2010,
audit, which showed that a wind of approximately 112.7 km/h (70 mph) (fastest mile) was
needed to produce a breaking wave resulting in significantly higher wave loads. The staff also
noted that the assumed still water depth is not stationary, but varies in time with the evolving
flood process. Because these are comparative analyses, the maximum computed flood height
of 11.8 m (38.8 ft) was used in the analyses instead of the DBFL set at 12.2 m (40.0 ft). This
approach is considered adequate only for the assessment of the wave loadings represented in
Figure 3.4-1. The staff deemed the safety margins included in the wave analysis to be
adequate and the proposed load diagram in Figure 3.4.-1 to be acceptable. The staff concluded
that the procedures described above are acceptable because they conform to current standards
including ASCE 7–05.
The applicant’s proposed revision to FSAR Section 3.4.2, includes the wave action loadings and
impact loading caused by debris weighing 227 kilograms (500 pounds). The staff found the
assumed debris weight is in accordance with ASCE 7–05 Section C5.4.5, and is therefore
acceptable. The proposed FSAR revisions to Subsection 2.4S.4.2.2.4.3 and Section 3.4.2 were
incorporated in Revision 6 of the FSAR. Therefore, RAI 03.04.02-11 is resolved and closed.
Since the DBFL described in the ABWR DCD is 30.5 cm (1 ft) below grade (Subsection 3.4.3.1),
and the STP, Units 3 and 4, DBFL is above grade, the applicant performed an evaluation of this
Tier 1 departure (STP DEP T1 5.0-1) and states that “…STP 3 & 4 safety-related SSCs are
designed for, or protected from, this flooding event by watertight doors to prevent the entry of
water into the reactor buildings and control building in case of a flood. Exterior doors located
below the maximum flood elevation on the 12300 floor of the Reactor Building and Control
Building are revised to be watertight doors. The UHS storage basin and the RSW pump house
are watertight below the flood level.” The staff issued RAI 03.04.02-2, asking the applicant to:
(1) discuss a more quantitative performance-based definition of a “watertight door” and
applicable codes and standards used for the design; (2) list STP, Units 3 and 4, site-specific
seismic Category I structures that include watertight doors and penetrations; (3) discuss how
their watertight design is ensured; and (4) provide a detailed ITAAC table for safety-related, sitespecific SSCs, including the UHS structure. In its response to RAI 03.04.02-2, dated October 7,
2009 (ML092860129), the applicant referred to the response to RAI 03.08.01-3 (ML092610377),
which addresses the location and design requirements for watertight doors and proposes a
revision to COL FSAR Part 2, Revision 2, Subsection 3.8.6.4. The applicant also referred to the
response to RAI 03.04.02-3, which proposes an ITAAC for below-grade penetration seals. The
applicant’s response to RAI 03.04.02-2, also stated that “There are no exterior access openings
or above grade penetrations below the design flood level in the site-specific Category I
structures, including the Ultimate Heat Sink (UHS) Basin and the Reactor Service Water (RSW)
Pump House.”
Because the watertight doors are seismic Category I SSCs, each exterior door under the DBFL
that is located in any seismic Category I structure should be given a unique component
identification (ID), a set of specific design parameters, and other conditions (e.g., controls and
measures) that should be keyed into the corresponding plans to show the location of each door.
3-44

This information should be reflected in the ITAAC tables conveying the design requirements; in
the proposed inspections, tests, and analyses; and in the acceptance criteria, including the need
for as-built reconciliation that is required for seismic Category I SSCs. All certified and plantspecific seismic Category I SSCs should be considered, including the underground diesel tanks
and vaults, if applicable. Compliance with RG 1.102, should also be indicated for the
underground diesel tank access openings, if applicable. The staff needed this information to be
able to conclude that the seismic Category I doors are designed and installed to withstand the
DBF during an accident.
Based on the above evaluation, the staff determined that the response to RAI 03.04.02-2, was
incomplete and that the staff needed more information. The staff issued RAI 03.04.02-6,
requesting the applicant to modify and augment the response to RAI 03.04.02-2. Therefore, the
staff closed RAI 03.04.02-2, and tracked this issue under RAI 03.04.02-6, as Open Item
03.04.02-6, in the SER with open items.
In a letter, dated November 29, 2010 (ML103360074), the applicant provided a second revision
to its response to RAI 03.04.02-6. This response addresses the action items identified in the
October 2010, audit and stated the following:
Each of the exterior watertight doors used for protection against Design Basis
Flood (DBF) will be given a unique component ID. The specific design
parameters and other conditions will be contained in the purchase specification
for the doors, and are included in the COLA markups included with this response.
The design commitments, as-built reconciliation requirements, required
inspections, tests, analyses and acceptance criteria for penetrations in exterior
walls below design basis flood level are included in ITAAC Tables 2.15.10 and
2.15.12. ITAAC Table 2.15.10 also applies to the watertight doors in the Diesel
Generator Fuel Oil Storage Vaults. The ITAACs for both the Reactor Building
(Table 2.15.10) and the Control Building (Table 2.15.12) state that: “Penetrations
in the external walls below flood level are provided with flood protection features.”
The ITAACs for both buildings state that they are protected from external flooding
events and require a Flood Analysis Report that includes the results of
inspections of the as-built flood protection features. The markup to the COLA
Sections is presented in Enclosure 1. The COLA markups include the
description of loads, load combinations, and acceptance criteria for the watertight
doors.
In evaluating the response to RAI 03.04.02-6, the staff noted that the applicant has satisfactorily
responded to each requested topic in RAI 03.04.02-6. In its response, the applicant has fully
incorporated the hydrodynamic wave action and impact loading for the design of watertight
doors, access openings, and penetrations. The applicant also has identified revisions to COL
FSAR Subsections 3.4.3.1 and 3.4.3.3. Therefore, the staff found that the applicant has
adequately resolved the issues raised in the RAI 03.04.02-6, regarding watertight doors. The
staff confirmed that the proposed revisions to the FSAR Sections 3.4.2 and 3.4.3 were
incorporated in Revision 6 of the FSAR. Therefore, RAI 03.04.02-6 and its associated open
item are resolved and closed.
Subsection 3.4.1.1.1, “Flood Protection from External Sources,” of ABWR DCD Tier 2,
Revision 4, states that seismic Category I structures are protected from flooding by ensuring
that tunnels below grade do not penetrate exterior walls. This subsection also states that the
COL applicant will review the use of penetration seals below grade and will develop procedures,
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as necessary, to protect the plant against the effects of a seal failure. The staff issued RAI
03.04.02-3, requesting the applicant to confirm and specify the details of this design
requirement by providing the corresponding ITAAC items for site-specific structures, including
the UHS. The staff also requested the applicant to discuss the ITAAC contents to demonstrate
that seismic Category I structures are protected from flooding, by ensuring that tunnels below
grade do not penetrate exterior walls and by maintaining the integrity of penetration seals below
grade.
In its response to RAI 03.04.02-3, dated October 7, 2009 (ML092860129), the applicant stated
that the UHS basin is not connected to the RSW piping tunnel, and therefore, this ITAAC is not
required for the UHS basin. The applicant also proposes to revise COL application Part 9,
Table 3.0-5, “Reactor Service Water System (RSW),” to add a new Item 9 on flood protection
features of the RSW piping tunnel and RSW pump house.
During the evaluation, the staff noted that Item 9.b of the proposed ITAAC Table 3.0-5, refers to
tunnels below grade. However, the correct text for the item should read “below design Basis
Flood Level (DBFL).” The staff also determined that the applicant’s proposed procedures
should be in compliance with Subsection 3.4.1.1.1 requirements, because Section 3.4 of ABWR
DCD Revision 4 is incorporated by reference, in its entirety, in the COL FSAR. These
requirements include penetration seals that are reliable and emergency procedures that are in
place to guide the plant’s response to a postulated seal failure followed by flooding. The staff
requested the applicant to incorporate or refer to these items under the acceptance criteria in
the ITAAC table in order to ensure adequate flood protection.
The staff therefore concluded that the applicant’s response to RAI 03.04.02-3, was incomplete.
The staff closed RAI 03.04.02-3 and issued RAI 03.04.02-7, requesting the applicant to address
the above concern.
In its response to RAI 03.04.02-7, dated June 15, 2010 (ML101690150), the applicant provided
a revised markup for ITAAC Table 3.0-5 in Part 9 of the COL application, which includes the
necessary changes. Furthermore, the applicant stated that no active safety-related components
are present in the RSW piping tunnels and consequently, no emergency procedures are
required to control the plant’s response after a seal failure. The staff’s evaluation concluded
that the applicant’s response to RAI 03.04.02-7, adequately addresses the questions and
provides additional clarifications concerning the changed conditions affecting the design of
penetrations and seals located below the DBFL. The staff confirmed that the COL application,
Part 9, Revision 4, includes the applicant’s proposed changes. Therefore, RAI 03.04.02-7 is
resolved and closed.
COL License Information Item 3.7 requires a COL applicant to also provide procedures for
designing nonsafety-related SSCs to withstand the effects of a DBF, in order not to impede
adjacent safety-related SSCs from performing their safety functions (a II/I structural interaction
concern resulting from a DBF-induced nonsafety-related structural failure). The staff issued RAI
03.04.02-4, requesting the applicant to discuss how it is addressing this COL license information
item. In its response to this RAI, dated October 7, 2009 (ML092860129), the applicant stated
that nonsafety-related SSCs located in close proximity to (i.e., within one building height) safetyrelated SSCs and that could collapse onto safety-related SSCs will be designed for DBF loads.
The maximum water velocity from the DBF produces an additional hydrodynamic load of 2.1
kPa (44 psf). The hydrodynamic and static water loads are added together to yield the total
force on the structure from the water flow. The applicant further stated that the catastrophic
failure of nonsafety-related SSCs that are not designed to resist the DBF or other severe and
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extreme environmental loads (i.e., a separation larger than one height) could result in
floodwater-borne debris with some interaction potential. Because the maximum water velocity
resulting from the DBF is 1.44 m/s (4.72 ft/s), floodwater-borne debris with kinetic energy
capable of damaging safety-related SSCs is not credible.
The staff’s review noted that ABWR DCD Revision 4 Subsection 3.7.2.8, which discusses the
interaction of non-seismic category SSCs with seismic Category I SSCs under Option (3),
requires all non-seismic Category I SSCs to be analyzed and designed to prevent their failure
under SSE conditions with the same safety margin applicable to seismic Category I SSCs.
Based on similar II/I design considerations against DBF loads, the staff issued RAI 03.04.02-8,
requesting the applicant to provide design procedures for SSCs with an interaction potential to
resist the site-specific external events, including DBF loads. Such procedures should include
the corresponding ITAAC, load parameters, load combinations, design acceptance criteria, and
the safety margins against failure that are equivalent to those of seismic Category I SSCs. The
staff needed this information to conclude that there will be no adverse II/I interactions
associated with the DBF. RAI 03.04.02-4 was closed and the issue was to be addressed by
RAI 03.04.02-8. This RAI was tracked as Open Item 03.04.02-8 in the SER with open items.
The staff issued RAI 03.04.02-10 to supplement RAI 03.04.02-8, and to track Open Item
03.04.02-8. In its response to RAI 03.04.02-10, dated September 15, 2010 (ML102630145), the
applicant stated that non-seismic Category I structures are designed and built using concrete
and steel as the basic materials. For those materials, the design loadings and load
combinations from the applicable codes will be used (e.g., ACI 349-97 for concrete structures,
and AISC N690-94 or AISC 690-84 for steel structures), including flooding and all site-specific
external events, per GDC 2. Additional load combinations will be added, in which flood loads
will replace tornado loadings, where the code load combinations include tornado loads but do
not specifically consider flood loads. Furthermore, the code prescribed safety factors against
overturning and sliding will be met and the soil bearing values will be maintained within
allowable limits. When applying flood loads, the structures are assumed to be leak proof so as
to maximize the flood loading effects acting on the building. The staff’s evaluation found that
the applicant has adequately addressed and resolved the aforementioned issues in RAI
03.04.02-10. Regarding the staff’s request to provide ITAAC tables, the applicant stated that
the presented design procedures are sufficient to ensure that seismic Category I SSCs will be
protected from any adverse effects originating from a non-seismic Category I SSC with
interaction potential. Although Table 2.15.11, “Turbine Building,” of the ABWR DCD, Tier 1,
describes the ITAAC for the turbine building and includes the requirement of withstanding SSE
loads, the corresponding ITAAC Table 2.15.14, “Service Building,” for the service building does
not have the same design requirements. Both tables have been approved in the ABWR DCD
FSER, NUREG-1503, and the service building is representative of the structures with interaction
potential which will have a structural analysis in accordance with the STP design procedures.
The staff considered the applicant’s response to be consistent with the FSER and therefore
acceptable. Accordingly, RAI 03.04.02-10 and the associated open item are considered
resolved and closed.
Because the applicant increased the DBFL for the site from what is specified in ABWR DCD
Revision 4, Subsection 3.4.3.1, the staff issued RAI 03.04.02-5, requesting the applicant to
indicate whether there are any piping, access openings, or tunnels that penetrate the exterior
walls of in-scope seismic Category I structures below the DBFL elevation, whose design and
analysis against DBF effects might be affected, and if applicable, to discuss how the design and
analysis of these items were adjusted to account for the elevated DBFL. The staff also asked
the applicant to address the same question for the site-specific UHS structure.
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In its response to this RAI, dated October 7, 2009 (ML092860129), the applicant stated:
There are seals which protect the exterior penetrations and external seismic
gaps between the Category I structures, below grade. These seals will be
designed to take into account the increase in hydrostatic head due to the design
basis flood, which has been revised to 182.9 cm above grade (see COLA Part 2,
Tier 2, Section 3H.2.4.2.3). The tunnels do not penetrate walls of the Category I
structures. A conceptual detail of the interface between the tunnels and Category
I structures is described in the response to RAI 03.08.04-15 (see letter U7-CSTP-NRC-090160, dated October 5, 2009, (ML092860129)). The site-specific
structures, including the Ultimate Heat Sink (UHS) Basin and Reactor Service
Water (RSW) Pump House, do not have any access openings below design
basis flood level. Piping and other penetrations to these structures are located
inside the tunnels and, therefore, are protected against flooding.
The staff’s evaluation concluded that the applicant’s response to RAI 03.04.02-5, adequately
addresses the questions and provides additional clarifications concerning the changed
conditions that affect the design of penetrations and seals located under the DBFL. Therefore,
RAI 03.04.02-5 is resolved and closed.
3.4.2.5

Post Combined License Activities

The applicant added a site-specific ITAAC in Part 9 of the COL application Table 3.0-5, Item 9,
to protect the RSW piping tunnel and RSW pump house against external flood.
3.4.2.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information relating to this section, and no
outstanding information is expected to be addressed in the COL FSAR related to this section.
Pursuant to 10 CFR 52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear
safety issues relating to the analysis and test procedures that were incorporated by reference
have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.4.2 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the Tier 1 departure in this section, in
accordance with Section 3.4.2 of NUREG–0800.
3.5

Missile Protection

This FSAR section discusses how the seismic Category I structures have been analyzed and
designed to be protected from a wide spectrum of missiles (e.g., missiles from rotating and
pressurized equipment, gravitational missiles, and missiles generated from tornado winds).
Once a potential missile is identified, its statistical significance is determined (a significant
missile is one that could cause unacceptable consequences or violate the requirements of
10 CFR Part 100).
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3.5.1

Missile Selection

Seismic Category I structures have been analyzed and designed to be protected from a wide
spectrum of missiles (e.g., missiles from rotating and pressurized equipment, gravitational
missiles, and missiles generated from tornado winds). Once a potential missile is identified, its
statistical significance is determined (a significant missile is one that could cause unacceptable
consequences or violate the requirements of 10 CFR Part 100).
3.5.1.1

Internally Generated Missiles (Outside Containment)

Subsection 3.5.1.1 of the STP COL FSAR Revision 12 incorporates by reference
Subsection 3.5.1.1, “Internally Generated Missiles (Outside Containment),” of the certified
ABWR DCD Revision 4, referenced in 10 CFR Part 52, Appendix A, with no departures or
supplements. Subsection 3.5.1.1 of the ABWR DCD includes the Tier 1 and Tier 2 information.
The staff reviewed the application and considered the referenced DCD to ensure that no issue
relating to this section remains for review.1 The staff’s review confirmed that there is no
outstanding information related to this subsection. Pursuant to 10 CFR 52.63(a)(5) and 10 CFR
Part 52, Appendix A Section VI.B.1, all nuclear safety issues relating to the internally generated
missiles have been resolved.
3.5.1.2

Internally Generated Missiles (Inside Containment)

3.5.1.2.1

Introduction

This FSAR subsection addresses missiles that could result from a plant-related failure or an
incident inside the containment. This subsection describes the structures, shields, and barriers
that have been designed to withstand missile effects and possible missile loadings. This
discussion also describes the procedures to which each barrier has been designed to resist
missile impact.
3.5.1.2.2

Summary of Application

Subsection 3.5.1.2 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Subsection 3.5.1.2 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.5.4, “COL License Information,” the applicant
provided the following:
COL License Information Item
•

COL License Information Item 3.14 Maintenance Equipment Missile Prevention Inside
Containment

This COL license information item states that the applicant will provide procedures to “ensure
that maintenance equipment inside containment, such as hoists, will either be removed prior to
operation, moved to a location where they are not a potential hazard to safety-related
equipment, or seismically restrained to prevent them from becoming a missile.”

1
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3.5.1.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the internally generated
missiles (inside containment), and the associated acceptance criteria, are in Subsection 3.5.1.2
of NUREG–0800.
In particular, all SSCs (inside containment) are to be protected from internally-generated
missiles to ensure compliance with 10 CFR Part 50, Appendix A, GDC 4, “Environmental and
dynamic effects design bases.”
3.5.1.2.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Subsection 3.5.1.2 of the
certified ABWR DCD. The staff reviewed Subsection 3.5.1.2 of the STP, Units 3 and 4, COL
FSAR and checked the referenced ABWR DCD to ensure that the combination of the
information in the COL FSAR and the information in the ABWR DCD appropriately represents
the complete scope of information relating to this review topic.1 The staff’s review confirmed
that the information in the application and the information incorporated by reference address the
relevant information related to this subsection.
The staff reviewed the following information in the COL FSAR:
Combined License Information Item
•

COL License Information Item 3.14 Maintenance Equipment Missile Prevention Inside
Containment

COL License Information Item 3.14, specifies that a COL applicant should provide procedures to
ensure that all equipment inside the containment that are required during maintenance, such as
hoists, will either be: (1) removed before operation; (2) moved to a location where the
equipment is not a potential hazard to safety-related equipment; or (3) seismically restrained to
prevent the equipment from becoming a missile.
In STP, Units 3 and 4, COL FSAR Revision 2 Tier 2, Subsection 3.5.4.6, “Maintenance
Equipment Missile Prevention Inside Containment,” the applicant stated that procedural controls
will be established to ensure that unsecured maintenance equipment will be: (1) removed from
the containment before operation; (2) moved to a safe location; or (3) restrained to prevent the
equipment from becoming a missile. However, the applicant does not provide a schedule as to
when these procedural controls will be implemented. The staff believes that these procedural
controls should be in place before initial fuel loading. Therefore, the staff issued RAI
03.05.01.02-1, requesting the applicant to provide a schedule for implementing the procedural
controls.
In its response to RAI 03.05.01.02-1, dated May 26, 2009 (ML091490166), the applicant stated
that procedural controls will be established before fuel loading as reflected in FSAR
Subsection 13.5.3.3.1, “Administrative Procedures,” (Items 2 and 4). As described in DCD Tier
2, Subsections 3.5.4.6 and 3.5.1.2.3(3), the procedures will ensure that maintenance equipment
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
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inside the containment (such as hoists) will either be: (a) removed before operation, (b) moved
to a location where the equipment will not be a potential hazard to safety-related equipment, or
(c) seismically restrained to prevent the equipment from becoming a missile.
The staff reviewed the applicant’s response to RAI 03.05.01.02-1 regarding the schedule for
implementing the procedural controls. The staff found the response acceptable because it
follows the staff’s recommendation that these procedural controls should be in place before
initial fuel loading. In addition, the staff confirmed that FSAR Tier 2, Revision 3, dated
September 16, 2009, was revised as committed to in the RAI response. Accordingly, the staff
found that the applicant has adequately addressed this issue, and RAI 03.05.01.02-1 is
therefore resolved and closed.
Section 13.5 of this SER addresses the staff’s evaluation of plant procedures, including
procedures to remove or seismically restrain equipment when not in use, such as a hoist that is
used during maintenance, to prevent it from becoming a missile.
ITAAC
The staff reviewed the STP, Units 3 and 4, COL application ITAAC in accordance with the
guidance in SRP Section 14.3, “Inspections, Tests, Analyses, and Acceptance Criteria,”
Revision 3. The staff found no need for additional ITAAC in this subsection.
Technical Specifications
The staff reviewed the TS in the ABWR DCD and in the STP, Units 3 and 4, COL application
against 10 CFR 50.36, “Technical specifications.” There are no TS applicable to Tier 2,
Subsection 3.5.1.2 of the STP, Units 3 and 4, COL application. The staff concluded that no
additional TS are needed for this subsection.
3.5.1.2.5

Post Combined License Activities

The post COL activities related to COL License Information Item 3.14, include establishing
procedures before fuel loading to ensure that maintenance equipment inside the containment,
such as hoists, will either be: (1) removed before operation; (2) moved to a location where the
equipment will not be a potential hazard to safety-related equipment; or (3) seismically
restrained to prevent the equipment from becoming a missile.
3.5.1.2.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
internally generated missiles inside containment that were incorporated by reference have been
resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Subsection 3.5.1.2 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the COL license information item (with
regard to internally generated missiles inside the containment) in accordance with Subsection
3.5.1.2 of NUREG–0800 and the requirements of GDC 4. Therefore, the staff determined that
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there are adequate protective features for STP, Units 3 and 4, that protect the SSCs important
to safety from internally generated missiles inside the containment.
3.5.1.3

Turbine Missiles

3.5.1.3.1

Introduction

This FSAR subsection addresses the requirements that SSCs important to safety shall be
designed and protected against the effects of missiles that might result from equipment failures.
The failure of a rotor in a large steam turbine may result in the generation of high-energy
missiles that could affect safety-related SSCs. The probability of a turbine missile generation
should be sufficiently low, so that the risk from turbine missiles to safety-related SSCs is
acceptably small.
3.5.1.3.2

Summary of Application

Subsection 3.5.1.3 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Subsection 3.5.1.3 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Subsection 3.5.1.3, the applicant provides the following:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STP DEP 3.5-1

Missile Protection

This departure addresses turbine orientation and one site-specific supplement related to the
probability of turbine missile generation and the missile ejection zone.
In the COL FSAR, the applicant provides revised turbine missile probability guidelines in
Table 3.5-1, “Requirement for the Probability of Missile Generation,” and a schematic of the
locations of turbines and their potential missile trajectories in Figure 3.5-2, “Low-Trajectory
Turbine Missile Ejection Zone.”
COL License Information Item
•

COL License Information Item 3.13 Turbine System Maintenance Program

The applicant commits (COM 3.5-1) to develop before initial fuel loading a turbine system
maintenance program that will include a probability calculation of turbine missile generation and
will show that the turbine meets the minimum requirements presented in Table 3.5-1.
3.5.1.3.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the turbine missiles, and
the associated acceptance criteria, are in Subsection 3.5.1.3 of NUREG–0800.
In accordance with Section VIII of Appendix A to 10 CFR Part 52, the applicant identifies one
Tier 2 departure not requiring prior NRC approval. This departure is subject to the requirements
of 10 CFR Part 52, Appendix A, Section VIII.B.5, which are similar to the requirements in
10 CFR 50.59.
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3.5.1.3.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Subsection 3.5.1.3 of the
certified ABWR DCD. The staff reviewed Subsection 3.5.1.3 of the STP, Units 3 and 4, COL
FSAR and checked the referenced ABWR DCD to ensure that the combination of the
information in the COL FSAR and the information in the ABWR DCD appropriately represents
the complete scope of information relating to this review topic.1 The staff’s review confirmed
that the information in the application and the information incorporated by reference address the
required information relating to this subsection.
The staff reviewed the information in the COL FSAR:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STP DEP 3.5-1

Missile Protection

This departure addresses turbine orientation and one site-specific supplement related to the
probability of turbine missile generation and the missile ejection zone in Table 3.5-1 and
Figure 3.5-2, respectively. The applicant proposed to replace the first paragraph in
Subsection 3.5.1.1.1.3 of the ABWR DCD to state that the orientation of STP, Units 3 and 4, is
unfavorable with respect to the safety-related SSCs of the adjacent ABWR (i.e., the STP, Unit 3,
turbine generator is unfavorably orientated toward STP, Unit 4, safety-related SSCs, and vice
versa).
It should be noted that ABWR DCD Subsection 3.5.1.1.1.3, refers to Figure 3.5-2, “ABWR
Standard Plant Low-Trajectory Turbine Missile Ejection Zone,” of the ABWR DCD for the
building structure orientation, with respect to the turbine building and the nuclear island.
Figure 3.5-2 illustrates the ABWR plant as a single unit with the turbine generator located south
of the nuclear island. The turbine shaft is oriented along the north-south axis so that safetyrelated systems are located outside of the high-velocity, low-trajectory missile strike zone. With
this information, the ABWR design is considered to be favorably oriented in relation to the
turbine building with respect to the safety-related SSCs defined in RG 1.115, Revision 1,
“Protection Against Low-Trajectory Turbine Missiles.”
However, the STP, Units 3 and 4, site has two ABWR units situated side-by-side, as shown in
the site-specific supplemental information in Figure 3.5-2 of the STP, Units 3 and 4, COL FSAR.
With this dual unit site plan, the applicant considers the turbine generators to be unfavorably
oriented with respect to the other nuclear island that contains safety-related SSCs. The staff
agreed with the applicant's designation that the STP, Unit 3, turbine generator is unfavorably
orientated in relation to the STP, Unit 4, safety-related SSCs, and vice versa.
RG 1.115 and SRP Subsection 3.5.1.3, state that for an unfavorable turbine generator
orientation, the probability of generating a turbine missile (P1) must be ≤ 1 x 10-5 per year, which
is considered the minimum reliability requirement for loading the turbine and bringing the system
on line. STP, Units 3 and 4, COL FSAR Subsection 3.5.1.1.1.3 states that a value of 1 x 10-2
per year per plant was chosen as a conservative value for the product of strike and damage
probabilities (P2 x P3), and the resulting probability of unacceptable damage from a main steam
turbine missile (P4)—which is the product of the probabilities for a missile generation, strike, and
1
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damage (P1 x P2 x P3)—is < 1 x 10-7. The P4 value of < 1 x 10-7 meets the SRP acceptance
criteria and the guidance of RG 1.115.
The staff found that the effects of turbine missiles on safety-related SSCs are acceptably small
for the STP, Units 3 and 4, co-located ABWR plants because the probability of generating a
turbine missile is less than 1 x 10-5 per year, which meets the guidance of RG 1.115 and SRP
Subsection 3.5.1.3 for plants with an unfavorable turbine orientation.
The applicant’s evaluation in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5
determined that this departure does not require prior NRC approval. Within the review scope of
this section, the staff found it reasonable that this departure does not require prior NRC
approval. The applicant’s process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
COL License Information Item
•

COL License Information Item 3.13 Turbine System Maintenance Program

ABWR DCD Subsection 3.5.1.1.1.3, Item (1) states that the COL applicant will submit for NRC
approval within three years of obtaining an operating license, a turbine system maintenance
program that will include probability calculations of turbine missile generation based on NRCapproved methodology, or the COL applicant will volumetrically inspect all low-pressure turbine
rotors at the second refueling outage and every other (alternate) refueling outage thereafter,
until a maintenance program is approved by the staff.
The staff reviewed COL License Information Item 3.13 (in Revision 2, FSAR Subsection 3.5.4.5)
that states, “A turbine system maintenance program will be made available for NRC review prior
to fuel load that includes a probability calculation of turbine missile generation and shows that
the turbine meets the minimum requirements in Table 3.5-1. (COM 3.5-1).” In Revision 2 of the
COL FSAR, Table 3.5-1 modifies the action to be taken for an unfavorable turbine orientation to
coincide with the site-specific orientation between STP, Units 3 and 4. The staff compared the
proposed Table 3.5-1 with the acceptance criteria for an unfavorably oriented turbine listed in
Table 3.5.1.3-1 of the SRP. The staff noted that the proposed changes in Table 3.5-1 for the
licensee’s action are in agreement with the SRP acceptance criteria. In the application
however, the applicant commits (COM 3.5-1) to submit the probability calculation of turbine
missile generation before fuel loading rather than within three years of obtaining a COL as
described in NUREG–1503. The staff found that COL License Information Item 3.13 as
described in the FSAR is inconsistent with the referenced ABWR DCD and the associated staff
FSER. The staff thus requested additional information from the applicant. The staff issued RAI
03.05.01.03-1, requesting the applicant to revise the submittal timeline for these two items from
before fuel loading to within three years of obtaining a combined operating license.
In its response to RAI 03.05.01.03-1, dated August 27, 2009 (ML092430131), and the revised
response dated December 8, 2009 (ML093440181), the applicant proposed to revise
Subsection 3.5.4.5 of the FSAR to state that the turbine system maintenance program will be
submitted within three years following the receipt of the COL. The staff found this response
acceptable and RAI 03.05.01.03-1, is resolved with respect to the submittal of the turbine
system maintenance program within three years following the receipt of the COL. The staff
confirmed that the proposed changes in Subsection 3.5.4.5 are in COL FSAR Revision 4.
Therefore, this issue in RAI 03.05.01.03-1 is resolved and closed.
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However, the staff notes that as discussed above, ABWR DCD Subsection 3.5.1.1.1.3, Item (1)
states that the COL applicant will either submit for NRC approval a turbine system maintenance
program that will include probability calculations of turbine missile generation based on NRCapproved methodology, or the COL applicant will volumetrically inspect all low-pressure turbine
rotors at the second refueling outage and every other (alternate) refueling outage thereafter,
until a maintenance program is approved by the staff. A turbine missile probability analysis is
used to determine the inspection frequency of the turbine rotor and test frequency of the
associated steam valves. Therefore, since a turbine missile probability analysis has not been
submitted and approved, the staff intends to include the following license condition related to the
turbine system maintenance program:
The licensee shall, as part of their turbine maintenance program, perform the following:
•

volumetrically inspect all low-pressure turbine rotors at the second refueling
outage and every other (alternate) refueling outage thereafter, and

•

test, at least once a week during normal operation, the main steam control and
stop valves, intermediate intercept and stop valves, and steam extraction nonreturn valves.

This license condition is consistent with SRP Subsection 3.5.1.3, when the licensee has not
provided a NRC approved turbine missile probability analysis, which forms the basis (inspection
and testing frequency) for the turbine system maintenance program. When the licensee seeks
NRC review and approval of the turbine missile probability analysis via license amendment
request, it can seek to have this license condition removed. With this license condition, in
accordance with the guidance of SRP Subsection 3.5.1.3 and RG 1.115, the staff finds that the
overall probability of turbine missile damage to SSCs important to safety is acceptably low.
Therefore the requirements of GDC 4 of Appendix A to 10 CFR Part 50 are met for protecting
safety-related SSCs against the effects of turbine missiles.
3.5.1.3.5

Post Combined License Activities

The NRC will impose the following license condition for action after the issuance of the COL:
The licensee shall, as part of their turbine maintenance program, perform the following:
•

volumetrically inspect all low-pressure turbine rotors at the second refueling outage and
every other (alternate) refueling outage thereafter, and

•

test, at least once a week during normal operation, the main steam control and stop
valves, intermediate intercept and stop valves, and steam extraction non-return valves.

3.5.1.3.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information relating to the turbine missiles, and no
outstanding information is expected to be addressed in the COL FSAR related to this section.
Pursuant to 10 CFR 52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear
safety issues relating to the turbine missiles that were incorporated by reference have been
resolved.
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In addition, the staff compared the additional information in the COL applicant to the relevant
NRC regulations and the guidance in Section 3.5.1.3 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed COL License Information Item 3.1.3 in
accordance with Section 3.5.1.3 of NUREG–0800, and found it reasonable that the identified
Tier 2 departure is characterized as not requiring prior NRC approval, per 10 CFR Part 52,
Appendix A, Section VIII.B.5.
3.5.1.4

Missiles Generated by Natural Phenomena (Related to RG 1.206,
Section C.I.3.5.1.4, “Missiles Generated by Tornadoes and Extreme Winds”)

3.5.1.4.1

Introduction

This FSAR subsection addresses missiles that could result from a plant-related failure or
incident including failures outside of the containment, environmentally generated missiles, and
site-proximity missiles. This subsection also describes the structures, shields, and barriers that
have been designed to withstand missile effects; the possible missile loadings; and the
procedures used to design each barrier to resist a missile impact.
3.5.1.4.2

Summary of Application

Subsection 3.5.1.4 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Subsection 3.5.1.4 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Subsection 3.5.1.4 and Section 3.5.4, the applicant provides
the following:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STP DEP 3.5-2

Hurricane Generated Missile Protection

This departure addresses the impact of new data and new guidance in RG 1.221 on the aspects
of the STP plant design that ensure that the plant will remain in a safe condition under the most
extreme wind events (tornadoes and hurricanes) that could reasonably be predicted to occur at
the site.
COL License Information Items
•

COL License Information Item 3.10 Missiles Generated by Other Natural Phenomena

This COL license information item addresses the generation of missiles by site-specific natural
phenomena that may be more limiting than those considered in the ABWR design. In FSAR
Subsection 3.5.4.2, the applicant addresses this item by indicating that the only identified
missiles generated by natural phenomena are those generated by tornadoes and hurricanes.
The applicant adds that tornado-generated missiles are described in FSAR Subsection 3.5.1.4,
and hurricane-generated missiles are described in FSAR Section 3H.11.
•

COL License Information Item 3.12 Impact of Failure of Out of ABWR Standard Plant
Scope Non-Safety-Related Structures, Systems,
and Components Due to a Design Basis Tornado

This COL license information item discusses the applicant’s statement that nonsafety-related
SSCs “are analyzed for the DBT missile to ensure that their failure will not affect the ability of
safety-related SSCs from performing their intended safety functions.”
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3.5.1.4.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the missiles generated by
tornadoes and extreme winds, and the associated acceptance criteria, are in Subsection 3.5.1.4
of NUREG–0800.
In accordance with Section VIII of Appendix A to 10 CFR Part 52, the applicant identifies one
Tier 2 departure not requiring prior NRC approval. This departure is subject to the requirements
of 10 CFR Part 52, Appendix A, Section VIII.B.5, which are similar to the requirements in
10 CFR 50.59.
3.5.1.4.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Subsection 3.5.1.4 of the
certified ABWR DCD. The staff reviewed Subsection 3.5.1.4 of the STP, Units 3 and 4, COL
FSAR and checked the referenced ABWR DCD to ensure that the combination of the
information in the COL FSAR and the information in the ABWR DCD appropriately represents
the complete scope of information relating to this review topic.1 The staff’s review confirmed
that the information in the application and the information incorporated by reference address the
required information relating to this subsection.
The staff reviewed the information in the COL FSAR:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STP DEP 3.5-2

Hurricane Generated Missile Protection

The applicant adds this departure in Revision 8 of the COL FSAR Subsection 3.5.1.4 pursuant
to a response letter dated April 12, 2012 (ML12110A056). This departure addresses the impact
of new data and new guidance in RG 1.221 on the aspects of the STP plant design that ensure
that the plant will remain in a safe condition under the most extreme wind events (tornadoes and
hurricanes) that could reasonably be predicted to occur at the site. The applicant modifies the
first paragraph of DCD Tier 2, Subsection 3.5.1.4, “Missiles Generated by Natural Phenomena,”
by replacing the term tornado-generated missiles with the term tornado/hurricane-generated
missiles. The applicant also adds the following statement at the end of Subsection 3.5.1.4,
“Design requirements for STP 3 & 4 due to hurricane generated missiles are described in
Section 3H.11.”
The applicant provided a description of Departure STD DEP 3.5-2 in COL application Part 7,
Section 3.0. In that section, the applicant stated that:
“… based on a comparison of the tornado wind and missile parameters listed in
DCD Tier 1 Table 5.0 and the hurricane wind and missile parameters derived
from Regulatory Guide 1.221 for STP 3&4 site, the horizontal velocity of the
hurricane-generated automobile missile (59.7 m/sec) are also considered for the
STP 3 & 4 design since this value exceeds the tornado-generated automobile
missile velocity listed in DCD Tier 2 Table 2.0-1 (47 m/sec). Also, the
1
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parameters of the armor piercing artillery shell missile in the DCD Tier 2 Table
2.0-1 are slightly different from, and do not bound, the Schedule 40 pipe missile
parameters in Regulatory Guide 1.221.”
The applicant’s evaluation of this departure is also in COL application Part 7, Section 3.0. In the
evaluation summary of Section 3.0, the applicant stated that:
The overall design of structures is not affected by an increase in the automobile
missile velocity and differences between the armor piercing artillery shell missile
of the DCD and the Schedule 40 pipe missile parameters in Regulatory Guide
1.221 since the overall design is significantly governed by the earthquake and
tornado wind loading (300 mph for tornado wind versus 210 mph for hurricane
wind).
The applicant added that the implementation of the guidance in RG 1.221 provides additional
assurance that the STP, Units 3 and 4, design is capable of withstanding the effects of the most
adverse design-basis weather events, including hurricanes. Therefore, this change does not
result in any significant adverse impact on the plant design.
The applicant’s evaluation in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5,
determined that the above departure does not require prior NRC approval. Within the review
scope of this section, the staff found it reasonable that this departure does not require prior NRC
approval. The applicant’s process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
Further evaluation of the hurricane-generated missile protection is in Section 3.8.4 of this SER.
COL License Information Items
•

COL License Information Item 3.10 Missiles Generated by Other Natural Phenomena

COL License Information Item 3.10, instructs a COL applicant referencing the ABWR DCD to
identify missiles generated by other site-specific natural phenomena and hazards that may be
more limiting than those considered in the DCD. The applicant is also instructed to provide
protection against any identified missiles.
In FSAR Subsection 3.5.4.2, the application indicates that the only missiles identified for the
STP, Units 3 and 4, site that are generated by natural phenomena are generated by tornadoes
and hurricanes. Tornado- and hurricane-generated missiles govern the design of the SSCs.
The referenced ABWR DCD tornado wind speeds exceed those specified for the STP site by
RG 1.76, Revision 1. Therefore, missiles generated by tornadoes at the STP site are bounded
by referenced ABWR DCD Subsection 3.5.1.4, “Tornado Missiles.” FSAR Section 3H.11
addresses hurricane-generated missiles. The STP site-specific, design-basis hurricane wind
speed and resulting hurricane-generated missile spectrum were determined in accordance with
RG 1.221, and design requirements and exceptions related to the design-basis hurricane wind
speed and corresponding missiles are noted throughout the FSAR and are applicable to
hurricane winds and hurricane-generated missiles.
As indicated above, the applicant determined that hurricane-generated automobile missiles and
Schedule 40 pipe missiles are not bounded by the tornado-generated missiles. The overall
plant design is significantly governed by the earthquake and the tornado wind loading (i.e.,
483 km/h [300 mph] for the tornado wind versus 338 km/h [210 mph] for the hurricane wind).
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The implementation of the guidance in RG 1.221 provides additional assurance that the STP,
Units 3 and 4, design is capable of withstanding the effects of the most adverse design-basis
weather events, including hurricanes. Therefore, the applicant concluded that Departure
STP DEP 3.5-2 does not result in any significant adverse impact on the plant design. The staff
agreed with this assessment and the detailed evaluation of STP’s design to address hurricane
wind is in Subsection 3.8.4.4.5 of this SER.
The staff concluded that the assessment of possible hazards attributable to missiles generated
by the DBT and other extreme winds is acceptable and conforms to the requirements of GDC 2
and 4, as they relate to tornado/hurricane-generated missiles. This conclusion is based on the
staff’s finding that the applicant has met the requirements of GDC 2 and 4 by meeting the
guidance of RG 1.76 and RG 1.221.
•

COL License Information Item 3.12 Impact of Failure of Out of ABWR Standard Plant
Scope Non-Safety-Related Structures, Systems,
and Components Due to a Design Basis Tornado

COL License Information Item 3.12 instructs a COL applicant referencing the ABWR DCD to
evaluate all nonsafety-related SSCs that are out of the scope of the ABWR DCD, but whose
failure could adversely impact the safety functions of safety-related SSCs.
STP, Units 3 and 4, COL FSAR Subsection 3.5.4.4 states that, in the design, safety-related
SSCs are protected from tornado missiles by being located underground or in tornado-proof
structures. Plant SSCs not housed in tornado-proof structures are analyzed for the DBT missile
to ensure that the failure of these SSCs will not prevent a safety-related SSC from performing its
intended safety function.
FSAR Subsection 3.5.4.7 also states that non-tornado-resistant structures are constructed from
materials such as a reinforced concrete block or structural steel with metal siding and roof deck.
When subjected to winds that have the intensity of a tornado, potential missiles or debris from
these materials would not generate missiles more severe than the DBT missiles defined in
ABWR DCD Subsection 3.5.1.4. In this subsection, tornado-generated missiles were
determined to be the limiting natural hazard phenomenon in the design of all structures required
for a safe shutdown of the nuclear power plant. Therefore, the failure of SSCs outside the
scope of the standard plant design will not generate missiles that are more severe than the DBT
missiles already utilized as the design basis for plant safety-related SSCs.
The staff’s review agreed with the applicant that the failure of SSCs outside the scope of the
standard plant design will not generate missiles that are more severe than the DBT missiles
already utilized as the design basis for plant safety-related SSCs.
ITAAC
The staff reviewed the COL application ITAAC using a detailed review guidance and checklists
from SRP Section 14.3, “Inspections, Tests, Analyses, and Acceptance Criteria,” Revision 3.
This review included site-specific ITAAC in the COL application, Part 9 Section 3, which were
not included as part of the DCD. For COL FSAR Subsection 3.5.1.4, the staff found that no
additional ITAAC items are required in the site-specific ITAAC.
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Technical Specifications
The staff reviewed the TS in the ABWR DCD and in the STP, Units 3 and 4, COL application
against 10 CFR 50.36. With regard to the protection provided for SSCs against missiles
generated by natural phenomena (i.e., tornadoes and hurricanes), there are no TS applicable to
Tier 2, Section 3.5 of the STP, Units 3 and 4, COL application. The staff concluded that no
additional TS are needed for this subsection.
3.5.1.4.5

Post Combined License Activities

There are no post COL activities related to this subsection.
3.5.1.4.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
the missiles generated by natural phenomena that were incorporated by reference have been
resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations, the guidance in Subsection 3.5.1.4 of NUREG–0800, and applicable NRC
RGs. The staff’s review concluded that the applicant has adequately addressed the COL
license information items in accordance with Subsection 3.5.1.4 of NUREG–0800 and found it
reasonable that the identified Tier 2 departure is characterized as not requiring prior NRC
approval per 10 CFR Part 52, Appendix A, Section VIII.B.5. The basis for this acceptance is the
conformance of the applicant’s design criteria that protect against the effects of natural
phenomena to the Commission regulations, as stated in the GDC 2 and 4, and the guidance in
RG 1.76 and RG 1.221.
3.5.1.5

Site Proximity Missiles Except Aircraft

3.5.1.5.1

Introduction

Safety-related SSCs are designed and constructed not to fail or not to cause a failure in the
event of a postulated credible missile impact, such as from site-proximity missiles (except
aircraft). These SSCs include some that if they do fail, could: (1) cause the failure of the
integrity of the reactor coolant system (RCS); (2) degrade the performance of a plant feature
required for a safe shutdown of the reactor to an unacceptable level; or (3) lead to offsite
radiological consequences.
3.5.1.5.2

Summary of Application

Subsection 3.5.1.5 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Subsection 3.5.1.5 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A, with no departures. In addition, in FSAR Subsection 3.5.4.3, the applicant provides
the following:
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COL License Information Item
•

COL License Information Item 3.11 Site Proximity Missiles and Aircraft Hazards

This COL license information item identifies potential site-proximity missiles or aircraft hazards.
3.5.1.5.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the site proximity missiles
(except aircraft), and the associated acceptance criteria, are in Subsection 3.5.1.5 of
NUREG-0800.
In particular, the following regulatory requirements in 10 CFR Part 100 and 10 CFR Part 52 also
apply:
10 CFR 100.20, “Factors to be considered when evaluating sites,” as they relate to the
requirement that the site characteristics should be evaluated to determine whether the risk to
individuals and society of potential plant accidents is low. This requirement is met if the
probability of site-proximity missiles (except aircraft) causing radiological consequences greater
than the 10 CFR 50.34(a)(1) exposure guidelines required by 10 CFR Part 100 is less than
about 1 × 10-7 per year.
10 CFR 100.21(e) states that potential hazards associated with nearby transportation routes
and industrial or military facilities must be evaluated and site parameters must be established so
that potential hazards from these routes and facilities will pose no undue risk to the type of
facility proposed for that site.
10 CFR 52.79(a)(1)(iv) relates to the factors to be considered in the evaluation of sites that
require the location and description of industrial, military, or transportation facilities and routes
that meet the requirements of 10 CFR 52.79(a)(1)(vi), as they relate to compliance with 10 CFR
Part 100.
The acceptance criteria are based on meeting the relevant requirements of 10 CFR Part 52 and
10 CFR Part 100 in the following manner:
1.

Event Probability: The identification of design-basis events resulting from the presence
of hazardous materials or activities in the vicinity of the plant or plants of a specified type
is acceptable if all postulated types of accidents are included for which the expected rate
of occurrence of potential exposures resulting in radiological doses in excess of the
10 CFR 50.34(a)(1) limits, as they relate to the requirements of 10 CFR Part 100 and are
estimated to exceed the staff ‘s objective of an order of magnitude of 10-7 per year.

2.

Design-Basis Events: The effects of design-basis events have been adequately
considered in accordance with 10 CFR 100.20(b), if analyses of the effects of those
accidents on the safety-related features of the plant or plants of a specified type have
been performed and measures have been taken (e.g., hardening, fire protection) to
mitigate the consequences of such events.

The other acceptance criteria are based on the guidance in RG 1.91, Revision 1, “Evaluation of
Explosions Postulated to Occur on Transportation Routes Near Nuclear Power Plants.”
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3.5.1.5.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Subsection 3.5.1.5 of the
certified ABWR DCD. The staff reviewed Subsection 3.5.1.5 of the STP, Units 3 and 4, COL
FSAR and checked the referenced ABWR DCD to ensure that the combination of the
information in the COL FSAR and the information in the ABWR DCD appropriately represents
the complete scope of information relating to this review topic.1 The staff’s review confirmed
that the information in the application and the information incorporated by reference address the
required information relating to this subsection.
The staff reviewed the following information in the COL FSAR:
COL License Information Item
•

COL License Information Item 3.11 Site Proximity Missiles and Aircraft Hazards

In this COL license information item, the applicant stated, “no site proximity missiles or aircraft
hazards were identified for this site. For details, see Subsection 2.2S.2.7.2.”
In FSAR Section 2.2S.3, the applicant discussed and evaluated external events that have a
potential for missile generation. In Section 2.2S, the applicant concluded that none of the
potential site-specific external event hazards results in an unacceptable effect important to the
safe operation of STP, Units 3 and 4.
The staff issued RAI 03.05.01.05-1, requesting the applicant to address the effects from a
potential turbine missile impact at STP, Units 1 and 2, as an external hazard to the safe
operation of STP, Units 3 and 4. In its response to RAI 03.05.01.05-1, dated August 6, 2009
(ML092220162), the applicant estimated the probability of damage to safety-related systems at
STP, Units 3 and 4, from a turbine failure at STP, Unit 1 or 2, to be 1.1 × 10-8 per year, which is
less than the acceptance criterion of 10-7 per year. The staff found the applicant’s response
reasonable and acceptable, and this RAI is resolved and closed.
3.5.1.5.5

Post Combined License Activities

There are no post COL activities related to this subsection.
3.5.1.5.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
site-proximity missiles (except aircraft) that were incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Subsection 3.5.1.5 of NUREG–0800. The staff’s review

1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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concluded that the applicant has adequately addressed COL License Information Item 3.11 in
accordance with Subsection 3.5.1.5 of NUREG–0800.
3.5.1.6

Aircraft Hazards

3.5.1.6.1

Introduction

Safety-related SSCs are designed and constructed not to fail or not to cause a failure in the
event of a postulated credible missile impact, such as from aircraft. These SSCs include some
that if they do fail, could: (1) cause the failure of the integrity of the RCS; (2) degrade the
performance of a plant feature required for a safe shutdown of the reactor to an unacceptable
level; or (3) lead to offsite radiological consequences.
3.5.1.6.2

Summary of Application

Subsection 3.5.1.6 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Subsection 3.5.1.6 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A, with no departures. In addition, in FSAR Subsection 3.5.4.3, the applicant provides
the following:
COL License Information Item
•

COL License Information Item 3.11 Site Proximity Missiles and Aircraft Hazards

This COL license information item addresses site-proximity missiles and aircraft hazards.
3.5.1.6.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for aircraft hazards, and the
associated acceptance criteria, are in Subsection 3.5.1.6 of NUREG–0800.
In particular, the following regulatory requirements in 10 CFR Part 100 and 10 CFR Part 52 also
apply:
10 CFR 100.20 as they relate to the requirement that the site characteristics be evaluated to
determine whether the risk to individuals and society from potential plant accidents is low. This
requirement is met if the probability that an aircraft hazard causes radiological consequences
greater than the 10 CFR 50.34(a)(1) exposure guidelines, as required by 10 CFR Part 100, is
less than about 1 × 10-7 per year.
10 CFR 100.21(e) states that potential hazards associated with nearby transportation routes
and industrial or military facilities must be evaluated and site parameters must be established,
so that potential hazards from those routes and facilities pose no undue risk to the type of
facility proposed for that site.
10 CFR 52.79(a)(1)(iv), as it relates to the factors to be considered in the evaluation of sites that
require the location and description of industrial, military, or transportation facilities and routes;
and the requirements of 10 CFR 52.79(a)(1)(vi), as they relate to compliance with 10 CFR
Part 100.
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The acceptance criteria are based on meeting the relevant requirements of 10 CFR Part 52 and
10 CFR Part 100 in the following manner:
1.

Event Probability: The identification of design-basis events resulting from the presence
of hazardous materials or activities in the vicinity of the plant or plants of a specified type
is acceptable if all postulated types of accidents are included for which the expected rate
of occurrence of potential exposures resulting in radiological dose in excess of the
10 CFR 50.34(a)(1) limits as they relate to the requirements of 10 CFR Part 100 and are
estimated to exceed the staff’s objective of an order of magnitude of 10-7 per year.

2.

Design-Basis Events: The effects of design-basis events have been adequately
considered in accordance with 10 CFR 100.20(b), if analyses of the effects of those
accidents on the safety-related features of the plant or plants of specified type have
been performed and measures have been taken (e.g., hardening, fire protection) to
mitigate the consequences of such events.

3.5.1.6.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Subsection 3.5.1.6 of the
certified ABWR DCD. The staff reviewed Subsection 3.5.1.6 of the STP, Units 3 and 4, COL
FSAR and checked the referenced ABWR DCD to ensure that the combination of the
information in the COL FSAR and the information in the ABWR DCD appropriately represents
the complete scope of information relating to this review topic.1 The staff’s review confirmed
that the information in the application and the information incorporated by reference address the
required information relating to this subsection.
The staff reviewed the following information in the COL FSAR:
COL License Information Item
•

COL License Information Item 3.11 Site-Proximity Missiles and Aircraft Hazards

The applicant discussed and evaluated aircraft hazards in STP, Units 3 and 4, FSAR
Subsection 2.2S.2.7.2. The applicant also addressed and evaluated potential aircraft hazards
following the approach and methodology outlined in Subsection 3.5.1.6 of NUREG–0800. In
STP, Units 3 and 4, FSAR Subsection 2.2S.2.7.2, the applicant assessed the probability of
aircraft accidents resulting in radiological consequences greater than the 10 CFR Part 100
exposure guidelines.
Due to the close proximity of Federal Airway V-70 to the STP, Units 3 and 4, site, the
acceptance criteria in Subsection 3.5.1.6 of NUREG–0800 that provide that the plant to be at
least 3.2 km (2 statute miles) from the nearest edge of military training routes are not met.
Therefore, the applicant performed an aircraft accident probability analysis. The applicant
estimated the total probability of an aircraft accident to be 1.16 × 10-7 per year, which meets the
NUREG–0800 acceptance criteria of about 10-7 per year. The applicant had not provided
detailed information regarding the input data and assumptions used to calculate that probability.
Therefore, the staff issued RAI 03.05.01.06-1, requesting the applicant to provide additional
details. In its response to RAI 03.05.01.06-1, dated September 14, 2009 (ML092590490), the
1
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applicant provided additional information and revised the estimate of the probability of an aircraft
crash into the plant to 1.09 × 10-7 per year. The staff also obtained flight operation data within 8
and 16 km (5 and 10 miles) of STP, Units 3 and 4, from the Federal Aviation Administration
(FAA). The staff performed a confirmatory analysis to determine the aircraft accident probability
per year by conservatively applying these FAA data. The staff calculated the probability of an
aircraft crash per year and found that the results are within the acceptable criterion of an order
of magnitude of 1 × 10-7. Therefore, the staff concluded that the applicant’s determined aircraft
accident probability per year is reasonable and acceptable. The staff confirmed that the
applicant’s proposed changes to Subsection 2.2S.2.7.2 are in COL FSAR Revision 4.
Therefore, this issue in RAI 03.05.01.06-1 is resolved and closed.
3.5.1.6.5

Post Combined License Activities

There are no post COL activities related to this subsection.
3.5.1.6.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information relating to the aircraft hazards, and no
outstanding information is expected to be addressed in the COL FSAR related to this section.
Pursuant to 10 CFR 52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear
safety issues relating to the aircraft hazards that were incorporated by reference have been
resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Subsection 3.5.1.6 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the COL license information item in
accordance with Subsection 3.5.1.6 of NUREG–0800 and the regulatory requirements of 10
CFR 100.20, and 10 CFR 100.21.
3.5.2

Structures, Systems, and Components (SSCs) to be Protected from Externally
Generated Missiles

3.5.2.1

Introduction

This FSAR section addresses the safety-related SSCs in the plant that are required to safely
shut down the reactor and maintain it in a safe condition, with the assumption of an additional
single failure. These items must therefore all be protected from externally generated missiles.
All of the safety-related systems identified are located in buildings that are designed to protect
against the effects of both hurricane- and tornado-generated missiles.
3.5.2.2

Summary of Application

Section 3.5.2 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.5.2 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.5.4, the applicant provides the following:
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COL License Information Items
•

COL License Information Item 3.9

Protection of Ultimate Heat Sink

This COL license information item addresses compliance with RG 1.27, “Ultimate Heat Sink for
Nuclear Power Plants (for Comment),” Revision 2, as it relates to the capability of the UHS and
connecting conduits to withstand the effects of externally generated missiles.
•

COL License Information Item 3.15 Failure of Structures, Systems, and Components
Outside ABWR Standard Plant Scope

This COL license information item addresses the effects from the failure of nontornado-resistant
SSCs when subjected to winds of tornado intensity.
3.5.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG-1503. In
addition, the relevant requirements of the Commission regulations for the SSCs to be protected
from externally generated missiles, and the associated acceptance criteria, are in Section 3.5.2
of NUREG–0800.
3.5.2.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.5.2 of the certified
ABWR DCD. The staff reviewed Section 3.5.2 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represent the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
Combined License Information Items
•

COL License Information Item 3.9

Protection of Ultimate Heat Sink

COL License Information Item 3.9, which is addressed in ABWR DCD Tier 2,
Subsection 3.5.4.1, “Protection of Ultimate Heat Sink,” specifies that a COL applicant
referencing the ABWR DCD should demonstrate compliance with RG 1.27 as it relates to the
UHS and connecting conduits that are capable of withstanding the effects of externally
generated missiles.
STP, Units 3 and 4, COL FSAR Revision 3, Tier 2, Section 3.5.2 refers to Appendix 3H.6, “SiteSpecific Seismic Category I Structures,” for the analysis demonstrating compliance with
RG 1.27. Appendix 3H.6 provides the structural analysis and design for site-specific seismic
Category I structures, including those associated with the UHS; the UHS basin; the UHS cooling
tower enclosures; and related RSW pump houses and tunnels. The analyses described in the
1
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COL application FSAR, Tier 2 Section 3H.6, indicate that the site-specific UHS structures and
related connecting conduits—specifically the RSW tunnel—can withstand design-basis
hurricane/tornado-generated missiles.
The staff found the applicant’s response to COL License Information Item 3.9 acceptable
because the STP, Units 3 and 4, COL application meets Regulatory Positions C.2 and C.3 of
RG 1.27, regarding the UHS and connecting conduits that are capable of withstanding the
effects of externally generated missiles. Therefore, the staff concluded that the SSCs that
should be protected from externally generated missiles are in compliance with GDC 2.
•

COL License Information Item 3.15 Failure of Structures, Systems, and Components
Outside ABWR Standard Plant Scope

COL License Information Item 3.15 specifies that a COL applicant referencing the ABWR DCD
should ensure that any failure of the SSCs resulting from externally generated missiles outside
the ABWR DCD standard plant scope shall not prevent safety-related SSCs from performing
their intended safety function. The applicant should also demonstrate the adequacy of these
designs for external missile protection.
In STP, Units 3 and 4, COL FSAR Revision 3, Tier 2, Subsection 3.5.4.7, “Failure of Structures,
Systems, and Components Outside ABWR Standard Plant Scope,” the applicant stated that
non-tornado-resistant structures are constructed from materials such as a reinforced concrete
block or structural steel with metal siding and roof deck. Potential missiles or debris from these
materials, when subjected to winds of tornado intensity, would not generate missiles more
severe than the DBT missiles defined in ABWR DCD Tier 2, Subsection 3.5.1.4, “Missiles
Generated by Natural Phenomenon.” In ABWR DCD Tier 2, Subsection 3.5.1.4, tornadogenerated missiles were determined to be the limiting natural hazard phenomena in the design
of all structures required for a safe shutdown of the nuclear power plant.
In the Supplement 1 response to RAI 02.03.01-24, dated April 10, 2012 (ML12110A056), the
applicant proposed to revise the first line of Subsection 3.5.1.4 to state, “tornado/hurricanegenerated missiles have been determined to be the limiting natural phenomena hazards.” In
this letter, the applicant indicated that the referenced ABWR DCD tornado wind speeds exceed
those specified for the STP site by RG 1.76, Revision 1. Therefore, missiles generated by
tornadoes at the STP site are bounded by the referenced ABWR DCD Subsection 3.5.1.4,
“Tornado Missiles.” However, the parameters of the armor piercing artillery shell missile in DCD
Tier 2, Table 2.0-1 are slightly different from and do not bound the Schedule 40 pipe missile
parameters in RG 1.221. The FSAR Section 3H.11 addresses hurricane-generated missiles. In
addition, the applicant indicated in this section that the STP site-specific, design-basis hurricane
wind speed and resulting hurricane-generated missile spectrum were determined in accordance
with RG 1.221, and the design requirements and exceptions related to the design-basis
hurricane wind speed and corresponding missiles are noted throughout the FSAR and are
applicable to hurricane winds and hurricane-generated missiles. In a comparison of the DCD
tornado-generated and hurricane-generated missiles, the applicant stated that the horizontal
velocity of the DCD armor piercing artillery missile and that of the hurricane Schedule 40 pipe
missile are nearly the same. Because the missile weights and velocities are almost identical,
the DCD designs for armor piercing artillery shell missiles will be adequate for the hurricane
Schedule 40 missiles. The applicant also stated that the existing DCD design for tornadogenerated missiles and detailed panel assessments of the UHS/RSW pump house, diesel
generator fuel oil storage vaults, and diesel generator fuel oil tunnels, the RB, CB and RSW
piping tunnel exterior walls and roof panels are adequate for site-specific hurricane missiles.
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Therefore, the failure of SSCs outside the scope of the standard plant design will not generate
missiles that are more severe than the DBT missiles already utilized as the design basis for
plant safety-related SSCs.
The staff reviewed the applicant’s response to COL License Information Item 3.15 and found the
response acceptable, because the STP, Units 3 and 4, COL application meets the guidance in
Section III(3) of SRP Section 3.5.2, “Structures, Systems, and Components to be Protected
from Externally Generated Missiles,” Revision 3. The applicant incorporated the proposed
FSAR changes to Subsection 3.5.1.4 in Revision 8 of the COL FSAR.
ITAAC
The staff reviewed the STP, Units 3 and 4, COL application ITAAC in accordance with the
guidance in SRP Section 14.3, “Inspections, Tests, Analyses, and Acceptance Criteria,”
Revision 3. The staff found that no additional ITAAC are needed in connection with STP, Units
3 and 4, COL FSAR Revision 2, Section 3.5.2.
Technical Specifications
The staff reviewed the TS in the ABWR DCD and in the STP, Units 3 and 4, COL application
against 10 CFR 50.36. With regard to the protection provided for SSCs against externally
generated missiles, there are no TS applicable to Section 3.5 of the STP, Units 3 and 4, COL
FSAR. The staff concluded that no additional TS are needed for this section.
3.5.2.5

Post Combined License Activities

There are no post COL activities related to this section.
3.5.2.6

Conclusion

The staff’s finding related to the information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A Section VI.B.1, all nuclear safety issues relating to
the SSCs to be protected from externally generated missiles that were incorporated by
reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.5.2 of NUREG–0800. The staff’s review
concludes that the application has adequately addressed the COL license information items with
regard to SSCs that should be protected from externally generated missiles, in accordance with
Section 3.5.2 of NUREG–0800.
3.5.3

Barrier Design Procedures

3.5.3.1

Introduction

This FSAR section addresses missile barriers and protection structures designed to withstand
and absorb missile impact loads to prevent damage to safety-related SSCs. The design is
based on the overall response of a structure or barrier to missile impact, which depends largely
upon the location of the impact (e.g., near mid-span or near a support); dynamic properties of
3-68

the structure or barrier and the missile; and the kinetic energy of the missile. In general, the
assumption is that the impact will be plastic, with all of the initial momentum of the missile
transferred to the structure or barrier and only a portion of the kinetic energy absorbed as strain
energy within the structure or barrier.
3.5.3.2

Summary of Application

Section 3.5.3 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.5.3 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.5.3, the applicant provided the following:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 3.5-1

Missile Protection

This departure addresses the change from a single unit with a favorable turbine generator
placement and orientation to a dual unit in which placement and orientation of the turbine
generator are considered unfavorable to essential systems of the adjoining unit, per RG 1.115.
COL License Information Items
•

COL License Information Item 3.9

Protection of Ultimate Heat Sink

This COL license information item addresses compliance with RG 1.27, as it relates to the
capability of the UHS and connecting conduits to withstand the effects of externally generated
missiles as demonstrated in Section 3H.6.
•

COL License Information Item 3.10 Missiles Generated by Other Natural Phenomena

This COL license information item addresses missiles generated by natural phenomena (e.g.,
tornadoes and hurricanes).
•

COL License Information Item 3.12 Impact of Failure of Out of ABWR Standard Plant
Scope Non-Safety-Related Structures, Systems,
and Components Due to a Design Basis Tornado

This COL license information item addresses the protection of safety-related SSCs from tornado
missiles by being either underground or housed in a tornado missile-proof structure.
•

COL License Information Item 3.15 Failure of Structures, Systems, and Components
Outside ABWR Standard Plant Scope

This COL license information item addresses non-tornado-resistant structures that are
constructed from materials such as reinforced concrete block and/or structural steel with a metal
siding and roof deck.
3.5.3.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the barrier design
procedures, and the associated acceptance criteria, are in Section 3.5.3 of NUREG–0800.
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In accordance with Section VIII of Appendix A to 10 CFR Part 52, the applicant identified one
Tier 2 departure that does not require prior NRC approval. This departure is subject to the
requirements of 10 CFR Part 52, Appendix A, Section VIII.B.5, which are similar to the
requirements in 10 CFR 50.59.
3.5.3.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.5.3 of the certified
ABWR DCD. The staff reviewed Section 3.5.3 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 3.5-1

Missile Protection

This departure addresses the STP, Units 3 and 4, turbine generator placement and orientation
in relation to essential systems of the adjoining unit. This departure is not within the scope of
Section 3.5.3, “Barrier Design Procedures.” Therefore, no evaluation of its acceptability is
provided in this section. Refer to Section 3.5.1 of this SER for the staff’s evaluation of this
departure.
COL License Information Items
•

COL License Information Item 3.9

Protection of Ultimate Heat Sink

ABWR DCD Subsection 3.5.4.1 describes the following design requirement regarding COL
License Information Item 3.9:
Compliance with Regulatory Guide 1.27 as related to the ultimate heat sink and
connecting conduits being capable of withstanding the effects of externally
generated missiles shall be demonstrated (Subsection 3.5.2).
In COL FSAR Subsection 3.5.4.1, the applicant stated:
Compliance with Regulatory Guide 1.27 as related to the UHS and connecting
conduits being capable of withstanding the effects of externally generated
missiles is demonstrated in Appendix 3H.6.
In 10 CFR Part 50 Appendix A, GDC 2 requires that SSCs important to safety shall be designed
to withstand the effects of natural phenomena such as earthquakes, tornadoes, hurricanes,
tsunami, floods, and seiches without loss of capability to perform their safety functions. Sitespecific seismic Category I structures at STP, Units 3 and 4, should be designed to withstand
1
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the impact of tornado-generated missiles. COL FSAR Section 3H.6 provides a detailed
description of the analysis and design of site-specific structures. Specifically, Subsection
3H.6.4.3.3.1, “Tornado Loads (Wt),” describes the load parameters and load combinations used
in the design of the UHS and connecting conduits to withstand tornado missiles. The staff
reviewed FSAR Section 3H.6 and found the information related to the design of seismic
Category I structures at STP, Units 3 and 4, to withstand the impact of tornado-generated
missiles to be incomplete.
In RAI 03.05.03-1, the staff requested the applicant to provide a comparative discussion of the
proposed structural design criteria with their corresponding SRP acceptance criteria, including
the basis for any deviation from the SRP criteria for Sections 3H.6.4, “Structural Design
Criteria,” and 3H.6.5, “Seismic Analysis.” In addition, the staff requested the applicant to
provide the rationale for concluding that applicable acceptance criteria of SRP Sections 3.5.3,
3.7.2, and 3.8.4 are complied with for Subsections 3H.6.6.1, “Analytical Model”; 3H.6.6.2.1,
“UHS Basin, UHS Cooling Tower Enclosure, and RSW Pump House”; 3H.6.6.2.2, “RSW Piping
Tunnels”; 3H.6.6.3, “Structural Design”; 3H.6.6.4, “Foundations”; and 3H.6.6.5, “Stability
Evaluations.”
In its response to RAI 03.05.03-1, dated October 7, 2009 (ML092860129), the applicant
included listing and justifying deviations from pertinent SRP positions, as well as referencing the
response to RAI 03.03.02-1. The staff found that the applicant’s technical approach for
addressing COL License Information Item 3.9 is in accordance with the guidance in SRP
Section 3.5.3 and applicable regulatory positions of RG 1.76 and RG 1.142. The applicant also
referenced the following codes: ACI 349–97, ANSI/AISC N690–94 “Specification for the
Design, Fabrication, and Erection of Steel Safety-Related Structures for Nuclear Facilities,”
ACI 350, and ASCE 7–05. Furthermore, questions regarding the validation of the code versions
are addressed in Section 3.8.4 and elsewhere in this SER, and thus need not be considered
here. Based on the above findings, including the applicant’s compliance with the applicable
regulatory positions of SRP Section 3.5.3, RG 1.76, and RG 1.142, the staff concluded that RAI
03.05.03-1 is resolved and closed.
In RAI 03.05.03-2, the staff requested the applicant to provide a more detailed description of the
design procedures for predicting local damage of concrete and steel barriers. In its response to
this RAI dated October 7, 2009 (ML092860129), the applicant stated that the local damage
prediction was conducted using the TM 5-855-1 formula, as described in its response to RAI
03.03.02-3 for concrete structures, and the Ballistic Research Laboratory (BRL) formula for steel
barriers. Furthermore, the applicant stated that the RSW piping tunnels are also designed for
tornado-generated missiles. Although all of the RSW piping tunnels except for the access
shafts are buried, conservatively no credit is taken for the soil above the tunnels for shielding
against tornado-generated missiles. The staff evaluated this response and concluded that the
missile design procedures adopted by the applicant meet the acceptance criteria of SRP
Section 3.5.3, for the design of concrete and steel barriers to withstand the impact of tornadogenerated missiles. Therefore, the response to RAI 03.05.03-2 is satisfactory. The staff
confirmed that the applicant has incorporated the proposed changes in the FSAR Revision 4.
Therefore, this issue in RAI 03.05.03-2 is resolved and closed.
•

COL License Information Item 3.10 Missiles Generated by Other Natural Phenomena

In COL FSAR Subsection 3.5.4.2, “Missiles Generated by Other Natural Phenomena,” the
applicant stated:
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The only missiles generated by natural phenomena that have been identified, are
those generated by tornados and hurricanes. Tornado generated missiles are
described in Section 3.5.1.4. Hurricane missiles are described in Section 3H.11.
The staff’s assessment of this COL License Information Item is in Subsection 3.5.1.4.4 of this
SER.
•

COL License Information Item 3.12 Impact of Failure of Out of ABWR Standard Plant
Scope Non-Safety-Related Structures, Systems,
and Components Due to a Design Basis Tornado
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In COL FSAR Subsection 3.5.4.4, the applicant stated the following:
In general, safety-related SSCs are protected from tornado missiles by being
either underground or housed in a tornado missile proof structure. The design
criteria for systems and components (not housed in tornado structures) are as
follows: Such plant SSCs are analyzed for the design basis tornado missiles to
ensure that their failure will not affect the ability of safety-related SSCs from
performing their intended safety functions.
The staff evaluated the applicant’s technical rationale for addressing COL License Information
Item 3.12. The staff noted that the STP, Units 3 and 4, layout includes non-seismic Category I
structures that are not designed for tornado loadings and missile impacts and may be in close
proximity to seismic Category I structures. The staff issued RAI 03.05.03-3, asking the
applicant to provide a detailed discussion of the approaches and analyses used to ensure that
site-specific SSCs not designed for a tornado-generated missile impact are analyzed and
checked to prevent modes of failure that will affect the ability of safety-related SSCs to perform
their intended safety functions. In its response to RAI 03.05.03-3, dated October 7, 2009
(ML092860129), the applicant confirmed that site-specific SSCs not designed for tornado loads
that are in close proximity to the safety-related SSCs so that its collapse under the tornado
loading may impact the nearby safety-related SSCs are evaluated for the design-basis tornado
loading parameters. This evaluation is to ensure that they will not collapse onto the safetyrelated SSCs under tornado loading. The applicant further confirmed that tornado loading
included the loads from tornado-generated missiles. Because the site-specific structures will be
evaluated to ensure that they do not impact adjacent seismic Category I structures for the sitespecific tornado, the staff concluded that this design procedure meets SRP Section 3.3.2
Acceptance Criterion 4A. Therefore, the applicant’s response is satisfactory and RAI 03.05.033 is resolved and closed.
•

COL License Information Item 3.15 Failure of Structures, Systems, and Components
Outside ABWR Standard Plant Scope

In COL FSAR Subsection 3.5.4.7, the applicant stated the following:
Non-tornado resistant structures are constructed from materials such as
reinforced concrete block, and/or structural steel with metal siding and roof deck.
Potential missiles or debris from these materials, resulting from failure of
structure or from items blown off, when subjected to winds of tornado intensity,
would not generate missiles more severe than the design basis tornado missiles
defined in Subsection 3.5.1.4 (Reference 3.5-10).
The staff evaluated COL License Information Item 3.15. The staff issued RAI 03.05.03-4,
requesting the applicant to provide further justification that potential missiles or debris resulting
from a structural failure or from items blown off, when subjected to winds of tornado intensity,
would not generate missiles more severe than the DBT missiles defined in Subsection 3.5.1.4.
In its response to RAI 03.05.03-4, dated October 7, 2009 (ML092860129), the applicant stated
that ABWR non-tornado-resistant structures are similar to those found in typical nuclear power
plants in the United States. These structures do not use any unique design or construction
features that could introduce new or more airborne-capable missiles. Therefore, the impacts
from missiles that may be blown off or generated as a result of the collapse of these structures
are considered to be bounded by the impact of the NRC missile spectrum considered for the
design of safety-related SSCs. The staff’s evaluation of this response found that the applicant
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presents a reasonable basis for the conclusion, which includes referencing the tornado missile
spectrum defined in RG 1.76. Thus, the response to RAI 03.05.03-4 is adequate, and this RAI
is resolved and closed.
3.5.3.5

Post Combined License Activities

There are no post COL activities related to this section.
3.5.3.6

Conclusion

The staff’s finding related to this information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information related to barrier design procedures,
and no outstanding information is expected to be addressed in the COL FSAR related to this
section. Pursuant to 10 CFR 52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all
nuclear safety issues relating to barrier design procedures that were incorporated by reference
have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.5.3 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the COL license information items in
accordance with Section 3.5.3 of NUREG–0800.
3.6

Protection Against Dynamic Effects Associated with the Postulated Rupture of
Piping

3.6.1

Postulated Piping Failures in Fluid Systems Inside and Outside of Containment
(Related to RG 1.206, Section C.I.3.6.1, “Postulated Piping Failures in Fluid
Systems Outside of Containment”)

3.6.1.1

Introduction

This FSAR section addresses the design bases, description, and safety evaluation for
determining the effects of postulated piping failures in fluid systems both inside and outside of
the containment and the necessary protective measures.
3.6.1.2

Summary of Application

Section 3.6.1 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.6.1 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.6.1, the applicant provides the following:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 3.6-1

Main Steam Tunnel Concrete Thickness

This departure decreases the wall thickness in the main steam tunnel.
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COL License Information Item
•

COL License Information Item 3.16 Details of Pipe Break Analysis Results and
Protection Methods

The applicant provides supplemental information in Subsection 3.6.5.1 to address this COL
license information item. The applicant stated:
The details of pipe break analysis results and protection methods will be provided
for NRC review as part of the ITAAC in the reference ABWR DCD Tier 1 Section
3.3.
3.6.1.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the plant design to protect
against postulated piping failures in fluid systems outside of the containment, and the
associated acceptance criteria, are in Section 3.6.1 of NUREG–0800.
In accordance with Section VIII of Appendix A to 10 CFR Part 52, the applicant identified one
Tier 2 departure not requiring prior NRC approval. This departure is subject to the requirements
of 10 CFR Part 52, Appendix A, Section VIII.B.5, which are similar to the requirements in 10
CFR 50.59.
In addition, the regulatory basis for reviewing COL License Information Item 3.16 is the
guidance in Section 3.6.1, Revision 3, of NUREG–0800 Branch Technical Position (BTP) 3-3,
“Protection Against Postulated Piping Failures in Fluid Systems Outside Containment,”
Revision 3; and BTP 3-4, ”Postulated Rupture Locations in Fluid System Piping Inside and
Outside Containment,” Revision 2.
3.6.1.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.6.1 of the certified
ABWR DCD. The staff reviewed Section 3.6.1 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 3.6-1

Main Steam Tunnel Concrete Thickness

This departure justifies a change in the main steam tunnel wall thickness. ABWR DCD Tier 2,
Subsection 3.6.1.3.2.3 specifies a 2-meter (6.6-ft) minimum wall thickness for concrete in the
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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main steam tunnel. The applicant proposed a minimum main steam tunnel wall thickness of 1.6
m (5.2 ft) or greater. The applicant stated that the steam tunnel is designed to handle the
consequences of high-energy pipe breaks. Therefore, the proposed change does not have an
impact on the safety conclusion reached in NUREG–1503. Because the steam tunnel walls are
seismic Category I structures, the staff’s structural evaluation of the main steam tunnel is
included in Subsection 3.8.4.3.1.2 of this SER.
The applicant's evaluation in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5,
determined that this departure does not require prior NRC approval. Within the review scope of
this section, the staff found it reasonable that the departure does not require prior NRC
approval. The applicant's process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
COL License Information Item
•

COL License Information Item 3.16 Details of Pipe Break Analysis Results and
Protection Methods

In Subsection 3.6.5.1, the applicant proposed to address COL License Information Item 3.16 by
referencing the ITAAC in the referenced ABWR DCD Tier 1, Section 3.3. This ITAAC
addresses the as-built pipe break analysis results and protection methods.
The staff reviewed the applicant’s proposal using the review procedures described in
Section 3.6.1 of NUREG–0800. The staff determined that additional information was needed
because the applicant’s response to COL License Information Item 3.16 does not address the
as-designed pipe break analysis. In addition, the applicant’s proposal only addressed the asbuilt pipe design. The staff issued RAI 03.06.01-1, requesting the applicant to either justify how
ITAAC 3.3 covers the level of detail described in COL License Information Item 3.16 or propose
changes to the ITAAC to address information for both the as-designed and the as-built pipe
break hazards. The staff also asked the applicant to provide a description pertaining to the
closure schedule of the as-designed pipe break hazards analysis in Tier 2.
In its response to RAI 03.06.01-1, dated June 12, 2008 (ML081710126), the applicant stated
that ITAAC 3.3, Item 2 requires inspections of both the Pipe Break Analysis Report and the asbuilt high and moderate energy pipe break mitigation features (including spatial separation).
However, the acceptance criteria do not specify that the Pipe Break Analysis Report will be
made available for the staff to review before installation. The expectation is that all designrelated ITAAC will be scheduled following the completion of the applicable design documents
early in the construction phase. The applicant’s response stated that a revision of Subsection
3.6.5.1 of the COL FSAR would include a commitment to notify the staff of the availability of the
Pipe Break Hazards Analysis Report(s) before installing the relevant systems or components.
The necessary details of that information would be provided in the next revision of the COL
FSAR, three months after completing the Pipe Break Analysis Report(s).
The staff found this response insufficient. Therefore, the staff issued RAI 03.06.01-2,
requesting the applicant to: (1) complete and submit the as-designed Pipe Break Analysis
Report within the COL review phase; (2) propose a site-specific ITAAC to address the asdesigned Pipe Break Analysis Report, with a license condition that provides a description
pertaining to the closure schedule of the report; or (3) propose an acceptable alternative.
In its response to RAI 03.06.01-2, dated August 26, 2009 (ML092430131), the applicant stated
the following:
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As summarized in the FSER, the piping DAC clearly cover the aspects of the
design of the piping system necessary for issuance of the design certification.
The DCD includes the ITAAC that were determined to be necessary to support
the safety determination for the ABWR piping.
The applicant’s response also stated:
As such, it is clear that the Pipe Break Analysis Report will be prepared for the
as-designed condition, as well as requiring reconciliation of the as-built condition.
Although ITAAC 3.3.2 states in the acceptance criteria that the Pipe Break
Analysis Report must exist for the as-built plant, this DAC is a requirement for the
final product, which includes the design basis and the as-built reconciliation.
In addition, the applicant’s response noted that the piping DAC are a requirement for the final
product, which includes the design basis and the as-built reconciliation. However, the staff
stated that the DAC (as identified in DCD Tier 1, ITAAC 3.3.2 and as defined in Table 7, “Piping
Design Acceptance Criteria,” of the ABWR DCD Introduction) do not cover the full scope of the
Pipe Break Analysis Report, as identified in COL License Information Item 3.16.
The staff found the applicant’s response to RAI 03.06.01-2 unacceptable. Therefore, the staff
issued RAI 03.06.01-3, requesting the applicant to: (1) complete and submit the as-designed
Pipe Break Analysis Report within the COL review phase; (2) propose a site-specific ITAAC to
address the as-designed Pipe Break Analysis Report with a license condition that provides a
description pertaining to the closure schedule of the report; or (3) propose an acceptable
alternative.
In its response to RAI 03.06.01-3, dated March 24, 2010 (ML100880058), the applicant
proposed to create a new site-specific ITAAC in COL application Part 9, Section 3.0. The
proposed site-specific ITAAC will contain a post COL requirement related to the as-designed
Pipe Break Analysis Report.
The applicant’s response also stated that the then current schedule showed that the Pipe Break
Analysis Report for the high- and moderate-energy piping in the as-designed plant would be
completed and ready for review by the end of 2012. While this report has not been completed,
this 2012 completion date was from the integrated project schedule and was subject to potential
future adjustments. As part of the applicant’s periodic submission of the ITAAC schedule to the
NRC, the NRC would be informed of any schedule changes.
The staff evaluated the applicant’s RAI responses described above (including the proposed
changes to the COL application) and found the changes acceptable. The applicant has
addressed the staff’s concerns in RAI 03.06.01-1 (and subsequent RAIs). Therefore,
RAI 03.06.01-3 is resolved and RAI 03.06.01-1 and RAI 03.06.01-2 are resolved and closed.
The applicant’s proposed update of COL FSAR Tier 2, Subsection 3.6.5.1, “Details of Pipe
Break Analysis Results and Protection Methods,” and COL application Part 9 Table 3.0-14 were
included and the staff confirmed that the proposed changes are included in Revision 4 of COL
FSAR Tier 2, Subsection 3.6.5.1. In addition, the new site-specific ITAAC described in the
applicant’s RAI response and in COL Subsection 3.6.5.1 was added to COL application Part 9,
which was correctly numbered as Table 3.0-16, “Pipe Break Analysis Report for the Asdesigned Plant,” (it was recognized that the proposed ITAAC in the RAI response was misnumbered.) Therefore, this issue in RAI 03.06.01-3 is resolved and closed.
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3.6.1.5

Post Combined License Activities

In response to COL License Information Item 3.16 (Subsection 3.6.5.1 of the COL FSAR), the
applicant stated that details of the Pipe Break Analysis Report for the as-designed plant will be
available for the NRC to review as part of site-specific ITAAC 3.0-16, Item 1, before the
installation of high- and moderate-energy piping.
3.6.1.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
the postulated piping failures in fluid systems inside and outside of the containment that were
incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.6.1 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the COL license information item in
accordance with Section 3.6.1 of NUREG–0800, and found it reasonable that the identified
Tier 2 departure is characterized as not requiring prior NRC approval per 10 CFR Part 52,
Appendix A, Section VIII.B.5.
3.6.2

Determination of Break Locations and Dynamic Effects Associated with the
Postulated Rupture of Piping

3.6.2.1

Introduction

This FSAR section evaluates: (1) the design bases for locating postulated breaks and cracks in
high- and moderate-energy piping systems inside and outside the containment; (2) the
procedures used to define the jet thrust reaction at the break location; (3) the procedures used
to define the jet impingement loading on adjacent essential SSCs; (4) the pipe whip restraint
design; and (5) the protective assembly design. Pipe breaks in several high-energy systems,
including the reactor coolant loop and surge line, are replaced by small leakage cracks when
the leak-before-break criteria are applied. Jet impingement and pipe whip effects are not
evaluated for these small leakage cracks.
3.6.2.2

Summary of Application

Section 3.6.2 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.6.2 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.6.2, the applicant provides the following
information:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STP DEP Admin

This administrative departure changes references to certain figures.
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COL License Information Items
•

COL License Information Item 3.16 Details of Pipe Break Analysis Results and
Protection Methods

This COL license information item addresses details of the pipe break analysis results and
protection methods.
•

COL License Information Item 3.18 Inservice Inspection of Piping in Containment
Penetration Areas

This COL license information item addresses inservice inspections (ISIs) of piping in
containment penetration areas.
3.6.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG-1503. In
addition, the relevant requirements of the Commission regulation for the determination of break
locations and dynamic effects associated with the postulated rupture of piping, and the
associated acceptance criteria, are in Section 3.6.2 of NUREG–0800.
In accordance with Section VIII of Appendix A to 10 CFR Part 52, the applicant identifies one
Tier 2 departure as an administrative departure not requiring prior NRC approval. This
departure is subject to the requirements of 10 CFR Part 52, Appendix A, Section VIII.B.5, which
are similar to the requirements in 10 CFR 50.59.
3.6.2.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.6.2 of the certified
ABWR DCD. The staff reviewed Section 3.6.2 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STP DEP Admin

Revision 2 of the COL application corrects the reference to Figure 3.6-4 from Figure 3.6-3 in
Subsection 3.6.2.3.3. The staff found this change acceptable. The applicant's evaluation
determined that this departure does not require prior NRC approval, in accordance with 10 CFR
Part 52, Appendix A, Section VIII.B.5. Within the review scope of this section, the staff found it
reasonable that this departure does not require prior NRC approval. The applicant's process for
evaluating departures and other changes to the DCD is subject to NRC inspections.
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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COL License Information Items
•

COL License Information Item 3.16 Details of Pipe Break Analysis Results and
Protection Methods

•

COL License Information Item 3.18 Inservice Inspection of Piping in Containment
Penetration Areas

In evaluating the response to COL License Information Item 3.16, the staff was concerned that
the applicant does not clearly indicate when the as-designed pipe break analysis results and
protection methods will be made available to the staff for review. FSAR Subsection 3.6.5.1,
“Details of Pipe Break Analysis Results and Protection Methods,” stated that the details of the
pipe break analysis results and protection methods (COL License Information Item 3.16) would
be presented to the staff for review as part of the ITAAC in the referenced ABWR DCD Tier 1,
Section 3.3. Item 2 of Table 3.3 of ABWR DCD Tier 1, Section 3.3 includes an ITAAC related to
a Pipe Break Analysis Report for the as-built plant (as opposed to the as-designed plant).
However, it should be noted that Subsection 3.6.5.1 of the referenced ABWR DCD refers to
Subsection 3.6.2.5 and states that these details of the pipe break analysis results and protection
methods shall be provided by the COL applicant for NRC review (as opposed to the as-built
reconciliation described in STP FSAR Subsection 3.6.5.1). It should also be noted that as
identified in RG 1.206, Regulatory Position C.III.4.3, for each COL action or information item
that cannot be resolved before the issuance of a license, the COL application should justify why
the item has not been resolved. In addition, the applicant should supply the NRC with a
schedule for completing the detailed engineering information—in this case, the as-designed
pipe break analysis results—to allow for the coordination of activities with the NRC Construction
Inspection Program following the issuance of the COL. It was not clear in the FSAR information
described above, when the applicant would make the details of the as-designed pipe break
analysis available for NRC review. Therefore, the staff issued RAI 03.06.01-1, requesting the
applicant to address the above issues associated with COL License Information Item 3.16. In
its response to RAI 03.06.01-1, dated June 12, 2008 (ML081710126), the applicant suggested
that this report is part of the overall scope of ITAAC 3.3 Item 2. The applicant proposed to
revise Subsection 3.6.5.1 to notify the NRC of the availability of the design Pipe Break Hazards
Analysis Report before installing the affected systems or components. The staff did not
consider this response sufficient because ITAAC 3.3 Item 2 only addresses the as-built aspect
of the Pipe Break Hazard Analysis Report, not the as-designed aspect. The staff issued
RAI 03.06.01-2, requesting this information.
In its response to RAI 03.06.01-2, dated August 27, 2009 (ML092430131), the applicant stated
that the Pipe Break Analysis Report will be prepared for the as-designed condition and will
require reconciliation of the as-built condition. Although ITAAC 3.3.2 states in the acceptance
criteria that the Pipe Break Analysis Report must exist for the as-built plant, the DAC (as
identified in DCD Tier 1 ITAAC 3.3.2 and defined in Table 7, “Piping Design Acceptance
Criteria,” of the ABWR DCD “Introduction”) are a requirement for the final product, which
includes the design basis and the as-built reconciliation. The staff’s review of the applicant’s
response found that the applicant still had not adequately addressed the as-designed pipe
break analysis issue. Specifically, the DAC do not cover the full scope of the Pipe Break
Analysis Report as identified in COL License Information Item 3.16. The staff therefore issued
RAI 03.06.01-3, requesting the applicant to: (1) complete and submit the as-designed Pipe
Break Analysis Report during the COL review phase; or (2) propose a site-specific ITAAC to
address the as-designed Pipe Break Analysis Report with a license condition that describes the
closure schedule of the report; or (3) provide an acceptable alternative.
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In its response to RAI 03.06.01-3, dated May 4, 2010 (ML100880058), the applicant proposed
to create a new site-specific ITAAC in COL application Part 9, Section 3.0. The proposed sitespecific ITAAC contains a post COL requirement related to the as-designed Pipe Break Analysis
Report. The applicant also stated that the as-designed Pipe Break Analysis Report will be
available before the installation of the high- and moderate-energy piping described in FSAR
Section 3.6. The completion date for the report derives from the integrated project schedule
and is subject to potential future adjustments. As part of the applicant’s periodic issuance of the
ITAAC schedule, the NRC would be informed of any schedule changes per 10 CFR 52.99(a).
The staff found that the applicant’s response to RAI 03.06.01-3 satisfactorily reconciles the
concerns stated above (including the proposed changes to the COL application, Part 9, in the
RAI response) and adequately addresses the staff’s concern related to the completion of the asdesigned Pipe Break Analysis Report. The applicant’s response is therefore acceptable, and
RAI 03.06.01-3 is resolved and RAI 03.06.01-1 and RAI 03.06.01-2 are closed. The staff
confirmed that the applicant has incorporated the proposed changes accordingly in Revision 4
of COL application, Part 9, ITAAC Table 3.0-16, Pipe Break Analysis Report for the as-designed
plant, Item 1, and in Part 2 Section 3.6.5.1 pertaining to COL License Information Item 3.16, and
finds it acceptable. Therefore, this issue in RAI 03.06.01-3 is resolved and closed.
A second staff concern identified in the review of FSAR Section 3.6 is related to COL License
Information Item 3.18, as addressed in FSAR Subsection 3.6.5.3. Specifically, FSAR
Subsection 3.6.5.3, states that a 100-percent volumetric inservice examination of all accessible
pipe welds in the containment penetration area will be conducted during each inspection
interval, as defined in IWA-2400, of ASME Code Section XI (COL License Information Item
3.18). This information is inconsistent with the provision in BTP 3-4 Item B.A.(ii).(7), and ABWR
DCD Subsection 3.6.2.1.4.2. The provision in BTP 3-4 and in the ABWR DCD requires a 100percent volumetric inservice examination of all pipe welds (as opposed to all of the accessible
pipe welds as stated in the STP FSAR Subsection 3.6.5.3) in the containment penetration area
to be conducted during each inspection interval, as defined in ASME Code Section XI, IWA2400.
As stated in both the ABWR DCD and the FSAR, the COL applicant is responsible for designing
all ASME Code Class 1, 2, and 3 components for accessibility to perform preservice and
inservice inspections. It is therefore the applicant’s responsibility to ensure that sufficient
access exists for all of the pipe welds in the containment penetration area. The staff issued
RAI 03.06.02-1, requesting the applicant to address this discrepancy. In its response to RAI
03.06.02-1, dated December 16, 2009 (ML093520627), the applicant concurred with the staff’s
position. The applicant added that COL License Information Item 3.18 will be revised to conduct
a 100-percent volumetric inservice examination of all pipe welds in the containment penetration
area. The staff found the applicant’s response acceptable, and RAI 03.06.02-1 is considered
resolved and closed. The staff confirmed that Subsection 3.6.5.3 of FSAR Revision 4 includes
the applicant’s proposed changes to COL License Information Item 3.18. Furthermore, the
staff’s evaluation of this augmented inservice examination requirement is in Subsection
5.2.4.4.9 of this SER, which the staff found acceptable. Therefore, this issue in RAI 03.06.02-1
is resolved and closed.
3.6.2.5

Post Combined License Activities

The applicant will complete the as-designed Pipe Break Hazard Report as described in ITAAC
Table 3.0-16.
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3.6.2.6

Conclusion

The staff’s finding related to the information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
the determination of break locations and dynamic effects associated with the postulated rupture
of piping that were incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.6.2 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the COL license information items, and
has provided sufficient information to ensure that SSCs important to safety will be appropriately
protected against the effects of postulated pipe failures, in accordance with Section 3.6.2 of
NUREG–0800.
The staff found it reasonable that the identified Tier 2 departure is characterized as not requiring
prior NRC approval, per 10 CFR Part 52, Appendix A, Section VIII.B.5.
3.6.3

Leak-Before-Break Evaluation Procedures

Leak-before-break methodology for pipe break postulation will not be used for the STP, Units 3
and 4, ABWR plant design.
3.6.4

As-Built Inspection of High-Energy Pipe Break Mitigation Features

Section 3.6.4 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
3.6.4, “As-Built Inspection of High-Energy Pipe Break Mitigation Features,” of the certified
ABWR DCD Revision 4, referenced in 10 CFR Part 52, Appendix A, with no departures or
supplements. The staff reviewed the application and checked the referenced DCD to ensure
that no issue relating to this section remains for review.1 The staff’s review confirmed that there
is no outstanding issue related to this section. Pursuant to 10 CFR 52.63(a)(5) and 10 CFR
Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to this section have been
resolved.
3.7

Seismic Design

Safety-related SSCs are designed to withstand SSE loads and other dynamic loads, including
those due to reactor building vibration (RBV) caused by suppression pool dynamics. This
section addresses seismic aspects of the design and analysis in accordance with RG 1.70
Revision 3, “Standard Format and Content of Safety Analysis Reports for Nuclear Power Plants
(LWR Edition).”

1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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3.7.1

Seismic Design Parameters

3.7.1.1

Introduction

This FSAR section addresses the design earthquake ground motion used for seismic analysis
and design of the Category I structures. The design earthquake ground motion is based on the
seismic and geologic characteristics at the site and established in terms of a set of idealized and
smooth curves called the design response spectra. Advanced Boiling-Water Reactor (ABWR)
Design Control Document (DCD) Figures 3.7-1, “Horizontal Safe Shutdown Earthquake Design
Spectra,” and 3.7-2, “Vertical Safe Shutdown Earthquake Design Spectra,” show the standard
ABWR design values of the horizontal and vertical SSE spectra, respectively, applied to the
finished grade in the free field for damping values of 2, 3, 4, 5, and 7 percent of critical damping.
The maximum ground acceleration for both the horizontal and vertical motions is 0.30 g at 33
Hertz (Hz) for the standard plant structures. For site-specific structures, the maximum ground
acceleration for both the horizontal and vertical motions is 0.13 g.
The bases for the seismic design of safety-related SSCs and equipment include the following:
•

Design ground motion response spectra (GMRS).

•

Design ground motion time history.

•

Percentage of the critical damping values.

•

Supporting media for seismic Category I structures.

3.7.1.2

Summary of Application

Section 3.7.1 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.7.1 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.7.1, the applicant provided the following:
Tier 1 Departures
•

STP DEP T1 5.0-1

Site Parameters (shear wave velocity departure)

This departure states that the shear wave velocity at the STP, Units 3 and 4, site varies both
horizontally within a soil stratum and vertically with depth and does not meet the minimum shear
wave velocity requirements of 305 m/s (1,000 ft/s) of the ABWR DCD Tier 1, Table 5.0. The
applicant performed a site-specific soil-structure interaction (SSI) analysis, as discussed in
Appendix 3A of the FSAR, to confirm that the standard plant results included in the ABWR DCD
will envelop the results of the site-specific SSI analysis. This analysis used measured shear
wave velocities with appropriate variations to represent the variability at the site.
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category I to Non-Seismic

The referenced ABWR DCD Tier 1, Section 2.15.13 states that the below grade exterior walls of
the RWB and the basemat are classified as seismic Category I. This departure revises the
seismic category of the RWB substructure from Category I to non-seismic. The applicant also
referenced NUREG–1503, Section 3.8.4, which states that the RWB is not a seismic Category I
structure, because the RWB does not house any safety-related systems or components. The
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detailed guidance for the design of the radwaste processing SSCs is in RG 1.143, Revision 2,
“Design Guidance for Radioactive Waste Management Systems, Structures, and Components
Installed in Light-Water-Cooled Nuclear Power Plants.” In this departure, the applicant commits
to follow the guidance of RG 1.143, Revision 2.
COL License Information Item
•

COL License Information Item 3.19 Seismic Design Parameters

The applicant stated that Section 2.5S.2 of the COL FSAR provides a site-specific assessment
against the Tier 1 site requirements. The site-specific SSI analysis for the reactor building (RB)
and the control building (CB) is in Appendix 3A of the FSAR.
Supplemental Information
The applicant adds a new section (Section 3H.6), “Site-Specific Seismic Category I Structure,”
which provides supplemental information on the design of the site-specific seismic Category I
structures.
Design Response Spectra
The applicant developed site-specific horizontal and vertical SSE GMRS for the site, as
discussed in FSAR Section 2.5S.2. A comparison of the GMRS with the ABWR DCD SSE
response spectra is shown in FSAR Figure 3A-231, “Comparison of GMRS with DCD Design
Spectrum (CSDRS) – Horizontal (5% Damping),” for the horizontal direction and in
Figure 3A-232, “Comparison of GMRS with DCD Design Spectrum (CSDRS) – Vertical (5%
Damping),” for the vertical direction. In addition to the GMRS, the applicant developed the
foundation input response spectra (FIRS) at the free-field foundation elevation of the seismic
Category I structures using the same probabilistic models and analyses, which were used to
develop the GMRS. Detailed descriptions of the procedures used for calculating the GMRS and
the FIRS are in FSAR Subsections 2.5S.2.5 and 2.5S.2.6, respectively. The FIRS for
Category I structures are included in FSAR Appendices 3A and 3H.
Site-specific SSE design response spectra for damping values of 2, 3, 4, 5, and 7 percent used
for the site-specific SSI analysis of the RB and CB, as well as for the site-specific seismic
analysis and for the design of site-specific structures (e.g., the ultimate heat sink/reactor service
water (UHS/RSW) pump house, RSW piping tunnel, and other seismic Category I structures)
are shown in Figures 3.7-1a, “Site-Specific Design Response Spectrum for 5% Damping
(Horizontal),” 3.7-1b, “Plots of 2%, 3%, 4%, and 7% Damped Input Response Spectrum –
Horizontal Direction,” 3.7-2a, “Site-Specific Design Response Spectrum for 5% Damping
(Vertical),”and 3.7-2b, “Plots of 2%, 3%, 4%, and 7% Damped Input Response Spectrum –
Vertical Direction,” in FSAR Section 3.7. The development of the site-specific SSE spectra
shown in FSAR Figures 3.7-1a and 3.7-2a is discussed in Subsection 3H.6.5.1.1 of
Appendix 3H. These SSE spectra are compared with the ABWR DCD SSE design response
spectra in FSAR Figures 3A-231a and 3A-232a for the horizontal and vertical directions,
respectively.
Design Time Histories
The applicant developed synthetic acceleration time histories that are consistent with the input
spectra defined and discussed in FSAR Section 3A.16.1, which uses the 1952 Taft earthquake
time history as the seed motion. The synthetic time histories are used as input to the SSI
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analysis. A single set of time histories (two horizontal and one vertical) was developed to satisfy
the enveloping requirements of Option 1, Approach 2 in Revision 3 of SRP Section 3.7.1, SRP
Acceptance Criterion 1.B. The acceleration, velocity, and displacement time histories of the
synthetic ground motions described above in the two horizontal and vertical directions are
shown in FSAR Figures 3A-251 through 3A-259. Comparisons of the response spectra of the
synthetic time histories, the input spectrum, and 1.3 times the input spectrum in the two
horizontal and vertical directions for the 5 percent damping are shown in FSAR Figures 3H.6-12
through 3H.6-14.
The operating basis earthquake (OBE) is not a design-basis earthquake for the ABWR plant.
The plant shutdown criteria described in ABWR DCD Subsection 3.7.4.4 will be based on the
site-specific SSE response spectra.
Percentage of Critical Damping Values
The applicant stated that the percentages of critical damping values considered in the seismic
reconciliation analysis of the RB and CB structures are in accordance with the guidance in
RG 1.61, Revision 1, “Damping Values for Seismic Design of Nuclear Power Plants,” as
discussed in FSAR Section 3A.16.3. The strain-compatible soil damping values considered in
the analysis are shown in FSAR Table 3H.6-1, “Strain-Compatible Soil Properties Used in SSI
Analysis,” for various soil layers.
The percentages of critical damping values used for the seismic analysis and design of the sitespecific seismic Category I structures are discussed in FSAR Subsection 3H.6.5.1.2. The
strain-compatible, soil-damping values considered in the above analyses are discussed in
Subsection 3H.6.5.2.4.
Supporting Media for Seismic Category I Structures
Soil conditions at the STP, Units 3 and 4, site are described in FSAR Section 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, shear wave velocities, unit weight, and Poisson’s ratio
are in FSAR Table 2.5S.4-27, “Summary of Shear Wave Velocities to 600 feet Below Ground
Surface.” The ground water elevation is approximately 2.4 m (8 ft) below grade.
The overall building dimensions and embedment depth for the RB and CB structures are
described in Section 3A.17, “Supporting Media for Seismic Category I Structures.” The UHS
basin, UHS cooling towers, RSW pump house, and RSW piping tunnel are described in
Subsection 3H.6.5.1.3, “Supporting Media for Seismic Category I Structures.” FSAR Section
3H.6.7, “Diesel Generator Fuel Oil Storage Vaults (DGFOSV),” describes the diesel generator
fuel oil storage vaults (DGFOSVs), and FSAR Section 3H.7.3, “Structural Description,”
describes the diesel generator fuel oil tunnels (DGFOTs).
Other Analyses
The liquefaction evaluation is described in FSAR Section 2.5S.4.8. This evaluation uses the
measured shear wave velocities at the site and concludes that the site is acceptable from a
liquefaction potential point of view.
FSAR Section 2.5S.4 evaluates the bearing capacity and concludes that it meets the Tier 1
requirement in Table 5.0-1 for the allowable bearing capacity of 718 kPa (15 ksf).
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3.7.1.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the seismic design
parameters, and the associated acceptance criteria, are in Section 3.7.1 of NUREG-0800.
In accordance with Section VIII, “Processes and Changes and Departures,” of “Appendix A to
Part 52 - Design Certification Rule for the U.S. Advanced Boiling Water Reactor,” the applicant
identifies Tier 1 departures. Tier 1 departures require prior NRC approval and are subject to the
requirements in 10 CFR Part 52, Appendix A, Section VIII.A.4.
The regulatory guidance for the seismic design of safety-related SSCs and equipment includes
the following:
•

RG 1.60, Revision 1, “Design Response Spectra for Seismic Design of Nuclear Power
Plants.”

•

RG 1.61, Revision 1, “Damping Values for Seismic Design of Nuclear Power Plants.”

•

RG 1.92, Revision 2, “Combining Modal Responses and Spatial Components in Seismic
Response Analysis.”

•

RG 1.208, “A Performance-Based Approach to Define the Site-Specific Earthquake
Ground Motion.”

3.7.1.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.7.1 of the certified
ABWR DCD. The staff reviewed Section 3.7.1 of the STP, Units 3 and 4, COL FSAR, and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
Tier 1 Departures
•

STP DEP T1 5.0-1

Site Parameters (shear wave velocity departure)

The staff reviewed the information on Tier 1 Departure STP DEP T1 5.0-1 involving the site’s
shear wave velocity parameter in Part 7 of the COL application. This departure from the ABWR
DCD requirement affects the seismic analysis.
ABWR DCD Tier 1, Table 5.0 specifies that the minimum shear wave velocity is 305 m/s
(1,000 ft/s). As documented in STP, Units 3 and 4, COL FSAR Subsections 2.5S.4.4 and
2.5S.4.7, the shear wave velocity at the STP, Units 3 and 4, site is lower than the 305 m/s
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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(1,000 ft/s) that is the minimum shear wave velocity specified in the ABWR DCD. Because the
site profile is outside the range of soil profiles considered in the ABWR DCD, the applicant
performed the site-specific SSI analyses consistent with the guidance in SRP Sections 3.7.1
and 3.7.2 to verify that the results of the site-specific SSI analysis are bounded by the standard
plant results included in the ABWR DCD. The applicant also updated the FSAR to incorporate
the results of the site-specific SSI analysis.
The computer program SASSI2000 (see FSAR Appendix 3C) was used for the seismic SSI
analysis of the RB and CB. The methodology used in SSI analysis is referred to as the flexible
volume method and involves partitioning the total SSI system into two substructures, namely the
“Structure” and “Foundation.” The “Structure” consists of the structure minus the excavated soil,
and the “Foundation” consists of the original site (i.e., a layered soil system). Following the
general sub-structuring approach, the foundation is analyzed first to establish the foundation
impedance and scattering properties. These properties are then used as boundary conditions
to analyze the structure. SASSI2000 uses the finite element technique to model the structure
and the continuum solution to solve the foundation impedance and site-response problem. The
dynamic equation of motion is solved using the complex frequency response method. The Fast
Fourier Transform algorithm is used to calculate the time history of responses from the
computed transfer functions convolved with the time history of the input motion. The applicant
used the direct method (DM) to calculate the impedance matrix for the flexible volume method in
SASSI2000.
The RB and CB models are three-dimensional lumped mass-beam models that consider shear,
bending, and axial deformations. This lumped mass beam model is coupled with the layered
soil model. The model details are described in FSAR Section 3A.19, “Analysis Model.”
Structural responses in terms of the accelerations, forces, and moments are computed. Floor
response spectra (FRS) are obtained from the calculated response acceleration time histories.
The SSI analyses for the three directional earthquake components are performed separately.
The maximum co-directional responses for each of the three earthquake components are
combined as described in Section 3A.16.2.
The applicant compared the results of the site-specific SSI analyses of the RB and CB with the
ABWR DCD envelope results in terms of seismic forces, maximum accelerations and
broadened acceleration response spectra. To ensure that the results from both horizontal
components are covered, the response spectra in two horizontal directions were enveloped and
compared with the ABWR DCD design horizontal response spectra.
FSAR Tables 3A-29, “Comparison of Reactor Building DCD and STP 3&4 Seismic Forces,” and
3A-30, “Comparison of Reactor Building DCD and STP 3&4 Maximum Accelerations,” compare
the RB seismic forces and maximum accelerations, respectively, which are enveloped by the
ABWR DCD results. FSAR Figures 3A-267 through 3A-292 compare the broadened
acceleration response spectra at typical locations in the RB structure. As these figures show,
the ABWR DCD results envelop the site-specific RB results for all frequencies above 0.2 Hz.
For the CB, FSAR Tables 3A-31, “Comparison of Control Building DCD and STP 3&4 Seismic
Forces,” and 3A-32, “Comparison of Control Building DCD and STP 3&4 Maximum
Accelerations,” compare the seismic forces and maximum accelerations, respectively, which are
enveloped by the ABWR DCD results. FSAR Figures 3A-293 through 3A-298 compare the
broadened acceleration response spectra at typical locations in the CB structure. As these
figures show, the ABWR DCD results envelop the site-specific CB results for all frequencies
above 0.2 Hz.
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The above comparisons of the applicant’s SSI analyses and the results show that the ABWR
DCD seismic forces, accelerations, and response spectra bound the results of the site-specific
RB and CB SSI analyses.
To evaluate the adequacy of the SSI analysis the staff issued RAIs 03.07.01-4, 03.07.01-17,
03.07.01-25, and 03.07.01-23, requesting the applicant to describe the SSI model for the RB
and CB. The RAIs asked the applicant to include the model of the subgrade and to explain how
the model considered the effects of embedment, the ground water table, backfill properties, and
the structural concrete fill below the basemat in the SSI analysis. The staff also asked the
applicant to provide for each applicable seismic Category I structure covered by the ABWR
DCD a comparison of the results (such as seismic displacements, accelerations, FRS at the mat
foundation, the top of the building including some peripheral locations of the building, major
equipment locations, and polar crane support) of site-specific SSI analysis using the sitespecific design for the SSE ground motion as input with the results documented in the ABWR
DCD.
In its responses to the above RAIs, the applicant provided additional details in Appendices 3A
and 3H of the COL FSAR to facilitate the review of the SSI analyses and the results. The staff
reviewed this information and evaluated several issues, as discussed below:
Backfill Properties
The staff reviewed the specification of the strain-compatible backfill properties (shear modulus
and damping) used in the SSI analysis. The development of strain-compatible backfill
properties conformed to the ABWR DCD procedure. The applicant also provided site-specific
inspections, tests, analyses, and acceptance criteria (ITAAC) on the verification of backfill
properties used in the site-specific analysis for Category I structures in Table 3.0-11, “Backfill
Under Category I Structures,” of Part 9 of the COL application. On the basis of the above
information, the staff found the backfill properties used in the site-specific analysis acceptable.
In the RAI responses, the applicant showed that the range of strain-compatible backfill shear
wave velocities characterized by the lower-bound (LB), mean, and upper-bound (UB) values is
enveloped by either the in situ soils or the standard soil profiles used in the ABWR DCD, as
shown in FSAR Figure 3A-230a, “Comparison of Strain-Compatible Shear Wave Velocity
Profiles for Backfill.” In addition, the strain-compatible damping values for the LB, mean, and
UB backfill materials are higher than those corresponding to the in situ materials, as shown in
FSAR Figure 3A-230b, “Comparison of Strain-Compatible Damping Profiles for Backfill.” On the
basis of the above information in Item 1 of the response to RAI 03.07.01-17, dated February 4,
2010 (ML100480204), the applicant concluded that the strain-compatible shear modulus and
damping properties of the backfill material are bounded by either the LB and UB in situ soil
properties or the ABWR DCD soil properties in the case of an UB shear modulus. Therefore,
the applicant finds that no additional SSI analysis using backfill material properties is necessary.
The staff agreed with this conclusion except that a review of the results in Figure 3A-230b
shows the LB damping profile for the backfill to be significantly higher than that of the in situ
soils. Because the SSE design motion is specified at the free-field ground surface, the staff was
concerned that a higher damping value in the backfill material may result in greater motion at
the foundation level compared with that obtained from the in situ soil column, with less damping
to compensate for the higher attenuation of the motion in the backfill soils. The staff therefore
issued RAI 03.07.01-25, requesting the applicant to provide further evidence that the higher
damping value in the backfill material for the LB case will not result in foundation motions that
exceed those of the ABWR DCD.
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In its response to RAI 03.07.01-25, the applicant performed additional site response analyses
using backfill LB soil with site-specific SSE input motions and compared the results with those
obtained using the ABWR DCD UB strain-compatible soil profile with 0.3g RG 1.601 spectra.
The figures provided in the response to RAI 03.07.01-25, dated September 15, 2010
(ML102630145), show that the ABWR DCD foundation spectra for the UB soil envelop the
corresponding spectra calculated using the backfill LB soil with the increased damping and sitespecific SSE motion at all frequencies. On the basis of the above results, the staff concluded
that the use of higher damping in the backfill material does not result in foundation motions that
exceed those of the ABWR DCD.
Finite Element Mesh Refinement
In its response to RAI 03.07.01-4, dated September 3, 2009 (ML092510038), the applicant
provided, in the FSAR, the SSI models used for the SSI analysis of the RB and CB. The SSI
finite element models of the RB and CB conform to those of the ABWR DCD and include the
embedment effects. In reviewing these models, the staff found that the horizontal mesh
refinement in the foundation soil model is not capable of transmitting frequencies up to 33 Hz
(passing frequency), which is considered to be the cut-off frequency for dynamic analysis of
seismic loads. In the Revision 1 and Revision 1 of Supplement 1 responses to RAI 03.07.01-25
dated March 22, 2011 (ML110730069), the applicant performs a sensitivity study using the CB
model and refines the finite element mesh size, so that the model is capable of passing
frequencies up to 33 Hz in both the vertical and horizontal directions. On the basis of this
sensitivity study, the staff concluded that the increases in the responses in the sensitivity study
are not significant to the conclusion that the ABWR DCD responses envelop the site-specific
responses for the RB and CB. The details of this sensitivity study are discussed in “Poisson’s
Ratio Effects” below in this safety evaluation report (SER).
Poisson’s Ratio Effects
One of the issues in the SSI analysis was how the applicant treated the effects of a high ground
water table (eight feet below the ground surface) at the site in the SSI analysis. In its response
to this question in RAI 03.07.01-4 (ML092510038), RAI 03.07.01-17 (ML100480204), and
RAI 03.07.01-25 (ML110730069), the applicant stated that the Poisson’s ratio was capped at
0.48 for saturated soils in calculating the compression wave velocity. The use of this
Poisson ratio results in calculated compression wave velocities lower than 1,524 m/s (5,000 ft/s)
in saturated soils when the shear wave velocities drop below approximately 299 m/s (980 ft/s).
For example, as shown in FSAR Tables 3H.6-1a through 3H.6-1c, approximately 23, 17, and
73 m (75, 57, and 240 ft) of the respective soil column of the in situ mean, UB, and LB soil
cases have calculated P-wave velocities lower than 1,524 m/s (5000 ft/s.) The use of
compression wave velocities lower than 1,524 m/s (5,000 ft/s) in saturated soils will not allow
the higher frequency components of the vertical motion to be transmitted into the structure and
may result in a less conservative response. As such, the applicant was requested to assess the
impact of using P-wave velocities lower than 1,524 m/s (5000 ft/s), in saturated soils on the
response of the RB and CB, including in-structure response spectra (ISRS) by performing a
sensitivity study and comparing the results for two cases: Case 1 would cap Poisson’s ratio at
0.48 for saturated soils and let the P-wave velocity drop below 1,524 m/s (5,000 ft/s) (similar to
the applicant’s stated procedure); and Case 2 would set P-wave velocity to 1,524 m/s
1

This convention (i.e., 0.3g RG 1.60 spectrum) is used in this section to refer to the RG 1.60 spectrum, anchored to
the peak ground acceleration of 0.3g.
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(5,000 ft/s) in saturated soils and allow Poisson’s ratio to rise above 0.48 depending on the
strain-compatible shear wave velocities.
The applicant submitted the results of a Poisson’s ratio sensitivity study to assess the impact of
a high ground water table at the site on the SSI analysis in the revised response to
RAI 03.07.01-25 (ML110730069). For this sensitivity study, the applicant used the CB model
described in FSAR Section 3A.19 and depicted in Figures 3A-265, “Control Building SASSI2000
Model,” and 3A-266, “Composite SSI Model of Control Building and Soil,” with the exception that
the 0.61-m (2-ft) thick concrete mudmat under the base slab was also added to the SSI model
and the SSI model mesh size was further refined, such that the model is capable of passing
frequencies up to 33 Hz in the vertical and horizontal directions. The applicant performed a
sensitivity analysis for the LB and UB soil cases. The analytical results using Poisson’s ratio
limit of 0.495 for saturated soil layers with refined mesh (modified model) are compared with
those corresponding to the original SSI analyses that capped Poisson’s ratio at 0.48 with coarse
mesh (original model). The applicant compared the results from the new and the original SSI
analyses including transfer functions, seismic forces and moments, maximum nodal
accelerations, and ISRS at several key locations in the structure. The staff’s reviews of these
results are described below.
The applicant’s Revision 1 response to RAI 03.07.01-25, showed some of the transfer function
comparisons for the LB and UB soil cases. The results show an increase in the number and
amplitude of the peaks in the transfer function in both the horizontal and vertical directions, at
frequencies above 10 Hz when Poisson’s ratio limit is increased from 0.48 to 0.495. To assess
the impact of the above transfer function exceedance on the final response quantities, the
results of the modified model were compared with those corresponding to the original model
and with the ABWR DCD design envelope.
In a comparison with the results of the original model, the staff found that in terms of the
maximum vertical accelerations, the results of the modified model exceeded those of the
original model by up to 53.7 percent for the LB soil case and by up to 14.4 percent for the UB
soil case. In terms of the maximum horizontal accelerations, the difference between the two
models was insignificant (up to about 1.7 percent for the LB and up to about 1.1 percent for the
UB soil case). Similarly, in terms of the ISRS, the results show a significant increase in the
vertical spectra for the LB soil case when the Poisson’s ratio limit is increased to 0.495; the
increase for the UB soil case is insignificant. Because of the above increase in the response,
the staff concluded that the effect of a higher Poisson’s ratio cut-off is significant and should be
properly considered in the SSI analysis. As a result, the applicant used a Poisson’s ratio cut-off
of 0.495 for all new SSI analyses of the site-specific structures. This effect of a high Poisson’s
ratio cut-off for site-specific seismic Category I structures such as the UHS/RSW pump house is
further evaluated by the staff in “Ground Water Effects” in Subsection 3.7.2.4.3 “Procedures
Used for Analytical Modeling,” in this SER.
The Revision 1 and Revision 1 of Supplement 1 responses to RAI 03.07.01-25 (ML110730067
and ML110730069), compare the broadened enveloped horizontal and vertical spectra from the
modified model (i.e., with Poisson’s ratio capped at 0.495 and with the refined SSI mesh) and
the corresponding ABWR DCD design spectra at typical locations in the CB structure. These
responses show that the ABWR DCD design spectra significantly envelop those of the modified
model. With this result, the staff concluded that the increases in the responses shown in the
sensitivity study and discussed above are not significant to the conclusion that the ABWR DCD
responses envelop the site-specific responses for the RB and CB by a significant margin.
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To gain additional confidence that the results of the SSI analysis are not affected by numerical
instability as the Poisson’s ratio approached 0.5, the staff performed a confirmatory analysis
using the UHS/RSW pump house model provided by the applicant. The staff was concerned
that the use of the higher Poisson’s ratio limit of 0.495 for the site-specific seismic Category I
structures could result in structural responses that may exceed those of the design. On the
basis of the analysis using the UHS/RSW pump house model, the staff concluded that the use
of a high Poisson’s ratio in the STP SSI analysis does not adversely impact the results. The
results of the staff’s confirmatory analysis on the Poisson’s ratio are discussed below in
Subsection 3.7.2.4.18, “Poisson’s Ratio Confirmatory Analysis,” in this SER.
Concrete Fill
With respect to the effect of the concrete fill layer below the basemat in the response to
RAI 03.07.01-17 (ML100480204) dated February 4, 2010, the applicant stated that the SSI
analysis of the RB and CB does not include the concrete fill (i.e., the basemat was modeled as
directly supported by the in situ soils). The applicant added that because of the large margin
between the site-specific ISRS and forces obtained from the analysis, and ABWR DCD spectra
and forces as presented in Appendix 3A, modeling the in situ soil versus the concrete fill will not
have a significant effect on the conclusion of the analysis. That is to say, the site-specific
responses are bounded by the ABWR DCD responses. Because of the large margin (see
FSAR Tables 3A-29 through 3A-32) between the DCD response and the response from the sitespecific analysis (e.g., the ratio of the DCD maximum shear/STP, Units 3 and 4, maximum
shear at the RB wall = 3.59), the staff found this explanation for not including a 3-m (10-ft) thick
foundation soil replacement by concrete in the SSI model acceptable.
Comparison of SSI Results
The staff reviewed the results of the RB and CB SSI analysis in the applicant’s Supplement 1
response to RAI 03.07.01-2 (ML092660655) dated September 22, 2009. The results in terms of
seismic forces and accelerations as well as the broadened acceleration response spectra at
typical locations in the RB and CB are in the FSAR Sections 3A.20.1 and 3A.20.2, and were
compared with those of the ABWR DCD. On the basis of these comparisons, the staff found
that the ABWR DCD results envelop those of the site-specific SSI analyses of the RB and CB
by a significant margin.
Further evaluations of the potential impact of the shear wave velocity departure at the STP,
Units 3 and 4, site due to structure-soil-structure interaction (SSSI) effects are discussed below.
SSSI Effect due to RB+CB+TB
To assess the impact of the shear wave velocity departure at the STP, Units 3 and 4, site on
seismic soil pressures on the RB and CB, the staff issued RAIs 03.07.01-5, 03.07.01-18, and
03.07.01-26, requesting the applicant to provide the soil pressure profile in between the RB and
CB and to discuss how the certified design addresses and bounds the potential effects of an
increase in the seismic soil pressures in between the RB and CB due to SSSI effects.
In its responses to RAIs 03.07.01-5 (ML092370556), 03.07.01-18 (ML100480204), and
03.07.01-26 (ML102630145), dated August 20, 2009, February 4, 2010, and September 15,
2010, respectively, the applicant performed two-dimensional SSSI analyses of the RB, CB, and
turbine building (TB) using the SASSI2000 software to address the impact of the shear wave
velocity departure on the seismic soil pressures between the RB and CB. Because the RB, CB,
and non-seismic Category I TB are closely spaced in the north-south (N-S) direction, the
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applicant performed the SSSI analysis in the N-S direction. The SSSI model used above is
similar to the model described in ABWR DCD Tier 2, Section 3A.9.7, for considering the SSSI
effects on the RB and CB and the soil pressures on the walls of the buildings. To account for
variations in soil properties, the applicant performed the SSSI analysis on all three site-specific
in situ soil profiles (the LB, mean, and UB) with strain-compatible properties and enveloped the
results. The SSI models of RB+CB and RB+CB+TB are shown in FSAR Figures 3A-299,
“RB+CB Model,” and 3A-300, “RB+CB+TB Model,” respectively. Details of the analysis are in
FSAR Section 3A.21.
FSAR Figures 3A-301, “Comparison of DCD SSE and Site-Specific SSE Seismic Soil Pressures
for Reactor Building North Wall,” and 3A-302, “Comparison of DCD SSE and Site-Specific SSE
Seismic Soil Pressures for Control Building South Wall,” show the calculated dynamic soil
pressure profiles in between the RB and CB for the RB and CB wall, respectively, together with
the corresponding seismic design pressures from the ABWR DCD. After reviewing the soil
pressure profiles in Figures 3A-301 and 3A-302, the staff concluded that the increase in the
dynamic soil pressures in between the RB and CB due to SSSI effects on the RB, CB, and TB is
bounded by the ABWR DCD design pressures and is therefore acceptable.
SSSI Effects due to Crane Wall
FSAR Subsection 2.5S.4.5.2.4 states that a reinforced concrete retaining wall will be
constructed on the east side of the RB, CB, and TB to facilitate the excavation activities and to
accommodate the reach of the heavy lift crane. The walls will vary in their exposed height to a
maximum of 27.4 m (90 ft). The area on the west side of the retaining walls will be backfilled as
construction progresses, and the walls will be abandoned in place. Because of the close
proximity (about 3 m [10 ft]) of the crane wall to the RB and CB and the significant depth of the
relatively stiff crane wall, the staff was concerned that the wall may act as a barrier to reflect the
seismic waves due to a kinematic interaction with the surrounding soil. The result could be an
increase in the seismic demand on the RB and CB. Therefore, RAIs 03.07.01-14 and
03.07.01-24, asked the applicant to describe in the FSAR how the effect of a retaining wall is
considered in the SSI modeling and analysis of the RB and CB.
In its responses to RAIs 03.07.01-14 and 03.07.01-24 (ML092430131 and ML100550613) dated
August 26, 2009 and February 10, 2010, respectively, the applicant acknowledged that the
seismic soil pressures on the exterior walls of the RB and CB could be affected by the presence
of the crane wall. However, because the site-specific SSE input spectra are only about 43
percent of the ABWR DCD SSE spectra (i.e., 0.13g modified RG 1.60 spectra versus 0.3g RG
1.60 spectra) and the retaining wall is a relatively light structure, the change in the seismic soil
pressure due to the presence of the crane wall will be more than offset by the reduction from a
lower input motion. To confirm the above conclusions, the applicant performed the SSI analysis
of the RB and CB by explicitly incorporating the crane wall into the SSI model.
The analyses were performed using 2-D models of the RB and CB with and without the crane
wall for the site-specific conditions, including the site-specific SSE and soil properties. The
applicant used SASSI2000 software for the SSI analysis. The results of the SSI analysis are in
the Revision 1, Supplement 1 response to RAI 03.07.01-24 (ML102070067) dated July 21,
2010. The results include a comparison of the maximum forces and moments, the response
spectra, and the RB and CB seismic pressures with and without the crane walls. The staff
reviewed the above results and concluded that the crane wall has a negligible effect on the
resulting forces and moments in the buildings as well as on the in-structure response. The staff
also concluded that an increase in dynamic soil pressures on the RB and CB walls due to the
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crane wall effect is bounded by the corresponding ABWR DCD seismic design pressures (per
ABWR DCD Figures 3H.2-11 and 3H.2-14, respectively).
Evaluation of the Effects on RB and CB Mat Foundations
The supplementary information in FSAR Section 3.7.1 under the heading of “Other Analysis”
states that:
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 granular material) or undrained shear
strength tests (for cohesive soils) the effect of variability of shear wave velocity
upon settlement calculations is significantly attenuated.
On the basis of the above discussion, the applicant concluded that the shear wave velocities at
the plant site do not impact the plant design.
In RAI 03.07.01-7, the staff asked the applicant to provide the following information:
•

A comparison of the estimated spring constant values (and its potential degree of
variability) under the mat foundations for the RB and CB for the site-specific conditions
and the corresponding ABWR DCD parameters used in the certified design.

•

Justification for any differences between the calculated site-specific spring constant
values and the ABWR DCD parameters as to their effect on mat design forces.

In its response to RAI 03.07.01-7 (ML092610377), dated, September 15, 2009, the applicant
estimated the spring constant values for the site-specific condition and compares the results
with those of the ABWR DCD values. The applicant’s estimate assumed an undrained
Poisson’s ratio for the foundation material and concluded that the calculated spring values are
higher than those of the ABWR DCD and the mat design is thus acceptable for the RB and CB.
In evaluating the applicant’s response, the staff was concerned that the use of the undrained
Poisson’s ratio may be unconservative for the mat settlement and design forces. The use of the
undrained Poisson’s ratio (i.e., 0.47–0.48) assumes that the incompressible pore water resists
the vertical stresses transmitted to the saturated foundation soils. Nonetheless, depending on
the permeability of the foundation soil, the excess pore water pressures can dissipate quickly
and transfer the stresses to the soil grains. The staff issued RAI 03.07.01-20, requesting the
applicant to compare the site-specific soil spring constant values calculated using the drained
Poisson’s ratio of foundation soils with those of the ABWR DCD, and to justify any differences
as to their effect on the mat design forces.
In its response to RAI 03.07.01-20 (ML100550613) dated February 10, 2010, the applicant
compared the calculated spring constants for both the undrained and drained Poisson’s ratios
for the RB and CB mats. The calculated soil spring constants are higher than those of the
ABWR DCD design values except for the CB mat for the LB soil case. To evaluate the impact
of the calculated CB lower spring constants on the mat design, the applicant performed a
sensitivity analysis using the finite element method to compare the stresses in the CB base mat
obtained from the site-specific LB spring values versus those obtained from the ABWR DCDderived soil spring constants. This analysis was performed for the total dead load of the
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structure with seismic forces. The applicant describes the model and plots the results of the
analyses in the response to RAI 03.07.01-28 (ML102630145) dated September 15, 2010. The
staff reviewed the above results and found no significant difference in the CB mat stresses
calculated using site-specific and ABWR DCD spring values. On the basis of the estimated soil
spring constants using site-specific conditions and the results of stresses in the CB mat, the
staff concluded that the shear wave velocity departure at the STP, Units 3 and 4, site does not
adversely impact the RB and CB mat designs. FSAR Subsection 3H.1.5.2 describes the impact
of the shear wave velocity on the foundation spring constants and mat design.
In conclusion, the staff reviewed the applicant’s information regarding the potential impact of the
Tier 1 departure involving the shear wave velocity parameter on the seismic analysis of DCD
structures. The staff found that the ABWR DCD results envelop those of the site-specific
seismic analysis of the RB and CB.
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category 1 to Non-Seismic

The staff’s review of this departure is documented in Subsection 3.7.2.4 of this SER.
COL License Information Item
•

COL License Information Item 3.19 Seismic Design Parameters

This COL license information item requires the COL applicant to demonstrate that the standard
design is applicable to the site according to the procedure specified in ABWR DCD
Subsection 2.3.1.2. The applicant indicated that Section 2.5S.2 of the COL FSAR provides a
site-specific assessment against the Tier 1 site requirements. The site-specific SSI analysis for
the RB and the CB is in Appendix 3A of the COL FSAR. The staff reviewed the applicant’s sitespecific analysis, as discussed in the staff’s evaluation of Tier 1 Departure STP DEP T1 5.0-1 in
this SER. The staff found that the applicant has adequately addressed COL License
Information Item 3.19.
3.7.1.4.1

Design Response Spectra

Section 2.5S.2 of the COL FSAR, “Vibratory Ground Motion,” describes the development of the
site-specific GMRS for the STP, Units 3 and 4, site following the guidance in RG 1.208.
RG 1.208 incorporates site-specific seismic hazard assessments that satisfy the requirements
of 10 CFR 100.23, “Geologic and seismic siting criteria,” and lead to the establishment of the
SSE. The horizontal GMRS were evaluated by calculating the uniform hazard response spectra
(UHRS) from the probabilistic seismic hazard assessment and then propagating this bedrock
motion to the ground surface by performing a site response analysis based on seismic wave
transmission characteristics of the site and performance-based procedures. The vertical GMRS
were developed by scaling the horizontal GMRS using a frequency-dependent, vertical-tohorizontal factor (FSAR Subsection 2.5S.2.6). The GMRS were characterized by horizontal and
vertical response spectra for a five percent damping determined as free-field motions on the
ground surface.
FSAR Subsection 2.5S.2.5.4, “Site Response Analysis,” describes the methodology used for the
site response analysis to develop the GMRS and FIRS from the UHRS at the STP, Units 3 and
4, site. The probabilistic computer program PSHAKE, which is based on the Random Vibration
Theory, was used for site response analysis. This program is similar to the deterministic
computer program SHAKE except that: (a) the input motion is provided in terms of the
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acceleration response spectrum and associated spectral damping instead of the spectrumcompatible acceleration time histories; and (b) the output is obtained in terms of the power
spectral density (PSD) instead of the acceleration time history responses, which is then
converted to the acceleration response spectrum at each soil layer interface. Section 2.5S of
this SER documents the acceptance of the GMRS.
FSAR Section 3A.16.1, “Design Response Spectra,” and Subsection 3H.6.5.1.1.1, “Design
Response Spectra,” describe the development of the site-specific horizontal and vertical SSE
design spectra for the STP Units 3 and 4 site. The SSE design spectra are defined at the freefield ground surface and are set equal to the 0.13g RG 1.60 response spectra in the horizontal
and vertical directions, except that the spectral accelerations below 2.5 Hz for the horizontal
direction and 3.5 Hz for the vertical direction were increased to envelop the corresponding
GMRS. To assess the acceptability of the site-specific SSE design spectra for the seismic
reconciliation analysis of RB and CB as well as the seismic evaluation and design of the sitespecific seismic Category I structures, the staff issued RAI 03.07.01-2, followed by RAI
03.07.01-15, requesting the applicant to compare the site-specific SSE design response spectra
with the ABWR DCD design spectra (certified seismic design response spectra) and the GMRS.
In addition, the staff requested the applicant to provide both the SSE and OBE spectra for the
horizontal and vertical directions at the finished grade of the free field, for all applicable damping
values used in the analysis.
In the responses to the above RAIs (ML092370556 and ML100480204), dated August 20, 2009,
and February 4, 2010, respectively, the applicant provided comparisons of the ABWR DCD
design spectrum with the GMRS and the site-specific SSE spectra for the horizontal and vertical
directions, including proposed changes in the FSAR. The staff reviewed the above results and
found that the ABWR DCD design spectra envelop the GMRS and site-specific design spectra
by a significant margin. The applicant also compared the site-specific SSE design spectra and
the GMRS in FSAR Figure 3H.6-1 for the horizontal direction and in Figure 3H.6-2 for the
vertical direction. The staff reviewed these comparisons and found that the site-specific SSE
design spectra for both the horizontal and vertical directions envelop the GMRS at all
frequencies for these structures.
FSAR Figure 3.7-1b, “Plots of 2%, 3%, 4%, and 7% Damped Input Response Spectrum –
Horizontal Direction,” shows the SSE design spectra for the 2, 3, 4, and 7 percent damping for
the horizontal component and Figure 3.7-2b shows the same data for the vertical direction. The
staff will use these spectra as target spectra to assess the acceptance of the SSE design
synthetic time histories matched to five percent-damped SSE design spectra, as discussed
later. In regards to the OBE spectra, the OBE is not a design-basis earthquake for the ABWR
DCD. The plant shutdown criteria described in ABWR DCD Subsection 3.7.4.4 are based on
the site-specific SSE response spectra shown in Figures 3.7-1a, “Site-Specific Design
Response Spectrum for 5% Damping (Horizontal),” and 3.7-2a, “Site-Specific Design Response
Spectrum for 5% Damping (Vertical).” The staff found the STP, Units 3 and 4, plant shutdown
criteria acceptable because it meets the ABWR DCD Subsection 3.7.4.4 requirement.
To further assess the acceptance of the input spectra at the free-field ground surface, in
RAIs 03.07.01-2, 03.07.01-3, 03.07.01-10, 03.07.01-13, 03.07.01-15, 03.07.01-16, and
03.07.01-23, the staff asked the applicant to describe how the FIRS at the foundation of each
seismic Category I structure were determined (including the soil model, soil properties,
computer programs, and analysis assumptions). In addition, the RAIs requested the applicant
to compare the FIRS and the envelope of the three response spectra obtained (through the
deconvolution analysis with three SSI soil profiles) using the SHAKE program, with the input
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design time history as applied to the free-field ground surface. The RAIs also requested the
applicant to show that the envelope of the three response spectra obtained above will envelope
the FIRS and meet the requirement of 10 CFR Part 50, Appendix S (i.e., the horizontal
component of the SSE ground motion in the free field at the foundation levels of structures must
be an appropriate response spectrum with a peak ground acceleration of at least 0.1g).
In its responses to RAI 03.07.01-2, and its supplements (ML092660655, ML101340651 and
ML111050565), the applicant confirmed that the FIRS were calculated using the same UHRS
and site response analysis procedure that were used to develop the GMRS as described in
FSAR Section 2.5S.2. The FSAR was revised to include this clarification in
Subsection 2.5S.2.6. The procedure used for developing the foundation motion at the free-field
SHAKE outcrop of each seismic Category I structure from the input spectra applied to the
ground surface is consistent with the guidance in DC/COL-ISG-017, “Ensuring HazardConsistent Seismic Input for Site Response and Soil Structure Interaction Analyses.” The
applicant compared the SSE-based foundation response spectra for two horizontal and vertical
directions for three soil profiles (LB, mean, and UB) with the FIRS and 0.1g RG 1.60 in
Figures 3A-233 through 3A-241 for the RB; Figures 3A-242 through 3A-250 for the CB;
Figures 3H.6-3a through 3H.6-5c for the UHS basin; Figures 3H.6-6a through 3H.6-8c for the
RSW piping tunnel; Figures 3H.6-9a through 3H.6-11c for the RSW pump house;
Figures 3H.6-11d through 3H.6-11 for the DGFOSV; and Figures 3H.7-22 through 3H.7-30 for
the DGFOT. These figures indicate that the SSE-based response spectra calculated at the
foundation levels of the seismic Category I structures referred to above envelope the
corresponding FIRS and an appropriate broad band spectra characterized by the 0.1g RG 1.60
spectra.
The staff reviewed the results presented above and concluded that the site-specific SSE design
spectra meet the SRP Section 3.7.1 acceptance criteria and are therefore acceptable. The staff
performed the technical review of the design response spectra developments, as discussed
above, in accordance with the guidance in SRP Section 3.7.1, “Seismic Design Parameters”,
and DC/COL-ISG-17.
3.7.1.4.2

Design Time Histories

Development of Site-Specific SSE Design Time Histories
To evaluate the acceptability of the applicant’s site-specific design time histories in accordance
with SRP Section 3.7.1, SRP Acceptance Criteria 1.A and 1 B, the staff issued RAIs 03.07.01-2,
03.07.01-11, 03.07.01-15, and 03.07.01-21, requesting the following information that was not
included in the original FSAR:
1.

Design time histories for three orthogonal directions including the time step and
duration of input motions

2.

A demonstration that each pair of time histories is statistically independent.

3.

The range of frequencies at which spectral accelerations were calculated and
confirmation that the 5 percent damped response spectrum of the synthetic time
histories does not fall more than 10 percent below the target response spectrum
at any one frequency.

4.

Comparisons of the response spectra of the design time histories and target
design spectra for damping values of two, three, four and seven percent.
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5.

A demonstration that the design time histories have adequate strong motion
duration and appropriate velocity/acceleration (V/A) and AD/V2 ratios (ratio of
acceleration times distance over square of the velocity) consistent with
characteristic values for the magnitude and distance of the controlling seismic
events defined by the uniform hazard.

The staff reviewed the applicant’s responses that provide the basis for accepting the design
time histories.
1.

In its response to RAI 03.07.01-2 and its supplements, the applicant provided
plots of the acceleration, velocity, and displacement time histories in the x-, y-,
and z-directions. The staff reviewed these time history plots and found that the
selected duration of the synthetic time histories (using the Taft earthquake as
seed motion) did not provide sufficient time for these time histories to attenuate
to low residual ground motion values at the end of earthquake duration.
Therefore, RAI 03.07.01-11 requested the applicant to justify the selected
duration of the synthetic time histories (per the guidance of SRP Section 3.7.1,
SRP Acceptance Criterion 1.B) that do not reflect the real earthquake
characteristics.
In its responses to RAI 03.07.01-11 (ML092510038) dated September 3, 3009,
and RAI 03.07.01-21 (ML100480204), the applicant stated that the duration of
time histories for the Arias intensity to rise from 5 percent to 75 percent 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 was calculated to be 20 to 45 seconds. The applicant justifies the
shorter duration of the design time history based on the following:
a)

In accordance with SRP Subsection 3.7.1.II, “SRP Acceptance Criteria,”
synthetic time histories should be based on seed motions from recorded
earthquakes. Strong motion recorded earthquakes with a 20-45 seconds
duration of the time histories for Arias intensity to rise from 5 percent to
75 percent are not readily available to be used for the seed time histories
to generate the synthetic time histories.

b)

The time histories are used for the linear analysis. For the linear analysis,
the duration of time histories is not critical provided that the duration is
comparable to recorded strong motion earthquakes and the spectra of
time history closely match 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.

c)

In the actual analysis, trailing zeros (quiet time) are added to the synthetic
time history, thus making the total duration of the time history 40.96
seconds.

d)

The ground motions for the Taft earthquake (in California) after 22
seconds are small and the peak responses occur at a much earlier time
than the end of the time history record. As such, the linear analysis
results are not expected to be affected by the time history not attenuating
to residual values.
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Based on a review of the time histories and the fact that the strong motion
duration of the synthetic time history meets the minimum duration of six seconds
as described in SRP Section 3.7.1 acceptance criteria, the staff concluded that
this characteristic of the synthetic time histories is acceptable.
2.

In its response to RAI 03.07.01-11 (ML092510038), dated September 3, 2009,
the applicant stated that for the time history analysis, the two horizontal and one
vertical time histories are applied separately and the maximum responses are
combined using the square root of the sum of the squares (SRSS) or the 100-4040 percent spatial combination rule. Therefore, because the applicant followed
RG 1.92, Revision 2, without exception, the staff concluded that the statistical
independence of the three time history components developed above is not
required.

3.

In its response to RAI 03.07.01-15 (ML100480204), the applicant provided
comparisons of the five percent damped response spectrum of the synthetic time
history; the SSE target spectra; 1.3 times the SSE target spectrum; and the
GMRS in FSAR Figure 3H.6-12 for the E-W direction; Figure 3H.6-13 for the N-S
direction; and Figure 3H.6-14 for the vertical direction. The applicant also
provided the response spectra of the synthetic time histories for comparison with
the target spectra at 275 calculated frequency points in Tables 3H.6-2d through
3H.6-2f. Tables 3H.6-2d through 3H.6-2f show the extent (in percentages) of the
five percent damped response spectra of the synthetic time histories falling below
the target response spectrum at any frequency. In addition, per paragraph ii.(d)
of SRP Acceptance Criterion 1.B, Option 1, Approach 2 of SRP Section 3.7.1,
the computed five percent damped response spectrum of the artificial time
history does not exceed the target response spectrum at any frequency by more
than 30 percent. The staff reviewed the above results and concluded that the
spectra are acceptable because the number of calculated frequency points is
large enough to eliminate uncertainties associated with spectra calculations.
Additionally, the calculated spectra of the synthetic motions satisfy the
acceptance criteria of SRP Section 3.7.1 in that the five percent damped
response spectrum of the synthetic time histories does not rise more than
30 percent above and fall more than 10 percent below the target response
spectrum at any one frequency.

4.

In its response to RAI 03.07.01-15 (ML100480204), the applicant compared the
response spectra of site-specific design time histories and target spectra for two,
three, four, and seven percent damping for the E-W direction in Figures 3H.6-12a
through 3H.6-12d; for the N-S direction in Figures 3H.6-13a through 3H.6-13d;
and for the vertical direction in Figures 3H.6-14a through 3H.6-14d. These
comparisons were requested so that the appropriateness of the synthetic design
motions can be evaluated for different damping values that are significant to the
design of site-specific structures. The staff reviewed the above results and found
that (with the exception of a few frequencies) the two, three, four, and
seven percent damped response spectra of the synthetic design motions envelop
the corresponding target spectra at all frequencies. The few frequencies where
the response spectra of the synthetic design motions fall slightly below the target
spectra are insignificant and well covered by the margin in the design spectra
compared to the GMRS and 0.1g RG 1.60 spectra.
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5.

In its response to RAI 03.07.01-11 (ML092510038), the applicant stated that the
calculated characteristic earthquake V/A was 52 to 115 cm/s/g (20.47 and
45.28 in./s/g) and the AD/V2 was 2.03 to 5.28. For the design time histories, the
V/A was 230, 288, and 167 cm/s/g (90.55, 113.39, and 65.75 in./s/g) for the two
horizontal and one vertical components, respectively; and the AD/V2 values were
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. The design response spectrum is a 0.13g RG 1.60 spectrum
with enhanced low-frequency content to account for the very deep soil site. The
comparison of the V/A and AD/V2 value of the characteristic earthquake and the
conservative design response spectra shows that the design response spectra
have a higher energy content (a greater maximum velocity) and are therefore
conservative. The staff found the design time histories acceptable because the
design time histories have higher energy contents than the GMRS and the 0.1g
RG 1.60 spectra.

Development of Standard Plant SSE Time Histories
Seismic analyses of the DGFOSV and DGFOT use the SSE ground motion spectra in Table 5.0
of ABWR DCD Tier 1, in addition to the site-specific SSE ground motions described in FSAR
Sections 3H.6.7 and 3H.7. Since the ABWR DCD does not include digitized information for the
SSE time histories, RAI 03.07.01-2 Supplement 2 asked the applicant to demonstrate that the
new standard plant time histories are consistent with the RG 1.60 response spectra anchored to
a peak ground acceleration of 0.3g and satisfy SRP Section 3.7.1 acceptance criteria. In its
Supplement 2 response to RAI 03.07.01-2, dated April 11, 2011 (ML111050565), the applicant
stated that the acceleration time history records obtained from the 1994 Northridge Earthquake
were used as seed time histories for generating new synthetic time histories. The applicant
added that these new time histories were developed in accordance with SRP Section 3.7.1
acceptance criteria using computer programs SYNQKE-R, HIST, and QUAKE, as described in
FSAR Appendix 3C.
Plots of the acceleration, velocity, and displacement time histories of one vertical component
and two horizontal components are shown in FSAR Figures 3H.8-1 through 3H.8-3. Plots of the
response spectra for two, three, four, five, and seven percent damping that compare the target
response spectra (RG 1.60 spectra) with the synthetic time histories spectra are shown in FSAR
Figures 3H.8-4 through 3H.8-18. Plots of the PSD functions that compare the target PSD
corresponding to the RG 1.60 spectra with the PSD of the synthetic time histories are shown in
FSAR Figures 3H.8-19 through 3H.8-21. The staff reviewed the above results and found the
new standard plant SSE time histories acceptable, in accordance with SRP Section 3.7.1
acceptance criteria.
3.7.1.4.3

Percentage of Critical Damping Values

In RAI 03.07.01-12, the staff asked the applicant to provide the percentages of critical damping
values used in the seismic analysis of site-specific Category I SSCs. The staff also asked the
applicant to justify any exceptions that were taken from RG 1.61; to provide a plant-specific
technical basis (in reference to Regulatory Position C1.2 of RG 1.61) for using damping values
higher than the OBE damping values specified in Table 2, “OBE Damping Values,” of RG 1.61,
but not greater than the SSE damping values specified in Table 1, “SSE Damping Values,” of
RG 1.61; and to provide the soil material damping values used in the analysis.
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In its response to RAI 03.07.01-12 (ML092370556), the applicant stated that the damping
values used for SSCs are the same as those listed in ABWR DCD Table 3.7.1. Those damping
values are the same as in RG 1.61 and RG 1.84, “Design, Fabrication, and Materials Code
Case Acceptability, ASME Section III,” except for the cable trays and conduits, as stated in
ABWR DCD Subsection 3.7.1.3. The applicant also stated that the SSE damping values are
used to generate the ISRS because the UHS/RSW pump house is highly stressed under an
SSE event. The response also updates FSAR Table 3H.6-1, “Strain-Compatible Soil Properties
Used in SSI Analysis,” with the strain-compatible soil damping values.
The staff reviewed the response to RAI 03.07.01-12, and issued RAI 03.07.01-22
(ML110730069). This RAI requested additional information on stress levels, including
comparisons with code-level allowable stresses that justify the use of the SSE level damping
values for each of the site-specific seismic Category I structures. In its response to
RAI 03.07.01-22 (ML100480204), the applicant stated that the SSE damping is no longer used
in the latest SSI analysis of the UHS/RSW pump house to generate the ISRS. Instead, an OBE
damping value of four () percent is used in accordance with Table 2 of RG 1.61, Revision 1.
The applicant also clarified the damping values used to generate the ISRS and updates FSAR
Subsection 3H.6.5.1.2 to state that:
The OBE damping values were used for the generation of in-structure response
spectra (ISRS) for all site-specific Seismic Category I 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.
During the NRC audit conducted March 14, 2011, through March 18, 2011, the staff confirmed
that the applicant had used SSE damping to generate the ISRS for the cracked case RSW
piping tunnel. During this audit, the staff reviewed the pertinent stress calculations and found
them acceptable. The calculation for the cracked case RSW piping tunnel shows a significant
amount of stress based on the calculated ratio of required capacity to provided capacity, thus
justifying the use of seven percent damping. For all other site-specific seismic Category I
structures, the applicant uses the OBE damping of four percent to generate the ISRS in
accordance with RG 1.61, Revision 1; and is therefore acceptable.
3.7.1.4.4

Supporting Media for Seismic Category I Structures

In RAIs 03.07.01-6, 03.07.01-13, 03.07.01-19, and 03.07.01-27, the staff asked the applicant to
describe the supporting media for each Category I structure, the dimensions of the structural
foundation, and the actual structural height. Because the minimum shear wave velocities may
be less than 305 m/s (1,000 ft/s), the RAIs asked the applicant to provide quantitative results of
additional studies performed to consider the potential impact of the actual site-specific shear
wave velocity (including its degree of variability) on soil-structure interaction, settlement
calculations, and the design of foundation elements.
In its responses to RAIs 03.07.01-6, 03.07.01-13, 03.07.01-19 R2, and 03.07.01-27 S2 R1
(ML092610377, ML092360772, ML101620284, and ML110730064, respectively), dated
September 15, 2009, August 20, 2009, June 7, 2010, and March 7, 2011, respectively, the
applicant provided the overall building dimensions and embedment depth for the RB and CB
structures in Section 3A.17; for the UHS basin, UHS cooling towers, RSW pump house, and
RSW piping tunnel in Subsection 3H.6.5.1.3; for the DGFOSV in Section 3H.6.7; and for the
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DGFOT in Section 3H.7.3. The applicant included adequate information about the supporting
media for seismic Category I structures per the acceptance criteria of SRP Subsection 3.7.1.II.3.
The staff’s evaluation of the site-specific analysis for the RB and CB is discussed earlier in this
SER. The staff’s evaluation of the analysis for other structures and the results are documented
in Subsection 3.7.2.4 of this SER.
Other Analyses
Section 2.5 of this SER reviews the liquefaction, bearing capacity, and lateral earth pressure
evaluations. The effect of the shear wave velocity departure on the RB and CB mat foundations
is reviewed earlier in this section, and in Subsection 3.8.4.4.1, Part C, of this SER.
3.7.1.5

Post Combined License Activities

The applicant identifies the following site-specific ITAAC to verify soil properties:
•
3.7.1.6

Table 3.0-11, Backfill under Seismic Category I Structures
Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
the seismic design parameters that were incorporated by reference have been resolved.
The staff’s review confirmed that the applicant has adequately addressed the Tier 1 departures
relevant to this section in accordance with Section 3.7.1 of NUREG–0800.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.7.1 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed COL License Information Item 3.19 and
has provided sufficient supplemental information to satisfy the NRC requirements and guidance
in Section 3.7.1 of NUREG–0800.
3.7.2

Seismic System Analysis

3.7.2.1

Introduction

This FSAR section addresses the seismic analysis methods and acceptance criteria used for
the ABWR seismic Category I structures.
As documented in Subsections 2.5S.4.4 and 2.5S.4.7 of the STP, Units 3 and 4, COL FSAR,
the shear wave velocity at the STP, Units 3 and 4, site varies horizontally within a soil stratum;
varies vertically with depth; and shows values lower than the minimum 305 m/s (1,000 ft/s)
specified in the ABWR DCD. Because the site profile is outside the range of soil profiles
considered in the ABWR DCD, in accordance with the guidance of Sections 3.7.1 and 3.7.2 of
NUREG–0800, site-specific SSI analyses are needed to verify that the seismic design
documented in the ABWR DCD is applicable to the STP, Units 3 and 4, site.
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The SSI analytical approach is based on the finite-element method using the substructuring
technique. The computer program SASSI2000 was used for the analysis. This computer
program uses finite elements with complex moduli for modeling structural and foundation
properties, and it is based on the flexible volume method of substructuring and the frequency
domain complex response method of analysis. The SSI methodology is the same as the
methodology described in Sections 3A.5.2 and 3A.5.3 of the ABWR DCD. The methodology for
the free-field site response will be the same as the methodology described in Section 3A.6 of
the ABWR DCD.
The scope of the staff’s review of the seismic analysis of safety-related SSCs and equipment
includes the following:
•

Seismic analysis methods.

•

Natural frequencies and responses.

•

Procedures used for analytical modeling.

•

Soil-structure interaction.

•

Development of in-structure response spectra.

•

Three components of earthquake motion.

•

Combination of modal responses.

•

Interaction of non-Category I structures with Category I SSCs.

•

Effects of parameter variations on FRS.

•

Use of equivalent vertical static factors.

•

Method used to account for torsional effects.

•

Comparison of responses.

•

Analysis procedure for damping.

•

Determination of seismic overturning moments and sliding forces for seismic Category I
structures.

3.7.2.2

Summary of Application

Section 3.7.2 of the STP, Units 3 and 4, COL FSAR Revision 11 incorporates by reference
Section 3.7.2 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.7.2, the applicant provided the following:
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Tier 1 Departures
•

STP DEP T1 5.0-1

Site Parameters
(shear wave velocity departure)

This departure states that the shear wave velocity at the STP, Units 3 and 4, site varies both
horizontally within a soil stratum and vertically with depth and does not meet the minimum shear
wave velocity requirements of ABWR DCD Table 5.0. The applicant indicated that a sitespecific SSI analysis, as discussed in Appendix 3A of the COL FSAR, was performed using sitespecific soil properties and site-specific SSE ground motions to confirm that the standard plant
results in the ABWR DCD envelop the results of the site-specific SSI analysis.
•

STP DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category I to Non-Seismic

The referenced ABWR DCD Tier 1, Section 2.15.13 states that the exterior walls of the RWB
below grade and the basemat are classified as seismic Category I structures. This departure
changes the seismic category of the RWB substructure from seismic Category I to non-seismic.
The applicant refers to NUREG–1503, Section 3.8.4, which states that the RWB is not a seismic
Category I structure. The RWB does not house any safety-related systems or components.
RG 1.143 provides detailed guidance for the design of the radwaste processing SSCs. This
departure commits to follow the guidance of RG 1.143, Revision 2.
COL License Information Item
•

COL License Information Item 3.22 Assessment of Interaction Due to Seismic Effects

The applicant commits (COM 3.7-2) to developing a procedure “to confirm that all nonsafetyrelated SSCs located in the same room as safety-related SSCs are evaluated and correctly
dispositioned for inspection of the as-built plant for II/I interactions.”
Supplemental Information
The applicant adds the following to the COL FSAR:
1.

Section 3H.6, “Site-Specific Seismic Category 1 Structure,” which provides
supplemental information on the design of the UHS, RSW piping tunnel, and
DGFOSV.

2.

Section 3H.7, “Diesel Generator Fuel Oil Tunnel,” which provides supplemental
information on the design and analysis of the DGFOT.

3.

Section 3H.8, “Development of Standard Plant SSE Time Histories,” which
provides SSE time histories consistent with RG 1.60 spectra anchored at 0.3g.

4.

Section 3H.9, “Extreme Environmental Design Parameters for Seismic Analysis,
Design, Stability Evaluation and seismic Category II/I Design,” which shows the
extreme environmental design parameters used for seismic analysis, structural
design, stability evaluation, and seismic Category II/I design of the UHS/RSW
pump house, RSW piping tunnel, RWB, control building annex (CBA), and
service building (SB).
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5.

Section 3H.10, “STP 3 & 4 Resolution of Issues with Subtraction Method of
Analysis Identified by DNFSB,” which addresses the Defense Nuclear Facilities
Safety Board’s (DNFSB’s) issues with the SASSI subtraction method (SM)
identified in its letter from Peter S. Winokur to Daniel B. Poneman of the U.S.
Department of Energy (DOE), dated April 8, 2011.

The applicant performed site-specific SSI analyses of the site-specific structures including the
RSW piping tunnel and the UHS/RSW pump house. The applicant also updated the COL FSAR
with the results of the final seismic analysis.
3.7.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for seismic system analysis
and the associated acceptance criteria are in Section 3.7.2 of NUREG–0800.
In accordance with Section VIII, “Processes and Changes and Departures,” of “Appendix A to
Part 52-Design Certification Rule for the U.S. Advanced Boiling Water Reactor,” the applicant
identifies Tier 1 departures. Tier 1 departures require prior NRC approval and are subject to the
requirements specified in 10 CFR Part 52, Appendix A, Section VIII.A.4.
The regulatory guidance for the seismic analysis of safety-related SSCs and equipment includes
the following:
•

RG 1.60, Revision 1, “Design Response Spectra for the Seismic Design of Nuclear
Power Plants.”

•

RG 1.61, Revision 1, “Damping Values for the Seismic Design of Nuclear Power Plants.”

•

RG 1.92, Revision 2, “Combining Modal Responses and Spatial Components in Seismic
Response Analysis.”

•

RG 1.122, Revision 1, “Development of Floor Design Response Spectra for Seismic
Design of Floor-Supported Equipment or Components.”

•

DC/COL-ISG-017, “Ensuring Hazard-Consistent Seismic Input for Site Response and
Soil Structure Interaction Analyses.”

3.7.2.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.7.2 of the certified
ABWR DCD. The staff reviewed Section 3.7.2 of the COL FSAR Revision 7 and checked the
referenced ABWR DCD to ensure that the combination of information in the COL FSAR and in
the ABWR DCD appropriately represents the complete scope of information relating to this
review topic.1 The staff’s review confirmed that the information in the application and the
information incorporated by reference both address the required information relating to this
section.

1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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The staff reviewed the following information in the COL FSAR:
Tier 1 Departures
•

STP DEP T1 5.0-1

Site Parameters

The staff’s review of this departure is documented in Subsection 3.7.1.4 of this SER.
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category 1 to Non-Seismic

ABWR DCD Tier 2 shows the RWB located on the west side of the CB, with the south edge of
the RWB aligned with the north edge of the RB (ABWR DCD Figure 1.2-1). However, this
configuration changed in the STP, Units 3 and 4, site where the RWB was relocated
immediately west of the RB and RSW piping tunnel. Due to the close proximity of the RWB to
the RB and RSW piping tunnel, and the fact that the RWB is classified as a non-seismic
Category I structure with the potential to interact with seismic Category I structures, in RAI
03.07.02-11 and RAI 03.07.02-19, the staff requested the applicant to provide the seismic input
motion incorporating the effects of the SSSI for a Category II/I interaction evaluation of the
RWB. The staff also requested the applicant to include the design spectra input for the RWB in
the COL FSAR. In addition, the RAIs asked the applicant to address any potential increases in
dynamic soil pressures on the RWB exterior walls due to SSSI effects.
In its response to RAI 03.07.02-11 (ML092530685), dated September 9, 2009, and its response
to RAI 03.07.02-19 (ML101250162), dated April 29, 2010, the applicant stated that the
earthquake input used at the foundation level was enveloped with 0.3g RG 1.60 response
spectra and the induced acceleration response spectra due to the site-specific SSE, which was
determined from an SSI analysis accounting for the impact of the nearby RB. In this SSI
analysis, five interaction nodes corresponding to the four corners and the center of the RB were
added to the 3-D SSI model of the RB at depths corresponding to the bottom elevation of the
RWB foundation. The average response of these five interaction nodes was enveloped with
0.3g RG 1.60 spectra to determine the SSE input motion at the foundation level. In addition, the
applicant provides the SSE input motion at the foundation level of the RWB in terms of
seven percent damped horizontal and vertical smooth acceleration response spectra in COL
FSAR Figures 3.7-41, “Horizontal (N-S) Radwaste Building Mat Foundation Response
Spectrum (7% Damping)” and 3.7-42, “Horizontal (E-W) Radwaste Building Mat Foundation
Response Spectrum (7% Damping),” respectively.
The staff reviewed the design spectra at the foundation level of the RWB, as well as the
procedure used to estimate these spectra. The staff concluded that the design spectra input for
the non-seismic Category I RWB are acceptable because:
•

The RWB is a much lighter structure than the RB. Therefore, the soil motions at
the foundation level of the RWB, calculated from the SSI analysis of the RB using
site-specific SSE, should adequately capture the RB’s inertial effects.

•

The foundation motion calculated from the SSI analysis of the RB was further
enveloped by 0.3g RG 1.60 spectra, which is significantly higher than the sitespecific SSE.

In order to assess the effects of the SSSI on the lateral pressures on the RWB walls, the
applicant performed the SSSI analysis of the E-W 2-D section of the RWB with and without the
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RB and RSW piping tunnel using SASSI2000. The 2-D SSSI model of the RWB, the RSW
piping tunnel, and the RB is shown in COL FSAR Figure 3H.6-210. The details of the analysis
are described in COL FSAR Subsection 3H.6.5.3 and in the Supplement 1 response to
RAI 03.07.02-24 (ML103360074). The SSSI analysis was performed for in situ and backfill UB
soil with a Poisson’s ratio limit of 0.495 for saturated layers. The site-specific SSE motions were
used as inputs to the SSSI analysis. The calculated seismic soil pressures on the RWB east
and west walls are shown in COL FSAR Figure 3H.3-50, “SSSI Lateral Seismic Soil Pressure
(psf) on Radwaste Building East Wall,” and Figure 3H.3-51, “SSSI Lateral Seismic Soil Pressure
(psf) on Radwaste Building West Wall,” respectively. These figures show a significant increase
in seismic soil pressures on the RWB east and west walls due to SSSI effects. The staff
reviewed the analysis procedure and results and concluded that the large increase in lateral
seismic soil pressures on the RWB is justified due to the very close proximity of the three
structures.
Because the applicant considered the inertial effect of the RB through the SSI analysis, along
with the SSSI effect in establishing the seismic input design spectra and seismic soil pressure
demand, the staff considered the seismic input and the soil pressure used for the design of the
RWB acceptable.
This departure and the design of the RWB walls and the stability evaluation of the RWB for II/I
evaluation are further reviewed in Subsection 3.8.4.4 of this SER.
COL License Information Item
•

COL License Information Item 3.22 Assessment of Interaction Due to Seismic Effects

Subsection 3.7.3.4 of this SER documents the staff’s review of this COL license information
item.
Supplemental Information
3.7.2.4.1

Seismic Analysis Methods

In RAI 03.07.02-2, the staff requested the applicant to describe the seismic analytical methods
used for site-specific Category I structures (including the UHS/RSW pump house and the RSW
piping tunnel) in sufficient detail comparable to ABWR DCD Subsection 3.7.2.1.
In its response to RAI 03.07.02-2 (ML092510038), dated, September 3, 2009, the applicant
stated that the seismic analysis of the UHS/RSW pump house was performed with SASSI2000
using a frequency-domain time history analysis, as described in Subsection 3H.6.5.2.1 of the
COL FSAR. The applicant stated that the SSI analyses were performed for three orthogonal
(two horizontal and one vertical) directions accounting for the translational, rocking, and
torsional responses of the structures and foundations. The model consisted primarily of plate,
beam, and solid elements. The density of the elements, which were modified to account for
applicable live loads, represented structural mass. Lumped masses were used to represent the
weight of the equipment in the RSW pump house, and the impulsive water mass was calculated
using the procedure described in Commentary Section C3.5.4 of American Society of Civil
Engineer (ASCE) 4–98, “Seismic Analysis of Safety-Related Nuclear Structures,” January 1,
2000. The UHS/RSW pump house model is in FSAR Figure 3H.6-40, “SAP Finite Element
Model for UHS and RSW Pump House Design.”
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In the same response, the applicant stated that an equivalent static analytical method was used
for the seismic analysis of the RSW piping tunnel, as described in Subsection 3H.6.6.2.2 of the
COL FSAR. Dynamic soil pressures on the tunnel walls were computed using the method
described in ASCE 4–98, Subsection 3.5.3.2. Strains created in the tunnel walls due to the
passage of seismic waves through the soil during the SSI were computed using the method
described in ASCE 4–98, Subsection 3.5.2.1. In addition, the applicant stated that the concrete
elements of the buried RSW piping tunnel were sized so that the structure was rigid, with a
minimum frequency greater than 33 Hz and without in-structure amplification. Therefore, the
input spectra were used as the ISRS.
The staff reviewed Subsection 3H.6.5.2, “Seismic System Analysis,” and the corresponding
Appendix 3H subsections and found the information in those subsections to be incomplete.
Therefore, follow-up RAI 03.07.02-14 specifically asked the applicant to provide the following
additional information regarding “Seismic Analysis Methods” and to include this information in
the COL FSAR:
1.

The finite element model.

2.

The method used to model backfill material in the SSI analysis.

3.

The method used to incorporate ground water effects in the SSI analysis.

4.

The analysis method used to obtain seismic forces and moments for design
evaluations.

5.

The analysis method used to model concrete cracking.

6.

The analysis method used to assess the effects of soil separation from the walls.

In its response to RAI 03.07.02-14 (ML100550613), dated February 10, 2010, the applicant
provided the finite element model in Figure 3H.6-40 requested in Item 1 above.
In its response to Item 2, the applicant stated that the effect of backfill material in the SSI
analysis is included by performing separate SSI analyses of the UHS/RSW pump house
incorporating backfill horizons behind the walls. The results of these analyses were enveloped
with the results obtained from using an in situ soil model behind the walls. The applicant added
that the calculation of strain-compatible properties for the backfill material is described in the
response to Item 3 of RAI 03.07.02-17.
A response to Item 3 concerning the modeling of ground water effects in the SSI analysis is in
the response to Item 2 of RAI 03.07.01-17. A response to Item 5 concerning the modeling of
concrete cracking is in the response to RAI 03.07.02-8. A response to Item 4 concerning the
method used to obtain the seismic forces is in the response to Item 11 of RAI 03.07.02-15.
With respect to analytical modeling, the staff’s review of Items 2, 3, and 5 concerning the
modeling of strain-compatible backfill properties; ground water effects; and concrete cracking in
the SSI analysis is described below in Subsection 3.7.2.4.3, “Procedures Used for Analytical
Modeling.” Also for the SSI analysis, the staff’s review of Item 4 concerning the analysis
performed to obtain seismic forces is described under the topic “UHS/RSW Pump House” in
Subsection 3.7.2.4.4, “Soil-Structure Interaction,” of this SER.
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Effects of Soil Separation from the Walls
In its response to Item 6, the applicant stated that the method recommended in ASCE 4–98,
Subsection 3.3.1.9 was used to evaluate the effects of soil separation from the walls. The
ASCE 4–98 criteria are general, and the NRC has not endorsed them for estimating the depth of
soil separation for seismic Category I structures such as the UHS/RSW pump house.
Therefore, in follow-up RAI 03.07.02-23, the staff requested the applicant to provide an
additional basis to justify the conservatism of ASCE guidelines in estimating the depth of soil
separation. In its response to RAI 03.07.02-23 (ML102630145), dated September 15, 2010, the
applicant calculated the dynamic soil pressures along the height of each soil-bearing wall from
the SSI analysis of the UHS/RSW pump house and compared the results with the static soil
pressures acting on the walls. From this comparison, the applicant calculated the net negative
soil pressure exerted on each wall for two conditions: one position assumes that the ground
water table is located below the pump house basemat and the other assumes that the ground
water table is located 1.8 m (6 ft) below grade level. The results for the first case are in the
response to RAI 03.07.02-23. On the basis of the results of these analyses, the applicant
confirmed that the 6.1-m (20-ft) soil separation depth used in the SSI analysis case based on
ASCE 4–98 is justified. The staff reviewed these analytical assumptions and results and found
that the ASCE 4–98 method for establishing the 6.1-m (20-ft) soil separation depth for the sitespecific SSI analysis to evaluate SSE input is acceptable.
In conclusion, the seismic SSI analyses of site-specific seismic Category I structures including
the UHS/RSW pump house, RSW piping tunnel, DGFOSV, and DGFOT were performed using
a frequency-domain time history analytical method described in Appendix A of the ABWR DCD
using SASSI2000. The ABWR DCD used the DM analysis in SASSI. The STP, Units 3 and 4,
originally used the SM analysis for all seismic SSSI and some SSI analyses. In a letter from
Peter S. Winokur of the DNFSB to Daniel B. Poneman of the DOE, dated April 8, 2011, DNFSB
identified a technical issue (see Subsection 3.7.2.2 of this SER) in the SASSI when SM is used
to analyze embedded structures—the results may be nonconservative. As discussed in
Section 3H.10 of the COL FSAR, STP, Units 3 and 4, have used either DM or a modified
subtraction method (MSM) to re-analyze all site-specific seismic Category I structures that were
originally analyzed using the SM in SASSI2000. The staff reviewed the applicability of the MSM
in SASSI2000 for the STP, Units 3 and 4, applications. On the basis of this review and as
described in Subsection 3.7.2.4.20, “DNFSB SASSI Subtraction Method Issues,” of this SER,
the staff found the seismic SSI analytical methods acceptable.
3.7.2.4.2

Natural Frequencies and Responses

In its response to Item 1 of RAI 03.07.02-15 (ML100550613), dated February 10, 2010, the
applicant provided the fixed-base natural frequencies and mass participation factors for the
UHS/RSW pump house for up to 33 Hz in Table 3H.6-3, “Dominant UHS and RSW Pump
House Natural Frequencies,” as part of the Supplement 1 response to RAI 03.07.01-13. In the
response to Item 2 of RAI 03.07.02-15, the applicant provides the maximum accelerations and
displacements in Table 3H.6-4, “Maximum Accelerations and Displacements for UHS and RSW
Pump House,” as part of the Supplement 1 response to RAI 03.07.01-13. The applicant also
provides the broadened ISRS that were calculated at several key locations in the structure in
Figures 3H.6-16 through 3H.6-39 in the Supplement 1 response to RAI 03.07.01-13
(ML093270047).
A review of the fixed-base natural frequencies and response spectra indicate that the dominant
modes of the UHS/RSW pump house are below 23 Hz in all three (x-, y- and z-) directions. The
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maximum accelerations reported in Table 3H.6-4 indicates significant amplification of the pump
house operating floor and roof slab in the vertical direction. Similarly large amplifications were
noted for the bottom, mid-level, and top of the cooling tower wall accelerations in the x- and
y-directions. The reported maximum displacements for the cooling tower walls in Table 3H.6-4
are also amplified significantly with respect to the UHS basemat. These local amplifications are
attributed to the out-of-plane response of the floor, roof, and wall slabs.
The applicant addressed the staff’s concerns regarding the effects of structural and soil model
refinement, ground water table, and cracked concrete cases in the analysis.
Subsection 3.7.2.4.3, “Procedures Used for Analytical Modeling,” of this SER, documents the
staff’s assessment of the applicant’s sensitivity studies addressing the impact of the effects of
structural and soil model refinement, ground water table, and cracked concrete cases on the
calculated seismic responses. On the basis of the above evaluations and the applicant’s
information, the staff, per SRP Section 3.7.2, SRP Acceptance Criterion 2, found the information
on natural frequencies and the responses in the FSAR acceptable.
3.7.2.4.3

Procedures Used for Analytical Modeling

In RAI 03.07.02-4, the staff requested the applicant to provide the procedures used for
analytical modeling per SRP Section 3.7.2, SRP Acceptance Criterion 3 guidance
corresponding to the seismic analysis performed for site-specific Category I structures (including
the UHS/RSW pump house and RSW piping tunnel). Specifically, the staff asked the applicant
to provide the following information:
1.

The criteria and procedures used to model the seismic system analyses
[including structural material properties, modeling of member stiffness, modeling
of mass (structural mass, live loads, floor loads, and equipment loads), modeling
of damping, modeling of hydrodynamic effects, etc.]

2.

The type of finite element model used; the effects of element mesh size, shape,
and aspect ratio on solution accuracy; and the time steps used in the time history
analysis, if applicable.

3.

The criteria and bases for determining whether a structure is analyzed as part of
a structural system analysis or independently as a subsystem, decoupling the
criteria for subsystems.

4.

The method used to address floor and wall flexibility in the structural modeling.

5.

The analytical models used for the dynamic analysis of the UHS/RSW pump
house and the RSW piping tunnel.

6.

Special considerations such as wave passage effects, lateral earth pressures,
and ground water effects for the RSW piping tunnel analysis.

The staff’s review of the response to RAI 03.07.02-4 (ML092610377), dated September 15,
2009, is discussed below:
1.

In its response to Item 1 of RAI 03.07.02-4, the applicant provided additional
details regarding the seismic analysis of the UHS/RSW pump house and
includes this information in COL FSAR Subsection 3H.6.5.2.3. Material
properties for the model’s concrete elements are presented in COL FSAR
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Subsection 3H.6.4.4.1. The applicant also analyzed an additional case using
cracked concrete properties, as discussed in the response to RAI 03.07.02-8
(ML092370556). Other modeling details are described in the COL FSAR: mass
of the structures and equipment is described in Subsection 3H.6.4.3.1.1,
structural damping in Subsection 3H.6.5.1.2, and hydrodynamic water mass in
Subsection 3H.6.5.2.3. The staff found this information to be acceptable
because the analytical model incorporates the stiffness, mass, and damping
characteristics of the structural systems and includes an additional case using
cracked concrete properties.
2.

In its response to Item 2 of RAI 03.07.02-4, the applicant stated that the finite
element model of the UHS/RSW pump house is shown in Figure 3H.6-40. The
response to Item 2 of RAI 03.07.02-4 also stated that “The model mesh size is
detailed enough to model the principal features of the structure and transmit a
frequency of at least 33 Hz.” The staff found that the applicant’s response to RAI
03.07.02-4, meets the guidance in SRP Section 3.7.2, SRP Acceptance Criterion
4 and is therefore acceptable. In RAI 03.07.02-16, the staff requested the
applicant to: (a) provide the criteria and quantitative basis to show that the
element sizes are sufficiently small to transmit frequencies of up to 33 Hz for the
three soil cases; and (b) justify that the aspect ratio of the elements is such that it
does not affect the accuracy of the solution. The applicant performed an
adequate mesh sensitivity study. Details of the staff’s review of the applicant’s
response to RAI 03.07.02-16 (ML100550613), dated, regarding the adequacy of
the structural and foundation mesh for seismic response analysis of the
UHS/RSW pump house is discussed later in this section under the topic “Model
Refinement and Passing Frequency.”

3.

In its response to Item 3 of RAI 03.07.02-4, the applicant stated that the
structural elements with significant stiffness or mass were included in the finite
element model. Piping, electrical cable trays and conduits, grating, and HVAC
duct work mass were included in the dead load, as discussed in COL FSAR
Subsection 3H.6.4.3.1.1. Large equipment (e.g., pumps and fans) was included
in the model as lumped masses. These items were analyzed as subsystems, as
described in COL FSAR Sections 3.9 and 3.10. The staff found the information
acceptable per SRP Section 3.7.2, SRP Acceptance Criterion 3.

4.

In its response to Item 4 of RAI 03.07.02-4, the applicant stated that the floor and
wall flexibility was modeled. The floor slabs and walls were modeled using the
finite element model. The adequacy of the refinement of the finite element mesh
to capture the out-of-plane response of the floor slabs and walls is further
discussed in this section under the topic “Model Refinement and Passing
Frequency” in this SER.

5.

In its response to Item 5 of RAI 03.07.02-4, the applicant stated that the
equivalent static analysis method was used to analyze the seismic response of
the RSW piping tunnel, as described in COL FSAR Subsection 3H.6.5.3. The
staff’s review and evaluation of the seismic analysis of the RSW tunnel along
with the analytical model is discussed under the topic “RSW Piping Tunnel” in
Subsection 3.7.2.4.4, “Soil-Structure Interaction,” of this SER. As explained later
in Subsection 3.7.2.4.4, the staff’s review concluded that the seismic analysis
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method along with the analytical model for determining the seismic demand for
the RSW piping tunnel is acceptable.
6.

In its response to Item 6 of RAI 03.07.02-4, the applicant stated that dynamic soil
pressures on the RSW piping tunnel walls were computed using the method
described in ASCE 4–98, Subsection 3.5.3.2.2, as described in COL FSAR
Subsection 3H.6.6.2.2. The staff’s review and evaluation of seismic soil
pressures on the RSW piping tunnel (including SSSI effects due to the proximity
of heavy RB and RSW structures) is discussed under the topic “RSW Piping
Tunnel” in Subsection 3.7.2.4.4, “Soil-Structure Interaction,” of this SER. The
applicant further stated that strains created in the tunnel walls from the passage
of seismic waves through the soil during a SSE were computed using the method
described in ASCE 4–98, Subsection 3.5.2.1. These tunnel strains from wave
passage effects are reviewed in Subsection 3.8.4.4.2, Subpart B.1.4 (Item c) of
this SER.

Concerning the procedures for analytically modeling the UHS/RSW pump house, the staff
reviewed the following issues:
Model Refinement and Passing Frequency
The adequacy of the model mesh for the seismic response analysis of the UHS/RSW pump
house was reviewed for structural mesh refinement and foundation soil mesh refinement, as
discussed below:
a)

Structural Mesh Refinement

In its response to RAI 03.07.02-16 (ML100550613), dated February 10, 2010, the applicant
used two structural finite element models with different mesh sizes for the SSI and structural
analyses. The SSI structural mesh is relatively coarse and the model was used to obtain
maximum acceleration responses and the ISRS using SASSI2000. The structural mesh was
refined and the model was used to perform a pseudo-static analysis with SAP2000 to calculate
forces and moments in the structural members for design. Because the two structural meshes
were used for different purposes (i.e., the dynamic model for the SSI analysis and the static
model for the structural analysis), their adequacies were evaluated separately.
In its response to Item 1(a) of RAI 03.07.02-16, the applicant provided the results of a sensitivity
study examining the adequacy of the structural mesh for the structural analysis with SAP2000.
The sensitivity study was performed for two representative walls of the UHS/RSW pump house.
They were analyzed as stand-alone panels with fixed boundary conditions subjected to uniform
static in-plane and out-of-plane loads. Comparisons of the results in terms of the in-plane and
out-of-plane forces and moments for two cases corresponding to the original mesh and new
mesh—in which each element in the wall panel was divided into four elements—are also
included in the response to Item 1(a). On the basis of comparable results from the two models,
the applicant stated that the mesh used for the design of the UHS/RSW pump house is
acceptable. The staff reviewed the results of this sensitivity study and found no significant
difference in the resulting membrane and out-of-plane forces and moments for two cases
corresponding to the original mesh (used for the design) and the more refined mesh used in the
sensitivity analysis. On this basis, the staff found the applicant’s conclusion to be acceptable.
With respect to the adequacy of the structural mesh size used in the SSI model as part of the
response to Item 1(b) of RAI 03.07.02-16, the applicant performed another sensitivity study to
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compare the fixed-base modal frequencies and mass participation factors of the structural
model used in the SSI analysis with those of a new structural model obtained by dividing each
element in the SSI structural model into four elements. In its response to Item 1(b), the
applicant presented the results of this sensitivity study in terms of modal frequencies, mass
participation factors, and associated mode shapes for the major modes in the E-W and N-S
directions. On the basis of comparable results from the two models, the applicant concluded
that the structural model used in the SSI analysis is adequate. The staff reviewed the results of
this sensitivity study and found that the applicant had presented comparisons for only the first
two modes of the fixed-base structure in the E-W direction and the N-S direction. Although the
comparisons of the modes from the two models are good, they only represent a mass
participation factor of less than 20 percent for the E-W and N-S directions. In addition, the local
modes are not reflected in these comparisons. Therefore, in RAI 03.07.02-25 the staff
requested a comparison of the higher modes (including the out-of-plane modes of the slabs and
walls) to ensure the adequacy of the SSI mesh for transmitting frequencies of at least 33 Hz.
The RAI also asked the applicant to include comparisons of the ISRS for the roofs, slabs, and
wall panels of the fixed-base structures calculated using coarse SSI and fine design meshes
subject to representative horizontal and vertical foundation motions. The staff needed this
information to ensure that the coarse mesh size (for modeling the structure) used in the SSI
analysis was adequate for evaluating the SSI effects.
To further assess the adequacy of the structural mesh size used in the UHS/RSW pump house
SSI model, in the March 15, 2011, response to RAI 03.07.02-25 (ML110770440), the applicant
compared the results of the fixed-base time history response analysis for the UHS/RSW pump
house with three different mesh sizes:
1.

Fixed-base time history analysis of the structural model used in the SSI model
(called the original SSI model).

2.

Fixed-base time history analysis of the structural model used in the subsequent
refined SSI model (called the refined SSI model). The refined SSI analysis is
described in the Supplement 2 response to RAI 03.07.02-24 (ML103550646).

3.

Fixed-base time history analysis of a more refined structural model (called the
refined structural model). In this model, each element of the original SSI model
was divided into four elements.

The staff reviewed the original SSI, refined SSI, and refined structural models and the details of
their analyses. The staff noted that the mesh sizes for the three models were significantly
different from one another, with the mesh refinement of the refined SSI model falling between
the original SSI model and the refined structural model. The applicant analyzed all three
models using the time history modal superposition method and included all modes up to a
frequency of about 51 Hz.
The response to RAI 03.07.02-25, compares the un-widened ISRS (for a five percent damping)
from analyses of the three structural models described above, including a comparison of
maximum accelerations from the original SSI model and the refined structural model analyses.
On the basis of these comparisons, the staff found good agreement between the spectra and
maximum accelerations generated from the original SSI model and the refined structural model
in the x-, y-, and z-directions, with the exception of the following cases:
•

Vertical excitation at the center of the pump house roof
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•
•
•

Vertical excitation at the center of the pump house operating floor
Vertical excitation of the cooling tower walls
Out-of-plane excitation of the UHS basin walls

The above results indicate that a more refined mesh for the pump house roof and operating
floor, UHS basin walls, and cooling tower walls results in higher spectra and/or maximum
accelerations. The increase in accelerations at the pump house roof and operating floor slabs,
cooling tower walls, and UHS basin walls are discussed under the topic “Resolution of Items
Observed in Various Sensitivity Studies” later in this section of the SER.
The comparison of the response spectra in the response to this RAI shows that the structural
mesh of the refined SSI model used for the subsequent refined SSI analysis described in the
December 14, 2010, Supplement 2 response to RAI 03.07.02-24 (ML103550646), converged
because the changes between the results from the refined SSI model and the refined structural
model are, in general, insignificant. In a few cases where the differences are more pronounced,
results from the refined structural model were lower than the results from the refined SSI model,
which signifies that further refinement is not necessary.
The staff found the applicant’s structural mesh refinement study discussed above to be
acceptable for demonstrating the adequacy of the analytical model in transmitting the frequency
content of interest per SRP Section 3.7.2, SRP Acceptance Criterion 4 guidelines.
b)

Foundation Soil Mesh Refinement

In RAI 03.07.02-5, the staff requested the applicant to provide the SSI analysis performed for
the site-specific structures (including the UHS basin, UHS cooling tower enclosures, RSW pump
house, and RSW piping tunnel) in accordance with SRP Section 3.7.2, SRP Acceptance
Criterion 4 guidelines. More specifically, Item 1 of this RAI asked the applicant to provide a
model of the structure and supporting soil (including backfill material) in sufficient detail for the
staff to review. In its response to Item 1 of this RAI (ML092610377), dated September 15,
2009, the applicant stated that SASSI2000 was used to perform the SSI analysis of the
UHS/RSW pump house and that this SASSI2000 analysis addresses the embedment of the
structure, ground water effects, layering of the soil, and variations of strain-dependent soil
properties. The applicant also stated that the soil layer thicknesses used in the SSI model were
small enough to transmit frequencies of up to 33 Hz for mean in situ soil properties. As
described in COL FSAR Subsection 3H.6.5.2.4, an additional set of SSI analyses was
performed to account for backfill placed adjacent to the walls. These analyses were performed
by modeling the backfill as the soil horizon above the foundation level in the SASSI2000 model.
The soil layer thicknesses used for the backfill were small enough to transmit frequencies of up
to 33 Hz for mean backfill soil properties.
10 CFR Part 50, Appendix S states that the design of seismic Category I structures must take
into account the SSI effects. To properly account for the SSI effects, the SSI model should be
adequate for transmitting the maximum frequency content of interest, which for this site is the
peak ground acceleration frequency (33 Hz) of the site-specific GMRS. Therefore, Item 1 of
RAI 03.07.02-17, requested the applicant to provide the criteria for soil and backfill layer
thicknesses, as shown in FSAR Tables 3H.6-1 and 3H.6-2, that is small enough to transmit
frequencies of up to 33 Hz for the SSI analysis using SASSI2000. The RAI also requested the
applicant to justify not using LB soil/backfill properties to determine the soil layer thicknesses
capable of transmitting frequencies of up to 33 Hz. In its response to RAI 03.07.02-17
(ML100480204), dated February 4, 2010, the applicant stated that the layer thicknesses used in
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the SSI model for both in situ and backfill soils were modified to be sufficiently small to
conservatively transmit frequencies of up to 33 Hz for the corresponding mean soil properties.
In its response to Item 1 of RAI 03.07.02-17, the applicant provided new Tables 3H.6-1a, “Layer
Thicknesses and Strain Compatible In-Situ Soil Properties Used for the SSI Analysis (Mean)”;
3H.6-1b, “Layer Thicknesses and Strain Compatible In-Situ Soil Properties Used for the SSI
Analysis (Upper Bound)”; and 3H.6-1c, “Layer Thicknesses and Strain Compatible In-Situ Soil
Properties Used or the SSI Analysis (Lower Bound),” for the in situ soils as well as new Tables
3H.6-2a, “Layer Thicknesses and Strain-Compatible Backfill Soil Properties Used for the SSI
Analysis (Mean)”; 3H.6-2b, “Layer Thicknesses and Strain-Compatible Backfill Soil Properties
Used for the SSI Analysis (Upper Bound)”; and 3H.6-2c, “Layer Thicknesses and StrainCompatible Backfill Soil Properties Used for the SSI Analysis (Lower Bound),” for the backfill
soils showing the actual layer thicknesses used in the SSI model, along with strain-compatible
soil properties and passing frequency values for all three soil cases (i.e., mean, UB, and LB,
respectively).
In its response to Item 1 of RAI 03.07.02-17, the applicant also provided the following shear
wave length criteria for determining the maximum soil layer thicknesses in the SASSI2000 SSI
model that are capable of adequately transmitting the highest frequency of interest for the mean
soil case.
H = Vs / (5 × Ft-s)
Where: Vs is the shear wave velocity and Ft-s is the transmittal frequency
The staff found the selection of maximum layer thicknesses based on shear wave length criteria
to be acceptable for ensuring that a correct variation of ground motion with depth is calculated
for the site response solution in the SASSI2000 finite element model. However, for the LB soil
case, the highest transmitted frequency for the calculated in situ and backfill materials using
these criteria is about 26 Hz. The applicant further stated that this lower cutoff frequency
(26 Hz) is justified in light of the recommendation of ASCE 4–98, Subsection 3.3.3.5. However,
the NRC has not endorsed the ASCE-98 criteria for selecting the cutoff frequency for the SSI
analysis. For the impedance solution aspect of the SASSI2000 SSI model, the maximum
horizontal dimension of the excavated soil elements should also satisfy the above shear wave
length criteria, where H is the maximum horizontal dimension of the soil elements. Therefore,
RAI 03.07.02-26 requested the applicant to provide a quantitative assessment for the LB soil
case demonstrating that the results using the existing soil mesh size will be conservative when
compared to the results using a more refined soil mesh size (thus meeting the criteria stated
above for both element thickness and horizontal element dimension) capable of transmitting a
frequency of 33 Hz. The staff needed this information to ensure that the use of the existing soil
mesh size in the SSI model adequately accounts for SSE frequencies of interest in the
evaluation of SSI effects.
The applicant performed two additional UHS/RSW pump house SSI analyses with the UB soil
case, considering both full and empty UHS basins and with a refined model to address the soil
mesh refinement issues. Details of the sensitivity analyses are described in the Supplement 2
response to RAI 03.07.02-24 dated December 14, 2010 (ML103550646). This response also
includes the original SSI model and the refined SSI model. A cutoff frequency of 33 Hz was
used in these analyses for the transfer function calculation. For soil layers below ground water
level, Poisson’s ratio was capped at 0.495 for determining the compression wave velocity. In
the original SSI model, Poisson’s ratio was capped at 0.48.
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The soil mesh refinement needed to meet the passing frequency requirement caused the model
to exceed the capability of SASSI2000 Version 3, which has been used for all of the SSI
analyses. To analyze this larger model, the applicant modified SASSI2000 to allow the handling
of larger file sizes and to reduce the runtime by using a more efficient solver. The staff reviewed
the validation of the modified SASSI2000 software. See Subsection 3.7.2.4.16, “Computer
Programs Verification and Validation Issues,” of this SER for details of the staff’s review. The
applicant used a passing frequency of about 24 Hz for the SSI analysis, because energy
contents of site-specific GMRS motions above 24 Hz are insignificant.
To further assess the adequacy of the passing frequency, the refined SSI model for the full
basin case was also analyzed with a cutoff frequency of 23.5 Hz instead of 33 Hz. The
un-widened five percent damped ISRS from this analysis were compared with those from the
refined SSI analysis, which used a 33 Hz cutoff frequency. A comparison of the y- and zdirections was included in the December 14, 2010, response to RAI 03.07.02-24. The
comparisons also show the corresponding spectra from the original SSI analysis, which have a
passing frequency of 15.6 Hz and a cutoff frequency of 25.4 Hz. On the basis of the above
results, the applicant stated the following:
•

Spectra from the original SSI model analysis with a 15.6 Hz passing
frequency were compared with spectra from the refined SSI model
analysis with a 23.5 Hz passing frequency, and the comparison showed
that the responses in the original model were adequately captured for
frequencies significantly beyond 15.6 Hz.

•

Note that the increase in the spectra from the refined SSI analysis at the
four locations is mainly due to structural mesh refinement rather than to
the SSI model refinement for the passing frequency. These explanations
indicate that a passing frequency of 23.5 Hz is adequate.

The staff found the soil mesh refinement sensitivity study as discussed above to be acceptable
and in accordance with SRP Section 3.7.2, SRP Acceptance Criterion 4 guidelines. The
increase in seismic demand as a result of the sensitivity study is addressed under the topic
“Resolution of Items Observed in Various Sensitivity Studies” later in this section of the SER.
c)

Impact of the Empty Basin

The original SSI analysis of the UHS/RSW pump house considered a full UHS basin. The
applicant expanded the SSI analysis of the UHS/RSW pump house to also consider an empty
UHS basin, as described below.
Following a loss of coolant accident, the applicant indicated that the UHS/RSW pump house will
need to perform its safety-related cooling function for a period of 30 days without any makeup
water. During this period, the UHS basin water inventory will decrease and the water height
within the basin may get as low as 0.9 m (3 ft) above the top of the UHS basin foundation, which
is nearly an empty UHS basin.
In order to assess the impact of the reduced UHS basin water inventory on the SSI analysis, the
applicant modified the original SSI model by removing the hydrodynamic mass. The applicant
then analyzed this SSI model for six cases (i.e., in situ LB, mean, and UB in situ soil cases; UB
backfill soil case; mean in situ soil case with separation in the top 6.1 m (20 ft); and mean in situ
soil case with cracked concrete). The Supplement 2 response to RAI 03.07.02-24
(ML103550646) compares the resulting response spectra for full and empty UHS basins for
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selected nodes of the UHS/RSW pump house. These results show a significant impact on the
resulting ISRS and seismic forces. Based on the results of the empty UHS basin, the applicant
stated that modifications in the existing ISRS of the UHS/RSW pump house were warranted. As
discussed below under the topic “Resolution of Items Observed in Various Sensitivity Studies” in
this section of the SER, the applicant used conservative scaling factors to adjust the results of
the coarse SSI mesh upward to account for the effects of both the structural and foundation
mesh discretization, on the basis of sensitivity analyses that included both empty and full basin
cases.
d)

Resolution of Items Observed in Various Sensitivity Studies

In its Supplement 2 response to RAI 03.07.02-24, the applicant modified the existing ISRS to
address: (a) local increases in the response spectra as a result of structural mesh refinement
and SSI model refinement; and (b) the impact of the empty basin. The applicant stated that the
following procedure was used to conservatively account for these increases in the design:
Step 1: Comparisons of the envelopes of the ISRS ratios from the structural mesh sensitivity
study (described in the Revision 1 response to RAI 03.07.02-25 [ML110770440]) and
comparisons of the spectra from the SSI model refinement (described in the
Supplement 2 response to RAI 03.07.02-24) for both empty and full basins were used
to determine the enveloped modification factors for the following ISRS:
•
•
•
•

Vertical response spectra at the center of the pump house roof.
Vertical response spectra at the center of the pump house operating floor.
Vertical response spectra for the cooling tower walls.
Out-of-plane response spectra for the basin walls.

The resulting modification factors for the above response spectra are shown in the
Supplement 2 response to RAI 03.07.02-24.
Step 2: Adjust the applicable spectra in the four locations listed above by multiplying them by
the modification factors determined in Step 1. This step is performed for the results
from each of the eight analysis cases for the full basin and each of the six analysis
cases for the empty basin using the original SSI mesh.
Step 3: For all locations and all x-, y-, and z-directions, determine the enveloped un-widened
response spectra from all eight cases of the full basin SSI analysis using the original
SSI mesh and the UB refined SSI mesh full basin analyses.
Step 4: For all locations and all x-, y-, and z-directions, determine the enveloped un-widened
response spectra from all six cases of the empty basin SSI analysis using the original
SSI mesh and the UB refined SSI mesh empty basin analyses.
Step 5: For all locations and all x-, y-, and z-directions, determine the envelope of the spectra
from Steps 3 and 4.
Step 6: Increase the results of Step 5 to include an interpolation between the results of Step 3
and Step 4 to account for a potential frequency shift between the empty and full basin
cases. The result is a single data set that envelops the empty and full basin analytical
sets and includes the interpolated values between the empty and full basin envelopes.
The results of this step are visible in the Supplement 2 response to RAI 03.07.02-24.
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Step 7: Widen the spectra produced in Step 6 by ±15 percent on the frequency scale. The
results are visible in the Supplement 2 response to RAI 03.07.02-24.
Step 8: To produce the final ISRS for the UHS/RSW pump house, fill in all valleys of the spectra
obtained in Step 7 to remove local minima. The results are visible in the Supplement 2
response to RAI 03.07.02-24.
The revised ISRS per the above criteria are shown in COL FSAR Figures 3H.6-16 through
3H.6-39. The staff reviewed the above procedure and found it to be conservative based on the
following:
•

The applicant used conservative scaling factors to adjust the results of the coarse SSI
mesh upward to account for the effects of both the structural and foundation mesh
discretization, on the basis of sensitivity analyses that included both empty and full basin
cases.

•

The resulting spectra were widened by ±15 percent on the frequency scale to cover any
frequency shifts.

•

All the valleys in the spectra were filled to remove local minima.

To further confirm the results of these sensitivity studies, the staff performed a confirmatory SSI
analysis of the UHS/RSW pump house using the refined SSI model, as discussed in
Subsection 3.7.2.4.17, “Confirmatory SSI Analysis,” of this SER. On the basis of the results of
the confirmatory SSI analysis and the conservative procedure the applicant used to account for
the model discretization, the staff found the results of spectra generation for the UHS/RSW
pump house acceptable.
In its Supplement 2 response to RAI 03.07.02-24, the applicant stated that the design of the
UHS/RSW pump house envelops the maximum accelerations from the original and refined SSI
analyses for both full and empty UHS basin cases. The Supplement 1 response to RAI
03.08.04-30 (ML110770440) provided the criteria for addressing any increases in the maximum
accelerations resulting from: (a) the structural mesh refinement and SSI mesh refinement; and
(b) the impact of an empty basin on the structural design of the UHS/RSW pump house. This
information is reviewed in Subsection 3.8.4.4.2, Subpart B.1.4 of this SER. A discussion of the
resolution of the impact from the use of the SM on the results of the SSI analysis is in
Subsection 3.7.2.4.20, which is located later in this SER.
Hydrodynamic Effects of Water in the UHS Basin
Item 13 of Part 1 of RAI 03.07.02-15, the staff requested the applicant to provide the modeling
details on how the hydrodynamic effects of water in the UHS basin were calculated and applied
in the seismic analysis of the UHS basin.
In its response to Item 13 of Part 1 of RAI 03.07.02-15, dated February 10, 2010
(ML100550613), the applicant stated that hydrodynamic effects on the UHS basin walls were
determined in accordance with ASCE 4–98 Subsection 3.1.6.3, “Building Model Hydrodynamic
Mass Effects.” According to ASCE 4–98 Section 3.1.6.3, the fluids contained in the basin of a
structure shall be modeled to represent both impulsive and convective (sloshing) effects.
ASCE 4–98 Section 3.1.6.3 also states that for water depths greater than 15.2 m (50 ft),
hydrodynamic effects resulting from the compressibility of water shall be considered in the
dynamic analysis.
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To account for the impulsive effect of water in the UHS basin from the horizontal input, the
applicant calculated the corresponding impulsive mass and distributed it as lumped added mass
on the basin walls and buttresses in the SSI model. Because the impulsive force of water acts
on both sides of the buttress, the amount of pressure assigned was twice the portion of the
basin walls shielded by the buttresses. For the vertical input, the impulsive mass was lumped to
the basin basemat in the SSI model. According to Subsection 3.1.6.3(d) of ASCE 4–98, for
water depths less than 15.2 m (50 ft) the entire water mass may be lumped at the foundation
mat of the basin. For water depths greater than 15.2 m (50 ft), the effects from the
compressibility of water shall be determined on the basis of engineering mechanics principles.
The water depth (h) in the UHS basin is 21.6 m (71 ft). Based on a compression velocity of
water (Vc) equal to 1,463 m/s (4,800 ft/s), the applicant calculated the vertical frequency of the
water column to be fv = Vc / 4h = 17 Hz. The applicant stated that because the predominant SSI
frequencies were below 17 Hz, the vertical water mass was lumped at the foundation basemat.
At the NRC audit of STP, Units 3 and 4, during the week of October 18, 2010, through October
22, 2010, the staff reviewed the hydrodynamic mass calculations for the UHS basin and
observed that the amplification of the hydrodynamic pressures on the UHS basin basemat and
walls resulting from the frequency of the water column had not been considered for the vertical
input motion. As a result, during the audit the staff requested the applicant to address this issue
in RAI 03.07.02-28.
In its March 15, 2011, response to RAI 03.07.02-28 (ML110770440) dated March 15, 2011, to
account for the hydrodynamic pressure on the UHS basin walls due to vertical excitation, the
applicant indicates that the wall pressures were scaled upward by a factor of (1+ α), where α is
equal to the maximum spectral value obtained from the 5 percent damped acceleration
response spectra of the base motion. The staff compared this value against a more
conservative spectral value obtained from the three percent damped spectra at the fundamental
frequency of the water column in the basin and found the two values to be very close. Based on
this assessment, the staff found the hydrodynamic pressures on the UHS basin walls due to
vertical excitation to be acceptable. Subsequently, at the NRC audit of STP, Units 3 and 4,
during the week of February 27, 2012, through March 3, 2012, the staff requested the applicant
to address any potential impact of the DNFSB issue on UHS basin hydrodynamic wall pressure
from the vertical excitation effect. In the Supplement 3 response to RAI 03.07.01-29
(ML12103A369), dated March 15, 2011, the applicant compared the acceleration response
spectra that were computed using both the SM and MSM at the UHS basin basemat in Figure
03.07.01-29, “Slab model (dimensions equal to one bay of Pump House Roof)”, of the
response. This figure reveals that the impact of the MSM on the vertical acceleration response
spectra of the UHS basin basemat is negligible. Therefore, this issue is considered resolved. A
discussion of the resolution to the impact from the use of the SM on the results of the SSI
analysis is in Subsection 3.7.2.4.20, which is located later in this SER.
In performing the confirmatory SSI analysis of the UHS/RSW pump house, as described in
Subsection 3.7.2.4.17, “Confirmatory SSI Analysis,” in this SER, the staff noted that the SSI
model did not assign hydrodynamic masses to the submerged columns inside the UHS basin.
Because of the relatively large surface area of these columns, their responses and design could
be affected by the omission of hydrodynamic effects. As such, Item 1 of RAI 03.07.02-28 asked
the applicant to justify not assigning hydrodynamic masses to the submerged columns inside
the UHS basin, which could impact the calculated member forces and stresses in the columns.
In its response to Item 1 of RAI 03.07.02-28, the applicant stated that the 3-D finite element
analytical model used for the UHS/RSW pump house design was revised to include seismic
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loads resulting from an effective hydrodynamic mass on the UHS basin columns for the
calculation of member forces. The response included details of this model.
The applicant also investigated the hydrodynamic mass effect by performing a local analysis of
the columns with added mass incorporating various boundary conditions at the top and bottom
of the columns, as discussed in the Supplement 4 response to RAI 03.08.04-30
(ML11181A002), dated June 28, 2011. Column acceleration scale factors reported in this
response indicate an increase in the column stresses. In its Supplement 6 response to RAI
03.08.04-30 (ML11259A056), dated September 12, 2011, the applicant indicated that the results
of the hydrodynamic mass effect on the UHS basin columns are incorporated into the design.
Details of the above analyses and how the effects were considered in the design are reviewed
in the response to RAI 03.08.04-30 in Subsection 3.8.4.4.2, Subpart B.1.4 of this SER.
The applicant also calculated the convective added mass in the global x- and y-directions
representing fluid oscillation in the basin (sloshing effect), in accordance with ASCE 4–98,
Subsection 3.1.6.3(c). The applicant incorporated the mass into the SSI model. This mass was
distributed from the top of the water surface to the center of the equivalent oscillating mass.
The staff reviewed the modeling procedure the applicant had used to distribute the convective
mass in the SSI model. Based on this review, the staff found the above procedure conservative
and in accordance with standard engineering practices. The procedure is thus acceptable.
In conclusion, the applicant has adequately evaluated the hydrodynamic effects of water in
establishing the seismic demand of the UHS basin.
Strain-Compatible Soil and Backfill Properties
In Item 3 of RAI 03.07.02-5, the staff asked the applicant to describe the procedure for
addressing strain-dependent soil and backfill properties in the SSI analysis of the site-specific
structures. In its response to Item 3 of RAI 03.07.02-5 (ML092610377), dated September 15,
2009, the applicant stated that the strain-compatible soil shear wave velocity and damping for
the SSI model were obtained from the same ground response analysis that was used to develop
the GMRS, as described in COL FSAR Section 2.5S.2. Three sets of in situ soil properties were
used—LB, mean, and UB properties—as COL FSAR Table 3H.6-1 shows. Similarly, three sets
of backfill soil properties were used—LB, mean, and UB properties—as COL FSAR Table 3H.62, “Strain-Compatible Properties of Backfill Material,” shows. In reviewing this information, the
staff did not find sufficient details on how the strain-compatible backfill properties were obtained.
Therefore, to further clarify this information, in Item 3 of RAI 03.07.02-17, the staff requested a
detailed description of the development of the LB, mean, and UB strain-compatible properties
for the backfill soil from the results of the probabilistic site response analysis, as COL FSAR
Section 2.5S.2 describes.
In its response to Item 3 of RAI 03.07.02-17, dated February 4, 2010 (ML100480204), the
applicant stated that a two-step procedure was used to estimate the average strain-compatible
dynamic properties for the backfill. The SSE-compatible backfill shear strains were assumed to
be comparable to those of the surrounding soils. These were then averaged over the entire
depth of the backfill and were used to estimate the backfill shear modulus and damping based
on the standard G/Gmax and damping versus the effective shear strain for granular soils having
an 85 percent relative density, which is published in the literature. To calculate the average UB
value, the resulting mean value was multiplied by 1.5. To calculate the average LB value, the
resulting mean value was divided by 1.5. This is consistent with the guidelines for SSI analysis
described in the Acceptance Criteria of SRP Section 3.7.2. This response clarified that the
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strain-compatible properties for the backfill soil were not developed from the probabilistic site
response analysis. Because the extent of the backfill compared to the surrounding soil is
generally small and can be considered part of the SSI rather than the site response model, the
staff found the applicant’s approximate procedure described above acceptable for estimating
the LB, mean, and UB strain-compatible backfill properties for the SSI analysis of the sitespecific structures.
Ground Water Effects
Because of the high ground water table at the STP, Units 3 and 4, site, in Item 3 of RAI
03.07.01-4 and Item 2 of follow-up RAI 03.07.01-17, the staff asked the applicant to describe
how the ground water effects were modeled in the SSI analysis. In its December 17, 2009,
response to Item 2 of RAI 03.07.01-17 (ML100480204), dated February 4, 2010, the applicant
stated that ground water effects were included in the SSI analysis by setting the compression
wave velocity, Vp, of saturated soils to 1,524 m/s (5,000 ft/s) except when Poisson’s ratio, ν,
calculated from Equation (1) below, is higher than 0.48. In those cases, Poisson’s ratio is set to
the maximum value of 0.48 and the compression wave velocity is recalculated using Equation
(2). In these equations, Vs is the shear wave velocity of the soil layers:
ν = 0.5 [(5,000 / Vs)2 - 2] / [(5,000 / Vs)2 - 1]
Vp = Vs [(2 - 2ν) / (1 - 2ν)]0.5

(1)
(2)

Arbitrarily capping the Poisson’s ratio at 0.48 for saturated soils may result in a calculated
compression wave velocity lower than 1,524 m/s (5,000 ft/s), when the shear wave velocity
drops below approximately 298 m/s (980 ft/s). For example, in the response to RAI 03.07.0217, Tables 3H.6-1a through 3H.6-2c show that approximately 22, 17, and 73 m (75, 57, and 240
ft) of the respective soil columns of the in situ mean, UB, and LB soil cases have calculatedcompression wave velocities of less than 1,524 m/s (5,000 ft/s). The use of compression wave
velocities in saturated soils of less than 1,524 m/s (5,000 ft/s) will not allow the higher frequency
components of vertical motion to be transmitted into the structure and may result in a less
conservative response. As such, in Item 3 of RAI 03.07.01-25, the staff asked the applicant to
assess the impact from using compression wave velocities lower than 1,524 m/s (5,000 ft/s) in
saturated soils on the response of structures (including the ISRS) by performing a sensitivity
study and comparing the results for two cases:
•

Case 1, with Poisson’s ratio capped at 0.48 for saturated soils and the compression
wave velocity allowed to drop below 1,524 m/s (5,000 ft/s) (similar to the procedure used
by the applicant).

•

Case 2, with the compression wave velocity set to 1,524 m/s (5,000 ft/s) in saturated
soils and the Poisson's ratio allowed to rise above 0.48, depending on the in situ shear
wave velocities.

To address this issue, the applicant performed a sensitivity study of the CB as part of an
evaluation of the soil parameter’s departure from the ABWR DCD using a higher Poisson’s ratio
of 0.495 and both LB and UB soil profiles. In Item 3 of the Supplement 1 response to
RAI 03.07.01-25, dated November 29, 2010 (ML103360074), the applicant compared the
seismic responses from two analyses with Poisson’s ratio capped at 0.48 and 0.495. Based on
these comparisons, the applicant states that the results obtained from the analysis with
Poisson’s ratio capped at 0.495 were, in general, close to the corresponding enveloped
responses obtained from the analysis with Poisson’s ratio capped at 0.48, with the exception of
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some responses in the vertical direction, especially vertical responses of the floor slabs. The
applicant further stated that for these exceedances, the following considerations apply:
•

For the CB and RB, where the original site-specific SSI analyses used 0.48 as the
Poisson’s ratio cutoff (as described in COL FSAR Appendix 3A), the ABWR DCD
responses were higher than the site-specific responses. In terms of the ISRS, even the
modified responses with 0.495 as the Poisson’s ratio cutoff showed similar margins
when compared to the ABWR DCD responses. Therefore, the increases in vertical
responses shown in this sensitivity study (discussed above) were not significant to the
conclusion that the ABWR DCD responses significantly envelop the site-specific
responses for the CB and RB.

•

A Poisson’s ratio of 0.495 was used for the new SSI analyses of the site-specific
structures. Therefore, the conclusions derived from the new SSI analyses include the
effects of a higher Poisson’s ratio cutoff.

The staff reviewed the results of the Poisson’s ratio sensitivity study provided in the RAI
response and found that for the LB soil profile, there were significant differences in the transfer
functions and vertical responses obtained from the two analyses. The results also indicated that
for the case with higher Poisson’s ratio, the transfer functions showed a number of narrow
peaks (spikes) that did not exist in the original analysis. The applicant did not provide any
explanation for the differences in these transfer functions. However, the staff believes that
these spikes are likely caused by the use of the SM. A detailed evaluation and discussion of
this issue is in Subsection 3.7.2.4.20, “DNFSB SASSI Subtraction Method Issues.”
In view of the results of this sensitivity study, the applicant decided to reanalyze the UHS/RSW
pump house and analyze all the remaining site-specific Category I structures using a higher
Poisson’s ratio value of 0.495. However, for the UHS/RSW pump house, the applicant
performed the reanalysis with the higher Poisson’s ratio for only the UB soil case. The
applicant’s verification and validation (V&V) benchmark problems for SASSI2000 also did not
establish a cutoff limit for the Poisson’s ratio. In the absence of a more extensive sensitivity
study of the limiting value of Poisson’s ratio for the STP site and an analysis of the UHS/RSW
pump house for the LB soil case with a higher Poisson ratio, the staff did not have enough
confidence in the conservatism of the final seismic design basis results; not without further
evaluation. To gain greater confidence and assurance in the results of the SSI analysis for the
site-specific Category I structures, the staff performed a confirmatory SSI analysis to verify the
acceptability of the results of the STP SSI analysis for the UHS/RSW pump house. A
discussion of the results of this confirmatory analysis is in Subsection 3.7.2.4.18, “Poisson’s
Ratio Confirmatory Analysis,” which is located later in this SER.
Based on the above review and the staff’s “Poisson’s Ratio Confirmatory Analysis,” the staff
found the use of a Poisson’s ratio limiting value of 0.495 acceptable in the STP, Units 3 and 4,
applications for modeling the ground water effects.
Ground Water Elevation
Based on Section 2.4S.12 and Table 2.0-2, “Comparison of ABWR Standard Plant Site Design
Parameters and STP 3 & 4 Site Characteristics,” the ground water elevation at the STP, Units 3
and 4, site is reported at 8.5 m (28.0 ft) MSL, while the analyses have assumed a ground water
elevation of 7.7 m (25.5 ft) MSL. During the staff’s audit of STP, Units 3 and 4, conducted
May 23, 2011, through May 27, 2011, the staff reviewed relevant calculation documents to
3-121

assess the effect of a change in the ground water elevation from 7.7 to 8.5 m (25.5 to 28 ft) on
the GMRS and FIRS. The staff’s review concluded that a 0.7 m (2.5 ft) rise in the ground water
level results in a decrease in the confining pressure of about 7.47 kPa (156 pounds per square
foot [psf]), which is small compared to the range of soil pressures (172–689 kPa [3,600–14,400
psf]) used to develop the strain-dependent soil shear modulus and damping ratio relationships
used in the ground response analysis. In addition, the effect on the low-strain shear wave
velocity is also small, which renders the effect on the GMRS and FIRS calculation negligible.
To evaluate the impact of a 0.7-m (2.5-ft) increase in the ground water level on the results of the
SSI analysis, the applicant performed a sensitivity analysis of the DGFOSV in which the
Poisson’s ratio of soil layers was adjusted to reflect the rise in ground water. The analysis was
performed for bounding in situ LB and backfill UB soil cases. The results showed a small
increase in the calculated ISRS at frequencies above 8 Hz resulting from the effect of the 0.7 m
(2.5-ft) rise in the ground water level. The staff asked the applicant to further assess this issue
by repeating the above analysis using the MSM with the ground water level set at 8.5 m (28 ft)
(see the Supplement 1 response to RAI 03.07.01-29 ML113250374). As discussed in COL
FSAR Subsection 3H.6.5.2.4.3, the SSI analysis was repeated using the MSM to address the
DNFSB SASSI issue. Also, in these analyses the ground water table was changed to 8.5 m
(28 ft) MSL. Based on a comparison of the resulting response spectra from these analyses with
those from the SM analysis, additional factors were determined for increasing the ISRS
obtained from the original SM analysis. The staff found the applicant’s resolution of
inconsistencies in the ground water level assumed in the original analysis acceptable, because
the revised analysis used the correct ground water table elevation. The results of the MSM
analyses are further reviewed as part of the SASSI SM issues in Subsection 3.7.2.4.20, which is
located later in this SER.
Modeling of UHS Basin Column Connections to the Basemat
A review of the applicant’s SSI model of the UHS/RSW pump house in its response to
RAI 03.07.02-21 (ML100890620) for the staff’s confirmatory analysis, as well as the description
of the SSI model in its response to RAI 03.07.02-15 (ML100550613) revealed that the columns
inside the UHS basin are rigidly connected to the UHS basin basemat. To provide the moment
transfer at the column/basemat connections, all of the columns were extended into the solid
elements with rigid massless beams, with the exception of two columns located at the UD/U4
and UD/U8 line intersections. These two columns have pin connections at the basemat,
causing higher accelerations at the top of the columns compared to the rest of the columns. As
such, in Item 2 of RAI 03.07.02-28, the staff asked the applicant to clarify whether these pinned
connections at the base of the columns at UD/U4 and UD/U8 are consistent with the intent of
the UHS basin design.
In its response to Item 2 of RAI 03.07.02-28, dated March 15, 2011 (ML110770440), the
applicant stated that all UHS basin columns are intended to have fixed connections at the
basemat. The applicant added that pinned connections at the base of columns UD/U4 and
UD/U8 are only present in the original SSI model, while in the 3-D finite element analysis design
model and the refined SSI model these connections at the basemat are fixed. Furthermore, the
presence of pinned connections for the two columns in the original SSI model should not
significantly affect the results of the SSI analysis because the UHS basin columns stiffness
contribution to the total stiffness of the structure is small. In addition, as described in its
December 14, 2010, response to the Supplement 2 response to RAI 03.07.02-24
(ML103550646), dated December 14, 2010, the design of the UHS/RSW pump house and the
ISRS are based on the enveloped results from SSI analyses with both the original SSI model
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and the refined SSI model. In the refined SSI model, fixed connections at the basemat are used
for these two columns.
Based on the results of the staff’s confirmatory SSI analysis of the UHS/RSW pump house as
discussed in Subsection 3.7.2.4.17, “Confirmatory SSI Analysis,” and the fact that the applicant
enveloped the results of the original and refined SSI models as described above, the staff found
the applicant’s conclusion acceptable that the presence of pinned connections for the two
columns in the original SSI model should not significantly affect the results of the SSI analysis.
In conclusion, based on the above evaluation and the staff’s review (as part of staff’s
confirmatory SSI analysis) of the STP, Units 3 and 4, SSI model for the UHS/RSW pump house,
the staff concluded that the procedures used for analytical modeling are acceptable.
3.7.2.4.4

Soil-Structure Interaction

Amplified Ground Motion Input to the SSI Analysis
The input motion for the SSI model for the UHS/RSW pump house was applied to the free-field
ground surface. The input motion consisted of the site-specific SSE design time histories for
three orthogonal directions. The staff found this approach for specifying the input motion to the
UHS/RSW pump house SSI model consistent with ABWR DCD Section 3A.6. Because the
UHS/RSW pump house is a heavy structure, the staff found this approach acceptable because
the input motion is not expected to be significantly affected by the nearby lighter structures. The
staff’s review of the site-specific SSE design time histories is documented in
Subsection 3.7.1.4.2 of this SER.
However, for lighter structures such as the RSW piping tunnel, the DGFOSV, and the DGFOT,
the seismic input could be amplified from the presence of nearby heavy structures such as the
RB and the UHS/RSW pump house. In the March 14, 2011, through March 18, 2011, audit, the
staff identified insufficient details on how the input motion used in the 3-D SSI model of the
RSW piping tunnel, DGFOSV, and DGFOT considered the effects of the SSSI from the nearby
heavy structures. The staff asked the applicant to include this information in the COL FSAR.
The applicant addressed this concern in the Supplement 3 response to RAI 03.07.01-27
(ML11143A054). The staff’s review of this response is as follows:
a)

Reactor Service Water (RSW) Piping Tunnel

To account for the amplification of input motion from the nearby heavy RB and UHS/RSW pump
house structures, the applicant stated that the following procedure was used:
•

In the 3-D SSI analysis of the RB for a 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 placed at six locations along the centerline of
the RSW piping tunnel.

•

In the 3-D SSI analysis of the UHS/RSW pump house for a 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 placed at one
location on the centerline of the RSW piping tunnel.

•

From the above SSI analyses of the RB and the UHS/RSW pump house, the resulting
amplified response spectra at the interaction nodes representing the response of the
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RSW piping tunnel were obtained. In order to find a reasonable envelope for these
response spectra to use in the SSI analysis of the RSW piping tunnel, the spectra were
compared to 1.15 x site-specific SSE to identify those that exceed 1.15 x site-specific
SSE. New COL FSAR Figures 3H.6-209a, “SSI Model of RSW Piping Tunnel,” through
3H.6-209d, “Amplified E-W Site-Specific Response Spectra for Reactor Service Water
(RSW) Piping Tunnel (Based on SSI Analysis of UHS/RSW Pump House),” include the
response spectra that exceed 1.15 x site-specific SSE.
•

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

•

Using the 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 each
soil case, a SSI analysis was performed for the RSW piping tunnel for the corresponding
soil cases. The response spectra and maximum accelerations from these SSI analyses
were enveloped to produce final response spectra and maximum accelerations for the
design.

The applicant revised COL FSAR Subsection 3H.6.5.3 and provided Figures 3H.6-209a through
3H.6-209d to show the input motions used for the SSI analysis of the RSW piping tunnel. The
staff reviewed the information and results and found the above method acceptable, because it
incorporates the effects of the SSSI due to nearby heavy structures into the input for 3-D SSI
analyses of the RSW piping tunnel.
b)

Diesel Generator Fuel Oil Storage Vaults

The applicant stated that five interaction nodes at the ground surface and five interaction nodes
at the depth corresponding to the bottom elevation of the DGFOSV foundations were added to
the 3-D SSI model of the RB to obtain free-field responses for three DGFOSVs. These five
nodes correspond to the four corners and the center of the DGFOSV. The RB SSI model was
analyzed for the STP, Units 3 and 4, site-specific SSE. For each of the three DGFOSVs, the
spectra at the surface-level nodes and the spectra at the five foundation-level nodes were each
calculated and averaged. Then the envelope of the two averages was calculated. In the SSI
analysis of the UHS/RSW pump house, interaction nodes were added to the model and
amplified motion was obtained for the DGFOSV close to the UHS/RSW pump house. The
applicant further stated that, because the diesel oil tank is a standard plant design equipment,
the input motion for the SSI analysis also considered the 0.3g RG 1.60 response spectra.
Therefore, the envelope of the 0.3g RG 1.60 response spectra and the enveloped average
spectra for the three DGFOSVs were used as the input response spectra for the SSI analysis of
the DGFOSV. As a result of this response, the applicant revised COL FSAR Section 3H.6.7
and provided comparisons of the spectra in COL FSAR Figures 3H.6-222a through 3H.6-222c,
which show that the 0.3g RG 1.60 response spectra envelop all other amplified ground motion
spectra. The staff reviewed the above information and results and considered the method used
to incorporate the SSSI effects from the nearby heavy structures into the input for the 3-D SSI
analyses of the DGFOSVs. The staff found the method conservative and therefore acceptable.
c)

Diesel Generator Fuel Oil Tunnels
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The applicant stated that in the 3-D SSI analysis of the RB for the site-specific SSE, one
interaction node at the ground surface and one interaction node at the depth corresponding to
the bottom elevation of the DGFOT were placed at several locations along each of the three
DGFOTs. The envelope of amplified motions at these interaction nodes was further enveloped
with the 0.3g RG 1.60 response spectra and the results were used for the SSI analysis of the
DGFOT. As shown in COL FSAR Figures 3H.7-30a through 3H.7-30c, the 0.3g RG 1.60
response spectra were found to be the bounding spectra. As a result of this response, the
applicant revised COL FSAR Subsection 3H.7.5.2.1 and provided Figures 3H.7-30a through
3H.7-30c to show the input motions used for the SSI analysis of the DGFOT. The staff
reviewed the above information and results and considered the method used to incorporate
SSSI effects from the nearby heavy structures into the input for the 3-D SSI analyses of the
DGFOTs to be conservative and therefore acceptable.
Seismic Analysis of UHS/RSW Pump House and RSW Piping Tunnel
In RAI 03.07.02-5, the staff asked the applicant to provide in COL FSAR Subsection 3H6.5.2.4
the SSI analysis performed for the site-specific structures (including the UHS/RSW pump house
and the RSW piping tunnel) in accordance with SRP Section 3.7.2, SRP Acceptance Criterion 4
guidelines, in sufficient detail for the staff to review. More specifically, the RAI requested the
following information:
Model of the structure and supporting soil, including backfill material:
1.

Model boundaries and the location of input ground motion.

2.

Procedure for addressing strain-dependent soil and backfill properties in the SSI
analysis.

3.

Method of accounting for the effects of potential variability in the soil and backfill
properties at the site.

4.

Potential effect of side soil-wall separation during a seismic event.

5.

Methods of the SSI analysis (e.g., time domain and/or frequency domain
analysis, consideration of soil and structural damping, etc.) and results in the
form of enveloped seismic responses (including the ISRS) at key locations in the
site-specific structures.

In its response to Item 1 of RAI 03.07.02-5, dated September 15, 2009 (ML092610377), the
applicant stated that for the UHS/RSW pump house, SSI effects were accounted for by using
SASSI2000 in conjunction with time histories described in COL FSAR Subsection 3H.6.5.1.1.2.
The structural model is shown in Figure 3H.6-15, “SASSI2000 Model of UHS and RSW Pump
House,” and described in COL FSAR Subsection 3H.6.5.2.3. The applicant added that the soil
layer thicknesses used in the SSI model were sufficiently small enough to transmit frequencies
of up to 33 Hz for the mean in situ soil case. 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 SSI model, as described in COL FSAR Subsection
3H.6.5.2.4. In addition, the soil layer thicknesses used for the backfill were sufficiently small to
transmit frequencies of up to 33 Hz for the mean backfill soil case. The responses obtained
from this set of SSI analyses and the analyses using in situ soil as the horizon were enveloped.
The staff reviewed the above information per the SRP Section 3.7.2, SRP Acceptance Criterion
4 guidelines, and found the modeling method to be acceptable. The adequacy of the finite
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element SSI model to transmit frequencies of up to 33 Hz in the SSI analysis was reviewed
earlier under the topic “Model Refinement and Passing Frequency” in Subsection 3.7.2.4.3,
“Procedures Used for Analytical Modeling,” of this SER.
In its response to Item 2 of RAI 03.07.02-5, the applicant stated that for the UHS/RSW pump
house SSI analysis, the input motion described in COL FSAR Subsection 3H.6.5.1.1.2 was
applied to the finished grade in the free field, and SASSI2000 “transmitting boundaries” were
used at the side boundaries of the model. For the bottom boundary, elastic halfspace was
used. The staff found that the SSI analysis is based on a substructure method that does not
use lateral transmitting boundaries on the side or halfspace boundaries at the bottom of the SSI
model, such as those used by the total SSI models in which structure and soil domains are
analyzed together in one step. Therefore, in Item 2 of RAI 03.07.02-17, the staff asked the
applicant to clarify and correct the above statement. The staff reviewed the applicant’s clarifying
statement in its response to RAI 03.07.02-17 (ML100480204) and found the method of the SSI
analysis acceptable.
In its response to Item 3 of RAI 03.07.02-5 in conjunction with the response to a follow-up
question in RAI 03.07.02-17, regarding soil and backfill properties used in the SSI model was
reviewed earlier under the topic “Strain-Compatible Soil and Backfill Properties” in Section
3.7.2.4.3 of this SER. The staff found the response acceptable, because the model uses the
strain-dependent soil properties per SRP Section 3.7.2, SRP Acceptance Criterion 4 guidelines.
In its response to Item 4 of RAI 03.07.02-5, the applicant stated that the variability in soil and
backfill properties was accounted for by performing a total of six SSI analyses (three with LB,
mean, and UB in situ soil cases and three with LB, mean, and UB backfill soil cases) and
enveloping the results for all cases. The staff found the response acceptable, because it meets
SRP Section 3.7.2, SRP Acceptance Criterion 4 guidelines regarding the modeling of supporting
soil.
In its response to Item 5 of RAI 03.07.02-5, the applicant stated that the effects of side soil-wall
separation for the UHS/RSW pump house during a seismic event will be analyzed using the
method described in ASCE 4–98 Subsection 3.3.1.9. A review of this issue is discussed earlier
under the topic “Effects of Soil Separation from the Walls” in Subsection 3.7.2.4.1, “Seismic
Analysis Methods,” of this SER. The review is based on response to RAI 03.07.02-23 and the
response is found acceptable.
In its response to Item 6 of RAI 03.07.02-5, the applicant stated that the results of the SSI
analyses for the UHS/RSW pump house and RSW piping tunnel were not available. Therefore,
in Item 4 of RAI 03.07.02-17 and RAI 03.07.02-3, the staff requested the applicant to provide
this information per SRP Section 3.7.2, SRP Acceptance Criterion 2 guidance corresponding to
the seismic analysis performed for site-specific Category I structures (including the UHS/RSW
pump house and the RSW piping tunnel), in sufficient detail comparable to ABWR DCD
Subsection 3.7.2.2. A discussion of the staff’s review follows below. The staff reviewed the
information in the applicant’s response to RAI 03.07.02-3, including proposed changes to COL
FSAR Subsection 3H.5.2.2 regarding seismic analyses of the UHS/RSW pump house and the
RSW piping tunnel, as well as any additional follow-up information. As discussed below, the
applicant’s SSI analysis of UHS/RSW pump house and the RSW piping tunnel is considered
acceptable.
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UHS/RSW Pump House
In its response to RAI 03.07.02-3, dated September 3, 2009 (ML092510038), the applicant
stated that the seismic analysis of the UHS/RSW pumphouse was performed using a frequencydomain time history analysis with SASSI2000. In addition, the applicant calculated the fixedbase dominant frequencies and mass participation factors for the UHS/RSW pump house and
provides the results in Table 3H.6-3, “Dominant UHS and RSW Pump House Natural
Frequencies,” (up to 33 Hz) in the response to RAI 03.07.01-13. A single set of threecomponent acceleration time histories was used in the analysis. The applicant stated that the
seismic accelerations and displacements for the UHS/RSW pump house are in Table 3H.6-4
and the ISRS are in Figures 3H.6-16 through 3H.6-39 in the response to RAI 03.07.01-13.
The staff did not find the referenced tables and figures in the response to RAI 03.07.01-13. In
addition, the response to RAI 03.07.02-3, did not provide details on the seismic analysis of the
UHS/RSW pump house. Because the staff found the response to RAI 03.07.02-3 incomplete,
the staff issued RAI 03.07.02-15, requesting the following information regarding the UHS/RSW
pump house:
1.

Fixed-base dominant frequencies and mass participation factors referenced in
Table 3H.6-3.

2.

Seismic accelerations and displacements referenced in Table 3H.6-4, “Maximum
Accelerations and Displacements for UHS and RSW Pump House.”

3.

A sufficiently detailed description of the model and method used to calculate
fixed-base frequencies and participation factors.

4.

A description of how the three orthogonal components of the input motion were
applied and how the results were combined.

5.

A description of how the input motion was specified in the SSI analyses.

6.

A description of the frequencies the model was analyzed for in SASSI2000 and
the frequency cutoff that was used.

7.

A figure showing the finite element model of the structure in relation to the
layered soil system.

8.

A description of how ground water effects were treated in the SASSI2000 model.

9.

A description of the time step, number of acceleration points, and duration of
motion (including duration of quiet zone) used in the input motion for the SASSI
analysis.

10.

A description of how seismic forces and moments were calculated for design
(including plots of total shear and moment diagram profiles).

11.

If a separate static analysis was performed to obtain seismic forces and
moments, a sufficiently detailed description of how this model was applied (i.e.,
model, boundary conditions, loads, soil spring values, etc.).
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12.

Calculated maximum values of the soil-retaining wall displacements relative to
the free field.

13.

Further details on how hydrodynamic forces were calculated and applied to the
equivalent static model.

The staff’s review of the applicant’s response to RAI 03.07.02-15, dated February 10, 2010
(ML100550613), is discussed below:
1.

A review of Item 1 of RAI 03.07.02-15 is provided earlier in Subsection 3.7.2.4.2,
“Natural Frequencies and Responses,” of this SER. The response is acceptable.

2.

A review of Item 2 of RAI 03.07.02-15 is provided earlier in Subsection 3.7.2.4.2
of this SER. The response is acceptable.

3.

In its response to Item 3 of RAI 03.07.02-15, the applicant described the finite
element model development and details for the UHS basin with the enclosed
cooling tower and the RSW pump house. The revised FSAR Figures 3H.6-15
and 3H.6-15a, “SSI Model (structure only),” in this RAI response show a 3-D
finite element model of the UHS/RSW pump house used for the SSI analysis with
SASSI2000. The applicant performed all SSI analyses using uncracked concrete
properties and OBE damping. One additional case corresponding to the cracked
concrete properties was also analyzed. Structural mass included the dead load
of structures and major equipment plus a 2.4-kPa (50-psf) load corresponding to
attachment loads such as piping, grating, electrical cable trays and conduits, and
HVAC, plus 25 percent of the floor live load. The applicant calculated the
impulsive water mass using the procedure described in Commentary Section
C3.5.4 of ASCE 4–98 and includes the calculated mass in the model. The staff
found that the applicant has addressed the staff’s concerns regarding the effects
of structural and soil model refinement, the ground water table, and cracked
concrete cases in the analysis. The staff’s assessment of the applicant’s
sensitivity studies addressing the impact of the effects of structural and soil
model refinement, the ground water table, and cracked concrete cases on the
calculated seismic responses is provided earlier in Subsection 3.7.2.4.3,
“Procedures used for Analytical Modeling,” of this SER.

4.

In its response to Item 4 of RAI 03.07.02-15, the applicant stated that the seismic
wave field in the SSI analysis consisted of vertically propagating plane shear and
compression waves with control motion specified at the free-field ground surface.
For the shear wave field, the control motion consisted of two horizontal
components of input motion in the x- and y-directions. For the compression
wave field, the control motion consisted of one vertical component of input
motion in the z-direction. The applicant performed three separate SSI analyses
with the input motion specified in the x-, y-, and z-directions. The co-directional
responses from the three analyses were combined using the SRSS method. The
final responses were then calculated by enveloping the responses in each
direction for all cases in the analysis. The staff reviewed this information
according to guidance in the SRP Section 3.7.2 Acceptance Criteria and RG 1.92
and found it acceptable.
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5.

The applicant provided the requested clarifications regarding the application of
input motion to the SSI model in the response to Item 5 of RAI 03.07.02-15. The
applicant applied the input motions at the free-field ground surface. The staff
found this approach consistent with ABWR DCD Section 3A.6 and therefore
acceptable.

6.

In its response to Item 6 of RAI 03.07.02-15, the applicant provided a table
summarizing the calculated frequencies as well as the cutoff frequencies used in
the SSI analysis for various cases (including LB, best estimate [BE], and UB in
situ soil cases; LB, BE, and UB backfill soil cases; and cracked concrete and debonded soil cases). The selected cutoff frequency for the different cases in the
analysis varies from a low of about 16 Hz to a high of 25 Hz. The applicant
stated that the lowest cutoff frequency (16 Hz) meets the recommended values in
ASCE 4–98, Subsection C3.3.3.4.
With respect to the frequency cutoff, the staff has not endorsed ASCE 4–98,
Subsection C3.3.3.4 as acceptable criteria for selecting the cutoff frequency in
the SSI analysis, particularly for generating the ISRS. Therefore, the staff issued
RAI 03.07.02-24, requesting a comparison of the transfer functions by increasing
the frequency cutoff to a minimum of 33 Hz for all cases under consideration in
the analysis, thus demonstrating that the cutoff frequencies used in the SSI
analysis are acceptable. The staff needed this information to ensure that the
selected cutoff frequencies of less than 33 Hz for the SSI analysis will accurately
or conservatively account for the effects of the SSI. In its response regarding the
impact of the frequency cutoff on the SSI results for the UHS/RSW pump house
was reviewed earlier under the topic “Model Refinement and Passing Frequency”
in Subsection 3.7.2.4.3 of this SER. The staff found this response acceptable.

7.

In its response to Item 7 of RAI 03.07.02-15, the applicant refers to FSAR
Figure 3H.6-15. This figure shows a N-S cross section of the 3-D finite element
model of the structure with soil layers. The staff’s review of this information was
discussed earlier in Item 3 of the response. The staff found the information
acceptable.

8.

The applicant’s response to Item 8 of RAI 03.07.02-15, regarding the treatment
of the ground water table in the SSI analysis was reviewed earlier under the topic
“Ground Water Effects” in Subsection 3.7.2.4.3 of this SER. The staff found this
information acceptable.

9.

The applicant’s response to Item 9 of RAI 03.07.02-15, regarding the time step,
the number of acceleration points, and the duration of motion (including duration
of the quiet zone) used in the input motion for the SASSI analysis was reviewed
earlier in Subsection 3.7.1.4.2, “Design Time Histories,” of this SER. The staff
found this information acceptable.

10.

The applicant’s response to Item 10 of RAI 03.07.02-15, regarding the calculation
of seismic forces and moments for design was reviewed as part of the applicant’s
response to Item 11 of the response to RAI 03.07.02-15. This review is
discussed below in Item 11.
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11.

In its response to Item 11 of RAI 03.07.02-15, the applicant described in detail,
the equivalent static analysis used to calculate seismic forces and moments for
the seismic design of the UHS/RSW pump house. The equivalent static analysis
was performed using SAP2000. The applicant provided the finite element model
used in the SAP2000 analysis, as well as two tables comparing two section-cut
seismic forces and moments calculated from the dynamic SSI analysis using
SASSI2000 and an equivalent static analysis using SAP2000. The comparison
was made to further support the conservatism inherent in the equivalent static
procedure used for the design of the UHS/RSW pump house. The pseudo-static
analysis procedure used by the applicant to develop seismic forces and moments
for the design of the UHS/RSW pump house is acceptable because the staff
found that the method is in accordance with industry practice and is conservative.
In addition, the applicant provided the soil spring constants in the x-, y-, and zdirections for the UHS/RSW pump house foundations used in the equivalent
static analysis. The soil springs are reviewed in the response to RAI 03.08.04-23
in Subsection 3.8.4.4.2, Subpart A.1 of this SER.
Furthermore, in its response to Item 11 of the RAI, the applicant stated that
dynamic soil loads were calculated in accordance with ASCE 4–98, Subsection
3.5.3.2.2 and were compared to the enveloped soil pressures from the SSI
analysis. In addition, the maximum pressures were used in the SAP2000 model.
However, no results were provided in the response.
In RAI 03.07.02-12, the staff asked the applicant to provide the dynamic lateral
soil pressures used on the exterior walls below grade calculated from the SSI
analysis, for a comparison with those from the ASCE 4–98 recommendations,
thus ensuring that the structure’s inertial interaction effect on the exterior walls is
adequately accounted for in the wall design. The staff’s review of the information
is as follows:
In its response to RAI 03.07.02-12 (ML092530685), dated September 9, 2009,
the applicant provided the requested calculated pressures, which include the
effects of the SSI in the Supplement 2 response to RAI 03.07.01-13
(ML100050225). The envelope of soil pressures on the UHS/RSW pump house
walls was calculated from the SSI analysis (and is included in the Supplement 2
response to RAI 03.07.01-13) and compared to soil pressures calculated using
the ASCE 4–98 procedures (shown in Figures 3H.6-41, “Dynamic At-Rest Lateral
Earth Pressure (Excluding SSI and SSSI Seismic Soil Pressures) on the East,
West, and North Walls of Pump House”; 3H.6-42, “Dynamic At-Rest Lateral Earth
Pressure (Excluding SSI and SSSI Seismic Soil Pressures) on the UHS Basin
Walls”; and 3H.6-43, “Dynamic At-Rest Lateral Earth Pressure (Excluding SSI
and SSSI Seismic Soil Pressures) on the South Wall of RSW Pump House”; of
the same response). The comparison revealed that for the UHS basin east and
west walls, the SSI pressures were significantly higher than those of ASCE 4–98
(by approximately a factor of two or more). For the UHS basin north and south
walls, the SSI pressures were higher at all points but, in particular, significantly
higher near grade. The overall difference between the magnitude of the
calculated SSI and ASCE 4–98 pressures for the RSW pump house is less than
those for the UHS basin, but the distribution of pressures is quite different.
Based on the results provided by the applicant, the staff concluded that the use
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of pressures premised on ASCE 4–98 methodology may under predict the
pressure loads on the UHS/RSW pump house walls and could impact the wall
design. Therefore, the staff issued RAI 03.07.02-22, requesting a justification for
not using the dynamic soil pressures calculated from the SSI analysis for the
design of the UHS/RSW pump house walls, which takes into account inertial
effects of the structure as well as the SSI effects.
In its response to RAI 03.07.02-22 (ML110770440), dated March 15, 2011, the
applicant stated that the design of the UHS/RSW pump house was revised to
consider, in addition to incremental seismic soil pressures per ASCE 4–98,
incremental seismic soil pressures from the SSI analysis for full and empty UHS
basin cases and incremental seismic soil pressures from the SSSI analysis.
Details of the SSI analysis of the UHS/RSW pump house for full and empty UHS
basin cases are in COL FSAR Subsection 3H.6.5.2.4. Details of the SSSI
analysis of the UHS/RSW pump house with other structures (i.e., the RSW piping
tunnel and the DGFOSVs) are in COL FSAR Subsection 3H.6.5.3. Comparisons
of the lateral seismic soil pressures from the SSI and SSSI analyses with those
from the ASCE 4–98 methodology, together with the envelope of seismic soil
pressures used for the design, are shown in Figures 3H.6-218 through 3H.6-220
in the COL FSAR.
Because the applicant considered the SSI and SSSI effect in establishing the
seismic soil pressure demand, the staff found the soil pressure used for the
design of the UHS/RSW pump house walls acceptable.
12.

In its response to Item 12 of RAI 03.07.02-15, the applicant summarized the
envelope of calculated maximum displacements relative to the input motion at
the free-field grade level obtained from the SSI analyses of several selected
locations in the UHS/RSW pump house structure. The maximum calculated
horizontal displacements of the soil-retaining walls are less than 0.5 cm (0.2 in.).
This calculation indicates that a full passive soil pressure would not be mobilized
for the site-specific SSE input.
The staff also reviewed the calculated displacements for the cooling tower walls
(top, mid-level, and bottom) provided by the applicant in a summary table in this
response. The reported displacements in the E-W direction are significantly
higher than those in the N-S direction, which is consistent with the stiffness of the
cooling tower structure along the E-W and N-S axes. The reported
displacements in the E-W direction for the mid-level of the cooling tower are
generally higher than those for the top and bottom. The applicant attributes this
displacement to the out-of-plane behavior of the flexible walls, and the staff
agreed. Based on the above information, the staff found no discrepancies in the
pattern of reported displacements in the structure. The staff’s assessment of the
applicant’s sensitivity studies to address the impact of SSI mesh refinement
issues on the calculated seismic responses of the UHS/RSW pump house was
documented earlier under the topic “Model Refinement and Passing Frequency”
in Subsection 3.7.2.4.3 of this SER. The staff found the applicant’s sensitivity
studies acceptable.

13.

The applicant’s response to Item 13 of RAI 03.07.02-15, regarding how
hydrodynamic effects were considered in the seismic analysis of the UHS basin
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was previously reviewed and found to be acceptable, as discussed under the
topic “Hydrodynamic Effects of Water in the UHS Basin” in Subsection 3.7.2.4.3
of this SER.
In conclusion, the staff found the site-specific SSI analyses performed to determine the seismic
demand for the UHS/RSW pump house acceptable and in accordance with the SRP
Section 3.7.2, SRP Acceptance Criterion 4 guidelines. A resolution of the impact of the use of
the SM on the results of the SSI analysis is discussed in Subsection 3.7.2.4.20 of this SER.
RSW Piping Tunnel
In its response to RAI 03.07.02-3 (ML092510038), dated September 3, 2009, the applicant
stated that the concrete elements of the RSW piping tunnel were sized so that the structure is
rigid with a minimum frequency greater than 33 Hz (i.e., there will be no structural
amplifications). Therefore, the horizontal and vertical input spectra defined in COL FSAR
Subsection 3H.6.5.1.1.1 were established as the ISRS for the RSW piping tunnel. The
applicant also stated that an equivalent static analysis method was used to analyze the RSW
piping tunnel, as described in COL FSAR Subsection 3H.6.6.2.2. The applicant used the
method described in ASCE 4–98, Subsection 3.5.3.2 to calculate dynamic soil pressures on the
RSW piping tunnel walls. The strains created in the tunnel walls from the passage of seismic
waves through the soil during the SSE were computed using the method described in ASCE 4–
98, Subsection 3.5.2.1.
The staff reviewed this response and found no details on the seismic modeling and analysis of
the RSW piping tunnel. For example, because of a lack of modeling of a portion of the RSW
piping tunnel runs between the RB and RWB, the response is expected to be significantly
affected by the SSSI effects as a result of RWS piping tunnel’s close proximity to the heavy RB
and RWB structures. The methodology described by the applicant for the seismic response
analysis of the RSW piping tunnel also did not address the SSI effects. Therefore, the staff
issued RAI 03.07.02-15, requesting the following information regarding the RSW piping tunnel
seismic analysis:
1.

A description of the equivalent static analysis method used for the RSW piping
tunnel.

2.

A description of how seismic and static loads were calculated and applied to the
model; show the model and boundary conditions (including the soil springs) used
in the analysis.

3.

A description of the type of strains (tensile or compression) calculated in the
RSW piping tunnel.

4.

A description of how both axial strains and transverse shear demands were
considered in the analysis of the RSW piping tunnel.

5.

A description of how concrete elements of the RSW piping tunnel were
determined to be rigid so that there were no in-structure amplifications.

6.

A description of the SSI analysis from which accelerations were obtained to
establish SSI forces for the analysis of the RSW piping tunnel.
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The staff’s review of the applicant’s response to RAI 03.07.02-15 (ML100550613), dated
February 10, 2010, is provided below:
1.

In its response to Items 1, 5, and 6 of RAI 03.07.02-15, the applicant stated that
the 2-D SSI analysis of the RSW piping tunnel was performed to quantify the instructure amplification. The applicant included in the response, the results of this
new analysis in terms of the broadened horizontal and vertical ISRS for different
damping values in Figures 3H.6-138 and 3H.6-139, respectively. These figures
show that the spectra’s peak is lower than the 0.21g zero period acceleration
(ZPA) used for the design of the tunnel walls and slabs. However, the staff did
not find any details on the SSI analysis of the tunnel in the applicant’s response,
as requested in the RAI. As a result, the staff issued RAI 03.07.02-24,
requesting a detailed description of how the SSI analysis of the RSW piping
tunnel was performed (including the SSI methodology, figures showing the SSI
model and boundary conditions, a summary of the soil and structure properties,
the input motion, etc.). The RAI asked the applicant to include this information in
the COL FSAR.
In the Supplement 1 response to RAI 03.07.02-24 (ML103360074) and in a
subsequent Revision 1 to the Supplement 1 response to RAI 03.07.02-24, dated
March 7, 2011 (ML110730066), the applicant stated that three sections of the
RSW piping tunnel were used in the SSI analysis with SASSI2000:
Section 1: An E-W typical 2-D section between the UHS/RSW pump
house and the RB for the SSI analysis of the RSW piping tunnel to
determine the seismic demand.
Section 2: An E-W 2-D section of the tunnel between the RWB and the
RB for the SSSI analysis to determine the SSSI effect on seismic soil
pressures.
Section 3: A N-S 2-D section of the tunnel between the DGFOSV and
UHS/RSW pump house for the SSSI analysis to determine the SSSI
effect on seismic soil pressures.
The SSI model for Section 1 and the SSSI models for Sections 2 and 3 are
shown in FSAR Figures 3H.6-209, “SSI Model of RSW Piping Tunnel”; 3H.6-210,
“SSSI 2D Model of RB + RSW Piping Tunnel + RWB”; and 3H.6-211, “2D Model
of UHS/RSW Pump House, RSW Piping Tunnel, DGFOSVs and RB”;
respectively.
The applicant used the SSI model for Section 1 to analyze the dynamic response
of the tunnel. From this analysis, the applicant developed the seismic demand in
terms of maximum accelerations, ISRS, and dynamic soil pressures for the
design. Because this model does not explicitly include SSSI effects, the input
motion consisted of an amplified site-specific SSE motion considering the effects
from the nearby heavy RB and UHS/RSW pump house structures, as discussed
earlier under the topic “Amplified Ground Motion Input to SSI Analysis” in
Subsection 3.7.2.4.4, “Soil-Structure Interaction,” of this SER. The SSI analyses
were performed for eight cases (three LB, mean, and UB in situ soil cases; three
LB, mean, and UB backfill soil cases; one mean in situ soil case with cracked
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concrete; and another with soil separation from the sidewalls in the upper 6 m [20
ft]). The concrete was assigned a four percent damping in all cases except the
cracked concrete case, which assumed a seven percent damping. The ground
water table was modeled at 2.4 m (8 ft) below surface level. Ground water
effects were modeled using a minimum P-wave velocity of 1,524 m/s (5,000 ft/s),
except where the use of this minimum P-wave velocity results in a Poisson’s ratio
that exceeds 0.495. The cutoff frequency was set at 33 Hz. Other details of the
modeling and the analysis are in COL FSAR Subsection 3H.6.5.3. The widened
envelope of the resulting response spectra for the base slab, intermediate floors,
and roof slab are shown in FSAR Figures 3H.6-138, “RSW Piping Tunnel,
Horizontal Response Spectra,” and 3H.6-139, “RSW Piping Tunnel, Vertical
Response Spectra,” and were used as the design ISRS for the RSW piping
tunnel.
The staff reviewed this information and found it acceptable, because the analysis
includes a consideration of both SSI and SSSI effects (as discussed in the
following paragraphs) with one exception: the applicant was asked to justify the
use of seven percent damping for the cracked concrete case generating the
ISRS. In its response to RAI 03.07.01-22 (ML100480204), dated February 4,
2010, the applicant stated that the interaction coefficient (i.e., required
capacity/provided capacity) for walls, interior slabs, the roof slab, and the
basemat of the RSW piping tunnels are 0.68, 0.75, 0.44, and 0.78 respectively.
Considering these interaction coefficients, the amount of cracking will be
significant, thus justifying the use of a seven percent damping. The staff found
the applicant’s justification in the response to RAI 03.07.02-24, acceptable and
supported by the response to RAI 03.07.01-22, because the applicant is using
this damping value only for the cracked concrete case.
The applicant used the SSSI model for Section 2 to determine any increases in
lateral seismic soil pressures on the tunnel walls resulting from the tunnel’s
proximity to heavy RB and RWB structures. Because this model explicitly
includes SSSI effects, the input motion consisted of site-specific SSE motion
specified at grade elevation. The analysis was performed for a single case of UB
in situ soil. Other modeling details are similar to those of Section 1 and are
described in COL FSAR Subsection 3H.6.5.3. The calculated seismic soil
pressures are shown in FSAR Figures 3H.6-212, “Cooling Tower North (and
South) Wall Looking South (North) Transverse Reinforcement Zones,” and 3H.6213, “Cooling Tower East Wall Looking West Horizontal Reinforcement Zones
Near Side Face.” The results indicate significant increases in lateral seismic soil
pressures in some portions of the wall on both the tunnel east and west walls
from SSSI effects. The seismic soil pressures used for the design of the walls
envelop seismic soil pressures calculated from all soil cases in both the SSI and
SSSI analyses, with the exception of a 0.3 m (2 ft) wall height at a depth of 6.7 to
7.3 m (22 to 24 ft) below the ground surface from the soil separation case.
Based on a review of the above pressure distributions, the staff concluded that
although there was some local exceedance, the seismic soil pressure profile
used for the design envelopes the total seismic soil pressure demand from the
SSSI analysis. Therefore, the design pressures are acceptable. The design of
the RSW tunnel is reviewed in Subsection 3.8.4.4.2, Subpart B.1 of this SER.
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The applicant used the SSSI model for Section 3 to determine any increases in
the lateral seismic soil pressures on the tunnel walls resulting from the tunnel’s
proximity to the heavy RB and UHS/RSW pump house structures as well as to
two adjacent DGFOSVs. Again, because this model explicitly includes SSSI
effects, the input motion consisted of site-specific SSE motion specified at grade
elevation. The analysis was performed for a single case of UB in situ soil. Other
modeling details are similar to those of Sections 1 and 2 and are described in
COL FSAR Subsection 3H.6.5.3. The calculated seismic soil pressures are
shown in FSAR Figures 3H.6-214, “Lateral Seismic Soil Pressures (psf) on RSW
Piping Tunnel North Wall (RSW Piping Tunnel near UHS/RSW Pump House),”
and 3H.6-215, “Lateral Seismic Soil Pressures (psf) on RSW Piping Tunnel
South Wall (RSW Piping Tunnel near UHS/RSW Pump House).” The calculated
seismic soil pressures on the east, north, and south walls of the RSW piping
tunnel are enveloped by the seismic design pressures and are therefore
acceptable.
In RAI 03.07.01-29, the staff requested the applicant to further justify the use of
the UB in situ soil case instead of the UB backfill soil case for calculating the
seismic soil pressures on the RSW piping tunnel walls, because the latter
represents a stiffer material in-between the walls. In Revision 1 to the
Supplement 1 response to RAI 03.07.01-29 (ML113360516), dated November
28, 2011, the applicant presents the results of the SSSI analysis considering LB
in situ, UB in situ, and UB backfill soil cases showing the governing soil case for
soil pressures for the RSW piping tunnel east and west walls. The staff reviewed
these results and found that the bounding soil cases are the LB in situ and the
UB backfill soil cases.
The applicant also performed a sensitivity study to evaluate the effect of including
vertical motion in the calculated lateral seismic soil pressures on the tunnel walls.
To verify this sensitivity, the SSSI model for Section 2 (i.e., the E-W 2-D section
of the RSW piping tunnel between the RWB and RB) was analyzed for both E-W
and vertical input motions. The resulting soil pressures were based on the SRSS
of the results for two horizontal motions and one vertical motion and were
compared with those using the horizontal motion only. The comparisons are
shown in FSAR Figures 3H.6-216, “Lateral Seismic Soil Pressures (psf) on RSW
Piping Tunnel East Wall For UB In-Situ Soil Case (Main Cross Section of RSW
Piping Tunnel, Including Effect of Vertical Excitation),” and 3H.6-217, “Lateral
Seismic Soil Pressures (psf) on RSW Piping Tunnel West Wall For UB In-Situ
Soil Case (Main Cross Section of RSW Piping Tunnel, Including Effect of Vertical
Excitation).” The results show that the effect of vertical input motion on the
resulting soil pressure is negligible.
2.

In its responses to Items 2 and 6 of RAI 03.07.02-15, the applicant stated that
simple manual calculations were used for the analysis and for the design of
individual components of the RSW piping tunnel. In this analysis, the tunnel
walls, slabs, and basemat were considered to be rigid elements, and seismic
loads were calculated based on a ZPA of 0.21g. The applicant further stated that
the analysis does not include any model or soil springs; and the seismic loads
are applied in terms of dynamic soil pressures on the exterior walls, calculated
according to ASCE 4–98 recommendations. The staff has not endorsed the
dynamic soil pressures recommended in ASCE 4–98 for the design of tunnel
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walls. Therefore, in Item 2 of Part 2 of RAI 03.07.02-24, the staff asked the
applicant to compare the dynamic soil pressures on the tunnel walls that were
calculated using the 2-D SSI model with those of ASCE 4–98. The staff
requested these comparisons to ensure that the design pressures still bound
when considering the effects of a kinematic interaction between tunnel structures
and surrounding soils, as well as the effects of the SSSI from nearby heavy
structures.
In Revision 1 to the Supplement 1 response to RAI 03.07.02-24 (ML110730066),
dated March 7, 2011, the applicant provided the requested comparisons between
the seismic soil pressures from the SSSI analysis and the calculated seismic soil
pressures using the method in ASCE 4–98 in FSAR Figures 3H.6-212 through
3H.6-215. The comparisons show that the seismic soil pressures accounting for
the SSSI effects significantly exceed those recommended by ASCE 4–98. As a
result, the applicant reevaluated the existing design to address any increases in
seismic soil pressures resulting from the SSSI effects. Based on this
reevaluation, the applicant stated that the existing design is adequate for the
SSSI soil pressures. However, the applicant revised a portion of the design for
the access region near the UHS/RSW pump house because of design change.
The applicant revised FSAR Table 3H.6-6 to reflect this design change. The
staff’s review of the RSW tunnel design is in Subsection 3.8.4.4.2, Subpart B.1 of
this SER.
In the response to Part 2 of Revision 1 to the Supplement 1 response to
RAI 03.07.02-24, the applicant stated that a finite element analysis using a 2-D
SAP2000 model with soil springs representing the foundation was also
performed to confirm the adequacy of the design using manual calculations, as
described in the response to RAI 03.07.02-15. Furthermore, the RSW piping
tunnel design accounts for axial tensile strains and induced forces at the tunnel
bends from SSE wave propagation. COL FSAR Subsection 3H.6.6.2.2 describes
how axial tensile strains are accounted for. Induced forces at the tunnel bends
are determined in accordance with ASCE 4–98, Subsection 3.5.2.2 by
considering the structure as a beam on the elastic foundation. The analytical
methods to determine the axial strain on the RSW piping tunnel due to SSE wave
propagation is considered acceptable, because the procedure is in accordance
with the guidance of SRP Section 3.7.2, SRP Acceptance Criterion 12. The
tunnel design for the axial tensile strains and the forces induced at the tunnel
bends from the SSE wave propagation are reviewed in Subsection 3.8.4.4.2,
Subpart B.1.4 (Item c) of this SER.
3.

In its responses to Items 3 and 4 in RAI 03.07.02-15 (ML100550613), dated
February 10, 2010, the applicant stated that the tensile axial strain on the RSW
piping tunnel from the SSE wave propagation is determined using the equations
and commentary outlined in Subsection 3.5.2.1 of ASCE 4–98. Equation 3.5-1 of
ASCE 4–98 is used to compute the axial strain. The tunnel design for the axial
tensile strains and forces induced at the tunnel bends from the SSE wave
propagation is reviewed in Subsection 3.8.4.4.2, Subpart B.1.4 (Item c) of this
SER.

In conclusion, the staff found the site-specific SSI analyses acceptable for determining the
seismic demand for the RSW piping tunnel and in accordance with the guidance in SRP
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Section 3.7.2, SRP Acceptance Criterion 4. A discussion of the resolution to the impact from
using the SM on the results of the SSI analysis is in Subsection 3.7.2.4.20, which is located later
in this SER.
Seismic Analysis of Diesel Generator Fuel Oil Storage Vaults (DGFOSVs)
Because the shear wave velocity parameter of the subgrade material (soil or backfill) supporting
these structures may be less than 305 m/s (1,000 ft/s), the staff issued RAI 03.07.01-19
requesting information about the supporting media for DGFOSVs. The RAI also requested the
quantitative results for the reconciliatory site-specific seismic analysis with appropriate
consideration for the dynamic soil or backfill properties and the potential impact on the FIRS,
SSI, settlement calculations, and the structural design of the DGFOSVs.
In its Revision 2 response to Item 1 of RAI 03.07.01-19, dated June 7, 2010 (ML101620284),
the applicant presented the approach used to develop the input motions for the SSI analysis
and the design of the DGFOSVs, while taking into account the impact of the nearby heavy RB
and UHS/RSW pump house structures. The applicant stated that:
Conservatively, a 3-dimensional SAP2000 response spectrum analysis was used
to obtain the safe-shutdown earthquake (SSE) design forces due to structure
inertia. The seismic induced dynamic soil pressures on DGFOSV walls were
computed using the method of ASCE 4-98, Subsection 3.5.3.2.
The response, however, did not provide details as to how the SSI analysis of the DGFOSVs
was performed and how the input motions developed were subsequently specified in the SSI
analysis of the DGFOSVs to develop the structural responses and the ISRS for equipment and
subsystems within the DGFOSVs. In its response, it appeared that the applicant had not
explicitly included the DGFOSV structural model in the SASSI2000 model of the RB and
UHS/RSW pump house SSI models to properly evaluate the SSSI effects on the DGFOSVs. In
order for the staff to determine whether the evaluation of the DGFOSVs for the SSE
appropriately accounted for the SSI effects, Part 1 of RAI 03.07.01-27 asked the applicant to
provide the following information:
a)

A detailed description of the method used for the SSI analysis of the DGFOSV,
including the procedures for the treatment of the strain-dependent backfill
material properties in the model; the input motion used and how it is specified in
the analysis, the variation in soil properties, and the computer programs used for
the SSI analysis.

b)

A detailed description of how the SAP2000 analysis of the DGFOSV was
performed, including how foundation soil/backfill materials were represented, the
number of modes extracted, the modal damping values used, how the input
motion is specified, and the type of boundary conditions used.

c)

A detailed description demonstrating that the DGFOSV foundation response
spectra and dynamic soil pressure (on the DGFOSV basement walls using the
ASCE 4–98 criteria) used in the design of the DGFOSV will envelop the results of
the SSSI analysis, which explicitly models the DGFOSV structure in the SSI
model of the RB and RSW pump house structures.

d)

A detailed description of whether there are any Category I tunnel structures for
transporting diesel fuel oil between the DGFOSV and the diesel generator
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located in other buildings. The description should include the layout,
configuration, seismic analysis, and design method.
In the Supplement 1 response to Items (a) through (c) of RAI 03.07.01-27 (ML110730064),
dated December 21, 2010, the applicant provided the requested information. The response to
Item (d) of RAI 03.07.01-27 is reviewed later in this SER under the topic “Seismic Analysis of
Diesel Generator Fuel Oil Tunnels (DGFOTs).”
In its Supplement 1 response to Item (a) of RAI 03.07.01-27 (ML103620340), and the revised
Supplement 1 response dated March 7, 2011 (ML110730064), the applicant described the
DGFOSVs as reinforced concrete structures located below grade, with an access room above
grade. The DGFOSVs house fuel oil tanks and transfer pumps. COL FSAR Figure 3H.6-221,
“Partial Site Plan,” shows the locations of the DGFOSVs and nearby structures. The applicant
also stated that two types of SSI analyses were performed for the DGFOSVs:
(a)

3-D SSI analyses of only the DGFOSVs for calculating the ISRS and design
accelerations/forces of the structure. These analyses considered both full and
empty fuel oil tanks.

(b)

2-D SSSI analysis of the DGFOSVs with adjacent structures to obtain seismic
soil pressures.

A review of these two analyses is discussed below.
(a)

3-D SSI Analysis of the DGFOSVs

As discussed in COL FSAR Section 3H.6.7, the applicant modeled the fuel tank with the fuel
and the tank mass, lumped at the tank’s center of gravity, with the fuel tank lumped mass rigidly
connected to the basemat at the tank saddle locations. To address the staff’s concern
regarding this modeling approach, the applicant stated that the fuel tank procurement
specification would require the fuel tank with fuel in it to have predominant frequencies greater
than 33 Hz in both horizontal and vertical directions. The fuel tank portion of the model was
assigned a 0.5 percent damping. For other parts of the structure, seven percent and
four percent damping values were used. The results from the seven percent structural damping
were then used to design the DGFOSV, and the results from the four percent structural damping
were used to generate the ISRS. The analyses considered both full and empty fuel oil tank
conditions. COL FSAR Table 3H.6-1, “Strain-Compatible Soil Properties Used in SSI Analysis,”
shows the strain-compatible soil properties of the in situ soils, and Table 3H.6-2, “StrainCompatible Properties of Backfill Material,” shows the strain-compatible soil properties of the
backfill soils. However, for soil layers below the water table, the Poisson’s ratio was capped at
0.495. The full fuel tank case was analyzed for both four percent and seven percent structural
damping in eight cases (LB, mean, and UB in situ soil; LB, mean, and UB backfill over LB,
mean, and UB in situ soil, respectively; UB in situ soil with soil separation; and UB in situ soil
with cracked concrete). The empty fuel oil tank case was analyzed for the UB in situ soil case
only. Input consisted of 0.3g RG 1.60 spectra, which enveloped all other spectra derived from
the SSI analyses to take into account the impact from nearby large structures, as discussed in
COL FSAR Section 3H.6.7. This COL FSAR section also describes the modeling and other
details of the analyses, including the passing frequency requirement of 33 Hz and the
development of design spectra to evaluate equipment inside the DGFOSVs. All 3-D SSI
analyses of the DGFOSV were initially performed with SASSI2000 using the SM.
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The staff raised verification and validation (V&V) issues regarding the accuracy of the SM used
in the SASSI2000 to calculate the seismic response of embedded structures, as well as a
similar concern the DNFSB raised in a recent letter to the U.S. DOE. To address the V&V
issue, the applicant reanalyzed the seismic SSI response of the DGFOSV using the MSM. The
staff reviewed and accepted the revised results of the SSI DGFOSV analysis for the STP, Units
3 and 4, application in the context of the SM issues. Subsection 3.7.2.4.20 of this SER
discusses the staff’s review and the basis for the staff’s acceptance of the new results.
The staff reviewed the amplified ground motions used for inputs to the SSI DGFOSV model
earlier under the topic “Amplified Ground Motion Input to SSI Analysis” in this subsection of the
SER, and found acceptable.
(b)

2-D SSSI Analysis of the DGFOSVs

Two 2-D SSSI models were developed and analyzed to evaluate the effects of nearby
structures on the three DGFOSVs and to calculate seismic soil pressures on the structures.
The first SSSI analysis models a section cut in the N-S direction consisting of the UHS/RSW
pump house, the RSW piping tunnel, DGFOSV No. 1B, DGFOSV No. 1C, and the RB. Details
of this SSSI analysis are in Item 1 of the Supplement 1 response to RAI 03.07.02-24
(ML110730066) and COL FSAR Subsection 3H.6.5.3. The second SSSI analysis models a
section cut in the E-W direction consisting of the DGFOT, DGFOSV 1A, and the crane
foundation retaining wall (CFRW). Details of this SSSI analysis are in Item (a) of the revised
Supplement 1 response to RAI 03.07.01-27 (ML110730064) and in COL FSAR Section 3H.6.7.
The soil properties for in situ and backfill soils are similar to those used in the above SSI
analyses. To account for the effects of soil variations, the applicant performed five analyses
(UB in situ soil with UB backfill in between the structures; LB in situ soil with LB backfill in
between the structures; and mean in situ soil with UB, LB, and mean backfill in between the
structures). Input motion to the SSSI models consisted of a site-specific SSE described in COL
FSAR Subsection 3H.6.5.1.1.2. The applicant performed all of the above 2-D SSSI analyses
with SASSI2000 using the SM.
In the revised Supplement 1 response to Item (b) of RAI 03.07.01-27, the applicant stated that
the SAP2000 response spectrum analysis (RSA), which was previously used for the SSI
analysis of the DGFOSVs in the response to RAI 03.07.01-19, is no longer used. Item (a) in the
RAI response above describes this revised SSI analysis, which is the basis of all ISRS and
maximum accelerations for the DGFOSV analyses. The applicant also revised the design of the
DGFOSVs and conservatively determined seismic loads using the equivalent static method.
Details of the equivalent static method are in Subsection 3.8.4.4.2, Subpart B.2.4 of this SER.
In the revised Supplement 1 response to Item (c) of RAI 03.07.01-27, the applicant provided
comparisons of the five percent damped response spectra at the DGFOSV foundation level
obtained from the 3-D SSI analysis (enveloped for all soil cases and used for the DGFOSV
design) and 2-D SSSI analysis. These comparisons show that the design spectra obtained from
the 3-D SSI analysis envelop the spectra obtained from 2-D SSSI analysis. The applicant also
revised the structural analysis and design of the DGFOSV to consider incremental seismic soil
pressures from the SSSI analysis described in the above Part 1a response. Figures 3H.6-226
through 3H.6-231 in the revised Supplement 1 response to RAI 03.07.01-27 show comparisons
of incremental seismic soil pressures obtained from the SSSI ASCE 4–98 methodology and
incremental seismic soil pressures used in the design of all DGFOSV walls. Because dynamic
soil pressures used in this design significantly envelop the seismic soil pressures calculated
from SSI and SSSI analyses of all soil cases, as well as those using ASCE 4–98, the staff found
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the design seismic soil pressures acceptable. Subsection 3.8.4.4.2, Subpart B.2.4 of this SER
reviews the DGFOSV design.
Because the SASSI2000 SM was used to calculate the SSSI response of the DGFOSV, the
applicant revisited the results of both SSSI DGFOSV analyses in order to address the V&V
issues raised by the staff regarding the accuracy of using the SM in SASSI2000 to calculate the
seismic response of embedded structures, as well as a similar concern raised by the DNFSB in
a recent letter to the DOE. To address this issue, the applicant reanalyzed the seismic SSSI
response of both DGFOSV Sections 5 and 7 (see Figure 03.07.01-29 S1.79, “Sections for SSSI
Analyses,” in the revised Supplement 1 response to RAI 03.07.01-29 [ML113360516]) using the
MSM and performed additional sensitivity studies to assess the impact from using the SM on
wall pressures. The staff reviewed and accepted the revised results of the SSSI DGFOSV
analysis for the STP, Units 3 and 4, application in light of the SM issues. A discussion of the
staff’s review and the basis for accepting the new results are in Subsection 3.7.2.4.20, which is
located later in this SER.
Seismic Analysis of Diesel Generator Fuel Oil Tunnels
In order for the staff to determine whether the evaluation of the DGFOTs for the SSE
appropriately accounted for SSI effects, in Item (d) of RAI 03.07.01-27, the staff asked the
applicant to describe in detail whether there are any Category I tunnel structures for transporting
diesel fuel oil between the DGFOSV and the diesel generator located in other buildings. The
description should include the layout, configuration, seismic analysis, and design method.
In Item (d) of the Supplement 2 response to RAI 03.07.01-27 (ML110730064), the applicant
stated that there are three reinforced concrete DGFOTs approximately 15.2, 60.9, and 67.1 m
(50, 200, and 220 ft) long for each unit. Each DGFOT is connected at one end to the RB and at
the other end to a DGFOSV. There is a seismic gap between each of the tunnels and the
adjoining RB or DGFOSV. COL FSAR Figure 3H.6-221, “Partial Site Plan,” shows the layout of
the DGFOT. Each DGFOT has two access regions that extend above grade. One access
region is located where the tunnel interfaces with the DGFOSV, and another region is located
where the tunnel interfaces with the RB. Dimensions and other details of the DGFOTs are in
COL FSAR Section 3H.7.3.
Seismic analyses of the DGFOTs include SSI and fixed-base analyses to generate ISRS and
SSSI analyses to develop seismic soil pressures on the tunnel walls for design. Reviews of
these analyses are below.
Seismic Analysis for Generating ISRS
For the final ISRS for the tunnels and their access regions, the applicant used the widened
enveloped spectra of the resulting ISRS from the following two seismic analyses:
(a)

2-D SSI analysis of a typical cross section of the DGFOT.

(b)

3-D fixed-base seismic analysis of DGFOT No. 1B (approximately 15.2 m [50 ft]
long), including its access regions at the two ends of the tunnel.

A review of these two seismic analyses is discussed below.
(a)

2-D SSI Analysis of the DGFOT
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A 2-D plane-strain model of the DGFOT was developed and used for this SSI analysis.
Figure 3H.7-20 in COL FSAR Subsection 3H.7.5.2.1 depicts this model. There were sixteen
case analyses performed with strain-compatible soil properties. Eight site-specific soil and
backfill profiles include the LB, mean, and UB in situ soil; LB backfill over LB in situ soil; mean
backfill over mean in situ soil; UB backfill over UB in situ soil; UB in situ soil with soil separation;
and UB in situ soil with cracked concrete. Eight ABWR DCD generic soil profiles include UB1D,
VP3D, VP4D, VP5D, VP7D, R, R with soil separation, and R with cracked concrete. Water
table was assumed at 1.8 m (6 ft) below grade for site-specific soil and backfill cases and 0.6 m
(2 ft) below grade for the ABWR DCD cases. In the site-specific soil and backfill cases, ground
water effects were considered by using a minimum compression wave velocity of 1,463 m/s
(4,800 ft/s) with Poisson’s ratio capped at 0.495. The structure was assigned a four percent
damping that included cracked concrete. The SSI model was meshed to allow an analysis of a
passing frequency of at least 33 Hz. Acceleration time histories consistent with RG 1.60
response spectra anchored at 0.3g peak ground acceleration were used as input at the grade.
This motion envelops both site-specific input motions and amplified site-specific motions
considering the impact of nearby heavy RB and UHS/RSW pump house structures. COL FSAR
Subsection 3H.7.5.2.1 describes additional details of these analyses. The computed ISRS at
the top of the floor slab (middle of the span), at the slab roof (middle of the span), and at the
mid-height of two walls of the cross section of the tunnel were enveloped in all cases to
conservatively provide the ISRS for the entire 2-D cross section of the tunnel. The applicant
performed the SSI analyses of the DGFOT with SASSI2000 using the DM.
During the October 18, 2010, through October 22, 2010, audit, the staff reviewed the applicant’s
analyses. The staff requested the applicant to calculate the FIRS for the DGFOT and to provide
comparisons with the outcrop spectra at the same foundation level and with a broadband
spectrum anchored at 0.1g. The staff needed this information to ensure that the foundation
outcrop spectra used in the SSI model envelop the FIRS for all cases in the analysis and meet
the minimum threshold in SRP Section 3.7.1 and 10 CFR Part 50, Appendix S. Figures 3H.7-22
through 3H.7-30 in the Supplement 2 response to RAI 03.07.01-27, depict comparisons of the
outcrop response spectra and the FIRS in two horizontal directions and one vertical direction for
the LB, mean, and UB in situ soil cases. These figures show that the foundation outcrop
spectra envelop the FIRS in all cases, and that the response spectra at the SHAKE outcrop of
the DGFOT foundation level envelop a minimum broadband spectrum conservatively defined as
the RG 1.60 spectrum anchored at 0.1g.
(b)

3-D Fixed-Base Seismic Analysis of the DGFOT

The applicant developed a 3-D fixed-base model (fixed basemat) of DGFOT No. 1B running
between the RB and DGFOSV No. 1B. The applicant used this model for the seismic analysis
of the DGFOT, as described in COL FSAR Subsection 3H.7.5.2.1. The seismic analysis was
performed with SAP2000 using the time history modal superposition method. The structure was
assigned a four percent damping. Three-component acceleration time histories consistent with
the RG 1.60 response spectra anchored at 0.3g peak ground acceleration were used as inputs
at the base of the model. Other details of the analyses, including the ISRS at selected nodes,
are in COL FSAR Subsection 3H.7.5.2.1.
The corresponding ISRS obtained from the 2-D SSI analysis and the 3-D fixed-base analysis
described above were enveloped and used to develop the final widened ISRS for the horizontal
and vertical directions of the entire DGFOTs and their access tunnels at the two ends. COL
FSAR Figures 3H.7-31, “Enveloped, Broadened Horizontal Response Spectra for DGFOTs,”
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and 3H.7-32, “Enveloped, Broadened Vertical Response Spectra for DGFOTs,” respectively,
depict these final spectra.
The staff reviewed the results of the SSI DGFOT analyses and found them to be conservative;
they meet the guidance of the SRP Section 3.7.2 acceptance criteria as follows.
•

The SSI model input is a conservative envelope of the amplified ground motions that
account for the SSSI effects from nearby heavy structures and the 0.3 g RG 1.60
spectra; the FIRS envelops the minimum requirement that FIRS must be greater than
RG 1.60 anchored to 0.1g.

•

The SSI analysis incorporates both the site-specific soil cases as well as the DCD
generic soil cases.

•

The ISRS envelops the SSI results as well as those from the fixed-base DGFOT
analysis that used 0.3g RG 1.60 as input at the base of the model.

Based on the above evaluation and the fact that the seismic SSI DGFOT analysis was
performed using the DM in SASSI2000, the results were therefore unaffected by the numerical
issues connected to the use of the SM in the SSI analysis. The staff accepted the results of the
DGFOT seismic analysis for the STP, Units 3 and 4, application. For further discussions on the
SASSI SM issues, see Subsection 3.7.2.4.20 below in this SER.
The amplified ground motions used for inputs to the SSI model of the DGFOT were reviewed
earlier under the topic “Amplified Ground Motion Input to SSI Analysis” in this subsection of the
SER. The staff found them acceptable.
2-D SSSI Analysis of the DGFOT
The applicant developed and analyzed two 2-D SSSI models to calculate the seismic soil
pressures on the DGFOT walls. The models considered the effects from the nearby structures.
The first SSSI model was for a section cut in the E-W direction consisting of DGFOT No. 1C,
DGFOSV 1A, and the CFRW. Details of this SSSI analysis are in the Supplement 1 response
to RAI 03.07.01-27 and in COL FSAR Section 3H.6.7. This model is discussed earlier in this
subsection of the SER under the topic “2-D SSSI Analysis of DGFOSV.”
The second SSSI model was also for a section cut in the E-W direction through the RB,
DGFOT 1A, and the CFRW. COL FSAR Figure 3H.7-21, “2D SSSI Model of RB, DGFOT and
Crane Foundation Retaining Wall,” depicts the structural part of this SSSI model. The
methodology for the SSSI model (including strain-compatible soil properties, soil case analyses,
and the methods of analysis) is the same methodology used for the section cut through DGFOT
1C, DGFOSV 1A, and the CFRW, which is described above under the topic “2-D SSSI Analysis
of DGFOSV” in this SER. This SSSI model was also meshed for passing frequencies up to at
least 33 Hz. Details of this SSSI analysis are in the Supplement 1 response to RAI 03.07.01-27
and COL FSAR Subsection 3H.7.5.2.2. COL FSAR Figures 3H.7-5 through 3H.7-8 show
comparisons of the incremental SSI, SSSI, and ASCE 4-98 seismic soil pressures together with
the enveloping seismic pressures used for the design of the DGFOT walls.
The staff reviewed the analytical procedure used to develop the seismic soil pressures for the
design of the DGFOTs. In this review, the staff found the design pressures to be conservative
because:
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•

The seismic soil pressure profiles are based on the maximum absolute values.

•

The SSSI seismic soil pressures envelop the results from two different sections
accounting for the effects from the adjacent heavy structures.

•

The soil pressures in the seismic design envelop the seismic pressures from both the
SSI and SSSI analyses together with those obtained using the ASCE 4–98 procedure.

Based on the above evaluations and the fact that the seismic SSI DGFOT analysis used the DM
in SASSI2000 and was therefore unaffected by the numerical issues connected to the use of the
SM in the SSI analysis, the staff accepted the DGFOT seismic design soil pressures for the
STP, Units 3 and 4, application. For additional details on the SASSI SM issues, see
Subsection 3.7.2.4.20 later in this SER.
The design of the DGFOTs for axial tensile strain and seismic-induced forces at the tunnel
bends due to SSE wave propagation is described in the response to Part 10 of RAI 03.08.04-30
and is reviewed in Subsection 3.8.4.4.2, Subpart B.3.4 (Item a) of this SER.
3.7.2.4.5

Development of In-Structure Response Spectra

In RAI 03.07.02-6, the staff asked the applicant to provide the procedure used to develop the
ISRS for the site-specific Category I structures in accordance with SRP Section 3.7.2, SRP
Acceptance Criterion 5 guidance. The information should include but not be limited to the
following:
1.

Method for combining the three ISRS in a given direction and developed from
separate analyses of the three directions of the input motion.

2.

Frequency increments for the ISRS calculation.

3.

Spectrum smoothing and broadening to account for uncertainty in soil and
structural parameters.

In its response to RAI 03.07.02-6 (ML092370556), dated August 20, 2009, the applicant stated
that the ISRS in a given direction was obtained by combining the three co-directional ISRS
developed from separate analyses of the three directions of input motion using the SRSS
method. The applicant added that the frequency increment for calculating the ISRS was either
smaller than or the same as the frequency increment specified in Table 1 of RG 1.122; the ISRS
were peak broadened by ±15 percent. The applicant provides this information in COL FSAR
Subsection 3H.6.5.2.5. The staff reviewed the response per the guidance in SRP Section 3.7.2,
SRP Acceptance Criterion 5 and found it acceptable.
3.7.2.4.6

Three Components of Earthquake Motion

In RAI 03.07.02-7, the staff asked the applicant to provide the procedure used for combining the
responses due to three components of earthquake motion for the site-specific Category I
structures, in accordance with the guidance in SRP Section 3.7.2, SRP Acceptance Criterion 6.
The applicant was also asked which of the acceptable methods in RG 1.92 were used to
analyze the site-specific Category I structures.
In its response to RAI 03.07.02-7 (ML092370556), dated August 20, 2009, the applicant stated
that the total structural responses (accelerations, displacements, and forces) were calculated by
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combining the co-directional responses due to the three components of earthquake motion
through either the SRSS method or the 100-40-40 percent spatial combination rule. The
applicant provided this information in COL FSAR Subsections 3H.6.5.2.6 and 3H.6.5.1.1.2. The
staff found the response acceptable per the guidance in SRP Section 3.7.2, SRP Acceptance
Criterion 6.
3.7.2.4.7

Combination of Modal Responses

In COL FSAR Subsection 3H.6.5.2.7 the applicant stated that because a frequency-domain
seismic analysis was performed, there were no modal responses to be combined. The staff
agreed with this observation.
3.7.2.4.8

Interaction of Non-Category I Structures with Category I SSCs

ABWR DCD Subsection 3.7.2.8, which addresses the interaction of non-Category I structures
with seismic Category I structures, is incorporated by reference into the COL FSAR with
supplemental and COL license information included in COL FSAR Subsection 3.7.5.4. ABWR
DCD Subsection 3.7.2.8 specifies three criteria and notes that all non-Category I structures
must meet one of these three criteria. The staff required additional information to determine the
implementation of these criteria for non-Category I structures with the potential to interact with
seismic Category I structures. Therefore, the staff issued RAI 03.07.02-1 requesting the
following:
a)

A figure or table that includes the identification and location of each Category I
and non-seismic Category I structure, including the height of each structure and
the separation distance between structures.

b)

The specific criteria of ABWR DCD 3.7.2.8 that each non-Category I structure is
designed to meet.

c)

A description of how non-Category I structures with the potential to interact with
seismic Category I structures are evaluated for their sliding and overturning
potential (including the coefficient of friction used and its basis) during an SSE.
Also, the calculated factors of safety against sliding and overturning for the
applicable non-Category I structures.

d)

A statement of whether or not any non-Category I structures are designed to
meet Criterion (2) of ABWR DCD 3.7.2.8 and, if so, the technical basis for
determining that the collapse of a non-Category I structure will not compromise
the integrity of a seismic Category I structure.

In its response to Item (a) of RAI 03.07.02-1(ML092610377), dated September 15, 2009, the
applicant provided Figure 3.7-38, “Plot Plan - Interaction of Seismic Category I Structures with
Non-Seismic Category I Structures,” (incorporated later as Figure 3.7-40, “Plot Plan –
Interaction of Seismic Category I Structures with Non-Seismic Category I Structures,” in the
COL FSAR) showing the locations and separation distances of seismic Category I structures
and non-Category I structures with the potential to interact with seismic Category I structures.
The applicant stated that the design is still in progress and some of the information in this figure
may change. Notwithstanding the potential for change, the applicant will ensure that any
changes will not create a potential interaction between seismic Category I and non-Category I
structures using the criteria described in ABWR DCD Subsection 3.7.2.8. The staff found the
response acceptable.
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In its response to Item (b) of RAI 03.07.02-1, the applicant stated that each non-Category I
structure was designed to meet either Criterion (1) or (3) of ABWR DCD Subsection 3.7.2.8.
The applicant also stated that, based on the current progress of the design planning and
engineering, five non-Category I structures (per unit)—the TB, RWB, SB, CBA, and plant
stack— are anticipated to require enhanced seismic design and analysis to satisfy Criterion (3)
of ABWR DCD Subsection 3.7.2.8. Item 1 of RAI 03.07.02-13 asked the applicant to include in
COL FSAR Subsection 3.7.2.8 the five identified non-Category I structures that could potentially
interact with Category I structures. In its response to Item 1 of RAI 03.07.02-13
(ML100550613), dated February 10, 2010, the applicant revised COL FSAR Subsection 3.7.2.8
to include this information. The staff found the response acceptable.
In its response to Item (c) of RAI 03.07.02-1, the applicant stated that the sliding and
overturning potential as a result of an SSE could not be evaluated, because the design planning
and engineering specifically associated with non-Category I structures that could potentially
interact with seismic Category I structures has not yet progressed to that point. However, as
identified in SRP Section 3.7.2, SRP Acceptance Criterion 8, the staff needed to review the
applicant's seismic design for these non-Category I structures. Therefore, in Item 2 of
RAI 03.07.02-13, the staff asked the applicant to provide factors of safety against sliding and
overturning (including the basis of the coefficient of friction used in the analysis) during an SSE
for the TB, RWB, SB, CBA, and plant stack. In its response to Item 2 of RAI 03.07.02-13, the
applicant stated that the plant stack is an integral part of the RB roof. Therefore, the design of
the stack on the RB roof is covered under the certified design of the RB, and the calculation of
the stability safety factor is not applicable to the plant stack. With respect to other non-seismic
Category I structures, the applicant stated that for the II/I evaluation of the TB, the seismic input
motion is the site-specific SSE. For the RWB, SB, and CBA, the seismic input motion is the
amplified site-specific SSE that considers the effects from the nearby heavy RB and CB
structures. Because the TB is a relatively heavy structure, the staff did not expect the nearby
RB to affect the response of the TB. Therefore, the staff concluded that the use of the sitespecific SSE as input for II/I evaluation of the TB is acceptable. The development of the
amplified ground motions for the seismic SSI analysis of the TB, RWB, SB, and CBA for II/I
evaluation is discussed below. Subsection 3.8.4.4.3, Part C of this SER reviews the design for
the required factor of safety against sliding and overturning and the basis for the coefficient of
friction for the TB, RWB, SB, and CBA.
In its response to Item (d) of RAI 03.07.02-1, the applicant stated that no non-Category I
structures proposed as part of STP, Units 3 and 4, are designed to meet Criterion (2) of ABWR
DCD Subsection 3.7.2.8. Rather, as stated above in the response to Item (b), each nonCategory I structure is designed to meet either Criterion (1) or (3) of ABWR DCD
Subsection 3.7.2.8. This information is incorporated into Subsection 3.7.2.8 of the COL FSAR.
The staff found the response acceptable and in accordance with the guidance in SRP
Section 3.7.2, SRP Acceptance Criterion 8.
Development of Amplified Seismic Input Motions for II/I Stability Evaluations
Turbine Building
The applicant used the site-specific SSE as seismic input for the TB. The input spectra are in
COL FSAR Figures 3A-231a, “Comparison of Site-Specific SSE Design Spectrum with DCD
SSE Spectrum - Horizontal (5% damping),” and 3A-232a, “Comparison of Site-Specific SSE
Design Spectrum with DCD SSE Spectrum - Vertical (5% damping).” As discussed earlier, the
staff found the use of the site-specific SSE as seismic input for the TB acceptable because
3-145

being a heavy structure, the seismic input for the TB is not expected to be significantly affected
by the surrounding buildings.
Radwaste Building
For the stability evaluation of the RWB, the applicant describes in COL FSAR
Subsections 3.7.3.16 and 3H.3.5.3 the method for establishing the seismic input. In addition,
Figures 3.7-44 through 3.7-46 depict the seismic input. The earthquake input used at the
foundation level is the envelope of site-specific SSE response spectra and the induced
acceleration response spectra due to a site-specific SSE that is determined from an SSI
analysis, which accounts for the impact of the nearby RB. In this SSI analysis, five interaction
nodes at ground surface are added to the 3-D 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 site-specific SSE spectra to
determine the SSE input at the foundation level. The staff found the method acceptable,
because the seismic input for the RWB considers the effect of the nearby RB.
Service Building
For the SB stability evaluation, the SSE input (see COL FSAR Figures 3.7-53 through 3.7-55) is
the envelope of the site-specific SSE response spectra and the induced acceleration response
spectra due to the site-specific SSE that is determined from an SSI analysis, which accounts for
the impact of the nearby CB. In this SSI analysis, five interaction nodes at the ground surface
are added to the 3-D SSI model of the CB. These five interaction nodes correspond to the four
corners and the center of the SB foundation. The average response of these five interaction
nodes is enveloped with the site-specific SSE spectra to determine the SSE input at the
foundation level. The staff found the method acceptable, because the seismic input for the SB
considers the effect of the nearby CB.
Control Building Annex
For the CBA stability evaluation, the SSE input (see COL FSAR Figures 3.7-47 through 3.7-49)
is the envelope of the site-specific response spectra and the induced acceleration response
spectra due to the site-specific SSE, which is determined from an SSI analysis that accounts for
the impact of the nearby CB. In this SSI analysis, five interaction nodes at the depth
corresponding to the bottom elevation of the CBA foundation are added to the three dimensional
SSI model of the CB. These five interaction nodes correspond to the four corners and the
center of the CBA foundation. The average response of these five interaction nodes is
enveloped with the site-specific spectra to determine the SSE input at the CBA foundation level.
The staff found the method acceptable, because the seismic input for the CBA considers the
effect of the nearby CB.
Development of Amplified Seismic Input Motions for II/I Design
To develop the SSE seismic input for II/I design (see COL FSAR Subsection 3.7.3.16), the
applicant used a method similar to the one described above for establishing the seismic input
for the stability evaluations for the TB, RWB, SB, and CBA. However, with the exception of the
TB, the SSE input at the foundation level is the envelope of 0.3g RG 1.60 response spectra and
the induced acceleration response spectra due to the site-specific SSE, which is determined
from an SSI analysis that accounts for the impact of the nearby heavy buildings. For the TB
design, the input motion is the 0.3g RG 1.60 spectra. This is considered acceptable because
the seismic input for the TB (being a heavy structure) is not expected to be significantly affected
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by the nearby buildings. In addition, the seismic input for II/I design is significantly higher than
the site-specific spectra. The staff reviewed the design spectra at the foundation level of the
other relatively lighter non-seismic Category I structures noted above. The staff concluded that
these design spectra inputs are acceptable because
•

The induced acceleration motion at the foundation level of the II/I structures from the
site-specific SSI analysis of the nearby heavy structures is further enveloped by the 0.3g
RG 1.60 spectra, which are significantly higher than the site-specific SSE.

3.7.2.4.9

Effects of Parameter Variation on Floor Response Spectra

In RAI 03.07.02-8, the staff asked the applicant to provide the procedure and amount of peak
broadening used to account for the effects of expected variations of structural properties
(including the effect of potential concrete cracking on structural stiffness); damping values; soil
properties; and SSI effects for site-specific Category I structures in accordance with the
guidance in SRP Section 3.7.2, SRP Acceptance Criterion 9.
In its response to RAI 03.07.02-8 (ML092370556), dated August 20, 2009, the applicant stated
that the envelope of the ISRS obtained for LB, mean, and UB soil properties will be widened by
±15 percent to account for all uncertainties, with the exceptions of soil property variations (that
are already accounted for by considering the LB, mean, and UB soil cases) and potential
concrete cracking. To account for concrete cracking in addition to other uncertainties, the ISRS
will be developed with structural properties based on cracked concrete stiffness and mean soil
properties. These spectra will be enveloped with spectra from the un-cracked concrete analysis
and then widened by ±15 percent to obtain the final ISRS for the design. The applicant
provided this information in COL FSAR Subsection 3H.6.5.2.9. The staff found the response
acceptable per the guidance in SRP Section 3.7.2, SRP Acceptance Criterion 9.
3.7.2.4.10 Use of Equivalent Vertical Static Factors
In COL FSAR Subsection 3H.6.5.2.7, the applicant stated that since a separate seismic analysis
was performed for the vertical direction, equivalent static factors were not used to define the
vertical seismic responses. The staff agreed with this observation.
3.7.2.4.11 Methods Used to Account for Torsional Effects
In RAI 03.07.02-9, the staff asked the applicant to further clarify the procedure used to account
for torsional effects (including how an accidental torsional moment at a particular location is
calculated) in the seismic analysis of site-specific Category I structures, in accordance with the
guidance in SRP Section 3.7.2, SRP Acceptance Criterion 11. The applicant was also asked to
describe how the torsional effects will be combined with other seismic demands in the structure.
In its response to RAI 03.07.02-9 (ML092510038), dated September 3, 2009, the applicant
stated that inherent torsion (i.e., torsion resulting from eccentricity between the center of mass
and center of rigidity) is accounted for in the seismic analysis. The applicant further stated that
because the structural model in the SSI analysis of the UHS/RSW pump house is a detailed 3-D
finite element model incorporating torsional degrees-of-freedom and eccentricities, the SSI
analysis did not account for accidental torsion. The applicant provides additional details of how
accidental torsion is computed in COL FSAR Subsection 3H.6.5.2.11. The staff reviewed this
information and found it acceptable per the guidance in SRP Section 3.7.2, SRP Acceptance
Criterion 11.
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3.7.2.4.12 Comparison of Responses
Subsection 3H.6.5.2.12 of the COL FSAR states that since only frequency-domain analysis is
performed, no comparison of responses is presented.
The staff noted that seismic analyses of all site-specific Category I structures are performed
using a frequency-domain method in SASSI2000. The results of SASSI2000 in terms of
maximum accelerations, ISRS, seismic soil pressures, and member forces and moments were
obtained and used for the design. To ensure that the results of SASSI2000 are accurate and/or
conservative for the design, during the March 14, 2011, through March 18, 2011, audit of the
STP, Units 3 and 4, seismic calculations, the staff reviewed the results of the SASSI2000 V&V.
In RAI 03.07.02-29, the staff requested the applicant to expand the scope of the SASSI2000
V&V results with additional test problems, thus checking the accuracy of the finite elements as
well as the SM used in SASSI2000 to calculate seismic responses. Subsection 3.7.2.4.16 of
this SER discusses the staff’s review of the SASSI2000 V&V.
Because SASSI2000 member forces and moments are also used as a design basis, during the
September 2011, NRC audit of STP, Units 3 and 4, the staff requested, as part of the response
to RAI 03.07.01-29, that the applicant perform a confirmatory analysis to provide further
assurance that the section cut forces from the SASSI2000 are accurate and/or conservative.
The applicant performed a benchmark study that showed that the section cut forces from the
SSI analysis using the SASSI2000 program are accurate or conservative (see the Supplement 1
response to RAI 03.07.01-29 [ML11325A142, ML11325A150, ML11325A152, and
ML11325A153]). The staff’s review of the bench mark study which the staff found acceptable is
discussed later in Subsection 3.7.2.4.21, “Confirmatory Analysis of SASSI2000 Section Forces,”
of this SER.
In addition to the above V&V studies, the staff also performed an independent seismic SSI
analysis of the UHS/RSW pump house using MTR/SASSI to confirm the results of the STP,
Units 3 and 4, analysis, to assess the sensitivity of the results to the use of a high Poisson’s
ratio of 0.495, mesh discretization, and to assess the impact of the use of the SM on the results
of the SSI analysis. The results of the staff’s confirmatory SSI analyses are discussed later in
Subsection 3.7.2.4.17, “Confirmatory SSI Analysis,” and in Subsection 3.7.2.4.18, “Poisson’s
Ratio Confirmatory Analysis,” in this SER.
Based on the applicant’s V&V and confirmatory studies, and the staff’s confirmatory SSI
analysis described in Subsections 3.7.2.4.16 to 3.7.2.4.18 and 3.7.2.4.21, the staff concluded
that the use of SASSI2000 for the seismic response analysis of the site-specific Category I
structures is acceptable for the STP, Units 3 and 4, application.
3.7.2.4.13 Analysis Procedure for Damping
In Subsection 3H.6.5.2.13 of the COL FSAR, the applicant stated that the SSI analysis accounts
for the structural and soil-damping described in Subsection 3H.6.5.1.2 of the COL FSAR. The
staff found that the applicant’s description is consistent with SRP Section 3.7.2 acceptance
criteria and is therefore acceptable.
3.7.2.4.14 Determination of Seismic Overturning Moments and Sliding Forces for Seismic
Category I Structures
The staff issued RAI 03.07.02-10 requesting the applicant to clarify the procedure used to
determine seismic overturning moments and sliding forces for site-specific Category I
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structures, in accordance with the guidance in SRP Section 3.7.2, SRP Acceptance
Criterion 14. The applicant was also asked to include in the COL FSAR the calculated factors of
safety against overturning and sliding, the coefficient of friction used in the calculation, and its
basis.
In its response to RAI 03.07.02-10 (ML092610377), dated September 15, 2009, the applicant
stated that the UHS/RSW pump house and RSW piping tunnel are the only site-specific seismic
Category I structures. The applicant further stated that the RSW piping tunnel (with the
exception of the access shaft) is a buried structure. To check the sliding and overturning of the
UHS/RSW pump house, the following criteria were used:
1.

Loads and load combinations are in COL FSAR Section 3H.6.4.5, with loads
defined in Subsection 3H.6.4.3.4.1. These loads and load combinations are in
accordance with SRP Section 3.8.5 criteria.

2.

As described in COL FSAR Subsection 3H.6.5.1.1.2, seismic loads from three
seismic excitations (i.e., x, y horizontal, and z vertical) are applied considering
the 100-40-40 percent combination rule, as shown below:
±100% x-excitation ±40% y-excitation +40% z-excitation
±40% x-excitation ±100% y-excitation +40% z-excitation
(Note: Positive z-excitation is upward. Also, ±40% x-excitation
±40% y-excitation ±100% z-excitation is not critical.)

3.

Only 90 percent of the dead load is considered in determining the resisting forces
and moments.

4.

A friction coefficient of 0.30 is assumed. Additional information regarding the
water proofing membrane is in the response to RAI 03.08.04-5.

5.

Passive pressure is not utilized; only at-rest soil pressure is considered for
calculating the resisting sliding forces and overturning moments.

6.

Calculated factors of safety against overturning, sliding, and flotation will be
provided later in the response to RAI 03.07.01-13.

7.

Figure 1 in the response to RAI 03.07.02-10, shows how stability safety factors
are calculated.

Items 1, 3, 4, 6, and 7 are reviewed in Subsection 3.8.4.4.2, Subpart A.5.2 of this SER.
Regarding the review of Item 2 in the response to RAI 03.07.02-10, the seismic loads from input
motions applied separately in three orthogonal directions should be combined following the
procedure outlined in Section 2 of RG 1.92, Revision 2. According to RG 1.92, the absolute
maximum values of the co-directional forces obtained from the three input motions should be
sorted by decreasing value and added by applying 1.0, 0.4, and 0.4 factors to the component
quantities. In compliance with this guidance, Item 1 of RAI 03.07.02-18 asked the applicant to
clarify whether the procedure used complies with the provisions of RG 1.92, Revision 2 for
combining the effects of three spatial components of an earthquake and, if not, to verify that the
method used is conservative. In its response to the question in Item 1 of RAI 03.07.02-18
(ML100550613), dated February 10, 2010, the applicant stated that the procedure outlined in
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Section 2 of RG 1.92, Revision 2 is only one of several possible combinations, and it has been
captured in the procedure used by the applicant. Since the procedure complies with the
provisions of RG 1.92, Revision 2 for combining the effects of three spatial components of an
earthquake, the staff found the response acceptable.
Regarding the review of Item 5 in the response to RAI 03.07.02-10 (ML092610377), the
applicant stated that passive soil pressure to resist the foundation sliding and overturning was
not utilized. This assumption is conservative for determining the factor of safety against sliding
and overturning. However, soil pressure should be considered in the design of the soil-retaining
walls. In addition, the magnitude and distribution of the passive soil pressure will depend on the
rigidity of the wall and the amount of wall displacement and/or rotation against the soil.
Therefore, in Item 2 of RAI 03.07.02-18, the staff asked the applicant to clarify how the passive
soil pressure was calculated and considered in the wall design. In its response to this question,
the applicant stated that full passive soil pressure cannot be developed without significant
structural movement (in excess of six inches). Because the UHS/RSW pump house is shown to
have adequate factors of safety against sliding, overturning, and flotation, there will be no
significant structural movement. Therefore, no significant passive pressure will be mobilized. In
its response to RAI 03.07.02-18 (ML100550613), dated February 10, 2010, the applicant
tabulated the enveloping maximum displacements relative to the input motion at free field at
various locations of buried walls for the UHS/RSW pump house. The response shows the
maximum calculated displacements to be only 0.56 cm (0.22 in.). Since the movement is very
small, full passive pressure was not mobilized. The mobilized passive pressure was considered
in the stability evaluation and the wall design. Evaluation of stability and the wall design is
discussed in Section 3.8 of this SER.
3.7.2.4.15 Assessment of Interaction due to Seismic Effects
In response to COL License Information Item 3.22, the applicant stated in COL FSAR
Subsection 3.7.5.4:
Nonsafety-related SSCs that are located in the same room as safety-related
SSCs will be reviewed to determine if their failure will impact the ability of the
safety-related SSC to perform its safety function. Non-seismic Category 1 SSCs
whose failure could jeopardize the function of a safety-related SSC will be
analyzed to demonstrate that structural integrity will be maintained in an SSE.
The staff’s review of this information item is documented in detail in Subsection 3.7.3.4 of this
SER.
3.7.2.4.16 Computer Programs Verification and Validation Issues
For SSE ground motions, Appendix S to 10 CFR Part 50 requires that SSCs remain functional
and within applicable stress, strain, and deformation limits and that the evaluation take into
account SSI effects. Criterion III, “Design Control,” of Appendix B to 10 CFR Part 50 states in
part that:
…[m]easures shall also be established for the selection and review for suitability
of application of materials, parts, equipment, and processes that are essential to
the safety related functions of the structures, systems and components.
Additionally, Criterion III states in part that:
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“…the design control measures shall provide for verifying or checking the
adequacy of design…”
SRP Section 3.8.1, SRP Acceptance Criterion 4.F specifies that computer programs used in the
design and analysis should be described and validated.
During the October 18, 2010, through October 22, 2010, audit, the staff reviewed the V&V
documents for SASSI2000, SAP2000, and SHAKE2000 software used in the seismic analysis of
Category I structures. Several issues were identified regarding the adequacy of these
documents. In RAI 03.07.02.29, the staff asked the applicant to address these V&V issues, as
discussed below.
SASSI2000
During the October 2010, audit, the staff reviewed Sargent and Lundy (S&L) and SGH
Associates (SGH) V&V documents for three SASSI2000 versions (S&L SASSI2000-v3.0, SGH
SASSI2000-v3.0, and SGH SASSI2000-v3.0-SGH), which were used for SSI and SSSI
analyses in the COL applications. The V&V documents of the three programs did not
adequately address all of the program features that were used to calculate and obtain maximum
accelerations, acceleration response spectra, and dynamic soil pressures. In particular, the
scope of the test problems did not address the adequacy of the following program features used
in the COL applications:
1.

General direction of load applications in the model.

2.

General orientation of the elements in the model.

3.

Accuracy of the triangular elements (solid, shell, and plane-strain) that may be
used in the model.

4.

Acceptable aspect ratio of rectangular elements (solid, shell, and plane-strain) to
obtain accurate results, as used in the model.

5.

Required mesh refinement to output out-of-plane responses in the shell
elements.

6.

Accuracy of the SM for calculating foundation impedance.

In addition, the staff was concerned about potential numerical instabilities resulting from the use
of a high Poisson’s ratio for modeling saturated soil behavior in SASSI2000, as the Poisson’s
ratio approaches 0.5. Therefore, the SASSI2000-v3.0 limitations—with respect to capping the
Poisson’s ratio to avoid potential numerical instabilities—need to be validated and stated.
Significant differences in the out-of-plane acceleration response of thick versus thin shell
element models was also observed in the results of the analysis, with the thick shell model
producing lower responses. This finding also needs to be further evaluated for
SASSI2000-v3.0, with respect to the adequacy and limitations of the specific shell element
types.
Without further demonstration that includes a validation of the program features discussed
above for the COL applications, the staff could not determine that the programs used in the
seismic analysis would not adversely affect the results of the SSI analysis and would not meet
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the applicable regulations. As such, in RAI 03.07.02-29, the staff also requested a
demonstration of the acceptability of SASSI2000, with additional test problems addressing the
issues discussed above.
In its response to RAI 03.07.02-29 (ML110250368), dated, the applicant stated that all STP,
Units 3 and 4, SSI and SSSI analyses were performed using SGH SASSI2000-v3.0 and/or S&L
SASSI2000-v3.0, with the exception of the SSI analysis of the UHS/RSW pump house with a
more refined mesh, as described in the Supplement 2 response to RAI 03.07.02-24
(ML103550646), dated December 14, 2010, which used SASSI2000-v3.0-SGH. In its response
to RAI 03.07.02-29, the applicant also stated that Items 1 and 2 features of the computer
programs were not used in the STP, Units 3 and 4, application. Therefore, no additional test
problems to validate these items would be performed. Regarding Items 3 through 6 and the
validation of thick shell elements, the applicant expanded the scope of test problems to address
the V&V issues identified above. Regarding potential numerical instabilities in SASSI2000 using
a very high Poisson’s ratio, the applicant did not perform any validation studies but stated that
detailed cautionary checks were already specified on pages 3 through 5 of the existing S&L
SASSI2000 release memorandum, which requires program users to review the transfer
functions and results for any sign of instability. To ensure that the results of STP, Units 3 and 4,
SSI analyses using SASSI2000 are unaffected by potential numerical instabilities associated
with the use of a high Poisson’s ratio, the staff performed a confirmatory SSI analysis of the
UHS/RSW pump house with a high Poisson’s ratio to compare against the applicant’s results.
This confirmatory analysis is discussed in Subsection 3.7.2.4.18, “Poisson’s Ratio Confirmatory
SSI Analysis,” later in this SER.
A public meeting was held on February 2, 2011, and February 3, 2011, to discuss the analyses
referenced in the RAI response. As a result of this meeting, the applicant submitted a revision
to the original response to RAI 03.07.02-29, dated March 15, 2011 (ML110770440), which
further expanded the scope of the V&V test problems to address the accuracy of SASSI2000
using thick shell elements with a two-way slab action.
The staff followed up with an audit from March 14, 2011, through March 18, 2011, to review the
results of the new V&V test problems provided in the revised response to RAI 03.07.02-29,
which the staff found acceptable with the following two exceptions:
a)

Shell Element Aspect Ratio (Audit Action Item 3.7-28 from March 14 through18,
2011 NRC Audit – ML111260469)

This issue involved obtaining different results from S&L SASSI2000-v3.0 and SGH
SASSI2000-v3.0 using very similar test problems to address the shell element aspect ratio for
two-way slabs. To address this discrepancy, the applicant reanalyzed the S&L aspect ratio test
problem using the corresponding SGH model. Comparisons of the results are in the
Supplement 1 response to RAI 03.07.02-29, dated May 9, 2011 (ML1131A131). A review of the
new results indicates that the discrepancies previously observed between the two versions were
due to modeling differences and are now resolved. Based on this resolution, the staff accepted
the validation of the shell element aspect ratio.
b)

Subtraction Method

This issue involved validation of the SM used in SASSI2000 to calculate foundation impedance
for SSI and SSSI analyses. In reviewing the SGH SASSI2000 V&V for the SM, the staff found
that the test problems were not analyzed to frequencies sufficiently high enough to validate the
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stability and accuracy of the SM for a passing frequency of Vs/5h, where Vs is the lowest shear
wave velocity of the foundation media and h is the largest element size in the soil model. In the
case of the S&L SASSI2000 V&V test problems used to validate the SM, the analyses were
carried out to frequencies sufficiently high enough to cover the passing frequency requirement
of Vs/5h. However, the conclusion did not address the stability and accuracy of the SM used in
the context of the calculated results. In both cases, the applicant was asked to revisit the test
problems and provide validation that adequately addresses the stability and accuracy of the SM
in relation to the acceptable passing frequency of Vs/5h, which is used in the STP, Units 3 and
4, analysis and design.
In its Supplement 1 response to RAI 03.07.02-29, the applicant compared the response transfer
functions of a circular embedded foundation over an elastic halfspace with theoretical solutions
to validate the accuracy and stability of the SM in SASSI2000. The response comparisons
covered a frequency range corresponding to ao values of less than 3, where ao is a
dimensionless parameter equal to 2πfr/Vs, f is the frequency of analysis, r is the radius of
foundation, and Vs is the shear wave velocity of foundation media.
In reviewing the above results, the staff noted that the site-specific seismic Category I structures
at the STP, Units 3 and 4, site, such as the UHS basin/RSW pump house, are generally large
structures with significant foundation footprints. For example, the UHS basin has a foundation
footprint of about 91.4m × 73.2 m (300 ft × 240 ft). Assuming an average shear wave velocity of
about 305 m/s (1,000 ft/s) and a cutoff frequency of about 22 Hz used in the SSI analysis, the
corresponding ao value for this structure is about 20, while the test problems are carried out to
ao values of less than 3. Because the shape of the response transfer function is strongly
dependent on the ao value, the applicant was asked to extend the results of these test problems
in terms of foundation compliance and scattering response functions, calculated using the SM,
to ao values of up to at least 8 to ensure the accuracy of the SM for analyzing large embedded
structures. Subsequently, the applicant performed sensitivity studies using the DM and MSM to
address the accuracy of the SM for the seismic SSI analyses of STP, Units 3 and 4, structures.
The results of the above sensitivity study, the accuracy of the SASSI2000 SM, and its
implications for STP, Units 3 and 4, applications are reviewed in Subsection 3.7.2.4.20 later in
this SER.
SAP2000
SAP2000 was used to calculate forces, moments, and stresses for the design of the sitespecific seismic Category I structures, such as the UHS/RSW pump house and RSW piping
tunnel. The forces and moments were calculated by integrating stresses across design
sections. The thick shell element in SAP2000 was used for modeling and designing the slabs.
Mesh sensitivity studies were also performed using the time history modal superposition method
of fixed-base structures to assess the adequacy of the structural mesh refinement for calculating
accelerations and acceleration response spectra. To that extent, the SAP2000 V&V did not
provide adequate validations for the following items:
1.

Accuracy of forces and moments calculated from section cuts in shell models.

2.

Accuracy of thick shell elements for calculating out-of-plane dynamic responses.

3.

Accuracy of time history modal analyses of fixed-base structures modeled using
shell elements.
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Therefore, to complete the resolution of the concerns in RAI 03.07.02-29, the staff asked the
applicant to supplement the SAP2000 V&V with additional test problems to address the items
discussed above. The staff needed this information to be able to conclude that the use of
SAP2000 in STP applications would not adversely affect calculation of seismic forces and
moments and the evaluation of SSI effects for Category I structures.
In its response to RAI 03.07.02-29, the applicant expanded the SAP2000 Versions 10.1 and
14.1 validation documents to provide additional test problems to validate above Items 1, 2, and
3. In its response, the applicant validated the SAP2000 spectra generation used to address the
V&V issues in Items 1, 2, and 3. The staff reviewed the results of these test problems during
the audit conducted March 14, 2011, through March 18, 2011. The staff found that a 10 percent
tolerance was used for validating forces and 15 percent was used for the spectra (these are the
acceptance criteria). The applicant was also asked to justify the large tolerance used to validate
the forces and spectra calculations. In the Supplement 1 response to RAI 03.07.02-29, the
applicant stated that the higher difference in forces and spectra was mainly due to differences in
SAP2000 and ANSYS element formulations. As a result of these differences, the generated
acceleration time histories from the two programs were somewhat different. The applicant
further noted that the (dynamic) forces and spectra generated from SAP2000 were only used for
mesh sensitivity studies and not for the design. Therefore, the acceptance criteria above have
no impact on the STP, Units 3 and 4, designs. The staff noted that only static forces and
moments obtained from SAP2000 were used in the STP, Units 3 and 4, designs. Because the
static forces and moments had been validated, the staff found the V&V of SAP2000 acceptable
for the STP application.
SHAKE2000
SHAKE2000 was used to calculate the SSE-based foundation motions for the SSI analysis of
the UHS/RSW pump house and other seismic Category I structures. The SHAKE2000 V&V
only tested soil models with up to eight soil layers, while the STP profile is a deep soil site that
was modeled using a large number of soil layers. Therefore, in RAI 03.07.02-29, the staff asked
the applicant to further demonstrate the acceptability of SHAKE2000 with additional test
problems that check the use of large numbers of soil layers to encompass the STP soil site.
The staff needed this information to be able to conclude that the SSE-based foundation motion
determined from SHAKE2000 is adequate for the STP application and meets the requirements
of Appendix S of 10 CFR Part 50.
In its response to RAI 03.07.02-29, the applicant expanded the SHAKE2000 Version 3.5
validation document to include six additional test problems with 116 soil layers to demonstrate
the acceptability of this program when using large numbers of soil layers. The applicant also
stated that all STP, Unit 3 and 4, SHAKE2000 analyses were performed using 100 or fewer soil
layers. These six test problems cover both the program’s in-profile (within) and outcrop inputoutput options. Based on the results of the new test problems, which the staff reviewed during
the March 14, 2011, through March 16, 2011, NRC audit, the staff found the SHAKE2000 V&V
acceptable for the STP application.
3.7.2.4.17 Confirmatory SSI Analysis
For SSE ground motions, Appendix S of 10 CFR Part 50 requires that SSCs remain functional
and within applicable stress, strain, and deformation limits and that the evaluation take into
account SSI effects and the expected duration of vibratory motion. The STP is a deep, nonuniform soil site modeled with a large number of soil layers in the SSI analysis. Any use of the
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SASSI-based code for the STP application must be carefully verified and validated for projectspecific applications. The applicant identified a numerical instability in the original SSI analysis
using ACS SASSI NQA Version 2.2.1. In light of this numerical instability with ACS SASSI, the
applicant decided to use SASSI2000 Version 3.0 for the SSI analysis and performed additional
project-specific validations for this SASSI version. However, to gain greater confidence and
assurance in the results of the SSI analysis, the staff performed a confirmatory analysis as part
of the review of COL FSAR Section 3.7 to verify the acceptability of the design-basis results of
the STP SSI analysis of the UHS/RSW pump house. The staff therefore issued
RAI 03.07.02-21, requesting the electronic input data files and other necessary information to
carry out this confirmatory analysis.
Discussion of Results:
Using the data and information in the applicant’s response to RAI 03.07.02-21 (ML100890620),
the staff performed a confirmatory SSI analysis of the UHS/RSW pump house for the mean soil
case. The soil model consisted of 100 soil layers with a fixed thickness over a uniform
halfspace modeled with 10 layers of variable thickness. The SSI analysis was performed using
the MTR/SASSI Version 8.2.04 (x64) computer program licensed from MTR & Associates.
MTR/SASSI is an enhanced version of the original SASSI computer program developed at the
University of California, Berkeley. The program modifications include additional capabilities to
handle detailed structural models and large numbers of soil layers. The un-interpolated transfer
functions in the STP SASSI analysis were calculated for 68 frequencies with the exception of
one frequency (14.16 Hz) in the z-direction that was not included. Based on the calculated
frequencies, the cutoff frequency is 20.26 Hz. For the confirmatory SSI analysis using
MTR/SASSI, the un-interpolated transfer functions were calculated for 300 frequencies spaced
at a uniform interval of 0.0625 Hz. This calculation ensures that a sufficient number of
frequencies are analyzed for stable interpolated transfer functions. The results of this analysis
and other modeling details are in the report, “Confirmatory Seismic SSI Analysis of UHS and
RSW Pump House for Units 3 and 4 of the South Texas Project, Prepared for the U.S. Nuclear
Regulatory Commission by SC Solutions, dated June 1, 2010.” Conclusions of this study are
summarized below.
Based on the results of the UHS/RSW pump house confirmatory SSI analysis, the potential
numerical instability resulting from the large number of soil layers used in SASSI to model the
deep soil profile at the STP, Units 3 and 4, site did not affect the results of the SASSI2000 SSI
analysis reported by the applicant. This observation is based on comparisons of the maximum
accelerations, acceleration response spectra, and transfer functions calculated at several
representative locations in the structure; including nodes on the basemat, roofs, and different
wall elevations both in the middle and at the periphery of the UHS/RSW pump house structures.
The large discrepancy between the MTR/SASSI and STP SASSI2000 results at the center of
the pump house roof in the z-direction is believed to be due to inadequate mesh refinement,
which is insufficient to capture the roof’s out-of-plane response.
The study also noted that this conclusion is based on a comparison of the results at only a few
selected locations in the structure. To better ascertain the calculated results, the contours of the
maximum accelerations in the UHS/RSW pump house (as calculated by MTR/SASSI) were
plotted and shown to have a consistent pattern. Similar results from the STP SASSI2000
analysis were not available for comparison.
Several observations with respect to the applicant’s SASSI modeling of the UHS/RSW pump
house include:
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1.

The SASSI model assigned no hydrodynamic masses to the submerged columns
inside the UHS basin. Because of the relatively large surface area of these
columns, their responses can be significantly affected by the omission of
hydrodynamic effects.

2.

The columns inside the UHS basin are integral to the basin basemat. The
basemat was modeled with solid elements with three translational degrees-offreedom per node. To provide moment transfer at the column/basemat
connections, the beams were extended into the solid elements with rigid
massless beams. However, there were two columns where the beams were not
extended into the solid elements. These columns were essentially pin-connected
to the basemat, which caused higher accelerations compared to the rest of the
columns. The modeling of these columns needs to be verified to ensure the
intent of the design.

3.

The refinement of the finite element mesh of the UHS/RSW pump house
basemat and sidewalls below grade in the SASSI model was incapable of
providing accurate calculations of the responses affected by frequencies above
13.75 Hz. This is based on the maximum passing frequency, fmax = Vs/(5h)
where Vs is the minimum shear wave velocity of foundation support media (Vs =
167 m/s [550 ft/s]) and h is the largest horizontal/vertical dimension of soil
elements (h = 2.4 m [8 ft]).

4.

Similarly, the level of model refinement in the structure was not capable of: (1)
accurately capturing the out-of-plane dynamic response of walls and slabs in
SASSI, or (2) adequately calculating the design-basis stresses in the shell
elements.

5.

In the STP SASSI2000 analysis, one frequency response in the vertical direction
was omitted from the results. The basis for discarding this frequency response
and any other frequencies from the results of the analysis should be justified.

The resolution of Items 1 and 2 is discussed earlier under the topic “Hydrodynamic Effects of
Water in the UHS Basin” in Subsection 3.7.2.4.3, “Procedures Used for Analytical Modeling,” of
this SER. The resolution of Items 3 and 4 is discussed under the topic “Model Refinement and
Passing Frequency” in Subsection 3.7.2.4.3 of this SER. With respect to Item 5, the applicant
was asked in Item (b) of RAI 03.07.02-24, to clarify why some frequencies were excluded from
the calculation of un-interpolated transfer functions in certain directions. For example, the
frequency 14.16 Hz was not included in the z-response analysis for the mean soil case and
9.521 Hz was not included in the z-response analysis for the UB soil case. The applicant was
asked to provide the basis for selecting frequencies of analysis for the calculation of
un-interpolated transfer functions and the basis for excluding frequencies from such
calculations. In its response to Item (b) of RAI 03.07.02-24 (ML102630145), dated September
15, 2010, the applicant stated that the results of transfer functions are reviewed for each
direction separately and additional frequencies are added as needed to stabilize the transfer
functions. Because of the large number of cases being analyzed, the analyst will often not go
back and include these additional frequencies in other case runs. The applicant added that
although the set of frequencies in the analysis are not the same in every case, this is not a
result of excluding some calculated frequencies from the analysis. Based on the above
explanation supported by the results of the staff’s confirmatory SSI analysis of the UHS/RSW
pump house, which included 300 calculated frequency responses before interpolation and
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without excluding any specific frequency in any direction, the staff found the response
acceptable (i.e., the Item [b] question in RAI 03.07.02-24 corresponding to the Item 5
clarification above was resolved).
3.7.2.4.18 Poisson’s Ratio Confirmatory Analysis
The UHS/RSW pump house is founded on a deep non-uniform soil site. Due to a high ground
water table at the site, the measured compression wave velocity in the saturated soil layers is
close to the compression wave velocity in water (i.e., 1,463 m/s [4,800 ft/s]). As a result of
strong seismic shaking, the soil layers experience significant shear deformations that cause the
shear modulus to degrade while the constrained modulus remains fairly unaffected. This
situation then causes the Poisson’s ratio for the saturated soils to rise and approach the
maximum value of 0.5. The applicant’s original SSI analyses arbitrarily capped the Poisson’s
ratio at 0.48, resulting in a lower calculated compression wave velocity than the measured
values for saturated soils. The staff was concerned that this might not allow the high frequency
components of the vertical motion to be transmitted into the structure, possibly producing a less
conservative response. On the other hand, when Poisson’s ratio approaches 0.5, the analytical
results could be affected by numerical instability.
To address this issue, the applicant performed a sensitivity study of the CB using a higher
Poisson’s ratio of 0.495, with an LB soil profile as part of an investigation into the soil
parameter’s departure from the ABWR DCD. This sensitivity study (using Poisson’s ratios of
0.48 and 0.495) for the LB soil profile indicated that, there are significant differences in the
calculated transfer functions as well as in the vertical responses obtained from the two
analyses. For the case with the higher Poisson’s ratio, the transfer functions showed a number
of narrow peaks (spikes) that did not exist in the original analysis. The applicant did not provide
a satisfactory explanation for these differences.
To accept the results of the SSI analysis for the site-specific Category I structures, the staff
performed a Poisson’s ratio confirmatory analysis to verify the applicant’s results of the SSI
analysis of the UHS/RSW pump house. The staff needed to ensure that the results of the SSI
analysis used for the seismic design of the UHS/RSW pump house and other site-specific
Category I structures are unaffected by potential numerical problems from the use of a high
Poisson’s ratio. The applicant provided the required data for this study.
Discussion of Results:
The applicant originally performed all SSI analyses using a coarse SSI model of the UHS/RSW
pump house, with Poisson’s ratio capped at 0.48. The applicant then performed two additional
cases with Poisson’s ratio capped at 0.495 using a refined SSI model of the UHS/RSW pump
house. The latter two cases were only analyzed for the UB in situ soil case (with empty and full
basin models). The applicant then enveloped, smoothed, and broadened the results of all three
cases to develop the design spectra.
For this confirmatory analysis, the staff performed three analyses that included the empty-basin
model with UB and LB in situ soil cases and the full-basin model with LB in situ soil case —in all
three cases the Poisson’s ratio was capped at 0.495. These three cases primarily control the
ISRS for the UHS/RSW pump house structures. The refined SSI model of the UHS/RSW pump
house was used for this study. All analyses were performed with the MTR/SASSI
Version 8.2.04 (x64) computer program using the MSM (i.e., all the nodes at the surface of the
excavated soil model were included as interaction nodes).
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The empty basin model was first analyzed for the UB in situ soil case with Poisson’s ratio
capped at 0.495. The applicant analyzed this same model using SASSI2000 and the SM.
Results from the two analyses were then compared and benchmarked. Both the empty- and
full-basin models were analyzed for the LB in situ soil case with Poisson’s ratio capped at 0.495
(the applicant did not analyze these cases). The results for all three cases were then compared
with the STP, Units 3 and 4, design spectra.
The staff compared the results of the analysis in terms of the computed transfer functions and
the five percent damped raw acceleration response spectra at several key locations in the
structure with those calculated by the applicant. A detailed discussion of the results of the
analysis, as well as a resolution of the differences observed between the staff’s results and
those obtained by the applicant, are in the report, “Poisson’s Ratio Confirmatory Analysis, STP
Units 3&4 UHS/RSW Pump House, prepared for U.S. Nuclear Regulatory Commission by SC
Solutions, dated July 2011.” Conclusions of this study are summarized below:
•

The results of this study show that response transfer functions calculated using a high
Poisson’s ratio of 0.495 are stable, well-behaved, and unaffected by numerical instability
within the frequency range of interest for this structure. Potential inaccuracies observed
at frequencies above 18 to 22 Hz are beyond the amplified area of the input motion and
will not significantly impact the computed ISRS.

•

The results of the UB in situ soil case with the empty basin envelop those of the LB in
situ soil case with empty and full basins.

•

The STP, Units 3 and 4, design spectra envelop the raw spectra from the three cases
analyzed in this confirmatory analysis.

Based on the above findings, the staff concluded that the use of a high Poisson’s ratio in the
applicant’s SSI analysis does not adversely impact the STP, Units 3 and 4, design spectra for
the UHS/RSW pump house. The staff’s review of the accuracy of the SM and MSM used in
SASSI2000 to calculate the seismic SSI response of the UHS/RSW pump house is in
Subsection 3.7.2.4.20, which is located later in this SER.
3.7.2.4.19 Assessment of Fluor’s Part 21 Evaluation of Main Steam Line Seismic Input
Requirements
In a letter dated August 30, 2010 (ML102530168), Fluor Enterprises, Inc. notified the NRC
regarding an exceedance of the ABWR DCD seismic design input requirements for the main
steam line seismic analysis of the TB for STP, Units 3 and 4, in accordance with 10 CFR Part
21, “Reporting Of Defects and Noncompliance.”
ABWR DCD Tier 2, Subsection 3.2.5.3 states that:
… [t]he main steam piping, bypass line, and condenser are used to mitigate the
consequences of an accident and are required to remain functional during and
after an SSE.”
It requires that:
Dynamic input loads for the design of the main steam lines in the turbine building
are derived as follows: For locations on the basemat, the ARS [Amplified
Response Spectrum] shall be based upon the Regulatory Guide 1.60 Response
3-158

spectra normalized to 0.6g (i.e., 2 times ARS of the site envelope). For locations
at the operating deck level (either operating deck or turbine deck), the ARS used
shall be the same as used at the reactor building end of the main steam tunnel.
Seismic Anchor motions shall be similarly calculated.
The applicant has taken a Tier 2 departure (STP DEP 1.2-2) from the ABWR DCD TB design
that affects the dimensions of the STP, Units 3 and 4, TBs. In the course of a re-design, Fluor
performed a dynamic analysis and generated FRS for the STP, Units 3 and 4, TBs. Fluor
compared the STP TB FRS with the FRS specified in ABWR DCD Tier 2, Subsection 3.2.5.3 for
input to the main steam line seismic analysis. The comparison revealed that the FRS generated
for the STP TB exceeded the FRS required by ABWR DCD Subsection 3.2.5.3 for main steam
lines. Fluor indicated that this issue is being addressed in the STP, Units 3 and 4, design by
using the conservative FRS generated during a detailed design.
In the context of the above information, the staff issued RAI 03.07.02-30, requesting the
following information regarding the seismic input used for the design of the main steam line and
other important safety SSCs in the TB:
1.

Dynamic input loads (such as the FRS, anchor motions, etc.) for the design of
the main steam lines in the TB including a description of the site-specific TB
dynamic analysis model; corresponding SSE inputs; and computer programs
used in the analysis.

2.

An update to the appropriate sections of the STP COL application including the
applicable Departure Report in Part 7; design descriptions or commitments
identified in ABWR DCD Tier 1, Section 2.15.11; and corresponding ITAAC for
the TB as a result of the STP-specific FRS being higher than the FRS specified
in ABWR DCD Tier 2, Subsection 3.2.5.3 for input to the main steam line seismic
analysis.

The staff needed this information to confirm that the design of the main steam lines and other
important safety SSCs in the TB appropriately considers the SSE design loads in combination
with other appropriate loads as required by the ABWR DCD, and to ensure that the COL FSAR
reflects the corresponding design basis.
In its response to RAI 03.07.02-30 (ML110250368), dated January 18, 2011, the applicant
stated that the ABWR DCD does not provide a detailed design or design analysis for the TB.
Instead, the ABWR DCD includes a general arrangement for the TB, which utilizes a reinforced
concrete construction from the basemat to the operating deck and uses shear walls to provide
lateral support. Additionally, ABWR DCD Subsection 3.2.5.3 provides requirements for the
dynamic input to the main steam line analysis of the TB.
In accepting the requirements of the ABWR DCD, NUREG–1503 (FSER related to the ABWR)
states on pages 3-45 and 3-46 that:
The staff concludes that the dynamic input loads for the design of the MSLs
[main steam lines] inside the turbine building are acceptable because (1) a
comparison of the response spectra at the RB foundation level with the RG 1.60
response spectra anchored to 0.6g ZPA shows that the RG 1.60 response
spectra anchored to the same 0.6g ZPA envelop the response spectra at the RB
foundation level and (2) the turbine operating deck is located at approximately
the same elevation as the anchor point of the main steam line at the RB side and
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the response spectra at the RB end were generated using an acceptable
analysis approach as discussed…
The NRC’s acceptance, as noted above, is not based on a detailed design of the TB. The
acceptance simply indicates that the turbine operating deck should be located at approximately
the same elevation as the anchor point of the main steam line at the RB side.
Critical features of the TB seismic design, as described above in the ABWR DCD, have not
been altered by the Departure STP DEP 1.2-2. With this departure, the TB still utilizes a
reinforced concrete construction from the basemat to the operating deck and uses shear walls
to provide lateral support. The turbine operating deck is located at approximately the same
elevation as the anchor point of the main steam line at the RB side. Therefore, the basis for the
ABWR DCD requirements of the dynamic input to the main steam line design is still valid for the
TB design, while accounting for Departure STP DEP 1.2-2.
The applicant further stated that the detailed design of the STP, Units 3 and 4, TBs is in
progress. Fluor’s analysis was based on a work-in-progress design. The applicant did not
accept the TB design used by Fluor or its seismic analyses. The applicant continues to believe
that the dynamic input for main steam line analysis, as specified in ABWR DCD Subsection
3.2.5.3, is valid and the detailed design of the TB can be developed to be consistent with those
provisions without any inconsistency or deficiency. The applicant also stated that ABWR DCD
Tier 1, Section 2.15.11 does not include requirements for seismic inputs to the main steam line
analysis and design. Therefore, this section is not affected by Fluor’s Part 21 evaluation (i.e.,
even if the Part 21 report were accepted, the ITAAC would continue to be appropriate as
currently written). In implementing ITAAC 2.15.11 and ITAAC 2.10.1 (related to the main steam
system design), a dynamic analysis of the TB will be performed to confirm that the ABWR DCD
dynamic input requirements for the main steam line are satisfied for the TB final design. If the
applicant ever determines that ABWR DCD Tier 2, Subsection 3.2.5.3 is not appropriate as
applied to the STP, Units 3 and 4, TBs, the applicant would take a departure in accordance with
Section VIII.B.5 of the ABWR design certification rule (i.e., 10 CFR Part 52, Appendix A).
However, based on a review of the above response and in light of the Fluor Part 21 evaluation,
the staff concluded that the applicant has not demonstrated that the dynamic input loads for the
design of the main steam line in the TB would be conservative at the STP site. The staff also
noted that the referenced ITAAC do not specifically require verification of the DCD dynamic
input requirements for the main steam line. Therefore, in RAI 03.07.02-31, the staff requested
the applicant to provide site-specific ITAAC delineating that a dynamic analysis of the TB will be
performed to confirm that the DCD dynamic input requirements for the main steam line are
satisfied for the final design of the TB. In the absence of the results for a final dynamic analysis
of the TB, the staff needs these ITAAC to ensure that the design of the main steam lines and
other SSCs important to safety in the TB appropriately considers the SSE design loads in
combination with other appropriate loads, as required by the ABWR DCD.
In its response to RAI 03.07.02-31 (ML110900339), dated March 28, 2011, the applicant added
new site-specific ITAAC in COL application Part 9 specifically delineating that a dynamic
analysis of the TB will be performed to confirm that the DCD dynamic input requirements for the
main steam line are satisfied for the final design of the TB. Based on staff’s review of the
response and the addition of the site-specific ITAAC, the staff found the applicant’s response to
address the Fluor Part 21 notice on the main steam line acceptable.
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3.7.2.4.20 DNFSB SASSI Subtraction Method Issues
The DNFSB identified a technical issue in SASSI: when the SM is used to analyze embedded
structures, the results may be non-conservative. Because the SM was used for the STP, Units
3 and 4, SSI/SSSI analyses, the staff issued RAI 03.07.01-29 requesting the applicant to
demonstrate the acceptability of the SM and the results or to provide a plan and schedule to
ensure that the SSCs are designed to meet GDC 2 requirements. The RAI requested the
following:
1.

For all STP, Unit 3 and 4, seismic Category I structures compare the ISRS,
structural loads, and other design response quantities developed using the SM
with those developed using the DM or MSM and evaluate the differences.

2.

Demonstrate and justify that the differences identified in Item 1 have no impact
on the design of seismic Category I structures, or revise the design to address
these differences.

3.

If the MSM is used to validate the SM, provide a validation program for the MSM.

4.

Provide the COL FSAR markup, if any, in the response to document actions
taken to address the resolution of the DNFSB’s issues with SASSI versions used
in the STP, 3 and 4, analyses.

The staff needs this information to ensure that the STP design-basis loads and the ISRS will
envelop the corresponding ISRS generated from either the DM or MSM.
In its response to RAI 03.07.01-29, dated June 27, 2011 (ML11168A168) and the Supplement 1
response to RAI 03.07.01-29, dated November 30, 2011 (ML11325A142, ML11325A150,
ML11325A152, and ML11325A153), the applicant stated that the SASSI2000 program was
used to perform seismic analyses for seismic Category I structures. These seismic analyses
consisted of the:
•
•

SSI analysis
SSSI analysis

The results of the above seismic analyses were used for the:
•

Determination of amplified site-specific motions for light structures considering the
influence of nearby heavy structures.

•

Generation of the ISRS using the acceleration time histories from the SSI analyses.

•

Structural design and stability evaluations of structures using:

•

1.

Maximum nodal accelerations and section cut forces from the SSI
analyses.

2.

Soil pressures from the SSI and SSSI analyses.

STP, Units 3 and 4, application, which used the SM for all SSSI and some SSI analyses;
the results of these analyses were used to address the design of the RB, CB, UHS,
RSW pump house, DGFOSV, DGFOT, and RWB.
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For the RB and CB, the results were compared to the ABWR DCD design values to ensure that
the ABWR DCD design envelops the results of these analyses.
Considering the above, the applicant stated that an initial plan to address the issues identified
by the DNFSB with the SM in the SASSI2000 computer program was discussed with the staff
during NRC’s May 23, 2011, through May 27, 2011, audit. The initial plan was submitted in the
response to RAI 03.07.01-29 (ML11168A168). During the execution of the initial plan and
based on the results of various analyses and additional feedback from the staff, the applicant
expanded the scope of the initial plan to further address the impact of the SM on the results of
the analysis. The results of the revised plan were submitted in the Revision 1 of Supplement 1
response to RAI 03.07.01-29 (ML113360516) and are discussed below.
Project-Specific Verification of the MSM
The applicant performed a project-specific verification of the MSM. In the previous SSI analysis
in support of the shear wave velocity departure, the CB SSI analysis was performed using the
DM analysis. For this verification, the applicant re-analyzed the CB using the MSM. The
applicant then compared the results of the SSI analyses with the DM and MSM to verify the
MSM results. These comparisons of various calculated response quantities are discussed
below.
a)

Comparison of In-Structure Response Spectra

The Supplement 1 response to RAI 03.07.01-29, , compares the ISRS computed from the MSM
and DM at several nodes of the CB model. The staff reviewed the above comparisons and
found that the ISRS computed from the MSM agree well with those from DM.
b)

Comparison of Transfer Functions

The Supplement 1 response to RAI 03.07.01-29 , compares transfer functions computed from
the MSM and DM for several nodes of the CB model. The staff reviewed these transfer
functions and concluded that the transfer functions obtained from the MSM and DM
computations show excellent agreement up to a frequency of about 10-13 Hz. Beyond this
frequency and up to the maximum frequency of 30 Hz, the transfer functions calculated using
the MSM and DM show some differences. However, the staff concluded that these differences
should not significantly impact the final design quantities because:
•

The observed differences in the transfer functions between 10 and 30 Hz are small.

•

The transfer functions are only intermediate results. Therefore, when they are
convolved with the input motion, which does not contain significant energy beyond 21
Hz, the impact on the final calculated ISRS will be very small, as shown in the
Supplement 1 response to RAI 03.07.01-29.

•

The structural stresses are generally controlled by the frequency content of the response
at frequencies below 8 to 10 Hz, where the transfer functions show excellent agreement
between the MSM and DM.

•

The impacts on the maximum acceleration responses are also very small (see the next
item).
c)

Comparison of Maximum Accelerations
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The Supplement 1 response to RAI 03.07.01-29compares the maximum accelerations in the x-,
y- and z-directions. The staff reviewed these tables and concluded that the maximum
accelerations from the DM and MSM compare very well. The maximum difference is less than
four percent.
d)

Comparison of Forces

The Supplement 1 response to RAI 03.07.01-29compares axial forces, shear forces, and
bending moments for the beam elements of the CB model. The staff reviewed these tables and
concluded that the forces and moments from the DM and MSM analyses compare very well.
The maximum difference is less than two percent.
The Supplement 1 response to RAI 03.07.01-29compares axial forces, in-plane shear forces,
and in-plane bending moments (with respect to model axes of symmetry) along four sections of
the exterior walls of the model. These comparisons are provided for each individual excitation
as well as the SRSS of all three excitations. The staff reviewed these results and concluded
that the resultant axial forces, in-plane shears, and in-plane moments for the DM and MSM
compare well. The maximum difference is about four percent.
Based on the above comparisons, the staff concluded that the applicant has adequately
addressed the STP, Units 3 and 4, project specific verification of the MSM with interaction
nodes comprised of those at the soil-structure interface and the nodes at the top of excavated
soil elements for the above response quantities.
Generation of In-Structure Response Spectra
The applicant generated the ISRS from the SSI analyses for the following seismic Category I
structures:
•
•
•
•

RSW piping tunnels
DGFOSV
DGFOT
UHS/RSW pump house

The applicant notes that no ISRS were generated from the SSSI analyses.
a)

RSW Piping Tunnels

In the Supplement 1 response to RAI 03.07.01-29,the applicant stated that the ISRS for the
RSW piping tunnels were generated using the acceleration time histories obtained from a 2-D
SSI model. This SSI analysis used the DM. The applicant therefore stated that no further
investigation is required for the ISRS of the RSW Piping tunnels. The staff concurred with this
conclusion.
b)

Diesel Generator Fuel Oil Tunnels

In the Supplement 1 response to RAI 03.07.01-29, the applicant stated that the ISRS for the
DGFOT were initially generated using the acceleration time histories obtained from 2-D SSI
analyses using the DM. However, in these SSI analyses, SSI soil pressures were not obtained.
In order to obtain SSI soil pressures, the applicant revised the SSI model and repeated the
analysis using the DM. In addition, in this revised analysis the ground water level was
increased to 8.5 m (28 ft) MSL. The applicant used the results from this revised SSI analysis to
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generate the revised ISRS and DGFOT design (see FSAR Figures 3H.7-31 and 3H.7-32).
Therefore, the applicant stated that no further investigation is required for the ISRS of DGFOT.
The staff concurred with this conclusion.
c)

Diesel Generator Fuel Oil Storage Vaults

In the Supplement 1 response to RAI 03.07.01-29, the applicant stated that the ISRS for the
DGFOSV were initially generated using the acceleration time histories obtained from 3-D SSI
analyses using the SM. The applicant repeated this analysis using the MSM. In addition, in this
revised analysis the ground water level was increased to 8.5 m (28 ft) MSL. The applicant used
the results of this revised SSI analysis to generate the ISRS and DGFOSV design. Therefore,
the applicant stated that no further investigation is required for the ISRS of the DGFOSV.
Because the analysis shows that the impact of the MSM on the ISRS is minimal for frequencies
above 13 Hz for the STP, Units 3 and 4, site, as evaluated earlier under the topic “ProjectSpecific Verification of MSM,” the staff concluded that the use of the MSM to generate the ISRS
for the DGFOSVs is acceptable.
d)

UHS/RSW Pump House

In the Supplement 1 response to RAI 03.07.01-29, the applicant stated that the ISRS for the
UHS/RSW pump house were initially generated using the acceleration time histories obtained
from 3-D SSI analyses using the SM. The applicant further stated that based on studies
performed for mesh refinements, these spectra were amplified at several locations to account
for the impact of the SSI model and structural mesh refinements, as explained in the
Supplement 2 response to RAI 03.07.02-24 (ML103550646). To address the DOE issue, the
applicant modified and re-analyzed the full and empty basin SSI models for the UB in situ soil
(same soil case used for the investigation of the SSI mesh refinement) using the MSM. In
addition, in these revised analyses, the ground water level was increased to 8.5 m (28 ft) MSL.
The Supplement 1 response to RAI 03.07.01-29, dated, compares transfer functions from the
SM and MSM for the UB in situ soil case at several locations for both empty and full basin
cases. The comparison shows smoother transfer functions for the MSM. This response also
compares the five percent-damped acceleration response spectra determined from using both
the SM and MSM for the UB in situ soil case for both empty and full basin cases.
The applicant compared the resulting ISRS for the UB in situ soil case from the SM and MSM
for both full and empty basin cases. On the basis of these comparisons, the applicant
developed spectra amplification factors (always higher than or equal to 1) to account for the
impact of the MSM on spectra generation. These amplification factors for full and empty basin
cases are included in the RAI response. In addition, this RAI response provides the spectra
amplification factors to account for the impact of structural and SSI mesh refinements on full and
empty basin cases, respectively. The product of the modification factors for the MSM and the
factor that was determined based on the envelope of the modification factors for structural mesh
and SSI model refinements are selected as the final spectra amplification factors. The applicant
further stated that the final UHS/RSW pump house ISRS are determined in a manner similar to
that described in the Supplement 2 response to RAI 03.07.02-24, which used the spectra
amplification factors in the Supplement 1 response to RAI 03.07.01-29. FSAR Figures 3H.6-16
through 3H.6-39 depict the revised UHS/RSW pump house ISRS. Therefore, the applicant
stated that no further investigation is required for the ISRS of the UHS/RSW pump house. The
staff reviewed the above information and concluded that the spectra amplification factors

3-164

developed by the applicant to account for the impact of the MSM on the UHS/RSW pump house
ISRS are conservative and are therefore acceptable.
Structural Design
The applicant obtained the following response quantities from the SSI and SSSI analyses,
which were used in the design of STP, Unit 3 and 4, structures:
•
•
•

Maximum accelerations and section cut forces from SSI analyses.
Seismic soil pressures from SSSI analyses.
Seismic soil pressures from SSI analyses.

The following discussions address each of the above items for all affected structures.
a)

Maximum accelerations and section cut forces

The applicant stated that all maximum accelerations and section cut forces for the structural
design were obtained from the SSI analysis. The STP, Unit 3 and 4, structures utilizing
maximum accelerations and/or section cut forces from the SSI analysis include the following
structures:
•
•
•
•

RSW piping tunnels.
DGFOTs.
DGFOSVs.
UHS/RSW pump house.
a.1)

RSW Piping Tunnels

In its Supplement 1 response to RAI 03.07.01-29, the applicant stated that the SSI analyses of
the RSW piping tunnels were performed using the DM. Therefore, the applicant concluded that
no further investigation was required for the structural design of the RSW piping tunnels
regarding maximum accelerations and section cut forces from the SSI analyses. The staff
concurred with this conclusion.
a.2)

Diesel Generator Fuel Oil Tunnels

In its Supplement 1 response to RAI 03.07.01-29, the applicant stated that the SSI analyses of
the DGFOT were performed using the DM. Based on these analyses, the applicant concluded
that no further investigation was required for structural design of DGFOT in regards to maximum
accelerations and section cut forces from SSI analyses. The staff concurred with this
conclusion.
a.3)

Diesel Generator Fuel Oil Storage Vaults

In its Supplement 1 response to RAI 03.07.01-29, the applicant stated that the latest (final) SSI
analyses of the DGFOSV were performed using the MSM. Based on these analyses, the
applicant concluded that no further investigation was required for the structural design of the
DGFOSV regarding the maximum accelerations and section cut forces from the SSI analyses.
Because the calculated maximum accelerations using the MSM and DM compare reasonably
well for the STP, Units 3 and 4, site, as discussed earlier under the topic “Project-Specific
Verification of MSM,” the staff concluded that the use of the MSM to calculate the maximum
accelerations for the DGFOSVs is acceptable.
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a.4)

UHS/RSW Pump House

In its Supplement 1 response to RAI 03.07.01-29, the applicant stated that the existing design of
the UHS/RSW pump house was based on the SSI results using the SM. In this design, the
seismic loads were determined using a conservative equivalent static method. For this
equivalent static method of analysis, the elements of the structure were subdivided into nine
major groups, and each group was further divided into panels (subgroups) resulting in a total of
208 panels. For each panel, the accelerations were determined based on the average of the
maximum accelerations for all nodes within the panel.
In order to assess the impact of the SM, the applicant repeated the SSI analysis of the
UHS/RSW pump house for the UB in situ soil case for both full and empty basin cases using the
MSM. The maximum accelerations for the UB in situ soil case for empty and full basin cases
from the SSI analyses —which used the SM and MSM —were compared to assess the impact
of using the SM on the structural design.
The Supplement 1 response to RAI 03.07.01-29, presents the percentage change in the
magnitude of the panel accelerations for the MSM versus the SM for all 208 panels of this
structure. The response shows that the majority of panel accelerations based on the MSM are
lower than those based on the SM. However, some panels also see increases in acceleration
with the MSM.
Considering that the majority of accelerations are reduced, and the fact that the existing design
is based on the conservative equivalent static method, affirms the applicant’s conclusion that
the existing design based on the results of the SSI analysis using the SM is adequate.
However, to confirm this finding, the applicant performed additional assessments that are
described below.
a.4.1)

Evaluation of UHS/RSW Pump House Walls and Slab Panels:

To assess the cumulative effects of the changes in acceleration for a number of section cuts,
the applicant calculated the percentage difference between the SSI forces and the SM and
MSM analyses and compared the results to the available demand margin in the section cut
forces resulting from the use of the equivalent static method. The Supplement 1 response to
RAI 03.07.01-29, provides the results of this assessment for full and empty basin cases. On the
basis of these results, the applicant made the following observations:
•

In the majority of cases, the individual force components along a section cut are lower in
the MSM analysis than the respective force components in the SM analysis.

•

With the exception of one case (discussed in the following bullet), those cases where an
individual force component along a section cut in the MSM analysis exceeded the
corresponding force in the SM analysis, the increase was bounded by the available
demand margin resulting from the use of the conservative equivalent static method.

•

For Section Cut #61 of the full basin case, the increase of the in-plane moment was
59.9 percent. This increase exceeded the available demand margin of 57 percent for
the applied in-plane moment. The applicant stated that this difference of 2.9 percent is
of no consequence, for the following reasons:
1.

This deficit was only applicable to the in-plane moment. For the
remaining force components (i.e., axial force, in-plane shear, out-of-plane
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shear, and out-of-plane moments), the MSM yielded lower force
components.
2.

The design of in-plane reinforcement is a function of four force
components: the axial force, in-plane shear, in-plane moment, and outof-plane moment. The minimum margins for the axial force, in-plane
shear, and out-of-plane moment are 60, 124, and 134 percent,
respectively.

3.

The available margins noted in the tables in this response are
conservative, because they are only based on the applied loads and do
not consider any additional margin based on a provided reinforcement
versus a calculated required reinforcement. Generally, provided
reinforcement is at least 5 to 10 percent more than the calculated
required reinforcement.

Based on the above information, the applicant concluded that all wall and slab panels of the
UHS/RSW pump house design based on the SSI analysis using the SM would be adequate for
the resulting forces when using the MSM of analysis.
The staff reviewed the results of the MSM of analysis and found that the applicant’s justification
for the adequacy of the design was based on a comparison of the structural stress demand
(section cut forces and moments) calculated from the SASSI2000 versus the equivalent static
force method results. In other words, the applicant used the margin in the structural demand
that was calculated directly from the SSI analyses with SASSI2000 versus the demand from the
equivalent static analysis calculated from SAP2000 (i.e., the original basis for the design) to
justify any observed increase in the structural demand between the SM and MSM of analyses.
The staff discussed this issue with the applicant during the September 27 – 30, 2011, audit
(ML113140513). The applicant was requested to provide additional assurance that: 1) the
section cut forces from the SASSI2000 are accurate; and 2) the SSI mesh in the SASSI2000
SSI model is adequately refined to produce accurate section cut forces. The applicant
performed two confirmatory analyses and provided the results in the Supplement 2 response to
RAI 03.07.01-29 (ML11364A098). The staff’s assessment of the applicant’s results of the
confirmatory analyses shows that the existing design, which is based on the SM, is also
adequate for the seismic demand determined from the SSI analysis using the MSM. The staff’s
evaluation of the applicant’s confirmatory analyses is discussed in Subsection 3.7.2.4.21,
“Confirmatory Analysis of SASSI2000 Section Forces,” of this SER.
a.4.2)

Evaluation of UHS Basin Columns and Beams:

The design of concrete beams and columns within the UHS basin is not only affected by the
maximum accelerations, it can also be affected by the resulting ISRS at the top and bottom of
the columns, which are used to account for the effect of hydrodynamic mass on the UHS
columns. On the basis of the above information, the applicant provides a procedure described
in the Supplement 1 response to RAI 03.07.01-29, for assessing the UHS basin beams and
columns. The applicant provided the results of this assessment in the Supplement 4 response
to RAI 03.08.04-30 (ML11181A002). On the basis of this assessment, the applicant stated that
all UHS basin concrete beams and columns that were designed based on the SSI analysis
using the SM are adequate for the results of the SSI analysis using the MSM. The staff’s review
of this assessment is discussed in Subsection 3.8.4.4.4, (Item a) of this SER.
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b)

Seismic Soil Pressures

In its Supplement 1 response to RAI 03.07.01-29, the applicant stated that the structural
designs as well as the stability evaluations for the following STP, Units 3 and 4, structures
consider the seismic soil pressures from the SSSI and SSI analyses:
•
•
•
•
•

RSW piping tunnels
DGFOTs
DGFOSVs
UHS/RSW pump house
RWB

The applicant addressed the impact on the stability evaluations in the Supplement 4 response to
RAI 03.07.02-13 (ML11335A232), which is reviewed in Subsection 3.8.4.4.4, (Item c) of this
SER.
b.1)

Seismic Soil Pressures from the SSSI Analysis

In its Supplement 1 response to RAI 03.07.01-29, the applicant stated that the main purpose of
the SSSI analyses was to determine the increase in soil pressures on the walls facing the
adjacent structure from the adjacent structure. The RAI response describes the seven SSSI
analyses using the SM (see Figure 03.07.01-29S1.79, “Sections for SSSI Analyses,” in the
Revision 1, Supplement 1 response to RAI 03.07.01-29 [ML113360516] for the locations of the
sections).
Based on the discussions with the staff during the May 2011, NRC audit of STP, Units 3 and 4,
(ML12346A389), the applicant selected the RB + RSW Piping Tunnels + RWB model described
in the RAI response for further evaluations of the dynamic soil pressures resulting from SSSI
effects using the DM and MSM of analysis. The results of this evaluation were then used to
address the SSSI results from the SM.
The bounding SSSI soil pressures for this SSSI analysis using the SM were determined
considering the LB in situ, UB in situ, and UB backfill soil cases. The Supplement 1 response to
RAI 03.07.01-29, shows the governing soil case for soil pressures for each of the six walls in
this SSSI model. The applicant made the following observations based on these results:
•

Most (~ 85 percent) of these soil pressures are governed by the LB in situ and UB
backfill soil cases.

•

Only a small percentage of soil pressures are governed by the UB in situ soil case. In
these cases, the soil pressures from the UB in situ soil case are in general within
10 percent of those from the LB in situ or UB backfill soil cases.

Based on the above observations, the applicant conducted a re-analysis of this SSSI section
using the DM and MSM with only the LB in situ and UB backfill soil cases. The staff reviewed
the above comparisons and concluded that the LB in situ soil and UB backfill soil cases were
adequate to address the soil pressure difference between the SM, MSM, and DM.
The results of the re-analysis for this SSSI section using the SM, MSM, and DM are reviewed
below:
b.1.1)

Investigation of SSSI Section 6 for Lower Bound In Situ Soil Cases
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The following evaluations are based on the results from the SSSI analysis of Section 6 LB in
situ soil cases using the SM, MSM, and DM.
b.1.1.1)

Comparison of Maximum Absolute Soil Pressure Profiles

The Supplement 1 response to RAI 03.07.01-29 compared the maximum absolute soil
pressures in the SM, MSM, and DM of analysis for all walls in this model. These pressures
represent the absolute value of the highest magnitude soil pressure experienced by each
element during any point in the time history of the analysis. Based on the above results, the
applicant makes the following observations:
•

The maximum absolute pressure profiles obtained from the SM and the MSM are
comparable for all walls.

•

For the exterior walls of the SSSI model (i.e., the RB east wall, RB west wall below the
RWB mud mat, and RWB west wall), the maximum absolute pressure profiles using the
DM are different from those using the SM and MSM.

•

For the interior walls (i.e., walls that face an adjacent structure), the maximum absolute
pressure profiles from all three methods are comparable.
b.1.1.2)

Comparison of Transfer Functions for Soil Pressures

The soil pressures are determined from soil element forces, which are dependent on element
nodal displacements. Because the nodal displacements are calculated using the acceleration
transfer functions, the soil pressures are related to the nodal acceleration transfer functions for
the soil element used to calculate the soil pressures. For a comparison of the transfer functions
for soil pressures, the applicant selected a total of six elements along the RB east, RB west, and
RWB west walls where there is a significant difference between the soil pressures using the SM
versus the DM of analysis. The location of these six elements is shown in the Revision 1 of
Supplement 1 response to RAI 03.07.01-29 (ML113360516). The RAI response also compares
the transfer functions of these six elements using the SM, MSM, and DM of analysis.
The Supplement 1 response to RAI 03.07.01-29 showed that for low frequencies (i.e., up to
about 7 Hz), there is reasonably good agreement among the transfer functions in all three
methods of analysis. For higher frequencies, some significant differences are seen among the
transfer functions in the three methods. The applicant stated that the differences at higher
frequencies are not significant for the structural design, because soil pressures mainly reflect
low frequency responses. To demonstrate this finding, the applicant compares the maximum
absolute soil pressures for the six walls in this SSSI model, which were computed to consider
the responses from 0 to 5 Hz and 0 to 33 Hz. This comparison shows that most of the
maximum soil pressures at any location along these walls reflect the responses to the 0 to 5 Hz
frequencies.
The Supplement 1 response to RAI 03.07.01-29 provided a more detailed comparison of the
transfer functions with 0 to 5 Hz frequencies for these six elements, in addition to three more
elements along the east and west walls of RSW Piping tunnel. The results show good
agreement among the transfer functions in the SM, MSM, and DM of analysis for all nine
elements.
b.1.1.3)

Comparison of Total Soil Force Time Histories
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The Supplement 1 response to RAI 03.07.01-29 compared the total soil force time histories for
all of the walls in this model using the SM, MSM, and DM of analysis. The results also show the
magnitudes of the maximum total soil forces, the times corresponding to the maximum total soil
forces, and the locations of the maximum total soil forces with respect to the grade elevation.
Based on the above comparisons, the applicant stated that the time history shapes of total soil
forces acting on the walls are quite similar, and the differences in the magnitudes of the peaks
and valleys are small.
b.1.1.4)

Comparison of Soil Pressure Profiles

The Supplement 1 response to RAI 03.07.01-29 also compared the soil pressure profiles for the
maximum total soil forces, magnitudes of the maximum total soil forces, the times
corresponding to the maximum total soil forces, and the locations of the maximum total soil
forces with respect to the grade elevation for all of the walls in this model. Based on the above
results, the applicant made the following observations:
•

The maximum total soil forces from the three methods of analysis are almost the same
(i.e. within ±10 percent)

•

For the same time, not only are the total soil forces from the three methods close (i.e.
within ±10 percent), but the locations of the total soil forces from the three methods also
are close. To demonstrate this point, the applicant compared instantaneous soil
pressure profiles of the RB east and west walls for two equal times in the RAI response.

Based on the above observations, the applicant further stated that the magnitudes and locations
of the total soil forces obtained from the three methods of analysis are close (i.e., within
±10 percent).
b.1.2)

Investigation of SSSI Section 6 for Upper Bound Backfill Soil Cases

The following discussion is based on the results from the SSSI analyses of the Section 6 UB
backfill soil cases using the SM, MSM, and DM of analysis.
b.1.2.1)

Comparison of the Maximum Absolute Soil Pressure Profiles

The Supplement 1 response to RAI 03.07.01-29 compared the maximum absolute soil
pressures of all walls in this model using the SM, MSM, and DM of analysis. Based on the
above comparisons, the applicant made the following observation:
•

The maximum absolute pressure profiles in all three methods of analysis are
comparable for all of the walls.
b.1.2.2)

Comparison of Total Soil Force Time Histories

The Supplement 1 response to RAI 03.07.01-29 compared the total soil force time histories for
all of the walls in this model using the SM, MSM, and DM of analysis. This RAI response also
shows the magnitudes of the maximum total soil forces, the times corresponding to the
maximum total soil forces, and the locations of the maximum total soil forces with respect to the
grade elevation. Based on this comparison, the applicant states that the time history shapes
are quite similar, and the differences in the magnitudes of the peaks and valleys are small.
b.1.2.3)

Comparison of Soil Pressure Profiles
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The Supplement 1 response to RAI 03.07.01-29 compared the soil pressure profiles for the
maximum total soil forces, the magnitudes of the maximum total soil forces, the times
corresponding to the maximum total soil forces, and the locations of the maximum total soil
forces with respect to the grade elevation for all of the walls in this model. Based on the above
comparison, the applicant stated that:
•

The maximum total soil forces obtained from the three methods of analysis are almost
the same (i.e., within ±10 percent).

•

For the same time, not only are the total soil forces obtained from the three methods
close (i.e., within ±10 percent), but the locations of the total soil forces from the three
methods are also close. To demonstrate this point, the applicant compared the
instantaneous soil pressure profiles of the RB east and west walls for two equal times in
the RAI response.

Based on the above findings, the applicant stated that the magnitudes and locations of the total
soil forces obtained from these three methods of analysis are close (i.e., within ±10 percent).
b.1.3)

Conclusions Based on Investigation of SSSI Section 6

Based on the results presented above, the applicant considers the following conclusions to be
applicable:
•

The method of the SSSI analysis (SM, MSM, or DM) has a negligible impact on the total
force due to seismic soil pressure (i.e., within ±10 percent).

•

The method of the SSSI analysis (SM, MSM, or DM) has a negligible impact on location
(i.e., the center of gravity [C.G.]) of the total force due to seismic soil pressure (i.e.,
within ±10 percent).

•

The analytical results from the DM show some changes in the distribution of seismic soil
pressures for the exterior walls.

•

The method of the SSSI analysis (SM, MSM, or DM) has a negligible impact on the soil
pressure distribution for the interior walls due to the fact that the interior walls, and the
soil between them, collectively act as interior structural members and are not directly
connected to the interaction nodes. Therefore, for the interior walls, there is no need for
any additional investigation of the method of analysis that was used.

Because the total soil pressures and the point of application of the resultant soil pressure are
not sensitive to the method of analysis used (i.e., SM, DM, and MSM), the staff found the above
conclusions acceptable.
b.1.4)

Evaluation of All SSSI Sections

The results from the STP, Units 3 and 4, SSSI analyses were used to address the seismic soil
pressures on the following structures:
•
•
•
•

RB
CB
UHS/RSW pump house
RSW piping tunnels
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•
•
•

DGFOSVs
DGFOTs
RWB

Among the above structures, the RB and CB are part of the certified design and, thus, the
design of these structures was based on the 0.3g RG 1.60 response spectra. Therefore, for
site-specific seismic input motions that are significantly lower than the 0.3g RG 1.60 response
spectra, these structures possess a significant design margin. Therefore, the applicant has
evaluated SSSI sections to assess the impact of the MSM analysis on the calculated soil
pressures for the following structures:
•
•
•
•
•

UHS/RSW pump house
RSW piping tunnels
DGFOSV
DGFOT
RWB

The staff agreed that not including the RB and CB in the above scope is appropriate because
the impact of the MSM analysis on the calculated soil pressure will be bounded by the ABWR
DCD seismic design pressures since the site-specific seismic motions are significantly lower
than the ABWR DCD seismic input. The applicant’s assessment and staff’s evaluation of each
SSSI section in the Supplement 1 response to RAI 03.07.01-29 is summarized below:
SSSI Sections 1 and 2
Section 1 is an E-W section analyzed by the applicant to address the crane foundation retaining
wall (CFRW) effect on the RB. The CRFW is a non-seismic structure erected for construction
but will be abandoned in place. Section 2 is also an E-W section analyzed by the applicant to
address the CFRW effect on the CB. The applicant stated that Section 1 does not include the
DGFOT. Therefore, the applicant concluded that the results of the analysis for these two
sections show no impact on the design of Category I site-specific structures, DGFOT, or the
RWB. Therefore, no further investigation is required for these two sections. Based on review of
Sections 1 and 2 SSSI models analyzed by the applicant, the staff verified that these Sections
were not used to address any of the site-specific structures listed in the above scope.
Because, these sections were only used for evaluation of the impact of the CFRW on the
standard plant structures (RB and CB), the staff agreed with the conclusion that no further
investigation is required for these two sections for the impact of the MSM.
SSSI Section 3
Section 3 is a N-S section of the TB + CB + RB. The applicant’s confirmatory analysis
evaluated the impact of site-specific input motions and soil properties on the ABWR DCD SSSI
soil pressures. The applicant stated that the only SSSI soil pressures reported in the ABWR
DCD are for the RB north wall and the CB south wall obtained from an SSSI analysis of RB +
CB + TB. The applicant further stated that in this SSSI analysis the RB and CB walls are
interior walls, so the method of analysis (SM, MSM, or DM) has a negligible impact on the total
force due to seismic soil pressure or the distribution of seismic soil pressure and thus, no further
investigation is required for this section. The staff reviewed the SSSI model depicted in Section
3 and verified that the RB north wall and the CB south wall traversed by this section cut can be
considered as interior walls (inter-building walls separated by soil in between) and agreed with
the conclusion that no further investigation is required for this section for the impact of the MSM.
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SSSI Section 4
The applicant stated that this SSSI analysis is for the E-W CFRW + DGFOT + RB section. The
walls of the DGFOT are interior walls, which are not impacted by the method of analysis.
Therefore, no further investigation is required for this section. The staff noted that this section
cut traversed through the CFRW, DGFOT, and RB. Because the impact of the MSM analysis on
the calculated soil pressure on the RB will be bounded by the ABWR DCD seismic design
pressures, the staff concluded that this section cut analysis will not affect the RB due to the
method of analysis. The staff also reviewed the SSSI model depicted in Section 4 and verified
that the walls of the DGFOT traversed by this section cut can be considered as interior walls
(inter building walls separated by soil in between) and agreed with the conclusion that no further
investigation is required for this section for the impact of the MSM.
SSSI Section 5
The applicant stated that this SSSI analysis is for the E-W CFRW + DGFOSV + DGFOT
section. The east wall of the DGFOT and the east and part of the west walls of the DGFOSV
are interior walls, which are not impacted by the method of analysis. The applicant also stated
that the DGFOSV walls—in addition to the SSSI and SSI soil pressures—are designed for the
ASCE 4–98 seismic soil pressure as well as the full passive soil pressure (i.e., Kp = 3.0), which
meets SRP Acceptance Criterion 4.H in SRP Section 3.8.4. Therefore, no further investigation
is required for these walls. The staff reviewed the SSSI model depicted in Section 5 and
verified that the east wall of the DGFOT and the east and part of the west walls of the DGFOSV
are interior walls, which are not impacted by the method of analysis and agreed with the
conclusion that no further investigation is required for this section for the impact of the MSM on
the DGFOT east wall. In addition since the DGFOSV walls are designed for the full passive
pressure which meets SRP 3.8.4 Acceptance Criterion 4.H, the staff agreed with the conclusion
that no further investigation is required for this section for impact of MSM on the DGFOSV walls.
Because the west wall of the DGFOT is an exterior wall, the soil pressure distribution for this
wall may be impacted by the method of analysis. The applicant stated that this wall is designed
for seismic soil pressures obtained from SSI, ASCE 4–98, SSSI (using the SM), as well as for a
passive soil pressure. In the Supplement 1 response to RAI 03.07.01-29, the applicant
compared the SSSI soil pressure with the seismic soil pressure used for the design of this wall.
The response also compared out-of-plane shears and moments resulting from the SSSI and
design seismic soil pressures for a typical panel of this wall. Based on the summary of the
results in the RAI response, the applicant stated that the minimum existing margin for the
seismic soil pressure is 43 percent. The applicant stated that this margin will more than
adequately account for any change in out-of-plane shear and moment due to seismic soil
pressure distribution from the SSSI analysis using the DM. The staff reviewed the results
presented in the response to RAI 03.07.01-29, Supplement 1, Revision 1. The staff agreed with
this conclusion since the total seismic pressure load and the location of the resultant pressure
load obtained using the SM, MSM, or DM remains approximately the same, and the effect of
any variations in pressure distribution due to the method of SSSI analysis will be bounded by
the existing margin.
SSSI Section 6
This SSSI analysis is for the E-W RWB + RSW Piping Tunnel + RB section. The original
SASSI2000 SSSI analysis of this section used SM. The applicant subsequently reevaluated the
analysis using the MSM and DM. Both the east and west walls of the RSW piping tunnel are
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interior walls, which are not impacted by the method of analysis. Therefore, the applicant
concluded that no further investigation is required for these walls. The staff reviewed the SSSI
model depicted in Section 6 and agreed with this conclusion.
The east wall of the RWB (a non-Category I structure) is an interior wall, which is not impacted
by the method of analysis. The seismic soil pressure distribution for the west wall of the RWB is
impacted by the method of the analysis. The Supplement 1 response to RAI 03.07.01-29
compared the SSSI soil pressure with the seismic soil pressure used for the design of the west
wall. The applicant stated that the SSSI soil pressure is from the DM of analysis. The RAI
response shows the finite element model of this wall, which was used to determine out-of-plane
shears and moments due to the SSSI and the design seismic soil pressures, and a comparison
of contour plots for out-of-plane shears and moments. These comparisons show a minimum
margin of 38 percent for the seismic soil pressure. The staff noted that for the evaluation of this
section, DM of SSSI analysis was performed to verify that the seismic soil pressure demand
used for the design is conservative. Since a DM of analysis was used for comparison purposes
and a minimum margin of 38 percent for the seismic soil pressure exists, the staff found the
seismic soil pressure used for the design to be acceptable.
SSSI Section 7
This SSSI analysis is for the N-S RB + DGFOSV No.1B + DGFOSV No.1C + RSW piping tunnel
+ UHS/RSW pump house section. The location selection of this SSSI section was based on
discussions with the staff during the August 2010, meeting in Rockville, Maryland
(ML102250404). This SSSI section cuts through two DGFOSVs and was selected instead of
another possible SSSI section to the east of it (which cuts through only one DGFOSV) for the
following reasons:
1.

For the section to the east of this section, the distance between the DGFOSV
and the RB is in excess of 42.7 m (140 ft). Therefore, no significant impact from
the RB is expected. The staff agreed with this assessment.

2.

In addition to seismic soil pressures from the SSI and SSSI analyses, DGFOSV
walls are designed for seismic soil pressures per ASCE 4–98 as well as for the
full passive soil pressure (i.e., Kp = 3.0), which meets the guidance in SRP
Acceptance Criterion 4.H in SRP Section 3.8.4.

3.

The north wall of the RSW pump house is designed for seismic soil pressures
obtained from the SSI and SSSI analyses, in addition to seismic soil pressures
per ASCE 4–98 and the passive soil pressure (Kp = 1.2), without taking any
credit for a lack of soil pressure at its juncture with the RSW piping tunnel.

In the Supplement 1 response to RAI 03.07.01-29, the applicant stated that in this SSSI model
the walls of the two DGFOSVs, the RSW piping tunnel, and the north wall of the UHS/RSW
pump house (except for the bottom portion) are interior walls that are not impacted by method of
analysis. The bottom portion of the north wall of the UHS/RSW pump house is exterior.
However, the applicant stated that the north wall of the UHS/RSW pump house (in addition to
the SSI and SSSI soil pressures) is designed for the seismic soil pressure per ASCE 4–98 and
the passive soil pressure (Kp=1.2), without taking any credit for the lack of soil pressure at the
juncture with the RSW piping tunnel. Therefore, no further investigation is required for these
walls. The staff reviewed the SSSI model of the RB + DGFOSV No.1B + DGFOSV No.1C +
RSW piping tunnel + UHS/RSW pump house (FSAR Figure 3H.6-211) and agreed with this
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conclusion since the seismic soil pressure on the interior walls are not affected by the SSSI
analysis methods and the UHS/RSW pump house north wall is conservatively designed for the
passive pressure without taking any credit for the lack of soil pressure at the juncture with the
RSW tunnel.
The south wall of the UHS basin is an exterior wall. The applicant stated that while the
distribution of the seismic soil pressure on the bottom 6.1 m (20 ft) (measured from the top of
the basin basemat) of this wall may change due to the method of analysis, any change in the
total force due to seismic soil pressure and the location (i.e., C.G.) of the resultant seismic soil
force will be negligible. The applicant further stated that this wall is designed to consider a
conservative seismic soil pressure profile, which significantly envelops the seismic soil pressure
from the SSSI analysis. The RAI response provided the contour plots for out-of-plane shears
and moments due to the SSSI and the design seismic soil pressures based on the analysis of a
typical section of this wall. Based on the summary results in the RAI response, the minimum
existing margin for the seismic soil pressure is 243 percent. With this margin, the applicant
stated that the existing design of the wall more than adequately accounts for changes in the outof-plane shear and moment due to seismic soil pressure distribution from the SSSI analysis
using the DM. The staff agreed with this conclusion since the changes in the total seismic
pressure load and the location of the resultant pressure load due to method of analysis is
negligible, and any variations in pressure distribution due to the method of SSSI analysis will be
bounded by the existing margin.
b.1.5)

Conclusions Based on SSSI Investigations of All Sections

The applicant concluded that the existing STP, Units 3 and 4, designs based on SSSI seismic
soil pressures obtained from SSSI analyses using the SM will be adequate for SSSI seismic soil
pressures obtained from SSSI analyses using the MSM and/or the DM.
Because the total soil pressures and the point of application of the resultant soil pressure are
not sensitive to the method of analysis used (i.e., SM, DM, and MSM), the staff found the
applicant’s evaluation and resulting conclusions acceptable.
b.2)

Seismic Soil Pressures from the SSI Analysis

The SSI seismic soil pressures from the STP, Units 3 and 4, SSI analyses were used in the
structural design of the following structures:
•
•
•
•

RSW piping tunnels
DGFOSV
UHS/RSW pump house
DGFOT

The evaluation of each of the above structures in regards to SSI seismic soil pressures is
presented below:
b.2.1)

RSW Piping Tunnels

In the Supplement 1 response to RAI 03.07.01-29, the applicant compared the seismic soil
pressures obtained from the SSI analysis based on maximum absolute pressures (conservative)
with seismic soil pressures used for the design of the RSW piping tunnel east and west walls.
The staff found that the SSI soil pressures were obtained from SSI analysis using the DM.
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Therefore, no further investigation is required for the SSI seismic soil pressures of the RSW
piping tunnels.
b.2.2)

Diesel Generator Fuel Oil Storage Vaults

In the Supplement 1 response to RAI 03.07.01-29, the applicant compared seismic soil
pressures obtained from the SSI analysis based on maximum absolute pressures (conservative)
with seismic soil pressures used for the design of DGFOSV walls No. 1 through 4. The RAI
response also provided wall numbering for the four walls of each DGFOSV. The SSI soil
pressures are obtained from the SSI analysis using the MSM.
For each of the four walls of the DGFOSV, the applicant calculated the wall stresses using the
SAP2000 to consider the SSI and design seismic soil pressures using the models in the RAI
response. The RAI response presents the comparison of the contour plots for the resulting outof-plane shears and moments due to the SSI with the design seismic soil pressures.
A summary of the above comparisons for the out-of-plane shears and moments of DGFOSV
walls is in the RAI response. Based on the above comparison of shear and moments, the
applicant concluded that there is a minimum margin of about 90 percent in the existing design
for the seismic soil pressures obtained from the MSM of analysis.
For the DGFOSV, the applicant stated that due to the size of the SSI model, obtaining the SSI
seismic soil pressure using the DM of analysis is not feasible. However, from the investigation
of SSSI soil pressures (described under topic b.1 above in this subsection), the SSI soil
pressures from the DM are expected to have a soil pressure distribution that may differ from
those obtained from the MSM of analysis. However, the total soil forces due to seismic soil
pressures and the location (i.e., C.G.) of the resultant soil forces are expected to be similar to
those obtained from the MSM, with only small variations (~10 percent). The applicant further
noted that the margin for design seismic soil pressure shown above is about 90 percent. With
this margin, the applicant concluded that the existing design will adequately account for any
change in the seismic soil pressure distribution due to use of the DM.
Based on the above results, the staff found that the design of the DGFOSV using the design
seismic soil pressures described above is adequate for the SSI seismic soil pressures,
regardless of the method of analysis. Thus, no further investigation is required for the SSI
seismic soil pressures of the DGFOSV.
b.2.3)

UHS/RSW Pump House

The design-basis SSI analysis of the UHS/RSW pump house was originally performed using the
SM of analysis. The applicant repeated the UHS/RSW pump house SSI analysis for the UB in
situ soil case using the MSM.
In the Supplement 1 response to RAI 03.07.01-29, the applicant compared SSI soil pressures
(based on maximum of absolute soil pressures) from both the SM and MSM of analysis. Based
on an examination of these comparisons, the applicant makes the following observations:
•

The pressure profiles for the two methods are rather similar.

•

The total soil force is close due to the seismic soil pressures obtained from the two
methods. In addition, the total soil force from the SM of analysis either exceeds or is
within five percent of the total soil force from the MSM.
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The RAI response compares the design seismic soil pressure with the SSI soil pressures from
the SM of analysis for all eight walls of the UHS/RSW pump house. These comparisons also
show the total soil forces due to seismic soil pressures, as well as the location (i.e., C.G.) of the
resultant total soil forces. The applicant concluded that the design seismic soil pressure
considered for the design of the UHS/RSW pump house provides a minimum margin of about
220 percent against the SSI seismic soil pressures from the SM of analysis.
For the UHS/RSW pump house, the applicant stated that due to the size of the SSI model,
obtaining SSI seismic soil pressures using the DM is not feasible. However, from the
investigation of the SSSI soil pressures (described under topic b.1 above in this subsection), the
SSI soil pressures from the DM of analysis are expected to have a soil pressure distribution that
may differ from that obtained from the SM. However, the total soil forces due to seismic soil
pressures and the location (i.e., C.G.) of the resultant soil forces are expected to be similar to
those obtained from the SM, with only small variations. The applicant stated that as noted
above, the minimum margin for the design seismic soil pressure is 220 percent. The applicant
also stated that this margin will adequately account for any change in the seismic soil pressure
distribution from using the DM. Based on the above results, the staff found that the design of
the UHS/RSW pump house using the design seismic soil pressures described above is
adequate for the SSI seismic soil pressures, regardless of the method of analysis. Thus, no
further investigation is required for the SSI seismic soil pressures of the UHS/RSW pump
house.
b.2.4)

Diesel Generator Fuel Oil Tunnels

In the Supplement 1 response to RAI 03.07.01-29, the applicant compared seismic soil
pressures from the SSI analysis based on maximum absolute soil pressures (conservative) with
the seismic soil pressures used for the design of the DGFOT walls. The SSI soil pressures
were obtained from the SSI analysis that used the DM. These comparisons show that the
seismic soil pressure profiles used for the design of these walls envelop the SSI seismic soil
pressure profiles. Therefore, the staff concluded that no further investigation is required for the
SSI seismic soil pressures of the DGFOT.
3.7.2.4.21 Confirmatory Analysis of SASSI2000 Section Forces
When addressing the adequacy of the walls and slabs of the UHS/RSW pump house for the
cumulative effect of changes in the maximum accelerations from using the MSM of analysis, the
applicant determined the percentage difference in the SSI forces for 19 section cuts of the
UHS/RSW pump house obtained from both the SM and MSM analyses. The applicant then
compared the percentage difference to the available margin in the section cut forces due to use
of conservative equivalent static method.
During the September 2011, NRC audit of STP, Units 3 and 4, the staff requested the applicant
to perform two additional confirmatory analyses to provide further assurance that: 1) the section
cut forces from the SASSI2000 are accurate; and 2) the SSI mesh in the SASSI2000 SSI model
is adequately refined to produce accurate section cut forces. The applicant performed these
confirmatory analyses and provided the results in the Supplement 2 response to
RAI 03.07.01-29 (ML11364A098). The staff’s review of the results of these studies is discussed
below:
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a)

Benchmark Study

The purpose of the benchmark study was to show that the section cut forces from the SSI
analysis using the SASSI2000 program were accurate or conservative. As noted in the
Supplement 1 response to RAI 03.07.01-29, in order to benchmark the calculation of section cut
forces from SASSI2000, the applicant repeated the dynamic analysis performed in SASSI2000
using the SAP2000 program with an identical input and a nearly identical model. The structural
mesh of the models was identical to the so-called coarse mesh (also referred to as the original
mesh) model used for the SSI analysis of the UHS/RSW pump house. The SAP2000 model
was run as a fixed base, and the SASSI2000 model was modified by adding massless solid
elements and fixing them at the base to simulate the fixed-base condition. Details of the
SASSI2000 fixed-base modeling are in the Supplement 2 response to RAI 03.07.01-29. Other
details of the dynamic analyses using SAP2000 and SASSI2000 are also in the same RAI
response. It should be noted that only the full basin case was considered in this benchmark
study.
In the Supplement 2 response to RAI 03.07.01-29, the applicant compared the section cut
forces for the 19 section cuts from the SASSI2000 and SAP2000 fixed-base analyses. Based
on this comparison, the staff concluded that in the majority of cases, the SASSI2000 results
were higher than the corresponding SAP2000 results. For a few cases, the SASSI2000 results
were lower than the SAP2000 results. For those panels where the SASSI2000 results were
lower than the SAP2000 results, the applicant increased the corresponding section cut forces by
the percentage difference. The staff’s evaluation is in Subsection 3.8.4.4.4 (Item b) of this SER.
Based on the above results and the inherent difference between the two types of analyses
(SASSI2000 based on frequency domain analysis and the SAP2000 based on the modal time
history analysis), the staff concluded that the section cut forces calculated from the SASSI2000
analysis are conservative and reliable.
b)

Mesh Refinement Study

The MSM analysis of the UHS/RSW pump house was performed using the original mesh (also
called coarse mesh) that was used in the SM analysis. To examine the impact of mesh
refinement on the SSI section cut forces, the applicant refined the fixed-base SSI model
described in the benchmark study above to better approximate the more refined mesh used in
the SAP2000 design model, which used the equivalent static method.
The applicant then analyzed the fixed-base SSI models with both the original mesh and refined
mesh for the site-specific SSE ground motions that considered both the full and empty basin
cases. The applicant combined the results from the three seismic excitations using the SRSS to
determine section cut forces along the 19 section cuts. The Supplement 2 response to
RAI 03.07.01-29 compared the section cut forces for the full and empty basin cases. These
comparisons show that in a majority of the cases, the section cut forces from the two meshes
are within ±10 percent, except for some cases with higher percentage differences.
In order to account for the difference in the section cut forces due to the use of refined SSI
mesh, the applicant increased the percentage difference in the SSI section cut forces obtained
from the MSM of analysis by the percentage difference in the section cut forces with the use of
refined mesh. This action was taken to obtain the total increase in the section cut forces
resulting from the use of the MSM before comparing them to the available margins in the design
section cut forces due to the use of the conservative equivalent static method. The
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Supplement 2 response to RAI 03.07.01-29 provided the results of this comparison for the full
and empty basin cases. Based on the applicant’s comparisons of results in the response the
staff found that in the majority of cases, the individual force components obtained from the MSM
of analysis along a section cut are lower than the respective force components obtained from
the SM of analysis. In those cases where the section cut forces obtained from the MSM of
analysis exceed those obtained from the SM of analysis, the existing design margin is expected
to accommodate the observed increase in section cut forces obtained from the MSM of
analysis. Additional details of the comparison of the SM and MSM results are in the
Supplement 2 response to RAI 03.07.01-29. The staff noted, however, that the applicant did not
compare the out-of-plane moment for the roof panels calculated using the SM and MSM
analyses. Therefore, the applicant was asked to provide further justification that the existing
design of the UHS/RSW pump house roof slabs and operating floor are adequate for the
resulting forces resulting from the use of the MSM of analysis. In the Supplement 3 response to
RAI 03.07.01-29 (ML12103A369), the applicant stated that the existing design already accounts
for the impact of the MSM analysis on the vertical accelerations used for the design of the RSW
pump house roof and operating floor. FSAR Figures 3H.6-21, “Broadened FRS in Vertical (Z)
Direction at the RSW Pump House Operating Floor (Elevation 14 ft MSL),” and 3H.6-24,
“Broadened FRS in Vertical (Z) Direction at the RSW Pump House Roof (Elevation 50 ft MSL),”
show the vertical response spectra for the RSW pump house operating floor and roof,
respectively. These response spectra were obtained from the SM SSI analysis and incorporate
scaling factors from COL FSAR Table 3H.60-17 to compensate for the effect of mesh
refinement and the MSM. The staff therefore found the spectra acceptable.
The staff concluded that the UHS/RSW pump house wall panels and slabs that were designed
based on the results of the SSI analysis using the SM are adequate for the resulting forces due
to a confirmation that used the MSM of analysis.
3.7.2.5

Post Combined License Activities

The applicant identifies the following commitments:
•

Commitment (COM 3.7-2) – Develop a procedure to confirm that all nonsafety-related
SSCs located in the same room as a safety-related SSC have been evaluated and
correctly dispositioned for inspection of the as-built plant for II/I interactions. This will be
developed in accordance with Section 13.5 and will be made available for inspection
before fuel loading.

•

Site-Specific ITAAC Table 3.0-18, “Main Steam Lines Dynamic Analysis,” to develop a
dynamic analysis of the main steam lines in the TB to generate ISRS.

3.7.2.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
the seismic system analysis that were incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.7.2 of NUREG–0800. The staff’s review
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concluded that the applicant has adequately addressed COL License Information Item 3.22 and
the Tier 1 departures in accordance with Section 3.7.2 of NUREG–0800.
3.7.3

Seismic Subsystem Analysis

3.7.3.1

Introduction

This FSAR section addresses the methods of the seismic analysis for ABWR seismic Category I
SSCs that are not explicitly included in the structural models, when seismic analyses of the
seismic Category I structures are performed. Such items include all seismic Category I cable
trays and supports, conduits and supports, above-ground tanks, buried piping and tunnels, and
structural elements that support other seismic Category I items (e.g., steel platforms, etc.). In
addition, there is an evaluation of the seismic qualification of seismic Category I mechanical
equipment, instrumentation, and electrical equipment that includes the seismic analysis of the
piping systems.
The criteria and methods for the seismic analysis of safety-related SSCs and equipment include
the following:
•
•
•
•
•
•
•
•
•

Methods used for the seismic analysis.
Procedures used for analytical modeling.
Analytical procedures for damping.
Three components of earthquake motion.
A combination of modal responses.
Use of equivalent vertical static factors.
Buried seismic Category I piping, conduits, and tunnels.
Methods used for the seismic analysis of Category I concrete dams.
Methods used for the seismic analysis of above-ground tanks.

3.7.3.2

Summary of Application

Section 3.7.3 of the STP, Units 3 and 4, COL FSAR, Revision 11 incorporates by reference
Section 3.7.3 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in COL FSAR Section 3.7.3, the applicant provided the following:
Tier 2* Departure Requiring Prior NRC Approval
•

STD DEP 1.8-1

Tier 2* Codes, Standards, and Regulatory Guide
Edition Changes

This departure updates information in FSAR Table 1.8-21, “Industrial Codes and Standards
Applicable to ABWR,” and replaces the International Code Council (ICC), “2006 International
Building Code,” (IBC) for the International Council of Building Officials, “1991 Uniform Building
Code” (UBC). This change incorporates the requirements of the Texas Building Code, which
adopted the 2006 IBC.
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COL License Information Items
•

COL License Information Item 3.21 Piping Analysis, Modeling of Piping Supports

In Subsection 3.7.5.3 of the ABWR DCD, the COL applicant is required to provide justification
for methods used (other than those described in ABWR DCD Subsection 3.7.3.3.1.6) for
determining pipe support stiffness in the piping analysis.
•

COL License Information Item 3.22 Assessment of Interaction Due to Seismic Effects

In Subsection 3.7.5.4 of the ABWR DCD, the COL applicant is required to describe the process
for completing the design of the balance-of-plant and nonsafety-related systems to minimize II/I
interactions and proposed procedures for an inspection of the as-built plant for II/I interactions.
(COM 3.7-2)
•

COL License Information Item in ABWR DCD Subsection 3.7.3.3.1.8 (Response Spectra
Amplification at Support Attachment Points)

To address the modeling of piping system supports, Subsection 3.7.3.3.1.8 of the ABWR DCD
requires the COL applicant to ensure that the drywell equipment and pipe support structure
(DEPSS) meet the criteria in ABWR DCD Subsection 3.7.3.3.4. If these criteria cannot be met,
the COL applicant will generate the amplitude response spectrum (ARS) at piping attachment
points that consider the DEPSS to be part of the structure using the methods of the dynamic
analysis described in Section 3.7.2; or the COL applicant will analyze the piping systems that
consider the DEPSS to be part of the pipe supports.
•

COL License Information Item in ABWR DCD Subsection 3.7.3.3.1.7 (Modeling of
Special Engineered Pipe Supports)

To address the modeling of specially engineered pipe supports, Subsection 3.7.3.3.1.7 of the
ABWR DCD requires the COL applicant to ensure that modifications to the normal linear-elastic
piping analysis methodology used with conventional pipe supports are required to calculate the
loads acting on the supports and on the piping components when the specially engineered pipe
supports are used as described in ABWR DCD Subsection 3.9.3.4.1(6).
Supplemental Information
As a result of Departure STD DEP 1.8-1 in COL FSAR Subsection 3.7.3.16, the applicant
referred to the IBC and deletes references to the UBC. The applicant also deleted the ABWR
DCD statement, “the seismic zone shall be Zone 3,” and replaced it with “the seismic
acceleration shall be the SSE ground acceleration.”
3.7.3.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the seismic subsystem
analysis, and the associated acceptance criteria, are in Section 3.7.3 of NUREG–0800.
In accordance with Section VIII, “Processes and Changes and Departures,” of, “Appendix A to
Part 52--Design Certification Rule for the U.S. Advanced Boiling Water Reactor,” the applicant
identified one Tier 2* departure. This departure requires prior NRC Approval and is subject to
the requirements of 10 CFR 52 Appendix A, Section VIII.B.6.
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Other regulatory guidance and design standards supporting the seismic design of safety-related
SSCs and equipment include the following:
•

NUREG–1061, “Report of the U.S. Nuclear Regulatory Commission Piping Review
Committee,” on the seismic analysis of piping

•

ASCE 4–98 on the seismic analysis of safety-related nuclear structures and components

3.7.3.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.7.3 of the certified
ABWR DCD. The staff reviewed Section 3.7.3 of the STP, Units 3 and 4, COL FSAR Revision
7, and checked the referenced ABWR DCD to ensure that the combination of the information in
the COL FSAR and the information in the ABWR DCD appropriately represents the complete
scope of information relating to this review topic.1 The staff’s review confirmed that the
information in the application and the information incorporated by reference address the
required information relating to this section.
The staff reviewed the following information in the COL FSAR:
The applicant has performed a site-specific SSI analysis of the seismic Category I structures, as
discussed in Appendix 3A of the STP, Units 3 and 4, COL FSAR, to confirm that the standard
plant results included in the ABWR DCD will envelop the results of the site-specific SSI. The
staff’s evaluation of this analysis is in Section 3.7.2 of this SER.
The review of this application is limited to the COL license information items and the
supplementary information in COL FSAR Section 3.7.3.
Tier 2* Departure Requiring Prior NRC Approval
•

STD DEP 1.8-1

Tier 2* Codes, Standards, and Regulatory Guide
Edition Changes

The portion of this departure that applies to COL FSAR Subsection 3.7.3.16 for the design of
non-seismic Category I structures updates Tier 2* information on codes and standards to refer
to the 2006 IBC, deleting the 1991 UBC. This change incorporates the requirements of the
Texas Building Code, which adopted the 2006 IBC. In addition, COL FSAR Subsection 3.7.3.16
states that for non-seismic Category I structures that are required to be designed to withstand a
SSE, the seismic acceleration shall be the SSE ground acceleration. Since SSE ground
accelerations will be used as seismic input, the staff concluded that the applicant’s use of the
IBC with the SSE ground acceleration as input to the seismic analysis of non-seismic Category I
structures that are required to withstand a SSE is acceptable. The details of the staff’s
evaluation of the seismic methods of analysis and the design of non-Category I structures with a
potential to interact with the Category I structures, including the use of the IBC instead of the
UBC, are discussed under Tier 2* Departure STD DEP 1.8-1 in Subsection 3.8.4.4 of this SER.

1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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COL License Information Items
•

COL License Information Item 3.21 Piping Analysis, Modeling of Piping Supports

ABWR DCD Subsection 3.7.5.3 requires the COL applicant to justify the methods used, other
than those described in ABWR DCD Subsection 3.7.3.3.1.6. In COL FSAR Subsection 3.7.5.3,
the applicant indicated that the method described in ABWR DCD Subsection 3.7.3.3.1.6 will be
used to determine pipe support stiffness. Since the applicant does not indicate the use of any
methods other than those described in ABWR DCD Subsection 3.7.3.3.1.6, the staff found the
applicant’s response acceptable and no further justification is required.
•

COL License Information Item 3.22 Assessment of Interaction Due To Seismic Effects

ABWR DCD Subsection 3.7.5.4 requires the COL applicant to describe the process for
completing the design of the balance-of-plant and nonsafety-related systems to minimize II/I
interactions and to propose procedures for an inspection of the as-built plant for II/I interactions.
In its response to this information item, the applicant in FSAR Subsection 3.7.5.4 stated that
nonsafety-related SSCs that are located in the same room as safety-related SSCs will be
reviewed to determine whether their failure will impact the ability of the safety-related SSCs to
perform their safety functions. The applicant also stated that the non-seismic Category 1 SSCs
whose failure could jeopardize the function of a safety-related SSC will be analyzed to
demonstrate that structural integrity will be maintained in an SSE.
However, this description does not provide sufficient information for the staff to evaluate how the
process for assessing interactions from a seismic effect will be implemented. Therefore, the
staff issued RAI 03.07.02-20 requesting additional details on completing this process.
In its response to RAI 03.07.02-20, dated February 4, 2010 (ML100480204), the applicant
provided additional information on the: (a) process for completing the design of balance-of-plant
and nonsafety-related systems to minimize II/I interactions; (b) criteria to be used for
determining whether the failure of nonsafety-related SSCs will impact the ability of the safetyrelated SSCs to perform their safety functions; and (c) criteria to be used for demonstrating
structural integrity of non-seismic Category I SSCs. Concerning item (a), the applicant indicated
that nonsafety-related commodities—including their supports and support anchorages—are
designed to preclude a failure under SSE seismic loading. Layout guidelines specify minimum
seismic separation criteria between commodities. Concerning item (b), the applicant stated that
no criteria have been developed for determining the impact of the failure of nonsafety-related
SSCs on safety-related SSCs because the nonsafety-related SSCs in the same room with
safety-related SSCs are designed to preclude a failure under SSE seismic loading. Concerning
item (c), the applicant stated that:
•

nonsafety-related piping and instrument lines inside any Category I structures will be
designed to withstand any SSE event with pipe stresses limited to faulted allowable
stresses,

•

support span criteria used for nonsafety-related cable trays, conduits, and HVAC ducts
inside any Category I structure will be the same as for the safety-related SSCs,

•

supports for nonsafety-related piping, instrument lines, cable trays, conduits, and HVAC
ducts inside any Category I structures will be designed for loads that include SSE loads
and self-excitation loads during any SSE event,
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•

anchorages for nonsafety-related commodity supports, equipment, and components
inside any Category I structure will be designed for loads that include SSE loads, and

•

within the Category I structures, both embedments and post-installed anchors are safety
related and are designed to the requirements for Category I components, regardless of
the classification of the component attached to the structure.

In addition, the applicant indicated that a procedure to confirm that all nonsafety-related SSCs
located in the same room as a safety-related SSC were evaluated and correctly dispositioned
for inspection of the as-built plant for II/I interactions will be developed. In the Supplement 1
response to RAI 03.07.02-20, dated April 11, 2011 (ML111050565), the applicant provided a
site-specific ITAAC (Table 3.0-19) in COL application Part 9 to verify that the as-built
configuration is consistent with the Seismic II/I Interaction analysis.
The staff found the applicant’s responses to RAI 03.07.02-20 acceptable in view of the
following:
•

The applicant’s proposed process for completing the design of the balance-of-plant and
nonsafety-related systems to minimize II/I interactions is consistent with the standard
engineering practice.

•

Nonsafety-related SSCs and their anchorages in the same room with safety-related
SSCs are designed to preclude failures under the SSE.

•

The site-specific ITAAC on the Seismic II/I Interaction in COL application Part 9 provides
reasonable assurance that a Seismic II/I Interaction analysis is performed and the asbuilt configuration is consistent with the Seismic II/I Interaction analysis.

The staff also confirmed that the applicant has made appropriate changes to COL application
Part 9 and COL FSAR Subsection 3.7.5.4, and RAI 03.07.02-20, is therefore resolved and
closed. The staff concluded that the applicant has adequately addressed COL License
Information Item 3.22.
•

COL License Information Item in ABWR DCD Subsection 3.7.3.3.1.8

ABWR DCD Subsection 3.7.3.3.1.8 indicates that if the DEPSS does not meet the criteria in
ABWR DCD Subsection 3.7.3.3.4, the COL applicant will generate the acceleration response
spectra at the piping attachment points and will consider the DEPSS as part of the structure
using the methods of a dynamic analysis described in ABWR DCD Section 3.7.2; or the COL
applicant will analyze the piping systems and will consider the DEPSS as part of the pipe
supports. In COL FSAR Subsection 3.7.5.5, the applicant indicated that the acceleration
response spectra at the piping attachment points are generated with the consideration that the
drywell equipment and pipe support structure are part of the structure using the methods of a
dynamic analysis, which are described in ABWR DCD Section 3.7.2. Since the applicant used a
method of analysis specifically identified in ABWR DCD Subsection 3.7.3.3.1.8, the staff found
that the applicant has adequately addressed this COL license information item.
•

COL License Information Item in ABWR DCD Subsection 3.7.3.3.1.7

ABWR DCD Subsection 3.7.3.3.1.7 indicates that when the specially engineered supports
described in ABWR DCD Subsection 3.9.3.4.1(6) are used, additional information with regard to
the modeling of these supports—including the information required by RG 1.84, “Design,
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Fabrication, and Materials Code Case Acceptability, ASME Section III”—should be included in
the COL application. In COL FSAR Section 3.7.5.6, the applicant indicated that no specially
engineered pipe supports described in ABWR DCD Subsection 3.9.3.4.1(6) will be used. Since
the applicant indicated that no specially engineered supports described in ABWR DCD
Subsection 3.9.3.4.1(6) will be used, the staff concluded that no additional information in this
regard is required.
Supplemental Information
The applicant in COL FSAR Subsection 3.7.3.16 refers to the IBC and deleted the UBC. The
applicant also deleted the ABWR DCD statement, “The seismic zone shall be Zone 3,” and
replaces it with “The seismic acceleration shall be the SSE ground acceleration.” As discussed
above under the evaluation of Departure STD DEP 1.8-1, the staff found these changes
acceptable.
Departure STD DEP 1.2-1 establishes a new non-seismic Category 1 CBA adjacent to the CB.
COL FSAR Subsection 3.7.3.16 specifies the analytical procedure for non-seismic structures.
The IBC code and the SSE level ground acceleration is used to design non-seismic structures
required to be designed to withstand any SSE. Because of the proximity of the RB, CB, and the
TB to the CBA, the seismic response of the CBA may be affected by the surrounding buildings
due to the structure-to-structure interaction effect. Therefore, the staff issued RAI 03.07.03-01,
requesting the applicant to address whether or not the effects of the structure-to-structure
interaction are considered when establishing the SSE acceleration level at the foundation of the
CBA during an SSE event. If not, the applicant was asked to justify not including them and to
explain what impact this omission could have on the seismic interaction evaluation of the CBA.
In its response to RAI 03.07.03-01, dated September 15, 2009 (ML092610377), the applicant
indicated that the induced acceleration at the foundation level of the CBA during any SSE event
may be amplified due to the presence of the nearby heavy structures, particularly due to its
close proximity to the CB. The applicant stated that the SSE input at the foundation level is the
envelope of the 0.3g RG 1.60 response spectra and the induced acceleration response spectra
due to a site-specific SSE, which is determined from an SSI analysis that accounts for the
impact from the nearby CB. In this SSI analysis, five interaction nodes at the depth
corresponding to the bottom elevation of the CBA foundation are added to the three dimensional
SSI model of the CB. These five interaction nodes correspond to the four corners and the
center of the CBA foundation. The average response of these five interaction nodes is
enveloped within the 0.3g RG 1.60 response spectra to determine the SSE input at the CBA
foundation level.
Since the seismic input to the CBA includes the effects from the presence of the adjacent CB,
the staff found the applicant’s response to RAI 03.07.03-01 acceptable. However, the staff also
issued RAI 03.07.03-03, requesting the results of the SSI analysis described in the
RAI 03.07.03-1 response, together with the resulting seismic input motion for the CBA. In the
Revision 1 response to RAI 03.07.03-03, dated December 16, 2009 (ML093520627), the
applicant provided the requested information on the results of the SSI analysis. The staff noted
that the new results in the Revision 1 response were slightly modified due to the revised SSI
analysis. The staff reviewed the revised results and found them acceptable. The staff also
confirmed that appropriate changes to COL FSAR Subsection 3.7.3.16 have been made.
Therefore, the staff concluded that the applicant has adequately addressed this issue, and
RAIs 03.07.03-01 and 03.07.03-03 are resolved and closed.
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The supplementary information in COL FSAR Section 3.7.3 does not include procedures for a
seismic subsystem analysis of site-specific seismic Category I substructures (e.g., platforms,
support frame structures, buried piping, tunnels, above ground tanks, etc.). Therefore, the staff
issued RAI 03.07.03-02, requesting the applicant to provide the seismic inputs and procedures
used to analyze the site-specific subsystems per the guidance specified in SRP Section 3.7.3,
with a level of detail comparable to ABWR DCD Section 3.7.3.
In its response to RAI 03.07.03-02, dated September 3, 2009 (ML092510038), the applicant
stated that the analysis and design of site-specific seismic Category I substructures (e.g.,
platforms, support frame structures, buried piping, tunnels, etc.) are in accordance with ABWR
DCD Tier 2, Section 3.7.3, except that the site-specific SSE is used as seismic input. The
applicant added that there is no site-specific seismic Category I above the ground tank at the
STP, Units 3 and 4, site. Since the analysis and design procedure of site-specific seismic
Category I substructures are in accordance with ABWR DCD Tier 2, Section 3.7.3, and the sitespecific SSE is used as the seismic input, the staff found the applicant’s response to
RAI 03.07.03-2 acceptable. The staff also confirmed that COL FSAR Subsection 3H.6.5.2.16
appropriately reflects the applicant’s response. Therefore, RAI 03.07.03-02 is resolved and
closed.
3.7.3.5

Post Combined License Activities

The applicant identified the following commitment:
•

Commitment (COM 3.7-2) – Develop a procedure to confirm that all nonsafety-related
SSCs located in the same room as a safety-related SSC have been evaluated and
correctly dispositioned for inspection of the as-built plant for II/I interactions in
accordance with Section 13.5 and to make them available for inspection before fuel
loading

In addition, the applicant identified the following site-specific ITAAC for II/I interaction
verification:
•
3.7.3.6

ITAAC Table 3.0-19, “Seismic II/I Interaction,”
Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
the seismic subsystem analysis that were incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.7.3 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the COL information items and provided
sufficient supplemental information in the COL application for developing seismic input for the
analysis of non-seismic structures required to withstand any SSE and to assess seismic
Category II/I interaction effects in accordance with Section 3.7.3 of NUREG–0800. The
applicant also provided a site-specific ITAAC in COL application Part 9 to verify that the as-built
configuration is consistent with the seismic Category II/I interaction analysis. The ITAAC
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provides reasonable assurance that nonsafety-related SSCs will not compromise the safety
functions of the safety-related SSCs during any SSE.
3.7.4

Seismic Instrumentation

3.7.4.1

Introduction

This FSAR section addresses the installation of instrumentation that is capable of adequately
measuring the effects of an earthquake at the plant site.
The criteria for the seismic instrumentation include the following:
•

Comparison with RG 1.12, Revision 2, “Nuclear Power Plant Instrumentation for
Earthquakes.”

•

Location and description of instrumentation.

•

Control room operator notification.

•

Comparison with RG 1.166, “Pre-Earthquake Planning and Immediate Nuclear Power
Plant Operator Postearthquake Actions.”

•

Instrument surveillance.

•

Program implementation.

3.7.4.2

Summary of Application

Section 3.7.4 of the STP, Units 3 and 4, COL FSAR Revision 11 incorporates by reference
Section 3.7.4 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A, with no departures. In addition, in FSAR Section 3.7.5, “COL License Information,”
the applicant provided the following:
COL License Information Item
•

COL License Information Item 3.20 Pre-Earthquake Planning and Post-Earthquake
Actions

This COL license information item addresses the requirement to develop procedures for preearthquake planning and post-earthquake actions. The applicant commits (COM 3.7-1) to
develop the needed procedures before fuel loading.
3.7.4.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is NUREG–1503. In addition,
the relevant requirements of the Commission regulations for the seismic instrumentation, and
the associated acceptance criteria, are in Section 3.7.4 of NUREG–0800. Specific requirements
include:
•

10 CFR Part 50, Appendix A, GDC 2, “Design bases for protection against natural
phenomena.”
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•
3.7.4.4

10 CFR Part 50, Appendix S, “Earthquake Engineering Criteria for Nuclear Power
Plants.”
Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.7.4 of the certified
ABWR DCD. The staff reviewed Section 3.7.4 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
COL License Information Item
•

COL License Information Item 3.20 Pre-Earthquake Planning and Post-Earthquake
Actions

In Subsection 3.7.5.2, the applicant provided supplemental information to address COL License
Information Item 3.20 and commits (COM 3.7-1) to develop procedures for pre-earthquake
planning and post-earthquake actions.
DCD Subsection 3.7.5.2 directs the COL applicant to submit to the NRC as part of the COL
application the procedures for pre-earthquake planning and post-earthquake actions. It states
that these procedures shall implement the seismic instrumentation program that follow the
guidelines recommended in EPRI Report NP-6695 with exceptions. The EPRI report reflects
the guidelines described in RG 1.12, RG 1.166, and RG 1.167, “Restart of a Nuclear Power
Plant Shut Down by a Seismic Event.” Therefore, the staff found the applicant’s response
acceptable.
3.7.4.5

Post Combined License Activities

The applicant identifies the following commitment:
•

3.7.4.6

Commitment (COM 3.7-1) – Develop the procedures for pre-earthquake planning and
post-earthquake actions before fuel loading, in accordance with Section 3.7.4 and
Section 13.5. The procedures will implement the Seismic Instrumentation Program
specified in Section 3.7.4 and will follow the guidelines recommended in EPRI Report
NP-6695, with the exceptions listed in Subsection 3.7.5.2 of the referenced DCD.
Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
the seismic instrumentation that were incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.7.4 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed COL License Information Item 3.20 and
provided sufficient information in accordance with the NRC requirements of Appendix S to 10
CFR Part 50.
3.8

Seismic Category I Structures

3.8.1

Concrete Containment

3.8.1.1

Introduction

This FSAR section addresses the design of the containment as a reinforced concrete cylindrical
shell structure with an internal steel liner made of carbon steel, except for wetted surfaces
where stainless steel or carbon steel with stainless steel cladding will be used. The
containment is divided by the diaphragm floor and the reactor pedestal into an upper drywell
chamber, a lower drywell chamber, and a suppression chamber. The containment is
surrounded by and structurally integral to the RB through the RB floor slabs and the spent fuel
pool structures. The containment is designed to resist various combinations of dead loads, live
loads, and environmental loads including those resulting from wind, tornados, and earthquakes
as well as from normal operating loads, and loads generated by a postulated LOCA. The
design, fabrication, construction, and testing of the containment are in accordance with
Subsection CC of the ASME Code, Section III, Division 2, “Code for Concrete Containments.”
The criteria for the concrete containment design include the following:
•
•
•
•
•
•
•
3.8.1.2

Description of the containment.
Applicable codes, standard, and specifications.
Loads and load combinations.
Design and analysis procedures.
Structural acceptance criteria.
Materials, quality control, and special construction techniques.
Testing and in-service inspection requirements.
Summary of Application

Section 3.8.1 of the STP, Units 3 and 4, COL FSAR, Revision 11 incorporates by reference
Section 3.8.1 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. Appendix 3H of the STP, Units 3 and 4, COL FSAR Revision 12 also incorporates
by reference Appendix 3H of the STP Nuclear Operating Company application to amend the
design certification rule for the U.S. ABWR, “ABWR STP Aircraft Impact Assessment (AIA)
Amendment,” Revision 3, dated September 2010, (the AIA Amendment). On December 16,
2011, the AIA Amendment was certified by a final rule amending 10 CFR Part 52, Appendix A
(76 FR 78096). In addition, in FSAR Section 3.8.1 and Appendices 3H, 3B, and 3G, the
applicant provided the following:
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Tier 1 Departures
•

STP DEP T1 5.0-1

Site Parameters

The applicant identified four specific departures of the site-specific parameters from generic site
parameters used in the referenced ABWR DCD. The applicant revised the certified design site
parameter for the site flooding from 30.5 cm (1 ft) below grade to 182.9 cm (6 ft) above grade, in
order to satisfy a design-basis condition that assumes the main cooling reservoir failure for the
STP site. The maximum design precipitation rate for rainfall increases from 49.3 to 50.3 cm/h
(1.62 to 1.65 ft/h). The humidity at the site, as represented by the wet bulb temperature,
increases from that specified in the DCD. In addition, the shear wave velocity is less than the
304.8 m/s (1,000 ft/s) minimum stated in the DCD. This departure has no separate impact on
the design of the concrete containment other than through the RB, which surrounds the
concrete containment. For a detailed discussion and evaluation of this departure, see
Subsection 3.8.4.4 of this SER.
•

STD DEP T1 2.15-1

Re-classification of Radwaste Building Substructure
from Seismic Category I to Non-Seismic

This departure revises the seismic category of the RWB substructure from seismic Category I to
non-seismic. This departure has no effect on the concrete containment discussed in this
section, other than an editorial change in the reference to the RWB. Subsection 3.8.4.4 of this
SER evaluates this departure.
Tier 2* Departure Requiring Prior NRC Approval
•

STD DEP 1.8-1

Tier 2* Codes, Standards, and Regulatory Guide
Edition Changes

This departure identifies Tier 2* items that are being updated to more current revisions or
editions. Tables 1.8-20, “NRC Regulatory Guides Applicable to ABWR,” and 1.8-21, “Industrial
Codes and Standards Applicable to ABWR,” of the COL FSAR show the new changes.
Tier 2 Departure Requiring Prior NRC Approval
•

STD DEP 3B-2

Revised Pool Swell Analysis

This departure updates the hydrodynamic loads analysis to incorporate a new method of
analysis for the pool swell compared to the method described in the DCD.
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 3H-1

Liner Anchor

This departure corrects the containment liner anchor material identified in FSAR
Subsection 3H.1.4.4.3 to SA-36.
•

STD DEP 3B-1

Equation Error in Containment Impact Load

ABWR DCD Appendix 3B, Subsection 3B.4.2.3, provides two equations for calculating the pulse
duration for a flat target. The multiplying factor used in one of the equations is incorrect
because its dimensions are seconds per foot instead of seconds per meter, as required in this
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case. This departure corrects the multiplying factor from 0.0016 seconds per foot to 0.0052
seconds per meter. The change affects a multiplying factor for the correct application of units; it
does not affect the structural design of the containment, because the correct loads are used for
the structural analyses to show that the structures and components withstand the loads
adequately without failures.
COL License Information Item
•

COL License Information Item 3.25 Structural Integrity Test Result

The applicant stated that the “structural integrity test (SIT) of the containments will be performed
in accordance with Subsection 3.8.1.7.1 and ITAAC Table 2.14.1, “Primary Containment
System,” Item #3. The Unit 3 containment will be considered a prototype and its SIT performed
accordingly.” The details of the test and the required instrumentation for the test are in FSAR
Subsection 3.8.6.3.
Supplemental Information
In FSAR Subsection 3.8.1.7.3, “Preservice and Inservice Inspection,” the applicant described
the pre-service and ISI program requirements for ASME B&PV Code Class CC and MC
pressure retaining components of the containment structure and their integral attachments. The
applicant also described those programs that implement the requirements of ASME B&PV Code
Section XI (ASME Section XI), Subsection IWE, and Subsection IWL.
3.8.1.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the concrete containment,
and the associated acceptance criteria, are in Section 3.8.1 of NUREG–0800.
In addition, in accordance with Section VIII, “Processes for Changes and Departures,” of,
“Appendix A to Part 52--Design Certification Rule for the U.S. Advanced Boiling Water Reactor,”
the applicant identified two Tier 1 departures and one Tier 2* departure. Tier 1 departures
require prior NRC approval and are subject to the requirements of 10 CFR Part 52, Appendix A,
Section VIII.A.4. Tier 2* departures require prior NRC approval and are subject to the
requirements of 10 CFR Part 52, Appendix A, Section VIII.B.6. Tier 2 departures not requiring
prior NRC approval are subject to the requirements in Section VIII.B.5, which are similar to the
requirements in 10 CFR 50.59.
The review and acceptability of the COL license information items are based on meeting the
applicable acceptance criteria and guidance in SRP Section 3.8.1.
3.8.1.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.8.1 of the certified
ABWR DCD. The staff reviewed Section 3.8.1 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
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of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the information in the COL FSAR:
Tier 1 Departures
•

STP DEP T1 5.0-1

Site Parameters

•

STD DEP T1 2.15-1

Re-classification of Radwaste Building Substructure
from Seismic Category I to Non-Seismic

These departures are evaluated in Subsection 3.8.4.4 of this SER.
Tier 2* Departure Requiring Prior NRC Approval
•

STD DEP 1.8-1

Tier 2* Codes, Standards, and Regulatory Guide
Edition Changes

In FSAR Section 3.8, the applicant references Departure STD DEP 1.8-1. In this departure, the
applicant updates the versions of several codes and standards. One change references ASME
Code Section III, Division 2, 2001 Edition with the 2003 addenda and identifies certain
limitations. The ABWR DCD specifies the use of the ASME Code, Version 1989.
NUREG-1503, page 3-49 specifies that any change to the use of the ASME Code (1989 Edition)
for the design and construction of reinforced concrete containment structural elements requires
NRC review and approval before implementation. In RAI 03.08.04-33 and follow-up
RAI 03.08.04-36, the staff requested the applicant to provide a detailed comparison of the
differences between the code editions noted above, in order to demonstrate that the safety
margins are not reduced and to evaluate any potential impact from the provisions in the newer
codes that may be more restrictive or result in a more robust design. The evaluation of this
departure is discussed under Tier 2* Departure STD DEP 1.8-1 in Subsection 3.8.4.4 of this
SER.
Tier 2 Departure Requiring Prior NRC Approval
•

STD DEP 3B-2

Revised Pool Swell Analysis

In FSAR Appendix 3G, “Response of Structures to Containment Loads,” the applicant stated
that the information in this section is incorporated by reference from the ABWR DCD. However,
a review of Appendix 3B, “Containment Hydrodynamic Loads,” Table 3B-1, “Pool Swell
Calculated Values,” indicates a significant increase in pool swell (PS) height and pressure loads
for STP, Units 3 and 4, compared to the loads reported in the ABWR DCD. Therefore,
RAI 03.08.01-5, asks the applicant to confirm that the results of the “Response of Structures to
Containment Loads” reported in ABWR DCD Appendix 3G are unaffected by the containment
hydrodynamic loads reported in Appendix 3B of STP, Units 3 and 4, and are appropriately
incorporated by reference. In its response to RAI 03.08.01-5, dated September 15, 2009
(ML092610377), the applicant stated that the impact of changes in the loads on the internal
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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structures of the containment from the increase in pool swell height and pressure will be
addressed during the detailed design phase. The staff’s evaluation noted that ABWR DCD
Subsection 3H.1.5.5.2 describes the design of the containment internal structures, the load
combination (including pool swell loads), and the analysis and design results, which are all
incorporated by reference in FSAR Appendix 3H. Also, the pool swell loads are used in loading
combinations for the design of the containment structure, and the analysis and design results for
the containment structure are reported in Appendix 3H. The staff also noted that the impact of
the changes in the loads from the increases in pool swell height and pressure on the concrete
containment and the containment internal structures were not addressed in the response.
Therefore, in RAI 03.08.01-8, the staff asked the applicant to provide a quantitative evaluation
confirming that the increased pool swell height and pressure will not have an adverse impact on
the design of the concrete containment and the containment internal structures, and that it is
appropriate to incorporate by reference the analysis of and design results for the containment
and the containment internal structure reported in Appendix 3H of ABWR DCD. The staff
reviewed the applicant’s supplemental response to RAI 03.08.01-8, dated April 14, 2010
(ML101090143), which concluded that the loads from increased pool swell height and pressure
are enveloped by the condensation oscillation (CO) loads reported in the ABWR DCD. The
response stated that the design of the reinforced concrete containment vessel (RCCV) and the
internal structures as described in ABWR DCD Section 3H.1.5 considered the selected load
combinations, as determined in ABWR DCD Tables 3H.1-5a and 3H.1-5b. These load
combinations considered the CO to be the controlling LOCA (CO, chugging [CH], or PS) loads,
because these three LOCA loads do not occur simultaneously. For the containment and
containment internal structures described in ABWR DCD Subsections 3H.1.5.5.1, 3H.1.5.5.2,
and 3H.1.5.5.3, the load combinations including the CO + Pa loads [Pa is the containment
pressure associated with the LOCA] governed over the load combinations including the PS + Pa
loads. The response also included a table comparing the pressures on the diaphragm floor, the
RCCV wall, the reactor pressure vessel pedestal, and the basemat resulting from the revised
PS + Pa loads with the DCD PS + Pa and CO + Pa loads, which confirm the applicant’s
conclusion. The staff found the applicant’s response acceptable because the PS and CO loads
do not occur simultaneously and the CO + Pa loads used in the ABWR design envelop the
revised PS + Pa loads and thus govern the design. The response also included a markup of
Table 6.2-8, “Primary Containment Penetration List,” showing that the location of the RCCV
penetrations will assure that the bottom of the penetration sleeve is above the revised pool swell
impact zone (7,700 mm [275.6 in.]). In COL application Part 7, Section 2.3, the applicant
revised the Departure STD DEP 3B-2 discussions to include a reference to Table 6.2-8. The
FSAR was subsequently revised to incorporate these changes, and RAI 03.08.01-5 and RAI
03.08.01-8 are therefore resolved and closed. The detailed evaluation of Departure STD DEP
3B-2 is in Section 6.2 of this SER. The staff accepts the applicant’s conclusion that the
increased pool swell height and pressure will not have an adverse impact on the design of the
concrete containment and the containment internal structures.
On March 31, 2014, GEH submitted a 60-day interim report notification on a containment
analysis that an increase in hydrodynamic load could result when the Technical Specifications
suppression pool level is modeled instead of the pool swell suppression pool level. On August
29, 2014, GEH submitted the final evaluation results concluding that there is no safety hazard
and no exceedance on Technical Specification safety limit in this less-than-conservative initial
condition. On September 15, 2014, the applicant submitted the STP evaluation with the same
conclusion as GEH, and provided a site-specific ITAAC in Table 3.0-30, “Consideration of the
Effect of Suppression Pool Water Level on Containment Hydrodynamic Loads,” of Part 9 to
ensure that the appropriate suppression pool level will be used in the post-LOCA containment
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analysis. This ITAAC is in conjunction with Item 14 of the DCD ITAAC in Table 2.14.1, “Primary
Containment System.” The staff finds this approach acceptable.
Tier 2 Departures Not Requiring Prior NRC Approval
•

STD DEP 3H-1

Liner Anchor

This departure corrects the containment liner anchor material identified in Subsection 3H.1.4.4.3
to SA-36. ABWR DCD Tier 2, Subsection 3H.1.4.4.3 incorrectly identifies the containment liner
anchor material as ASTM A-633, “Standard Specification for Normalized High-Strength LowAlloy Structural Steel Plates,” Grade C, which is not an ASME Code allowable material. This
change does not affect Tier 1, Tier 2*, the technical specifications, the bases for the technical
specifications, or the operational requirements. The applicant evaluates this change pursuant to
the requirements set forth in 10 CFR Part 52, Appendix A, Section VIII.B.5. The applicant
states in this evaluation that DCD Tier 2, Subsection 3H.1.5.1 indicates that the liner anchors
are considered rigid links, and they are not explicitly evaluated in the containment analysis.
However, Appendix 19F of ABWR DCD Tier 2 includes an assessment of the containment liner
and liner anchors. According to the Subsection 19F.3.2.1 analysis, the material properties used
for the liner anchors are for ASTM A-36, “Standard Specification for Carbon Structural Steel.”
Permitted material in ASME SA-36 meets the requirements of ASTM A-36. Furthermore,
Bechtel Topical Report BC-TOP-1 “Containment Building Liner Plate Design Report,” Revision 1
issued December 1972, demonstrates that the A-36 liner anchor material is acceptable.
The applicant's evaluation determined that this departure does not require prior NRC approval
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the scope of the
review in this section, the staff found it reasonable that the departure does not require prior NRC
approval. The applicant's process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
•

STD DEP 3B-1

Equation Error in Containment Impact Load

As stated above in the summary of the application, the correction of this error affects a
multiplying factor for the correct application of units. The correction does not affect the
structural design of the containment, because the correct loads are used for the structural
analyses to show that the structures and components adequately withstand the loads with no
failures.
The applicant's evaluation determined that this departure does not require prior NRC approval
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the scope of the
review in this section, the staff found it reasonable that the departure does not require prior NRC
approval. The applicant's process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
COL License Information Item
•

COL License Information Item 3.25 Structural Integrity Test (SIT) Result

ABWR DCD Subsection 3.8.6.3 states that each COL applicant will perform a SIT on the ABWR
containment in accordance with Subsection 3.8.1.7.1. Additionally, the first ABWR containment
is considered as a prototype, and the details of the test and the instrumentation of its SIT will be
provided by the first COL applicant for NRC review and approval. Because STP, Units 3 and 4,
represent the first such ABWR containment, the applicant needs to document the details of the
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SIT and the instrumentation for the test. The FSAR states that the details of the test and the
required instrumentation will be provided to the NRC for approval. However, the FSAR does not
include any details of the test, the required instrumentation, or a timeline for providing the
information to the NRC for review. Therefore, in RAI 03.08.04-6, the staff asked the applicant to
include this information in the FSAR or to indicate when this information will be available for
review. The RAI also asked the applicant to identify an appropriate tracking information to
ensure compliance with RG 1.206, Regulatory Position C.III.4.3 such that the requirements in
COL License Information 3.25 are met.
In its response to RAI 03.08.04-6, dated September 15, 2009 (ML092610377), the applicant
provided a summary of SIT requirements for STP, Units 3 and 4, based on Article CC-6000 of
ASME Section III, Division 2. The applicant stated that the details of the SIT and the
instrumentation plan to be used (such as specific locations designated for recording
displacements, strains, and temperature during the test) will be defined in the construction
specifications. The STP, Unit 3, primary containment vessel is classified as a prototype
containment. Therefore, the test and instrument plan for the STP, Unit 3, SIT will conform to the
requirements for a prototype of containments as delineated in Article CC-6000 of ASME
Section III, Division 2. The test and instrument plan for the STP, Unit 4, SIT will conform to the
requirements for non-prototype containments as delineated in Article CC-6000 of ASME Section
III, Division 2. However, the applicant does not indicate when the details of the test and
instrumentation plan will be available to the NRC for review. Because COL License Information
Item 3.25 requires the applicant to provide the details of the SIT and the instrumentation for
NRC review and approval, in RAI 03.08.04-27, the staff asked the applicant to either provide the
information for the staff to review or provide plans to meet the requirements of the COL license
information item using the guidance in RG 1.206, Regulatory Position C.III.4.3.
In its response to RAI 03.08.04-27, dated February 10, 2010 (ML100550613), the applicant
stated that the details of the SIT and the instrumentation required for the test will be provided in
the ASME Construction Specification. The applicant referred to RG 1.206, Regulatory
Position C.III.4.3, Situation 4, for resolving the COL information item six months before the
performance of the test. The staff’s evaluation noted that according to RG 1.206, Regulatory
Position C.III.4.3, the applicant should justify why the item cannot be resolved before the
issuance of the license. Therefore, in RAI 03.08.04-32, the staff asked the applicant to provide
a detailed explanation to justify why any part or all of the information pertaining to the COL
information item cannot be provided at this time and to clearly address all parts of the COL
license information item. Also, the applicant was asked to confirm in Chapter 1 of the FSAR
whether the COL information item could be completely resolved before the NRC issues the
COL.
In its revised response to RAI 03.08.04-32, dated March 7, 2011 (ML110730067), which
superseded all earlier responses to RAI 03.08.04-6, RAI 03.08.04-27, and RAI 03.08.04-32, the
applicant provided details of the Test and Instrument Plan for the SIT; the STP, Unit 3, RCCV is
still classified as a prototype containment. The applicant stated that the Test and Instrument
Plan for the STP, Unit 3, SIT was developed to conform to the requirements of a containment
prototype delineated in Article CC-6000 of ASME Section III, Division 2. In addition, the Test
and Instrument Plan for the STP, Unit 4, SIT will conform to the requirements for a containment
that is not a prototype delineated in Article CC-6000 of ASME Section III, Division 2. The
response provides a detailed description of the test and its objective; a description of the test
parameters for both the pressurization and depressurization of the RCCV at 1.15 times the
containment design pressure of 0.41 MPa (45 psig); and the test parameters for the differential
pressurization/depressurization of the of drywell and the suppression chamber. The response
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also provides a detailed description of the instrumentation plan for the test and the evaluation of
test results that includes the following items:
•

Plans and elevations of the containment showing the proposed locations for measuring
displacements and strains.

•

Confirmation that the ranges selected for the instrumentation are consistent with the
predicted deformation.

•

Detailed description of how test results will be evaluated to ensure full compliance with
the acceptance criteria in Subarticle CC-6400 of ASME Section III, Division 2 and in
RG 1.136, “Design Limits, Loading Combinations, Materials, Construction, and Testing
of Concrete Containments,” Revision 3.

•

How and when crack mapping locations are determined.

•

When the calculation for the predictive analyses will be performed.

The applicant also stated that the results of the SIT will be included in a report which will meet
the requirements of Sub-article CC-6530. The staff reviewed the applicant’s response and
found it acceptable, because the response adequately addresses COL License Information
Item 3.25 by providing details of the SIT test and the instrumentation required for the test that
are in accordance with the requirements of ASME Section III, Division 2, Article CC-6000. The
applicant’s response also included markups of FSAR Subsection 3.8.6.3 that adequately
describe details of the SIT and the proposed instrumentation plan, in addition to a plan for
evaluating the test results and recording them in a report. The proposed markups to FSAR
Subsection 3.8.6.3 were subsequently incorporated into a later revision of the FSAR and
RAI 03.08.04-6, follow-up RAI 03.08.04-27, and RAI 03.08.04-32 are therefore resolved and
closed.
Supplemental Information
10 CFR 50.55a(b)(2)(vi) states that “licensees may use either the 1992 Edition with the 1992
Addenda or the 1995 Edition with the 1996 Addenda of Subsection IWE and Subsection IWL as
modified and supplemented by the requirements in paragraphs (b)(2)(viii) and (b)(2)(ix) of this
section when implementing the initial 120-month inspection interval for the containment
inservice inspection requirements of this section.” In addition, RG 1.206 and; Regulatory
Positions C.III.1 and Section C.I.5.2.4.1 define the ISI Program as an operational program as
described in SECY-05-0197, “Review of Operational Programs in a Combined License
Application and General Emergency Planning Inspections, Tests, Analyses, and Acceptance
Criteria,” so that the program and its implementation milestones will be fully described in terms
of the scope and the level of detail that will allow for a finding of acceptability.
During the review, the staff noted that the ABWR DCD states that the containment ISI
requirements are in Subsection 3.8.1.7, whereas none are addressed in this section of the
FSAR. In addition, Section 6.6 of the DCD does not address ISI of the containment structure.
Similarly, the staff noted that the program describing containment ISI is not addressed in either
of the STP FSAR Sections 3.8.2 or 6.6. Therefore, in RAI 03.08.01-11, the staff asked the
applicant to discuss the Containment ISI Program in either of these sections in sufficient detail
for the staff to obtain a reasonable assurance of the acceptability of the ISI inspections for the
containment.
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In its response to RAI 03.08.01-11, dated November 15, 2011 (ML113250040), the applicant
provided FSAR markups of Subsection 3.8.1.7.3 which describes the scope of containment
Preservice and ISI Program requirements of the ASME B&PV Code, Class CC and Class MC
pressure-retaining components of the containment structure and their integral attachments. The
applicant stated that the programs implement the requirements of the ASME Boiler and
Pressure Vessel (B&PV) Code Section XI (ASME Section XI), Subsections IWE and IWL.
Subsection IWE of ASME Section XI applies to Class MC components and metallic shell and
penetration liners of Class CC pressure retaining components and their integral attachments.
Subsection IWL of ASME Section XI applies to the Class CC reinforced concrete containment
structure.
The applicant also stated that the Preservice and ISI Program plans are based on ASME
Section XI, Edition and Addenda per the requirements of 10 CFR 50.55a. The actual Edition of
ASME Section XI to be used is specified based on the procurement date of the component per
10 CFR 50.55a. The containment structure is designed to provide access for the examinations
required by ASME Section XI, IWE-2500 and IWL-2500. The applicant also included details of
the ASME Code requirements based on 2004 Edition of ASME Section XI, and the
supplemental requirements provided in 10 CFR 50.55a for the 2004 Edition of the ASME Code
for information.
Overall, the applicant’s response provided details of various aspects of the Preservice and ISI
Program including identifying components excluded from inspection, accessibility for
examination, preservice examination plan, visual examination methodology, ultrasonic
examination when needed, provision for alternative examination techniques, qualification of
personnel, ISI schedule, evaluation of examination results, system pressure test, and evaluation
of inaccessible areas following the provisions of IWE and IWL. The staff concluded that the
applicant’s response is acceptable since it provides details of the ISI Program consistent with
the requirements of the ASME Code Section XI, Subsection IWE and Subsection IWL.
3.8.1.5

Post Combined License Activities

The applicant provided ITAAC Table 3.0-30, “Consideration of the Effect of Suppression Pool
Water Level on Containment Hydrodynamic Loads,” to ensure the appropriate suppression pool
level will be used in the detailed design.
3.8.1.6

Conclusion

The staff's findings related to information incorporated by reference are in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
concrete containment that were incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.8.1 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the COL license information item and
provided sufficient information on the Preservice and ISI Program, and the Tier 1 and Tier
2*departures requiring prior NRC approval in accordance with Section 3.8.1 of NUREG–0800.
The staff also found it reasonable that the identified Tier 2 departures are characterized as not
requiring prior NRC approval per 10 CFR Part 52, Appendix A, Section VIII.B.5.
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3.8.2

Steel Components of the Reinforced Concrete Containment

3.8.2.1

Introduction

This FSAR section describes the following steel components of the concrete containment
vessel:
•

Personnel air locks; two air locks providing access to the upper and lower drywell.

•

Equipment hatches; three hatches serving the upper and lower drywell and suppression
chamber.

•

Penetrations; piping (hot and cold) and electrical RCCV penetrations.

•

Drywell head; steel cover for the opening in the upper drywell top slab over the RPV.

The design criteria for the steel components include the following:
•
•
•
•
•
•
•
•
•
3.8.2.2

Description of the components.
Applicable codes, standards, and specifications.
Loads and load combinations.
Design and analysis procedures.
Structural acceptance criteria.
Materials, quality control, and special construction techniques.
Testing and in-service inspection requirements.
Welding methods and acceptance criteria.
Shop testing requirements.
Summary of Application

Section 3.8.2 of the STP, Units 3 and 4, COL FSAR, Revision 11 incorporates by reference
Section 3.8.2 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.8, the applicant provided the following:
Tier 1 Departure
•

STD DEP T1 2.15-1

Re-classification of Radwaste Building Substructure
from Seismic Category I to Non-Seismic

This departure revises the seismic category of the RWB substructure from seismic Category I to
non-seismic. This departure has no effect on the steel components of the reinforced concrete
containment discussed in this subsection. Subsection 3.8.4.4 of this SER evaluates this
departure.
Tier 2* Departure Requiring Prior NRC Approval
•

STD DEP 1.8-1

Tier 2* Codes, Standards, and Regulatory Guide
Edition Changes

This departure identifies Tier 2* codes, standards, and RGs that are being updated to more
current revisions or editions. The changes are in FSAR Tables 1.8-20 and 1.8-21.
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Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 12.3-3

Steam Tunnel Blowout Panels

This departure removes the discussion concerning blowout panels and relief and release
pathways associated with the steam tunnel. The description of the panels is in DCD
Section 3.8.4 and Subsection 3.12.1.3. The applicant stated that this departure does not have
any adverse impact, does not change any plant physical feature, nor does it influence the
design basis or the safety analysis. Therefore, this departure has no effect on the steel
components of the reinforced concrete containment discussed in this subsection. For additional
details about this departure, see Subsection 3.8.4.4 of this SER.
Administrative Departures Not Requiring Prior NRC Approval
•

STD DEP Admin

Administrative minor correction

The applicant defines administrative departures as minor corrections—such as editorial or
administrative errors in the referenced ABWR DCD (e.g., misspellings, incorrect references,
table headings, etc.).
3.8.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the steel components of
the reinforced concrete containment, and the associated acceptance criteria, are in
Section 3.8.2 of NUREG–0800.
In accordance with Section VIII, “Processes for Changes and Departures,” of, “Appendix A to
Part 52--Design Certification Rule for the U.S. Advanced Boiling Water Reactor,” the applicant
identifies one Tier 1 departure and one Tier 2* departure. Tier 1 departures require prior NRC
approval and are subject to the requirements of 10 CFR Part 52, Appendix A, Section VIII.A.4.
Tier 2* departures require prior NRC approval and are subject to the requirements of 10 CFR
Part 52, Appendix A, Section VIII.B.6. Tier 2 departures not requiring prior NRC approval, are
subject to the requirements in Section VIII.B.5, which are similar to the requirements in
10 CFR 50.59.
3.8.2.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.8.2 of the certified
ABWR DCD. The staff reviewed Section 3.8.2 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the information in the COL FSAR:

1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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Tier 1 Departure
•

STD DEP T1 2.15-1

Re-classification of Radwaste Building Substructure
from Seismic Category I to Non-Seismic

This departure is evaluated in Subsection 3.8.4.4 of this SER.
Tier 2* Departure Requiring Prior NRC Approval
•

STD DEP 1.8-1

Tier 2* Codes, Standards, and Regulatory Guide
Edition Changes

According to NUREG–1503, the major steel components of the concrete containment will be
fabricated and tested as Class MC Components, in accordance with the 1989 Edition of
Subsection NE of ASME Code Section III, Division 1. According to COL FSAR Section 1.8,
Table 1.8-21, the applicable code version of ASME Code Section III, Division 1 (1989 Edition)
remains unchanged. Therefore, Departure STD DEP 1.8-1 has no effect on the design and
analysis of the steel components of the reinforced concrete containment. The applicant took no
exceptions to Section 3.8.2 of the generic DCD for the standard ABWR plant design, and there
is no outstanding COL license information item related to this section.
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 12.3-3

Steam Tunnel Blowout Panels

This departure is evaluated in Subsection 3.8.4.4 of this SER.
Administrative Departure Not Requiring Prior NRC Approval
•

STD DEP Admin

Administrative Minor Correction

Administrative departures do not impact any design function or method of performing or
controlling a design function. Therefore, this departure has no effect on the steel components of
the reinforced concrete containment discussed in this subsection.
The applicant's evaluation determined that this departure does not require prior NRC approval,
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the review scope of
this section, the staff found it reasonable that this departure does not require prior NRC
approval.
3.8.2.5

Post Combined License Activities

There are no post COL activities related to this subsection.
3.8.2.6

Conclusion

The staff's findings related to information incorporated by reference are in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
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steel components of the reinforced concrete containment that were incorporated by reference
have been resolved.
In addition, the staff compared the additional information in the application to the relevant NRC
regulations, the guidance in Section 3.8.2 of NUREG–0800, and other NRC regulatory guides.
The staff’s review concluded that the applicant has adequately addressed the Tier 1 and Tier 2
departures as it related to this area of review, in compliance with NRC regulations.
The staff’s review confirmed that the applicant has adequately addressed the Tier 2* departure
as it related to this area of review in accordance with Section 3.8.2 of NUREG–0800. The staff
found it reasonable that the identified Tier 2 departures are characterized as not requiring prior
NRC approval, per 10 CFR 52 Appendix A, Section VIII.B.5.
3.8.3

Concrete and Steel Internal Structures of the Concrete Containment

3.8.3.1

Introduction

This FSAR section describes the containment internal structures whose functions include: (1)
support of the reactor vessel radiation shielding, (2) support of piping and equipment, and (3)
formation of the pressure suppression boundary. The containment internal structures are
constructed of reinforced concrete and structural steel. The internal structures that are
considered include the following:
•

Diaphragm floor, which serves as a barrier between the upper drywell and the
suppression chamber.

•

Reactor pedestal, which provides support for the RPV and consists of a ledge on a
cylindrical shell that forms the reactor cavity and extends from the bottom of the
diaphragm to the top of the containment foundation slab.

•

Reactor shield wall, which attenuates the radiation emanating from the RPV.

•

Drywell and equipment pipe support structure, which supports the piping, pipe whip
restraints, and mechanical and electrical equipment.

•

Miscellaneous platforms, which allow access to and provide support for piping and
equipment.

•

Lower drywell equipment tunnel, which provides equipment access to the lower drywell
from the RB.

•

Lower drywell personnel tunnel, which provides personnel access to the lower drywell
from the RB.

The major code used in the design of concrete internal structures is ACI 349 (1980 Edition).
The ABWR DCD used the ANSI/AISC N690-1984, for the design of all steel internal structures.
The concrete and steel internal structures of the containment are designed to resist various
combinations of dead and live loads, accident-induced loads (including pressure and jet impact),
and seismic loads. The load combinations cover those cases most likely to occur and include
all loads that may act simultaneously. The internal structures of the containment are designed
and proportioned to remain within the limits in accordance with SRP Section 3.8.3 for the
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various load combinations. These limits are based on ACI 349 (1980 Edition), and
ANSI/AISC N690 (1984 Edition) for concrete and steel structures, respectively, modified as
appropriate for load combinations that are considered extreme.
The design criteria for the concrete and steel internal structures include the following:
•
•
•
•
•
•
•
•
3.8.3.2

Description of the concrete and steel internal structures.
Applicable codes, standards, and specifications.
Loads and load combinations.
Design and analytical procedures.
Structural acceptance criteria.
Materials, quality control, and special construction techniques.
Testing and in-service inspection requirements.
Welding methods and acceptance criteria for structural and building steel.
Summary of Application

Section 3.8.3 of the STP, Units 3 and 4, COL FSAR Revision 11 incorporates by reference
Section 3.8.3 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.8, the applicant provided the following:
Tier 2* Departure Requiring Prior NRC Approval
•

STD DEP 1.8-1

Tier 2* Codes, Standards and Regulatory Guide
Edition Changes

This departure identifies Tier 2* items that are being updated to more current revisions or
editions. The new changes are in FSAR Tables 1.8-20 and 1.8-21.
3.8.3.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the concrete and steel
internal structures of the concrete containment, and the associated acceptance criteria, are in
Section 3.8.3 of NUREG–0800.
In accordance with Section VIII, “Processes for Changes and Departures,” of, “Appendix A to
Part 52--Design Certification Rule for the U.S. Advanced Boiling Water Reactor,” the applicant
identified one Tier 2* departure. Tier 2* departures require prior NRC approval and are subject
to the requirements of 10 CFR Part 52, Appendix A, Section VIII.B.6.
3.8.3.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.8.3 of the certified
ABWR DCD. The staff reviewed Section 3.8.3 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
Tier 2* Departure Requiring Prior NRC Approval
•

STD DEP 1.8-1

Tier 2* Codes, Standards, and Regulatory Guide
Edition Changes

According to NUREG–1503, the criteria used in the design, analysis, and construction of the
internal structures of the containment conform with the following codes, standards, and
specifications: RG 1.57 Revision 0, “Design Limits and Loading Combinations for Metal Primary
Reactor Containment System Components”; RG 1.94, Revision 1, “Quality Assurance
Requirements for Installation, Inspection, and Testing of Structural Concrete and Structural
Steel during the Construction Phase of Nuclear Power Plants”; and RG 1.142, Revision 1. The
industry standards include ACI-349 (1980); ASME B&PV Code (1989 Edition), Section III
Division 2, “Code for Concrete Reactor Vessels and Containments”, and B&PV Code Section III
Division 1, Subsection NE; ANSI/AISC N690 (1984); and ANSI N45.2.5-1974, “Supplementary
Quality Assurance Requirements for Installation, Inspection, and Testing of Structural Concrete
and Structural Steel During the Construction Phase of Nuclear Power Plants.” According to
COL FSAR Table 1.8-21, the applicable version of ASME Code Section III, Division 2 was
changed to the 2001 Edition with the 2003 Addenda; and the ANSI/ACI 349 version was
changed to the 1997 Edition. According to FSAR Table 1.8-20, RG 1.142 was changed to
Revision 2, which endorses ACI 349–97 (with the exception of Appendix B, “Anchoring to
Concrete”). RG 1.57 was updated to Revision 1 and is intended for the evaluation of metal
containments and its components, but without requiring any backfitting of existing designs. As
documented in FSAR Table 1.8-21a, “Codes and Standards for Site-Specific Systems,” the
ANSI/AISC N690 code was changed to the 1994 version and is only applicable to site-specific
SSCs. Hence, it does not affect the SSCs considered in this section.
NUREG–1503 states that any change to the use of ANSI/AISC N690 (1984 Edition) and
ACI 349 (1980 Edition) for the design and construction of containment internal structural
elements would constitute an unreviewed safety question and, therefore, would require NRC
review and approval before implementation. In RAI 03.08.04-33 and follow-up RAI 03.08.04-36,
the staff asked the applicant to provide a detailed comparison of the differences between the
code editions described above, in order to demonstrate that the safety margins are not reduced
and also to evaluate any potential impact of the provisions of the newer codes that are more
restrictive or result in a more robust design. The evaluation of these responses is discussed
under the Tier 2* Departure STD DEP 1.8-1 in Subsection 3.8.4.4 of this SER.
3.8.3.5

Post Combined License Activities

There are no post COL activities related to this subsection.
3.8.3.6

Conclusion

The staff's findings related to information incorporated by reference are in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
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concrete and steel internal structures of the concrete containment that were incorporated by
reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.8.3 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the identified Tier 2* departure in
accordance with Section 3.8.3 of NUREG–0800.
3.8.4

Other Seismic Category I Structures

3.8.4.1

Introduction

This FSAR section addresses the RB, CB, and DGFOT as other seismic Category I structures
that constitute the ABWR standard plant. Non-Category I structures that could interact with
these structures are the RWB, SB, CBA, the plant stack on the RB roof, and the TB. With the
exception of the plant stack, these structures are structurally separated from the other ABWR
standard plant buildings. Of the above non-Category I structures, only the CBA was not
included in the ABWR standard plant.
The applicant reclassified the RWB substructure from seismic Category I to non-seismic (under
Departure STD DEP T1 2.15-1) and also relocated the RWB closer to the RB. In FSAR
Subsection 3.8.6.4, the applicant identified the UHS, the RSW piping tunnel, and the DGFOSV
as three additional site-specific seismic Category I structures. A description of these structures
is in FSAR Section 3H.6. Details of the DGFOT are in Section 3H.7.
Seismic Category I masonry walls are not used in the design. The ABWR standard plant does
not contain seismic Category I pipelines buried in soil.
The criteria for the design of the other seismic Category I structures include the following:
•
•
•
•
•
•
•
3.8.4.2

Description of the seismic Category I structures.
Applicable codes, standards, and specifications.
Loads and load combinations.
Design and analytical procedures.
Structural acceptance criteria.
Materials, quality control, and special construction techniques.
Testing and in-service inspection requirements.
Summary of Application

Section 3.8.4 of the STP, Units 3 and 4, COL FSAR, Revision 11 incorporates by reference
Section 3.8.4 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.8.4 and Appendix 3H, the applicant provided the
following:
Tier 1 Departures
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category I to Non-Seismic

This departure revises the seismic category of the RWB substructure from seismic Category I to
non-seismic.
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•

STP DEP T1 5.0-1

Site Parameters

The applicant identified four site-specific departures from the generic site parameters used in
the referenced ABWR DCD.
•

The certified design site parameter for the site flooding was changed from 30.5 cm (1 ft)
below grade to 182.9 cm (6 ft) above grade to account for the failure of the main cooling
reservoir, which is a design-basis event for the STP site.

•

The maximum design precipitation rate for rainfall was increased from 49.3 cm/h (1.62
ft/h) to 50.3 cm/h (1.65 ft/h).

•

The humidity at the site, as represented by the wet bulb temperature, was increased
from the specified humidity in the DCD.

•

The shear wave velocity is less than the 305 m/s (1,000 ft/s) minimum specified in the
DCD.

Tier 2* Departure Requiring Prior NRC Approval
•

STD DEP 1.8-1

Tier 2* Codes, Standards, and Regulatory Guide
Edition Changes

This departure identifies Tier 2* codes, standards, and regulations that are being updated to
more current revisions or editions. The changes are in Tables 1.8-20 and 1.8-21 of the COL
FSAR. This departure updates ACI 349 to the 1997 Edition and updates the ASME Section III,
Division 2 Code to the 2001 Edition with the 2003 Addenda.
Tier 2 Departures Not Requiring Prior NRC Approval
•

STD DEP 12.3-3

Steam Tunnel Blowout Panels

Departure STD DEP 12.3.3 moves the blowout panels from the RHR pump and heat exchanger
room to the main steam tunnel. This departure also removes the tunnel’s function to serve as a
relief and release pathway for high energy events in the RB.
•

STP DEP 3.5-2

Hurricane Generated Missile Protection

Departure STP DEP 3.5-2 modifies DCD Tier 2, Subsection 3.5.1.4 to incorporate the guidance
in RG 1.221, “Design-Basis Hurricane and Hurricane Missiles for Nuclear Power Plants,” dated
October 2011. Some of the hurricane parameters exceed the tornado-based parameters used
in the design of standard plants. Section 3H.11 discusses the effects on the RB and CB.
•

STD DEP 3.8-1

Resizing the Radwaste Building

Departure STD DEP 3.8-1 changes the overall dimensions and arrangement of the RWB
resulting from process changes to the radioactive waste treatment systems.
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•

STD DEP 11.2-1

Liquid Radwaste Process Equipment

Departure STD DEP 11.2-1 changes the liquid radwaste management system (LWMS) to
replace the permanently installed forced-circulation concentrator system with the mobile liquid
radwaste processing system.
•

STD DEP 11.4-1

Radioactive Solid waste Update

Departure STD DEP 11.4-1 changes the solid radwaste management system (SWMS) to
replace the permanently installed system with the mobile system components.
COL License Information Item
•

COL License Information Item 3.26 Identification of Seismic Category 1 Structures

FSAR Section 3.8 incorporates by reference ABWR DCD Section 3.8, including all subsections.
In FSAR Subsection 3.8.6.4, the applicant references Table 3.2-1 for a complete list of seismic
Category I SSCs. These include the following site-specific seismic Category I structures:
•
•
•

UHS/RSW pump house
RSW piping tunnel
DGFOSV

Supplemental Information
•

DNFSB Issue

Resolution of Issues with Subtraction Method of
Analysis Identified by DNFSB

In FSAR Section 3H.10, the applicant addressed the technical issue identified by DNFSB/DOE,
which states that results may be non-conservative when analyzing embedded structures using
the SM of analysis in SASSI.
•

Hurricane Wind Design

Design for Site-Specific Hurricane Winds and
Missiles

In FSAR Section 3H.11, “Design for Site-Specific Hurricane Winds and Missiles,” the applicant
addressed the impact of site-specific hurricane winds and missiles according to the guidance in
RG 1.221 on the standard plant and site-specific structures at STP, Units 3 and 4.
3.8.4.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the other seismic
Category I structures, and the associated acceptance criteria, are in Section 3.8.4 of
NUREG-0800.
In accordance with Section VIII, “Processes and Changes and Departures,” of, “Appendix A to
Part 52--Design Certification Rule for the U.S. Advanced Boiling Water Reactor,” the applicant
identified Tier 1, Tier 2*, and Tier 2 departures. Tier 1 and Tier 2* departures require prior NRC
approval and are subject to the requirements of 10 CFR Part 52, Appendix A, Section VIII.A.4.
Tier 2 departures not requiring prior NRC approval are subject to the requirements of 10 CFR
Part 52, Appendix A, Section VIII.B.5, which are similar to the requirements in 10 CFR 50.59.
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The review and acceptability of COL License Information Item 3.26 is based on meeting the
applicable acceptance criteria and guidance in SRP Section 3.8.4.
3.8.4.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.8.4 of the standard
DCD for the ABWR design. The staff reviewed Section 3.8.4 of the STP, Units 3 and 4, FSAR
and checked the referenced ABWR DCD to ensure that the combination of the information in
the COL FSAR and the information in the ABWR DCD appropriately represents the complete
scope of information relating to this review topic.1 The staff’s review confirmed that the
information in the application and the information incorporated by reference address the
required information relating to this section.
The staff reviewed the information in the COL FSAR:
Tier 1 Departure
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category 1 to Non-Seismic

In FSAR Section 3.8.4, the applicant references Departure STD DEP T1 2.15-1 that reclassifies
the RWB substructure from seismic Category I to non-seismic, and commits to RG 1.143,
“Design Guidance for Radioactive Waste Management Systems, Structures, and Components
Installed in Light-Water-Cooled Nuclear Power Plants,” for design of the radwaste processing
systems, structures, and components. The applicant also removed all design information of
RWB structure from FSAR Section 3.8.4 and Section 3H.3. The staff agrees that with the
reclassification of the RWB substructure as non-seismic, the RWB design information need not
be included as seismic Category I structures. However, the staff believes that the design
information for the RWB still needs to be included in the FSAR, in order for the staff to ensure
that the design of the RWB structure is performed in accordance with the guidance in RG 1.143,
Revision 2, and thus meets the regulatory requirements in GDC 2, “Design basis for protection
against natural phenomena”, and GDC 60, “Control of releases of radioactive materials to the
environment,” of 10 CFR Part 50, Appendix A. Therefore, the staff asked the applicant in
RAI 03.08.04-2 to include design information for the RWB in the FSAR.
In its response to RAI 03.08.04-2, dated September 15, 2009 (ML092610377), the applicant
stated that the RWB is a reinforced concrete structure located about 6.1 m (20 ft) west of the RB
and is designed to RG 1.143, Revision 2. Also, since the above grade height of the RWB
exceeds the distance to the RB, the RWB design shall satisfy II/I requirements to ensure that
the integrity of the RB is maintained (i.e., the RWB cannot collapse or come in contact with the
RB under SSE and design-basis tornado loads). The RWB is classified as RW-IIb (hazardous),
in accordance with RG 1.143, Revision 2. In its response, the applicant also provided the basic
criteria for the design and II/I evaluation of the RWB by including general references to RG
1.143 and to other RGs and industry codes and standards. The applicant added that the
analysis and design results will be available for review following the completion of the initial
RWB design. However, the applicant’s response did not provide any specific information about
the RWB structure and its analysis and design. Therefore, the staff issued RAI 03.08.04-18 to
track the issue identified in RAI 03.08.04-2.
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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In RAI 03.08.04-18, the staff asked the applicant to provide design information for the RWB, and
to include in the FSAR sufficient design information following the guidance in SRP Section
3.8.4. This RAI requested the applicant to provide information such as a detailed description of
the structure, applicable codes, standards, specifications, loads and load combinations,
procedures for the design and analysis, structural acceptance criteria, materials and quality
control, design of the critical sections, and stability evaluation. In its Revision 1 response to RAI
03.08.04-18, dated June 2, 2010 (ML101580248), the applicant stated that the RWB is
classified as RW-IIb (hazardous) for STP, Units 3 and 4, per Section 5 of RG 1.143, Revision 2.
However, the applicant pointed out that the RWB is designed conservatively for earthquake,
tornado, and wind loadings and meets or exceeds the requirements for the RW-IIa
classification. A design for other loads is based on the requirements for the RW-IIb
classification. The codes and standards that are used to determine loads, load combinations,
load factors, and acceptance criteria meet or exceed those noted in Tables 1 through 4 of RG
1.143, Revision 2. The input motion for the seismic design is one-half of the DCD SSE defined
in Tier 1, Table 5.0. Similarly, the design-basis tornado parameters are equal to three-fifths of
the Region I tornado parameters defined in Table 1 of R.G. 1.76, Revision 1, “Design-Basis
Tornado and Tornado Missiles for Nuclear Power Plants.” In addition, the tornado missiles are
in accordance with Table 2, “Natural Phenomena and Internal/External Man-Induced Hazard
Design Criteria for Safety Classification,” of RG 1.143, Revision 2 for the RW-IIa classification.
The input motion for the II/I design is the envelope of the 0.3g RG 1.60 response spectrum and
the induced acceleration response spectrum resulting from the site-specific SSE, which is
determined from an SSI analysis that accounts for the impact from the nearby RB. The
applicant also stated that the seismic II/I stability evaluations of the RWB structure for sliding,
overturning, and floatation are in accordance with the criteria in the response to RAI 03.07.0213 (ML100550613), and the required safety factors are the same as those specified in SRP
Section 3.8.5. The applicant submitted the markup of FSAR Section 3H.3 and Tables 3H.3-3,
“Results of Radwaste Building Concrete Wall Design”; 3H.3-4, “Results of Radwaste Building
Concrete Slab Design”; and 3H.3-5, “Summary of Radwaste Building Structural Steel Design”;
that included the details of structural descriptions, loads, load combinations, the methodology of
the analysis and design, and the seismic II/I evaluation.
The staff reviewed the information in the FSAR markup for Section 3H.3. The staff found that
although the information in the FSAR generally meets the guidance in SRP Section 3.8.4 and
the design criteria in RG 1.143, Revision 2, some additional clarifications were needed. During
the audit in May 2011 (ML12346A233), the staff reviewed the calculations for the seismic
analysis, design, and stability evaluation. The staff confirmed that the loads, load combinations,
and acceptance criteria in the FSAR were used appropriately in the analysis and design of the
RWB and in its stability evaluation. The staff discussed with the applicant the additional
clarifications needed, which are described below:
1)

The description of the structure in Section 3H.3.3 does not include any plans and
sections that define the primary elements of the structure.

2)

Soil parameters described in Subsection 3H.3.4.2.1 provide only the bearing
capacity safety factors and do not include the actual bearing pressures, the
ultimate bearing capacities, and the basis for calculating the bearing capacities.

3)

The extreme environmental load combination for structural steel in
Subsection 3H.3.4.3.4.2 does not clarify that the stress limit coefficient for the
shear must be limited to 1.4.
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4)

FSAR Subsections 3H.3.5.1 and 3H.3.5.2 describe two models for seismic
analyses. One is a fixed-base stick model, and the other is a SAP2000 3-D finite
element model. It is not clear how the two types of models for seismic analyses
were used in the design of the RWB.

5)

The seismic II/I evaluation described in Subsection 3H.3.5.3 does not clearly
explain how to perform the seismic analysis for the seismic II/I design.

6)

The description of the stability evaluation in Subsection 3H.3.5.3 does not clearly
explain how to determine the seismic demand or the methodology followed for
the stability evaluation.

7)

Flood design parameters for the II/I evaluation described in Subsection 3H.3.5.3
need to include all components of flood loads; namely, the hydrodynamic loads
and loading due to floating debris.

In addition to the above information, the staff discussed the complexity of the various extreme
environmental design parameters for the RWB as well as those same parameters that were
applicable to all site-specific structures. Furthermore, the staff noted that the large openings in
the RWB are not protected against tornado missiles. Although tornado missile protection is not
required for the RW-IIb classification of the RWB, the applicant stated that the RWB is designed
for tornado using the criteria for RW-IIa classification. The staff considered it necessary to
clarify that such design excluded tornado missile protection for the large openings in the
building. The applicant subsequently addressed all of the above issues in the following RAI
responses and revised the FSAR:
•

Supplement 1 Revision 1 response to RAI 03.08.04-18 dated September 15, 2010
(ML102630145); Supplement 2 Revision 1 response to RAI 03.08.04-18 dated
March 15, 2011 (ML110770440); and the Supplement 3 response to RAI 03.08.04-18
dated July 27, 2011 (ML11213A094);

•

Supplement 4, 5, and 6 responses to RAI 03.07.02-13 dated November 28, 2011
(ML11335A232); April 4, 2012 (ML12103A369); and May 29, 2012 (ML12153A101),
respectively,

•

Supplement 1 response to RAI 02.03.01-24 dated April 10, 2012 (ML12103A368);

The applicant’s clarifications of the above issues are discussed below:
1)

The applicant’s markup of FSAR Figures 3H.3-54 through 3H.3-60 includes plans
and sections of the RWB structure showing the layout and dimensions of the major
structural elements that meet the guidance in SRP Section 3.8.4. Therefore, the
issue is considered to be closed.

2)

The applicant’s updated FSAR Subsection 3H.3.4.2.1 includes the actual bearing
pressures and the ultimate bearing pressures. The update also clarified that the soil
bearing pressure capacities are determined using the methodology described in
Section 2.5S.4. The staff accepted the methodology for determining the bearing
capacity of soil in Section 2.5S.4. Therefore, the issue is resolved.
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3)

The applicant‘s addition of Note 1 to Subsection 3H.3.4.3.4.2 clarifies that the stress
limit coefficient in the shear shall not exceed 1.4 for the extreme environmental
loading combination. The issue is therefore resolved.

4)

The applicant’s updated FSAR Subsections 3H.3.5.1 and 3H.43.5.2 clarify the two
types of seismic analyses of the RWB. The analysis and design of the RWB as well
as the II/I design were performed using the RSA of a SAP2000 3-D finite element
model. The II/I stability evaluation of the RWB used the base shears and moments
obtained from the RSA of a fixed-base stick model. This proposed FSAR revision
provided the requested clarification, and the issue is therefore resolved.

5)

The applicant revised FSAR Subsection 3H.3.5.3 to clarify that the RWB analysis
and design of the II/I design were performed using a SAP2000 3-D finite element
model with shell and frame elements, as shown in Figures 3H.3-5 through 3H.3-7.
This revision provided the requested clarification, and the issue is therefore resolved.

6)

The applicant revised FSAR Subsection 3H.3.5.3 to clarify that the II/I stability
evaluations for sliding and overturning were performed using the seismic input
motions described in Subsections 3.7.2.8 and 3.7.3.16, and the seismic demands
were determined by the RSA of the fixed-base stick model described in Subsection
3H.3.5.1. Also, Figure 3H.3-52 was added to the FSAR to outline the methodology
followed for the seismic II/I stability evaluation of the RWB that is considered to be
acceptable by the staff. This revision provided the requested clarification, and the
issue is therefore resolved.

7)

The applicant revised FSAR Subsection 3H.3.5.3 to clarify that the flood design
parameters for the II/I evaluation included the hydrodynamic and flood debris loading
per Section 3.4.2 for 12.2 m (40 ft) MSL flood level caused by the main cooling
reservoir dike breach. This revision confirmed that the applicant has considered all
of the components of flood loading for the II/I evaluation of the RWB. The issue is
therefore resolved.

In addition to the above information, the applicant included the extreme environmental design
parameters for the RWB in FSAR Table 3H.9-1, “Extreme Environmental Design Parameters for
Seismic Analysis, Design, Stability Evaluation and Seismic Category II/I Design,” to clearly
describe the various parameters used for the design, the stability evaluation, and the II/I design
of the RWB. In the Supplement 1 response to RAI 02.03.01-24 (ML12103A368), the applicant
added Note 6 to FSAR Table 3H.9-1 to clarify that the RWB structure is designed for tornado
missiles and hurricane missiles, and that the large openings at and above grade are not missile
protected. In the Supplement 4 Revision 1 response to RAI 03.08.04-18, dated August 28,
2012 (ML12249A035), the applicant revised FSAR Subsection 3H.3.5.2 and stated that the
RWB finite element model includes uniform foundation soil springs and provides the values of
the static and dynamic subgrade reaction moduli for the springs used in the model. The
applicant stated that the use of uniform soil springs is appropriate considering the fact that the
RWB basemat is 6.1 m (12 ft) thick and is stiffened in both horizontal directions, with the interior
shear walls arranged approximately every 9.1 m (30 ft), and no significant dishing of the mat is
expected. The staff agreed with the applicant’s assertion that no significant dishing of the RWB
basemat is expected, because the basemat is very rigid and the assumption of uniform soil
springs is considered to be a reasonable and practical approach for the design of the RWB
basemat. The proposed changes to the FSAR were incorporated in Revision 9 of the FSAR
and this issue is closed and resolved.
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Based on the above discussions, the staff concluded that the applicant has addressed all of the
staff’s questions and requests for additional information about the design of the RWB.
The staff reviewed the design information for the RWB in FSAR Section 3H.3, including the
FSAR markups in the RAI responses, as stated in the preceding paragraphs. FSAR
Section 3H.3.1 describes the objective and scope of the RWB design. The description states
that the RWB is a non-seismic Category I structure and is classified as RW-IIb, in accordance
with RG 1.143, Revision 2. The RWB is designed to meet or exceed the design criteria per
RG 1.143, Revision 2. Because the RWB is located close to safety-related seismic Category I
structures, it is also designed to ensure that it does not collapse onto the nearby safety-related
buildings (II/I design criteria). The staff found that the applicant has appropriately identified the
scope of RWB design by meeting the relevant design criteria per RG 1.143, Revision 2 for the
design of the structure. The RWB also meets the II/I design criteria to avoid any unacceptable
interactions with adjacent seismic Category I structures. FSAR Table 3H.9-1 provides the
extreme environmental loads used to meet these design requirements.
FSAR Section 3H.3.3 describes the RWB structure. Figures 3H.3-54 through 3H.3-60 show the
general layout of the RWB structure and the dimensions of the primary structural elements. The
staff found that the information in this section adequately meets the guidance in SRP
Section 3.8.4 and is therefore acceptable.
FSAR Section 3H.3.4 provides the criteria for the design of the RWB structure. As discussed
before, the RWB is designed conservatively for earthquake, tornado, and wind loadings that are
consistent with the RW-IIa classification. The staff noted that the codes and standards used to
design the RWB are listed in this section. ACI 349-97, “Code Requirements for Nuclear SafetyRelated Concrete Structures and Commentary,” and RG 1.142, Revision 2 are used for the
concrete design. ANSI/AISC N690–1984, “Specification for the Design, Fabrication and
Erection of Steel Safety-Related Structures for Nuclear Facilities,” is used for design of the
structural steel. These codes and standards that were used to meet the design requirements
are in accordance with the guidance of RG 1.143, Revision 2 and are therefore acceptable. The
structural steel and concrete materials that were used are consistent with the steel and concrete
codes used for the design and are therefore acceptable.
FSAR Subsection 3H.3.4.2 describes the site design parameters used for the design and the
evaluation of the RWB. The description shows that the static and dynamic soil bearing capacity
factors of safety are in excess of 6.5. The design ground water level is at 9.75 m (32 ft) MSL
per DCD and bounds the STP, Units 3 and 4, site groundwater levels discussed in FSAR
Section 2.4S.12. The design flood level is 10 m (33 ft) MSL per DCD and is above the level
resulting from one-half of the PMF described in Section 2.4S.3, in accordance with RG 1.143 for
RW-IIa classification. Similarly, the roof snow load of 2.39 kPa (50 psf) per DCD is very
conservative for the STP, Units 3 and 4, site, and exceeds the criteria in RG 1.143 for RW-IIa
classification. In COL application Part 2, Tier 1, Table 5.0 shows that the design rainfall is
50.3 cm/h (1.65 ft/h).
FSAR Subsection 3H.3.4.3 describes the design loads and load combinations used in the RWB
design. The selected basic wind speed of 202.7 km/h (126 mph) envelops the value derived
from ASCE 7–95 in conformance to RG 1.143. The wind loads are calculated using the
provisions of Chapter 6 of ASCE 7-95. The earthquake loads are due to one-half of the SSE
defined in DCD Tier 1, Table 5.0. This corresponds to the RG 1.60 response spectra anchored
to 0.15g. This design earthquake load envelops RG 1.143 for RW-IIa classification. The
tornado parameters are equal to three-fifths of the Region I tornado parameters defined in
3-211

Table 1, “Design-Basis Tornado Characteristics,” of RG 1.76, Revision 1. Therefore, the
maximum tornado wind speed and pressure drop for the RWB design are 222 km/h (138 mph)
and 8.27 kPa (1.2 psi), respectively. These findings, in addition to the tornado missile
parameters, are in accordance with Table 2 of RG 1.143, Revision 2, for the RW-IIa
classification.
The load combinations for the structural steel and reinforced concrete design conform to
RG 1.143. Earthquake and wind loads are considered severe environmental loads, and the
tornado load is treated as an extreme environmental load for the purpose of assigning load
factors and allowable stresses.
As described in FSAR Subsection 3H.3.5.2, the analysis and design of the RWB are performed
using a SAP2000 3-D finite element model with shell and frame elements, as shown in FSAR
Figures 3H.3-5 through 3H.3-7. The seismic loads are obtained from the RSA of this model.
The input motion for this RSA is the 0.15 g RG 1.60 response spectrum. The seismic analysis
method used (i.e., the finite element model and response spectrum method) is acceptable
because it meets the SRP Section 3.7.2 acceptance criteria.
All concrete and steel designs are in accordance with the ACI 349-97 and
ASNI/AISC N690-1984 code requirements, respectively. This finding meets the guidance in
Table 1 of RG 1.143, Revision 2.
FSAR Subsection 3H.3.5.3 describes the seismic II/I evaluation that is performed to ensure that
the RWB will not collapse on the nearby seismic Category I structures. The analysis and design
for II/I are performed using a SAP2000 3-D finite element model with shell and frame elements.
The seismic loads are obtained from the RSA of this model. The earthquake input used at the
foundation level is the envelope of the 0.3g RG 1.60 response spectrum and the induced
acceleration response spectrum due to a site-specific SSE that is determined from an SSI
analysis that accounts for the impact of the nearby RB. The lateral load resisting system of the
RWB is designed to remain elastic for the seismic, flood, and tornado loads. For tornado
parameters, including the missiles, the same parameters are used as those defined in DCD
Tier I, Table 5.0. For a flood, the extreme flood level of 12.2 m (40 ft) MSL caused by the main
cooling reservoir dike breach is used. The evaluation requirements for this flood, including
hydrodynamic and flood debris loading, are described in FSAR Section 3.4.2. In its Supplement
1 response to RAI 02.03.01-24, dated April 10, 2012 (ML12103A368), the applicant proposed a
site-specific ITAAC (Table 3.0-23, “Radwaste Building - Seismic II/I Interaction”) for the RWB to
ensure that the lateral load resisting system of the RWB is designed to remain elastic under
extreme environmental loads to prevent it from impacting the adjacent RB. The SSE loading is
combined with other loads for structural steel and reinforced concrete elements as an extreme
environmental load combination. The staff found this II/I evaluation method acceptable,
because the analytical procedure, loads, load combinations, and use of design codes meet the
SRP Section 3.8.4 criteria.
Stability evaluation of the RWB structure is performed considering the amplified input motions
obtained from the Modified SM SSI analysis of the RB (see the Supplement 4 response to
RAI 03.07.02-13 in ML11335A232) and other site-specific parameters such as soil properties.
The II/I stability evaluation of the RWB is performed using the base shears and moments
obtained from the RSA of a fixed-base stick model. This fixed-base stick model is also used to
obtain 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
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selected nodes that 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. This response spectrum analytical method is acceptable because it meets
the SRP acceptance criteria. Table 3H.6-14, “Calculated Overturning and Sliding Factors of
Safety Under Site-Specific SSE and Flotation Factors of Safety for TB, SB, RWB and CBA,”
shows that the safety factors for sliding, overturning, and floating exceed the minimum safety
factors specified in SRP Section 3.8.5.
In summary, the applicant committed to design the RWB to comply with the guidance in
RG 1.143, Revision 2. For earthquake, wind, and tornado loads, the applicant designed the
structure for the RW-IIa classification requirements. The calculated stability factors of safety
against sliding, overturning, and floating exceed the criteria in SRP Section 3.8.5. Because the
applicant provided an ITAAC to ensure that the lateral load resisting system of the RWB is
designed to remain elastic under the extreme environmental loads, there is reasonable
assurance that the RWB will not adversely impact the RB during such events. Also, the
demonstration of the overall stability of the RWB using the guidelines in SRP Section 3.8.5
provides further assurance against the RWB impacting the RB. Based on the review of RAI
responses, FSAR and COL application updates, and audit meetings, the staff found that the
RWB design meets the SRP criteria and is hence acceptable.
During the review and approval of Tier 1 Departure STD DEP T1 2.15-1, the staff noted that the
FSAR did not include any discussion of how the guidance in RG 1.143, Revision 2, was
implemented to establish the RW-IIb classification of the RWB. In RAI 03.08.04-37, the staff
asked the applicant to demonstrate that the RW-IIb classification of the RWB is appropriate,
including the basis for supporting the classification process in Regulatory Position C.5 of
RG 1.143, Revision 2 and to update the FSAR, accordingly. Subsequently, RAI 03.08.04-38
and RAI 03.08.04-39 were issued to address the classification of the radwaste system and the
RWB. In the Revision 1 response to RAI 03.08.04-39 (ML13037A595), the applicant proposed
to change the classification of the RWB to RW-IIa. The applicant compared the design criteria
for RW-IIa per RG 1.143, Revision 2, to the criteria used for the STP, Units 3 and 4, RWB
design. According to this comparison, the RWB design criteria for earthquakes, winds,
tornadoes, tornado missiles, floods, and precipitation (rain, snow, etc.) meet the design criteria
for the RW-IIa classification per RG 1.143, Revision 2. This response also included a revision
to FSAR Table 3H.9-1 that deleted Note 6 and adds Note 7, which confirmed that all exterior
doors of the RWB are normally closed and missile protected. FSAR Subsections 3H.3.4.3.3.2,
3H.3.4.3.3.3, and 3H.3.4.3.3.4 were added to describe the design for a malevolent vehicle
assault, an accidental explosion, and a small aircraft crash, respectively. The RWB protection
from a malevolent vehicle assault is in accordance with RG 5.68. Using the guidance in RG
1.91, accidental explosion hazards were evaluated and found not to pose any hazards to the
RWB. As discussed in FSAR Subsection 2.2S.2.7, the applicant used the methodology
described in NUREG–0800, Subsection 3.5.1.6; RG 1.117, Revision 3 “Tornado Design
Classification,” and DOE-STD-3014-96, “Accident Analysis for Aircraft Crash into Hazardous
Facilities,” determine that the risks from aircraft hazards are sufficiently low at the STP, Units 3
and 4, site and are thus not considered in the design of the SSCs.
The staff reviewed the applicant’s RAI response and noted that the RWB structure is already
designed for earthquakes, winds, tornadoes, and tornado missiles according to the criteria for
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the RW-IIa classification. Therefore, the exterior RWB doors are missile protected. The RWB
design-basis flood level of 10 m (33 ft) MSL is higher than the site PMF of 8.0 m (26.3 ft), which
is higher than one-half of the PMF that is required by RG 1.143 for the RW-IIa classification.
The roof snow load design of 2.39 kPa (50 psf) is very conservative for the STP, Units 3 and 4,
site—as discussed in FSAR Subsection 3H.6.4.3.3.5—and is more than what the RW-IIa
classification requires per RG 1.143, Revision 2. The applicant also designed the RWB for a
malevolent vehicle assault, accidental explosions, and a small aircraft crash per the guidance in
RG 1.143, Revision 2. Based on the above information, the staff agreed that the RWB design
meets the design criteria for the RW-IIa classification per RG 1.143, Revision 2. The response
to RAI 03.08.04-39 is acceptable and closed. The staff confirmed that the applicant’s proposed
changes are incorporated into Revision 10 of the FSAR. The evaluation of radwaste processing
systems in RAIs 03.08.04-38 and 03.08.04-39 will be in the Chapter 11 of this SER.
•

STP DEP T1 5.0-1

Site Parameters

In Appendix 3H, the applicant referenced Departure STP DEP T1 5.0-1, which includes the
following four site-specific departures from generic site parameters used in the referenced
ABWR DCD: the design-basis flood level, maximum design precipitation, minimum shear wave
velocity, and the maximum humidity. Of the four departures, the increase in humidity for the
STP site is not considered to have any adverse impact on the structures. The following
subsection evaluates the impact of the other three departures on the structures.
3.8.4.4.1
A.

Evaluation of Site Parameters

Design-Basis Flood Level

The certified design site parameter for site flooding changes from 30.5 cm (1 ft) below grade to
182.9 cm (6 ft) above grade, in order to account for a potential breach in the main cooling
reservoir as a design-basis event for the STP site. This change impacts the design of standard
plant structures, as well as the site-specific structures in terms of the design of exterior doors
and walls of these structures and their stability.
A.1.

Watertight Doors and Barriers

In Part 7 of the COL application, the applicant evaluates Departure STP DEP T1 5.0-1 stating
that the STP, Units 3 and 4, safety-related SSCs are designed for or protected from a flooding
event by watertight doors, which prevent the entry of water into the RB and the CB in case of a
flood. The applicant also stated that the exterior doors located below the maximum flood
elevation on the 12,300 floor of the RB and the CB are revised to be watertight doors. Because
these doors play a significant role in protecting safety-related SSCs and constitute a special
design feature, the staff issued RAI 03.08.01-3, requesting the applicant to include in the FSAR
design information about these doors including locations, seismic and other design criteria, the
seismic classification, redundancy features (if any), and to identify whether these doors will be
used for normal access and egress to and from the RB and the CB. In its responses to RAI
03.08.01-3 (ML092610377 and ML101830420, respectively), dated September 15, 2009, and
June 29, 2010, the applicant provided additional supplemental information to FSAR
Subsection 3.8.6.4, which stated that the watertight doors are seismic Category I and are
designed to be leak tight. These responses also provide locations of the watertight doors and
include some general design criteria. The staff noted that the responses did not include
sufficient details about loads, load combinations and acceptance criteria for the design of these
doors. Also, it was not clear from the response how the closure of normally open watertight
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doors would be ensured upon the indication of an imminent flood, because the applicant did not
provide any details of an in-service inspection of these doors or station procedures for
controlling operator actions. In addition, the staff noted that the access doors between the CB
and the RB were not designated as watertight. Because there is a gap between these
buildings, it is not clear how the ingress of flood water through these access areas was
prevented. The applicant’s response also did not address whether there was any redundancy
feature considered for the normally open watertight doors. Therefore, the staff issued
RAI 03.08.01-6, which was later followed by RAI 03.08.01-9. The RAIs asked the applicant to
address or clarify the various issues considered necessary to demonstrate the adequacy of the
watertight doors. The applicant’s response to the staff’s questions is discussed below.
1)

Description of Structures
a.

Seismic Classification: In RAI 03.08.01-6, the staff asked the applicant to
specify the seismic classification of the watertight doors in other relevant
sections of the FSAR (e.g., Table 3.2-1), in order to ensure that these
doors—including all components of the doors—will be appropriately
treated for design, construction, installation, quality control, and
maintenance. In its revised response to RAI 03.08.01-6, dated June 29,
2010 (ML101830420), the applicant proposed to revise Table 3.2-1 of the
COL FSAR by adding footnote (ii) to the RB and CB rows stating that
watertight doors that protect the safety-related equipment from an
external flood are designated as seismic Category I. The applicant
incorporated the proposed change into the FSAR Revision 6. However,
during a subsequent review, the staff observed that the above note was
not added to the DGFOSV, which is also a seismic Category I structure
with an external watertight door. Subsequently, in the Supplement 5
response to RAI 03.07.02-13, dated April 10, 2012 (ML12103A369), the
applicant provided a markup of Table 3.2-1 that includes the above
footnote for the DGFOSV. These responses resolved the staff’s
concerns, and this issue in RAI 03.08.01-6 is resolved and closed. The
applicant incorporated the proposed changes into the FSAR Revision 8.

b.

Layout Plan: In RAI 03.08.01-9, the staff asked the applicant to provide a
layout plan clearly identifying the location of all seismic Category I
watertight doors. In its response to this RAI dated September 15, 2010
(ML102630145), the applicant referred to the Revision 3 response to RAI
03.04.02-6 (ML110730067) proposing a revision to FSAR
Subsections 3.4.3.1 and 3.4.3.3, including in the markup of a list and the
location of the watertight doors or barriers in the RB, CB, and DGFOSV.
The staff found that the applicant’s information adequately identifies and
locates the watertight doors. The applicant subsequently incorporated
the proposed changes into FSAR Subsections 3.4.3.1 and 3.4.3.3,
Revision 6. Therefore, this issue in RAI 03.08.01-9 is resolved and
closed.

c.

Access Doors Between the CB and RB: In RAI 03.08.01-6, the staff
asked the applicant to clarify details regarding the access doors between
the CB and the RB. From the layout plan, these doors appear to be
exterior doors and are not identified as watertight doors. In its revised
response to RAI 03.08.01-6, dated June 29, 2010 (ML101830420), the
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applicant stated that the access doors between the RB and CB are not
required to be watertight, because both buildings are separately protected
from the design-basis flood by sealing the gap between these buildings.
The staff found that the applicant’s response adequately addresses the
issue because these doors are not exposed to floodwater, and the gap
between these buildings is sealed for protection against flood
propagation. Therefore, the issue is considered resolved and closed.
The adequacy of the seals is discussed in item “e” below.
d.

Availability of Normally Open Doors: In RAI 03.08.01-6, the staff asked
the applicant to describe whether any redundancy features were
considered for the watertight doors, particularly those doors that are
normally open. The staff also asked the applicant to explain how the
availability of the normally open watertight doors during a flood event is
ensured considering that these doors will need to be closed upon the
indication of an imminent flood. In its revised response to RAI 03.08.01-6
(ML101830420), the applicant stated that single failure assumptions are
not typically imposed on design-basis external event calculations because
they are conservative by design. The applicant added that redundancy
was not considered for the external or internal watertight doors used to
control the effects of flooding. The response did not include a detailed
description of the procedures and their validation to close the open doors.
In RAI 03.08.01-9, the staff asked the applicant to explain whether the
mechanism in place to ensure that the requirement for the normally open
watertight doors to be closed upon the indication of an imminent flood will
be included in the station procedures. The RAI also asked the applicant
to confirm whether there was an evaluation of the adequacy of the station
procedures to effectively close these doors when needed. In the Revision
2 response to RAI 03.08.01-9, dated March 7, 2011 (ML110730067), the
applicant stated that all doors protecting against the design-basis flood
will be normally closed. This change is specified in a proposed revision to
FSAR Subsection 3.4.3.1, which is included in the Revision 3 response to
RAI 03.04.02-6. The staff found this response acceptable, because
maintaining the watertight doors closed at all times does not require any
additional operational actions during a flood. The staff also agreed that it
is not necessary to consider redundancy for normally closed watertight
doors. Therefore, this issue in RAI 03.08.01-6 is resolved and closed.

e.

Description of the Seals: In its revised response to RAI 03.08.01-6, the
applicant stated that the gaps between the RB and the CB will be sealed
as described in the response to RAI 03.08.04-15, dated October 5, 2009
(ML092810321). The staff noted that this response provided only a
conceptual detail of a joint seal between the buried RSW tunnels, the
RSW pump house, and the CB. Also, in the February 10, 2010, response
to a follow-up question in RAI 03.08.04-25 (ML100550613), about the
above referenced joint seal, the applicant had explained that if these
seals were to fail, any in-leakage of groundwater would be at a very low
rate. Because the seals for the gaps between the RB and the CB are
credited for preventing the ingress of above-ground floodwater, the
applicant’s reference to the joint seals used for the buried RSW tunnels
did not adequately address the issue. Therefore, in follow-up RAI
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03.08.01-9, the staff asked the applicant to describe the seal between the
RB and the CB, including information about seismic classification;
performance demand; and in-service inspection of the seal. The
applicant provided more detailed information in the Revision 2 response
to RAI 03.08.01-9 (ML110730067), and the Supplement 1 response to
RAI 03.08.01-9 (ML111050565 dated April 11, 2011). The applicant
stated that the joint seals between the RB and the CB below the designbasis flood level will be made using a polyurethane foam impregnated
with a waterproof sealing compound between the concrete surfaces and
an interior redundant water stop. This information is also included in the
markup of a proposed revision to FSAR Subsection 3.4.3.1 submitted
with the Revision 3 response to RAI 03.04.02-6. That response stated
that the seal material and joint seal assembly shall be tested to verify their
watertight capability when subjected to the maximum anticipated
hydrostatic head. The testing program will demonstrate the following:
•

The seal material can withstand a movement of ±25 percent of the
gap size or the expected long-term settlement, whichever is
larger, in any resultant direction and still be watertight.

•

The seal material can compress to one-third of its thickness
without developing more than 25 psi pressure on the adjacent
structures.

•

The entire joint seal assembly, including the watertight joint seal
and the redundant water stop, can prevent the total leakage
during an SSE event from exceeding that which will cause internal
flooding to exceed the height of the flood protection curbs or
raised equipment pads. The total permitted leakage for the joint
seal assembly shall be determined for the entire duration of the
SSE when simultaneously subjected, to the maximum anticipated
hydrostatic pressure, the maximum differential displacements due
to long term settlement or tilt, and the maximum differential
displacements due to the SSE.

•

The seal material can function as a watertight barrier after being
subjected to the maximum displacements from the SSE, and the
redundant water stop on the interior side of the joint can withstand
the SSE maximum displacements without degradation.

In addition, the applicant states that the foregoing requirements will demonstrate that the
material is capable of being watertight after the effects of long-term settlement or tilt, as well as
during normal operating vibratory loading such as SRV actuation and not impact the adjacent
structures. The applicant also stated that the joint seal and the interior water stop are classified
as seismic Category I with respect to their ability to remain in place, and an in-service inspection
program will ensure that the joint seal materials do not significantly degrade.
In its Revision 2 response to RAI 03.08.01-9 (ML110730067), the applicant stated that the gap
size is determined by the displacement under the SSE load, in addition to the long-term
settlement similar to the joints discussed in the response to RAI 03.08.04-25, dated May 13,
2010 (ML101340651). The gap size in the above response is at least 50 percent larger than the
calculated maximum displacements. The staff reviewed the applicant’s proposed design and
testing requirements for the seals between the CB and the RB. The staff agreed with the
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applicant that the gap size for the seal will ensure that the gap will not be compressed to more
than one-third of the total gap from the settlement, tilt, and SSE. This gap size will ensure that
the seal does not develop more than 172.4 kPa (25 psi) pressure on the adjacent structures.
Also, testing the seals to withstand a movement of ±25 percent of the gap size or the expected
long term settlement, whichever is larger, will ensure that the seal material will maintain its
integrity and will be able to withstand the maximum long-term settlements and differential
displacements during normal operating vibratory loads such as SRV actuation. Testing the seal
material for total leakage during a SSE to confirm that the seal material will be within an
acceptable limit under maximum anticipated hydrostatic pressure, maximum differential
displacement from settlement and tilt, and maximum differential displacement from the SSE will
demonstrate that the seal material remains in place to stop significant water leakage into the
safety-related buildings during and after a seismic event. The staff had also asked the applicant
about the capability of the RB and CB walls to withstand the additional pressure of 172.4 kPa
(25psi) exerted by the filler material at the seismic joints. In the Supplement 6 response to
RAI 03.07.02-13, dated May 29, 2012 (ML12153A101), the applicant stated that below grade
CB walls are designed for minimum 598 kPa (86.7 psi) lateral seismic soil pressures that
envelop the 25 psi (3.6 kilo pound-force [kips] per square foot) pressure from the filler material.
Since the areas where the below grade tunnels meet the CB are not exposed to below grade
lateral soil pressure, the CB walls are already designed for a lateral pressure higher than what is
exerted by the tunnel seals. Similarly, the staff noted that the below grade RB walls are also
designed for a lateral seismic soil pressure greater than 172.4 kPa (25 psi). For above grade,
the only seismic gap is at the junction of the main steam tunnel. The total load from the filler
material at this joint is conservatively estimated to be no more than 2,670 kilonewtons (kN) (600
kips), assuming 0.30-m (1-ft) wide filler material over a 48.77-m (160-ft) perimeter of the tunnel
(i.e., 160 x 3.6 = 576 kips < 600 kips). This load is transferred to the 1.6-m (5.25-ft) thick slabs
and walls of the main steam tunnel as in-plane loads. On the CB side, the main steam tunnel
walls are part of two of the main shear walls of the CB. On the RB side, the load is transferred
as in-plane loads to slabs and walls that are connected to the RCCV shell. These loads are
considered to have a negligible impact on the RB and CB walls and slabs. The staff agreed
with the above explanation provided by the applicant to address the adequacy of the RB and CB
walls to withstand the additional pressure exerted by the joint filler material. Therefore, the staff
concluded that the applicant has adequately addressed the issues related to sealing the gap
between the RB and the CB to protect against design-basis flooding. The FSAR was
subsequently updated to incorporate the proposed markups in the Revision 3 response to
RAI 03.04.02-6. Therefore, this issue is considered resolved and closed.
2)

Applicable Codes, Standards, and Specifications

In RAI 03.08.01-6, the staff asked the applicant to clearly state in the FSAR the codes and
standards used to design the watertight doors. The applicant’s Revision 1 response to RAI
03.08.01-6 (ML101830420) referred to the response to RAI 03.04.02-6, which included the
markup of FSAR Subsection 3.4.3.1 stating that the watertight doors, frames, and all
components are designed to the requirements of ANSI/AISC N690 and SRP Section 3.8.4; that
the fabrication of the doors meets the requirements of ANSI/AISC N690; and that welding meets
the requirements of nondestructive testing, personnel qualifications, and acceptance criteria in
American Welding Society (AWS) D1.1, “Structural Welding Code – Steel.” The response did
not include any information about which version of ANSI/AISC N690 the applicant would use for
the design of the watertight doors. In RAI 03.08.01-9, the staff asked the applicant to confirm
that the version of ANSI/AISC N690 used in design is the same as the referenced version in
SRP Section 3.8.4 (i.e., AISC N690-1994) or justify using any other version of the code. In its
Revision 2 response to RAI 03.08.01-9 (ML110730067), the applicant stated that the applicable
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version of ANSI/AISC N690 for the site-specific DGFOSV is 1994 with Supplement 2, in
accordance with SRP Section 3.8.4, Revision 2 (the revision applicable to site-specific
structures). The applicant also stated that COL application Table 1.8-21a will be revised to
include this revision of the code for site-specific applications, as shown in the Supplement 1
response to RAI 03.08.04-33, dated July 27, 2011 (ML11213A094). The applicant noted that for
the RB and CB, the applicable version of ANSI/AISC N690 is 1984 as listed in DCD Table 1.821; and these versions will be used in the design of the doors when applicable. The staff found
that the response adequately addressed the issue by specifying the versions of the code that
apply to each Category I structure. Using the version of the code that is specified in the DCD
for the RB and CB is considered acceptable, because these structures are included in the DCD.
The applicant also appropriately used the version of the code referenced in SRP Section 3.8.4
for the DGFOSV, which is a site-specific structure. The applicant subsequently incorporated the
revision into Tables 1.8-21 and 1.8-21a in the FSAR to reflect the use of the code versions
stated above. Therefore, the issue is considered resolved.
3)

Loads and Loading Combinations

In RAI 03.08.01-6, the staff asked the applicant to clearly state in the FSAR the loads and load
combinations used for the design of the watertight doors. The applicant’s Revision 1 response
to RAI 03.08.01-6 referred to the response to RAI 03.04.02-6, which includes the markup of
FSAR Subsection 3.4.3.1 that describes the loads and load combinations to be used in the
design. However, the response did not completely address the various issues pertaining to
loads and load combinations. In RAI 03.08.01-9, the staff asked the applicant to: (1) describe
how the flood loads and the loading combination were determined, including the load factors
used in loading combinations involving the flood load because ANSI/AISC N690 and ACI 349 do
not specifically address flood loads; (2) include in Subsection 3H.6.4.3.3.4, “Extreme
Environmental Flood (FL),” a description of the various components of flood loading (e.g.,
hydrostatic load, hydrodynamic load, impact load from debris transported by floodwater, etc.)
and the corresponding design values that were used; and (3) explain why only hydrostatic or
differential pressure load ‘P’ needs to be considered for the design of the watertight doors and
not the other components of a flood (e.g., hydrodynamic load and the load from debris
transported by the flood. In its Revision 2 response to RAI 03.08.01-9 (ML110730067), dated
March 7, 2011, the applicant stated that the controlling flood event at STP, Units 3 and 4, results
from the main cooling reservoir dike break and, as such, is considered an extreme
environmental load. The applicant also stated that according to Commentary R9.2.7 of ACI
349-97, other extreme environmental loads can be replaced for tornado loadings in the load
combinations, which was incorporated to design the doors and barriers. Regarding the flood
load components, the applicant included the hydrostatic load from the flood elevation at 12.2 m
(40 ft) MSL; the associated drag effects of 2.11 kPa (44 psf); the impact from the floating debris
per Section 3.4.2 and the hydrodynamic load resulting from the wind-generated wave action per
Figure 3.4-1, “Non-Breaking Wave Force on Vertical Wall,” (Figure 3.4-1 is only used to
calculate the hydrodynamic load from the wind-generated wave action). The applicant also
noted that the weight of the water (above ground) due to the flood loads is 1.023 grams per
cubic centimeter (g/cc) (63.85 pounds per cubic foot [pcf]) in order to include the effects of
suspended sediments in the water. The applicant subsequently included the above information
in Section 3.4.2, Section 3.4.3, and Subsection 3H.6.4.3.3.4 of the FSAR. The staff reviewed
the response and other referenced documents and determined that the response adequately
addresses the issues pertaining to flood loads and load combinations by following accepted
engineering practices in defining the components of flood loads and loading combinations. The
applicant also included in the FSAR all components of flood loading and appropriate loading
combinations. Therefore, the issue is considered resolved and closed.
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4)

Design and Analysis Procedures

In its response to RAI 03.08.01-6 (ML101830420), dated June 29, 2010, regarding the analysis
and design procedures of watertight doors, the applicant stated that “the design of the doors will
be performed in accordance with SRP Section 3.8.4.” The staff did not consider that merely
referencing SRP Section 3.8.4 provides sufficient information about the analysis and design
procedure used by the applicant. Therefore, in RAI 03.08.01-9, the staff asked the applicant to
describe the analysis and design procedures, including how seismic loads are determined for
the watertight doors. The applicant’s Revision 2 response to RAI 03.08.01-9 (ML110730067),
stated that the watertight doors will be designed by vendors in accordance with specific
requirements given in the procurement specification, and that the procurement specification will
include that the detailed analysis and design should comply with the guidance in the applicable
revision of SRP Section 3.8.4 and ANSI/AISC N690. The response also stated that the seismic
loads will be determined using the applicable response spectra, and that the method of analysis
for evaluating seismic and other reactor building vibratory loadings, if applicable, will be the
static equivalent method as described in DCD Subsection 3.7.3.8.1.5. The staff reviewed the
response and determined that the analysis and design procedures described by the applicant
meet the guidance in SRP Section 3.8.4 and are accepted engineering practices. The
information included in the FSAR is also considered adequate for the design of these doors.
Therefore, the issue is considered resolved and closed.
5)

Structural Acceptance Criteria

FSAR Subsection 3.4.3.1 includes the structural acceptance criteria for each load combination.
The acceptance criteria are considered adequate because they meet the requirements of
ANSI/AISC N690 referenced in SRP Section 3.8.4.
6)

Materials Quality Control, Special Construction Techniques, and Quality
Assurance

In its Revision 1 response to RAI 03.08.01-6, the applicant referred to the proposed revision to
FSAR Subsection 3.4.3.1 submitted in the response to RAI 03.04.02-6. In its Revision 3
response to RAI 03.04.02-6, the applicant provided a FSAR markup stating that the structural
steel used for the watertight doors conforms to either ASTM A36, or ASTM A992, or ASTM
A500 Grade B. The faceplate conforms to ASTM A606, Type 4; and the rubber gasket
conforms to ASTM D1056 Type 2, Class D. The steel materials proposed for the watertight
doors conform to specification ANSI/AISC N690-1994 Supplements 1 and 2; and ASTM D1056
Type 2, Class D is a commonly used gasket material for extreme temperature resistance and is
considered appropriate. The FSAR was subsequently updated to reflect the proposed changes
and these issues are considered resolved and closed.
7)

Testing and In-service Surveillance Programs

In RAI 03.08.01-6, the staff asked the applicant to clearly state in the FSAR the testing and inservice surveillance programs for the watertight doors. In its response to RAI 03.08.01-6
(ML100191524), dated January 14, 2010, the applicant stated that the water retaining capability
of the doors shall be demonstrated by qualification tests for the water head levels before
shipment of the doors. In its response, the applicant also provided the FSAR markup that
includes a description of the tests and allowable leakage through the door seals. The staff
needed several clarifications regarding the response, which is described below.
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In its response to RAI 03.08.01-6, the applicant stated that watertight doors will allow a slight
seepage that satisfies a Type 2 closure per U.S. Army Corps of Engineers EP 1165-2-314,
“Flood Proofing Regulations” (1992). Because it was not clear whether the proposed leakage
associated with a Type 2 closure was in line with internal flooding considerations, in
RAI 03.08.01-9, the staff asked the applicant to justify why the applicant considered the leakage
of 1.24 liters per meter (1/10 gallon per linear foot) of gasket per hour to meet the criterion for a
Type 2 closure and to provide the basis for the assumption that such leakage will not
compromise the functionality of any safety-related commodity or any other design-basis
parameters. In its Revision 2 response to RAI 03.08.01-9, the applicant stated that there are
less than 304.8 m (1,000 ft) of gasket material for all of the watertight doors used for protection
against external flooding; that a leakage rate of 1.24 liters per meter (1/10 gallon per linear foot)
of gasket per hour equates to 0.0063 cubic meters per minute (m3/min) (100 gallons/hour),
which is far less than the 1.34 m3/min (354 gpm) accepted for internal flooding in the RB at Floor
400 (1F) described in DCD Subsection 3.4.1.1.2.1.4 and the 12.0 m3/min (3,170 gpm) accepted
for internal flooding in the CB per DCD Subsection 3.4.1.1.2.2 due to internal pipe leakage. The
response also stated that the safety-related equipment potentially subjected to external flooding
is protected by curbs and raised equipment pads, similar to the safety-related equipment
potentially subjected to internal flooding. The staff found that the applicant has adequately
addressed the issue by demonstrating that the proposed seal leakage is enveloped by the
design limits established for internal flooding. Therefore, this issue is resolved and closed.
In its Revision 1 response to RAI 03.08.01-6, the applicant referred to the proposed revision to
FSAR Subsection 3.4.3.1 submitted in the response to RAI 03.04.02-6, which stated that the
watertight doors are seated such that the force of the water helps to maintain the watertight
seal. The response also stated that the water-retaining capability of the doors shall be
demonstrated by qualification tests for the water head levels. The response included a list of
testing parameters such as the gasket material and cross-section, its retainers, and the anvil
configuration identical to that of the full-size doors to ensure leak-tightness. Because the
applicant’s test description considered only maximum hydrostatic pressures, in RAI 03.08.01-9,
the staff asked the applicant to justify that testing these doors against the maximum water
pressure only is adequate and will envelop the performance of the seals during lower
hydrostatic pressure. In its Revision 2 response to RAI 03.08.01-9 (ML110730067), dated
March 7, 2011, the applicant stated that during the test, the hydrostatic head will be raised at a
rate of not more than 0.305 m/min (1 ft/min) to a level 25 percent higher than the flood level, and
any leaks that occur during this time will be detected. If the leakage rate begins to diminish as
the hydrostatic head increases, the assembly will be tested at a lower hydrostatic head. The
response also stated that this requirement was added to the COL FSAR markup in the Revision
3 response to RAI 03.04.02-6 (ML110730067). The staff found that the applicant’s response
has adequately addressed the issue of testing the watertight doors, because the proposed test
procedure and parameters simulate the conditions these doors may be subject to during
flooding. No special in-service inspection other than what would be needed to meet the
requirements of the Maintenance Rule is considered necessary, because these doors will be
normally closed. The proposed FSAR markups were included in a subsequent revision of the
FSAR, and the issue is therefore resolved and closed.
As described above, the applicant’s response has adequately addressed the staff’s requests for
additional information and clarification in RAI 03.08.01-3 and follow-up RAI 03.08.01-6 and
RAI 03.08.01-9. Therefore, these RAIs are resolved and closed.
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A.2.

Evaluation of Standard Plant Structures for Site-Specific Flood Loads

FSAR Appendix 3H, Section 3H.1.6, “Site Specific Structural Evaluation,” addresses the effect
of an increased maximum flood level for STP, Units 3 and 4, on the design of the RB. However,
the FSAR text included only a statement that the load due to the revised flood level on the RB is
less than the ABWR Standard Plant RB seismic load. The staff considered the evaluation from
the applicant to be very qualitative, and it did not adequately address all of the issues
associated with the increased flood level. Therefore, in RAI 03.08.01-4 and subsequently in RAI
03.08.01-7 and RAI 03.08.01-10, the staff asked the applicant to provide a quantitative
evaluation of the RB that considered all of the effects resulting from the increased flood level.
These effects include, but are not limited to, wave effects, loadings due to flow and drag, and
overall stability of the structure considering floatation. The above RAIs also asked the applicant
to address the same issues for the CB. The resolution of the various issues pertaining to the
evaluation of standard plant structures for site-specific flood loads are described below.
1)

Loads and Loading Combinations

Load Combination: In response to the staff’s question regarding the basis for the loading
combination used for flood loading, with references to applicable industry codes and standards,
in its Revision 1 response to RAI 03.08.01-10 (ML103360074), dated November 29, 2010, the
applicant stated that the load combination used for flood loading is based on the provisions in
Section 9.2.7 of ACI 349-97 stating that “If resistance to other extreme environmental loads
such as extreme floods is specified for the plant, then an additional load combination shall be
included with the additional extreme environmental load substituted for Wt in Load
Combination 5 of 9.2.1”. The staff found that the applicant’s response has adequately
addressed the issue by demonstrating compliance with the applicable concrete code.
Therefore, this issue is resolved and closed.
Debris Loading: The staff noted that in its response to RAI 03.08.04-22 (ML100550613), dated
February 10, 2010, the applicant had used a water density of 1.28 g/cc (80 pcf) to account for
the effect of debris in flood water. Since the basis for this assumption was not clear, in RAI
03.08.01-10, the staff asked the applicant to justify, with references to industry standards and
codes, the assumption to use 1.28 g/cc (80 pcf) unit weight of water to account for debris
loading on the exterior walls of the RB and CB. In its Revision 1 response to RAI 03.08.01-10,
the applicant stated that in order to account for the impact of floating debris, the guidance in
Section C5 of the Commentary to ASCE 7-05 was used and accordingly, the impact from a
floating piece of debris weighing 226.8 kg (500 lbs) traveling at a maximum flood water velocity
of 1.44 m/s (4.72 ft/s) was considered. The applicant also stated that the flood water density,
considering the maximum sediment concentration, is 1.023 g/cc (63.85 pcf) per COL FSAR
Subsection 2.4S.4.2.2.4.3 and the density of 1.44 g/cc (80 pcf) noted in the response to RAI
03.08.04-22 is a conservatively assumed value that was revised to 1.023 g/cc (63.85 pcf)
considering the maximum sediment concentration in the Revision 1 response to RAI 03.08.0422 dated September 15, 2010 (ML102630145). The staff found that the applicant has
adequately addressed the issue of debris loading by following the guidance in an accepted
engineering standard such as ASCE 7-05. Therefore, this issue is resolved and closed.
2)

Design and Analysis Procedures

In its Revision 1 response to RAI 03.08.01-4, dated September 15, 2010 (ML102630145),
regarding the quantitative evaluation of the effects of a site-specific flood on the RB and the CB,
the applicant compared out-of-plane shear and moment demands for above grade wall
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elements of the RB and the CB resulting from flood loads with those resulting from seismic
loads. The comparison shows that the demands from the seismic loads are higher. However, it
was not clear from the response how the representative wall elements were selected, and how
the shear and moment demands were determined for both flood and seismic loads. Therefore,
in RAI 03.08.01-7, the staff asked the applicant to provide a detailed description of how the
representative wall elements for the RB and the CB were selected for the evaluation of out-ofplane shears and moments; how the reported shear and moment demands for flood and
seismic loads were determined, including consideration of the impact from floating debris during
the flood. In its Revision 2 response to RAI 03.08.01-7 (ML103360074), dated November 29,
2010, the applicant provided details of the computation of out-of-plane shear and moment
demands on the most critical exterior above ground walls of the RB and CB. The shear and
moment demand from the flood load were calculated considering a hydrostatic pressure of 1.83
m (6 ft) high flood water above grade, a hydrodynamic drag load of 2.11 kPa (44 psf), and a
hydrodynamic force from wind-generated waves 897.4 kg/m (603 lbs/ft). The hydrodynamic
forces are described in FSAR Subsection 2.4S.4.2.2.4.3. The above demands were shown to
be less than the corresponding demands from the tornado wind load without considering the
tornado-generated missile impact. The applicant also stated that the impact from a 226.8-kg
(500-lb) floating debris during a flood is significantly less than the impact from the tornado
missile considered in the design of the RB and the CB. Based on the above details, the
applicant concluded that the design of the above grade exterior walls of the RB and CB for
tornado wind pressures in conjunction with tornado generated missiles bounds the design for
flood loading. The staff found that the applicant’s justification for the design of the above grade
exterior RB and CB walls acceptable because all components of the flood loading were
considered in the evaluation, and the results were shown to be enveloped by the results from
tornado loading. For the below grade walls, the applicant compared the increase in the out-ofplane loads on the RB and CB walls from a flood level of 1.83 m (6 ft) above grade with the
seismic lateral soil pressures on the corresponding walls. Since the maximum ground water
level is 0.61 m (2 ft) below grade, a flood elevation of 1.83 m (6 ft) above grade would cause an
increase in hydrostatic pressure on the below ground walls corresponding to a 2.44-m (8-ft)
height of water. In its Revision 2 response to RAI 03.08.01-7, the applicant calculated the
increase in wall pressure based on a 7-ft height of water. In its April 11, 2011, Supplement 1
response to RAI 03.08.01-7 (ML111050565), dated April 11, 2011, the applicant revised the
below ground wall calculation to consider a water level of 2.44 m (8ft) (instead of 2.13 m [7 ft])
above ground water level and stated that the resulting hydrostatic pressure on the walls is still
under the lateral seismic soil pressure used in the design and concluded the DCD design is
adequate for the site-specific flooding event. The staff found the applicant’s evaluation
acceptable, since the below grade walls may be considered to be subjected to only the
additional lateral hydrostatic pressure from flooding and the increases in the wall pressures are
less than the seismic lateral soil pressures considered in the design of these walls in the ABWR
DCD. Therefore, this issue is resolved and closed.
3)

Stability Evaluation

In RAI 03.08.01-4, the staff asked the applicant to address the effect of the increased flood level
on the overall stability of the RB and the CB. RAI 03.08.01-7 specifically asked the applicant to
explain why the safety factors for stability reported in Table 3H.1-23 (RB) and Table 3H.2-5 (CB)
of the ABWR DCD are not considered affected by the increased flood load. Also, the staff
asked the applicant to provide a quantitative evaluation of sliding and overturning stability from
flooding that considers the hydrodynamic loads and the buoyancy effects on the structures and
to update the FSAR accordingly. In its Revision 2 response to RAI 03.08.01-7, dated
November 29, 2010 (ML103360074), the applicant stated that the SRP Section 3.8.5 criteria for
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a stability evaluation are included in load combinations “A” through “E” of SRP Acceptance
Criterion 3, and they do not include any flood loads except for the buoyant force of the designbasis flood. The applicant provided a qualitative evaluation in the response stating that since
the flood level is only 1.83 m (6 ft) above grade, the unbalanced forces due to the design-basis
flood will be negligible compared to the unbalanced loads due to the seismic SSE. In this
response, the applicant also calculated the new flotation safety factors considering the designbasis flood level of 12.2 m (40 ft) MSL for the RB and the CB to be 2.24 and 1.3, respectively,
The applicant also provided a markup of FSAR Sections 3H.1.6 and 3H.2.6 and ABWR DCD
Tables 3H.1-23 and 3H.2-5. The staff agreed with the applicant’s position that SRP
Section 3.8.5 does not specifically address a stability evaluation that considers a flooding
scenario similar to the design-basis flood at the STP site, except for considering buoyancy
effects from a steady-state flooding condition. However, the staff maintained that such
evaluation must be carried out to demonstrate that the structure is available to perform its
intended function during the design-basis flood. The staff also agreed with the applicant’s
evaluation that the unbalanced forces from 1.83-m (6-ft) high flowing flood water would be
significantly less than the unbalanced forces from the SSE. The applicant also revised the
floatation factors of safety for the RB and the CB considering site-specific flood loads, and the
revised factors of safety are larger than the minimum value of 1.1 per SRP Section 3.8.5. The
applicant has subsequently revised the FSAR to incorporate the changes in with the response.
Based on the above details, the staff concluded that the applicant has adequately addressed
the issue of stability of standard plant structures for site-specific flooding. Therefore, this issue
is resolved and closed.
As described above, applicant’s responses adequately addressed all issues pertaining to the
evaluation of standard plant structures for a site-specific flood. Therefore, RAI 03.08.01-4 and
follow-up RAI 03.08.01-7 as well as RAI 03.08.01-10, are resolved and closed. The resolution
of issues associated with the design-basis flood level in Departure STP DEP 5.0-1 related to
this section is acceptable.
B.

Site-Specific Maximum Rainfall and Snow Loads

Per COL FSAR Subsection 2.3S.1.3.4, the extreme liquid water precipitation [probable
maximum winter precipitation (PMWP)] event at the STP site was determined to be 86.36 cm
(34.0 in.). In its response to RAI 02.03.01-6 (ML081560317), dated May 29, 2008, the applicant
stated in part that the roofs of those ABWR standard plant safety-related buildings designed
with parapets are furnished with scuppers to supplement the roof drains, so that excessive
ponding of water cannot occur. However, the applicant did not provide details of the design of
the roof scuppers and drains demonstrating that an antecedent ice storm or an antecedent
snow pack from the normal winter precipitation event will not clog both the roof scuppers and
drains and therefore, they will prevent no more than 2.394 kPa (50 lbf/ft2) of water accumulation
on the roof. In RAI 03.08.04-14, the staff asked the applicant to provide details of the design of
the roof scuppers and drains to demonstrate that an antecedent ice storm or an antecedent
snow pack from the normal winter precipitation event will not clog both the roof scuppers and
drains. In its response to RAI 03.08.04-14 (ML062610374), dated September 16, 2009, the
applicant stated that the roofs of these buildings, which are required to resist tornado-generated
missiles, are reinforced concrete slabs with a minimum thickness of 35.56 cm (14 in.). The
maximum height of the parapet on top of the ABWR standard plant safety-related buildings is
less than 22.86 cm (9 in.). Therefore, the maximum accumulated water height on top of these
roofs cannot exceed 22.86 cm (9 in.). The response also stated that the deflection of these
roofs from the load corresponding to 22.86 cm (9 in.) of water (i.e. 2.25 kPa [47 lb/ft2]) would be
insignificant, and thus ponding is not a concern. Based on the above details, the applicant
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concluded that even if the roof scuppers and roof drains clog, the roof loading could not exceed
2.394 kPa (50 lb/ft2), which is the design live load for roofs. Since neither the DCD nor the
FSAR included any information about the height of parapets on standard plant structures, in RAI
03.08.04-24, the staff asked the applicant to include this information in the FSAR and to also
explain why any potential incidental live load need not be considered concurrent with an
extreme winter precipitation event. In its response to RAI 03.08.04-24 (ML100480204), dated
February 4, 2010, the applicant stated that per Subsections 3.8.4.3.1.1 and 3.8.4.3.2 of DCD
Tier 2, snow load and roof live load are considered non-concurrent loads. Therefore, for the
ABWR standard plant seismic Category I structures, there was no need to combine any roof live
load with the extreme winter precipitation load. The applicant also revised COL FSAR Table
2.0-2, which was submitted in the response to RAI 03.08.04-21 (ML100480204), to limit the
parapet height of the ABWR standard plant structures to 22.86 cm (9 in.). The staff found that
the applicant’s response adequately addresses the issue, because limiting the maximum height
of the parapet of the ABWR standard plant structures to 22.86 cm (9 in.) would limit the
maximum height water accumulation on roofs to no more than 22.86 cm (9 in.), even when both
the roof scuppers and drains are clogged due to an antecedent ice storm or an antecedent
snow pack from normal winter precipitation. The applicant subsequently updated the FSAR to
include the revised Table 2.0-2 provided with the response to RAI 03.08.04-21. Therefore, this
issue is resolved and closed.
As discussed above, the applicant’s response adequately addresses the effect of site-specific
precipitation on the roof design of standard plant structures, including consideration of an
antecedent ice storm or an antecedent snow pack from normal winter precipitation. Therefore,
RAI 03.08.04-14 and follow-up RAI 03.08.04-24 are resolved and closed. The resolution of
issues associated with the maximum design precipitation in Departure STP DEP 5.0-1 is
acceptable.
C.

Change in Shear Wave Velocity

Under Departure STP DEP T1 5.0-1, SER Subsection 3.7.1.4 provides a complete description
and evaluation of shear wave velocity and its impact on the seismic design of the standard plant
structures. The particular effect on the lateral soil pressures is discussed below.
Lateral Soil Pressure on Standard Plant Structures
The embedded portions of the standard plant structures are subjected to lateral static and
seismic earth pressures. These earth pressures depend on factors such as local soil
parameters (density, Poisson’s ratio, and shear wave velocity); local soil conditions and
seismicity; embedment depth; surcharges; effect of nearby structures; groundwater elevation;
and flood elevation. The lateral earth pressures act as out-of-plane forces on the embedded
portion of the RB and CB walls and, therefore, must be enveloped by the design loads used in
the ABWR DCD. In RAI 03.08.04-1 the staff asked the applicant to describe how the lateral soil
pressures were calculated for STP, Units 3 and 4, and how the calculated lateral pressures
compare with those used in the ABWR standard plant design. In its response to RAI 03.08.04-1
(ML092610377), dated, September 15, 2009, the applicant provided a markup of a revision to
COL FSAR Section 3H.2.6, “Site Specific Structural Evaluation,” and stated that:
•

The at-rest seismic lateral earth pressures on the CB exterior walls are determined using
the method described in Subsection 2.5S.4.10.5.2. In this method, the at-rest seismic
lateral earth pressure computation will utilize the site-specific shear wave velocity. The
impact of site-specific shear wave velocity on the design of the exterior walls is expected
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to be insignificant, because their designs are controlled by the combination of
requirements for in-plane and out-of-plane loads.
•

The at-rest seismic lateral earth pressure only affects the out-of-plane loads. The at-rest
pressure includes the effect of the hydrostatic load and the surcharge load, in addition to
the dynamic pressure caused by the earthquake.

•

As noted in Subsection 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.

•

The applicant commits (COM 2.5S-3) to include the final earth pressure calculations
including actual surcharge loads, structural fill properties, and the final configuration of
structures following the completion of the project’s detailed design in an update to the
FSAR, in accordance with 10 CFR 50.71(e).

The meaning of the term “at-rest seismic lateral soil pressure” as used in the response was not
clear to the staff because the term “at-rest” is normally used in connection with static lateral
earth pressure. It was also not clear to the staff how the applicant determined the adequacy of
the standard plant structures for the STP site without determining the site-specific lateral soil
pressures on these structures. Therefore, in RAI 03.08.04-17, the staff asked the applicant to
explain the meaning of at-rest seismic lateral pressure; to provide the lateral soil pressures for
the RB and CB; and to compare the calculated pressures with those used in the ABWR
standard plant design. The staff also asked the applicant to confirm whether the effects of the
adjacent structures were considered when computing the lateral soil pressures and if not, to
justify not doing so. In its response to RAI 03.08.04-17 (ML100550613), dated February 10,
2010, the applicant explained that the term “at-rest seismic lateral earth pressure” is used to
mean dynamic soil pressure for an at-rest condition (i.e., when the structure is neither moving
away nor moving toward the soil). In its RAI response, the applicant also compared the sitespecific lateral pressures acting on the walls of the RB and CB, with the corresponding values
from the ABWR DCD, whereby the site specific lateral soil pressures are determined in
accordance with COL FSAR Subsection 2.5S.4.10.5 considering the site specific SSE, and
assuming the same DCD surcharge loads that include an additional surcharge from adjacent
structures. The comparison shows that the total static earth pressure (H) and the design soil
pressure, including SSE increment (H’) for the DCD design, envelope the corresponding STP,
Units 3 and 4, design values. However, this comparison did not include the structure-tostructure interaction effects. The subject was discussed with the applicant during an audit in
February 2011. In its Supplement 1 response to RAI 03.08.04-17 (ML110730067), dated March
7, 2011, the applicant referred to a markup included with the Revision 1 response to RAI
03.07.01-26 (ML110730067), which provided dynamic lateral soil pressure diagrams that
include the SSSI (structure-soil-structure interaction) effects between the RB north wall, the CB
south wall, and the TB. The diagrams compare the site-specific pressures with the DCD
seismic design pressures. The comparison shows that the DCD design is conservative and
envelopes the site specific conditions for the RB (Figure 3A-301, “Comparison of DCD SSE and
Site-Specific SSE Seismic Soil Pressures for Reactor Building North Wall”) and the CB (Figure
3A-302, “Comparison of DCD SSE and Site-Specific SSE Seismic Soil Pressures for Control
Building South Wall”), except for a small portion of the CB south wall between 7.93 m and 9.14
m (26 ft and 30 ft), which is not considered significant. In its Supplement 1 response to RAI
03.08.04-30 (ML110770440), dated March 15, 2011, the applicant provided a markup for
Section 3H.1, which includes several lateral seismic soil pressure diagrams showing the SSSI
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effect of nearby buildings (i.e., RSW piping tunnels, RWB, UHS, DGFOSV, DGFOT, and the
Crane wall) on the RB walls (Figures 3H.1-1 through 3H.1-6). During an audit held in February
2012, the applicant was asked to include in FSAR Section 3H.1.6 a discussion of the results
presented in these figures and an explanation of the exceedances in the site-specific lateral
seismic soil pressure in Figure 3H.1-2. In its Supplement 5 response to RAI 03.07.02-13
(ML12103A369), dated April 10, 2012, the applicant described FSAR Figures 3H.1-1 through
3H.1-6, and evaluated the small exceedance in Figure 3H.1-2, demonstrating that they will not
change the wall designs performed under DCD criteria. The staff noted that the procedures,
data, and comparisons described in the applicant’s responses adequately address the issues
raised regarding the lateral pressures on the RB and CB, and the induced out-of-plane shear
and moment due to the localized exceedance on the RB west wall and the CB south wall are
enveloped by the corresponding shear and moment due to DCD soil pressures. The staff also
noted that the RB and CB walls are designed for the envelope of DCD seismic lateral pressures
(a) with SSSI effects according to the values in DCD Table 3A-18 (“Effect of Adjacent Buildings
Enveloping Seismic Soil Pressures”); and (b) without SSSI effects according to DCD Figure
3H.1-11 (“Design Lateral Soil Pressures for RB Outer Walls”) and DCD Figure 3H.1-14 (“Design
Lateral Soil Pressures for CB Outer Walls”) representing the design values without the SSSI
effects. Therefore, the staff concluded that the applicant has adequately addressed the effect of
site-specific shear wave velocity on the RB and CB wall designs, and the issue is resolved. The
staff reviewed the proposed markup of FSAR Sections 3H.1.6 and 3H.2.6 provided with the
response and determined that all of the information pertaining to this issue has been adequately
included in the FSAR markup. Therefore, RAI 03.08.04-1 and RAI 03.08.04-17 (the portions
related to the RB and CB) are resolved and closed. The applicant incorporated the markups
into the FSAR Revision 6.
Based on the discussion in Subparts A through C of this subsection, the resolution of issues
associated with Tier 1 Departure STP DEP 5.0-1 related to this section is acceptable.
Tier 2* Departure Requiring Prior NRC Approval
•

STD DEP 1.8-1

Tier 2* Codes, Standards, and Regulatory Guide
Edition Changes

This departure identifies Tier 2* codes, standards, and regulations that are being updated to
more current revisions or editions. The changes are in COL FSAR Table 1.8-20, “NRC
Regulatory Guides Applicable to ABWR,” and Table1.8-21, “Industrial Codes and Standards
Applicable to ABWR.” As code versions referenced in the STP FSAR differ from the codes
used in the ABWR DCD or recommended in SRP Section 3.8.4 and RG 1.206, in
RAIs 03.08.01-1, 03.08.04-33, and 03.08.04-36, the staff asked the applicant to provide a
detailed comparison of the differences between the code editions and to justify any differences
in order for the staff to evaluate the impact of using the newer codes. The staff also asked the
applicant to evaluate any potential adverse impact from the provisions of the newer codes that
are more restrictive or that result in a more robust design on the ABWR DCD structural design
information. As a result of this departure, the following codes and standards were updated to
newer revisions and/or editions:
(A) RG 1.136 to Revision 3, in place of Revision 2. RG 1.136, Revision 3 is the current version
that endorses the 2001 Edition of the ASME Code with the 2003 Addenda with certain
exceptions. Therefore, the effect of this change is addressed along with a review of the newer
version of the ASME Code below.
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(B) RG1.142 to Revision 2, in place of Revision 1. RG 1.142, Revision 2 is the current version
that refers to ACI 349-97 as generally acceptable with exceptions and regulatory positions.
Therefore, the effect of this change is addressed below along with a review of using ACI 349-97.
(C) 2006 International Building Code in place of the 1991 Uniform Building Code. In
RAI 03.08.01-1, the staff asked the applicant to provide a detailed comparison of the differences
between these two codes as they apply to the ABWR standard design, and to justify any
differences in order for the staff to evaluate the use of the 2006 IBC. In its response dated
September 15, 2009, and the Supplement 1 response dated October 28, 2009, to
RAI 03.08.01-1 (ML092610377 and ML093070285, respectively), the applicant stated that a
detailed comparison of the two codes determined that the requirements of the 2006 IBC taken
as a whole provides a margin of safety that is substantially similar to and in many cases greater
than that provided by the earlier 1991 UBC. During the October 2010, audit (ML110110104),
the staff reviewed the validation package responding to RAI 03.08.01-1, “Use of newer codes,”
that presented a detailed comparison between the current 2006 IBC code and the 1991 UBC
code. The package included reproduced text passages from the versions of the two codes, a
comparison of each specific topic, and conclusions for application to STP, Units 3 and 4. The
staff reviewed the detailed code comparison for all applicable loadings and load combinations
included in the package. The staff’s review concluded that the comparison demonstrated that
the provisions of the 2006 IBC for various loadings and load combinations are either equivalent
to or more thorough and comprehensive than the corresponding 1991 UBC provisions. For
non-category I buildings required to withstand the SSE, the seismic input is based on the SSE
ground acceleration instead of the provisions of the 2006 IBC, which the staff found acceptable.
Therefore, the issue is resolved.
(D) ACI 349–1997 Edition in place of the ACI 349–1980 Edition building code for concrete
structures. In the ABWR design certification (NUREG–1503, page 3·53), the staff evaluated the
use of the 1980 Edition of ACI 349. In RAI 03.08.04-33, the staff asked the applicant to provide
a detailed comparison of the differences between these two editions of the code as they apply
to the ABWR standard design, and to justify any differences in order for the staff to evaluate the
acceptability of the 1997 Edition of ACI 349. In its response to this RAI dated September 15,
2010 (ML102630145), the applicant stated that:
(a)

The use of ACI 349–97 in lieu of ACI 349–80 is consistent with RG 1.142,
Revision 2, which endorses AC1 349–97 with some additional or alternate
requirements stated in the regulatory positions that STP, Units 3 and 4, is
committed to follow.

(b)

A detailed review was performed of the differences between ACI 349–80 and
ACI 349-97, as they apply to the design and analysis of the safety-related ABWR
standard design.

(c)

Generally, revisions: (a) provide expanded explanations of the code
requirements to eliminate possible misinterpretations or to identify specific
instances where the code section applies or does not apply, (b) incorporate
provisions based on more current research or experience, or (c) expand
provisions to address new types or methods of construction that were not clearly
allowed or disallowed in earlier revisions.

(d)

The most significant changes—although not all of them—are applicable to the
ABWR standard design and are found in the following chapters:
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•

Chapter 9, “Strength and Serviceability Requirements,” of ACI 349–97
contains changes in Section 9.5 pertaining to the calculation of long-term
deflections. These changes simplify calculations of deflection
magnification factors and allow for the determination of the deflection at
different time periods. Because the design is not expected to be
governed by deflection controls, these changes will not affect the ABWR
standard design.

•

Chapter 10, “Flexure and Axial Loads,” of ACI 349 includes changes in
Section 10.6 that are based on more recent experience. These changes
are therefore improvements to replace provisions that were determined to
be inadequate. Changes in the other sections address more recent
construction practices and experience and will result in no change in or
more conservative design margins.

•

Chapter 11, “Shear and Torsion,” includes a large number of changes
that are mostly additional provisions or are based on more recent
research results and experience. None of these changes will reduce the
design margins for the ABWR standard design.

•

Chapter 12, “Development and Splices of Reinforcement,” includes a
large number of changes. Most of the changes are to provisions that
address epoxy coated rebar (the ABWR does not use epoxy coated
rebar) and are also revised provisions for reinforcement development
length. These changes are based on more recent extensive research
results and experience and generally increase the lengths for
development.

•

Chapter 21, “Special Provisions for Seismic Design,” was added to
ACI 349–97. This chapter provides requirements for analyzing and
designing seismic loading. They are intended to improve the toughness
of the structure and to assure that the integrity of the structure is retained
even under inelastic deformations due to earthquake events. These
provisions are based on more current research and experience and
represent the state of the art at the time of the code revision. They will
therefore result in more robust structures.

•

Appendix B, “Steel Embedments,” includes changes based on later
research that are discussed below.

The staff’s review noted that the applicant has provided a summary of the differences between
ACI 349–80 and ACI 349–97 that highlights the changes in the provisions. In some cases, the
newer code provides more conservative designs. In other cases, the newer code may give
slightly smaller size rebars by increasing the shear strength (i.e., in Subsection. 11.7.4.2) but
does not change the intended design margin. As an example, new special provisions for
brackets and corbels (paragraphs 11.9.1, 11.9.3.2.1, and 11.9.4) result in corbel designs that
are at least as safe or more conservative. In a few cases, the provisions in the newer code do
not apply to ABWR designs (e.g., pre-stressed slabs). Changes in the requirements for two way
slab systems will not have any impact, because the finite element computer analysis will be
used for the major structural elements of the ABWR design. The staff examined the applicant’s
detailed comparisons of the two versions of the code during the audit in October 2010. The
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staff found the applicant’s comparative analysis to be complete and accurate, but it lacked
information on how the more restrictive provisions will affect the DCD design. The staff
addressed this issue in RAI 03.08.04-36, which is discussed later in this section. RG 1.142,
Revision 2 endorses ACI 349–97. The staff reviewed the comparison of the two versions of the
code and found the use of the proposed edition acceptable. However, RG 1.142, Revision 2,
does not endorse Appendix B, “Anchorage to Concrete,” of ACI 349–97. Therefore, it is not
clear from the applicant’s response which provisions were used for steel embedments for both
the standard plant structures and the site-specific structures. In its Supplement 1 response to
RAI 03.08.04-33 (ML11213A094), dated July 27, 2011, the applicant clarified this issue by
stating that COL FSAR Table 1.9S-1 already commits to RG 1.199, “Anchoring Components
and Structural Supports in Concrete,” for the design of site-specific SSCs. The applicant also
committed to use RG 1.199 for the design of standard plant SSCs and provides a markup for
FSAR Section 1.8, Table 1.8-20 and COL application Part 7, Departure STD DEP 1.8-1 to
include references to RG 1.199. The applicant also deleted DCD Table 3.8-10, “Staff Position
on Steel Embedments,” so it will not be incorporated into the FSAR. The staff’s review noted
that RG 1.199 is endorsed by SRP Section 3.8.4, SRP Acceptance Criterion 4 (A) as applicable
to the anchor types discussed in Appendix B of ACI 349–01. Also, the commitment to use
RG 1.199 for anchoring components and structural supports in concrete overrides the
provisions in DCD Table 3.8-10, which were intended to supplement an older version of
ACI 349. For these reasons, the staff found the applicant’s response acceptable and adequate.
In addition, the FSAR was subsequently revised to incorporate the proposed changes.
Therefore, this issue is resolved and closed.
(E) ANSI/AISC N690–1994 Edition in place of the N690–1984 Edition building code for steel
structures. FSAR Subsection 3H.6.4.1 references ANSI/AISC N690 specifications for the
design, fabrication, and erection of site-specific seismic Category I steel structures. This
subsection does not specify which version of the specifications the applicant is using for
structures. ABWR DCD Table 1.8-21, which the applicant incorporates by reference, specifies
the 1984 edition of the standard; but it is not clear if the applicant is also using this same version
of the standard for site-specific structures. According to the guidance in RG 1.206, Regulatory
Position C.I.1.9.2, the applicant should use the current SRP for structures outside of the scope
of the ABWR DCD or provide a justification for not doing so. SRP Section 3.8.4, SRP
Acceptance Criterion 5 refers to ANSI/AISC N690–1994—including Supplement 2 (Edition
2004)—as accepted by the staff for the design, fabrication, and erection of safety-related steel
structures. RAI 03.08.04-33 asked the applicant to provide a detailed comparison of the
differences between the 1984 edition and the 1994 edition of the specifications as they apply to
the site-specific seismic Category I structures at the STP site, and to justify any differences in
order for the staff to evaluate the acceptability of the 1984 edition of the specifications. In the
response to RAI 3.08.04-33 (ML102630145), the applicant agrees to comply with the guidance
in RG 1.206, Regulatory Position C.I.1.9.2 and to use SRP Section 3.8.4, Revision 2, for
structures outside the scope of the ABWR DCD, which accepts ANSI/AISC N690–1994 with
Supplement 2 (2004). The response also includes a markup for COL FSAR Table 1.8-21a,
“Codes and Standards for Site-Specific Systems,” and adds ANSI/AISC N690–1994 to the table
as one of the codes to be used for site-specific structures. The staff’s evaluation noted that the
proposed edition of ANSI/AISC N690 is applicable to site-specific SSCs only and as such, it
does not affect the design of any standard structures. Since the proposed edition of the steel
code meets the guidance in SRP Section 3.8.4, Revision 2, which is the current version of the
SRP for structures outside the scope of the ABWR DCD, the staff found the use of the proposed
edition acceptable. The FSAR was subsequently updated to incorporate the proposed changes
to COL FSAR Table 1.8-21a. Therefore, this issue is resolved.
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(F) ASME Code: 2001 Edition with the 2003 Addenda of Section III, Division 2, in place of the
1989 Edition of the same code. The staff observed that Table 1.8-21 in FSAR Section 1.8
references ASME Code Section III, Division 2, Edition 2001 with the 2003 addenda and
identifies certain limitations. The ABWR DCD specifies the use of ASME Code Version 1989.
In NUREG–1503 page 3-49, the NRC accepted the 1989 Edition of the ASME Code, Section III
Division 2. In RAI 03.08.04-33, the staff asked the applicant to provide a detailed comparison of
the differences between these two editions of the code, as they apply to the design and analysis
of safety-related ABWR standard plant structures, and to justify any differences in order for the
staff to evaluate the acceptability of ASME Code Section III, Division 2, Edition 2001 with the
2003 addenda. In its response to RAI 03.08.04-33 (ML102630145), dated September 15, 2010,
the applicant stated that Revision 3 of RG 1.136 endorses ASME Code Section III, Division 2,
2001 Edition with the 2003 Addenda. The applicant also stated that additional requirements in
the DCD regarding the containment design (e.g., Table 3.8-2) will be implemented in the design
and are not affected by this code edition change. Furthermore, the response also notes that the
applicant has performed a detailed review of the differences between the 1989 Edition and the
2001 Edition with the 2003 addenda of ASME Code Section Ill, Division 2, as they apply to the
design and analysis of the safety-related ABWR containment structure. The applicant also
included a list of code enhancements, corrections, or changes to Sections CC-3400, CC-3500,
CC-3700, and CC-3800. The applicant justified why these modifications do not impact the
ABWR designs. In addition, the applicant noted that there no identifiable changes to the load
categories and load combinations in Sections CC-3220 and CC-3230.
During the audit in October 2010 (ML110110104), the staff examined the applicant’s detailed
comparison between the changes in the provisions of these two versions of the ASME Code.
The staff concluded that the applicant has adequately identified the differences between the two
versions of the ASME Code and their impact on the design. The staff noted that the applicant
identified several areas in the newer version of ASME Section III, Division 2, where provisions of
the newer code are either more restrictive or may result in requiring a more robust design. This
uncertainty may potentially result in a design that if an earlier version of the ASME Code is
used, the design would not meet the provisions of the newer version of the Code. Any
departure must be evaluated against other information in the FSAR—including the DCD
sections incorporated by reference—to determine whether the departure is acceptable and
consistent with the rest of the FSAR, and if applicable, to make any appropriate changes.
However, the applicant does not demonstrate how the design information included in the ABWR
DCD that is incorporated by reference is affected by the provisions of the newer code that are
more restrictive or that result in a more robust design. As stated earlier, the staff identified the
same issue with the code comparison of the ACI 349–97. In RAI 03.08.04-36, the staff asked
the applicant to evaluate any such potential adverse impact from the provisions of the newer
codes on the ABWR DCD structural design information. In its response to RAI 03.08.04-36
(ML110980401), dated April 5, 2011, the applicant presented an evaluation table that lists the
potentially affected DCD sections and the impact of code changes on the design results
included in each section. The applicant concluded that there is no adverse effect on any of the
design results documented in the ABWR DCD. The staff’s review noted that the provisions
regarding the loading parameters, load combinations, load and intensity factors, strength
reduction factors, allowable stresses and strains for rebars and concrete, and minimum or
maximum reinforcing limits have either undergone only minor modifications between the code
editions or the changes do not affect the governing design conditions. Consequently, the
provisions do not affect the structural design information in the ABWR DCD. The newer code
significantly changed the determination of the development length of reinforcing bars. However,
that detailed information is not included in the DCD and will be considered in the detailed design
phase when provisions of the newer version of the code are used. Based on the above
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information, the staff concluded that the applicant has adequately addressed the impact of
changes in the versions of the ACI and the ASME Codes on the ABWR DCD design.
In RAI 03.08.04-33, the staff also asked the applicant to explain how the use of the Edition of
the ASME Code that the applicant proposes to use meets the provisions of NCA-1140, “Use of
Code Editions, Addenda and Cases.” In its response to RAI 03.08.04-33 (ML102630145),
dated September 15, 2010, the applicant stated that the proposed change meets the provisions
of Paragraphs NCA-1140 (a) (1) and (a) (2), which reads as follows:
(a) (1) Under the rules of this Section, the Owner or his designee shall establish
the Code Edition and Addenda to be included in the Design Specifications. All
items of a nuclear power plant may be constructed to a single Code Edition and
Addenda, or each item may be constructed to individually specified Code
Editions and Addenda.
(a) (2) In no case shall the Code Edition and Addenda dates established in the
Design Specifications be earlier than:
(a)

3 years prior to the date that the nuclear power plant construction
permit application is docketed; or

(b)

The latest edition and addenda endorsed by the regulatory
authority having jurisdiction at the plant site at the time the
construction permit application is docketed.

The staff’s review noted that in order to meet articles (a) and (b) of NCA-1140, the ASME Code
Edition and Addenda should not be dated older than either three years from the docketing date
of the COL application or the latest edition and addenda endorsed by NRC on the COL
application docketing date. Since the 2001 edition with the 2003 addenda of ASME Code
Section III, Division 2 is the latest endorsed version in RG 1.136, Revision 3, the proposed
version is in compliance with NCA-1140 Article NCA-1140(a)(2)(b) and is thus acceptable.
As discussed above, the applicant has provided an adequate response to all of the staff’s
questions in RAI 03.08.04-33 and RAI 03.08.04-36 pertaining to Tier 2* Departure STD
DEP 1.8-1. In addition, the applicant has incorporated the pertinent changes into the FSAR.
Therefore, RAI 03.08.04-33 and RAI 03.08.04-36 are resolved and closed.
Based on the above, the resolution of issues associated with Tier 2* Departure STD DEP 1.8-1
related to this section is acceptable.
Tier 2 Departures Not Requiring Prior NRC Approval
•

STD DEP 12.3-3

Steam Tunnel Blowout Panels

This departure corrects the description of the steam tunnel blowout panels in DCD Section 3.8.4
and Subsections12.3.1.4.4 and 12.3.2.3. The inconsistency in the DCD involves a description
of blowout panels between the steam tunnel and the RHR pump and heat exchanger room.
Section 3.8.4 of the DCD erroneously describes a high-energy line break postulated in the RHR
compartment, while the ABWR sub-compartment pressurization analysis summarized in
Tables 6.2-3, “Subcompartment Nodal Description,” and 6.2-4a, “Subcompartment Vent Path
Description,” states that there is no high-energy line present in the RHR pump and heat
exchanger room. Thus, there is no need for the blowout panels. This room is a vent path in the
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ABWR sub-compartment pressurization analysis model that Tables 6.2-3 and 6.2-4a identify as
Node SA2. The applicant has removed the incorrect or ambiguous description of any blowout
panels connecting the RHR room with the steam tunnel. Therefore, the staff found the changes
in Section 3.8.4 reasonable, and the departure does not require prior NRC approval. The
assessment of this departure on the changes in Sections 12.3.1, “Facility Design Features,” and
12.3.2, “Shielding,” is documented in Chapter 12 of this SER.
The applicant's evaluation determined that this departure does not require prior NRC approval
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the scope of this
review, the staff found it reasonable that the departure does not require prior NRC approval.
The applicant's process for evaluating departures and other changes to the DCD is subject to
NRC inspections.
•

STP DEP 3.5-2

Hurricane Generated Missile Protection

Departure STP DEP 3.5-2 modifies DCD Tier 2 Subsection 3.5.1.4 to incorporate the guidance
in RG 1.221. Some of the hurricane parameters exceed the tornado-based parameters used in
the design of the standard plants. FSAR Section 3H.11 discusses the effects on the RB and
CB. Subpart 3 in Subsection 3.8.4.4.5 evaluates this departure below.
COL License Information Item
•

COL License Information Item 3.26 Identification of Seismic Category I Structures

In FSAR Subsection 3.8.6.4, the applicant references DCD Table 3.2-1 for a complete list of
seismic Category I SSCs that includes the following site-specific seismic Category I structures
(except for the DGFOT):
•
•
•

UHS/RSW pump house
RSW piping tunnel
DGFOSV

A detailed description of these structures is in FSAR Section 3H.6 for the UHS pump house and
RSW piping tunnel and in Section 3H.6.7 for the DGFOSV. In addition, the applicant provided
details of the DGFOT in FSAR Section 3H.7, “Diesel Generator Fuel Oil Tunnel.”
During a review of these sections, the staff noted several issues affecting all site-specific
structures, in addition to some issues belonging specifically to each structure mentioned above.
The following subsection first discusses topics related to all Category I structures, followed by
topics related specifically to each one of the site-specific structures.
3.8.4.4.2
A.

Evaluation of Seismic Category I Structures

Evaluation of Design Issues Related to All Category I Structures

FSAR Subsection 3H.6.6.1, “Structural Analysis and Design Summary,” states that the applicant
will perform a structural analysis of the UHS/RSW pump house building and the RSW tunnels.
At the time of this review, the applicant had not yet performed these analyses. Consequently,
there were no final design details or results for these structures in the application. In
RAI 03.08.04-13 and follow-up RAI 03.08.04-23, as well as RAI 03.08.04-30, the staff asked the
applicant to include in the FSAR the structural analysis and design information for all sitespecific seismic Category I structures using the guidance in SRP Section 3.8.4, in addition to
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other applicable SRP sections and guidance documents. Several other RAIs included
questions that are also applicable to all seismic Category I structures. The issues pertaining to
all Category I structures are discussed below.
A.1

Soil Spring Values

In RAI 03.08.04-13, the staff asked the applicant to include in the FSAR the structural analysis
and design information for all site-specific seismic Category I structures using the guidance in
SRP Section 3.8.4, in addition to other applicable SRP sections and guidance documents. In its
response to RAI 03.08.04-13 (ML092370556), dated August 20, 2009, the applicant referred to
a markup of FSAR Section 3H.6 that is enclosed in the response to RAI 03.07.01-13
(ML092360772). The staff noted that the level of detail included in FSAR Subsection 3H.6.6.3
regarding the structural design of the various elements of site-specific structures was not
sufficiently descriptive and was not similar to comparable information included in the ABWR
DCD. Therefore, in follow-up RAI 03.08.04-23, the staff requested the applicant to include in
FSAR Subsection 3H.6.6.3 a description of the various steel and concrete elements of the sitespecific structures, including how these elements are designed.
In its response to RAI 03.08.04-23 (ML100550613), dated February 10, 2010, the applicant
referred to additional information in the Supplement 1 and 2 responses to RAI 03.07.01-13
(ML093270047 and ML100050225, respectively), which included the description of the finite
element models used in the design and the design results. The response to RAI 03.08.04-23
also described how the forces in the structure caused by differential settlements resulting from
the flexibility of the basin and the pump house supporting soil are accounted for through the use
of foundation soil springs in the FEA model, including the methodology for computing the soil
springs for static and seismic loading. The unit static soil springs (called the modulus of
subgrade reaction k) are calculated as the ratio of the applied foundation stress (contact
pressure under the foundation) and the calculated settlement of the structure given in FSAR
Table 2.5S4-42, “Estimated Foundation Settlements.” These ratios are computed for the nine
locations given in Table 2.5S4-42 within the foundation footprint. For design purposes, a
uniform value corresponding to the average of the nine locations is assigned to each foundation.
These springs are used for all static load cases. The seismic loading condition used algebraic
formulas to compute the soil spring constants based on the half-space theory, where the
foundations are assumed to be prismatic and rigid and embedded into the homogenous soil.
The algebraic equations used to calculate the spring constant of a foundation require a single
value of soil modulus (and Poisson’s ratio) as input. Soil under STP, Units 3 and 4, is not
uniform and homogeneous but consists of multiple layers, each with a shear modulus specific to
the layer. Therefore, an equivalent shear modulus representing the layered subsoil was
determined as a weighted average in which the weights represent the accumulated strain
energy in each layer. The average Poisson’s ratio is computed as a layer-weighted value. For
horizontal springs, the same values are used for static and dynamic loadings. Seismic soil
springs are calculated for three sets of values representing lower, mean, and upper bound soil
properties. The lower-bound values are used in the structural analyses.
The staff’s evaluation determined that the applicant’s methods for establishing the static and
seismic spring constants are technically acceptable, because they follow engineering practices
accepted by the industry and documented in text books and in published technical papers.
However, the staff needed further clarification regarding the adequacy of using average uniform
spring constants across the entire foundation and not considering frequency dependence of the
dynamic springs used for the seismic analysis. Therefore, in RAI 03.08.04-30, the staff asked
the applicant to provide the nine subgrade modulus values and to explain why it is considered
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appropriate to use the average value. In addition, the staff asked the applicant to explain how
the foundation subgrade modulus was used to calculate the nodal springs for the FEA model,
and how the effect from the coupling of the soil springs was considered in the analysis (item 2 in
RAI 03.08.04-30). The staff also asked the applicant to justify not considering the effects of
pressure distribution and system frequency in developing the foundation dynamic springs (item
3 in RAI 03.08.04-30), including a description of the impact on the calculated results.
In its Supplement 1 response to RAI 03.08.04-30 (ML110770440), dated March 15, 2011, the
applicant referred to a detailed response in the Supplement 1 response to RAI 03.08.05-4
(ML103230128). In its response to RAI 03.08.05-4, dated November 17, 2010, the applicant
stated that it is customary to use average values of the subgrade modulus in the design
whenever the foundation subgrade values vary within the foundation perimeter. The applicant
also stated that ground stiffness is commonly modeled by uniform, uncoupled Winkler springs.
To more realistically simulate the observed soil stress distribution under a foundation, a nonuniform spring distribution (pseudo-coupled) was also used in the design in which different
subgrade modulus values are assigned to different areas (zones) of the mat foundation. In
regard to the influence of soil layers with varying properties with depth, the applicant mentions
that the settlement of the foundation at any location is determined by the combined compression
of many soil layers below that location. Variations in the properties or thickness of individual
layers do not cause significant differences in the computed settlement and modulus of a
subgrade reaction between corresponding points on the foundation. Therefore, variations in the
modulus of a subgrade reaction due to variations in the soil layers from point to point beneath
the large foundations of the STP, Units 3 and 4, structures are insignificant, in terms of their
influence on the design of the basemats for these structures. Regarding the effects of pressure
distribution and frequency dependence on soil spring values, the applicant stated in the
Supplement 1 response to RAI 03.08.04-30 (ML110770440), dated March 15, 2011, that the
seismic loadings are calculated using an equivalent static method that considers the maximum
accelerations from the SSI analysis; the pseudo-coupled soil springs case thus accounts for the
pressure distribution effects.
The staff’s evaluation found that the applicant has adequately addressed and clarified the
concerns regarding the determination of soil springs, and the subgrade moduli computed from
settlement data already include the effects of deep layers. The staff concluded that the pseudocoupled approach is a practical and adequate approximation for considering coupling between
soil springs, and this approach is recommended in ACI 336.2R, “Suggested Analysis and
Design Procedures for Combined Footings and Mats,” which is a widely accepted industry
standard. The staff also agreed that the frequency dependence of springs need not be
considered in the equivalent static method using accelerations obtained from the SSI analysis.
Therefore, this issue is considered resolved and closed.
A.2

Combination of Static and Dynamic Spring Models

Section A.1 above describes how static and seismic soil springs are determined and applied to
the finite element model of the UHS/RSW pump house building. Because static and seismic
soil springs differ in value, in RAI 03.08.04-30, under Item 4, the staff asked the applicant to
describe how the static and seismic soil springs are inputted into the FEA model and how the
results from static and dynamic models are combined for stress evaluations.
Regarding item 4 in the Supplement 1 response to RAI 03.08.04-30 (ML110770440), dated
March 15, 2011, the applicant stated that two SAP2000 3-D FEA models are used to calculate
the element design forces: one model for short-term loading (seismic) and one model for long3-235

term loading (non-seismic). The only difference between the two FEA models is the application
of the loading and soil springs 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 is 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. The resulting element forces from
the short-term loading model for X, Y, and Z seismic loads are combined using the SRSS
method. These SRSS element forces constitute the E’ term in the third and fifth load
combinations in COL FSAR Subsection 3H.6.4.3.4.3. The element forces that comprise the E’
term are added to and subtracted from the other applicable resulting element forces from the
long-term loading model in the load combinations defined in COL FSAR Subsection
3H.6.4.3.4.3, in a database outside of the FEA model to determine the final element design
forces for each load combination. Because both the accidental torsional moment and the soil
loads (H’) are directional in nature, they are added algebraically to the seismic load
combinations.
The staff found that the procedure used by the applicant is an appropriate method for the
determination and superposition of the static and dynamic loadings. Therefore, this issue is
resolved.
A.3

Minimum Coefficient of Friction

In RAI 03.08.04-30, under Item 9, the staff asked the applicant to clearly specify whether the
minimum coefficient of friction is different at various locations of the site, and if the site
coefficients differ, to explain how these values were determined. The applicant’s Revision 1
response to RAI 03.08.04-30 (ML110770440), dated March 15, 2011, regarding friction
coefficients under “Sliding Stability Evaluations”; and the Revision 1 response to RAI 03.08.0428 Items 3 and 4 (ML110730067), dated March 7, 2011, defined the following friction
coefficients at the interface between concrete and soil, as derived from the soil friction angles
given in FSAR Section 2.5S.4 whereby the dynamic coefficients correspond to two-thirds of the
static coefficient (see Item 9 under COL License Information Item 3.23 in Subsection 3.8.5.4 of
this SER for a discussion of dynamic friction coefficients under “Friction between Gravel and
Soil”):
•

UHS/RSW pump house: available static coefficient of friction = 0.70

•

DGFOSV: available static coefficient of friction = 0.58; dynamic = 0.39

•

CB: available static coefficient of friction = 0.70; dynamic = 0.47

•

RB: available static coefficient of friction = 0.70; dynamic = 0.47

•

For the waterproofing membrane, the minimum available static coefficient is specified as
0.60 (later 0.75; see below)

During the audit in March 2011 (ML111320094), the staff brought to the attention of the
applicant that sliding may occur first at the interfaces with the lowest coefficient of friction. The
static coefficient of friction at the waterproof membrane is 0.60, which is less than 0.70 at the
mud-mat soil interface and may initiate sliding before sliding occurs at the mud-mat-soil
interface. The same is also true for the interface between hardened concrete and freshly
poured concrete that may have a coefficient of friction less than 0.70 depending on surface
roughness of the hardened concrete. In its Supplement 1 response to RAI 03.08.04-19
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(ML11119A077), dated April 25, 2011, the applicant addressed the issue by specifying a static
coefficient of friction of 0.75 minimum for both the waterproof membrane and the concrete-toconcrete interface. The site-specific ITAAC for the waterproof membrane (Table 3.0-13)
proposed in the Revision 1 response to this RAI (ML101250162) was revised accordingly in the
FSAR markup submitted with the Supplement 1 response. However, the applicant did not
include in the FSAR markup the requirement for intentional roughening of the hardened
concrete surface needed to achieve the minimum 0.75 coefficient of friction. The applicant
agreed to include the requirement in the FSAR and subsequently provided an FSAR markup in
the Supplement 2 response to RAI 03.08.04-19 (ML11168A168) that was acceptable to the
staff. The FSAR was subsequently updated to incorporate the proposed changes provided with
the response. Thus, this issue is resolved and closed.
A.4

Loads and Load Combinations
a)

List of Loads for Site-Specific Structures

In FSAR Subsection 3H.6.4.3, “Design Loads and Load Combinations,” the applicant did not
include any descriptions of the thermal loads, loads due to the probable maximum flood,
hydrostatic loads, and calculated lateral soil pressures used for the design of site-specific
Category I structures. In RAI 03.08.04-12 and follow-up RAI 03.08.04-22 and RAI 03.08.04-29,
the staff asked the applicant to: (a) include the above information in FSAR Subsection 3H.6.4.3;
(b) quantify these loads by including their actual numerical value; (c) describe and evaluate the
different thermal conditions; and (d) use the dynamic lateral earth pressure as well as the full
live loads in load combinations that include seismic loads. The applicant provided explanations
and FSAR markups that include the requested corrections, clarifications, and quantifications
regarding the different loadings; load combinations; load cases; load parameters and
amplitudes; soil pressure diagrams; durability and load factors; and stability safety factors that
were considered in the design in the following RAI responses: the response to RAI 03.08.04-12
dated August 20, 2009 (ML092370556); Revision 1 response to RAI 03.08.04-22 dated
September 15, 2010 (ML102630145); response to RAI 03.08.04-29 dated September 15, 2010
(ML102630145); and Supplement 1 response to RAI 03.08.04-29 dated March 7, 2011
(ML110730067), which also refers to RAI 03.04.02-11 dated September 15, 2010
(ML102630145), and RAI 03.07.01-13 (ML092360772) dated August 20, 2009. As a result, a
number of COL FSAR sections were revised as described below:
Subsection 3H.6.4.3: The following complementing information was added regarding dead and
live, snow, static and dynamic lateral soil pressures, thermal, hydrostatic, wind and tornado,
flood, SSE, extreme flood and extreme snow loads, as well as structural steel and reinforced
concrete load combinations.
Subsection 3H.6.4.3.1.4: Lateral static soil pressure diagrams for the design of the UHS and
the RSW tunnels and for stability analyses of the UHS were added.
Subsection 3H.6.4.3.1.5: Temperatures and six thermal cases to represent summer and winter
operating and accident conditions for the UHS design were added.
Subsection 3H.6.4.3.1.6: For the UHS design, hydrostatic load parameters to consider the
effects of the basin water were added.
Subsection 3H.6.4.3.3.3: Lateral dynamic soil pressure diagrams for the design of the UHS and
the RSW tunnels and for UHS stability analyses were added.
3-237

Subsection 3H.6.4.3.3.4: Design parameters representing the extreme environmental flood
were added.
Subsection 3H.6.4.3.4: A clarification was added to state that no high-energy line breaks are
associated with the site-specific Category I concrete structures, and the corresponding load
components therefore do not need to be considered.
Subsection 3H.6.4.3.4.3: Load factors in reinforced concrete load combinations were adjusted
to match the load combinations in ACI 349. Furthermore, load combinations were corrected to
consider full live load and dynamic lateral soil pressures in seismic load cases.
Subsection 3H.6.4.3.4.4: This section was added to the FSAR to explicitly consider the
environmental requirements of ACI 350 load factors and load combinations.
The staff’s evaluation concluded that the applicant has satisfactorily responded to and clarified
the raised issues by complying with the code requirements in ACI 349, ACI 350, and ANSI/AISC
N690 and otherwise explaining, complementing, and/or correcting the design procedures per
the staff’s requests. Therefore, RAI 03.08.04-12, RAI 03.08.04-22, and RAI 03.08.04-29 are
resolved and closed. The applicant has subsequently updated the FSAR to incorporate the
proposed changes provided with these responses.
b)

Importance Factor used for Wind Loading

During the audit reviews in October 2010, the staff noted that the Importance Factor (I) used to
determine wind pressures on buildings was set to I = 1 instead of I = 1.15, as specified in the
FSAR. However, I = 1.15 was used for tornado wind loads. The use of I = 1.15 in addition to a
100-year return period wind is recommended in SRP Section 3.3.1. Thus, the staff asked the
applicant to justify the value used for the Importance Factor. In its Supplement 1 and
Supplement 3 responses to RAI 03.08.04-30, dated March 15, 2011, and June 16, 2011
(ML110770440 and ML11168A168, respectively), the applicant stated that the Importance
Factor is used in ASCE 7–05 to adjust the mean recurrence interval (MRI) of maximum wind
speeds expected at the site, and the Importance Factor I = 1.15 converts the 50-year MRI to the
100-year MRI winds, which is in accordance with SRP Sections 2.3.1 and 3.3.1 that require the
wind design to be based on 100-year winds. The velocity pressure equation in ASCE 7–05,
which is also recommended in SRP Section 3.3.1, yields the same results using the
combination of I = 1.0 and 100-year winds; or using I = 1.15 and 50-year winds. These
responses also include proposed FSAR markups for Subsection 3H.6.4.3.2. The staff’s
evaluation noted that SRP Section 2.3.1 recommends that the design be based on 100-year
MRI winds, while SRP Section 3.3.1 recommends using a factor of I = 1.15 to obtain the velocity
pressures. Using the Importance Factor of I = 1.15 in combination with 100-year winds would
result in an overly conservative design based on wind speeds with a MRI of about 200 years
(per ASCE 7–05, Table C6-7, “Conversion Factors for Other Mean Recurrence Intervals”).
Because using 100-year winds as the design basis meets the guidance in SRP Section 2.3.1,
the staff found the applicant’s procedure satisfactory and acceptable. Therefore, this issue is
resolved and closed. FSAR Subsection 3H.6.4.3.2 was subsequently updated to incorporate
the proposed changes provided with the response.
c)

Consideration of 25 Percent Live Loads

In FSAR Subsection 3H.6.4.3.1.2, the applicant stated that “for computation of global seismic
loads and the definition of load combinations that include seismic loads, the live load is limited
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to the expected live load present during normal plant operation, Lo. This load has been defined
as 25 percent of the operating floor and roof live loads.” SRP Section 3.7.2, SRP Acceptance
Criterion 3.D recognizes the use of 25 percent of the floor design live load in the dynamic model
for computing global seismic loads only. In RAI 03.08.04-9 and follow-up RAI 03.08.04-20, the
staff asked the applicant to provide a detailed justification explaining why seismic load
combinations for the design of seismic Category I structures need to consider only the normal
plant operating condition, when only 25 percent of the design live load is assumed to be
present. The RAI also, requested the applicant to describe the basis for the assumption that
only 25 percent of the design live load is present during normal plant operation and to
demonstrate that the assumption meets industry standards. In its responses to RAI 03.08.04-9
dated September 3, 2009 (ML092510038), and RAI 03.08.04-20 dated February 4, 2010
(ML100480204), the applicant stated that live loads are applied only at the operating floors and
roof of the pump house and the floors of the RSW piping tunnels. Furthermore, that 25 percent
of the live load is added to the dead loads for computing global seismic inertial loads (E’), and
the full live load (L) is used on all load combinations (LCs) whether the term E’ is included in that
particular LC or not. Corresponding markups to change FSAR Subsections 3H.6.4.3.4.2 and
3H.6.4.3.4.3 are included in the response. The staff’s evaluation found the applicant’s response
adequate, because the proposed procedure meets the recommendations of SRP Section 3.7.2
regarding the application of live loads for determining global seismic loads and the provisions of
ACI 349-97 for considering live loads that include seismic load cases for the design. Therefore,
this issue is resolved and RAI 03.08.04-9 and RAI 03.08.04-20 are closed. In addition, the
proposed changes to FSAR Subsections 3H.6.4.3.4.2 and 3H.6.4.3.4.3 were incorporated into a
subsequent FSAR revision.
d)

Combination of Forces and Moments

In RAI 03.08.04-30, Item 5, the staff asked the applicant to describe the method of combining
the resultant section forces and moments for the concrete design, and to demonstrate that the
method will yield the worst combination of forces and moments. In its Supplement 1 response
to RAI 03.08.04-30, dated March 15, 2011 (ML110770440), the applicant described the
procedure for combining forces and moments to determine the reinforcement for walls, slabs,
columns, and beams of the UHS/RSW pump house building. The applicant stated that each
element of the finite element model within a given reinforcing zone is verified for every load
combination, including all possible load permutations, for all simultaneously occurring section
forces and moments. Thus, although the design is performed for all possible load combinations,
the tables in the FSAR show only a few selected load combinations. In FSAR
Subsection 3H.6.4.3.1.5, the applicant stated that the thermal gradient and the thermal axial
loads are applied to the UHS/RSW pump house FEA model for six separate thermal conditions.
Thermal gradients are applied to the FEA model to evaluate mechanical shear effects on the
structural elements. Separate thermal load combinations are created that include the thermal
axial loads. These combinations are considered in the required reinforcement analysis of outof-plane moment and axial force couples. Therefore, the axial force and moment interaction
analysis is run for mechanical loads only, without considering thermal gradient effects. The inplane shear and out-of-plane shear include thermal gradient loads. After the final reinforcement
is determined for the axial force and moment pairs combined with the maximum in-plane shear,
a confirmatory cracked section analysis is performed with the computer program TEMCO
considering thermal gradients and non-thermal axial and flexural loads. By allowing the
concrete to crack and the reinforcement to yield, this analysis relieves the thermal moment.
However, concrete and rebar strains are verified to stay within allowable limits. The staff found
the described design procedure adequate because all possible load combinations, including the
effects of thermal expansion and thermal gradient, are considered in the design. This ensures
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that the design is conducted considering the worst possible load combination. Therefore, this
issue is resolved and closed.
As a result of the February 2012, audit (ML120660018), in RAI 03.07.02-13, the staff asked the
applicant to evaluate the impact of the varying ambient temperatures on the final design of other
site-specific structures. In its Supplement 5 response to RAI 03.07.02-13, dated April 10, 2012
(ML12103A369), the applicant stated that the explicit consideration of thermal loads in the
design is not warranted unless the structure is subject to severe temperatures—such as those
resulting from an accident—or the structure requires special crack control provisions, and none
of the site-specific structures other than the UHS is subjected to accident temperatures or is
required to meet any special crack control requirements. The applicant referred to ACI 349.1R07, “Reinforced Concrete Design for Thermal Effects on Nuclear Power Plant Structures,” and
stated that there is no need for an explicit thermal analysis. The applicant cited the following
reasons from the above standard:
•

“Stresses resulting from thermal effects are generally self-relieving, that is
thermal forces and moments are greatly reduced or completely relieved
once concrete cracks or reinforcement yields; as a result, thermal effects
do not reduce the strength of a section for mechanical loads.”

•

“It is known that ambient thermal effects, in all but very unusual situations
(for example major fire events), will have little effect on the ultimate
strength of a concrete structure.”

•

“A uniform temperature change (Tm-Tb) of 500 F (280 C) or less need not
be analyzed. Such a temperature change may cause up to about 0.0003
in/in (0.0003 mm/mm) strain, which is only 10% of the maximum design
concrete strain of 0.003.”

•

“Thermal gradients should be considered in the design of reinforcement
for normal conditions to control cracking. Thermal gradients less than
approximately 1000 F (560 C) need not be analyzed because such
gradients will not cause significant stress in the reinforcement or strength
deterioration.”

•

“In nuclear power structures, the controlling load combinations are
generally those that include Eo or Ess. These load cases provide
sufficient reinforcement to control cracking.”
where,
Tm = mean temperature
Tb = base (stress-free) temperature
Eo = load effects of OBE
Ess = load effects of SSE

The applicant added that considering a base temperature of 15.6 degrees C (°C) (60 degrees F
(°F)) under ambient conditions, the uniform temperature changes and the thermal gradients for
these structures are less than 28 °C and 56 °C (50 °F and 100 °F) respectively. The response
also includes FSAR markups for Subsections 3H.3.4.3, 3H.6.4.3.1.5, 3H.6.7.1, and 3H.7.4.3.
The staff found the applicant’s justification for not considering thermal effects on other site3-240

specific structures to be technically acceptable because it follows the recommendations of ACI
349.1R-07, which is an appropriate industry standard for considering thermal loads for nuclear
power plant structures. Therefore, this issue is resolved and closed. The applicant incorporates
the proposed changes into the FSAR Revision 8.
e)

Lateral Soil Pressures

In RAI 03.08.04-12 and RAI 03.08.04-22, and in a closed meeting with the applicant on
February 2, 2011, and February 3, 2011 (ML12352A207), the staff raised the question regarding
the lateral earth pressure design for the site-specific Category I structures. In its Supplement 2
response to RAI 03.07.01-13, dated December 30, 2009 (ML100050225), and Supplement 1
and 2 responses to RAI 03.08.04-17, dated March 7, 2011, and April 25, 2011, (ML110730067
and ML11119A077, respectively) the applicant provided markups to COL FSAR Sections 3H.6,
3H.6.7, and 3H.7 for the UHS and RSW pump house; the RSW piping tunnels; and the
DGFOSV and the DGFOT that include the numerical soil parameters used in the design; and
the at-rest, dynamic at-rest, active, and passive soil pressure profiles without SSSI effects. In
addition, the SSSI incremental seismic soil pressure diagrams and the effects of the nearby
heavy structures on smaller structures such as the RSW piping tunnels, the DGFOSV, and the
DGFOT are included in the following responses:
•

the UHS/RSW pump house, in the response to RAI 03.07.02-22 (ML110770440).

•

the DGFOSV, in the Revision 1, Supplement 1 response to RAI 03.07.01-27
(ML110730067).

•

the DGFOT, in the Revision 1 response to RAI 03.08.04-30 (ML110770440) and the
Revision 1, Supplement 1 response to RAI 03.07.02-24 (ML102070067).

•

the RSW piping tunnels, in the Supplement 6 response to RAI 03.08.04-30
(ML11259A056).

A discussion of the design lateral soil pressures provided in the markups for each building is in
Part B, “Evaluation of Design Issues Related to Specific Structures,” later in this subsection of
the SER.
The FSAR was subsequently revised to incorporate the proposed changes in Sections 3H.6,
3H.6.7, and 3H.7. Therefore, portions of RAI 03.08.04-17 that are related to Category I
structures are resolved and closed.
f)

Including Extreme Snow Load as an Extreme Environmental Load in
Subsection 3H.6.4.3.3

In FSAR Subsection 3H.6.4.3.3, “Extreme Environmental Load,” the applicant did not include
the snow load resulting from the extreme winter precipitation event. In RAI 03.08.04-10 and
follow up RAI 03.08.04-21, the staff asked the applicant to: (1) include in FSAR Subsection
3H.6.4.3.3 the snow load that resulted from the extreme winter precipitation event; (2) use the
guidance in DC/COL-ISG-7; and (3) elaborate how the extreme snow load used in the load
combination for the roof design was determined. In its response to RAI 03.08.04-10
(ML092370556), dated August 20, 2009, the applicant stated that the extreme snow load
information was provided in Subsection 3H.6.4.3.3.5 as an attachment to the response to RAI
03.07.01-13 (ML092360772). Subsequently, in its response to RAI 03.08.04-21
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(ML100480204), dated February 4, 2010, the applicant stated that per COL FSAR Subsection
2.3S.1.3.4, the ground snow load for both a normal winter precipitation event and an extreme
frozen winter precipitation is 0.263 kPa (5.5 psf). The applicant also stated that DC/COL-ISG-7
provides guidance for converting the ground snow load to the roof snow load using the
methodology in ASCE 7–05, which utilizes exposure factor Ce, thermal factor Ct, and
Importance Factor I as multipliers in Equation 7-1 of Section 7.3. Using the DC/COL-ISG-7
recommended values for these three coefficients (Ce = 1.1; Ct = 1.0; I = 1.2) and the limitation
for a minimum value provided in Section 7.3 of ASCE 7-05, the roof snow load was determined
to be 0.316 kPa (6.6 psf). Per DC/COL-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 COL FSAR Subsection 2.3S.1.3.4, the extreme liquid winter precipitation is 86.36 cm
(34 in.). However, since the roofs of site-specific Category I structures are designed without
parapets (see COL FSAR Subsection 3H.6.4.2.5), the extreme winter precipitation cannot
exceed the Case 1 loading of 0.632 kPa (13.2 psf [6.6 psf + 6.6 psf]) assuming that both the
roof drains and scuppers are clogged. The applicant’s markups of COL FSAR
Subsections 3H.6.4.2.4, 3H.6.4.3.1.3, and 3H.6.4.3.3.5 and Table 2.0-2 include the above
information in the FSAR. The staff found that the applicant’s response has adequately
addressed the issue because the response follows the guidance in DC/COL-ISG-7 for
determining the normal and extreme winter precipitation loads and includes them in appropriate
sections of the FSAR. The FSAR was subsequently revised to incorporate the proposed
changes. Therefore, the issue is resolved; and RAI 03.08.04-10 and RAI 03.08.04-21 are
closed.
A.5

Design and Analysis Procedures
A.5.1 Concrete Design for Out-of-Plane Shear

During the October 2010, audit (ML110110104), the applicant presented the procedures for
design of concrete sections of the UHS/RSW pump house structural members resulting from the
code-required load combinations. The internal forces (i.e., shear, moment, axial force, and
torsion, etc.) that are used to determine the required strength of the structural members (i.e.,
walls, slabs, beam, and columns, etc.) of the UHS/RSW pump house building are generated by
the applicant with the help of the SAP2000 models simulating the building’s static and dynamic
behavior. These element forces are subsequently processed with a number of programs
developed in-house for designing concrete sections. The applicant stated that the concrete
slabs and walls were designed for out-of-plane shear by averaging the element shear forces
across cut lines that extended along the entire width of the walls and slabs. The staff noted that
the averaging of the out-of-plane shear along the entire cut line of a slab or wall could lead to a
non-conservative estimate of shear stress in the slabs. ACI 349–97, Section 13.3.1 states that
a slab system may be designed by any procedure satisfying the conditions of equilibrium and
geometric compatibility, if it is shown that the design strength at every section is at least equal to
the required strength. In RAI 03.08.04-34, the staff asked the applicant to demonstrate that the
use of average shear forces across the entire width of the slab—instead of the shear force
demand at every section obtained from analysis—is acceptable by any or more of the following:
•

Obtain clarification from the ACI regarding the validity of using Section 11.12 of
ACI 349–97 for the situations that used the provisions of the code.
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•

Provide examples of any precedence with a similar methodology that the staff has
accepted.

•

Provide a detailed justification using industry-accepted standards, technical references,
and experimental results for redistributing the shear forces obtained from the FEA.

The staff also asked the applicant to update the FSAR as necessary. In its original and
Supplement 1 and 2 responses to RAI 03.08.04-34, dated April 5, 2011; September 12, 2011;
and November 14, 2011 (ML110980401, ML11259A056, and ML11322A106, respectively); the
applicant stated that the FEA was used to design the following buildings:
•
•
•
•

UHS/ RSW pump house
DGFOT
DGFOSV
RWB (not a Category I structure)

Because the ACI 349–97 code does not provide clear guidance for out-of-plane shear design
when loads are obtained from the FEA, the design of the above structures was revised so that it
is conservatively based on the out-of-plane shear obtained for each element from the FEA,
without averaging the shear over several elements. According to the Supplement 1 response to
RAI 03.08.04-34, the only exceptions are the four locations corresponding to the junction of the
basemat and the buttress of the UHS basin, where the element shear was averaged over a
length corresponding to twice the thickness of the slab. These exceptions are deemed
adequate because the finite element mesh is very refined at those locations. They simulate
unrealistically high stress concentrations that are smoothed by the averaging process. The
response also contains a markup of Appendix 3H, with the modified tables and figures showing
the reinforcement for the different structural elements of the buildings mentioned above. The
staff concluded that the response was adequate and satisfactory because the shear force
demand at every section is now based on the corresponding element forces from the finite
element analysis, instead of being based on the average of several elements of a cut line.
Averaging of the element shear forces at the junction of the basemat and the buttress of the
UHS basin over a length corresponding to twice the thickness of the slab is considered
acceptable since it corresponds to an accepted practice of 45-degree dispersion of load
concentration across the slab thickness. The section forces of the RSW tunnel were not
obtained from the finite element analysis, and they are not subject to the clarification from this
issue. FSAR Appendix 3H was subsequently updated to incorporate the proposed changes
provided with the response. This issue is therefore resolved, and RAI 03.08.04-34 is closed.
A.5.2 Stability Evaluations
The foundations of the standard plant structures, site-specific seismic Category I structures, and
non-Category I structures with the potential for interacting with Category I structures must be
designed so that the buildings are stable and have adequate factors of safety. In FSAR
Section 3H.6, “Site-Specific Seismic Category I Structures,” the applicant does not include
sufficient information about the design and stability evaluation of foundations in order for the
staff to determine whether the foundations for these structures meet the SRP Section 3.8.5
acceptance criteria. In RAI 03.08.05-1, the staff asked the applicant to include in FSAR Section
3H.6 information about the method used to evaluate the stability of the foundations of sitespecific seismic Category I structures, including consideration of buoyant forces, coefficients of
friction used to evaluate the foundation sliding and its basis, consideration of active and passive
pressures on foundation walls to evaluate the stability, and the results of the stability evaluation.
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In its response to RAI 03.08.05-1 (ML092660655), dated September 22, 2009, the applicant
stated that stability evaluations are performed in accordance with the loads and load
combinations of SRP Section 3.8.5 acceptance criteria; and the evaluations meet the minimum
required factors of safety specified in the SRP. The applicant also referred to the response to
RAI 03.07.02-10 (ML092610377), for detailed information regarding how the sliding and
overturning evaluations were performed. The applicant stated that the factor of safety against
floatation was determined considering the maximum buoyant force under flooded conditions. In
its response to RAI 03.07.02-10, the applicant stated that the UHS/RSW pump house and the
RSW piping tunnel are the only site-specific seismic Category I structures. The applicant added
that the RSW piping tunnel (with the exception of the access shaft) is a buried structure. To
check the sliding and overturning of the UHS/RSW pump house, the applicant used the
following criteria:
1.

Loads and load combinations in COL FSAR Subsection 3H.6.4.5, with the loads
defined in Subsection 3H.6.4.3.4.1. The applicant states that these loads and
load combinations are in accordance with SRP Section 3.8.5 acceptance criteria.

2.

As described in COL FSAR Subsection 3H.6.5.1.1.2, seismic loads from three
seismic excitations (i.e., x, y horizontal, and z vertical) are applied considering
the 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: Positive z-excitation is upward. Also, ±40% x-excitation
±40% y-excitation ± 100% z-excitation is not critical.)

3.

Only 90 percent of the dead load is considered in determining the resisting forces
and moments.

4.

A friction coefficient of 0.30 is assumed. Additional information regarding the
waterproofing membrane is in the response to RAI 03.08.04-5 dated September
15, 2009 (ML092610377).

5.

Passive pressure is not utilized; only at-rest soil pressure is considered for
calculating the resisting sliding forces and overturning moments. This statement
was subsequently revised. Table 3H.6-5, “Summary of Radwaste Building
Structural Steel Design,” shows the factors of safety and the corresponding
fractions of passive pressure required to resist sliding and overturning.

6.

Calculated factors of safety against overturning, sliding, and flotation will be
provided later in a supplemental response to RAI 03.07.01-13.

7.

Figure 1 in the response to RAI 03.07.02-10 shows how stability safety factors
are calculated.

The staff evaluated Items 2 and 5 of the above response in Subsection 3.7.2.4.14 of this SER.
Regarding Item 1 of the above response, load combinations used for the stability evaluation are
in accordance with the criteria in SRP Section 3.8.5, which are acceptable.
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Regarding Item 3 of the response, the use of only 90 percent of the dead load to determine the
resisting forces and moments is an accepted engineering practice for a lower bound estimate of
the dead load to account for uncertainties and is considered acceptable.
Regarding Item 4 of the response, the applicant states that a friction coefficient of 0.3 was
assumed for the stability evaluation of the UHS/RSW pump house. However, the applicant did
not provide any basis for the value of the coefficient of friction that was used. See an additional
discussion below under the topic, “Coefficient of Friction and Cohesion.”
Regarding Item 6 above, the applicant subsequently provides the factors of safety for the UHS
basin and the RSW pump house in FSAR Table 3H.6-5, which the applicant submitted with the
Supplement 2 response to RAI 03.07.01-13 dated November 19, 2009 (ML093270047). These
factors meet the minimum required factors of safety per SRP Section 3.8.5, and they are
therefore acceptable.
Regarding Item 7 in the response, Item 4 of follow-up RAI 03.07.02-18, the staff asked the
applicant to clarify the nature of the driving static soil pressures in Figure 1 of the response and
how the total at-rest soil pressure is calculated (including the algebraic expression). The staff
also asked the applicant to include this information in the COL FSAR. In addition, the staff
asked the applicant to include in the FSAR the Figure 1 submitted with the response. In its
response to RAI 03.07.02-18 (ML100550613), dated February 10, 2010, the applicant referred
to Figures 3H.6-45 through 3H.6-50 submitted with the Supplement 2 response to RAI 03.07.0113 (ML100050225). These figures depict the driving and resisting lateral earth pressures on the
UHS basin and the RSW pump house. The applicant also stated that the lateral earth
pressures, including the algebraic equations, are in FSAR Subsection 2.5S.4.10.5. The staff
reviewed the referenced FSAR section and found that the active seismic lateral pressure was
used as the driving lateral earth pressure, and the static earth pressure at rest was used as the
resisting pressure using the formulas reviewed under this section. See an additional discussion
below under the topic, “Calculation of SSE Loads.” The applicant also included Figure 1 of the
response in the FSAR as Figure 3H.6-137. The methodology shown in Figure 3H.6-137 for
calculating safety factors against sliding and overturning is in accordance with standard
engineering practices and is therefore acceptable.
Regarding the stability evaluation of non-Category I structures, the applicant’s response to
RAI 03.07.02-1 (ML092610377) indicated that the design of non-Category I structures with the
potential to interact with Category I structures has not yet progressed to a point where sliding
and overturning potential as a result of the SSE can be evaluated. However, in order for the
staff to review the seismic design of these non-Category I structures, in RAI 03.07.02-13, the
staff asked the applicant to provide in the FSAR factors of safety against sliding and
overturning. The staff asked the applicant to include the basis of the coefficient of friction used
in the analysis during the SSE of the TB, RWB, SB, CBA, and the plant stack. Furthermore,
during the NRC audit in May 2011 (ML12346A389), the staff reviewed the applicant’s stability
evaluation for the various non-Category I structures. The staff asked the applicant to provide
several clarifications, including the following items:
•

Clearly describe in the FSAR how the applicant determined the seismic demand for nonseismic II/I structures in the stability evaluation.

•

Revise the CBA stability evaluation using ASCE 7–05 instead of ASCE 7–88 and check
for two cases: (1) with the live load for both the stabilizing force and the driving force,
and (2) with no live load for either the stabilizing force or the driving force.
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In its response to RAI 03.07.02-13, dated February 10, 2010 (ML100550613), the applicant
provided a markup of FSAR Subsection 3.7.2.8 to identify all non-Category I structures that may
potentially interact with seismic Category I structures. The applicant also described the
methodology used for the calculation of safety factors against the sliding and overturning for
these structures. Subsequently, in the Supplement 1, Supplement 2, Revision 1 to
Supplement 3, and Supplement 4 responses to RAI 03.07.02-13 dated April 29, 2010; April 25,
2011; and November 28, 2011, (ML101250162, ML11119A077, ML11335A232, and
ML11335A232, respectively); the applicant provided results of the stability evaluation for nonCategory I structures with additional clarifications and FSAR markups. FSAR Figure 3H.3-52
was provided for the stability evaluation of non-seismic Category I structures. In these
responses, the applicant used the full dead load for calculating the restoring forces instead of
the 90 percent of dead load used for Category I structures. The staff found this approach
acceptable because it meets the guidance in SRP Section 3.8.5. Also, the methodology
described in Figure 3H.3-52 for calculating the safety factors against the sliding and overturning
is in accordance with standard engineering practices and is therefore acceptable.
In the Revision 1 to Supplement 3 response to this RAI, the applicant also provided markups of
FSAR Subsections 3.7.2.8 and 3.7.3.16. These subsections describe the seismic inputs; the
calculation of the seismic demands; and the method used to combine the three orthogonal
seismic demands for the stability evaluation of the TB, RWB, SB, and the CBA. The seismic
input motions used for the stability evaluation of the non-Category I structures are evaluated in
Subsection 3.7.2.4.8 under the topic, “Development of Amplified Seismic Input Motions for II/I
Stability Evaluations,” of this SER. The seismic demand was calculated using the response
spectrum method of a fixed-base stick model with corrections for the base excitation of the TB,
RWB, and the SB. The manual calculation of an idealized single degree of freedom lumped
mass model was used for the CBA. The staff found these clarifications to be reasonable
engineering methods for such evaluations and therefore acceptable. The three orthogonal
seismic demands were combined using the 100-40-40 percent combination rule per RG 1.192,
which is considered acceptable. The coefficients of friction used for the stability evaluation were
based on shear resistance of the supporting foundation soil, which is considered acceptable. In
its Supplement 4 response to RAI 03.07.02-13 (ML11335A232), dated November 28, 2011, the
applicant explained that the dynamic loads from the soil included seismic loads from soil and
hydrodynamic pressures from the groundwater, which are computed in accordance with
Subsection 2.5S.4.10.5. The staff reviewed the referenced section and found that active lateral
seismic pressure was used as the driving lateral earth pressure. See an additional discussion
below under the topic, “Calculation of SSE Loads.” The staff also requested the applicant to
reassess the seismic demand for the stability evaluation of any applicable seismic Category I
and II/I structures, in the context of the DNFSB issue and to confirm the acceptability of the
factors of safety against the stability during the SSE. This issue is evaluated below in
Subsection 3.8.4.4.4, “DNFSB Issue: Resolution of Issues with Subtraction Method of
Analysis.”
The various elements of the stability evaluation that are applicable to all structures include:
•
•
•
•

Method of stability evaluation.
Calculation of SSE loads (seismic demand).
Coefficient of friction and cohesion (static and dynamic).
Stability factors of safety for site-specific seismic Category I structures.

A description of how each issue is addressed in the STP, Units 3 and 4, FSAR is given below:
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a.

Method of Stability Evaluation

The stability evaluation for each structure is performed using the loads and load combinations
specific to the structure, as described in FSAR Appendix 3H. These loads and load
combinations are in accordance with SRP Sections 3.8.4 and 3.8.5. FSAR Figures 3H.3-52 and
3H.6-137 provide pictorial representations of the method used for the stability evaluation of nonseismic Category I structures and seismic Category I structures, respectively. These figures
show the various forces considered to be acting upon the structure for the stability evaluation.
These figures also show the equations for calculating the factor of safety against the sliding and
overturning. The factor of safety against sliding is calculated as the ratio of the total resisting
force, which is the sum of the total resisting lateral soil pressure (Pat_rest or Ppassive) and the
friction force (F) to the total driving force, which is the sum of the static and dynamic soil
pressure including the seismic loads from soil and hydrodynamic pressures from the
groundwater (Es) and the self-weight excitation in the horizontal direction (E’). The factor of
safety against overturning is calculated as the ratio of the restoring moment resulting from the
passive earth pressure and the dead weight of the structure taking into account buoyant force to
the total seismic overturning moment taking into account static and dynamic earth pressure,
including hydrodynamic pressure from the groundwater and the seismic inertia force of the
structure, including the vertical seismic excitation. The applicant also stated that the safety
factor against flotation is determined considering the maximum buoyant force under flooded
conditions (i.e., the design flood level at an elevation of 12.2 m [40 ft]). For the stability
evaluation of seismic Category I structures, 90 percent of the dead load is considered in the
determination of the resisting forces and moments. For non-seismic Category II/I structures, the
full dead load is considered in the calculation of resisting forces and moments.
FSAR Add title shows the extreme environmental design parameters used for the seismic
analysis; structural design; stability evaluation; and the seismic Category II/I design for the
UHS/RSW pump house, RSW piping tunnel, DGFOSV, DGFOT, RWB, CBA, TB, and SB.
The staff found that the method the applicant used for the stability evaluation is a conservative
approach for considering forces acting on a structure and is based on standard engineering
practices for such evaluations. This method is therefore acceptable.
b.

Calculation of SSE Loads

Figures 3H.3-52 and 3H.6-137 represent a free-body diagram of the structure, which shows the
participating forces in the stability analysis. As described in the Supplement 4 response to
RAI 03.07.02-13 (ML11335A232), the seismic effects are represented by E’ and Es, whereby
•

E’ represents the inertia of the structure and it is either determined from an equivalent
static method or a RSA

•

Es represents the static and dynamic loads from the soil that includes seismic loads from
soil and hydrodynamic pressure from the groundwater. These loads are computed in
accordance with COL FSAR Subsection 2.5S.4.10.5.

The inertial force E’ is obtained as mass times absolute acceleration and can be determined
directly from the 3-D SSI analysis of the structure, or by using the accelerations obtained from
the 3-D SSI analysis as input to an equivalent static or RSA of the structure. Where applicable,
the input ground motion to the 3-D SSI model corresponds to an amplified ground motion, which
represents the modified soil response at the location of the building resulting from the presence
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of an adjacent heavier structure (considering one heavy structure at a time). For a detailed
description of the approach used to determine amplified motions, see discussions in
Subsection 3.7.2.4.4 of this SER.
The dynamic component of Es represents the incremental lateral soil and hydrodynamic
pressures resulting from the seismic event. Es can be for active and at-rest soil conditions as
follows—depending on whether the wall moves or remains at rest.
•

For an active condition, the dynamic increment is obtained by applying the MononobeOkabe method described in FSAR Subsection 2.5S.4.10.5.2.

•

For an at-rest condition, the dynamic at-rest increment is obtained either from the 3-D
SSI analyses; or alternatively from following the ASCE 4 provisions (used for shallow
embedment); or it is based on Ostadan’s method (used for deep embedment) as
described in Subsection 2.5S.4.10.5.2. Where applicable, the at-rest increment is also
obtained from one or more SSSI analyses that reflect the effect of nearby heavy
structures on the structure under consideration.

•

For hydrodynamic pressures, the hydrodynamic increment of the ground water is
obtained as described in FSAR Subsection 2.5S.4.10.5.2.

Both seismic load components E’ and Es are calculated for the ground input motions specified
in Table 3H.9-1. The horizontal component of the inertial and incremental soil pressure induced
by the vertical earthquake component is considered and combined with the 100-40-40 rule. The
sliding forces are counteracted by friction and lateral soil pressure (at-rest or passive). The
overturning of the structure is counteracted by the stabilizing moments from the dead weight of
the structure and the lateral soil pressure (at-rest or passive). The amount of passive resistance
required to achieve the minimum safety factors is determined and deemed adequate if the
required coefficient Kp is smaller than or equal to 3. Since the driving seismic soil pressures
used in stability design calculations were based on the Mononobe-Okabe method, which
assumes active condition, the staff asked the applicant to demonstrate the total seismic
demands used for stability evaluations. In its Supplement 4 response to RAI 03.07.02-13
(ML11335A232) Item A, dated November 28, 2011, the applicant computed the total seismic
sliding force and the total seismic overturning moment by integrating the reactions from the SSI
and/or the SSSI analysis around the boundary of the structure. The applicant then compared
them against the sliding force and overturning moment design values used for the stability
evaluation. These comparisons show that the driving seismic sliding and overturning moments
used in the stability evaluations exceed those computed from the SSI and/or SSSI analyses.
The staff considered this approach acceptable for determining the total seismic demand on a
structure for a stability evaluation. The staff, however, questioned whether integrating the
reactions from the SSI or SSSI along the embedded boundary of the structure will correctly
estimate the resulting lateral seismic forces, especially when a heavy adjacent structure is
present. This is of particular concern for the DGFOT located adjacent to the RB. For a
discussion of this issue, see Item d below for the scope and Subsection 3.8.5.4 of this SER for
evaluations that were performed for each structure.
c.

Coefficient of Friction and Cohesion

The sliding resistance of the foundation is a function of the coefficient of friction and/or the
cohesion between the foundation and the soil beneath it. The values for static and dynamic
conditions are obtained from the geotechnical test reports by MACTEC and are shown in FSAR
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Tables 3H.6-5, “Factors of Safety Against Sliding, Overturning, and Flotation for UHS Basin and
RSW Pump House”; 3H.6-5-12, “Factors of Safety Against Sliding, Overturning, and Flotation
for Diesel Generator Fuel Oil Storage Vaults”; 3H.6-5-14, “Calculated Overturning and Sliding
Factors of Safety Under Site-Specific SSE and Flotation Factors of Safety for TB, SB, RWB and
CBA”; 3H.6-5-16, “Factors of Safety Against Sliding, Overturning, and Flotation for Reactor
Service Water Tunnel”; and 3H.7-2, “Factors of Safety against Sliding, Overturning and Flotation
for DGFOT.” The coefficient of friction and the cohesion values for the gravel and soil interface
are based on the properties of the soil under the buildings and mobilize the full soil shear
strengths. Sixty-seven percent of the sand friction coefficient and 80 percent of the cohesive
soil strength are used to account for the dynamic effects and provide a sufficient margin on the
lateral earth pressure that is required to meet the safety factor against sliding. The staff
reviewed the basis for the friction coefficient and cohesion values used in the sliding analysis of
foundations in the applicant’s Revision 1 response and Supplement 1 response to RAI
03.08.04-28, dated March 7, 2011, and April 25, 2011 (ML110730067 and ML11119A077,
respectively), and the qualification program for the waterproofing material to achieve calculated
safety factors against sliding. The staff found these coefficients technically acceptable. Also
see the discussion above in Subsection 3.8.4.4.2 under Subpart A.3, “Minimum Coefficient of
Friction”; and Item 1 under COL License Information Item 3.23 in Subsection 3.8.5.4 of this SER
for the discussion on “Foundation Water Proofing.”
d.

Stability Factors of Safety for Site-Specific Seismic Category I Structures

Stability evaluations were conducted for the following site-specific seismic Category I structures:
•
•
•
•

UHS basin and RSW pump house
RSW tunnel
DGFOSVs
DGFOT

Detailed descriptions of the stability analyses and the results for each of the above structures
are in Subpart A.4 and Subparts B.1 through B.4 under Supplemental Information in
Subsection 3.8.5.4, of this SER.
A.5.3 Seismic Response Analysis
In RAI 03.08.04-30, Item 1, the staff asked the applicant to provide details of how the results of
the seismic response analysis from the dynamic SSI analysis are transferred to the static FEA
model, including how the effects of accidental torsion are included in the analysis. In its
Supplement 1 response to RAI 03.08.04-30 (ML110770440), dated March 15, 2011, the
applicant described the procedure applied in the design of the UHS/RSW pump house. The
applicant stated that the nodal absolute accelerations (i.e., zero period acceleration (ZPA)) from
the SSI analysis are mapped into nine groups and a total of 208 panels of the SAP2000
structural model. The accelerations within a panel are averaged to a constant value within that
panel. These panel accelerations, in conjunction with the building, equipment and live and
water masses, are used to obtain the seismic inertial forces applied to the structure. Seismic
forces are applied in one excitation direction at a time, and the combined effects subsequently
use the square-root of the sum-of-the squares (SRSS) method at the element level. In its
response to what effect a mesh refinement of the SSI model would have upon the accelerations,
the applicant performed a comparison of the results with the “coarse” mesh and provides tables
with adjustment factors that correct the design accelerations, if any occurred, to the higher
values obtained with the finer model. For a complete discussion of the mesh refinement effects
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on the dynamic response, refer to SER Subsection 3.7.2.4.3 under the topic, “Resolution of
Items Observed in Various Sensitivity Studies.” Accidental torsional effects per SRP Section
3.7.2 are simulated by applying to the SAP2000 model additional torsional moments that are
equivalent to an increment of the eccentricity (between the center of rigidity and the center of
mass) of five percent of the maximum building dimension in each direction and at each floor
elevation. The resultant torsional moments are decomposed into in-plane shear element forces
applied to the perimeter walls at the following elevations: the top and base of the cooling tower,
the top of the basin, the top of the water level, the pump house roof, and the operating floor. All
of the torsional moments acting in the clockwise direction due to both x and y directional
excitations were applied simultaneously. Similarly, all of the counterclockwise torsional
moments due to x and y directional excitations were applied at the same time. This method
assumes that ground excitations in both directions are exciting the structure simultaneously, and
they therefore represent a conservative approach. Since the accidental torsional moments are
directional in nature, the resulting forces were always added to the other forces in the seismic
load combination. The staff found this response acceptable because it follows a logical twostep procedure of evaluating the dynamic behavior of the structure, including the SSI effects:
the first step involves the dynamic analysis of the SSI system; the second step applies the
equivalent static method of analysis to the FEA model used for the final and detailed design.
Therefore, this issue is resolved and closed.
A.5.4 Bearing Pressures
In RAI 03.08.04-30, Item 7, the staff asked the applicant to include the maximum static and
dynamic bearing pressures under the foundations and to compare these values with the
maximum allowable static and dynamic bearing pressures. In its Supplement 1 response to RAI
03.08.04-30, regarding soil bearing pressures, the applicant stated that the static and dynamic
ultimate bearing pressures are given in Tables 2.5S.4-41B, “Bearing Capacity of Foundation,”
and 2.5S.4-41C, “Bearing Capacity of Foundations under Dynamic or Transient Loading,”
respectively, and that actual soil pressures can be obtained by dividing the ultimate values by
the calculated safety factors given in those same tables. During the October 2010, audit
(ML110110104), the applicant presented the procedures used to determine the dynamic soil
pressures beneath the UHS/RSW pump house foundation mat, which resulted from the SSE
loadings. Using this method, the applicant calculates the equivalent eccentricity of a vertical
load considering the moments in two perpendicular directions acting on the foundation. An
equivalent foundation contact area is then calculated that is symmetric about the eccentric
location of the vertical load. The dynamic bearing pressure below the foundation is calculated
as a uniform pressure on the reduced foundation contact area. The staff noted that the
applicant’s methodology for calculating soil bearing pressures based on an equivalent
foundation and uniformly distributed soil pressures under the foundations was not consistent
with the analysis and design of the structures, including the basemat, and such a procedure
may significantly underestimate the expected foundation toe pressures for loading combinations
with large overturning moments. Therefore, in RAI 03.08.04-35, the staff asked the applicant to
provide additional information describing how the procedure used for verifying soil bearing
pressures reconciles with the analysis and design of the structures and based on simulating the
soil with elastic soil spring elements in SAP2000. In its Revision 1 response to RAI 03.08.04-35
(ML11181A002), dated June 28, 2011, the applicant stated that the methodology used for the
foundation soil bearing capacity evaluation and the determination of corresponding safety
factors is in accordance with that described in COL FSAR Subsection 2.5S.4.10.3. The
methodology for the evaluation of eccentrically loaded foundations was developed by Professor
J. Brinch Hansen and Professor G.G. Meyerhof, (Hansen, J.B., 1970, A Revised and Extended
Formula for Bearing Capacity. Bulletin of the Danish Geotechnical Institute, No. 28, pp. 5-11)
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and is considered well-established in geotechnical manuals and textbooks. In this methodology,
the coupled moment and the vertical load acting simultaneously at the center of the foundation
are transformed into an equivalent foundation loading system, with the same vertical load solely
acting at a point offset from the center of the actual foundation. The factor of safety of the
foundation is expressed as the ratio of the ultimate load to the applied vertical load (see COL
FSAR Section 2.5s.4, Equation 2.5S.4-22). The factors of safety documented in COL FSAR
Table 2.5S.4-41C are based on design load combinations acting on the foundations, including
those where foundation uplift may be present. In the referenced paper above, Hansen stated
that the actual bearing capacity of an eccentrically loaded foundation will be very nearly equal to
the bearing capacity of the centrally loaded effective foundation area. This concept of using the
effective foundation area with a centrally applied vertical load to represent the actual foundation
area subject to the same vertical load plus moments is widely recommended in geotechnical
manuals and textbooks. It implicitly accounts for the non-uniform pressure distribution under the
actual foundation, including the heel and toe pressures. Since the foundation soil is
represented by soil springs in the FEAs, the pressure distribution at the bottom of the basemat
under the eccentric loading will vary, and thus the design of the structure—including its
basemat—will account for higher heel and toe pressures. The staff’s evaluation noted that the
above method of computation was performed according to the recommendations in industry
recognized text books and publications such as Joseph E. Bowles, J. B. Hansen, and G. G.
Meyerhof, and it provides a consistent method of comparing the actual bearing pressure and the
calculated ultimate bearing capacity under a foundation subjected to vertical load and moment.
The design of the basemat is comprised of finite elements and the use of foundation soil springs
that take into account the effect of a variation of pressure distribution at the foundation-soil
interface under vertical load and moment. The applicant’s response justifies the design
procedures used to determine the safety factors against soil failure as well as the structural
design based on soil springs, thereby satisfying the staff’s request for clarification. The staff
agreed with the explanation and RAI 03.08.04-35 is therefore resolved and closed.
B.

Evaluation of Design Issues Related to Specific Structures

In RAI 03.08.04-13, RAI 03.08.05-1, and follow-up RAI 03.08.04-23 and RAI 03.08.04-30, the
staff asked the applicant to include the structural analysis and design information, as well as the
stability evaluations for all site-specific seismic Category I structures in the FSAR, using the
guidance in SRP Section 3.8.4 and other applicable SRP sections and guidance documents.
The following discussions apply to the design of individual site-specific structures listed below.
B.1

Design Information for the UHS/RSW Pump House and RSW Piping Tunnels

The detailed analysis and design information for the UHS/RSW pump house and the RSW
piping tunnels is documented in FSAR Section 3H.6, “Site-Specific Seismic Category I
Structures.” This section includes a description of the structures; analysis; design methods;
finite element models; materials; SSI analysis; seismic wave propagation effects; stability
evaluation; applicable codes and loadings; lateral earth pressure diagrams; description of the
wall, slab, and foundation design; soil springs; uplift analysis; tables and figures reporting
section forces; governing load combinations; and resulting concrete bending and shear
reinforcement and layouts.
The following seven subsections address the specific review criteria in the SRP:
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B.1.1 Description of the Structures
The UHS/RSW pump house structure consists of the main basin building with the cooling
towers located at roof level and the attached pump house enclosing the RSW pump systems.
The building is constructed on a mat foundation and is framed with shear walls. The roof and
operating floor are designed as a composite concrete slab with steel beams. In FSAR
Subsections 3H.6.3.1 through 3H.6.3.4, the applicant provided a general description of the
UHS/RSW pump house and the RSW piping tunnels that pertains to each proposed unit at the
STP site. Figure 3H.6-221, “Partial Site Plan,” shows a partial site plan with the locations of the
UHS/RSW pump house and the RSW piping tunnels relative to other structures. The staff noted
that the FSAR did not include plan and section views for the UHS/RSW pump house or the
RSW piping tunnels with basic structural information that meets the guidance in SRP Section
3.8.4. The applicant was therefore asked to provide this additional information during several
audit discussions. In its Supplement 5 response to Item 10 and its Supplement 6 response to
Item 1 of RAI 03.07.02-13 dated April 10, 2012, and May 29, 2012, (ML12103A369 and
ML12153A101, respectively); the applicant provided markups of FSAR Subsections 3H.6.3.1
through 3H.6.3.4 and Figures 3H.6-258 through Figure 3H.6-262, which in turn provide plan and
section views of the UHS/RSW pump house and the RSW piping tunnels. These figures show
the basic information and dimensions of the buildings and are considered adequate per the
guidance in SRP Section 3.8.4. Therefore, this item is considered resolved and closed. The
applicant incorporated the changes into the FSAR Revision 8.
B.1.2 Applicable Codes, Standards and Specifications
In FSAR Subsection 3H.6.4.1 and in FSAR Section 1.8, the applicant provided information
regarding the applicable design codes (i.e., ACI 349–97 and RG 1.142) for concrete structures;
AISC N690–1994, including Supplement 2 (2004), for steel structures; ACI 350.1-10,
“Specification for Tightness Testing of Environmental Engineering Concrete Containment
Structures”; and several other codes considered in the design. The staff finds the referenced
codes and standards to be appropriate for design and construction of the UHS/RSW pump
house and the RSW piping tunnels. During review of the UHS/RSW pump house design
calculations performed in the May 2011, audit, the staff noted that an older version of the AISC
N690 (N 690–84) code was used for the design of the steel members. Because the used
version was older than the 1994 version endorsed by the SRP and specified in FSAR
Table 1.8-21a for site-specific structures, the staff asked the applicant to revise the UHS/RSW
pump house calculation and to use version AISC N690–94, including Supplement 2. In its
Supplement 5 response to RAI 03.07.02-13, Item 12 dated April 10, 2012 (ML12103A369), the
applicant stated that the calculations are revised to meet the AISC N690–94 code requirements,
including Supplement 2. The staff found this response acceptable, because the calculations are
revised to meet the version of the code endorsed by SRP 3.8.4. Therefore, this issue is
considered resolved and closed.
B.1.3 Loads and Load Combinations
As described in more detail under Subpart A.4 (Item a) in Subsection 3.8.4.4.2 above, in
RAI 03.08.04-12 and follow-up RAI 03.08.04-22 as well as RAI 03.08.04-29, the staff asked the
applicant to clearly describe the various loads and load combinations, especially in regard to the
design of the UHS/RSW pump house and RSW piping tunnels. FSAR Subsection 3H.6.4.3
provides the design loads and load combinations used for the UHS basin, the RSW pump
house, and the RSW piping tunnels. These loads include normal loads, severe environmental
loads, and extreme environmental loads. This section also includes load combinations with the
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acceptance criteria that are used to design steel and concrete structures. Subsection 3H.6.4.2
provides site design parameters that are considered when establishing the design loads. The
staff found the loads and load combinations described in Subsection 3H.6.4.3 acceptable
because they were determined to be adequate based on considerations of the applicable site
design parameters; their adequate descriptions of all of the components of the loads with their
numerical values, as needed; and verification that the load combinations that were used comply
with the appropriate code requirements and the guidance in SRP Section 3.8.4.
B.1.4 Design and Analysis Procedures
In FSAR Subsections 3H.6.6.1 (UHS/RSW pump house) and 3H.6.6.2.2 (RSW piping tunnels)
the applicant provided information regarding the structural design and analysis of the UHS/RSW
pump house and the RSW piping tunnels. During the audit in May 2011 (ML12346A389), the
staff reviewed the structural design calculations for the UHS/RSW pump house, including the
analysis and design assumptions; applied loadings and load combinations; the thermal analysis;
the hydrodynamic analysis; the finite element models and results of the analyses; the beam,
column, slab, and wall designs; the lateral earth pressure parameters and loads; the design
methodologies; and the equivalent static seismic procedures. The following is a summary of the
staff’s observations.
The analysis is performed with the help of SAP2000 finite element models using spring, frame,
and thick-shell finite elements. A total of eight SAP models are used as follows: four models
with uniform soil springs and four models for non-uniform soil springs. The four models account
for static loads, dynamic loads, static without vertical loads, and seismic loads without vertical
loads. Different soil springs are used under the UHS and the RSW pump house. All results of
the analysis are enveloped, and seismic forces are typically combined with the SRSS rule for
member design. Inertial seismic forces are applied to the SAP model as equivalent static
forces. The maximum accelerations from the SSI analyses are grouped into nine vertical
groups and 208 panels representing different locations in the structure. Accelerations are
averaged within each panel section. Full and empty basin cases are considered, and the
dynamic soil spring values are used in the SAP models. Applied inertial forces are computed as
the product of the acceleration times the corresponding mass times an adjustment factor (used
to compensate for different mesh sizes in SAP and SSI models). The x-, y-, and z-loads are
subsequently combined by the SRSS superposition rule. The x-, y- and z- accelerations vary
between 0.12g (slab) and 0.60g (tower). It was noted that the maximum element accelerations
could be as high as three times the calculated average acceleration for a panel. In order to
verify the use of the average panel accelerations instead of the maximum element accelerations
is still a conservative approach: section forces (element axial and shear forces and bending
moments) taken from the SASSI model were compared with the corresponding SAP values
along horizontal and vertical cut lines. The force comparisons show that the SAP results are
consistently higher than the corresponding SASSI values. Specifically, the comparison for one
of the interior N-S walls of the cooling tower (Section Cut #55) showed ratios greater than 1.60
for all six internal forces of the shell element. Based on this example, the staff considered the
overall approach followed for the seismic design to be conservative compared with the SSI
results. The design of the concrete and steel elements is performed for the loading
combinations in Subsection 3H.6.4.3. Torsional effects from the wind on interior columns,
buttresses, and walls are considered. Hurricane winds (296 km/h [184mph]) are used for all
LCs including wind loads (W). No uplift was identified for any LC. The software program
TEMCO (see also separate discussion under Subpart A.4 (Item d) “Combination of Forces and
Moments” in Subsection 3.8.4.4.2 above) is used to design sections subjected to thermal
gradients and non-thermal axial forces and moments. Thermal gradients are applied to all
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concrete components such as walls, slabs, roofs, foundation mats, beams, and columns.
Simulations of hydrodynamic effects of the basin water and lateral soil pressures applied to the
buried walls are discussed in more detail below.
The staff found the design and analysis procedure for the UHS/RSW pump house structures to
be acceptable and in accordance with the standard engineering practices for equivalent static
methods of analysis and the guidance in SRP Section 3.8.4 and the applicable codes and
standards. The staff, however, identified the following two issues that are evaluated separately
in this SER section: (a) as the original SASSI analysis did not include the adhered water
masses on the submerged part of the columns, new response accelerations had to be
determined from a modified SSI model to correctly design the columns (see detailed discussion
below); and (b) the calculation referenced standard ANSI/AISC N690-84 for the steel design
instead of ANS/AISC N 690–94, which is adopted for STP, Units 3 and 4, site-specific structures
as stated in FSAR Section 1.8 (see resolution of this issue in Subpart B.1.2 above).
The procedures for the design and analysis of the RSW tunnels are described in
Subsection 3H.6.6.2.2. Manual calculations are used for the analysis and design of the RSW
tunnels. The individual components of the tunnel (roof slab, intermediate slab, basemat, and
walls) have out-of-plane frequencies in excess of 33 Hz; and their out-of-plane seismic loads
are determined using a conservative acceleration of 0.21g that exceeds the ZPA of the
response spectra in Figures 3H.6-138 and 3H.6-139. Tunnel walls and slabs are designed as
one-way slabs for the loads and load combinations in Subsection 3H.6.4.3. Lateral soil
pressures used to design the RSW piping tunnels are discussed separately below. The tunnel
is also designed for the effects of seismic wave propagation, which is discussed separately
below. The staff found the simplified analysis and design method used for the tunnel to be
conservative and acceptable.
Furthermore, the staff’s review specifically addressed the following six issues:
a.

Modeling of Hydrodynamic Loads for the UHS Basin

In FSAR Subsection 3H.6.6.2.1, the applicant described the loadings used for the design of the
UHS basin, the UHS CT enclosure, and the RSW pump house. RAI 03.08.04-16 and
RAI 03.08.04-26 asked the applicant to include in the FSAR details of how the hydrodynamic
loads were calculated and applied to the finite element model. The staff also asked the
applicant to discuss whether the applicant’s response meets SRP Section 3.7.3 Acceptance
Criterion 14, and if not, to justify not doing so. In its response to RAI 03.08.04-16
(ML092610374), dated September 16, 2009, the applicant described the procedures of the
analysis used to evaluate the dynamic response of the water masses in the basin. Furthermore,
in its response to RAI 03.08.04-26 (ML100480204), dated February 4, 2010, the applicant
included a markup of Subsection 3H.6.6.2.1, which now contains a more detailed description of
the procedures of the analysis. During the May 2011 audit, the staff reviewed the calculations
and noted that:
•

Convective and impulsive masses were determined following Housner’s method
described in TID 7024, “Nuclear Reactors and Earthquakes,” dated August 1963.

•

Impulsive masses were added to the walls of the SSI model.

•

Convective water masses were not added to the SSI model due to the very low
frequency of 0.135 Hz (N-S) and 0.078 Hz (E-W), but equivalent horizontal loads
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resulting from applying the response spectrum accelerations at 0.50 percent damping
were used in the design.
•

The water mass in the basin is applied vertically as area load to the basemat.

•

Horizontal pressures due to vertical acceleration are computed as the hydrostatic
pressure times the maximum vertical spectral acceleration of 0.475g.

•

The horizontal pressures due to horizontal acceleration are computed following the
methodology in ASCE4-98 and TID 7024 for determining impulsive (rigid) and
convective (sloshing) components and accelerations.

•

Horizontal convective loads are applied to walls, buttresses, and columns between
elevations of 41.75 ft and 71.00 ft.

•

Because the SSI model accounted for the impulsive water masses, all relevant modes of
combined fluid-tank vibration were included in the analysis.

As described above, the analysis meets all of the criteria in SRP Section 3.7.3 for above-ground
tanks. A description of the analysis is included in the FSAR. Therefore, the staff found the
response to be adequate. The applicant subsequently updated FSAR Subsection 3H.6.6.2.1 to
incorporate the proposed changes in the response. RAI 03.08.04-16 and RAI 03.08.04-26 are
therefore closed and resolved.
b.

Design of Submerged Columns due to Hydrodynamic Effects

The column design for the submerged columns in the basin is based on the maximum
accelerations obtained from the SASSI model along the column axis. However, no attached
water masses on the submerged part of the columns, in addition to the self weight, were
originally considered in the SSI model. Thus, in RAI 03.07.02-28, the staff asked the applicant
to consider attached water masses in the SSI model, because water masses would affect the
column modes, frequency, and thus the accelerations along the column axis. This issue was
also discussed with the applicant during the May 2011 audit. In its Supplement 4 response to
RAI 03.08.04-30, dated June 28, 2011 (ML11181A002), the applicant provided the modified
acceleration values together with a design procedure whereby new scale factors were
determined to amplify the horizontal acceleration acting on the column mass. For that purpose,
eight SAP column models (four with additional masses and four without additional water
masses) were developed covering all possible top and bottom boundary conditions. These
eight models were subjected to the spectral accelerations obtained from all full basin SSI case
analyses at the top and bottom of the columns. Since the modal response analysis performed
for the column models uses only one input spectrum, the envelope of the top and bottom
spectra was used in the dynamic analysis. Scale factors were obtained as the ratio between the
resulting nodal accelerations along the column axis (with and without additional water masses).
The column design was revised by applying these scale factors to modify the original
accelerations that were used. The staff found this procedure acceptable.
c.

Effect of Seismic Wave Propagation on the RSW Tunnel

During the audits of the design calculations for the RSW piping tunnels in March 201, and May
2011 (audit report in ML111320094), the staff noted that seismic wave propagation effects were
considered using the ASCE 4–98 methodology. This is an accepted industry practice, and its
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application in designing the RSW piping tunnels is considered adequate. However, it was noted
that Rayleigh waves with an apparent wave velocity of 2,012 m/s (6,600 ft/s) were considered in
the design, although 914.4 m/s (3,000 ft/s) for the same was specified in the FSAR. Also, it was
noted that additional lateral pressure on the tunnel walls at the bend due to seismic wave
propagation was not considered. The applicant agreed to revise the calculations for the tunnels
and to address the issue as follows:
•

Use an apparent wave velocity of 914.4 m/s (3,000 ft/s) per Subsection C3.5.2.1 of
ASCE 4–98.

•

Consider the maximum ground velocity based on the site-specific SSE maximum ground
acceleration of 0.13g.

•

Consider a triangular pressure distribution on the transverse leg of the tunnel near the
bend, which is limited by the maximum passive pressure represented by a passive
pressure coefficient of Kp = 3, if applicable.

•

Revise the COL application to reflect these changes.

In its Supplement 5 response to RAI 03.08.04-30, dated July 12, 2011 (ML11196A040), the
applicant confirmed that the calculations of the axial tensile strains; forces and moments at the
tunnel bends; and soil pressures on the transverse leg of the tunnels near the bends due to
seismic wave propagation for the RSW piping tunnels were revised using the above parameters
with a maximum ground velocity of 15.85 cm/s (6.24 in./s) (which is based on 121.9 cm/s/g [48
in/sec/g] and the site-specific SSE maximum ground acceleration of 0.13g). The corresponding
markups to revise FSAR Subsection 3H.6.6.2.2, Table 3H.6-6, “Results of RSW Piping Tunnel
Design,” and Figure 3H.6-247, “Passive Lateral Earth Pressure Diagrams for Typical Section of
RSW Tunnel,” resulting from the resolution of this item are also in this response. The staff’s
evaluation noted that the analysis meets the criteria in ASCE4–98, considers the passive
pressures, and incorporates the changes in the FSAR. Therefore, the response is adequate
and the issue is resolved and closed. FSAR, Section 3H.6 was subsequently updated to
incorporate the proposed changes in the response.
d.

Steel and Concrete Elements

In RAI 03.08.04-13 and RAI 03.08.04-23, the staff asked the applicant to include in FSAR
Subsection 3H.6.6.3 a description of the various steel and concrete elements of the site-specific
structures, including how these elements are designed and the design results. In its response
to RAI 03.08.04-13 (ML092370556), dated August 20, 2009, the applicant referred to its
response to RAI 03.07.01-13 (ML092360772), dated August 20, 2009, for the design
information related to Category I structures. Later in its response to RAI 03.08.04-23, dated
February 10, 2010 (ML100550613), the applicant proposed changes to FSAR Subsection
3H.6.6.3 regarding the design of the UHS/RSW pump house building. This subsection includes
codes and material specifications used in the design; references to tables and figures reporting
section forces, governing load combinations, and bending and shear reinforcement and layout
of slabs and walls; static and dynamic spring constants and their derivations based on the
subgrade modulus; references to tables reporting section forces, governing load combinations,
and resulting concrete bending and shear reinforcement and layouts for beams and columns.
The referenced tables and figures were already provided in the Supplement 2 response to RAI
03.07.01-13 (ML100050225) and are included in the design information for the UHS/RSW pump
house as well as the RSW piping tunnels. Concrete design information for the RSW piping
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tunnels is also included in the February 10, 2010, response to RAI 03.07.02-15 (ML100550613)
containing the FSAR write-up for Subsection 3H.6.6.2.2. In its Supplement 4 response to RAI
03.08.04-30 (ML11181A002), dated June 28, 2011, the applicant described the effects of a
mesh sensitivity study performed on the SSI analysis of the UHS/RSW pump house, which
resulted in higher accelerations especially at the pump house roof slab. The modification factor
of 1.41 was applied to the vertical accelerations and was considered in the design of the slab.
The staff’s evaluation of the applicant’s response noted that:
•

Table 3H.6-6, “Results of RSW Piping Tunnel Design,” showed very small differences
between the required versus the provided reinforcement (0.7 versus 0.79 or 0.97
versus 1.00) or was non-existent (1.56 for both).

•

In Table 3H.6-6 Note 3, it was not clear whether the additional reinforcement resulting
from the SSE wave propagation had to be added to the reinforcement shown in the
table.

•

A sketch defining the reinforcing zones in the RSW piping tunnels was not included.

•

It is not clear whether the passive pressure shown in Figure 3H.6-247 is applicable to
the entire RSW piping tunnels design.

The staff asked the applicant to clarify these issues and to also provide the SSI soil pressures
for the RSW piping tunnels. In its Supplement 6 response to RAI 03.08.04-30, dated
September 12, 2011 (ML11259A056), the applicant clarified these questions and stated that in
all cases, the provided reinforcement exceeded the required reinforcement thus meeting the
code requirements. The applicant also stated that an additional margin of about 11 percent was
included in determining the required reinforcements for the RSW piping tunnel by dividing the
calculated moments and axial forces by 0.9 (i.e., increased by 1/0.9 = 1.11). Note 3 in
Table 3H.6-6 was revised to clearly state that additional reinforcements were needed to account
for the seismic wave propagation effects. FSAR Figure 3H.6-348 was added to clearly identify
the various reinforcement zones referred to in Table 3H.6-6. Regarding the design lateral soil
pressures, the applicant stated that the passive pressure shown in Figure 3H.6-247, is
applicable to the entire RSW piping tunnel design. The applicant added that the seismic soil
pressures used in the design envelope the SSI and SSSI soil pressures, with the exception of a
small portion along the wall height where the SSI soil pressure from the separated soil case is
higher. But the tunnel wall design was controlled by passive pressure. The staff found this
response technically acceptable and adequate since it clarified the issues identified by the staff.
The FSAR markups included in the response were subsequently incorporated into the FSAR.
Therefore, this issue is resolved and closed.
e.

Concrete Reinforcement Design Tables

Required concrete reinforcement for walls and slabs of the UHS/RSW pump house resulting
from the design process are in FSAR Tables 3H.6-7 and 3H.6-8. These tables describe the
location, direction, and face of the structural element and refer to the reinforcement layout
drawing numbers and reinforcement zone numbers. The staff noted that it was difficult to
determine where in the structure the reinforcement zone belonged. Therefore, the applicant
was asked to provide additional descriptive plans or figures showing the actual location of each
reinforcing zone within the structure. In its Supplement 5 response to RAI 03.07.02-13
(ML12103A369) Item 2, dated April 10, 2012, the applicant provided the FSAR markup with a
reference to the new Figures 3H.6-40a, b, and c, which clarify the wall and slab labeling
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conventions for the UHS/RSW pump house building. The staff considered the additional
information adequate. This issue is therefore resolved and closed. The applicant incorporated
the proposed changes into the FSAR Revision 8.
f.

Lateral Soil Pressures

In RAI 03.08.04-12, the staff asked the applicant to include in the FSAR the calculated lateral
soil pressures used for the design of site-specific structures. In its response to RAI 03.08.04-12
(ML092370556), dated August 20, 2009, the applicant referred to the FSAR markup of
Subsections 3H.6.4.3.1.4 and 3H.6.4.3.3.3 provided with the response to RAI 03.07.01-13
(ML092360772). The staff found that the information included in the response provided only a
definition of the lateral soil pressures. Therefore, in RAI 03.08.04-22, the staff asked the
applicant to include in the FSAR the values of the lateral soil pressures used in the analysis. In
its revised response to RAI 03.08.04-22, dated September 15, 2010 (ML102630145), the
applicant provided revised markups of FSAR Subsections 3H.6.4.3.1.4 and 3H.6.4.3.3.3 that
refer to lateral soil pressure Figures 3H.6-41 through 3H.6-50. These FSAR markups were
submitted in the Supplement 2 response to RAI 03.07.01-13 (ML100050225) for the UHS basin,
the RSW pump house, and the RSW tunnel. From the soil pressure diagrams included in the
FSAR, it was not clear how the soil pressures were used in the design and stability evaluation of
site-specific structures. Therefore, in its Supplement 1 response to RAI 03.08.04-17, dated
March 7, 2011 (ML110730067), the applicant provided markups of FSAR Section 3H.6 for the
UHS/RSW pump house and the RSW piping tunnels that include soil pressure
diagrams 3H.6-41 through 3H.6-44 (revised); 3H.6-232 through 3H.6-240; and 3H.6-245
through 3H.6-247 providing the at-rest, dynamic at-rest, active, and passive soil pressure
profiles for the UHS basin, the RSW pump house, and the RSW tunnel. None of the soil
pressure diagrams provided with the response included SSSI effects, however. The SSSI
incremental seismic soil pressure diagrams, which include the effects of the UHS, RB, and RWB
on the RSW piping tunnels, are in the Revision 1, Supplement 1 response to RAI 03.07.02-24
dated March 7, 2011 (ML110730067) and the Supplement 6 response to RAI 03.08.04-30
(ML11259A056). The SSSI incremental soil pressures for the UHS basin and the RSW pump
house were in the March 15, 2011 response to RAI 03.07.02-22 (ML110770440).
Subsequently, the applicant revised the soil pressure diagrams considering the SSI and SSSI
effects in the Revision 1, Supplement 1 response to RAI 03.07.01-29, dated November 28, 2011
(ML113360516), for the UHS basin, the RSW pump house, and the RSW tunnel to address
various issues discussed with the applicant during the audits in May 23, 2011 and July 25,
2011. Detailed discussions of these issues are in Subsection 3.7.2.4 of this SER. Soil pressure
diagrams in the above responses are incorporated into Revision 7 of the FSAR. During the
audit in February 2012, it was noted that lateral seismic soil pressures used for the design were
not clearly marked in the soil pressure diagrams for the RSW tunnel. Also, the soil pressures
used for the stability evaluation of the RSW tunnel were not included in the FSAR. In its
Supplement 5 response to RAI 03.07.02-13, dated April 10, 2012 (ML12103A369), the applicant
provided the lateral soil pressure diagrams used for stability evaluation of the RSW tunnel and
revises the seismic soil pressure diagrams for the RSW tunnel to include the design pressure
diagrams. These changes have been incorporated into the FSAR Revision 8. A discussion of
the lateral soil pressures used for design of the UHS basin, the RSW pump house, and the
RSW tunnel is presented below.
UHS Basin
The basin walls are designed for static and dynamic lateral soil pressures. The at-rest lateral
soil pressures shown in Figure 3H.6-238, “At-Rest Lateral Earth Pressure on the UHS Basin
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Walls,” are used to calculate the static lateral soil pressure on the UHS basin walls. Hydrostatic
pressure and surcharge pressure of 14.36 kPa (300 psf) are included in the at-rest lateral soil
pressure. Dynamic soil pressure used for the design of the UHS basin walls is shown in Figure
3H.6-220, “SSI, SSSI, ASCE 4-98 and Design Lateral Seismic Soil Pressures on Ultimate Heat
Sink Basin South Wall.” The designed dynamic soil pressure envelops the seismic soil
pressures calculated considering the SSI, SSSI, and the provisions of ASCE 4-98. Both empty
and full basin conditions are considered for calculating the seismic soil pressures. Details of the
SSI and SSSI analyses for calculating the seismic soil pressures are discussed in Subsection
3.7.2.4.4 of this SER. Driving and resisting lateral soil pressures used for the stability evaluation
are shown in Figures 3H.6-46, “Driving Lateral Pressure on Basin Walls (for Stability
Evaluation),” and 3H.6-49, “Resisting Lateral Pressure on Basin Walls (for Stability Evaluation),”
respectively. In addition, walls are also designed for the passive lateral soil pressure required to
be developed for the stability evaluation. The staff’s evaluation found that the applicant has
appropriately considered the static lateral soil pressure for designing the UHS basin walls by
using at-rest soil pressure that are based on earth pressure on non-yielding walls and are
conservative. The staff also considered computing the dynamic lateral soil pressure as the
envelope of the SSI, SSSI, and ASCE 4–98 dynamic lateral earth pressures that provides a
conservative estimate of the expected lateral dynamic soil pressure and meets the intent of the
guidance in SRP Section 3.8.4. The method used by the applicant to determine the driving and
resisting earth pressures for the stability evaluation is discussed along with the discussion of the
stability evaluations. Based on the above information, the staff concluded that the lateral soil
pressures used by the applicant for the design of the UHS basin are acceptable.
RSW Pump House
The different soil pressure conditions for the RSW pump house walls are shown in the lateral
pressure diagrams: (a) dynamic at-rest pressures (Figures 3H.6-41 through -43); (b) static
active, passive, and at-rest pressures (Figures 3H.6-233, “Active Lateral Earth Pressure on the
North, East and West Walls of the RSW Pump House”; 3H.6-234, “Active Lateral Earth
Pressure on the South Wall of the RSW Pump House”; 3H.6-236, “Passive Lateral Earth
Pressure on the North, East and West Walls of the RSW Pump House”; 3H.6-237, “Passive
Lateral Earth Pressure on the South Wall of the RSW Pump House”; 3H.6-239, “At-Rest Lateral
Earth Pressure on the North, East and West Walls of the RSW Pump House”; and 3H.6-240,
“At-Rest Lateral Earth Pressure on the South Wall of the RSW Pump House”); (c) seismic
pressures obtained from the SSI, SSSI and ASCE 4-98 analyses (Figures 3H.6-218, “SSI,
SSSI, ASCE 4-98 and Design Lateral Seismic Soil Pressures on RSW Pump House South
Wall”; and 3H.6-219, “SSI, SSSI, ASCE 4-98 and Design Lateral Seismic Soil Pressures on
RSW Pump House North Wall”); and (d) driving and resisting static and dynamic lateral
pressures used in the stability analyses (Figures 3H.6-45, “Driving Lateral Pressure on the East,
West, and North Walls of Pump House (for Stability Evaluation)”; 3H.6-47, “Driving Lateral
Pressure on the South Wall of Pump House (for Stability Evaluation)”; 3H.6-48, “Resisting
Lateral Pressure on the East, West, and North Walls of Pump House (for Stability Evaluation)”;
and 3H.6-50, “Resisting Lateral Pressure on the South Wall of Pump House (for Stability
Evaluation)”). At-rest lateral soil pressures shown in Figures 3H.6-239 and 3H.6-240 are used
to calculate the static lateral soil pressure on the RSW pump house walls. Hydrostatic pressure
and surcharge pressure of 14.36 kPa (300 psf) are included in the at-rest lateral soil pressure.
The lateral soil pressure diagrams in Figures 3H.6-218 and 3H.6-219 show that the dynamic
pressure used to design the walls envelopes the results obtained from the seismic analyses
performed to cover different soil cases, full and empty basin conditions, loading effects from
nearby structures, and seismic soil pressure based on the provisions of ASCE 4–98. The lateral
soil pressures on the north wall (Figure 3H.6-219) resulting from the SSSI analysis with other
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buildings are in several RAI responses: RAI 03.07.02-22 (ML110770440); Supplements 3 and 4
to RAI 03.07.01-27 (ML11143A054 and ML11192A043); and Revision 1 of Supplement 1 to RAI
03.07.01-29 (ML113360516)). The diagrams show a pronounced peak between a 3.05-m (10ft) and 3.96-m (13-ft) depth and a depth of about 13.72-m (45-ft), which exceeds the seismic
design pressure. In its Supplement 3 response to RAI 03.07.01-29 dated April 10, 2012
(ML12103A369), the applicant explained that the induced out-of-plane shear and moment in
each wall panel from the design soil pressures are greater than those from the SSSI soil
pressures. In addition, this response provided the markup of FSAR Subsection 3H.6.4.3.3.3 to
document the basis for accepting localized higher lateral soil pressures on the RSW pump
house north wall. The applicant further stated that the RSW pump house north wall, in addition
to the SSI and SSSI soil pressures, is designed for the seismic soil pressure per ASCE 4–98
and the passive soil pressure (Kp=1.2) without taking any credit for a lack of soil pressure at its
juncture with the RSW piping tunnel. The staff’s evaluation concluded that the applicant has
appropriately considered the static lateral soil pressures for the design of the RSW pump house
walls by using at-rest soil pressures that are based on the earth pressure on non-yielding walls
and is conservative. In addition, the walls are designed for passive soil pressure required for
the stability evaluation (Kp=1.2). The staff also considered the computing dynamic lateral soil
pressure as the envelope of the SSI, SSSI, and ASCE 4–98 dynamic lateral earth pressures
that provides a conservative estimate of the expected lateral dynamic soil pressure and meets
the intent of the guidance in SRP Section 3.8.4. The localized exceedances of the seismic soil
pressures on the north wall of the RSW pump house is acceptable because the out-of-plane
moments and shears based on the envelope design of the lateral soil pressures are greater
than the out-of-plane moments and shears using the actual seismic lateral soil pressures. The
method used by the applicant to determine the driving and resisting earth pressures for the
stability evaluation is discussed along with the discussion of the stability evaluations. Based on
the above information, the staff concluded that the lateral soil pressures used by the applicant to
design the RSW pump house are acceptable.
RSW Tunnel
The different soil pressure conditions for the RSW tunnel are shown in the lateral pressure
diagrams: (a) dynamic at-rest pressures (Figure 3H.6-44); (b) static active, at-rest and passive
pressures (Figures 3H.6-245 through -247); (c) seismic pressures obtained from the SSI, SSSI,
and ASCE 4-98 analyses (Figures 3H.6-212 through -215). In addition, Figures 3H.6-216,
“Lateral Seismic Soil Pressures (psf) on RSW Piping Tunnel East Wall For UB In-Situ Soil Case
(Main Cross Section of RSW Piping Tunnel, Including Effect of Vertical Excitation),” and 3H.6217, “Lateral Seismic Soil Pressures (psf) on RSW Piping Tunnel West Wall For UB In-Situ Soil
Case (Main Cross Section of RSW Piping Tunnel, Including Effect of Vertical Excitation),”
provide lateral seismic soil pressures on the RSW tunnel east and west walls, respectively, for
the UB in situ soil cases including the effects of vertical excitation. As no driving and resisting
lateral pressures used in the stability analyses were reported, the applicant was requested
during the audit in February 2012 (ML120660018), to include the missing information in the
FSAR. During the same audit, the applicant was also requested to include the missing
envelope design pressures in Figures 3H.6-214, “Lateral Seismic Soil Pressures (psf) on RSW
Piping Tunnel North Wall (RSW Piping Tunnel near UHS/RSW Pump House),” and 3H.6-215,
“Lateral Seismic Soil Pressures (psf) on RSW Piping Tunnel South Wall (RSW Piping Tunnel
near UHS/RSW Pump House).” In its Supplement 5 response to RAI 03.07.02-13
(ML12103A369), dated April 10, 2012, the applicant provided revised Figures 3H.6-214 and 215, which include the envelope design lateral seismic soil pressures on the RSW tunnel north
and south walls near the RSW pump house. The response also included Figures 3H.6-253 and
-254 showing the driving and resisting lateral soil pressures used for the stability evaluation of
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the tunnel. The applicant also proposed markups to FSAR Figures 3H.6-214, -215, -253, and 254. In FSAR Subsection 3H.6.6.2.2, the applicant described the lateral soil pressures used for
the design of the RSW tunnel. Static lateral soil pressures used in the design are based on the
at-rest lateral soil pressure, including the effects of the hydrostatic pressure and a surcharge
pressure of 23.94 kPa (500 psf). The staff considered this information acceptable, because the
at-rest lateral pressure provides a conservative estimate of the static lateral pressure on
structures. The dynamic lateral soil pressure due to the SSE used for the design is the
envelope of soil pressure calculated using the methodology defined in Subsection 3.5.3.2.2 of
ASCE 4–98, in the SSI analysis, and in the SSSI analysis. Details of the SSI and SSSI
analyses and their staff’s evaluations are in Subsection 3.7.2.4.4 of this SER. Furthermore, in
its response to RAI 03.08.04-30 S6, dated September 12, 2011, the applicant stated that the
entire RSW tunnel was designed using the passive pressure shown in Figure 3H.6-247. The
staff noted that the SSI pressures for the soil separated case reported in Figures 3H.6-212 and 213 locally exceeds the envelope design pressure between 6.71 m (22 ft) and 7.32 (24 ft) depth
below grade. In its Supplement 6 response to RAI 03.08.04-30 (ML11259A056), dated
September 12, 2011, the applicant compared the out-of-plane moments and shears due to the
SSI soil separated case with the out-of-plane moment and shear used in design. The out-ofplane moment and shear used in the design were larger and controlled the design.
The staff conducted a review of the structural design report for the RSW piping tunnels during
the February 2012 audit. During this review, the staff noted that FSAR Figures 3H.6-216 and
-217 showing the lateral seismic soil pressures for the UB in situ soil case, including the effect of
the vertical excitation on the RSW piping tunnel east wall and west wall, respectively, did not
include the envelope soil pressure used in the design, even though the demand on the east and
west walls appear to exceed the design envelope lateral pressure for the east and west walls
from 1.52 m (5 ft) below grade to grade level. This shortcoming is not considered to have any
significant impact on the design because the bottom elevation of the tunnel roof slab is 1.52-m
(5-ft) below grade, and the higher pressures shown up to a depth of 1.52-m (5-ft) will be directly
transmitted to the tunnel roof slab. Furthermore, these two figures were only intended to show
the negligible effect of the vertical accelerations on the horizontal pressures. The staff’s
evaluation concluded that the methodology used by the applicant for determining the dynamic
lateral soil pressure on the RSW tunnel is acceptable, because the envelope of lateral soil
pressures from the SSI and SSSI analysis, lateral soil pressure calculated using the ASCE 4–98
methodology, and the lateral passive pressures used for the design all meet the intent of the
guidance in SRP Section 3.8.4. The method used by the applicant to determine the driving and
resisting earth pressures for the stability evaluation is discussed along with the discussion of the
stability evaluations.
B.1.5 Structural Acceptance Criteria
In FSAR Subsection 3H.6.4.1, the applicant has provided information regarding the applicable
design codes. Because the original list of codes was incomplete, in RAI 03.08.04-8, the staff
asked the applicant to provide a more complete list of standards and RGs. The applicant
provides this information in the response to RAI 03.07.01-13, dated August 20, 2009
(ML092360772). For each loading combination delineated in FSAR Subsection 3H.6.4.3.4, the
structural acceptance criteria appear in the load combinations that correspond to the respective
code (i.e., ACI 349 and RG 1.142 for concrete structures; ANSI/AISC N690–1994 including
Supplement 2 (2004) for steel structures; and ACI 350.1 for environmental requirements.) The
staff found the acceptance criteria in the loading combinations acceptable, because they meet
the provisions of the codes that were evaluated and found to be acceptable. Also, by
referencing these codes—including the edition, revision, and date of issuance—the applicant
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has provided the design criteria related to stresses, strains, gross deformations, factors of
safety, and other parameters that quantitatively identify the margins of safety. Therefore, the
structural acceptance criteria included in the FSAR are acceptable.
B.1.6 Materials, Quality Control, and Special Construction Techniques
In FSAR Subsection 3H.6.4.4, the applicant provided information regarding the structural
materials used in the design of the site-specific Category I structures, including the UHS/RSW
pump house and the RSW piping tunnels. The structural materials that are listed conform to the
steel and concrete codes used for the design. No special construction techniques are proposed
or described in the FSAR, and no explicit mention of quality control programs is included in the
FSAR. SRP Section 3.8.4 provides specific guidance for applicants to provide information
about:
(a)

the concrete ingredients and reinforcing bar splices;

(b)

the nondestructive examination of the materials to determine physical properties,
the placement of concrete, and erection tolerances;

(c)

the extent to which 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, as applicable; and

(d)

welding of reinforcing bars if proposed, to comply with ASME Boiler and Pressure
Vessel Code (Code) Section III, Division 2.

RG 1.206 further specifies that for quality control in general, verifying the extent of compliance
with the applicable provisions of SRP Sections 3.8 and 17.5 and recommendations of RG 1.55,
“Concrete Placement in Category I Structures.” The staff asked the applicant to incorporate the
above information into the FSAR. In its Supplement 5 response to RAI 03.07.02-13
(ML12103A369), dated April 10, 2012, the applicant included the markup of FSAR Subsection
3H.6.4.4.7, “Materials and Quality Control,” that provides the requested information and stated
that concrete ingredients, reinforcing bar splices, 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 RGs, codes, and standards referenced in the
DCD and the FSAR. The response further stated that 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. The staff found the applicant’s response
and FSAR update acceptable, because the proposed material and quality control provisions are
according to the codes and the standards are accepted for use. The applicant included all
requested information in the FSAR markup. Therefore, this issue is resolved and closed.
Based on the above discussions, the staff concluded that the information from the applicant
pertaining to materials and quality control meets the guidance in SRP Section 3.8.4 and is
therefore acceptable. The applicant incorporated the proposed changes into the FSAR
Revision 8.
B.1.7 Testing and In-Service Requirements
According to SRP Section 3.8.4 and RG 1.206, the applicant should specify any testing and ISI
requirements applicable to critical areas of the UHS/RSW pump house and the RSW piping
tunnels to meet the requirements of 10 CFR 50.65 and the guidance in RG 1.160. However, it
was not clear how the ISI of normally inaccessible, below-grade concrete walls and foundations
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is performed. Therefore, the staff asked the applicant to confirm how the ISI requirements are
accomplished for below-grade concrete walls and foundations to: (a) examine for signs of
degradation the exterior, exposed portions of below-grade concrete, when excavated for any
reason; and (b) conduct periodic site monitoring of ground water chemistry to confirm that the
ground water remains nonaggressive. In its Supplement 5 response to RAI 03.07.02-13
(ML12103A369), dated April 10, 2012, the applicant stated that site-specific seismic Category I
structures are included in the scope of the Design Reliability Assurance Program (DRAP).
Because FSAR Section 17.6S1.1b includes all SSCs identified as risk-significant via the DRAP
in the initial maintenance rule scope, these site-specific seismic Category I structures are
included in the Maintenance Rule Program. This program comprises monitoring and
maintaining the requirements for the structural materials used in the design of the site-specific
seismic Category I structures that will be implemented in accordance with 10 CFR 50.65,
“Requirements for Monitoring the Effectiveness of Maintenance at Nuclear Power Plants,” and
RG 1.160, “Monitoring the Effectiveness of Maintenance at Nuclear Power Plants,” as described
in FSAR Section 17.6S and Table 13.4S-1, “Operational Programs Required by NRC
Regulation and Program Implementation.” The applicant also stated that the periodic
monitoring of the ground water chemistry is described in FSAR Subsection 2.4S.12.4. The
applicant also provided a markup of the new FSAR Subsection 3H.6.4.4.6, “Testing and ISI
Requirements,” with the above information. The staff found that the applicant has appropriately
addressed the issue of testing and ISI of seismic Category I structures, including the belowgrade concrete walls and foundation, by including them in the Maintenance Rule Program
described above. The applicant’s response also includes FSAR markups. The applicant
incorporated these markups into the FSAR Revision 8.
As described above, the applicant’s response regarding the design information adequately
addresses the staff’s requests for additional information and clarification. Therefore,
RAI 03.08.04-13, RAI 03.08.04-23, and RAI 03.08.04-30 (only portions evaluated here) are
considered resolved and closed. The staff concluded that the design information included in
FSAR Section 3H.6 for the UHS basin, the RSW pump house, and the RSW tunnel, including
the proposed markups with the responses mentioned above, are adequate and meet the
guidance in SRP Section 3.8.4.
B.2

Design Information for the DGFOSV

In its response to RAI 03.07.01-19, dated February 4, 2010 (ML100480204), the applicant
provided analysis and design information for the DGFOSV that was not previously in the FSAR.
The response included a markup of the new FSAR Section 3H.6.7, which provided a general
description of three DGFOSV including their sizes and locations. However, the information
included in the response did not describe how structural analysis and design of the structure
was performed. Therefore, in RAI 03.08.04-30, Item 8, the staff asked the applicant to provide
complete structural analysis and design information for the DGFOSV to ensure that they meet
Acceptance Criteria 1 through 7 of SRP Sections 3.8.4 and 3.8.5. The applicant provided
additional analysis and design information in multiple responses to address various requests
from the staff for additional information and clarification. The following RAI responses included
additional information and clarification for the DGFOSV, and any FSAR markups provided with
the responses were subsequently incorporated into FSAR Revision 7: Revision 2 to
RAI 03.07.01-19 (ML101620284), RAI 03.07.01-27 (ML102630145), Revision 1, Supplement 1
to RAI 03.07.01-27 (ML110730067), Supplements 3 and 4 to RAI 03.07.01-27 (ML11143A054
and ML11192A043), RAI 03.07.01-29 (ML11168A168), Revision 1 of Supplement 1 to
RAI 03.07.01-29 (ML113360516), RAI 03.07.01-30 (ML11335A232), Revision 1 of Supplement
3 to RAI 03.07.02-13 (ML11335A232), Supplement 4 to RAI 03.07.02-13 (ML11335A232),
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Revision 1 to RAI 03.07.02-32 (ML11364A098), Supplement 1 to RAI 03.08.04-17
(ML110730067), Revision 1 to RAI 03.08.04-25 (ML101090143), Revision 1 to RAI 03.08.04-30
(ML110770440), Supplements 2, 6, and 7 to RAI 03.08.04-30 (ML11143A054, ML11259A056,
and ML11322A106), Revision 1, Supplement 1 to RAI 03.08.04-31 (ML110330168),
Supplement 1 to RAI 03.08.04-34 (ML11259A056), Revision 1 to RAI 03.08.04-35
(ML11181A002), Revision 2 to RAI 03.08.05-2 (ML101340651), and Supplement 1 to
RAI 03.08.05-4 (ML103230128). Subsequently, the applicant included additional information
and clarifications in the following responses: Supplements 1 and 2 to RAI 02.03.01-24,
Supplement 3 to RAI 03.07.01-29, and Supplements 5 and 6 to RAI 03.07.02-13. The applicant
incorporated these changes into the FSAR Revision 8.
The staff’s review of the analysis and the design information for the DGFOSV against the SRP
Section 3.8.4 acceptance criteria is discussed below.
In its Revision 1 response to RAI 03.08.04-30 (ML110770440), dated March 18, 2011, the
applicant added Section 3H.6.7, “Diesel Generator Fuel Oil Storage Vaults (DGFOSV),” to the
FSAR that includes a description of: (i) the structure; (ii) stability evaluation; (iii) applicable
codes and loadings; (iv) a description of the wall, slab, and foundation structural design, soil
springs, uplift analysis, tables and figures reporting section forces, and governing load
combinations; (v) resulting concrete bending; and (vi) shear reinforcement and layouts.
B.2.1 Description of the Structure
In FSAR Section 3H.6.7, the applicant provided a general description of the three DGFOSV
pertaining to each proposed unit at the STP site. Figure 3H.6-221, “Partial Site Plan,” shows a
partial site plan with the locations of the DGFOSV relative to other structures. The DGFOSV
are described as a reinforced concrete structure located below grade with an access room
above grade. The DGFOSV are buried in the structural backfill. The embedment depth to the
bottom of the 0.61 m (2 ft) thick mudmat is approximately 13.72 m (45 ft), the maximum height
from the bottom of the mudmat is approximately 18.60 m (61 ft), and the basemat dimensions
are approximately 24.84 by 14.6 m (81.5 by 48 ft). The staff noted that the description did not
include plans and sections of the DGFOSV with sufficient information to define the primary
structural aspects and elements as specified in SRP Section 3.8.4. The applicant was therefore
asked to include in the FSAR plans and sections with sufficient information about the primary
structural layout and elements. In its Supplement 5 response to RAI 03.07.02-13, dated July
12, 2011 (ML12103A369), the applicant included FSAR Figures 3H.6-250, -251, and -252 that
provide the requested information for the DGFOSV with dimensions of the major structural
elements. Design results for the various structural elements are provided in Table 3H.6-11,
“Results of DGFOS Vault Concrete Design.” Designation of the various reinforcing zones is
shown in Figure 3H.6-141, “DGFOSV Wall and Slab Labeling Convention,” and the
corresponding reinforcement zone figures are provided in Figures 3H.6-142 through 3H.6-208.
Based on a review of the above information, the staff concluded that the description included in
the FSAR for the DGFOSV structure meets the guidance in SRP Section 3.8.4, and is
acceptable. Therefore, this issue is resolved and closed. The applicant incorporated these
changes into the FSAR Revision 8.
B.2.2 Applicable Codes, Standards and Specifications
In FSAR Subsection 3H.6.7.1, the applicant stated that the applicable codes, standards, and
specifications from FSAR Section 3H.6.4 are used for the analysis and design of the DGFOSV.
Use of these codes, standards, and specifications for seismic Category I structures were
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already evaluated above under Subpart B.1.2 for UHS/RSW pump house and RSW piping
tunnels. Therefore, the staff concluded that referencing these codes, standards, and
specifications for the analysis and design of the DGFOSV structure is acceptable.
B.2.3 Loads and Load Combinations
In FSAR Subsection 3H.6.7.1, and by reference in Section 3H.6.4, the applicant provided
information regarding the applicable loads and load combinations used for the DGFOSV design.
These loads and load combinations were evaluated under Subpart A.4 in Subsection 3.8.4.4.2
above and are acceptable for the design of seismic Category I structures that meet the
provisions of the concrete and steel codes and other applicable standards described elsewhere
in this FSAR. The underground vault walls are subject to static and dynamic lateral earth
pressures and additional dynamic soil pressures from the nearby heavy structures, and are
discussed below under Subpart B.4 located in this subsection below. Therefore, the staff
concluded that the loads and load combinations used for the DGFOSV design are acceptable.
B.2.4 Design and Analysis Procedures
In FSAR Subsection 3H.6.7.2, the applicant provided information regarding the structural design
and analysis of the DGFOSV. During the March 2011 audit, the staff reviewed the analysis and
design of the DGFOSV calculation entitled, “Basic Structural Design of Diesel Generator Fuel
Oil Storage Vault.” The staff’s review is summarized below:
The analysis is performed with the help of a SAP2000 finite element model using spring, beam,
and thick shell finite elements. Regarding the finite element discretization of the DGFOSV finite
element model, the staff received an excerpt of the SAP manual about joint connectivity that
recommends shell element aspect ratios near unity but not greater than four for the best results.
A mesh sensitivity attachment was presented containing a mesh study performed for a UHS
wall, which compares hand calculated (theoretical solution) values with the SAP results for
different mesh sizes. Moments and deflections are shown to differ by less than 1 percent if the
wall span is discretized with at least eight elements between supports. This modeling approach
was followed for the DGFOSV analysis and is deemed technically acceptable for design
purposes. The seismic design is performed with equivalent static forces, whereby the inertial
forces are computed as products of masses and accelerations. The accelerations are taken
from the SSI analysis of the vault. Static co-directional earthquake response components are
combined by using the SRSS rule, and the resulting base shear and total axial base force from
the SAP are compared to the corresponding values of the SSI (and/or SASSI) model. It was
noted that the amplification had to be applied to the vertical acceleration of the SAP model in
order to match the total vertical force with that from the SSI analysis. A more detailed
discussion of this issue is presented below.
To represent the soil flexibility, two separate sets of soil springs are used. One set corresponds
to uniform, uncoupled Winkler springs. The second set, so-called pseudo-coupled springs, is
intended to simulate the effect of coupled springs and consists of uncoupled springs with a
stiffness that varies with the distance from the center of the foundation. Two separate finite
element models are established with identical superstructure but with the different set of springs
(uniform and non-uniform) attached to the base. Two sets of springs are also required to
represent static and dynamic soil behavior. While the horizontal springs are the same, the
dynamic stiffness of the vertical springs is higher and needs to be accounted for. This is
accomplished by defining a static and a dynamic finite element model, both with identical
superstructure but with different springs (static and dynamic) attached to the base. The
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structural design is performed enveloping the results from all of the models, whereby the
dynamic model is used only for dynamic load cases (i.e., seismic). The responses are
combined later with the results from the static model. If uplift is detected (soil springs in
tension), a separate SAP model, with compression-only springs is developed to evaluate the
effects of the basemat uplift on the structural response. For the most critical load combination
showing the largest uplift effects and response quantities (forces, displacements, etc.) from the
linear and “nonlinear” (modeled with compression-only soil springs) analysis are compared, and
a correction factor is determined which, if greater than one, is used to amplify the linear
responses for all load combinations. The applicant also applies this approach to the design of
other buildings that the staff has already reviewed. The staff considers this method to be an
approximate but acceptable approach for handling uplift effects.
The fuel oil tank located within the vault also uses the SAP model. Physically, the tank is
supported on three saddles and is also attached to the basemat with guy wires. The tank is
modeled with two nodes representing the C.G. of the tank. These two nodes are rigidly
attached to the base slab elements. The rigid assumption is justified by stating that the vendor
specification will ask for a rigid construction that will also prevent fluid sloshing effects. The
inertial forces corresponding to the fuel oil tanks are applied at these two nodes. Loads
representing the effects from accidental torsion follow the procedure in ASCE4–98 and in SRP
Section 3.7.2, SRP Acceptance Criterion 11 and are applied to model nodes to simulate the
additional torsional demand. The staff found this procedure acceptable because it follows the
guidance in SRP Section 3.7.2.
The below grade roof is designed as a composite section consisting of steel beams acting in
conjunction with the concrete slab. The verification of the composite steel-concrete beams for
vertical loads is based on hand calculations, whereas the verification of the slab as a diaphragm
for in-plane shear is based on a FEA using a SAP model in which vertical loads are suppressed.
The walls were designed for static and dynamic lateral earth pressures, for lateral pressures
resulting from surcharges applied at ground level, for hydrostatic and hydrodynamic pressures
from ground water, and for the increased static lateral pressures resulting from adjacent nearby
buildings. This issue is discussed later under the topic “Lateral Soil Pressures.” Bearing
pressures are not evaluated in the same report. A separate MACTEC (Geotechnical) report
evaluates the bearing safety factors by comparing the total demand with the ultimate soil
bearing capacity. The procedure for verifying the bearing capacity and the demand (Hansen’s
method) follows the methodology described in FSAR Subsection 2.5S.4.10. A more detailed
discussion is presented under Subpart A.5.4 in Subsection 3.8.4.4.2 above. Wind loads were
determined according to ASCE 7–88 using the following parameters:
Exposure D, wind velocity V = 110 mph, and Importance Factor I = 1.11.
This older code (ASCE 7–88) was used because the DGFOSV was treated as a standard
structure and was thus designed according to DCD standards. The staff found this approach
acceptable because the calculated velocity pressure using the above parameters and the
provisions of ASCE 7–88 is greater than the velocity pressure based on site-specific wind and
the provisions of ASCE 7–05.
The tornado design is based on a wind velocity of 482.7 km/h (300 mph), which corresponds to
DCD design criteria. Basic missile velocity was taken as 370 km/h (230 mph), which is
considered adequate as the site-specific tornado velocity corresponding to Region II is 321.8
km/h (200 mph). The verification of the tornado missile impact on the above grade portions of
the structure is performed according to the guidance in RG 1.76. Calculations show that the
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sphere impact is not relevant, whereas car impact loads are the design that governs the loads.
In order to provide an enveloping design, different impact locations on the access shaft and
hood are considered. The staff’s review determined that the design procedures are adequate
and acceptable. Furthermore, the staff’s review specifically addressed the following two issues.
a.

Seismic Adjustment Factor

As already described in the previous section, the structural analysis and design of the DGFOSV
and other Category I structures is performed in a two-step procedure. In the first step, a
dynamic SSI analysis is performed using the computer program SASSI. From this analysis,
maximum absolute accelerations are obtained that are subsequently used as the seismic
excitation in the second step. In the second step, a finite element model is developed with the
program SAP which is subject to equivalent static forces determined by converting the
maximum accelerations obtained in the first step into static equivalent loads applied at the
corresponding nodal points. As a verification of this approach and since both models are
expected to produce similar results, the forces acting on the structure in the horizontal and
vertical direction obtained in both models, SASSI and SAP, are compared for consistency. In
general, forces obtained from the equivalent static model (SAP) are larger than those from the
SSI model (SASSI) because of inherent conservatism in the equivalent static model.
During the March 2011, audit review of the DGFOSV design calculations, the staff noted that
since the resulting vertical force from the SAP model was less than the corresponding value
from the SASSI model, the equivalent vertical accelerations used in the SAP analysis had to be
amplified by a factor of 1.27 in order to match the base axial force obtained from the SSI
analysis. No such adjustment was needed in the horizontal direction, as both base shears were
similar. Because both the SASSI and the SAP models are based on the same geometry,
layout, and material, and the absolute accelerations on the SAP model are expected to yield
conservative results, it was not apparent why an additional, relatively large amplification was
needed to obtain comparable total base seismic loads in the vertical direction. The staff asked
the applicant to provide a justification regarding the different behavior of the two structural
models.
In its Supplement 2 response to RAI 03.08.04-30, dated May 16, 2011 (ML11143A054), the
applicant stated that even though the structural models in SASSI and SAP are based on the
same geometry and have similar weight properties, the SASSI analysis accounts for the
interaction effect of the structure with the soil around and below the structure. On the other
hand, in the equivalent static analysis with the SAP model, the SSI effect is not accounted for,
since the soil is not modeled. Therefore, the seismic design loads obtained from the SSI
analysis are more accurate. Furthermore, the response stated that for the structural design, the
equivalent static method is used to facilitate the design for all applicable loads and load
combinations, and the equivalent horizontal and vertical accelerations to be used in the
equivalent static model are calculated using the accelerations from the SSI analysis. The
applicant also stated that depending on the structural dynamic characteristics and structure’s
interaction with the soil, the behavior of the horizontal and vertical responses may be different.
Therefore, amplification factors for accelerations in horizontal and vertical load calculations may
not necessarily be the same. As a conclusion, the response stated that since the design has
ensured that the equivalent static loads bound the loads from the SSI analysis, there is no
impact on the design. The staff’s evaluation noted that it is difficult to single out the reasons for
the differing model response in both directions. However, the staff agreed with the applicant
that there is sufficient conservatism built into the procedures, so as not to influence the final
design. Therefore, this issue is resolved and closed.
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b.

Lateral Soil Pressures

In its Supplement 1 response to RAI 03.08.04-17 (ML110730067), dated March 7, 2011, the
applicant provided a markup for FSAR Section 3H.6.7 stating that the lateral soil pressures used
in the DGFOSV design are shown in Figures 3H.6-241 through 3H.6-244. The referenced
figures incorporate the at-rest, dynamic at-rest, active, and passive soil pressure profiles without
the SSSI effects. The SSSI incremental seismic soil pressure diagrams, which include the
effects of the nearby structures (DGFOT, crane wall, UHS, RSW piping tunnels, and RB) on the
DGFOSV are depicted in Figures 3H.6-226 through 3H.6-231, which are included in the
Revision 1 of Supplement 1 response to RAI 03.07.01-27, dated March 7, 2011
(ML110730064). Because no driving and resisting lateral pressures used in the stability
analyses were reported, the applicant was requested during the audit in February 2012, to
include the missing information in the FSAR.
In its Supplement 5 response to RAI 03.07.02-13 (ML12103A369), dated April 10, 2012, the
applicant provided Figures 3H.6-255 through -257 showing the driving and resisting lateral soil
pressures used for the stability evaluation of the vault. The storage vault walls are analyzed for
load combinations that include static and dynamic loads and involve three different soil
pressures—active, at-rest and passive. The resulting load components are shown in several
lateral pressure diagrams as follows: (a) dynamic at-rest pressures (Figure 3H.6-242); (b) static
active, at-rest, and passive pressures (Figures 3H.6-241, -243, and -244); and (c) seismic
pressures obtained from SSI, SSSI, and ASCE 4-98 analyses (Figures 3H.6-226 through -231).
A surcharge of 23.94 kPa (500 psf) as well as hydrostatic and hydrodynamic loads are also
included in the corresponding load combinations. Included in Figures 3H.6-226 through 3H.6231 is the dynamic soil pressure used for the design, which envelopes the dynamic pressures
obtained from the SSI, SSSI, and ASCE 4–98 analyses. The staff noted that the SSI pressures
reported in Figures 3H.6-228 through -231 locally exceed the envelope design pressure
between 10.67 m and 11.28 m (35 ft and 37 ft) depth below grade. In its Revision 1 of the
Supplement 1 response to item D.2.2 of RAI 03.07.01-29, dated December 28, 2011
(ML113360516), the applicant compared the out-of-plane moments and shears resulting from
the SSI soil pressures exceeding the design pressures with the out-of-plane moment and shear
used in the design of walls No. 1 through 4. The comparison was carried out with the help of
SAP models generated for each of the four walls under consideration. The comparison showed
that the out-of-plane moment and shear used in the design were larger and the wall capacity still
had a margin of about 90 percent (out-of-plane shear, Wall #2) with respect to the applied
lateral soil pressures. The staff’s evaluation concluded that the applicant has appropriately
considered the static lateral soil pressures for the design of the DGFOSV walls by using the
earth pressures resulting from the two possible conditions: the yielding and non-yielding wall.
The staff also considered computing the dynamic lateral soil pressure as the envelope of SSI,
SSSI, and ASCE 4–98 dynamic lateral earth pressures provides a conservative estimate of
expected lateral dynamic soil pressure and meets the intent of the guidance in SRP Section
3.8.4. In addition, the walls are designed for the passive soil pressure that is required for the
stability evaluation. The method used by the applicant to determine the driving and resisting
earth pressures for the stability evaluation is discussed with the discussion of the stability
evaluations. Based on the above information, the staff concluded that the lateral soil pressures
used by the applicant for the DGFOSV design are acceptable.
In the review performed during the May 2011 audit, the staff asked the applicant to consider in
the design of the DGFOSV the surcharge loads originating from the large equipment access
building (LEAB), which is located directly west of the DGFOSV. In its Supplement 4 response to
RAI 03.07.01-27, dated July 6, 2011 (ML11192A043), the applicant provided a markup to FSAR
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Section 3H.6.7 and stated that the LEAB foundation will be designed so that the surcharge load
on the walls of the adjacent DGFOSV is insignificant. This change is included in the current
FSAR revision. Therefore, this issue is resolved and closed.
B.2.5 Structural Acceptance Criteria
In FSAR Subsection 3H.6.7.1 and with a reference to Section 3H.6.4, the applicant provided
information regarding the applicable design codes and load combinations for the DGFOSV. For
each loading combination in Section 3H.6.4, the structural acceptance criteria appear in the
corresponding code. That is to say ACI 349 and RG 1.142 for concrete structures; and
ANSI/AISC N690–1994, including Supplement 2 (2004), for steel structures. The staff
considers that by referencing these codes including the edition, revision, and date of issuance,
the applicant has specified the structural acceptance criteria related to stresses; strains; gross
deformations; factors of safety; and other parameters that quantitatively identify the margins of
safety. Therefore, the staff concluded that the structural acceptance criteria the applicant
establishes by referencing the applicable codes, standards, and load combinations are
acceptable.
B.2.6 Materials, Quality Control, and Special Construction Techniques
In FSAR Subsection 3H.6.7.1 and with a reference to Subsection 3H.6.4.4, the applicant
provided information regarding the structural materials used in the design of the DGFOSV. No
special construction techniques are proposed or described in the FSAR, and there is no explicit
mention of quality control programs in the FSAR. SRP Section 3.8.4 provides specific guidance
for applicants to provide information about:
(a)

the concrete ingredients and reinforcing bar splices;

(b)

the nondestructive examination of the materials to determine physical properties,
the placement of concrete, and erection tolerances;

(c)

the extent to which 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, as applicable; and

(d)

welding of reinforcing bars if proposed, to comply with ASME Boiler and Pressure
Vessel Code (Code) Section III, Division 2.

RG 1.206 further specifies for quality control in general, verifying the extent of compliance with
applicable provisions of SRP Sections 3.8 and 17.5 and recommendations of RG 1.55. The
staff asked the applicant to incorporate the above information into the FSAR.
In its Supplement 5 response to RAI 03.07.02-13 (ML12103A369), dated April 10, 2012, the
applicant provided a markup of FSAR Subsection 3H.6.7.5, “Materials and Quality Control,”
which referenced FSAR Subsection 3H.6.4.4.7 that provides the requested information and
states that concrete ingredients, reinforcing bar splices, 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 RGs, codes, and standards referenced
in the DCD and the FSAR. The applicant’s response also stated that 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. The staff found
the applicant’s response and FSAR update acceptable, because the proposed material and
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quality control provisions are in accordance with the codes and standards accepted for use and
all requested information is included in the FSAR markup. Therefore, this issue is resolved and
closed. Based on the above discussions, the staff concluded that the applicant’s information
pertaining to materials and quality control meets the guidance in SRP Section 3.8.4 and is
therefore acceptable. The applicant incorporated the proposed markups into the FSAR
Revision 8.
B.2.7 Testing and In-Service Requirements
According to SRP Section 3.8.4 and RG 1.206, the applicant should specify any testing and ISI
requirements applicable to critical areas of the DGFOSV to meet the requirements of 10 CFR
50.65 and the guidance in RG 1.160. However, it was not clear how the ISI of normally
inaccessible, below-grade concrete walls and foundations are performed. Therefore, the staff
asked the applicant to confirm how the ISI requirements are met for below-grade concrete walls
and foundations to: (a) examine for signs of degradation of the exterior, exposed portions of
below-grade concrete when excavated for any reason; and (b) conduct periodic site monitoring
of ground water chemistry to confirm that the ground water remains nonaggressive. In its
Supplement 5 response to RAI 03.07.02-13 (ML12103A369), dated April 10, 2012, the applicant
provided a markup of FSAR Subsection 3H.6.7.4, “Testing and ISI Requirements,” referencing
FSAR Subsection 3H.6.4.4.6 which stated that site-specific seismic Category I structures are
included in the scope of the DRAP and per FSAR Section 17.6S1.1b, all SSCs identified as risksignificant via the DRAP are included within the initial maintenance rule scope. Therefore,
these site-specific seismic Category I structures are included in the Maintenance Rule Program,
which includes monitoring and maintaining the requirements for the structural materials used in
the design of the site-specific seismic Category I structures that will be implemented in
accordance with 10 CFR 50.65 and RG 1.160, as described in FSAR Section 17.6S and
Table 13.4S-1. The applicant also stated that periodic monitoring of ground water chemistry is
described in FSAR Subsection 2.4S.12.4. The applicant also provided a markup of new FSAR
Subsection 3H.6.4.4.6 with the above information. The staff’s review found that the applicant
has appropriately addressed the issue of testing and ISI of the DGFOSV, including the belowgrade concrete walls and foundation, by including them in the Maintenance Rule Program
described above. The applicant incorporated the proposed updates into the FSAR Revision 8.
Based on the above discussions, the staff concluded that the applicant has provided adequate
design information in the FSAR for the DGFOSV to meet the acceptance criteria in SRP Section
3.8.4 and has responded to all staff requests for additional information and clarification.
Therefore, the design information included in the FSAR for the DGFOSV is acceptable.
Therefore, RAI 03.08.04-30 Item 8 is resolved and closed. The applicant incorporated the
proposed markups into the FSAR Revision 8.
B.3

Design Information for the DGFOT

During the FSAR review, the staff found references to the DGFOT in several RAI responses. In
RAI 03.08.04-30, Item 10, the staff asked the applicant to confirm the DGFOT as a seismic
Category I structure and to include the analysis and design information to show how the design
of the DGFOT meets the SRP Acceptance Criteria 1 through 7 in the SRP Sections 3.8.4 and
3.8.5. In its Revision 1 response to RAI 03.08.04-30, Item 10, dated March 15, 2011
(ML110770440), the applicant provided analysis and design information for the DGFOT that
was not previously included in the FSAR. The response included a markup of the new FSAR
Section 3H.7, “Diesel Generator Fuel Oil Tunnel (DGFOT),” which provided a general
description of the three DGFOT that includes their size, location, analysis and design methods,
3-270

finite element models, materials, SSI analysis, seismic wave propagation effects, stability
evaluation, applicable codes and loadings, and lateral earth pressure diagrams. The response
also included descriptions of the wall, slab, and foundation design; soil springs; the uplift
analysis; tables and figures reporting section forces; governing load combinations; and resulting
concrete bending and shear reinforcements and layouts. Thereafter, the applicant provided
additional analysis and design information in multiple responses to address various requests
from the staff for additional information and clarification. The following RAI responses are
sorted in chronological order and include additional information and clarification for the DGFOT
and any FSAR markups provided with the responses that were subsequently incorporated into
FSAR Revision 7: Supplement 1 to RAI 03.08.04-17 (ML11730067), Revision 1 to RAI
03.08.04-30, Supplements 2 and 4 to RAI 03.07.01-27 (ML11143A054 and ML11192A043),
Supplement 5 to RAI 03.08.04-30 (ML11196A040), and Supplement 1 to RAI 03.08.04-34
(ML11259A056). Subsequently, the applicant included additional information and clarifications
in the following responses for which the included FSAR markups are pending the FSAR update:
Supplements 1 and 2 to RAI 02.03.01-24, Supplements 3 and 4 to RAI 03.07.01-29, and
Supplements 4, 5, and 6 to RAI 03.07.02-13. The applicant incorporated the proposed markups
into the FSAR Revision 8.
The staff’s review of the analysis and the design information for the DGFOT against the SRP
Section 3.8.4 acceptance criteria are discussed below.
B.3.1 Description of the Structure
In FSAR Section 3H.7.3, the applicant provided a general description of the three DGFOT
pertaining to each proposed unit at the STP site. Figure 3H.6-221 shows a partial site plan with
the locations of the three DGFOT relative to other structures. The DGFOT are described as
reinforced concrete tunnels approximately 15.24, 61, and 67 m (50, 200, and 220 ft). Each
DGFOT is connected at one end to the RB and at the other end to a DGFOSV. Each DGFOT
has two access regions that extend above grade. The overall above-grade dimensions of the
access regions are approximately 2.29 m (7.5 ft) wide by 2.29 m (7.5 ft) long and 4.57 m (15 ft)
high. The top of the DGFOT is located approximately at grade. DGFOT No. 1B is the shortest
tunnel that runs approximately 15.24 m (50 ft) between the RB and DGFOSV No. 1B, and has a
wall thickness of 61 cm (24 in.) on both sides. The interior below grade dimensions of this
tunnel are approximately 2.13 m (7 ft) high by 1.07 m (3.5 ft) wide. The other two longer
DGFOT (approximately 61 m and 67 m [200 ft and 220 ft] long) have a wall thickness of 61 cm
(24 in.) on one side and 76.2 cm (30 in.) on the other side to allow for the placement of
embedded conduits. The interior below grade dimensions of these tunnels are approximately
2.13 m (7 ft) high by 0.91 m (3 ft) wide. The staff noted that the description did not include plans
and sections of the DGFOT with sufficient information to define the primary structural aspects
and elements, as specified in SRP Section 3.8.4. The staff therefore asked the applicant to
include in the FSAR plans and sections with sufficient information about the primary structural
layout and elements. In its Supplement 5 response to RAI 03.07.02-13 (ML12103A369), dated
April 10, 2012, the applicant included FSAR Figure 3H.7-36, which provides a section of the
DGFOT with dimensions of the major structural elements. Design results for the various
structural elements are in Table 3H.7-1. Designations of the various reinforcing zones are
shown in Figures 3H.7-9 through 19A. The staff reviewed the applicant’s information included in
the FSAR for the DGFOT structure and determined that the information meets the guidance in
SRP Section 3.8.4 and is acceptable. Therefore, this issue is resolved and closed. The
applicant incorporated the proposed markups into the FSAR Revision 8.
B.3.2 Applicable Codes, Standards and Specifications
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In FSAR Subsection 3H.7.4.1 and Section 1.8, the applicant provides information regarding the
applicable design codes, standards, and specifications. The DGFOT is considered part of the
standard plant structures, and it is designed using the codes and standards for standard plant
structures. The use of these codes and standards was reviewed in NUREG–1503. Departures
pertaining to the use of these codes, standards, and specifications for standard plant structures
were already evaluated earlier in the SER. Therefore, the staff concluded that referencing these
codes, standards, and specifications for the analysis and the design of the DGFOT structure is
acceptable.
B.3.3 Loads and Load Combinations
In FSAR Subsections 3H.7.4.2 and 3H.7.4.3, the applicant provided information regarding the
applicable loads and load combinations used for the design of the DGFOT. FSAR Table 3H.91, “Extreme Environmental Design Parameters for Seismic Analysis, Design, Stability
Evaluation and Seismic Category II/I Design,” provides a summary of the extreme
environmental loads used in the design. DCD design loads in combination with site-specific
loads are considered in the design and as a minimum the DGFOT is designed for the sitespecific loads. Load combinations used for the design are in accordance with SRP Section
3.8.4, ACI 349–97, and RG 1.142. Based on the above information, the staff concluded that the
loads and load combinations used for the DGFOT design are acceptable.
B.3.4 Design and Analysis Procedures
In FSAR Subsection 3H.7.5.1, the applicant provided information regarding the structural design
and analysis of the DGFOT. During the March 2011, and May 2011, audits (ML111320094 and
ML12346A389), the staff reviewed the analysis and design of the DGFOT calculation entitled,
“Basic Structural Design of Diesel Generator Fuel Oil Tunnels (DGFOT).” The staff’s review is
summarized below:
Only the DGFOT No.1B was analyzed. It is the shortest of the three tunnels and has a wall
thickness of 61 cm (24 in.) on both sides. This tunnel was considered the most critical design,
enveloping the other two tunnels because of the dimensions of the tunnel cross section and
shorter tunnel length for resisting torsion effects. The structure is modeled using twelve 3DSAP models (10 static and 2 dynamic models; see FSAR Figure 3H.7-1, “SAP2000 Finite
Element Analysis Model for DGFOT”), shell elements, and soil springs. The different models
are used to account for the effects of the basemat uplift and static and dynamic soil springs, as
well as to consider the effect of uniformly distributed soil spring stiffness representing the
Winkler uncoupled case, and non-uniformly distributed spring stiffness representing the pseudocoupled spring case, which is used to better simulate the coupling of springs under the base
slab of the tunnel. A more detailed description of the methodology regarding the determination
of uplift effects, soil springs, and application of equivalent static accelerations is included in the
section describing the DGFOSV. The equivalent absolute accelerations to be used as seismic
excitation in the SAP model are taken from the SSI analyses of the tunnel. The accelerations
are converted into inertial loads and are applied as distributed area loads and nodal point loads
in x-, y-, and z- directions. Co-directional responses are subsequently combined with the SRSS
rule. In order to verify the seismic results obtained from the equivalent static analysis with the
SAP, a comparison is made between the resulting base shear and total vertical force from the
SAP model, with the same quantities obtained from the SASSI model. If the SAP base shear
values are less than the corresponding SASSI values, adjustment factors are determined to
amplify the equivalent accelerations used in the SAP model, in order to match the vertical
and/or horizontal base shears of both models. This case matched SSI and SAP results, and
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equivalent accelerations were amplified by a factor of 1.15. The final adjusted accelerations are
as follows:

Below grade nodes
Above grade nodes

Horizontal

Vertical

0.45g
0.85g

0.37g
0.40g

Accidental torsional effects are considered in accordance with ASCE 4–98, which requires an
additional torsional moment to be applied to the structure. Regarding tornado missiles, the
minimum required wall thickness to prevent penetration was calculated to be 38.1 cm (15 in.),
which is less than the provided wall thickness of 61 cm (24 in.). The global missile impact
effects resulted in added torsional reinforcement in the tunnel section. To maintain stability, a
restraint is required around the access shafts to prevent movement from a horizontal missile hit.
The supports will be designed during the detailed design phase. Seismic wave propagation
effects, which induce additional stresses in the tunnel due to soil deformation during wave
passage, are considered by applying the guidance in ASCE 4–98, Subsection 3.5.2.1. Sitespecific friction coefficients are used to determine seismic wave propagation effects. The
resultant total strain was computed to be about 8.5 percent of the rebar yield strain and was
considered in the design. The axial force and moment and shear forces induced in bends are
also considered in the design by applying these forces to the entire tunnel being treated as a
beam. Maximum lateral pressure at bends was limited to full passive lateral soil pressure.
The staff’s review found the design and analysis procedure for the DGFOT to be technically
acceptable, because it follows standard engineering methods for consideration of the various
design loads in the analysis and the design. The staff, however, needed some additional
clarification regarding the evaluation of seismic wave propagation effects and a description of
lateral soil pressures, as described below.
a.

Seismic Wave Propagation Effects on DGFOT

Seismic wave propagation effects on the DGFOT were considered using the ASCE 4–98
methodology. This is an accepted industry practice, and its application in designing the DGFOT
is considered adequate. However, it was noted that Rayleigh waves, with an apparent wave
velocity of 2,012 m/s (6600 ft/s), were considered in the design, although 914.4 m/s (3,000 ft/s)
was specified in the FSAR. Also, it was noted that the effect of additional lateral pressure due
to seismic wave propagation on the tunnel wall panels spanning between the top and bottom
slabs of the tunnel at the bend was not considered. This issue was discussed with the applicant
during the audit in May, 2011 (ML12346A389), and the applicant agreed to revise the
calculations for the tunnels and to address the issue as follows:
•

Use an apparent wave velocity of 914.4 m/s (3,000 ft/s) per Subsection C3.5.2.1 of
ASCE 4–98.

•

Consider the maximum ground velocity based on site-specific SSE maximum ground
acceleration of 0.13g.

•

Consider a triangular pressure distribution on the transverse leg of the tunnel near the
bend, which is limited by the maximum passive pressure represented by a passive
pressure coefficient of Kp = 3.

•

Revise the FSAR to reflect these changes.
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In its Supplement 5 response to RAI 03.08.04-30 (ML11196A040), dated July 12, 2011, the
applicant confirmed that the calculations of the axial tensile strains, forces, and moments at the
tunnel bends and soil pressures on the transverse leg of the tunnels near the bends due to
seismic wave propagation for the DGFOT were revised using the parameters given above with
a maximum ground velocity of 15.85 cm/s (6.24 in./s) (which is based on 121.9 cm/s/g [48
in/s/g] and the site-specific SSE maximum ground acceleration of 0.13g). The corresponding
markups to revise FSAR Subsection 3H.7.5.2.4, “SSE Wave Propagation Effects,” resulting
from the resolution of this item were also provided with this response. The staff’s evaluation
noted that the site-specific SSE criteria were used in the design of the DGFOT, which is
considered a standard plant structure. In its Supplement 7 response to RAI 03.08.04-30
(ML11322A106), dated November 14, 2011, the applicant acknowledged that since the layout of
the DGFOT is site-specific, the seismic wave propagation is also based on the site-specific
SSE. Because the analysis meets the criteria in ASCE 4–98, considers the passive pressures,
and incorporates the changes in FSAR, the staff found the response adequate and the issue
resolved. FSAR, Section 3H.7, was subsequently updated to incorporate the proposed changes
provided with the response.
b.

Lateral Soil Pressures on the DGFOT

Complementing the initial information regarding soil pressures in the Revision 1 response to RAI
03.08.04-30 Item 10 (ML110770440), the applicant later, in its Supplement 1 response to RAI
03.08.04-17 (ML110730067), dated March 7, 2011, provided a markup to FSAR, Section 3H.7
for the DGFOT, which includes the numerical soil parameters used in the design; and the atrest, dynamic at-rest, active, and passive soil pressure profiles without the SSSI effects. The
SSSI incremental seismic soil pressure diagrams, which include the effects of the nearby
structures (RB, crane wall, and DGFOSV No.1) on the DGFOT, were included in the Revision 1
response to RAI 03.08.04-30 (ML110770440). The tunnel walls are analyzed for load
combinations including static and dynamic loads and involve three different soil pressures—
active (Ka = 0.33), at-rest (Ko = 0.50), and passive (Kp = 3.0). The resulting load components
are shown in several lateral pressure diagrams as follows: (a) dynamic at-rest pressures
(Figure 3H.7-2); (b) static active, at-rest, and passive pressures (Figures 3H.7-33 through -35);
(c) seismic pressures obtained from the SSI, SSSI, and ASCE 4–98 analyses (Figures 3H.7-5
through -8); and (d) driving and resisting lateral pressures used for stability analyses (Figures
3H.7-3 and -4). A surcharge load of 23.94 kPa (500 psf) as well as hydrostatic and
hydrodynamic loads are also included in the corresponding load combinations. Included in
Figures 3H.7-5 through -8 is the dynamic soil pressure used for the design, which envelopes the
dynamic pressures obtained from the SSI, SSSI, and ASCE 4–98 analyses. The staff’s
evaluation concluded that the applicant has appropriately considered the static lateral soil
pressures for the design of the DGFOT walls by using the earth pressures resulting from the two
possible conditions: the yielding and non-yielding wall. The staff also considered computing the
dynamic lateral soil pressure as the envelope of the SSI, SSSI, and ASCE 4–98 dynamic lateral
earth pressures that provide a conservative estimate of the expected lateral dynamic soil
pressure meets the intent of the guidance in SRP Section 3.8.4. The method used by the
applicant to determine the driving and resisting earth pressures for the stability evaluation is
discussed along with the discussion of stability evaluations in Subsection 3.8.4.4.2 of this SER.
Based on the above information, the staff concluded that the lateral soil pressures used by the
applicant for the design of the DGFOT are acceptable.
B.3.5 Structural Acceptance Criteria
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In FSAR Subsection 3H.7.4.1, the applicant provided information regarding the applicable
design codes and standards for the DGFOT. The loading combinations in
Subsection 3H.7.4.3.4.2 include the structural acceptance criteria, which correspond to the
above design codes and standards. By referencing these codes and standards and including
the edition, revision, and date of issuance, and using the loading combinations according to
these codes and standards, the applicant has specified the structural acceptance criteria related
to stresses, strains, gross deformations, factors of safety, and other parameters that
quantitatively identify the margins of safety. Therefore, staff concluded that the applicant’s
structural acceptance criteria established by referencing the applicable codes, standards, and
load combinations are acceptable.
B.3.6 Materials, Quality Control and Special Construction Techniques
In FSAR Subsection 3H.7.4.4, the applicant provided information regarding the structural
materials used in the design of the DGFOT. No special construction techniques are proposed
or described in the FSAR and no explicit mention of quality control programs is included in the
FSAR. SRP Section 3.8.4 provides specific guidance for applicants to provide information
about the major materials used and the quality control parameters. For quality control,
RG 1.206 specifies, in general, verifying the extent of compliance with the applicable provisions
of SRP Sections 3.8 and 17.5 and recommendations of RG 1.55, “Concrete Placement in
Category I Structures.” Therefore, the applicant was asked to incorporate the above information
into the FSAR.
In its Supplement 5 response to RAI 03.07.02-13 (ML12103A369), dated April 10, 2012, the
applicant provided a markup of FSAR Subsection 3H.7.4.4.5, “Materials and Quality Control,”
which references FSAR Subsection 3H.6.4.4.7 that provides the requested information and
states that concrete ingredients, reinforcing bar splices, 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 RGs, codes, and standards referenced
in the DCD and the FSAR. The response also stated that 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. The staff found the applicant’s
response and the FSAR update acceptable because the proposed material and quality control
provisions are according to the codes and standards accepted for use, and all requested
information is included in the FSAR markup. The applicant incorporated the proposed update
into FSAR Revision 8. Therefore, this issue is resolved and closed. Based on the above
discussions, the staff concluded that the applicant’s information pertaining to materials and
quality control meets the guidance in SRP Section 3.8.4, and is therefore acceptable.
B.3.7 Testing and In-service Requirements
According to SRP Section 3.8.4 and RG 1.206, the applicant should specify any testing and
ISI requirements applicable to critical areas of the DGFOT to meet the requirements of
10 CFR 50.65 and the guidance in RG 1.160. However, it was not clear how the ISI of normally
inaccessible, below-grade concrete walls and foundations are performed. Therefore, the staff
asked the applicant to clarify how the ISI requirements are accomplished for below-grade
concrete walls and foundations to: (a) examine for signs of degradation of the exterior, exposed
portions of below-grade concrete when excavated for any reason; and (b) conduct periodic site
monitoring of the ground water chemistry to confirm that the ground water remains
nonaggressive.
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In its Supplement 5 response to RAI 03.07.02-13 (ML12103A369), dated April 10, 2012, the
applicant provided a markup of FSAR Subsection 3H.7.4.4.4, “Testing and ISI Requirements,”
which references FSAR Subsection 3H.6.4.4.6 that states the site-specific seismic Category I
structures are included in the scope of the DRAP and per FSAR Section 17.6S1.1b, all SSCs
identified as risk-significant via the DRAP are included within the initial maintenance rule scope.
Therefore, these site-specific seismic Category I structures are included in the Maintenance
Rule Program, which includes monitoring and maintaining requirements for the structural
materials used in the design of the site-specific seismic Category I structures that will be
implemented in accordance with 10 CFR 50.65 and RG 1.160, as described in FSAR Section
17.6S and Table 13.4S-1. The applicant also stated that periodic monitoring of the ground
water chemistry is described in FSAR Subsection 2.4S.12.4. In addition, the applicant provided
a markup of the new FSAR Subsection 3H.6.4.4.6 with the above information. The staff found
that the applicant has appropriately addressed the issue of testing and ISI of the DGFOT,
including the below-grade concrete walls and foundation by including them in the Maintenance
Rule Program described above. The applicant incorporated the proposed changes into the
FSAR Revision 8.
Based on the above discussions, the staff concluded that the applicant has provided adequate
design information in the FSAR for the DGFOT to meet the acceptance criteria in SRP
Section 3.8.4 and has responded to all of the staff’s requests for additional information and
clarification. Therefore, the design information included in the FSAR for the DGFOT is
acceptable. Therefore, RAI 03.08.04-30 Item 10 is resolved and closed.
B.4

Design Information of the Interfaces Between the RSW Tunnels, DGFOT, and
Adjoining Seismic Category I Structures

In FSAR Subsection 3H.6.3.4, “Reactor Service Water Piping Tunnels,” the applicant stated that
the interfaces between the tunnels and the pump house and the CB are configured to allow
relative movement between the tunnels and structures. But the applicant did not provide a
description of the interface configuration between the tunnels and the pump house and the CB,
or a description of the analysis and the design methodology. In RAI 03.08.04-15 and follow up
RAIs 03.08.04-25 and 03.08.04-31, the staff asked the applicant to provide such descriptions
and to include the relevant information in the FSAR, specifically to clarify the items listed below.
a.

Design Loads and Deformations

In RAI 03.08.04-15, the staff asked the applicant to describe the interface configuration between
the tunnel and the pump house and the CB and to include the analysis and the design
methodology for the interface, loads, and load combinations that were used; the amount of
relative movement considered in the design along with the technical basis, and to demonstrate
that the flexible connection used at the interface is adequate for the design loads and
deformations. In its response to RAI 03.08.04-15 (ML092810321), dated October 5, 2009, the
applicant provided a conceptual detail of the interface between the RSW piping tunnels and the
RSW pump houses and the CB structures. The applicant stated that the detail allows the
flexibility to accommodate the relative movements between the buildings and the tunnels. The
gap between the tunnels and the buildings is specified to accommodate the calculated relative
movements due to seismic displacements and differential settlement. The applicant also stated
that the interfaces will be designed and finalized during the detailed design phase considering
the applicable loads and loading combinations described in COL FSAR Subsection 3H.6.4.3.
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The staff noted that the response did not include any information regarding size, dimension, and
material for the interface or calculated data to support the displacement capacity requirement of
the joint. Therefore, in RAI 03.08.04-25, the staff asked the applicant to provide detailed
information to demonstrate that the design joint has enough deformation capacity to
accommodate the deformation demand that is obtained from analysis to confirm that the tunnel
interface will maintain integrity, and confirm that loads due to interaction of the tunnel and the
building are appropriately included in the design. The applicant was also requested to include in
the FSAR critical design information pertaining to the design of the interface (e.g., separation
gap, calculated differential displacement, material and stiffness properties of the interface
material, etc.). In addition, the applicant was asked to address the potential degradation of the
interface material due to groundwater, in-service inspection of the interface material, and
measures against potential in-leakage of groundwater.
In its Revision 2 response to RAI 03.08.04-25, dated May 13, 2010 (ML101340651), the
applicant stated that the joint is designed to accommodate the expected relative building
movements without transmitting significant forces. The joint material will be polyurethane foam
impregnated with a waterproof sealing compound or a similar material. The separation gaps
between the RSW tunnel and the DGFOT and the adjoining pump house, CB, or the DGFOSV
will be at least 50 percent larger than the absolute sum of the calculated displacements due to
seismic and long-term settlement. The applicant added that to minimize the movements due to
settlement, the complete installation of the details will not occur until after the short term
settlement is substantially complete. Considering the negligible strength and limited area of the
sealing material compared to strength (minimum compressive strength, f’c, of 27.58 MPa
[4,000 psi]) and massive size of the tunnels and abutting structures, the effect on the interaction
between structures, if any, was negligible. The response also stated that the material used as
flexible filler will be able to be compressed to approximately one-third of its thickness (based on
a 50 percent margin or a commensurate value if a margin larger than 50 percent is provided)
without subjecting the building to more than a negligible force relative to the resistance capacity
of the building. Furthermore, typical vendor data indicate that the material tensile strength is
about 144.8 kPa (21 psi) and that vendor testing for this material in a 12.7 cm (5 in.) joint
compressed to 50 percent movement has a 48.27 kPa (7 psi) compressive stress in the
compressed condition. The values for the required and provided separation gaps due to
seismic movements plus long-term settlement are in Table 3H.6-15 of the FSAR. The response
also includes a markup of the new FSAR Section 3H.6.8, “Seismic Gaps at the Interface of SiteSpecific seismic Category I Structures and the Adjoining Structures,” providing a description of
the interface.
The staff reviewed the response and noted that it stated that the joint material is designed to be
compressed to one-third of its thickness, and the applicant provided vendor test results where
the 48.27 kPa (7 psi) compressive stress was observed when 12.7 cm (5 in.) thick joint was
compressed to 50 percent of its thickness. Because this information did not provide an estimate
of how much compressive stress may be developed when the material is compressed to onethird of its thickness, in RAI 03.08.04-31, the staff asked the applicant to justify why no
significant stress will be imparted to the adjoining building when the joint is compressed to a
one-third thickness.
In its response to RAI 03.08.04-31, September 15, 2010 (ML102630145), the applicant stated
that the actual material for seals has not been selected, nor has it been tested for the
compressive stress applied when it is compressed to one-third of the original joint size.
However, based on typical vendor data that show the compressive stress of the joint filler when
the joint is expanded and contracted by 50 percent, the relationship between the joint size and
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the compressive stress appears to be approximately linear throughout the compression zone.
The response included a graph showing that the compressive stress is approximately 11 kPa
(1.6 psi) when installed in a 12.7 cm (5 in.) nominal joint. This stress decreases to 3.45 kPa
(0.5 psi) when the joint expands to approximately 150 percent of the original size (i.e., 18.42 cm
[7.25 in.]), and increases to 44.82 kPa (6.5 psi) when the joint contracts to 50 percent of the
original size (i.e., 6.35 cm [2.5 in.]). Therefore, there is sufficient confidence that the
compressive stress will be less than 172.38 kPa (25 psi) when compressed to one-third of the
original joint size. In FSAR Revision 6, the COL application has been updated to require the
maximum compressive stress of the material to be less than 172.38 kPa (25 psi) when
subjected to the maximum static and dynamic differential displacements of the joints. Based on
ACI 349-97 Section 10.15, the bearing capacity of 27.58 MPa (4,000 psi) concrete is 16.41 MPa
(2380 psi), which is significantly higher than the maximum pressure of 172.38 kPa (25 psi) that
may be applied at the seismic joint. Therefore, local effects of this load are considered
negligible. The structures experiencing the load from the seal material are either loaded inplane (e.g., RSW piping tunnels) or out-of-plane (e.g., RSW pump house walls). For structures
loaded in-plane, the axial capacity of the concrete section is more than 12.41 MPa (1,800 psi)
based on ACI 349–97, Subsection 10.3.5.2. This is significantly higher than the 172.38 kPa
(25 psi) load that may be exerted by the filler material at the joint locations. Embedded concrete
walls loaded out-of-plane by the seal material have also been designed for a minimum 103.43
kPa (15 psi) soil pressure load during seismic events. Because the area where the filler
material will be placed is very small in comparison to the area of the wall loaded by static and
dynamic soil pressure, the pressure exerted by the filler material is insignificant compared to the
total applied soil pressure. Therefore, global effects on the walls are considered negligible. The
staff agreed that limiting the contact pressure to 172.38 kPa (25 psi) is reasonable and does not
represent a significant additional load demand compared with other design loadings.
b.

Movements at the DGFOT

The FSAR Table 3H.6-15 provided with the Revision 2 response to RAI 03.08.04-25
(ML101340651) did not include the required and provided gaps at the end of the DGFOT and
away from the DGFOSV. Therefore, in RAI 03.08.04-31, the staff asked the applicant to provide
the anticipated movements at both end connections of the DGFOT. In its Revision 1 to the
Supplement 1 response to RAI 03.08.04-31, dated January 31, 2011 (ML110330168), the
applicant stated that the layout of the DGFOT is as shown in COL FSAR Figure 3H.6-221.
There are three DGFOTs for each unit and each DGFOT is connected at one end to the RB and
at the other end to a DGFOSV. There is a seismic gap between each of the DGFOT and the
adjoining RB and DGFOSV. COL FSAR Table 3H.6-15 will be revised to include the required
and provided gaps for the DGFOT. The applicant provided FSAR mark-up of revised
Table 3H.6-15 with the response. This revised table also incorporates changes from the revised
SSI analysis for the RSW piping tunnels and the revised SSI analysis for the DGFOSV. The
staff found that the applicant’s response addresses the issue because the gap is designed to
accommodate the estimated differential movements and the values were incorporated into
FSAR Revision 6. Therefore, this issue is resolved and closed.
c.

Potential Material Degradation

In RAI 03.08.04-25, the staff asked the applicant to provide information regarding the potential
degradation of the interface material due to groundwater, the ISI of the interface material, and
the measures against potential in-leakage of groundwater. In its Revision 2 response to
RAI 03.08.04-25 (ML101340651), dated May 13, 2010, the applicant stated that because of the
low rate with which groundwater can flow through the detail if it were to fail in any particular
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location, in-leakage of groundwater is a housekeeping issue and not a safety concern. Even a
degraded flexible filler material acts as a sieve to slow the flow of groundwater into the
building/tunnel. Constant exposure to groundwater may deteriorate the waterproofing material.
However, the provided joint detail allows the waterproofing material to be inspected or to be
replaced if it becomes degraded. The staff agreed with this response because the potential
seepage through the gap will be limited, and periodic maintenance inspections will anticipate
repair needs ahead of any significant in-leakage event. Therefore, this issue is resolved and
closed.
d.

ITAAC Table with Key Parameters

In RAI 03.08.04-31, the staff asked the applicant to provide an ITAAC with key parameters for
as-built verification of the connections. In its response to RAI 03.08.04-31, dated
September 15, 2010 (ML102630145), the applicant stated that the COL application will be
updated to state that maximum compressive stress of the material will be less than 172.38 kPa
(25 psi) when subjected to the maximum static and dynamic differential displacements of the
joints. Because an appropriate material will be selected to meet this COL application
requirement, there will be no significant stress imparted to the building when the joint is
compressed to a one-third thickness, an additional site-specific ITAAC is not required. The staff
agreed that since FSAR Table 3H.6-15 provides the required gaps for the seismic joints, and
the FSAR includes the criterion for maximum compressive load on the sealing material when
compressed to a one-third thickness, sufficient control for the design information is included in
the FSAR. Therefore, this issue is resolved and closed.
As described above, the applicant’s response regarding the RSW piping tunnels and the
DGFOT interfaces with adjoining seismic Category I structures adequately addresses the staff’s
requests for additional information and clarification in RAI 03.8.04-15 and follow-up
RAI 03.08.04-25 and RAI 03.08.04-31, and included necessary information about the interface
in the FSAR. Therefore, RAI 03.08.04-15, RAI 03.08.04-25, and RAI 03.08.04-31 are
considered closed. FSAR Sections 3H.6.8 (new) and Table 3H.6-15 (new) were subsequently
updated to incorporate the proposed changes provided with the response to RAI 03.08.04-31.
3.8.4.4.3

Design Information for Non-Seismic II/I Structures

ABWR DCD Subsection 3.7.2.8, which is incorporated by reference into the COL FSAR,
addresses the interaction of non-seismic Category I structures with seismic Category I
structures. ABWR DCD specifies three criteria, and all non-seismic Category I structures must
meet one of these criteria. The staff required additional information to determine the
implementation of these criteria for non-seismic Category I structures with the potential to
interact with seismic Category I structures. In RAI 03.07.02-1 and subsequently in
RAI 03.07.02-13, the staff asked the applicant to provide additional information including the
stability evaluation of these structures. The staff’s assessment of these RAIs is discussed in
SER Subsection 3.7.2.4.8.
The staff noted that additional information regarding the design and stability evaluation of nonCategory I structures was needed to complete its evaluation. Subsequently, RAI 03.07.02-32
asked the applicant to describe in the FSAR the following:
•

Clearly describe in the FSAR the criterion used to determine that the collapse of a nonCategory I structure will not cause the non-Category I structure to strike a Category I
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structure. Also, clarify in the FSAR that non-Category I structures that are not identified
in the FSAR as structures that can interact with Category I structures meet this criterion.
•

Describe in the FSAR the analysis and design of each non-Category I structure that can
interact with Category I structures to demonstrate that the structure is analyzed and
designed not to fail under SSE conditions in a manner that the margin of safety of the
structure is equivalent to that of seismic Category I structures. Also, include site-specific
ITAAC for each structure to confirm that the as-built structure is analyzed and designed
as described in the FSAR.

•

For each non-Category I structure, describe in the FSAR the stability evaluation
procedure, including how seismic demand and restoring forces for the stability
evaluation are determined.

In the Revision 1 response to RAI 03.07.02-32, dated December 19, 2011 (ML11364A098), the
applicant included proposed changes to FSAR Subsections 3.7.2.8 and 3.7.3.16 to address the
above questions from the staff. The staff’s review of the applicant’s response is discussed
below.
A.

Criterion for Determining Interaction with Category I Structure

In its response, the applicant stated that a specific criterion will be added in COL FSAR
Subsection 3.7.2.8 that if the above-grade height of the non-Category I structure is less than the
shortest horizontal distance between the non-Category I structure and the closest Category I
structure, collapse of the non-Category I structure will not cause the non-Category I structure to
strike a Category I structure. The COL application will also be revised to reflect that nonCategory I structures that are not identified in the FSAR as structures that can interact with
Category I structures will meet this criterion. The applicant also includes in FSAR
Subsection 3.7.2.8 the non-Category I structures that may potentially interact with seismic
Category I structures based on this criterion. The following structures are included in this
category:
a.
b.
c.
d.
e.

TB
SB
RWB
CBA
The plant stack on the RB roof

The staff’s review concluded that the applicant’s proposed criterion for potential interaction of
non-seismic Category I structures with seismic Category I structures is reasonably conservative
in the absence of a more explicit analysis. The staff reviewed the proposed FSAR changes
included in the response and confirmed that the applicant has appropriately included the
criterion for determining the potential interaction and identify all non-seismic Category I
structures which may potentially interact with seismic Category I structures. The applicant
incorporated the proposed changes into FSAR Revision 8.
In its response to RAI 03.07.02-13, dated February 10, 2010 (ML100550613), the applicant
stated that the plant stack located on the RB roof is an integral part of the RB roof and positively
anchored to the roof. The stack and its anchorage to the RB roof are designed to withstand all
applicable loads including the SSE. Based on this information, the staff concluded that the
design of the stack is part of the DCD, and its stability evaluation is not necessary.
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B.

Design of Non-Category I Structures

The applicant has not performed a detailed structural design of non-Category I structures. In its
Revision 1 response to RAI 03.07.02-32, dated December 19, 2011 (ML11364A098), the
applicant provided a markup of FSAR Subsection 3.7.2.8, which included design criteria for the
above four non-Category I structures. This section states that for the overall design of nonseismic Category I structures, the procedures described in the IBC under seismic design criteria
will be applied. However, the lateral load resisting system will be designed to remain elastic
under the extreme environmental loads shown in Table 3H.9-1 using the same loads, load
combinations, and design codes (i.e., ACI 349 and ANSI/AISC 690) as those for adjacent
Category I structure. In the markup of FSAR Subsection 3.7.3.16 attached to this response, the
applicant states that the lateral load resisting system consisting of structural elements required
for the transfer of lateral loads to the foundation, in addition to meeting the IBC requirements,
shall be capable of resisting the entire lateral load assuming that all components of the nonCategory I structure, with the exception of siding that may come off during a tornado event, will
remain intact during the extreme environmental loading. It also stated that the exterior walls of
the non-Category I structure that is adjacent to the Category I structure shall be capable of
resisting SSE loads using the same loads, load combinations, and design codes as those for
the adjacent Category I structure, including those elements of the non-Category I structure that
may be located within a story height of the exterior wall, or that may come in contact with the
exterior wall upon its failure under SSE loads. The design loads and load combinations
specified in Table 3H.9-1, “Extreme Environmental Design Parameters for Seismic Analysis,
Design, Stability Evaluation and Seismic Category II/I Design,” include seismic, tornado, tornado
missile, and flood loading.
The staff reviewed the loads specified in Table 3H.9-1, and found them to be the same or more
conservative than the corresponding loads used for site-specific Category I structures. Based
on a review of the above design criteria, which specify that the non-Category I structures will be
designed using the IBC and that the lateral load resisting system consisting of structural
elements required for transfer of lateral loads to the foundation shall be capable of resisting the
entire lateral load due to the extreme environmental loads per Table 3H.9-1, the staff concluded
that there is reasonable assurance that the design of non-Category I structures will meet the
SRP Section 3.7.2, SRP Acceptance Criterion 8(C) and have a margin of safety equivalent to
that of a Category I structure against a failure due to extreme environmental loads. The
applicant also includes site-specific ITAAC for the non-Category I structures in Tables 3.0-21
through 3.0-24 to verify completion of design according to the criteria specified and as-built
configuration of the four non-Category I structures described above. Based on the above, the
staff concluded that design of non-Category I structures described in the FSAR is acceptable.
C.

Stability Evaluation of Non-Category I Structures

In its responses to RAI 03.07.02-13, dated February 10, 2010 (ML100550613), Supplements 1,
2, and 3 responses to RAI 03.07.02-13 dated April 29, 2010, April 25, and July 27, 2011,
(ML101250162, ML11119A007, and ML11213A094, respectively), and Revision 1 response to
RAI 03.07.02-32 dated December 19, 2011 (ML11364A098), the applicant described the
stability evaluation method for non-Category I structures and provides a markup of FSAR
Subsections 3.7.2.8 and 3.7.3.16 with a description of the method. In its response to
RAI 03.07.02-13, the applicant included a schematic diagram showing the various driving and
resisting forces that are considered to be acting on the structure for the stability evaluation and
the formulas used for determining sliding and overturning factors of safety. This figure was
subsequently included as FSAR Figure 3H.3-52. The driving forces consist of seismic demand
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due to inertia of the structure in the horizontal direction and the static and dynamic soil pressure.
The resisting forces are due to friction force at the base of the structure and passive soil
pressure. Self weight excitation in the upward vertical direction and buoyancy force due to
flooding are considered for stability evaluation. The seismic inertia force is determined either
from an equivalent static method, or a RSA. The static and dynamic soil pressures include
seismic loads from soil and hydrodynamic pressure from groundwater calculated in accordance
with Subsection 2.5S.4.10.5. The stability evaluation method described by the applicant is
similar to what was reviewed and accepted for seismic Category I structures. The only
difference being the use of full dead weight (instead of 90 percent of the dead weight) of the
structure as a stabilizing force for calculating safety factors against sliding and overturning. The
applicant adds that this is acceptable per the guidance in SRP Section 3.8.5, SRP Acceptance
Criterion 3. The staff discussed the subject of using the methodology described in Figure 3H.352 for determining the seismic demand for the stability evaluation with the applicant during the
audit. The applicant subsequently demonstrated in the Supplement 4 response to RAI
03.07.02-13, dated November 28, 2011 (ML11335A232), the acceptability of the methodology
by comparing the evaluation per formulations shown in the figure with the seismic demand
calculated using the SSSI analysis for the RWB. The seismic input motion used for the stability
evaluation is based on the amplified site-specific SSE considering the effect of adjacent
structures, except for the TB. Acceptability of the seismic input motion is discussed in
Subsection 3.7.2.4.8 of this SER. Seismic demands along three orthogonal directions are
combined using the 100-40-40 percent combination rule per RG 1.192, Revision 2, and is
acceptable. The coefficient of friction assumed for the stability evaluation is based on shear
resistance of the supporting foundation soil. Dynamic coefficient of friction (sliding) is used
when passive soil resistance is needed to maintain stability. Properties of the foundation soil
used for the stability evaluation are per Subsection 2.5S.4.2. The use of static and dynamic
coefficient of friction is discussed in connection with the stability evaluation of seismic Category I
structures and is therefore acceptable. The following discusses the stability evaluation for each
non-Category I structure. Factors of safety against sliding, overturning, and floatation along with
the coefficient of friction used for the sliding stability evaluation are in FSAR Table 3H.6-14.
a.

Stability Evaluation of the Turbine Building

The staff reviewed the stability evaluation of the TB during the audit in May, 2011. The stability
analysis is performed using the site-specific SSE of 0.13g. A coefficient of sliding friction of 0.3
was used per Table 2.5S.4-16 for stratum D soil, which was the lowest value of the sliding
coefficient. Dynamic soil pressure was computed using ASCE 4–98, which provides at-rest
dynamic soil pressure and is larger than the active dynamic soil pressure and is conservative.
Passive pressure corresponding to Kp = 2.25 (less than 3.0 maximum) was used to calculate
the resisting pressure. The floatation safety factor was calculated considering the design-basis
flood elevation of 12.19 m (40 ft) MSL. A site-specific tornado wind with 321.8 km/h (200 mph)
maximum velocity was used. Tornado wind pressure was reduced considering the dimension of
the TB using the provisions of Topical Report BC-TOP-3-A, “Tornado and Extreme Wind Design
Criteria for Nuclear Power Plants,” issued August 1974. This Topical Report is approved for use
by the NRC. The seismic demand is determined from the RSA of six fixed-base stick models.
The mass and stiffness properties of the stick models are determined from a 3D model of the
structure. For each orthogonal direction (i.e., E-W, N-S, and vertical), two fixed-base stick
models are used; one representing the turbine generator pedestal and another representing the
TB. The turbine generator pedestal shares a common basemat with the TB. For each
orthogonal direction, the seismic demands from the two models are combined using absolute
sum and are further increased to account for the base mass effect by exciting the base mass
with the ZPA of the corresponding site-specific SSE input motion. The total seismic demand
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due to the three seismic excitations is determined by combining the seismic demand for each
orthogonal direction using the 100-40-40 rule per RG 1.192, Revision 2. The calculated factors
of safety against overturning, sliding, and flotation were found to exceed the minimum safety
factors described in the SRP acceptance criteria. Based on the above review, the staff
concluded that the stability evaluation of the TB performed by the applicant is acceptable.
b.

Stability Evaluation of the Service Building

The staff reviewed the stability evaluation calculations for the SB during the audit in May, 2011.
The staff needed clarifications regarding the seismic input motion and the seismic stick model
used for the stability evaluation. In its Supplement 3 response to RAI 03.07.02-13
(ML11213A094), dated July 27, 2011, and the Revision 1 response to RAI 03.07.02-32
(ML11364A098), dated December 19, 2011, the applicant provided the clarifications and FSAR
markup as discussed below. The stability evaluation of the SB is performed using the sitespecific SSE amplified to account for the presence of the adjacent RB and CB shown in Figures
3.7-53 through 3.7-55. The seismic demand for the stability evaluation is determined from the
RSA of two fixed-base stick models, one for each horizontal direction. The mass and stiffness
properties for the stick models are determined in a manner similar to that described for the TB.
For each horizontal direction, the seismic demand from the RSA is increased to account for the
base mass effect. The increase is calculated by exciting the base mass using the ZPA of the
corresponding amplified site-specific SSE input motion. The seismic demand for the vertical
excitation is computed using the ZPA of the vertical amplified site-specific SSE input motion.
The total seismic demand due to the three seismic excitations is determined by combining the
seismic demand for each orthogonal direction using the 100-40-40 rule per RG 1.192, Revision
2. The FSAR markups provided with the above responses were subsequently incorporated into
the FSAR. Based on the review, the staff found that the applicant has properly performed the
stability evaluation of the SB for floatation, sliding, and overturning using the methodology and
loads described in FSAR Subsection 3.7.2.8, 3.7.3.17 and Figure 3H.3-52. The stability factors
all exceeded the minimum values in SRP 3.8.5. Based on the above details, the staff concluded
that the stability evaluation for the SB performed by the applicant is acceptable.
c.

Stability Evaluation of the Radwaste Building

The RWB stability evaluation is described in FSAR Subsection 3H.3.5.3. Seismic input motions
used for the stability evaluation are the induced acceleration response spectra due to sitespecific SSE that is determined from an SSI analysis that accounts for the impact of the nearby
RB (Figures 3.7-44 through 3.7-46). The seismic demands for the stability evaluation are
determined by the RSA of a fixed-base stick model described in Subsection 3H.3.5.1. During
the audit in May 2011, the staff reviewed the stability evaluation calculations for the RWB.
During this audit, the staff confirmed that the applicant has followed the methodology described
in Figure 3H.3-52 for calculating the stability factors for floatation, sliding, and overturning.
Loads used for the stability evaluation conformed to those shown in FSAR Table 3H.9-1. The
static coefficient of friction of 0.58 and the sliding coefficient of friction of 0.39 (two-thirds of
0.58) was used based on site-specific soil properties. Conservatively, only 90 percent of the
dead load was considered for calculating the floatation safety factor. Sliding and overturning
safety factors were calculated for wind, tornado, and seismic loads. The calculated factors of
safety for all cases exceeded the minimum value specified in SRP Section 3.8.5. During the
audit, the staff identified that the stability evaluation did not consider the latest amplified input
motions obtained from the MSM SSI analysis. Subsequently, in its Supplement 4 response to
RAI 03.07.02-13 (ML11335A232), dated November 28, 2011, the applicant confirmed that the
RWB stability evaluation was re-analyzed considering the amplified input motions obtained from
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the MSM SSI analysis of the RB. FSAR Table 3H.6-14 was updated with the revised safety
factors and was later incorporated into the FSAR. Based on the above details, the staff
concluded that the stability evaluation performed by the applicant for the RWB is acceptable.
d.

Stability Evaluation of the Control Building Annex

For the stability evaluation of the CBA, the SSE input at the foundation level (Figures 3.7-47,
3.7-48, and 3.7-49) is the induced acceleration response spectra due to the site-specific SSE
that is determined from an SSI analysis that accounts for the impact of the nearby CB. Seismic
demands along each orthogonal direction for the stability evaluation of the CBA are calculated
using manual calculations, where the CBA is idealized as a single degree of freedom structure.
Three orthogonal seismic demands are combined using the 100-40-40 rule as outlined in
RG 1.192, Revision 2. During the audit in May 2011, the staff reviewed the calculation for the
stability evaluation of the CBA. The stability evaluation of the CBA was performed using a
preliminary design of the structure with dimensions 25 m (L) x 23.54 m (W) x 7.56 m (H)
(82.09 ft x 77.22 ft x 24.8 ft). The structure is surface mounted with a 1.22-m (4-ft) thick
basemat with the top of basemat at elevation 10.67 m (35 ft) MSL. A stability evaluation was
performed for wind, tornado, seismic, and flood loading. The factors of safety against floatation,
sliding, and overturning were 1.19, 1.16, and 2.03, respectively. These values are all above the
minimum allowable values per SRP Section 3.8.5 and are considered acceptable. Seismic
loads were evaluated considering the structure as a single degree of freedom system. Flood
loads were based on the PMF level of 12.19 m (40 ft) MSL. It was noted that the wind loads
were based on the provisions of ASCE 7–88 instead of the newer ASCE 7–05 referenced in
SRP Section 3.3.1. Also, it was noted that live loads were included in calculating the stabilizing
forces for the stability evaluation. In its Supplement 3 response to RAI 03.07.02-13
(ML11213A094), dated July 27, 2011, the applicant confirmed that the CBA stability evaluation
calculation was revised to address the above issues, and there was no change in the reported
safety factors. Based on the review, the staff concluded that the stability evaluation of the CBA
performed by the applicant is acceptable.
Based on the above discussions, the staff concluded that all issues related to design and
stability evaluation of the non-seismic Category I structures are resolved. The procedures
described above concerning the analysis and design of non-seismic Category I structures, the
applicant’s proposed measures for the completion and verification of the design using the
ITAAC, and the results of the stability evaluation using appropriate seismic input and
methodology provide reasonable assurance that these structures will have a safety margin
against failure that is equivalent to the margin of safety of seismic Category I structures. This
topic is therefore resolved and closed.
Supplemental Information
3.8.4.4.4

DNFSB Issue: Resolution of Issues with Subtraction Method of Analysis

In RAI 03.07.01-29 and follow up RAI 03.07.01-30, the staff asked the applicant to address a
technical issue identified by DNFSB/DOE, which stated that results may be non-conservative
when analyzing embedded structures using the SM of analysis in the SASSI computer code. As
the SM had been used for several of the SSI/SSSI analyses, the applicant was asked to
demonstrate the acceptability of the SM of analysis to ensure that the SSCs are designed to
meet the requirements of GDC 2 and specifically to address the following issues:
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(a) compare structural loads, and any other design response quantities used in the design and
developed using the SM with those using the DM or the MSM and evaluate the differences;
(b) demonstrate and justify that the differences identified in item (a) either have no impact on the
design of seismic Category I SSCs or revise the design to address the differences;
(c) if the MSM is used to validate the SM, provide a validation program for the MSM; and
(d) provide FSAR markups to document the actions taken, the adequacy of the obtained results,
and any design modifications resulting from the differences in the dynamic response.
In its response to RAI 03.07.01-29, dated June 16, 2011 (ML11168A168), the applicant
described the plan for addressing the issues indicating that: (a) the design of the RB, CB,
DGFOT and RSW piping tunnels was already based on the SSI results from the DM, and thus
no action was needed; (b) the evaluation of the impact on the design would be carried out for
the UHS/RSW pump house and the DGFOSV, because the design was based on the SSI
results utilizing the SM; and (c) an assessment of the 2D-SSSI results, which were based on the
SM, would be performed by re-analyzing one sample case with the DM. The response also
included a plan for the validation of the MSM by comparing it with the DM for the CB model.
The applicant’s plan for addressing the issue was subsequently discussed in detail with the
applicant during audits in July 2011, and September 2011 (ML112160142 and ML113140513,
respectively). It was noted that the results of the SSI analysis were used to determine the
seismic accelerations and the section cut forces for the design of the structures, and the results
from the SSI and SSSI analyses were used to determine seismic soil pressures. Furthermore,
amplified seismic input motions for lighter structures adjacent to heavy structures were
determined from the SSI analysis of the heavy structure. Therefore, it is necessary to evaluate
the impact on the design and the stability evaluation of structures wherever the SM was used to
determine the seismic input motion, seismic accelerations, and seismic soil pressure.
In Revision 1 to the Supplement 1 response to RAI 03.07.01-29, dated November 28, 2011
(ML113360516), the applicant provided a detailed evaluation of the impact from using the SM
for the SSI and SSSI on the structural design. A detailed assessment of the applicant’s
response regarding the impact from using the SM on the structural design is included in SER
Subsection 3.7.2.4.20, “DNFSB SASSI Subtraction Method Issues.” A few places in the
discussion in this SER section reference the evaluation performed in SER Section 3.8. An
evaluation of those topics is in the paragraphs that follow. Also, the impact of using the SM on
the stability evaluations is in the applicant’s Supplement 4 response to RAI 03.07.02-13
(ML11335A232) and is discussed below.
a.

Evaluation of the UHS Basin Columns and Beams

As discussed earlier in SER Subsection 3.8.4.4.2 under Subpart B.1.4, (Item b), “Design of
Submerged Columns due to Hydrodynamic Effects,” the effect of the hydrodynamic mass on the
design of the UHS basin columns was not initially included and was later accounted for by
multiplying the accelerations obtained from the SSI analysis by a scale factor, as described in
the Supplement 4 response to RAI 03.08.04-30 (ML11181A002). Since the SM of analysis was
used in the above SSI analysis to determine the accelerations in the columns, it was necessary
to evaluate the impact of the MSM on these accelerations. Accordingly, in the Revision 1 to its
Supplement 1 response to RAI 03.07.01-29 (ML113360516), the applicant provided a procedure
for evaluating the UHS basin concrete beams and columns for the impact of the MSM. The
procedure consists of repeating the analysis of the UHS basin for the UB soil case for the full
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and empty basin cases using first the SM and then the MSM. A new scale factor was
determined by dividing the analysis forces obtained from the MSM of analysis with those
obtained from the SM of analysis. All of the SM design forces obtained from the original UHS
basin analysis for the envelope of all soil cases were then multiplied by the new scale factors to
obtain the MSM design forces with the minimum value of the scale factor being 1. The beam
and column design based on the SM design forces are then checked against the MSM design
forces for adequacy. The applicant concluded that based on the results of this assessment, all
UHS basin concrete beams and columns designed based on the SSI analysis using the SM will
be adequate for the SSI results of the analysis using MSM. The staff found that even though
the scale factors were developed based on only the UB soil case, the procedure described by
the applicant provides reasonable assurance that the impact of the MSM on the design of the
UHS basin beams and columns is negligible, because the design based on the SM design
forces is adequate for the MSM design forces for all beams and columns.
b.

Benchmark Study

As discussed in SER Subsection 3.7.2.4.21, “Confirmatory Analysis of SASSI2000 Section
Forces,” section cut forces from the SSI analysis using the SASSI2000 program were used to
compare the results from the analysis of the SM and MSM to address the DNFSB issues. The
purpose of the benchmark study was to show that the section cut forces from the SSI analysis
using the SASSI2000 program were accurate or conservative. As noted in the Supplement 1
response to RAI 03.07.01-29, dated November 14, 2011 (ML113250374), in order to benchmark
the calculation of section cut forces from the SASSI2000, the applicant repeated the dynamic
analysis performed in the SASSI2000 using the SAP2000 program with an identical input and
nearly identical model. The structural mesh of the models was identical to the so-called coarse
mesh (also referred to as the original mesh) model used for the SSI analysis of the UHS/RSW
pump house. The SAP2000 model was run as a fixed base and the SASSI2000 model was
modified by adding massless solid elements and fixing them at the base to simulate a fixedbase condition. Details of the SASSI2000 fixed-base modeling are in the Supplement 2
response to RAI 03.07.01-29 (ML11364A098). Other details of the dynamic analyses using the
SAP2000 and SASSI2000 are also in the same RAI response. It is noted that only the full basin
case was considered in this benchmark study.
In its Supplement 2 response to RAI 03.07.01-29, the applicant compared the section cut forces
for the 19 section cuts from the SASSI2000 and SAP2000 fixed-base analyses. Based on this
comparison, in a significant majority of the cases (88 out of 95 force components), the
SASSI2000 results are higher than the corresponding SAP2000 results. In these cases, the
large force for large force components, the SASSI2000 results are within 15 percent of those
from the SAP2000. For relatively small force components, in some cases the percentage
difference is higher. For 7 out of 95 force components, the SAP2000 results are higher than the
SASSI2000 results. In five of these seven cases, the SASSI2000 results are within six percent
of the SAP2000 results. For the remaining two cases, the difference is between 15 percent and
24 percent for relatively small moments of 370 kN-m (273 kip-ft) and 154.56 kN-m (114 kip-ft).
It is noted that although the SAP2000 and SASSI2000 models are nearly identical, there are
differences in the modeling of the fixed base for the two models. While the SAP2000 model is
fixed base, the SASSI2000 model has below grade soil that is simulated to behave as fixed
base. Also, the SASSI2000 analysis is based on the frequency domain analysis, whereas the
SAP2000 analysis is based on the linear modal time history analysis. Due to these differences,
minor differences in the results from the two analyses are expected. Considering the above
details and the fact that only in very few cases were relatively large differences found for force
components with relatively low values, the staff concluded that the applicant has adequately
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demonstrated that the section cut forces from the SASSI2000 analysis are conservative and
reliable. To further demonstrate that the differences observed from the benchmark study do not
have any adverse impact on the design, the applicant increased the section cut forces for those
panels that showed the SASSI2000 results to be lower than the SAP2000 results by the
percentage difference, and compared them with the available demand margin in section cut
forces resulting from the use of the equivalent static method. The applicant also includes the
increase factor from the use of the SM analysis and due to mesh refinement discussed in SER
Subsection 3.7.2.4.20, “DNFSB SASSI Subtraction Method Issues,” along with the increase
factor due to the benchmark study.
c.

Impact on the Stability Evaluations

In its Supplement 4 response to RAI 03.07.02-13 (ML11335A232), the applicant addressesd the
impact of the SM on the stability evaluation of the seismic Category I and non-seismic
Category I structures. The applicant stated that the SM of analysis may affect the SSI and SSSI
results as well as amplify the input motions used in the stability analysis. Each of these items is
addressed below as follows:
SSI Results
The results of the SSI analysis are used in the stability evaluations of the UHS/RSW pump
house, RSW piping tunnels, DGFOSV, and DGFOT. The SSI analyses of these structures and
the SSI analysis of the structure used to determine the applicable amplified input motion were
performed using the MSM or DM of analysis. Therefore, no further evaluation is required.
SSSI Results
The results of the SSSI analysis were used in the stability evaluations of the RSW piping
tunnels, DGFOSV, DGFOT, and RWB. The SSSI analysis for typical cross section of the RSW
piping tunnels and the RWB was performed using the SM, MSM, and the DM of analyses. For
other structures, the SSSI analyses were performed using the SM. Based on the detailed
examination of the effect of the SASSI method of solution on the SSSI soil pressures in
Revision 1 to the Supplement 1 response to RAI 03.07.01-29, the impact is expected to be
within 10 percent. The minimum margin between the seismic sliding forces and the overturning
moments used in the stability evaluations and those from the SSSI analysis is about 50 percent.
Since this minimum margin of 50 percent is significantly more than the expected 10 percent
difference from the SASSI method of analysis, no further evaluation is required.
Amplified Input Motions
Changes in the amplified input motion of light structures located adjacent to heavy structures
may impact the results of the SSI analysis that were used to address the stability of the light
structures. For STP, Units 3 and 4, the amplified input motions are applicable to the DGFOSV,
DGFOT, RSW piping tunnels, RWB, SB, and CBA structures. A comparison of the amplified
input motions for the DGFOSV, DGFOT, RSW piping tunnels, RWB, and SB obtained from the
MSM and SM SSI analyses of the RB show the following:
•

The impact of the SASSI MSM on amplified horizontal input motion is negligible.

•

The SASSI MSM affects the amplified vertical input motion in frequencies exceeding
about 8 HZ.
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The amplified input motions used in the stability evaluations of the RSW piping tunnels,
DGFOSV, and DGFOT were obtained from the SSI analysis using the MSM. Therefore, no
further evaluation is required for these structures.
The response spectra used for the stability evaluation of the SB envelopes the SB amplified
input motions considering MSM. Therefore, no further evaluation is required for the SB.
The RWB stability evaluation was re-analyzed considering the amplified input motions obtained
from the MSM SSI analysis of the RB. The calculated stability safety factors were found to
exceed the required minimum safety factors. Therefore, no further evaluation is required for the
RWB.
Amplified input motions from the MSM SSI analysis of the CB are not available for the CBA.
However, the current stability evaluation of the CBA was performed using the following
conservative measures:
•

The superstructure mass lumped at the roof level was conservatively excited using a
vertical acceleration equal to 1.5 times the peak spectral acceleration.

•

In calculating the resisting forces and moments, as stated within the calculation, about
4,136.8 kN (930 kips) of the mass at the roof level was conservatively not considered.

Referring to COL FSAR Table 3H.6-14, the stability safety factors for the CBA are as follows:
•
•

Sliding Safety Factor = 1.16.
Overturning Safety Factor = 2.03.

Based on the above details, the most critical safety factor is the sliding safety factor. Eliminating
the second conservative measure noted above will increase this safety factor from 1.16 to 1.44,
which represents a 24 percent margin in the reported sliding safety factor.
Considering this and the additional margin from using the conservative vertical acceleration
noted above, the existing margin in the calculation of the stability safety factors will be more
than adequate for any change in the amplified input motions due to the use of the MSM SSI
analysis of the CB. Therefore, no further evaluation is required for the CBA.
The staff’s evaluation noted that the applicant has addressed the three results from the SASSI
analysis that may have an impact on the stability evaluation of any Category I or II/I structure.
The staff agreed that either
•

The SASSI output used in the evaluation was already based on the MSM or the DM of
analysis, or

•

The expected change in the SASSI response value used in the stability evaluation was
either negligible or of limited influence so as not to affect the adequacy of the already
reported safety margins.

Therefore, this issue is resolved and closed.
d.

Vertical Excitation of Basin Water.
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During the audit performed in February 2012, the applicant was asked to investigate the effect
of the MSM on the vertical excitation of the basin water and on the pressures exerted on the
basin walls. In its Supplement 3 response to RAI 03.07.01-29, dated April 10, 2012
(ML12103A369), the applicant stated that a comparison of the results of the analysis at the
basemat level obtained with the MSM showed only a negligible impact on the vertical
accelerations. For more details, see SER Subsection 3.7.2.4.3, “Hydrodynamic Effects of Water
in the UHS Basin.” Therefore, this issue is resolved and closed.
3.8.4.4.5

Hurricane Wind Design: Design for Site-Specific Hurricane Winds and Missiles

Nuclear power plants must be designed so that they remain in a safe condition under extreme
meteorological events, including those that could result in the most extreme wind events,
tornadoes, and hurricanes that could reasonably be predicted to occur at the site. Initially, the
tornadoes were considered to be the bounding extreme wind events. In RG 1.76 issued in
April 1974, the design-basis tornado wind speeds were chosen so that the probability that a
tornado exceeding the design basis would occur was on the order of 10-7 per year per nuclear
power plant. In March 2007, the NRC issued Revision 1 of RG 1.76 that relies on the Enhanced
Fujita Scale, which was implemented by the National Weather Service in February 2007. The
Enhanced Fujita Scale is a revised assessment relating tornado damage to wind speed, which
resulted in a decrease in design-basis tornado wind speed criteria in Revision 1 of RG 1.76.
Since design-basis tornado wind speeds were decreased as a result of the analysis performed
to update RG 1.76, it was no longer clear that the revised design-basis tornado wind speeds
would bound the design-basis hurricane wind speeds in all areas of the United States. This
prompted an investigation into extreme wind gusts during hurricanes and their relation to
design-basis hurricane wind speeds, which resulted in issuing RG 1.221 in October 2011.
RG 1.221 also evaluates missile velocities associated with several types of missiles considered
for different hurricane wind speeds. The hurricane missile analyses presented in RG 1.221 are
based on missile aerodynamics and initial condition assumptions that are similar to those used
for the analyses of tornado-borne missile velocities adopted for Revision 1 to RG 1.76.
However, the assumed hurricane wind field differs from the assumed tornado wind field in that
the hurricane wind field does not change spatially during the missile’s flight time, but does vary
with height above the ground. Because the size of the hurricane zone with the highest winds is
large relative to the size of the missile trajectory, the hurricane missile is subjected to the
highest wind speeds throughout its trajectory. In contrast, the tornado wind field is smaller, so
the tornado missile is subject to the strongest winds only at the beginning of its flight. This
results in the same missile having a higher maximum velocity in a hurricane wind field than in a
tornado wind field with the same maximum (three-second gust) wind speed.
The STP COL application incorporates by reference the ABWR DCD. Subsection 3.5.1.4 of the
DCD states, in part, that “tornado-generated missiles have been determined to be the limiting
natural phenomena hazard in the design of all structures required for safe shutdown of the
nuclear power plant. Since tornado missiles are used in the design basis, it is not necessary to
consider missiles generated from other natural phenomena.” However, Subsection 3.5.4.2 of
the DCD states, in part, that the COL applicant “shall identify missiles generated by other sitespecific natural phenomena that may be more limiting than those considered in the ABWR
design and shall provide protection for the structures, systems, and components against such
missiles.”
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Accordingly, the staff issued RAI 02.03.01-24, asking the applicant to address the following:
a)

Consistent with the requirements of 10 CFR 52.79(a)(1)(iii), 10 CFR 100.20(c)(2),
10 CFR 100.21(d), and the COL license information requirement of ABWR DCD
Section 3.5.4, identify hurricane wind speed and missile spectra for the STP site.
RG 1.221 describes a method that the staff considers acceptable for selecting
the site-specific hurricane wind speed and hurricane-generated missiles.

b)

Pursuant to the requirements of GDC 2, GDC 4, and the Combined License
Information requirement of ABWR DCD Section 3.5.4, confirm that the ABWR
standard plant and the STP site-specific SSCs important to safety are designed
to protect against the combined effects of hurricane winds and missiles defined
above.

c)

Revise the appropriate FSAR sections to appropriately reflect the results of
questions a) and b) above.

In its response to this RAI dated January 12, 2012 (ML12018A387), the applicant proposed a
revision to the FSAR that included all necessary changes to COL FSAR Chapters 1 and 2 to
incorporate RG 1.221. The applicant determined the STP site-specific, design-basis hurricane
windspeed to be 338 km/h (210 mph) for a 3-second wind gust using the new data and new
guidance in RG 1.221. To ensure that the STP, Units 3 and 4, design reflects the guidance in
RG 1.221, the applicant’s proposed revisions to COL FSAR Table 2.0-2, “Comparison of ABWR
Standard Plant Site Design Parameters and STP 3 & 4 Site Characteristics,” included a
requirement for “STP Site Hurricane Wind Speed and Missiles.” The applicant’s proposed
revision incorporated this change as a new site-specific departure, STP DEP 3.5-2, “Hurricane
Generated Missile Protection.” The applicant also stated in the response that a future
supplement to this RAI would include a new Section 3H.11, “Design for Site-Specific Hurricane
Winds and Missiles,” and other supporting changes to COL FSAR Chapter 3. The supplemental
response to this RAI would also include changes to Section 3.0 of COL application Part 7, which
would describe and justify site-specific Departure STP DEP 3.5-2. This departure will
incorporate the guidance in RG 1.221. Additionally, COL application Part 9, “Inspections, Tests,
Analyses and Acceptance Criteria”, would be revised as necessary to ensure that these
additional requirements are properly implemented.
The staff’s review of the above proposed changes to FSAR Chapters 1 and 2 as necessary to
incorporate RG 1.221 in the STP COL application is documented in Section 2.3 of this SER.
During an audit held on February 27, 2012 (ML120660018), the applicant presented the scope
of and impact from applying RG 1.221 to FSAR Chapter 3 based on the applicant’s calculations.
Subsequently, the applicant submitted Supplement 1 to the response to RAI 02.03.01-24
(ML12103A368; dated April 10, 2012) and provided the FSAR markup of Section 3H.11. The
response also includes: (1) the FSAR markup of corresponding changes to Sections 3.3, 3.4,
and 3.5; (2) the COL application Part 7 markup that adds Departure STP DEP 3.5-2; and (3) the
COL application Part 9 markup that revises ITAAC Tables 3.0-1, 3.0-5, 3.0-17, and 3-0-21
through 3.0-24 by adding hurricane wind and missiles to the list of natural phenomena and
Tables 3.0-25 through 3.0-27 to address hurricane winds and missiles for the standard plant
structures. The staff reviewed the above response and the supporting calculations during audits
held on July 24, 2012, and December 10, 2012 (ML12229A301 and ML12366A019). The
applicant provided additional clarifications to FSAR Section 3H.11 in Supplements 2 through 5
of RAI 02.03.01-24 dated May 22, 2012 (ML12150A161); August 29, 2012 (ML12249A036),
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October 8, 2012 (ML12289A112), and January 3, 2013 (ML13037A595), respectively; which are
based on discussions held during these audits and were also reviewed by the staff. The
following paragraphs describe the staff’s review of information included in FSAR Section 3H.11,
along with the other COL application markups stated in the above responses.
1.

Evaluation of FSAR Section 3H.11: Design for Site-Specific Hurricane Winds and
Missiles

In FSAR Section 3H.11, the applicant describes the hurricane parameters, loads and load
combinations, evaluation methods, and design results for hurricane winds and hurricane
missiles of all seismic Category I standard plant structures and site-specific structures; in
addition to a stability evaluation of non-seismic Category I structures.
(a)

Hurricane Parameters, Loads, and Load Combinations

Hurricane Wind Parameters
RG 1.221 describes a method that the staff considers acceptable for selecting site-specific
hurricane wind speeds and hurricane-generated missiles.
In the Supplement 1 response to RAI 02.03.01-24 (ML12103A368), the applicant described the
hurricane wind parameters in proposed Section 3H.11.1. The applicant used the
maximum hurricane wind speed of about 338 km/h (210 mph) as described in FSAR
Subsection 2.3S.1.3.3.2, “Site-Specific Design-Basis Hurricane,” and in Table 2.0-2. This
information is consistent with the guidance in RG 1.221 and is discussed in Section 2.3 of this
SER. The applicant specifies a spectrum of three hurricane missiles. The missile spectrum and
the associated velocities for the missiles are:
•

a 1810-kilogram (4,000–pound) automobile at 59.7 m/s (133.6 mph) (horizontal) and 26
m/s (58.17 mph) (vertical);

•

a 130-kilogram (287–pound) Schedule 40 pipe at 46.5 m/s (104 mph) (horizontal) and 26
m/s (58.17 mph) (vertical); and

•

a 66.7-gram (0.147–pound) solid steel sphere at 41.1 m/s 92 mph) (horizontal) and 26
m/s (58.17 mph) (vertical).

The missile spectrum chosen by the applicant is consistent with the list in RG 1.221, Table 1,
“Design-Basis Hurricane Missile Spectrum.” The horizontal and vertical missile impact
velocities are consistent with those for a hurricane windspeed of 338 km/h (210 MPH) per
RG 1.221 Table 2, “Design-Basis Missile Velocities as a Function of Hurricane Windspeed.”
The hurricane wind missile spectrum and missile velocities used by the applicant are considered
acceptable because they are consistent with the guidance in RG 1.221. This information has
been incorporated into the FSAR Revision 8.
Loads and Load Combinations
In Section 3H.11.1 of the FSAR provided with the Supplement 1 response to RAI 02.03.01-24,
the applicant defined the hurricane load effects as the sum of the hurricane wind pressure and
hurricane missile impact load. The applicant computed the hurricane wind pressure on
structures using the procedure described in Chapter 6 of ASCE 7–05, “Minimum Design Loads
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for Buildings and Other Structures.” The staff found the applicant’s calculations to be consistent
with the guidance in SRP Section 3.3.1 and is therefore acceptable.
The applicant evaluated the structures for the hurricane missile impact for predicting both local
damage and overall damage. Local damage in terms of the penetration, perforation, and
spalling of concrete structures is evaluated using the U.S. Department of the Army formula in
TM 5-855-1, “Fundamentals of Protective Design for Conventional Weapons,” dated
November 1986. In addition, Table 1 of SRP Section 3.5.3 lists the minimum required concrete
thickness specified for Region II. This specification was previously accepted by the staff for the
ABWR design and is thus acceptable. A local damage prediction performed for steel barriers
used the Ballistic Research Laboratory (BRL) formula described in Reactor Safeguards by C. R.
Russell (published by Macmillan; New York, 1962). This formula is acceptable per the guidance
in SRP Section 3.5.3 for local damage predictions of steel barriers. An overall damage
evaluation of concrete and steel barriers was performed in accordance with Revision 3 of SRP
Section 3.5.3, by comparing the flexure and shear capacity of the barrier with the total flexure
and shear demand. These evaluations determined the total flexure and shear demand by
considering the total hurricane wind consisting of hurricane wind pressure and missile impact in
combination with other applicable normal loads. The other normal loads that are considered in
the load combinations with the hurricane load effects are dead loads, live loads, the normal
operating temperature, normal operating piping and equipment reactions, and lateral soil
pressure and groundwater effects under normal operating conditions. The staff found that the
applicant’s methodology for the overall damage prediction is acceptable, because the applicant
considered all applicable loads for the hurricane impact evaluation similar to that used for
evaluating tornado wind effects.
In addition, the applicant also analyzed structures for the global effects of hurricane winds and
missiles. For any critical missile hit location considered, the entire structure was analyzed for
the resulting equivalent static load from the hurricane missile impact in conjunction with the
hurricane wind pressure. The resulting induced forces and moments from this analysis were
combined with the induced forces and moments from other applicable loads within the load
combination to determine the total demand for the design of the structural elements.
Based on the above, the staff found that the loads and load combinations used by the applicant
to determine the effects of hurricane winds and missiles on structures are acceptable; because
the hurricane load considers the total effect of the hurricane wind pressure and the missile
impact in accordance with the guidance in SRP Sections 3.3.1 and 3.5.4, and these loads are
used in load combinations that consider other normal loads similar to the load combination used
for the tornado load, which has the same probability of occurrence.
(b)

Evaluations for Hurricane Design

In Section 3H.11.2 of the FSAR provided with the Supplement 1 response to RAI 02.03.01-24,
the applicant described the methodology used for local and global evaluations of the effects on
structures from hurricane winds and hurricane-generated missiles. Subsequently, in its
Supplement 4 response to RAI 02.03.01-24 (ML12289A112), dated October 8, 2012, the
applicant provided further details of the evaluations. Discussions of these evaluations follow.
Local Evaluations
For local damage predictions of concrete structures, the applicant performed penetration,
perforation, and scabbing calculations for hurricane-generated missiles using the TM 5-855-1
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formula. For steel structures, the assessment was based on the BRL formula. The acceptance
criteria state that the thickness of the walls and the roofs of each structure shall not be less than
the minimum thickness required to prevent penetration, perforation, and scabbing. During the
design audit, the staff reviewed the design calculation that provides a local assessment of the
minimum thickness for hurricane missiles based on the empirical equations from TM 5-855-1.
The staff noted that the applicant has used the TM 5-855-1 formula appropriately and as
recommended in TM 5 855-1; has applied a 30 percent correction factor for a missile velocity of
less than 305 m/s (1,000 ft/s) (as is the case for the STP site-specific missile velocity); and has
applied a 15 percent correction factor to account for the accuracy of the equation. Furthermore,
the minimum concrete thickness per Table 1 of SRP Section 3.5.3 for Region II was determined
to be 39.1 cm (15.4 in.).
The overall damage prediction of barriers is performed using a flexure and shear capacity
evaluation of the panel impacted by the hurricane missile that considers the total hurricane load,
in conjunction with all other applicable loads per the load combinations discussed above. The
guidance in RG 1.221 states that the automobile missile should be considered to have an
impact at all altitudes of less than 9.1 m (30 ft) above all grade levels within 805 m (0.5 miles) of
the plant structures. In the February 2012, audit, the applicant provided a site plan to
demonstrate that the automobiles are not parked within 805 m (0.5 miles) of the plant structures
at levels higher than the plant grade level. The applicant evaluated the structures for
automobile missile impacts at altitudes up to 9.1 m (30 ft) above grade level.
The hurricane-generated automobile missile impact controlled the overall damage to local
panels in the design of the structures. The applicant adopted the automobile missile impact
forcing function recommended in a report from the ASCE Committee proceedings on impactive
and impulsive loads (Second Conference on Civil Engineering and Nuclear Power, 1981). The
report is based on the peak impact force of 2,046 kN (460 kips) for an automobile impacting the
barrier at a velocity of 96 km/h (60 mph). The applicant scaled up the peak impact force linearly
in the ratio of the peak automobile impact velocity of 215.6 km/h (134 mph) for the STP site. In
its Supplement 3 response to RAI 02.03.01-24 (ML12249A036; dated August 29, 2012), the
applicant provided the calculated peak impact force of 4,555 kN (1,024 kips) and 1979.4 kN
(445 kips) for the horizontal and vertical impact, respectively. The dynamic forcing function
shape is defined in the shape of a triangular pulse with a total duration of 0.1 second.
In its Supplement 1 response to RAI 02.03.01-24, the applicant also justified using the impact
force from an automobile impact that uses the ASCE formulation by comparing it with the value
obtained using the Bechtel Topical Report BC-TOP-9A, “Design of Structures for Missile
Impact,” which is accepted by the NRC for missile impact evaluations. Equation 5-1 in
Section 5.1 of the Bechtel topical report provides the formulation for determining the impact
force. Using Equation 5-1, for a 1810-kilogram (4,000–pound) automobile missile with a
horizontal velocity of 215.6 km/h (134 mph), the maximum impact force will be about 2,179.5 kN
(490 kips). For a triangular impulse, the peak dynamic load factor (DLF) is less than 1.7.
Considering a peak DLF of 1.7 and a 2,179.5-kN (490–kips) impact force, the equivalent static
impact force will be 3,705 kN (833 kips). Based on the above comparisons, the staff found that
the forcing function the applicant used for the automobile impact is acceptable. For the overall
damage assessment of panels for hurricane missile loads, the applicant calculated the dynamic
load factor for the wall or roof panel on a case-by-case basis. The minimum dynamic load
factor was limited to 1.0 for the triangular pulse loading to ensure that the structures are
assessed for at least 4,555 kN (1,024 kips) and 1979.4 kN (445 kips) for a horizontal and
vertical impact, respectively.
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In Section 3H.11.2 of the FSAR, the applicant described the methodology used to design the
panels for a missile impact in the elastic and plastic range based on the available concentrated
force capacity of the panel, after considering other applicable loads and the hurricane wind
pressure load. The panel is considered to be in the elastic range if the product of the DLF and
the impact force is less than or equal to the available concentrated force capacity of the panel.
For panels in the plastic range, the ductility demand is limited to the maximum allowable ductility
ratio based on ACI 349-97. The staff found that the applicant’s methodology for assessing the
overall damage to the panels follows standard engineering practice and is therefore acceptable.
Global Evaluations
Evaluations of global effects from hurricane winds and missiles on structures considered the
following:
•

The structure, in its entirety, is evaluated for the total hurricane load in conjunction with
all other applicable loads using the load combinations described in FSAR Section
3H.11.1. The missile loads are applied at critical locations of walls running parallel to the
missile impact loads. The induced effects are combined with other applicable loads.

•

The sliding and overturning stability of the structure is evaluated considering the total
hurricane load in conjunction with other applicable loads. The load combination in SRP
Section 3.8.5 for tornado wind loads is used for stability evaluations by replacing the
tornado load with hurricane load. Minimum required factor of safety for sliding and
overturning is set to be 1.1.

The staff found the applicant’s methodology for evaluating the global effects of hurricane winds
and hurricane missiles on structures acceptable, because it will appropriately estimate the
additional stresses in the entire structure and demonstrate the stability of the structure per the
guidance in SRP Section 3.8.5.
(c)

Structures Designed for Site-Specific Hurricanes

The following seismic Category I structures are designed for site-specific hurricane:
•
•
•
•
•
•

RB
CB
RSW piping tunnels
UHS/RSW pump house
DGFOSV
DGFOT

The non-seismic Category I structures with the potential for interacting with seismic Category I
structures were evaluated for site-specific hurricane. Site-specific hurricane are used for
stability evaluations of and designs of lateral load-resisting systems for the following nonseismic Category I structures:
•
•
•
•
•

TB
SB
RWB
CBA
Stack on the RB roof
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Evaluation of Site-Specific Seismic Category I Structures
The site-specific seismic Category I structures consist of the UHS/RSW pump house, the
DGFOSV, and the RSW piping tunnels. In the February 2012 audit (ML120660018), the staff
reviewed the design calculation that supports the evaluation summary data provided with the
Supplement 1 response to RAI 02.03.01-24 in Tables 3H.11-1, “Hurricane Missile Impact
Evaluations for UHS/RSW Pump House,” and 3H.11-2, “Hurricane Missile Impact Evaluation for
Diesel Generator Fuel Oil Storage Vault,” for hurricane missile impact evaluations of the
UHS/RSW pump house, and the DGFOSV. The staff determined that the applicant’s
assessment of the site-specific structures is consistent with the methodology described in
Sections 3H11.1 and 3H11.2 of the FSAR.
The staff’s review of the design calculation confirmed that in all cases, a peak triangular pulse
load of 4,555 kN (1,024 kips) in the horizontal direction and 1979.4 kN (445 kips) in the vertical
direction was applied in the evaluation of the wall and the roof panel, respectively. The
triangular pulse with the duration of 0.10 second was used as a dynamic forcing function. The
dynamic load factor was limited to at least 1.0. The factors of safety against sliding and
overturning meet the structural acceptance criteria. It was noted that the applicant has
considered several different locations for the missile impact on a panel in order to determine the
most critical impact location. The staff also confirmed that the applicant has appropriately used
sections of ACI 349–97 (e.g., Subsection 11.12.1.2 for shear requirements and Appendix C for
special provisions for impulsive and impact effects) to calculate the shear and flexure capacity
of structural elements.
The calculations determined that: (1) the hurricane loading does not control the overall design
and stability of the UHS/RSW pump house; (2) the wall and slab designs are adequate to resist
local damage from hurricane-induced missiles; and (3) when considering the total hurricane
load in combination with all other applicable loads, the flexural and shear capacity of the wall
and the roof panels impacted by the hurricane missiles is adequate.
For the DGFOSV, the design-basis hurricane loading controls some walls and slabs. The
flexural and shear capacity of wall and roof panels impacted by hurricane missiles is adequate
with the addition of some shear reinforcement over the tornado and seismic design.
The evaluation of the RSW piping tunnel wall and slab panels was performed by comparisons
with the panel assessment of the UHS/RSW pump house, the DGFOSV, and the DGFOT for
site-specific hurricane winds and missiles. The minimum thickness of the exterior wall and slab
panels for the RSW piping tunnel access areas is 110 cm (36 in.) and 73.1 cm (24 in.),
respectively. The staff agreed with the applicant’s assessment that these panels would be
adequate for hurricane winds and missiles based on the evaluations of similar panels for the
DGFOSV and DGFOT.
The staff reviewed the detailed design calculations and reported design margins and found that
the STP, Units 3 and 4, site-specific seismic Category I structures are adequate for the
hurricane wind and hurricane missile effects.
Evaluation of ABWR Standard Plant Structures
The ABWR standard plant seismic Category I structures consist of the RB, CB, and DGFOT.
These structures are designed for tornado winds and missiles per DCD Tier 1, Table 5.0. FSAR
Table 3H.11-6 compares the hurricane and tornado wind and missile parameters for these
structures. The design-basis tornado windspeed is 482.7 km/h (300 mph) compared to the site3-295

specific hurricane windspeed of 338 km/h (210 mph). However, hurricane wind pressure
increases with height, whereas tornado wind pressures do not vary with height. FSAR
Figures 3H.11-4 and 3H.11-6 compare hurricane wind pressures on the RB and the CB,
respectively. Site-specific hurricane wind pressures on the RB are greater than the tornado
wind pressures at approximately 183 m (60 ft) above grade. Also, the automobile missile
impact velocity for the site-specific hurricane is greater than that for the DCD tornado wind.
Therefore, the standard plant structures are evaluated for site-specific hurricane wind and
automobile missile impacts. The staff reviewed the methodologies used for the local and global
evaluations of the hurricane wind and auto missile impact loads on the RB, CB, and the
DGFOT. The staff found that the general methodologies are acceptable.
The staff reviewed the hurricane missile impact evaluation of the DGFOT’s roof and access
region walls. The staff noted that for structures smaller than the automobile footprint (e.g.,
Table 3H.11-3), the 4,555 kN (1,024 kips) load is not used for automobile missile impact. In
such cases, the applied peak impact load is appropriately scaled in proportion to the width of the
structure. The staff found the applicant’s evaluations acceptable because they followed the
methodology for local and global evaluations. FSAR Table 3H.7-2, “Factors of Safety against
Sliding, Overturning and Flotation for DGFOT,” reports the results of the DGFOT stability
evaluation. The minimum calculated safety factor against sliding and overturning for a hurricane
wind is 1.23. However, the applicant proposes to provide a restraint for stability that considers
the automobile missile impact during the detail design to maintain the minimum factor of safety
of 1.1 against sliding and overturning. This is considered acceptable.
The global hurricane wind pressure on the RB is enveloped by the global tornado wind pressure
from grade up to approximately 183 m (60 ft) above grade. From approximately 183 m (60 ft)
above grade to the top of the RB, the global hurricane wind pressure exceeds the global
tornado wind pressure. However, based on a comparison of the seismic shear versus the total
hurricane shear shown in FSAR Figure 3H.11-5, the applicant determined that the shear forces
from the hurricane loading are less than 10 percent of the shear forces from the seismic loading.
Based on this finding, the applicant concluded that the load combination comprised of hurricane
loading would be enveloped by the seismic loading for global effects of hurricane winds and
missiles on the RB. The staff found the applicant’s assessment acceptable considering that the
seismic loading on the RB is significantly higher than the global effects of hurricanes.
FSAR Figure 3H.11-6, “Comparison of Hurricane and Tornado Wind Pressures for Control
Building,” shows that the global hurricane wind pressure on the CB is enveloped by the global
tornado wind pressure. A comparison of the seismic shear versus the total hurricane shear on
the CB (FSAR Figure 3H.11-7, “Comparison of Hurricane and Seismic Shear Forces for Control
Building”) shows that the hurricane loading is significantly less than the seismic loading. Based
on this finding, the applicant concludes that the hurricane loading has no impact on the global
design of the CB. The staff found the applicant’s assessment acceptable considering the
significant margin in seismic loading compared to hurricane wind loading. FSAR Table 3H.2-5,
“Stability Evaluation–Factors of Safety,” shows the applicant’s results of the CB stability
evaluation for the hurricane loading.
The Supplement 3 response to RAI 02.03.01-24, included the applicant’s results for local
evaluations of the RB and CB panels. Based on the comparison of site-specific hurricane
missiles per RG 1.221 and tornado missiles for DCD structures in FSAR Table 3H.11-6,
“Comparison of RG 1.221 and Tornado Requirements for DCD Structures,” the exterior wall
panels of the RB and CB that are susceptible to a horizontal hurricane-generated automobile
missile impact require additional panel assessments. The applicant’s results of the panel
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evaluations for the RB and the CB are in FSAR Tables 3H.11-4, “Comparison of Hurricane and
Tornado Wind Pressures for Reactor Building,” and 3H.11-5, “Comparison of Hurricane and
Seismic Shear Forces for Reactor Building,” respectively. To maximize the effects of the
automobile missile impact on the flexure and shear, the applicant considered multiple impact
locations (near the center of the panel for the flexure and near the support for the shear).
Critical panels of the RB and CB selected for evaluation were based on panel thickness, span,
and reinforcements. The staff reviewed the supporting calculations for the RB and CB panel
evaluations during an audit held in July 2012 (ML12229A301). The staff found that the
applicant has appropriately followed the methodology for local evaluations, and the flexure and
shear demands were within corresponding capacities of the panels.
During the audit of July 2012, the staff noted that the lowest reported margin in the CB panel for
the automobile missile impact load is 3 percent. The margin is controlled by a shear
deformation of the CB wall panel. Furthermore, the calculation for the flexure capacity of the
panels did not appear to include panel sizes and the panel aspect ratio; and entire panel widths
were considered for the shear capacity evaluation. These concerns were discussed with the
applicant, and the staff requested the following clarifications:
Provide the basis for calculating the panel flexural capacity. The formula for the flexure panel
capacity used in the calculation is independent of the panel dimensions, panel aspect ratio, and
the location of the impact load on the panel.
In the shear capacity calculation for CB panel, the entire panel width of 74.8’ is considered.
Please provide the basis for determining the effective panel width for shear resistance and the
rational for selecting the entire panel width.
In the calculation of the shear capacity for the CB panel, a margin of three percent is shown in
one case between the panel’s shear resistance capacity and the automobile impact force.
Please perform a sensitivity analysis of the assumed central automobile impact location, its
orientation, and its configuration (full or partial automobile foot print) on the reported three
percent margin to show that any other postulated impact location, orientation, or configuration
will not result in a margin of less than three percent. Also, provide the basis for determining the
effective shear area to calculate the shear resistance.
In calculating the flexure and shear capacity of the panel, large deformations of the panels are
likely to occur. Please provide the estimated magnitude of such deformations and assurances
that the function of any safe shutdown component or equipment attached to or in the vicinity of
the panel is not affected due to large panel deformations.
In its Supplement 5 response to RAI 02.03.01-24, dated January 3, 2013 (ML13037A595), the
applicant provided the clarifications discussed below:
•

The formula used to determine panel flexure capacity is per its guideline document
“Guidelines for Extreme Wind and Tornado Design,” which states that the formula is
applicable for a concentrated load anywhere on the slab. The same formula is also
listed in Table 4-3, “Resistance-Yield Displacement Values for Slabs,” of Bechtel Topical
Report BC-TOP-9-A. The applicant also referred to the text book Reinforced Concrete
Slabs, Second Edition, (Park and Gamble; 2000) stating that for slabs with concentrated
loads, the collapse mechanism involving curved yield negative moment lines are more
critical than the straight-line mechanisms involving large triangular segments. The
failure cone could have any radius that lies within the slab, so the ultimate concentrated
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load is the same for any position of the concentrated load and for any shape of the slab
with fixed edges. The staff found the applicant’s justification acceptable because the
formula used for determination of flexural capacity of the panel resulted in the lowest
capacity, when considering other failure mechanisms.
•

To determine the shear capacity, the applicant refers to Sections 11.10.1 and 11.121.1
of ACI 349-97 and to Section 10.1 of the text book Reinforced Concrete Slabs. This
book states that the shear strength of the slabs in the vicinity of concentrated loads is
governed by the more severe of two conditions: either beam action or two-way action.
In beam action, the slab fails as a wide beam with the critical section for the shear
extending along a section in a plane across the entire width of the slab. In the two-way
action, the slab fails in a local area around the concentrated load. The applicant also
stated that the punching shear of the slab was checked separately in another section of
the hurricane evaluation calculation. The staff reviewed the applicant’s response and
concluded that the applicant has followed the provisions of ACI 349-97 for determining
the shear capacity of wall panels subjected to concentrated loads. The methodology is
also recognized as an acceptable practice in publications on the subject. Therefore, the
applicant’s method to determine the shear capacity of wall panels is considered
technically acceptable.

•

The applicant’s response stated that the three percent margin in the shear capacity of
the CB panel against shear demand in one case meets the acceptance criterion, and
there is no need to provide a certain amount of margin. In addition, the minimum impact
force of 4,555 kN (1,024 kips) considered in the design has about a 23 percent margin
over the maximum impact force of 3705 kN (833 kips), which was calculated using the
Bechtel Topical Report BC-TOP-9A. Based on this finding, there is no need for an
additional sensitivity analysis. The basis for an effective shear area in this case is that
the shear will distribute in both directions at the impact location (considering a 45 degree
dispersion from the impact area) because of the panel’s size. The staff agreed with the
applicant that the conservatism in the estimate of the impact force precludes the need
for any additional sensitivity study to demonstrate the adequacy of the CB panel in
shear. The staff also agreed with the applicant’s conclusion that it is reasonable to
consider that the shear will distribute in both directions and will be resisted by three
sides of the panel using a 45 degree dispersion from the impact area, because the
impact location for this case is at one end of the panel (4.66 m wide x 22.8 m long [15.3
ft wide x 74.8 ft long]) and the automobile missile impact area is 2.01 m x 1.31 m (6.6 ft x
4.3 ft).

•

In response to the staff’s concern about potentially large panel deformations from the
missile impact, the applicant states that although local non-linear behavior is permitted
for hurricane missile evaluations, there will be no gross failure (i.e., no perforation or
scabbing) of the impacted panel or of the structure. Thus, no secondary missiles will be
generated inside the structure. Considering how massive the structure is with respect to
the impacting missile, the imparted shock from the hurricane missile will be localized and
may be critical only for the instruments directly attached to the impacted wall near the
point of contact. However, during a hurricane event, only a limited number of
instruments/equipment is required for the safe shutdown. The layout and support of
instruments are part of the detailed design, where such instruments are generally
supported by instrument racks attached to the floor slabs. Considering this design
configuration during a hurricane event, the safe shutdown function is not affected by the
impact from a hurricane missile. The staff reviewed the applicant’s response, and
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agrees with the applicant’s assertion that safe shutdown function is not affected by the
impact of hurricane missiles. The reasoning is that such an impact will not cause any
gross failure of the panels or of the structure, and any potential local effect on safe
shutdown components will be taken into consideration during the detailed design.
Based on the above review, the staff found that the design of ABWR standard plant structures is
adequate for the hurricane wind and hurricane missile effects at the STP, Units 3 and 4, site.
(d)

Hurricane Evaluations for Non-Seismic Category I Structures

The applicant evaluated the potential impact from hurricane wind effects on the interactions
between non-seismic Category I structures and seismic Category I structures. The non-seismic
Category I structures considered in this evaluation are the SB, TB, RWB, CBA, and the RB
stack.
In FSAR Subsection 3H.11.3.7, the applicant described the evaluation of the hurricane wind on
non-seismic Category I structures. The applicant performed a global assessment of hurricane
loads to determine the impact on the structural stability of the non-seismic Category I structures.
For this evaluation, the applicant compares the total seismic driving forces with the total
hurricane driving forces on these buildings. The applicant determined that in all cases, the
seismic driving forces govern the stability of these non-seismic Category I structures. The staff
found the applicant’s assessment acceptable, because the seismic driving forces are greater
than the hurricane driving forces for the stability evaluation. For the RB stack, the applicant
compares the impacts from tornado and hurricane wind forces on the stack; the hurricane wind
pressure is enveloped by the tornado wind pressure on the RB stack. This finding is considered
acceptable because the automobile missile is not credible for the RB stack, and other missiles
are also enveloped by the tornado missiles. The applicant also revised the ITAAC design
requirements for the TB, SB, RWB, and CBA seismic II/I interaction to include hurricane wind
and hurricane missile parameters for the design of the lateral load-resisting system (see STP
COL application Part 9, Tables 3.0-21 through 24).
(e)

Protection of Openings of Seismic Category I Structures

The applicant provided design features such as missile-proof covers and doors, or labyrinth
walls for the openings of seismic Category I structures for protection from the passage of
hurricane-generated missiles through the openings in the roof slabs and exterior walls. The
applicant also provided positive design measures by installing a heavy steel grating at the top of
each fan enclosure compartment to protect the UHS/RSW pump house fan enclosure from the
hurricane missile impact.
In its Supplement 1 response to RAI 02.03.01-24 (ML12103A368), dated April 10, 2012, the
applicant also described structural design measures for protecting the openings of seismic
Category I structures—including the UHS/RSW pump house fan enclosure—from the hurricane
missile impact. This response proposed FSAR revisions to Section 3H.6.2, Subsection
3H.6.3.2, and Table 3H.9-1; and adds new Section 3H.11. The staff concluded that the
measures taken by the applicant to protect the openings in seismic Category I structures will
provide positive barriers for protection against missiles. These measures are therefore
acceptable.
Based on the above review, the staff found that the STP, Units 3 and 4, structures are
adequately designed for hurricane winds and hurricane missiles—according to the guidance in
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RG 1.221—and meet all applicable SRP acceptance criteria for design. Therefore, the issue of
the hurricane loading and the application of RG 1.221 is resolved and closed. The applicant
proposed FSAR markups in the Supplement 3, 4, and 5 responses to RAI 02.03.01-24
(ML12229A036, ML12289A112, and ML13037A595, respectively) that include additional
clarifications to be incorporated into the next FSAR update. The staff confirmed that the
applicant’s proposed changes are incorporated into Revision 10 of the FSAR.
2.

Changes to FSAR Sections 3.3, 3.4, and 3.5

In its Supplement 1 response to RAI 02.03.01-24, the applicant provided FSAR markups of
Sections 3.3, 3.4, and 3.5 that add references to the new Departure STP DEP 3.5-2 and to
FSAR Section 3H.11 for the hurricane design. These changes are editorial, and the staff found
them acceptable.
3.

Revision to COL Application Part 7, Departure Reports

In its Supplement 1 response to RAI 02.03.01-24, the applicant provided the COL application
Part 7 markup to include the new site-specific departure for including hurricane winds in the
STP design. The applicant’s evaluation of the departure states that pursuant to the
requirements in 10 CFR Part 52, Appendix A, Section VII.B.5, the departure has no significant
impact on the frequency or consequences of any accident or malfunction of an SSC important to
safety that was previously evaluated. There is also no impact on the frequency or
consequences of any ex-vessel severe accident that was previously evaluated. This change
has no impact on any Tier 1, Tier 2*, technical specifications, bases for the technical
specifications, or operational requirements information. Based on this information, the applicant
concludes that this departure does not need prior NRC approval.
The applicant's evaluation determined that this departure does not require prior NRC approval
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the review scope of
this section, the staff found it reasonable that the departure does not require prior NRC
approval. The applicant's process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
4.

Revision to COL Application Part 9, ITAAC Tables

In its Supplement 1 response to RAI 02.03.01-24, the applicant revised COL application Part 9
to add site-specific ITAAC Table 3.0-25, “Reactor Building–Design for Hurricane”; Table 3.0-26,
“Control Building–Design for Hurricane”; and Table 3.0-27, “Reactor Building Stack–
Category I/I Design for Hurricane.” The staff reviewed these new ITAAC tables and found them
technically acceptable for addressing the new hurricane wind design requirements for these
structures. The applicant also included in this response markups of revisions to ITAAC tables
for the UHS (Table 3.0-1), the RSW system (Table 3.0-5), and the DGFOSV (Table 3.0-17) to
include hurricane winds and hurricane missiles in the natural phenomena for the design of these
seismic Category I structures. The applicant also provided revisions to ITAAC Tables for the TB
(Table 3.0-21), SB (Table 3.0-22), RWB (Table 3.0-23), and CBA (Table 3.0-24) to include
hurricane wind and hurricane missile parameters for designing lateral load-resisting systems for
these structures to preclude seismic II/I interactions. The staff reviewed these revised ITAAC
tables and found them technically acceptable.
3.8.4.5

Post Combined License Activities

The applicant identifies the following COL license information items resolutions:
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•

COL License Information Item 3.23 on foundation waterproofing by placing
waterproofing membrane near the top elevation of the concrete fill

•

COL License Information Item 3.25 on structural integrity test by performing the test in
accordance with ITAAC Table 2.14.1 Item #3

The applicant identified the following site-specific ITAAC:
•

ITAAC Table 3.0-1, “Ultimate Heat Sink (UHS),” to verify the design requirements of the
UHS, including a design report to reconcile the as-built data with the structural design
basis.

•

ITAAC Table 3.0-5, “Reactor Service Water System (RSW),” to verify the design
requirements of the Reactor Service Water System, including a design report to
reconcile the as-built data with the structural design basis.

•

ITAAC Table 3.0-13, “Waterproofing Membrane,” for a friction coefficient to meet the
sliding requirements of water-proofing material.

•

ITAAC Table 3.0-15, “Settlement,” to field measure actual settlement seismic Category I
structures to ensure maximum allowable tilt acceptance criteria is met.

•

ITAAC Table 3.0-17, “Diesel Generator Fuel Oil Storage Vaults,” to verify the design
requirements of the DGFOSV, including a design report to reconcile the as-built data
with the structural design basis and an inspection of the vault.

•

ITAAC Table 3.0-21, “Turbine Building - Seismic II/I Interaction,” to verify the design
requirements of the TB, including a structural analysis to confirm that the lateral load
resisting system as designed and constructed meets the applicable design requirements
and an inspection of the TB.

•

ITAAC Table 3.0-22, “Service Building - Seismic II/I Interaction,” to verify the design
requirements of the service building, including a structural analysis to confirm that the
lateral load resisting system as designed and constructed meets the applicable design
requirements and an inspection of the service building.

•

ITAAC Table 3.0-23, “Radwaste Building - Seismic II/I Interaction,” to verify the design
requirements of the RWB, including a structural analysis to confirm that the lateral load
resisting system as designed and constructed meets the applicable design requirements
and an inspection of the RWB.

•

ITAAC Table 3.0-24, “Control Building Annex - Seismic II/I Interaction,” to verify the
design requirements of the CBA, including a structural analysis to confirm that the lateral
load resisting system as designed and constructed meets the applicable design
requirements and an inspection of the CBA.

•

ITAAC Table 3.0-25, “Reactor Building - Design for Hurricane,” to verify the site-specific
hurricane wind and hurricane missile design requirements of the RB and the DGFOT,
including a structural analysis to reconcile the as-built data with the design requirements.
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•

ITAAC Table 3.0-26, “Control Building - Design for Hurricane,” to verify the site-specific
hurricane wind and hurricane missile design requirements of the CB, including a
structural analysis to reconcile the as-built data with the design requirements.

•

ITAAC Table 3.0-27, “Reactor Building Stack - Category II/I Design for Hurricane,” to
verify the site specific hurricane wind and hurricane missile design requirements of the
RB stack, including a structural analysis to reconcile the as-built data with the design
requirements.

3.8.4.6

Conclusion

The staff findings related to information incorporated by reference are in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
other seismic Category I structures that were incorporated by reference have been resolved.
The staff compared the additional information in the COL application to the relevant NRC
regulations and acceptance criteria guidance in Section 3.8.4 of NUREG–0800. The staff’s
review concluded that the application has adequately addressed the COL license information
item, and the Tier 1 and Tier 2* departures in accordance with Section 3.8.4 of NUREG–0800,
and found it reasonable that the identified Tier 2 departures are characterized as not requiring
prior NRC approval per 10 CFR Part 52, Appendix A, Section VIII.B.5.
3.8.5

Foundations

3.8.5.1

Introduction

This FSAR section addresses the foundations for all seismic Category I Structures. The ABWR
design employs separate reinforced-concrete mat foundations for major seismic Category I
Structures. The RB foundation, which is integral to the containment foundation, supports the
containment structure, reactor pedestal, other internal structures, and the balance of the RB
structure. Even though the containment structure foundation is integral to the RB foundation, it
is a portion of the foundation within the perimeter of the containment structure. Therefore, the
foundation is designed as a part of the containment boundary.
The criteria for the foundation design include the following:
•
•
•
•
•
•
•
3.8.5.2

Description of the foundations.
Applicable codes, standards, and specifications.
Loads and load combinations.
Design and analysis procedures.
Structural acceptance criteria.
Materials, quality control, and special construction techniques.
Testing and in-service inspection requirements.
Summary of Application

Section 3.8.5 of the STP, Units 3 and 4, COL FSAR Revision 11 incorporates by reference
Section 3.8.5 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
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Appendix A. In addition, in FSAR Section 3.8.5 and Appendix 3H.6, the applicant provided the
following:
Tier 1 Departure
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category 1 to Non-Seismic

This departure revises the seismic category of the RWB substructure from seismic Category I to
non-seismic.
COL License Information Items
•

COL License Information Item 3.23 Foundation Waterproofing

In FSAR Subsection 3.8.6.1, the applicant stated that foundation waterproofing is carried out by
placing a waterproofing membrane near the top elevation of the concrete fill. The remainder of
the concrete fill is then poured on top of the waterproofing material. A waterproofing membrane
that could degrade the ability of the foundation to transfer loads is not used.
•

COL License Information Item 3.24 Site Specific Physical Properties and Foundation
Settlement

In FSAR Subsection 3H.6.4.2 and Section 2.5S.4, the applicant provided physical properties of
the site-specific subgrade medium and settlement of foundations.
Supplemental Information
In FSAR Sections 3H.6 and 3H.7, the applicant provided additional information about the
foundation analysis and design of the DGFOT, UHS/RSW pump house, RSW tunnels and the
DGFOSV.
3.8.5.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for foundations, and the
associated acceptance criteria, are in Section 3.8.5 of NUREG–0800.
In addition, in accordance with Section VIII, “Processes for Changes and Departures,” of
“Appendix A to Part 52- Design Certification Rule for the U.S. Advanced Boiling Water Reactor,”
the applicant identifies one Tier 1 departure that requires prior NRC approval. Tier 1 departures
require prior NRC approval and are subject to the requirements of 10 CFR Part 52, Appendix A,
Section VIII.A.4.
Review of COL License Information Items 3.23 and 3.24 are subject to the acceptance criteria
and guidance in SRP Section 3.8.5.
3.8.5.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.8.5 of the certified
ABWR DCD. The staff reviewed Section 3.8.5 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
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COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
Tier 1 Departure
•

STD DEP T1 2.15-1

Reclassification of Radwaste Building from Seismic
Category 1 to Non-Seismic

The review and approval of this departure is in Subsection 3.8.4.4 of this SER.
COL License Information Items
•

COL License Information Item 3.23 Foundation Waterproofing

In ABWR DCD, this COL license information item requires the applicant to evaluate the
capability of the foundation to transfer shear loads where foundation waterproofing is used. The
COL application states that foundation waterproofing will include placing a chemical agent on
the exposed concrete surface of the mudmat, and a waterproof membrane will be installed on
the walls of all Category I structures to an elevation of 30.5 cm (1 ft) below grade with a
waterproof coating being applied from that level up to the flood level. To evaluate the
effectiveness of the proposed waterproofing, RAI 03.08.04-5, RAI 03.08.04-19, and
RAI 03.08.04-28 requested the applicant to clarify the issues listed below to provide additional
information regarding the membrane, and to update the FSAR as appropriate.
1.

Physical and Chemical Properties. In RAI 03.08.04-5, Item (a), the staff asked
the applicant to provide details on the proposed chemical agent including
application procedures, its performance to accommodate any potential cracking
of the mudmat due to placement of the massive concrete foundation, and its
ability to be effective as foundation waterproofing. The staff asked the applicant
to provide supporting information that this type of waterproofing is adequate to
protect the concrete foundations against degradation from aggressive
soil/groundwater. In its response to RAI 03.08.04-5, dated September 15, 2009
(ML092610377), the applicant stated that: (a) the waterproofing membrane is a
spray-on, high-viscosity liquid that cures when exposed to air; (b) the material
may be applied by brush, roller, or airless spray equipment; (c) the specific
material for the waterproof membrane will be selected during detailed design; (d)
the waterproofing will be placed and sandwiched within the concrete fill at about
30.5 cm (1 ft) down from the top of the fill and will be extended vertically on the
walls up to about 30.5 cm (1 ft) under the finished grade level; (e) rebar and
foundation embedments are not present in either of these structural concrete fill
lifts; (f) the surface of both the structural concrete fill and the exterior walls will be
prepared in accordance with procedures that will be determined during the
material qualification testing program; (g) the surface of the wall will be prepared
as necessary to assure that the waterproof coating application can bridge the

1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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small gaps and corners of the transition; and (h) the cured membrane has a
degree of flexibility that allows it to accommodate mudmat concrete shrinkage
and thermal cracking, thermal expansion, and other minor movements between
substrate members.
In follow-up RAI 03.08.04-19, Item 1, the staff asked the applicant to describe
the specific material that will be used for the waterproof membrane and to
provide data showing that the selected waterproofing will adequately protect the
concrete foundations against degradation from soil/groundwater conditions at
the STP, Units 3 and 4, site. The staff also asked the applicant to describe the
final thickness of the membrane based on the physical properties of the selected
material. In its Revision 1 response to RAI 03.08.04-19, dated April 29, 2010
(ML101250162), the applicant stated that the material used for the waterproof
membrane will be a two-coat, color-coded Methyl-Methacrylate resin, which is
an elastomeric “spray-on” membrane with physical properties that are
specifically designed to cope with the rigorous requirements of below grade
conditions. The applicant also stated that in the detailed design phase, the
specific material for the waterproof membrane will be selected and specified to
protect the concrete foundations against degradation from soil /groundwater
conditions. Regarding the thickness layer, the applicant stated that the final
thickness of all coats of the waterproofing membrane will be a nominal 0.305 cm
(120 mils). The staff found this response adequate because it addresses the
general questions regarding the description and qualification of the
waterproofing membrane under the RB and CB. The proposed FSAR markups
were included in Revision 6 of the FSAR. Thus, this issue is resolved and
closed.
2.

Testing for Friction Resistance. In RAI 03.08.04-5, Item (b), the staff asked the
applicant to:
(a)

Provide the value of the coefficient of friction assumed between the
concrete foundation and the mudmat with the chemical agent applied on
top.

(b)

Provide the basis for the assumed value.

(c)

Describe how this value compares with the coefficient of friction assumed
in the standard ABWR design in determining the factor of safety against
sliding.

In its response to RAI 03.08.04-5 (ML092610377), dated September 15, 2009,
the applicant stated that:
•

The coefficient of friction of the waterproofing material will be determined
by testing and will be sufficient to transfer site-specific SSE seismic loads.
Because the waterproofing material is a COL license item and is only
required to transfer loads for the site-specific seismic loads and soil
conditions, the coefficient of friction of the waterproofing material may be
different from those considered for the standard ABWR design.
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•

The coefficient of friction will be determined by a qualification program
before procurement of the membrane material. The qualification program
will:
o

o

Be developed to demonstrate that the selected material will meet
the waterproofing and friction requirements and will address at a
minimum, the following:


chemical properties of the membrane material,



physical properties of the membrane material,



surface finish and preparation requirements,



installation procedures necessary to achieve the required
properties and coefficients of friction.

Include testing to demonstrate that the waterproofing
requirements and the coefficient of friction that is required to
transfer seismic loads for STP, Units 3 and 4, have been met.

•

Testing methods will simulate field conditions to demonstrate that the
minimum required coefficient of friction is achieved by the structural
concrete fill—the waterproof membrane structural interface.

•

A technical report will document the basis for determining that the
material meets the required friction factor and waterproofing
requirements.

•

Application procedures will be developed based on the results of the
qualification testing to assure that the conditions and assumptions of the
qualification tests are maintained during product application.

The staff issued follow-up RAI 03.08.04-19, Items 4 and 5 asking the applicant to
provide the following information for the proposed testing program:
(a)

Describe the tests demonstrating that the waterproofing requirements and
the coefficient of friction required to transfer seismic loads for STP, Units
3 and 4, have been met.

(b)

Describe the methods for testing that simulate field conditions to
demonstrate that the minimum required coefficient of friction is achieved
by the structural concrete fill-waterproof membrane structural interface.

(c)

Provide documentation summarizing the basis for determining that the
material will meet the friction factor and the waterproofing requirements.

In addition to the information in its response to RAI 03.08.04-5, in its April 29, 2010,
response to RAI 03.08.04-19 (ML101250162) the applicant stated that:
•

The test program will be based on the test methods in ASTM D1894-06,
“Standard Test Method for Static and Kinetic Coefficients of Friction of
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Plastic Film and Sheeting,” which defines the coefficient of friction as the
ratio of the force required to move one surface over another to the total
force applied normal to those surfaces. The tests will be performed with
the expected range of normal compressive stresses. The test fixture
assembly will be designed to obtain a series of shear/lateral forces and
the corresponding applied normal compressive loads. The test data will
be generally represented by a best fit straight line whose slope is the
coefficient of friction.
The RAI response also includes a proposed site-specific ITAAC (i.e., Table 3.013). However, the staff found that this proposed ITAAC does not provide any
acceptance criteria for the minimum coefficient of friction. Subsequently, in the
response to RAI 03.08.04-28 dated March 7, 2011 (ML110730066) the applicant
identified the acceptance criteria of 0.6 as the minimum coefficient of friction at
the waterproofing membrane and structural concrete fill interface. As discussed
in Item 4 below, the minimum static coefficient of friction was raised from 0.6 to
0.75 to meet the requirement for higher friction than provided at the gravel/soil
interface. The staff found this response adequate because it provides the
requested design information regarding the friction and testing requirements of
the membrane under the RB and CB. The proposed FSAR markups were
included in Revision 6 of the FSAR. Thus, this issue is resolved and closed.
3.

Qualification and Application Procedures. In RAI 03.08.04-5, Item (c), the staff
asked the applicant to provide a detailed description of the type of waterproofing
membrane proposed to be used, including operating experience with the use of
such membranes at the site or elsewhere, and vendor or operating experience
data demonstrating that the type of waterproofing membrane retains adequate
water-retarding properties under aggressive soil conditions that are comparable
to the site for long periods of time, without degrading. In its response to RAI
03.08.04-5, dated September 15, 2009 (ML092610377), the applicant stated that
the specific material for the waterproof membrane will be selected during detailed
design. The waterproofing will be selected to assure that it is adequate to protect
the concrete foundations against degradation from soil/groundwater conditions at
the STP, Units 3 and 4, site. In RAI 03.08.04-19, Item 3, the staff asked the
applicant to describe in detail the application procedures for all aspects of the
coating application including batch qualification, surface preparation, application
techniques, film thickness, cure time, and repairs. In its response to RAI
03.08.04-19 (ML101250162), dated April 29, 2010, the applicant stated that the
vendor for the waterproofing membrane materials has not been selected.
However, the application procedures and aforementioned properties will be
determined based on manufacturer’s recommendations and the results of the
qualification testing. The staff found this response adequate because the
applicant has committed to qualify and apply the membrane in compliance with
staff requirements regarding resistance against deterioration and long-term
serviceability. The proposed FSAR markups were included in Revision 6 of the
FSAR. Thus, this issue is resolved and closed.

4.

Sliding Evaluation of RB and CB. In RAI 03.08.04-19, Item 6, the staff asked the
applicant to describe in detail the site-specific sliding evaluation for the RB and
the CB to demonstrate that the coefficient of friction—which is needed to
maintain the minimum factor of safety against sliding—is available at all sliding
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interfaces between the structures and foundation soil. In its response to RAI
03.08.04-19 (ML101250162), dated April 29, 2010, the applicant stated that the
site-specific sliding evaluation for the RB and the CB demonstrates that the
coefficient of friction needed to maintain the minimum factor of safety against
sliding is available at all sliding interfaces between the structures and foundation
soil. The smallest coefficient of friction needed to maintain the minimum factor of
safety against sliding is: RB = 0.47 and CB = 0.47. The soil friction capacity
exceeds these values. In order to transfer the loadings from the foundation to
the soil, the loads must be transferred from the reinforced concrete foundation
through the structural concrete fill to the soil. For the concrete interfaces, ACI
349–97, Subsection 11.7.4.3 specifies the coefficient of friction (μ) for concrete
placed against hardened concrete that is not intentionally roughened as 0.6. In
NUREG–1503, Section 3.8.5, pages 3-56 and 3-57 state:
“…a layer of gravel will be placed on the excavated foundation
surface for the soil site … before pouring concrete and placing the
waterproofing material. The treated foundation surface will
increase the friction between the structural foundation and the
supporting foundation surface….”
The placement of a gravel layer on the excavated soil surface for STP, Units 3
and 4, followed by placement of the concrete fill on the gravel layer, will improve
the friction between the concrete fill and the supporting foundation soil. When
placed, the wet structural concrete fill will surround the aggregate particles at the
gravel surface and will also penetrate some distance into the gravel layer. Once
the concrete has hardened, the shear resistance to sliding will be governed by
gravel to gravel strength (μ equals 0.75–0.84 within the gravel layer) on a plane
below the concrete-to-gravel interface. The use of angular particle shapes in the
gravel will create intimate contact with the soil surface to assure that the shear
resistance at the underlying gravel-to-soil interface will be governed by the shear
resistance of gravel or soil, whichever is less. In its response, the applicant
provided a summary of the coefficient of friction for each of the sliding interfaces
between the structures and foundation soil. At each sliding interface, μ provided
is greater than μ required. Following a discussion during the NRC audit on
March 14, 2011, through March 18, 2011, where staff noted that sliding will occur
at the interface with the lowest friction coefficient (i.e., the concrete/concrete and
concrete/membrane interface with a coefficient of 0.60) and thus not necessarily
at the assumed gravel/soil interface, the staff requested the applicant to address
this issue. In the Supplement 1 response to RAI 03.08.04-19, dated April 25,
2011 (ML11119A077), the minimum required static coefficient of friction for
concrete to concrete and concrete to waterproofing membrane was revised to
0.75. Furthermore, the response states that for the concrete-to-concrete
interfaces, ACI 349–97, Sections 11.7.4.3 and 11.7.9 specify the coefficient of
friction as μ = 1.0 for concrete that is placed against hardened concrete with the
surface intentionally roughened. The applicant added that this requirement for
intentional concrete roughening will be added to the construction drawings;
based on this requirement, the minimum static coefficient of friction for concrete
to concrete and concrete to waterproofing membrane was revised to 0.75. Since
the staff requested the applicant to add the concrete roughening requirement to
the FSAR, the applicant has provided in the Supplement 2 response to RAI
03.08.04-19 dated June 16, 2011 (ML11168A168), a corresponding markup for
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FSAR Subsection 3.8.6.1. The applicant also stated that the coefficients of
friction for all interfaces above the soil are raised to 0.75 or higher to ensure that
any sliding would occur in the soil, which is limited by the shear capacity of soil
with an equivalent coefficient of friction equal to or less than 0.7. The staff found
this response adequate because it addresses the requested design information
for the RB and CB, thus stating that the smallest friction resistance occurs at the
interface gravel/excavated soil (0.70 static/0.47 dynamic), while the other
interfaces (concrete to concrete; concrete to membrane; concrete to gravel; and
gravel to gravel) provide higher friction values (0.75 static). The proposed FSAR
markups were included in Revision 6 of the FSAR. Thus, this issue is resolved
and closed.
5.

Description of Structural Fill. In RAI 03.08.04-19, Item 7, the staff asked the
applicant to provide the specification and to describe the properties of the
structural concrete fill below the RB and CB foundations. In its response to this
RAI (ML101250162), dated April 29, 2010, the applicant stated that the structural
concrete fill below the RB and CB foundations will be unreinforced normal weight
concrete with a minimum compressive strength (f’c) of 20.69 MPa (3,000 psi).
The staff found this response adequate because it provides the requested design
information regarding the concrete fill under the RB and CB structures. In
addition, the proposed concrete is considered acceptable because the concrete
is stronger than the underlying foundation subgrade. The proposed FSAR
markups were included in a subsequent revision of the FSAR. Thus, this issue is
resolved and closed.

6.

Testing for Chemical Resistance. In RAI 03.08.04-28, Item 1, the staff asked the
applicant to describe the requirements of the below-grade conditions, how the
chemical properties of the membrane meet these requirements, and to also
include in the FSAR a description and thickness of the material used for the
waterproof membrane. In its Revision 1 response to RAI 03.08.04-28, dated
March 7, 2011 (ML110730066), the applicant stated that the waterproofing
membrane is applied on the structural concrete fill, and thus pertains to the load
path between the basemat and soil, thus requiring both capacities—water
retaining and friction— to be maintained at the interface over the life of the plant.
The applicant added that the waterproofing membrane will be tested under
conditions that simulate actual exposure according to ASTM C267-01, “Standard
Test Methods for Chemical Resistance of Mortars, Grouts, and Monolithic
Surfacings and Polymer Concretes,” for its resistance to the concrete mix
chemistry, the actual backfill material chemistry, and ground water chemistry
found on site. Furthermore, the additional testing of the waterproofing
membrane’s ability to resist the chemical reagents as specified through
accelerated aging will be done per ASTM G114-07, “Standard Practices for
Evaluating the Age Resistance of Polymeric Materials Used in Oxygen Service.”
The results will be used to show that there is a negligible change in the material
properties or composition for at least the 60-year life of the plant. The COL
FSAR markup for the description and thickness of the membrane material as well
as the requirement to test for resistance to the concrete mix chemistry, the actual
backfill material chemistry, and ground water chemistry found on the site are
included with this response. The staff reviewed the response and determined
that it adequately addresses the issue, because it provides and clarifies the
requested design information regarding the testing and chemical resistance of
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the membrane. The proposed FSAR markups were included in Revision 6 of the
FSAR. Thus, this issue is resolved and closed.
7.

Testing for Mechanical Resistance. In RAI 03.08.04-28, Item 2, the staff asked
the applicant to describe and to explain how the waterproofing requirements are
established and how they will be tested to demonstrate that the selected
membrane is adequate considering long-term performance. The applicant was
also asked to update the FSAR as appropriate. In its response to RAI 03.08.0428 (ML110730066), dated March 7, 2011, the applicant stated that the evaluation
and mechanical testing of the waterproofing membrane consider the following:
•

Testing will be in accordance with ASTM D5385-93, “Standard Test
Method for Hydrostatic Pressure Resistance of Waterproofing
Membranes” to a hydrostatic pressure of 0.69 MPa (100 psi).

•

The margin provided by the test pressure of 0.69 MPa (100 psi) over the
design pressure of 0.28 MPa (40 psi) (hydrostatic pressure at a depth of
the RB foundation [27.43 m (90 ft)]), along with the results from
accelerated age testing described in Item 6 above, will ensure the
resistance over its intended lifetime of 60 years.

•

Additional testing may be performed to demonstrate adequate
performance under applicable mechanical conditions, including pressures
from the backfill and foundation bearing.

•

Test conditions will simulate the environmental pressures at the walls and
the base level.

The staff agreed with the proposed testing program because it subjects the
membrane to the actual mechanical and environmental conditions at the site.
Furthermore, the response incorporates into Revision 6 of the FSAR the
requested design information. Therefore, this issue is resolved and closed.
8.

ITAAC Description. In RAI 03.08.04-28, Item 3, the staff asked the applicant to
provide, and to incorporate the information listed below in a proposed ITAAC in
its response to RAI 03.08.04-19.
•

Clarify whether the thickness of the specimen tested will be the same as
that used for the membrane.

•

As described below, clarify which value of the coefficient of friction will be
used for the acceptance criteria of the ITAAC:

The proposed acceptance criterion for the ITAAC specifies that:
“A report exists and documents that the waterproof system
(mudmat-waterproofing-mudmat) has a coefficient of friction to
support the analysis against sliding.”
In its response to RAI 03.08.04-19, the applicant stated that the minimum
coefficient of friction needed to maintain the minimum factor of safety against
sliding for the RB and the CB is 0.47, whereas in Table RAI 03.08.04-19a of the
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same response the minimum coefficient of friction provided at the structural
concrete fill and waterproofing membrane interface is 0.6.
•

Include in the FSAR the minimum coefficient of friction provided at the
waterproofing membrane and structural concrete fill interface.

In its response to RAI 03.08.04-28 (ML110730066), dated March 7, 2011, the
applicant stated that the thickness of the membrane to be tested will be the same
as the actual nominal thickness used for the membrane, and has revised ITAAC
Table 3.0-13, “Waterproofing Membrane,” in COL application Part 9, accordingly
with the acceptance criterion for the minimum coefficient of friction of 0.6.
Furthermore, a proposed COL application markup indicates that the minimum
coefficient of friction provided at the waterproofing membrane and structural
concrete fill interface is 0.6. As discussed in Item 4 above, the minimum static
coefficient of friction was raised from 0.60 to 0.75 in a later revision of the FSAR.
The staff found this response adequate because it provides and incorporates into
the FSAR the requested design information. The proposed FSAR markups were
included in Revision 6 of the FSAR. Therefore, this issue is resolved and closed.
9.

Friction Between Gravel and Soil. The applicant stated in Item (6) in its response
to RAI 03.08.04-19 (ML101250162), dated April 29, 2010, that the coefficient of
friction provided at the interface of the bottom of the gravel layer and soil to be
the smaller of 0.6 and shear capacity of the soil. The applicant also stated that
the soil capacity exceeds the value of 0.47 that is needed for maintaining the
minimum factor of safety against sliding of the RB and CB. Therefore, the staff in
RAI 03.08.04-28 Item 4, asked the applicant to provide a clarification concerning
the minimum coefficient of friction available at the bottom of the gravel-and-soil
interface based on site-specific soil properties and to explain how it is
determined. In its Revision 1 response to this RAI dated March 7, 2011
(ML110730066), the applicant stated that the bottom of the gravel-and-soil
interface is governed by the friction forces that develop under the RB and CB and
that depend on the properties of the existing materials under the buildings. The
coefficient of friction and cohesion value for gravel and soil interfaces mobilize
the full soil shear strength. The static resistance however requires adjustment to
account for seismic cyclic loading. Based on experimental data from Makdisi and
Seed (Makdisi, F.I. and Seed, H.B. 1978, “Simplified Procedure for Estimating
Dam and Embankment Earthquake Induced Deformations,” Journal of the
Geotechnical Engineering Division, ASCE Vol. 104, No. GT7, p 849-867), the
recommended adjustment factors are: 67 percent for sand friction and 80 percent
for cohesion resistance. Using the soil friction angles and cohesion values given
in COL FSAR Table 2.5S.4-37B, “Subsurface Conditions for Bearing Capacity
Analysis for the STP 3 & 4 Reactor Buildings,” and Table 2.5S.4-38B,
“Subsurface Conditions for Bearing Capacity Analysis for the STP 3 & 4 Control
Buildings,” for RB and CB respectively, the coefficient of friction at the interface
between the bottom of gravel and sandy soil has a value of 0.70 (=tangent (phi)),
and the clay layers have a cohesion value of 162.8 kPa (3.4 ksf) for static
loading. Applying the aforementioned adjustment factors for cyclic loading, these
values reduce to 0.47 and 130.2 kPa (2.72 ksf). The static gravel to gravel
coefficient of friction is given as 0.75 to 0.84, and is thus higher than the sand
layer. For any embedded building, resistance against sliding is provided by both:
lateral soil pressure and friction. In order to obtain the prescribed sliding safety
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factor for the CB, using a friction coefficient of 0.47 resulted in partially activating
the lateral passive pressure. Achieving a safety factor of 1.11 against sliding for
the Unit 4 RB, which is founded on top of clay layers, required developing
40 percent of the available lateral passive pressure, while cohesion contributed
50 percent to the sliding resistance. This result is conservative for the Unit 3 RB,
which is only partially founded on clay. Asked about the justification for using the
cyclic loading adjustment factors at the STP site, the applicant responded in
Supplement 1 to the response to RAI 03.08.04-28, dated April 25, 2011
(ML11119A077), that Makdisi and Seed show a range of maximum cyclic shear
strains of 0.1 to 1 percent as indicative of the range of maximum cyclic shear
strains they associate with the availability of 80 percent or more of the static
undrained strength of clayey soils subjected to such maximum cyclic shear
strains. COL FSAR Figure 2.5S.2-47 indicates that the mean maximum cyclic
shear strains are less than 0.07 percent in the soils within the approximately 30.5
m (100 ft) maximum depth range occupied by the Category 1 buildings of Units 3
and 4, and therefore under the strength-reduction-causing strain range.
Regarding the adjustment of the coefficients of friction of the sandy soils, the
applicant responded that under shear displacement, dense sands first exhibit
their peak shear resistance, and then move toward a residual shear resistance.
This effect can be observed in the triaxial shear test results (Figure 2.5.4-32,
“Overconsolidation Ratio (OCR) From CPT Data (Outside Power Block)”) in the
STP, Units 1 and 2, updated FSAR (Revision 15), as well as direct shear test
results reflected in a report from the Federal Highway Administration (U.S.
Department of Transportation, Federal Highway Administration, 2006. “A
Laboratory and Field Study of Composite Piles for Bridge Substructures,” Report
Number FHWA-HRT-04-043, Chapter 3). These test results indicate that it is
reasonable to assign a friction coefficient after movement of 67 percent of the
static values. In this evaluation, the staff noted that at the transition between
natural soil and gravel fill, lateral soil resistance is provided by friction, cohesion
or a combination of both, whereby friction resistance is stronger than cohesion;
that both values are determined from static soil testing and that the design values
are reduced to account for dynamic loading effects (i.e., for seismic). Stability
analyses performed using these soil parameters indicate that to meet the
required sliding safety factors, only a fraction of the available passive lateral soil
resistance at the embedded walls had to be activated, thus demonstrating that
additional safety margins are still available. Therefore, the staff concluded that
the applicant has adequately addressed the issue and has provided the
requested design information for the RB and CB. The proposed FSAR markups
are included in Revision 6 of the FSAR. Thus, this issue is resolved and closed.
As described above, the applicant’s responses adequately address the staff’s requests for
additional information and clarification in RAI 03.08.04-5, and followup RAI 03.08.04-19 and RAI
03.08.04-28. Therefore, these RAIs are resolved and closed.
•

COL License Information Item 3.24 Site Specific Physical Properties and Foundation
Settlement

Foundation Settlement
In FSAR Subsection 3.8.6.2, “Site Specific Physical Properties and Foundation Settlement,” the
applicant referred to FSAR Subsections 3H.6.4.2 and 2.5S.4 to address COL License
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Information Item 3.24, which requires that the physical properties of the site-specific subgrade
medium be determined and the settlement of foundations and structures, including seismic
Category I structures, be evaluated. In FSAR Subsection 2.5S.4.10.4, the applicant provided a
settlement evaluation of the structures and concludes that for all evaluated structures, the
resulting tilt was within the acceptable limit of 1/300. Since it was not clear what limit was used
for the design of the standard plant structures, in RAI 03.08.05-3 and follow-up RAI 03.08.05-5
the staff asked the applicant to confirm that the angular distortions/tilts due to differential
settlement determined for the STP site are enveloped by the corresponding values used in the
ABWR DCD, and to provide detailed information regarding the items listed below. The applicant
was also requested to update the FSAR to clearly state how this COL information item is
addressed.
1.

Acceptable Tilt Values. Since it was not clear whether the ABWR DCD standard
plant structures were designed using the 1/300 tilt criteria, in RAI 03.08.05-3, the
staff asked the applicant to confirm that the angular distortions/tilts due to
differential settlement determined for the STP site are enveloped by the
corresponding values used for design of ABWR DCD standard plant structures,
and if not, to justify the acceptability of angular distortions determined for these
structures for the STP site. In its Revision 1 response to RAI 03.08.05-3, dated
April 14, 2010 (ML101090143), the applicant stated that the ABWR DCD does
not contain any criteria for settlement-related angular distortions/tilts. The
response also concluded that the generally accepted engineering standard of
practice is to allow for an angular distortion of no greater than 1/300, and that
according to FSAR Subsection 2.5S.4.10.4 angular distortions of Category I
buildings can be expected to be smaller than 1/800, thus well under the generally
accepted limit of 1/300. Nevertheless, in this response, the applicant proposed
that an angular distortion value of 1/500, as recommended by Bjerrum (Bjerrum,
L., 1963, “Allowable Settlement of Structures”, Proceedings European
Conference on Soil Mechanics and Foundation Engineering, Vol. III), is more
conservative and will be used as an acceptance criterion for the Category I
structures. Furthermore, the applicant stated that it is expected that by the time
building superstructures are ready to receive equipment and/or piping, a
significant amount (i.e., more than half) of foundation settlements are expected to
have already taken place; resulting in the angular distortions/tilts values to be half
of those presented in the COL application. Tilt angles will therefore be well within
the criterion of the 1/500 limit. Tilt of the seismic Category I structures of the
STP, Units 3 and 4, is therefore acceptably low. A corresponding markup to
revise FSAR Subsections 2.5S.4.10, 2.5S.4.11 and 2.5S.4.13 was included in
the response. Even though the DCD tilt limit considered in design is not explicitly
given, the staff agreed that limiting the maximum tilt, measured between center
and edge of the mat foundation, to 1/500 is in accordance with current
engineering practice, and thus is also representative of the DCD design criteria.
The proposed FSAR markups were included in Revision 4 of the FSAR. Thus,
this issue is resolved and closed.

2.

Stresses Due to Tilting. In RAI 03.08.05-5, Item 1, the staff asked the applicant
to provide a quantitative evaluation to demonstrate that the ABWR standard plant
structures would not be adversely stressed as a result of the tilt. In its response
to RAI 03.08.05-5, dated September 15, 2010 (ML102630145), the applicant
stated that as noted in the response to RAI 03.08.05-3 (ML101090143), the
induced stresses due to flexibility of the structure/basemat and the supporting
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soil are accounted for through the use of the FEA in conjunction with the use of
appropriate springs representing the foundation soil. Regarding the induced
stresses due to rigid body tilt the applicant states that the associated lateral loads
are about 0.2 percent of gravity, and as such, is negligible compared to the about
30 percent of gravity lateral loads from SSE, and that compared to the total
design loads the contribution of tilting appears to be even smaller and thus of no
significance for seismic Category I structures. In this evaluation, the staff noted
that actual tilt angles for the standard buildings are close but exceed the limit
angle for the CB (1/400 and 1/450), see Table 2.5S.4-42, “Estimated Foundation
Settlements.” The small amount of the exceeded angle is acceptable as the tilt
angle limits are more of an empirical nature, and the estimated tilt values are
based on the conservative assumption of flexible foundations; further,
construction sequence will mitigate some of the differential settlements, thus
more realistic values are expected to be one half the estimated values. As the
standard structures under consideration are characterized by having rather high
stiffness, the additional loading results primarily from lateral projection of gravity
loads and not from member distortions, the staff agreed that the additional stress
level induced by the rigid body tilt is negligible in comparison with other load
cases and therefore is not relevant. Therefore, this part of the RAI is resolved
and closed. No COL application revision resulted from this part of the RAI.
3.

Differential Settlements in DCD. In RAI 03.08.05-5, Item 2, the staff asked the
applicant to provide a quantitative evaluation to demonstrate that the maximum
differential settlements for the ABWR standard plant structures at the STP site
would be within the values accounted for in the design of these structures. In its
Supplement 1 response to RAI 03.08.05-5, dated November 17, 2010
(ML103230128), the applicant stated that the certified design of the ABWR
standard plant structures considers a range of soil properties varying from rock to
soft soil. As described in the responses to RAI 03.07.01-7, dated September 15,
2009 (ML092610377); and RAI 03.07.01-20, dated February 10, 2010
(ML100550613); the STP, Units 3 and 4, site-specific soil profiles yield subgrade
modulus comparable to, or higher than, those considered for the ABWR certified
design. Also, referring to the response to RAI 03.07.01-28, dated March 7, 2011
(ML110730067), it is shown that the induced stresses within the foundation are
rather insensitive to variations in the subgrade modulus. Considering the above,
the ABWR certified design of the standard plant structures can adequately
accommodate the maximum differential foundation settlements within the
boundary of each foundation at the STP site. The maximum calculated ratio of
differential foundation settlements (between adjacent points in the mat finite
element model) within the boundary of each of the Standard Plant seismic
Category I structures due to non-transient loads are as follows:
(a)
(b)
(c)

RB/RCCV foundation = 1/1697
CB foundation = 1/928
DGFOT = 1/1700

The above maximum calculated differential foundation settlements are based on
the consideration of both Winkler and pseudo-coupled methods of analysis
(Winkler Method for foundation soil springs, per Coduto, Donald P., “Foundation
Design Principles and Practices”, Second Edition, Prentice Hall: New Jersey,
2001). The response makes reference to the Supplement 1 response to RAI
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03.08.05-4, dated November 11, 2010 (ML103230128), for additional information
regarding modeling the subsoil with soil springs, and states that COL FSAR
Sections 3H.1.6 and 3H.2.6 will be revised to include the above settlement
values for the RB and CB, and that the settlement value for the DGFOT will be
included in the FSAR markup, along with other design information for the tunnels,
to be provided with the Supplement 1 response to RAI 03.08.04-30
(ML110770440). The staff’s evaluation noted that the applicant is using industry
accepted procedures to simulate the static soil structure interaction by using both
Winkler and pseudo-coupled soil springs. This approach is a recognized method
for estimating basemat deformations. The applicant presented the maximum
settlement ratios as the quotient between the differential nodal displacement and
the respective distance between two neighboring nodes. These values are thus
not directly comparable to the values given in FSAR Subsection 2.5S.4.10.4,
which are based on differential settlements between center and edge of
foundation. The differential soil settlement values (between center and edge of
the foundation) given in FSAR Table 2.5S.4-42 are obtained from applying a
vertical uniform load to a flexible foundation and as such represent conservative
estimates that could be significantly reduced with increased foundation and
superstructure stiffness. This effect can be quantified with the factor Kr
mentioned in FSAR Subsection 2.5S.4.10.4, which shows that differential
settlements may be negligible for stiff structures. Considering that the DCD does
not provide numerical values of acceptable differential settlements, the staff
considered that the estimated distortion ratios provide reasonable acceptable
values of differential settlements for the above structures for the STP site. The
proposed FSAR markups are included in Revision 6 of the FSAR. Thus, this
issue is resolved and closed.
As described above, the applicant’s responses adequately addressed the staff’s requests for
additional information and clarification in RAI 03.08.05-3, and follow-up RAI 03.08.05-5.
Therefore, these RAIs are resolved and closed.
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Supplemental Information
A.

Evaluation of Design Issues Related to All Site-Specific Seismic Category I Structures.

FSAR Section 3H.6 provides detailed information related to the design of site-specific
Category I structures. During the review, the staff noted that the applicant did not include
sufficient information about design and stability evaluations of foundations. In order to
determine whether the foundations for site-specific seismic Category I structures meet the
acceptance criteria in SRP Section 3.8.5, in RAI 03.08.05-1 and follow up RAIs 03.08.05-2 and
RAI 03.08.05-4, the staff asked the applicant to include in the appropriate subsections of FSAR
Section 3H.6 information about design and stability evaluation of foundations of site-specific
seismic Category I structures including the methodology used for design of the foundations, how
differential settlement is considered in the design of foundations, calculated static and dynamic
bearing pressures, method of evaluation of stability of foundations including consideration of
buoyant forces, coefficient of friction used in foundation evaluation including its basis,
consideration of active and passive pressures on foundation walls for stability evaluation as well
as design of foundation walls, and the results of foundation design and stability evaluation. The
applicant’s response to the above questions is discussed in the following paragraphs.
A.1

Lateral Soil Pressures:

In RAI 03.08.05-1 and later in RAI 03.08.05-2, the staff asked the applicant to consider the
active and passive pressures on foundation walls for stability evaluation as well as for the
design of the foundation walls. In its response to RAI 03.08.05-1, dated September 22, 2009
(ML092660655), the applicant stated that the lateral pressure calculations on foundation walls
are performed as described in COL FSAR Subsection 3H.6.6.2, and the analysis and design
results of lateral pressures on foundation walls would be provided in a supplemental response
to RAI 03.07.01-13. The applicant subsequently provided the information in several responses
which were discussed and evaluated in detail in various subparts in SER Subsection 3.8.4.4.
Lateral soil pressures on standard plant structures are discussed under the subpart C, “Lateral
Soil Pressures on Standard Plant Structures,” in SER Subsection 3.8.4.4.1. Lateral soil
pressures on site-specific structures are discussed in SER Subsection 3.8.4.4.2. The general
issues pertaining to lateral soil pressures on all site-specific structures are discussed in SER
Subsection 3.8.4.4.2, under the Subpart A.4 (item e), “Lateral Soil Pressures.” Lateral soil
pressures on individual site-specific structures are discussed in SER Subsection 3.8.4.4.2,
under the Subpart B.1.4 (item f) for UHS/RSW pump house and RSW tunnels, Subpart B.2.4
(item b) for DGFOSV, and Subpart B.3.4 (item b) for DGFOT. Impact on lateral soil pressures
due to the use of SM in SSI analysis is discussed in SER Subsection 3.8.4.4.4, “DNFSB Issue:
Resolution of Issues with Subtraction Method of Analysis.”
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A.2

Differential Settlements

In RAI 03.08.05-1, the staff asked the applicant to describe how differential settlements are
considered in the design of foundations including the magnitudes of the differential settlements
and how the differential settlements were used in the analysis of these structures. In its
response to RAI 03.08.05-1 (ML092660655), dated September 22, 2009, the applicant stated
that the differential settlements will be determined based on detailed settlement calculations
considering time rate of settlements and construction sequence, and additional information on
settlements is provided in the September 21, 2009, response to RAI 02.05.04-30
(ML092710096). The applicant also stated that the impact of the differential settlements on the
member design forces will be accounted for by including the applicable differential settlements
in the analysis of these structures. The staff noted that the information provided in the response
to RAI 02.05.04-30 was of general nature, and did not provide any information regarding the
magnitudes of the differential settlements, and how the differential settlements were considered
in the analysis of site-specific Category I structures. Therefore, in RAI 03.08.05-2 the staff
asked the applicant to clearly describe the magnitudes of differential settlements considered for
design of site-specific seismic Category I structures, and also to explain how differential
settlements were accounted for in the analysis of these structures. In its Revision 2 response to
RAI 03.08.05-2, dated May 13, 2010 (ML101340651), the applicant stated that there are three
different effects of settlements which need to be considered in design of the structures, as
discussed in the following paragraphs.
a.

Rigid Body Angular Distortions/Tilts. COL FSAR Subsection 2.5S.4.10 presents
conservatively calculated angular distortions/tilts based on conservatively
estimated differential settlements of each structure. The calculation assumed a
perfectly flexible structure with no applied reduction due to buoyancy or structural
rigidity. As explained in the response to RAI 03.08.05-3 (ML101090143), dated
April 10, 2010, the calculated tilt values are acceptable and no additional
consideration is needed in the design of structures for these tilt values.

b.

Differential Settlement due to Flexibility of Structure/Basemat and Supporting
Soil. Settlements due to flexibility of structure/basemat and supporting soil
induce stresses within the structure. In the analysis and design of the sitespecific seismic Category I structures, this effect is accounted for through the use
of FEA in conjunction with foundation soil springs. FEA representation of the
structure accounts for the flexibility of structure/basemat, and the soil springs with
their stiffness based on subgrade modulus, which is a function of the foundation
settlement, account for the flexibility of the supporting soil medium. The
information on the analysis and design of the site-specific structures was
provided in the Supplement 2 response to RAI 03.07.01-13 (ML100050225),
dated December 30, 2009.
a. Differential Settlement Between Buildings. Differential settlements due to
structural backfill, loading of other structures and consolidation of clay layers
result in differential settlements between the buildings and angular
distortions/tilts. These differential settlements and angular distortions/tilts will
impact the design of commodities and tunnels running between the buildings and
the seismic gaps among the adjacent buildings. The magnitude of these impacts
will be minimized by delaying final connections to a time when the majority of the
differential settlements and angular distortions/tilts have already taken place.
The timing for the final connection of such commodities and tunnels will be
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established based on the time-rate of settlement analyses described in its
response to RAI 02.05.04-30 (ML092710096), dated September 21, 2009. The
total movement for design of commodities and tunnels running between buildings
and seismic gaps of the adjacent buildings are determined considering the
differential settlements and angular distortions/tilts from the time-rate of
settlement analysis and any additional movement during a seismic event. Based
on the results of the time-rate of settlement analyses, the differential movements
for the design of commodities running between the site-specific seismic Category
I structures (RSW piping tunnels and DGFOT) and the adjoining structures (CB,
RSW pump house, and DGFOSV) as shown in Table 3H.6-15, “Required and
Provided Gaps at the Interface of !Eite-Specific Seismic Category I Structures
and the Adjoining Structures,” in the May 13, 2010, response to RAI 03.08.4-25
(ML101340651). This table was revised later in Revision 6 of the FSAR to
include the gaps between the DGFOT and RB.
The staff’s assessment of the applicant’s response is given below:
(a)

Rigid Body Angular Distortions/Tilts

The applicant’s response refers to COL FSAR Subsection 2.5S.4.10 for conservatively
estimated angular distortions/tilts. In its response to RAI 03.08.05-3 (ML101090143), dated
April 14, 2010, the applicant explained why the calculated angular distortions/tilts may be
considered acceptable. Justifying an acceptable tilt value of 1/500 for the seismic Category I
structures at STP, the applicant referenced several published materials that were based on
observations of cracking and other structural damage of commercial structures. However, the
information the applicant referred to did not provide any estimates of the amount of additional
stress that may be imposed on these structures as a result of the tilt. Therefore, in RAI
03.08.05-4 Item 1, the staff asked the applicant to provide an estimate of the amount of
additional stresses that may be imposed on the structure as a result of the tilt. In its response to
RAI 03.08.05-4, dated September 15, 2010 (ML102630145), the applicant evaluated the
induced stresses in site-specific seismic Category I structures resulting from rigid body tilt that
considered a maximum allowed rigid body tilt of 1/500. The applicant stated that under a
maximum rigid body tilt of 1/500, the structure will be subjected to additional lateral loads equal
to 0.002 times the gravity loads (or 0.2 percent of gravity loads). All site-specific seismic
Category I structures qualify for a site-specific SSE (i.e., 0.13g modified RG 1.60 spectra).
Conservatively assuming no in-structure amplification, the minimum lateral seismic load for the
design of site-specific seismic Category I structures is equal to 0.13 times the gravity loads (or
13 percent of gravity loads). Therefore, for STP site-specific seismic Category I structures, the
induced stresses from a 1/500 rigid body tilt at about the E-W or N-S axis will be less than
1.5 percent (i.e., 0.2/13 = 0.015) of the stresses from design lateral seismic loads due to N-S or
E-W excitations, respectively. The applicant added that the induced stresses resulting from a
maximum rigid body tilt of 1/500 compared to the total governing design stresses (i.e., stresses
due to all loads within the governing load combinations, such as dead load and live load in
combination with seismic loads) will be far less than 1.5 percent of the governing design
stresses. Thus, the induced stresses from a maximum rigid body tilt of 1/500 are negligibly
small, and a maximum rigid body tilt of 1/500 is therefore considered acceptable without any
explicit evaluation. The staff agreed with the applicant’s evaluation and found this response
adequate because with the additional stress induced in the structure, the maximum allowable tilt
is shown to be insignificant. Furthermore, the applicant included a site-specific ITAAC (Table
3.0-15, “Settlement”) to verify that the field measurement of the settlement of structures three
months before fuel load does not exceed maximum allowable tilt of 1/600, which is more
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conservative than the tilt value the structures are evaluated for. Therefore, this item is resolved
and closed. No revision of the FSAR was submitted regarding this issue.
(b)

Differential Settlement due to Flexibility of Structure/Basemat and Supporting Soil

In its Revision 2 response to RAI 03.08.05-2 (ML101340651), dated May 13, 2010, the applicant
stated that the effect of settlement resulting from the flexibility of the structure/basemat and
supporting soil is accounted for through the use of the FEA, in conjunction with the foundation
soil spring. Because the foundation subgrade modulus may vary over a wide range across the
foundation footprint, it was not clear whether the applicant’s analysis had considered the
horizontal variation of the foundation subgrade modulus over the entire area of the foundation.
Therefore, in RAI 03.08.05-4 Item 2, the staff asked the applicant to: (1) describe how the
variation of the subgrade modulus over the foundation footprint was considered in the analysis;
and (2) list in the FSAR the values of maximum differential foundation settlements for which
each seismic Category I structure is designed. In its Supplement 1 response to RAI 03.08.05-4
(ML103230128), dated November 17, 2010, the applicant provided the following:
(1)

Variation of the Subgrade Modulus over the Foundation Footprint

The applicant stated that a variation of the subgrade modulus within the foundation footprint
may arise from the following two sources:
•

Location Within the Foundation Boundary. The most common approach in the design of
mat foundations is to use the Winkler method to account for SSIs. This approach
assumes that soil has a uniform subgrade modulus under the entire mat, and the springs
representing the soil are considered to be linear and act independently. This method
calculates the uniform subgrade modulus, Ks, as the average subgrade modulus.
Referring to DCD Tier 2, Subsection 3H.1.5.2, the applicant stated that the certified
design is premised on the uniform subgrade modulus, where the uniform subgrade
modulus is multiplied by the mat nodal point tributary area to compute the spring
stiffness value at a given node. Using the Winkler method, a uniformly loaded flexible
mat foundation will exhibit a uniform settlement under the entire mat. In reality, however,
due to overlapping stress bulbs beneath the foundation, the springs representing the soil
are not independent of each other and the settlement at the center of the mat will
therefore be greater than the settlement along the mat edges. To account for this effect,
a coupled method may be used where the dependence of adjacent soil springs is
represented by additional springs. Because implementing this approach is rather
complicated and may require the development of custom software, the use of alternate
methods such as the pseudo-coupled method has yielded acceptable results. In the
pseudo-coupled method (described in Section 10.2 of the following reference: Coduto,
Donald P., Foundation Design Principles and Practices, Second Edition, Prentice Hall:
New Jersey, 2001), different subgrade modulus values are assigned to different areas
(zones) of the mat foundation. Initially, and consistent with the DCD certified design, the
design of the site-specific seismic Category I structures was carried out using the
Winkler method, where the average subgrade modulus for each foundation was
calculated using the settlements for nine points of each foundation presented in COL
FSAR Table 2.5S.4-42. Subsequent to the discussions with the NRC in the August 4,
2010, public meeting, the site-specific seismic Category I structures were re-analyzed
and re-designed considering both the Winkler and the pseudo-coupled methods. The
staff considered the pseudo-coupled method of consideration for foundation springs to
be acceptable, because this method is recognized as an acceptable method in the
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industry (e.g., ACI 336.2R-88, “Suggested Analysis and Design Procedures for
Combined Footings and Mats”) and in the published literature on the subject.
•

Variation in Soil Profile. The large foundation area of the individual STP, Units 3 and 4,
structures creates a stress bulb that extends to a considerable depth below the bottom
of each foundation. Thus, the settlement of the foundation at any location is determined
by the combined compression of many soil layers below that location (or point).
Variations in the properties or thickness of individual layers do not cause significant
differences in the computed settlement and the modulus of subgrade reaction between
corresponding points on the foundation. For example, this conclusion is supported by
using the settlement values under the building weight alone of the STP, Unit 3 RB to
compute the modulus of subgrade reaction at the nine locations on the foundation
(shown in COL FSAR Table 2.5S.4-42, “Estimated Foundation Settlements”). The
resulting modulus of subgrade reaction values on the north edge and north corners of
the STP, Unit 3 RB foundation are not significantly different from the values at
corresponding locations on the south edge and south corners of that foundation. This
finding is in spite of the fact that the uppermost soil layers beneath the north edge and
north corners of the foundation of the STP, Unit 3 RB are different from those in the
remainder of the foundation area (as described in COL FSAR Table 2.5S.4-37A,
“Subsurface Conditions for Settlement Analysis for the STP 3&4 Reactor Buildings”).
Therefore, variations in the modulus of the subgrade reaction as a result of variations in
the soil layers from point to point beneath the large foundations of the STP, Units 3 and
4, structures are insignificant in terms of their influence on the design of the basemats
for these structures. During the evaluation the staff noted that for purposes of the
analysis, the soil elasticity is represented by its modulus of subgrade reaction, which in
turn is obtained from the settlement values that are the result of the induced stress field
in the supporting soil. Such values result from applying accepted geotechnical methods.
These values show only a moderate variability across the foundation footprint and thus
justify, in this case, the practice of using the average values as representative for design
purposes. Therefore, the staff concluded his response adequate and the issue is
resolved. No revision of the FSAR resulted from the resolution of this issue.

3-320

(2)

Maximum Computed Differential Foundation Settlements

In its Supplement 1 response to RAI 03.08.05-4 (ML103230128), dated November 17, 2010, the
applicant stated that the maximum computed differential foundation settlements for the sitespecific seismic Category I structures were calculated considering both the Winkler and the
pseudo-coupled methods. The maximum calculated ratios of differential foundation settlements
(defined as the quotient of the differential displacements between adjacent nodal points of the
discretized foundation mat and the distance between the points) within the footprint of each sitespecific seismic Category I structure due to non-transient loads are as follows:
i.
ii.
iii.
iv.

UHS basin foundation = 1/860
RSW pump house foundation = 1/1200
RSW piping tunnel foundation = 1/3900
DGFOSV foundations = 1/4860

The staff found the response acceptable, because the applicant has provided the maximum
differential settlement ratios for the foundations that are the actual differential settlements the
foundations are designed for.
The responses included markups for FSAR Subsection 3H.6.6.4 (“Foundations”), 3H.6.7
(“DGFOSV”), and 3H.6.9 (“References”). The proposed FSAR markups are included in
Revision 6 of the FSAR. Therefore, the issue of differential settlements is resolved and closed.
(c)

Differential Settlement Between Buildings

Differential settlements between structures and angular distortions/tilts will impact the design of
commodities and tunnels running between the buildings and the seismic gaps among the
adjacent buildings. This topic is discussed in the following paragraphs addressing the effects of
differential movements at the interfaces between the tunnels and the adjoining buildings.
A.3

Interface Between RSW Tunnels and DGFOT with the RB, CB and UHS/RSW Pump
House

In FSAR Subsections 3.8.5.8.1 and 3.8.5.9, the applicant stated that seismic gaps between the
DGFOT and the adjoining RB and DGFOSV, and seismic gaps between the RSW piping
tunnels and the adjoining CB and RSW pump house are determined considering settlement and
tilts obtained from the time rate of the settlement analysis that accounts for the construction
sequence, seismic movements from the seismic analysis, and translations and/or rotations from
the sliding and overturning stability evaluations. Detailed descriptions and evaluations of this
issue are in SER Subsection 3.8.4.4.4 under Topic B.4, “Design Information Relating to the
Interface between the RSW Tunnels, DGFOT, and Adjoining seismic Category I Structures.”
A.4

Stability Evaluation

The foundations of the standard plant structures, site-specific seismic Category I structures, and
non-Category I structures with the potential to interact with Category I structures must be
designed so that the buildings are stable and have adequate factors of safety. Detailed
descriptions and assessments of stability evaluations are in SER Section 3.8.4.4. For the
stability evaluation of standard plant structures, see SER Subsection 3.8.4.4.1 under
Subpart A.2 Item 3, “Stability Evaluation.” SER Subsection 3.8.4.4.2 under Subpart A.5.2,
“Stability Evaluations,” describes the stability evaluation of seismic Category I structures. For
the stability evaluation of non-Category I structures, see SER Subsection 3.8.4.4.3 under
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Part C, “Stability Evaluation of Non-Category I Structures.” The stability evaluation of individual
site-specific structures is presented under Part B, “Evaluation of Design Issues Related to Each
Specific Category I Site-Specific Structure.” located below:
1.

Construction Sequence

During its review of foundations, the staff referred to SRP Section 3.8.5 and asked the applicant
to describe how the structural design of foundations accounted for the effects of construction
sequence, including differential settlements. In its Supplement 4 response to RAI 03.08.04-18,
dated August 28, 2012 (ML12249A035), the applicant provided a markup of FSAR
Subsection 3.8.5.10, “Construction Sequencing for seismic Category I Foundations,” and
describes the construction sequence planning in order to ensure that construction loading does
not result in excessive stresses on the foundation mat or on the superstructure. The elements
of the applicant’s proposed construction sequence are as follows:
•

Construction should proceed so that major walls at the lowest level, those providing
foundation mat stiffness, are constructed across essentially the entire foundation before
applying loads from the walls and slabs above.

•

Loads should be uniformly applied to the foundations.

•

The overall foundation tilt would remain within 1/600.

The applicant also stated that the construction specifications will include the following
requirements:
•

•

The concrete placement for the superstructure will be such that the
superstructure is erected uniformly considering the following:
o

Concrete pours for major walls will be limited to the lesser of 6.1 m (20 ft)
or to the floor above, until all of the major walls at that elevation are
poured.

o

Concrete pours for major floor slabs will be essentially completed for the
entire floor before concrete pours are started for floor above.

The RSW pump house/UHS foundation is different from the other structures in
that the top of the foundation for the UHS is 9.78 m (32 ft) above the RSW pump
house foundation. For the RSW pump house/UHS foundation, the following
sequence will be specified:
o

Excavate the RSW pump house/UHS to the bottom of the UHS
foundation.

o

Place the UHS foundation concrete to a construction joint within 3.05 m
(10 ft) of the junction with the RSW pump house.

o

Drive the sheet piling along the wall of the RSW pump house that is
adjacent to the UHS and excavate to the bottom of the RSW pump house
foundation.

o

Place the RSW pump house foundation concrete.
3-322

•

o

Place the RSW pump house concrete walls up to the UHS foundation
level.

o

Complete the concrete placements for the UHS foundations and the RSW
pump house slabs at the top of the UHS foundation level.

o

For the remaining portions of the UHS basin and the RSW pump house
above the UHS basemat level, the concrete pour of the major walls will be
limited to the lesser of about 6.1 m (20 ft) or to the floor above, until all of
the major walls at that elevation are poured.

For the buried tunnels, the following sequence will be specified:
o

Construct the tunnels uniformly and level by level to a construction joint
within about ten feet of the junction with the terminating structure.

o

After placing backfill around and above each tunnel, place the last tunnel
segment adjacent to the terminating structure.

Per FSAR Subsection 2.5S.4.5.4.5.4, major structural foundations are monitored for movement
during construction. A Settlement Monitoring Program will be established to monitor settlement
and angular distortion (tilt) to verify foundation performance and to provide for corrections.
The staff noted that the proposed construction sequence provides reasonable assurance of
avoiding non-uniform load distributions during construction, thereby minimizing the risk of
excessive differential settlements that could result in overstressing the foundation and
superstructure. Furthermore, monitoring the settlement during construction will assure that
deformations remain within design limits. The staff found the proposed construction
specifications acceptable, because they meet the intent of SRP Section 3.8.5 to control the
stresses in the foundation mat and superstructure in the construction sequence. The FSAR
update with this change is still pending.
B.

Evaluation of Design Issues Related To Each Specific Category I Site-Specific Structure

The foundation analysis and design information in the FSAR for the different site-specific
structures is discussed in the following paragraphs and the SRP 3.8.5 acceptance criteria are
employed. There are seven acceptance criteria: (1) description of the foundation; (2)
applicable codes, standards, and specifications; (3) loads and load combinations; (4) design
and analysis procedures; (5) structural acceptance criteria; (6) materials, quality control, and
special construction techniques; and (7) testing and inservice surveillance programs. These are
all addressed in SER Section 3.8.4 for every Category I building, because the foundation is
designed as part of the structure and not as a separate item. SER Section 3.8.4 also includes a
discussion on the general methods used to evaluate stability. However, a description of how
stability is addressed for each specific Category I structure follows:
B.1.

Foundation Information for the UHS/RSW Pump House

In FSAR Subsection 3.8.5.9.1, the applicant included a description of the foundation stating that
the UHS/RSW pump house foundation is a 3.05-m (10-ft) reinforced concrete basemat placed
over 0.61 m (2 ft) of thick lean concrete mud mat. The foundation is an integral part of the
structure that is described and evaluated in more detail following the SRP acceptance criteria in
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SER Subsection 3.8.4.4.2, under Subpart B.1, “Design Information for UHS/RSW Pump House
and RSW Piping Tunnels.”
Stability Analysis of the UHS/RSW Pump House
Stability analyses of the UHS/RSW pump house are described in the paragraphs that follow.
There are stability checks for floatation, sliding, and overturning that consider both an empty
and full basin. The staff reviewed the stability calculations for the UHS/RSW pump house
during the audit in May 2011. The loadings considered for the stability evaluation include the
site-specific SSE (0.15g peak ground acceleration [PGA]), design wind speed (215.6 km/h [134
mph]), design-basis tornado for Region II (321.9 km/h [200 mph]), and the design flood level of
12.2 m (40 ft) from the main cooling reservoir dike break. The lateral soil pressures used for the
stability evaluation are shown in Figures 3H.6-45 through 3H.6-50. The load combinations
described in FSAR Subsection 3H.6.4.5, were used for the stability evaluation. The calculated
safety factor for sliding requires less than half of the available passive pressure to be engaged
for sliding resistance. The factor of safety for sliding against the SSE is calculated assuming the
minimum operable water level inside the UHS and the maximum ground water level of 8.53 m
(28 ft). The evaluations of seismic overturning moments and the sliding account for the
simultaneous application of seismic forces in three directions use the 100-40-40 combination
rule. For SSE load combinations, the hydrodynamic effects of the basin water are considered.
In addition, buoyancy due to the maximum ground water level of 8.53 m (28 ft) is considered for
the sliding check. For the SSE load combination, another sliding evaluation is performed for the
empty UHS basin. The calculated safety factor for sliding requires less than half of the available
passive pressure to be engaged for sliding resistance. The factors of safety for the stability
evaluation are reported in Table 3H.6-5, “Factors of Safety Against Sliding, Overturning, and
Flotation for UHS Basin and RSW Pump House,” and exceed the minimum value specified in
SRP Section 3.8.5.
B.2.

Foundation Information for RSW Piping Tunnels

In FSAR Subsection 3.8.5.9.2, the applicant included a description of the foundation stating that
the foundation for the RSW tunnels is a 0.91-m (3-ft) thick reinforced concrete basemat placed
over a 0.61-m (2-ft) thick lean concrete mud mat. The foundation is an integral part of the
structure that is described and evaluated in more detail following the SRP acceptance criteria in
SER Subsection 3.8.4.4.2, Subpart B.1, “Design Information for UHS/RSW Pump House and
RSW Piping Tunnels.”
Stability Analysis of the RSW Piping Tunnels
The stability evaluation of the RSW piping tunnels uses the loads and load combinations
described in FSAR Subsection 3H.6.4.5. The driving seismic soil pressure used for the stability
evaluation is the dynamic active soil pressure computed with the Mononobe-Okabe method
(“Design of Earth Retaining Structures for Dynamic Loads,” Proceedings of the Specialty
Conference on Lateral Stresses in the Ground and Design of Earth-Retaining Structures, ASCE,
NY, pp. 103–147, Seed, H.B., and Whitman, R.V., 1970). The inertial load is based on a
conservative acceleration of 0.21g acting on the tunnel mass. During the February 2012, audit,
the applicant was asked to update the stability analysis using the most current amplified motion
based on the MSM of analysis. In its Supplement 3 response to RAI 03.07.01-29
(ML12103A369), dated April 10, 2012, the applicant stated that the SSI soil pressures were
scaled to account for the change in the amplified motion due to the use of the MSM.
Furthermore, in its Supplement 4 response to RAI 03.07.02-13 Item D (ML11335A232), dated
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November 28, 2011, the applicant stated that the amplified input motions used in the stability
analyses for the RSW piping tunnels were obtained from SSI analyses using the MSM or the
DM. The same response also stated that seismic sliding forces and overturning moments from
the SSI and SSSI analyses were less than the ones used for the stability calculations based on
dynamic active pressure, as described above. The total driving force resulting from the SSI and
SSSI was thereby obtained by integrating the nodal forces over the buried part of the tunnel
perimeter. The staff questioned the ability of this procedure to correctly capture the effects of
nearby heavy structures on the driving and resisting forces. Therefore, during the February
2012, audit, the applicant was asked to discuss whether a conservative approach using the
absolute maximum driving soil pressures (i.e., from Figures 3H.6-212 through -215) obtained
from the SSSI model or correspondingly from the SSI model, would still result in satisfactory
factors of safety.
In its Supplement 5 response to RAI 03.07.02-13, Item 6 (ML12103A369), dated April 10, 2012,
the applicant referred to an investigation performed for the DGFOT in which it was shown that at
no time step did the required SSI or SSSI resisting forces exceed the full passive soil force, and
the same result is obtained if the maximum absolute SSI or SSSI driving forces are compared
with the full passive soil force. The applicant also stated that: (a) this results from this
investigation are also applicable to the stability of the RSW tunnel, and (b) the stability
evaluation based on the Mononobe-Okabe method described above is adequate. Furthermore,
the portion of the RSW tunnel closest to the RB is sandwiched between the RB and the RWB,
which provides additional confinement of the RSW tunnel against sliding. The staff found the
applicant’s assertion technically acceptable, because confinement of the tunnel between the RB
and the RWB will provide stability against sliding. In addition, the tunnel walls are designed for
the lateral soil pressures considering the SSSI effects. The stability analysis was performed for
a typical tunnel cross section and for the access regions. The safety factors for the stability
evaluation of the RSW tunnel are in Table 3H.6-16, “Factors of Safety Against Sliding,
Overturning, and Flotation for Reactor Service Water Tunnel.” It is shown that the factors of
safety against overturning, sliding, and floatation exceed the specified values in the SRP. The
staff conducted a review of the RSW tunnel stability report during the February 2012, audit
(ML120660018) and noted that whenever sliding is involved (besides the active static and
dynamic lateral pressure components), the stability analysis includes the hydrodynamic
pressure as a driving force. No surcharge is considered on either the driving or the resisting
forces. To achieve a sliding factor of safety of 1.1, about 33 percent of the full passive force (Kp
= 3) was required. Although the surcharge loads as part of the driving force is not considered,
the staff deemed the approach acceptable because enough margin is still available on the
resisting side.
B.3.

Foundation Information for DGFOSV

In FSAR Subsection 3.8.5.9.3, the applicant included a description of the foundation stating that
the DGFOSV foundation is a 1.8-m (6-ft) thick reinforced concrete basemat placed over a
0.61-m (2-ft) thick lean concrete mud mat. The foundation is an integral part of the structure
that is described and evaluated in more detail following the SRP acceptance criteria in SER
Subsection 3.8.4.4.2, under Subpart B.2, “Design Information for DGFOSV.”
Stability Analysis of the DGFOSV:
The stability evaluation of the DGFOSV described in FSAR Subsection 3H.6.4.5 used the loads
and load combinations, whereby the driving seismic soil pressure is the dynamic active soil
pressure computed using the Mononobe-Okabe method. The inertial loads acting directly on
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the vault mass and the dynamic at-rest soil pressure incremental loads are obtained from the
3-D DGFOSV model. During the February 2012, audit (ML120660018), the applicant was
asked to update the stability analysis using the most current amplified motion based on the
MSM of analysis.
In its Supplement 4 response to RAI 03.07.02-13 Item D (ML11335A232), dated November 28,
2011, the applicant stated that the amplified input motions used in the stability analyses for the
DGFOSV are obtained from the SSI analyses using the MSM of analysis. Furthermore, the
response stated that though the SSSI analyses involving the DGFOSV are based on the SM of
analysis, the impact on the soil pressures was expected to remain under 10 percent based on
more detailed examinations of the effects from the SASSI method of solution on the SSSI soil
pressures in the Supplement 1 response to RAI 03.07.01-29 (ML113250374). Under Item A,
the response stated that seismic sliding forces and overturning moments from the SSI and SSSI
analyses were less than the ones used for the stability calculations based on the dynamic active
pressure as described above, with a margin of at least 50 percent. Because this minimum
margin of 50 percent is significantly more than the expected 10 percent difference from the
SASSI method of analysis, no further evaluation is required. The staff agreed with the
applicant’s basis for technical adequacy of stability evaluation of the DGFOSV
However, the total driving force resulting from the SSI and SSSI was obtained by integrating the
nodal forces over the buried part of the DGFOSV perimeter. The staff questioned the ability of
this procedure to correctly capture the effects of nearby heavy structures on the driving and
resisting forces. Therefore, during the February 2012, audit the applicant was asked to discuss
whether a conservative approach using the absolute maximum driving soil pressures (i.e., from
Figures 3H.6-226 through -231) obtained from the SSSI model or correspondingly from the SSI
model, would still result in satisfactory factors of safety. In its Supplement 5 response to
RAI 03.07.02-13 Item 6 (ML12103A369), dated April 10, 2012, the applicant referred to an
investigation performed for the DGFOT that is more critical in terms of having an adjacent heavy
structure. This investigation showed that at no time step did the required SSI or SSSI resisting
forces exceed the full passive soil force, and the same result is obtained if the maximum
absolute SSI or SSSI driving forces are compared with the full passive soil force. The applicant
also stated that: (a) the results of this investigation are also applicable to the stability of the
DGFOSV, and (b) the stability evaluation based on the Mononobe-Okabe method described
above is adequate. The staff agreed with the applicant’s assertion and found it to be adequate.
The reported safety factors in Table 3H.6-12, “Factors of Safety Against Sliding, Overturning,
and Flotation for Diesel Generator Fuel Oil Storage Vaults,” include an implicit additional margin
because the reported sliding resistance is based only on a partial activation of the passive
pressure (less than full passive pressure), which can be seen in Figures 3H.6-256, Resisting
Lateral Pressure on Walls of DGFOSV Perpendicular to Tank (for Stability Evaluation),” and
3H.-257, “Resisting Lateral Pressure on Walls of DGFOSV Parallel to Tank (for Stability
Evaluation).” The results also show that the factors of safety against overturning, sliding, and
floatation meet the specified values in the SRP. In addition, whenever sliding is involved—
besides the active static and dynamic lateral pressure components—the stability analysis
includes the hydrodynamic pressure as a driving force. No surcharge is considered on either
the driving or resisting forces. To achieve a sliding factor of safety of 1.1 required about twothirds of the full passive force (Kp = 3). Although the surcharge loads as part of the driving force
is not considered, the staff deemed the approach acceptable because enough margin is still
available on the resisting side.
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B.4.

Foundation Information for DGFOT

In FSAR Subsection 3.8.5.8.1, the applicant included a description of the foundation stating that
the DGFOT foundation is a 0.61-m (2-ft) thick reinforced concrete basemat placed over a
0.61-m (2-ft) thick and lean concrete mud mat. The foundation is an integral part of the
structure that is described and evaluated in more detail following the SRP acceptance criteria in
SER Subsection 3.8.4.4.2, Subpart B.3, “Design Information for DGFOT.”
Stability Analysis of the DGFOT
The stability evaluation of the DGFOT used the loads and load combinations described in FSAR
Subsection 3H.7.4.5, whereby the driving seismic soil pressure is the dynamic active soil
pressure computed using the Mononobe-Okabe method. The inertial loads acting directly on
the tunnel mass were obtained from the 3-D DGFOT model. As the presence of the nearby RB
influences the response of the tunnel, the amplified input motion obtained from the 3-D RB-SSI
model is used as the seismic excitation. During the February 2012, audit (ML120660018), the
applicant was asked to update the stability analysis using the most current amplified motion
based on the MSM of analysis.
In its Supplement 4 response to RAI 03.07.02-13 Item D (ML11335A232), dated November 28,
2011, the applicant stated that the amplified input motions used in the stability analyses of the
DGFOT were obtained from the SSI analyses using the MSM or DM and the SSSI analyses
based on the SM of analysis. However, based on more detailed examinations performed for
other SSSI situations, the impact on the soil pressures was expected to remain under
10 percent. Furthermore, under Item (A), the response stated that seismic sliding forces and
overturning moments from the SSI and SSSI analyses were less than the ones used for the
stability calculations based on the dynamic active pressure, as described above. The total
driving force resulting from the SSI and SSSI was obtained by integrating the nodal forces over
the buried part of the tunnel perimeter. The staff questioned the ability of this procedure to
correctly capture the effects of the adjacent RB on the driving and resisting forces. During the
February 2012, audit, the applicant was asked to discuss whether a conservative approach
using the absolute maximum driving soil pressures (i.e., from Figures 3H.7-5 through -8)
obtained from the SSSI model or correspondingly from the SSI model, would still result in
satisfactory factors of safety.
In its Supplement 5 response to RAI 03.07.02-13, Item 6 (ML12103A369), dated April 10, 2012,
the applicant referred to an investigation performed for the DGFOT, which shows that at no time
step did the required SSI or SSSI resisting forces exceed the full passive soil force, and the
same result is obtained if the maximum absolute SSI or SSSI driving forces are compared with
the full passive soil force. In addition, the portion of the DGFOT closest to the RB is
sandwiched between the RB and the CFRW, which will remain in place after construction.
Based on the above information, the applicant concluded that the stability evaluation based on
the Mononobe-Okabe method described above is adequate. During the February 2012, audit,
the staff reviewed the DGFOT stability evaluation report and noted that:
•

The vertical and horizontal ZPA used 0.30g to calculate the dynamic soil effects.
This value is conservative since the site-specific PGA is 0.13g.

•

The equivalent horizontal acceleration of the tunnel section used 0.45g to
compute the inertial forces. This value is conservative since this was based on
0.3g PGA.
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•

The full static passive loading is used to resist the driving forces; the surcharge
lateral loads are not included.

•

Whenever sliding is involved in the stability analysis, the active static and
dynamic lateral pressure components with surcharges are included as driving
forces. Differing from the other analysis, the hydrodynamic pressure was not
part of the driving forces. However, Figure 3H.7-3, “Driving Lateral Earth
Pressure (kpsf) on the Walls of the Fuel Oil Tunnel (for Stability Evaluation),”
(which was submitted with the Supplement 5 response to RAI 03.07.02-13
[ML12103A369]) includes in the driving forces the hydrodynamic component.

•

The stability analysis was performed for a typical tunnel cross section and for the
access regions.

Based on the above review, the staff concluded that the applicant has provided an adequate
technical basis for the stability evaluation of the DGFOT by comparing its evaluation with more
conservative alternative methods. FSAR Table 3H.7-2, “Factors of Safety against Sliding,
Overturning and Flotation for DGFOT,” provides the safety factors for the stability evaluation of
the DGFOT. Figures 3H.7-3 and 3H.7-4, “Resisting Lateral Earth Pressure (ksf) on the Walls of
the Fuel Oil Tunnel (for Stability Evaluation),” provide the driving and resisting lateral earth
pressures, respectively, for the stability evaluation. The factors of safety against overturning,
sliding, and floatation meet the specified values in the SRP. To achieve adequate safety
against missile impact, in FSAR Subsection 3H.7 the applicant states that during the detail
design horizontal restraints can be added to both access shafts to ensure that the minimum
factor of safety of 1.1 is maintained. The reported safety factors in Table 3H.7-2 against
overturning, sliding, and floatation meet or exceed the specified values in SRP Section 3.8.5.
3.8.5.5

Post Combined License Activities

There are no post COL activities related to this section.
3.8.5.6

Conclusion

The staff's findings related to information incorporated by reference are in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
foundations that were incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.8.5 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the COL license and supplemental
information items and Tier 1 departures in accordance with Section 3.8.5 of NUREG–0800.
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3.9

Mechanical Systems and Components

3.9.1

Special Topics for Mechanical Components

3.9.1.1

Introduction

This FSAR section addresses the design transients and methods of analysis used for all seismic
Category I components, component supports, core support (CS) structures, and reactor
internals designated as Class 1, 2, 3, and CS under ASME Code Section III, as well as those
not covered by the Code. This discussion also includes the assumptions and procedures used
for the inclusion of transients in the design and fatigue evaluation of ASME Code Class 1 and
CS components, the computer programs used in the design and analysis of seismic Category I
components and their supports, and experimental and inelastic analytical techniques.
The staff’s review of special topics for component design includes the following:
•

Design transients.

•

Computer programs used in the analysis.

•

Experimental stress analysis.

•

Considerations for the evaluation of the faulted condition.

3.9.1.2

Summary of Application

Section 3.9.1 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.9.1 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, the applicant revised Appendix 3D, which is referenced in Subsection
3.9.1.2. This revision adds computer program ACSTIC2, which was used for evaluating the
design of the reactor internal components.
3.9.1.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the special topics for
mechanical components, and the associated acceptance criteria, are in Section 3.9.1 of
NUREG–0800.
3.9.1.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.9.1 of the certified
ABWR DCD. The staff reviewed Section 3.9.1 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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The staff reviewed Section 3.9.1 of the STP, Units 3 and 4, COL FSAR in accordance with the
guidance in RG 1.206. The staff also reviewed the relevant information in COL FSAR Revision
5.
During a technical audit for Section 3.9.2, held between August 23–25, 2010, the staff reviewed
the applicant’s proprietary documents. The information that the staff audited is included in an
audit report issued on October 6, 2010 (ML102560535). The staff found that due to a pumpinduced acoustic pulsation, computer code ACSTIC2 was used to compute the forcing functions
on the reactor internal components. Because ACSTIC2 is not a listed program for use in the
ABWR design, the staff issued RAI 03.09.02-21, requesting the applicant to list the computer
code in the STP FSAR and to provide supporting verification and validation (V&V) information
for the ACSTIC2 computer program for the staff to audit. In its response to RAI 03.09.02-21,
dated April 13, 2011 (ML11105A138), the applicant stated that the verification analysis is
available in a Westinghouse Electric Company (WEC) proprietary report for the staff to audit. In
addition, the STP, Units 3 and 4, COL application will be revised to include the ACSTIC2
computer program in the STP FSAR. Specifically, Subsection 3.9.1.2 states that the computer
codes are addressed in Appendix 3D, and Appendix 3D references Subsection 4.1.4.1 for a
description of the ACSTIC2 program. In addition, a markup of Appendix 3D and Subsection
4.1.4.1 of the FSAR was attached to the response. The staff confirmed that the proposed
changes have been incorporated in Revision 6 of the STP FSAR. Therefore, RAI 03-09-02-21
is resolved and closed.
On June 22, 2011, the staff conducted an audit of the ACSTIC2 computer code in the Rockville
(Maryland) WEC office. The staff reviewed the V&V documentation of the program. As a result
of this audit, the staff identified three open items that were shared with the applicant and are
summarized in the audit report dated March 22, 2012 (ML120190187).
The staff issued RAI 03.09.01-1, requesting the following additional information:
•

In its response to RAI 03.09.02-21, the applicant indicated that the ACSTIC2
computer program was used to analyze the STP, Units 3 and 4, pump-induced
pulsation. However, the ACSTIC is referenced in the STP FSAR. The staff
therefore requested the applicant to clarify the differences between the ACSTIC
and ACSTIC2 and to indicate which reference is correct.

•

Based on the June 22, 2011, audit, the staff noted that the computer program
was developed for use on PWRs, not on BWRs, and the validation was based on
the sub-cooled single-phase water system and test data from PWR plants. The
staff requested the applicant to provide justification, based on referenced
Japanese ABWR (RJABWR) plant test data if appropriate, to show that the
computer program is applicable to the ABWR design, which is operating in a
steam-water-saturated condition.

•

The computer program was verified and validated in Version 1.1 for use on
PWRs. The staff requested the applicant to provide the V&V package applicable
to ACSTIC2 (Version 1.3), which was used for the STP, Units 3 and 4, analysis.

In its response to RAI-03.09.01-1, dated August 24, 2011 (ML112420174), the applicant
indicated that the ACSTIC2 was used to compute the forcing functions for pump-induced
acoustic pulsations for the STP, Units 3 and 4, ABWR reactor internals. ACSTIC2 is the current
version of the computer code formerly referred to as ACSTIC. ACSTIC2 is the name given to
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the initial updated version. Subsequent versions retained the ACSTIC2 name and indicated the
version as Version 1.1, 1.2, etc. The changes made in the FSAR that are attached to the
applicant’s revised response to RAI 03.09.02-21, dated April 13, 2011 (ML11105A138), should
have incorporated ACSTIC2. As a result, the applicant is revising the response to RAI
03.09.02-21 (Revision 2 in ML112420174) to correct the FSAR changes and to identify the
ACSTIC2 as the code used for the STP, Units 3 and 4, analysis. The staff found this response
acceptable. The applicant incorporated the proposed changes in Revision 6 of the FSAR.
Therefore, Item 1 in RAI 03.09.01-1 is resolved and closed.
In its response to Item 2 in RAI 03.09.01-1, the applicant committed to perform more analyses
to demonstrate the validity of the assumption using a zero pressure fluctuation at the watersteam interface, and that the ACSTIC2 results are in good agreement with respect to the fluid
modal frequencies and pressure amplitude when compared to the RJABWR plant data.
In an audit on October 25, 2011, (Audit Report issued on March 22, 2012, ML120190187), the
applicant provided a calculation showing the pressure amplitude at the water-steam interface to
be very small relative to the pump pressure amplitude. Because this amplitude represents a
total pulsating wave reflection and is conservative, the staff concluded that the assumed zeropressure amplitude at the boundary of the steam-water interface is acceptable for calculating
the pump pressure pulsating loads on RPV internals using ACSTIC2. Therefore, the issue of
using ACSTIC2 for BWR application in RAI 03.09.01-1, is resolved and closed.
During the October 25, 2011, audit, the staff reviewed comparison data provided by WEC. The
data showed that the calculated acoustic modal frequencies were in good agreement with the
measured fluid frequencies. However, WEC did not provide a comparison of the analytical
results with the test data. The applicant indicated that it is very difficult to conduct a pressure
amplitude comparison because the test data conditions are not known. However, the staff
found that the applicant’s calculation using ACSTIC2 has demonstrated matching frequency
with the RJABWR measurements. As a follow-up to this aspect of RAI 03.09.01-1, the staff
issued RAI 03.09.01-2, requesting the applicant to demonstrate matching of pressure amplitude
to the ACSTIC2 results. If the RJABWR test conditions at the time the measurements were
taken are not known, the calculated values can assume nominal and worst case conditions to
bound the RJABWR results. In its response to RAI 03.09.01-2, dated February 29, 2012
(ML12065A347), the applicant indicated that the RJABWR data used to calculate the pumpforcing functions assumed that all pumps were running in phase. The staff noted that the
calculation of pump-forcing functions is related to the application of ACSTIC2 computer program
for the design of reactor internals. As such, it becomes a design issue and is no longer a V&V
issue. Therefore, the staff closed RAI 03.09.01-2 and this issue was tracked under the review
of Subsection 3.9.2. As a result, the staff issued RAI 03.09.02-51, in Subsection 3.9.2
requesting the applicant to demonstrate that the pump-forcing function used in the reactor
internal component acoustic analysis is conservative. The staff concluded that Item 2 in
RAI 03.09.01-2 is resolved and closed and the design issue will be tracked by the resolution of
RAI 03.09.02-51 in Section 3.9.2 of this SER.
Regarding the response to Item 3 in RAI 03.09.01-1, the applicant was requested to provide a
comparison of the ACSTIC2 Version 1.3 output results with those in Version 1.1, which was
used as the baseline for the ACSTIC2. The V&V of Version 1.3 should document the changes
from the previous versions. As a follow-up to the above open items, the staff performed an
audit at the Westinghouse office in Rockville, Maryland on October 25, 2011. During the audit,
the staff reviewed the comparison of the ACSTIC2 Version 1.3 results with the Version 1.1
results for three benchmark cases. The staff concluded that Version 1.3 is validated against
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Version 1.1 based on a consistent agreement between the results of two versions. In addition,
the applicant provided analyses showing that the added hysteretic damping was properly
applied and the calculated damping responses from mode 1 and mode 2 were in good
agreement with the input for 0.5 percent, 1 percent, and 2 percent damping using bandwidth
methodology. These results enabled the staff to conclude that Version 1.3 is verified and
validated. Therefore, RAI 03.09.01-1 Item 3 is resolved and closed.
3.9.1.5

Post Combined License Activities

There are no post COL activities related to this section.
3.9.1.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
the special topics for mechanical components that were incorporated by reference have been
resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.9.1 of NUREG–0800. The staff’s review
concluded that the applicant has provided sufficient information to satisfy the guidance in
Section 3.9.1 of NUREG–0800 and NRC requirements.
3.9.2

Dynamic Testing and Analysis (Related to RG 1.206, Section 3.9.2, “Dynamic
Testing and Analysis of Systems, Components, and Equipment”)

3.9.2.1

Introduction

This FSAR section addresses the criteria, testing procedures, and dynamic analyses employed
to ensure the structural and functional integrity of piping systems; mechanical equipment;
reactor internals; and their supports under vibratory loadings, including those due to fluid flow
and postulated seismic events.
3.9.2.2

Summary of Application

Section 3.9.2 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.9.2 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in COL FSAR Subsection 3.9.2.1, the applicant specifies the
performance of the piping system vibration and dynamic testing according to ASME OM-S/G,
Standard and Guides for Operation and Maintenance of Nuclear Power Plants Part 3,
“Requirements for Preoperational and Initial Startup Vibration Testing of Nuclear Power Plant
Piping Systems,” and the piping system thermal expansion testing according to ASME OM-S/G
Part 7, “Requirements for Thermal Expansion Testing of Nuclear Power Plant Piping Systems.”
In COL FSAR Subsection 3.9.2.2.2.7 and Section 3.9.7, the applicant provided the following:
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Tier 1 Departure
•

STD DEP T1 2.4-3

RCIC Turbine/Pump

In Departure STD DEP T1 2.4-3, the applicant combines the reactor core isolation cooling
(RCIC) turbine and the RCIC pump into a single assembly unit. The licensee adds that the
RCIC turbine/pump is qualified for seismic and other reactor building vibration loads via a
combination of a static analysis and dynamic testing. The applicant also deleted the reference
to the RCIC pump in Subsection 3.9.2.2.2.7 of the COL FSAR.
COL License Information Item
•

COL License Information Item 3.27 Reactor Internals Vibration Analysis, Measurement,
and Inspection Programs

In FSAR Subsections 3.9.2.3 and 3.9.2.4, the applicant provided supplemental information to
address the reactor internals vibration analysis, measurement, and inspection programs as
specified in RG 1.20, Revision 3, “Comprehensive Vibration Assessment Program for Reactor
Internals during Preoperational and Initial Startup Testing.” The applicant added that the STP,
Unit 3, reactor internals are classified as a prototype, while the STP, Unit 4, reactor internals are
classified as a non-prototype Category I. The following six technical reports (TRs) document
the approach and the results of the comprehensive vibration analysis, the preoperational testing
plan, and the inspection programs for the reactor internals of STP, Units 3 and 4.
•

Westinghouse Commercial Atomic Power (WCAP)-17385-P, Revision 6, “STP Unit 3
Steam Dryer Flow-Induced Vibration Assessment,” dated September 2013
(ML13256A205 and ML13256A206).

•

WCAP-17371-P, Revision 7, “South Texas Project Units 3 and 4 Reactor Internals NonDryer Component Flow-Induced Vibration Assessment,” dated September 2013
(ML13256A174).

•

WCAP-17256-P, Revision 6, “STP Unit 3 ABWR Prototype Reactor Internals FlowInduced Vibration Assessment Program,” dated September 2013 (ML13256A317).

•

WCAP-17370-P, Revision 7, “South Texas Project Unit 3 Comprehensive Vibration
Assessment Program—Measurement, Test, and Inspection Plan,” dated September
2013 (ML13256A355).

•

WCAP-17257-P, Revision 5, “STP Unit 4 Reactor Internals Flow-Induced Vibration
Assessment Program,” dated September 2013 (ML13259A136).

•

WCAP-17369-P, Revision 1, “ABWR Dryer Operating Experience for STP Units 3 and
4,” dated February 2013 (ML110490192).

3.9.2.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the dynamic testing and
analysis of SSCs, and the associated acceptance criteria, are in Section 3.9.2 of NUREG–0800.
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In particular, the applicable regulatory requirements for the reactor internals vibration analysis,
measurement, and inspection programs are as follows:
•

10 CFR 52.79(a)(11)

•

10 CFR 50.55a

•

GDC 1 and 4 of Appendix A to 10 CFR Part 50

In accordance with Section VIII, “Processes and Changes and Departures,” of Appendix A to
10 CFR Part 52, the applicant identifies one Tier 1 departure. Tier 1 departures require prior
NRC approval and are subject to the requirements of 10 CFR Part 52, Appendix A, Section
VIII.A.4.
In addition, the following revision of the RG is added to the COL FSAR:
•
3.9.2.4

RG 1.20, Revision 3
Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.9.2 of the certified
ABWR DCD. The staff reviewed Section 3.9.2 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed Section 3.9.2 of the STP, Units 3 and 4, COL FSAR in accordance with the
guidance in RG 1.206. The staff reviewed the relevant information in the COL FSAR:
Piping System Vibration, Thermal Expansion, and Dynamic Testing
In COL FSAR Subsection 3.9.2.1, the applicant specified the performance of the piping system
vibration and dynamic testing according to ASME OM-S/G Part 3, and the piping system
thermal expansion testing according to ASME OM-S/G Part 7. The testing will be performed as
part of the preoperational and startup testing in COL FSAR Section 14.2. The use of ASME
OM-S/G Part 3 and Part 7 for the piping system vibration and thermal expansion testing
complies with SRP Section 3.9.2 guidance and is therefore acceptable.
Tier 1 Departure
•

STD DEP T1 2.4-3

RCIC Turbine/Pump

The applicant deleted a reference to the RCIC pump in Subsection 3.9.2.2.2.7 of the COL
FSAR. The seismic analysis methodology for the RCIC turbine/pump assembly is unchanged
from the methodology in the ABWR DCD and remains valid. Therefore, the change in

1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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Subsection 3.9.2.2.2.7 of the COL FSAR is acceptable. The detailed technical evaluation of the
acceptability of this Tier 1 departure is in Chapter 5.4 of this SER.
COL License Information Item
•

COL License Information Item 3.27 Reactor Internals Vibration Analysis, Measurement,
and Inspection Programs

The applicant provides six TRs, as listed above, to address the reactor internals vibration
analysis, measurement, and inspection programs. The applicant addressed COL License
Information Item 3.27 in the following subsections.
3.9.2.4.1

Dynamic Response of Reactor Internals under Operational Flow Transients
and Steady-State Conditions

In COL FSAR Subsection 3.9.2.3, Revision 3, the applicant stated that STP, Units 3 and 4,
reactor internals were classified as non-prototype Category I, and the reactor internals of the
first ABWR Kashiwazaki-Kariwa Plant (Referenced Japanese ABWR [RJABWR] or K-6) in
Japan were considered to be the ABWR prototype. The applicant further stated that the ABWR
prototype reactor internals flow-induced vibration (FIV) test report would demonstrate that the
RJABWR plant is a prototype.
However, after the staff raised concerns about the direct applicability of the RJABWR test
results, the applicant revised the application to identify STP, Unit 3, as the prototype and STP
Unit 4 as non-prototype Category I. The applicant developed a comprehensive vibration
assessment program (CVAP) for the STP, Units 3 and 4, reactor internals (WCAP 17256-P and
WCAP 17257-P, respectively). Because the CVAP did not incorporate by reference the
predictive analyses for the ABWR design certification, there is a need for an extensive review of
the analytical and testing methodologies. The staff reviewed the dynamic response analysis of
reactor internals under operational flow transients and steady-state conditions, in accordance
with SRP Section 3.9.2, “Dynamic Testing and Analysis of Systems, Structures, and
components,” and RG 1.20, “Comprehensive Vibration Assessment Program for Reactor
Internals During Preoperational and Initial Startup Testing.” The dynamic analysis evaluation in
this subsection applies to both STP, Units 3 and 4. The dynamic response analysis is evaluated
here in three separate parts: demonstration of the structural capability of the steam dryer; the
reactor internals (other than the steam dryer) that have experienced the effects of the FIV; and
the reactor internals (other than the steam dryer) that have not experienced the effects of the
FIV.
3.9.2.4.1.1 Dynamic Analysis of the Steam Dryer
The steam dryer is neither a safety-related nor an ASME Boiler & Pressure Vessel Code (BPV
Code) component. However, its failure can potentially impact safety-related components. RG
1.20, Revision 3, recommends performing a preoperational vibration analysis of the dryer to
demonstrate that it is adequately designed to withstand FIV forces at normal and transient plant
operating conditions for the design life of the plant. In order to perform this vibration analysis, a
validated flow-induced dryer loading is needed to combine with the finite element model (FEM)
of the dryer and to compute the maximum dynamic stresses on the dryer. Given that STP Unit
3 is classified as the ABWR prototype and is the first ABWR to be built in the U.S., a complete
load definition on the dryer is not available before initial plant operation. Different approaches
proposed by the applicant during audit meetings with NRC staff included scale model testing
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(SMT) to measure the pressure distribution on the dryer or combining the SMT results with
pressure measurements at [
] locations on the RJABWR dryer. Upon reviewing preliminary
SMT tests, the staff found the results of pressure measurements on the SMT dryer to be
affected by the transient response of the system and, therefore, unsuitable for developing a
complete load definition for the STP steam dryer. In addition, the available pressure
measurements from the RJABWR were found to be insufficient to develop a complete load
definition for the STP steam dryer. Therefore, as described in the subsections that follow, the
applicant submitted a combination of analyses and test results from the SMT and RJABWR to
demonstrate the structural capability of the STP steam dryer in support of its STP COL
application.
3.9.2.4.1.1.1 Steam Dryer Structural Capability Plan
The STP steam dryers are identical to those used in several ABWR plants in Japan. The
RJABWR, as described in WCAP-17369-P, went through extensive preoperational and startup
testing to confirm that the reactor internals are adequately designed to withstand FIV loads in
that plant. The approach used by the applicant to demonstrate the structural integrity of the
STP dryer consists of the following tasks:
1.

Demonstration of the successful operating experience of the identical dryers in
the Japanese ABWRs, which operate at conditions similar to the full power
condition of STP, Units 3 and 4. For example, the RJABWR has been in
operation since 1996 [
].

2.

The steam delivery system of the STP dryer was redesigned to avoid the
occurrence of acoustic resonance at power levels up to and beyond full power
conditions. This modification reduces the STP dryer stresses below those of the
RJABWR, which experience minimal safety/relief valve (SRV) acoustic
resonance at full power conditions.

3.

The preoperational vibration analysis of the STP dryer confirms the operational
experience by demonstrating that the maximum dryer stresses meet the ASME
BPV Code fatigue allowable. In this analysis, the dryer load definition is based on
start-up data of the strain gauges (SGs) and accelerometers mounted on the
RJABWR dryer and taken at conditions similar to the planned thermal power
level of STP, Units 3 and 4.

4.

The STP, Unit 3, dryer will be instrumented to measure the vibration, stress, and
fluctuating pressure at numerous locations to facilitate reliable estimates of the
maximum stresses during the startup tests. ([
] will
be mounted on the dryer. In addition, [
]). The
applicant also plans to instrument the STP, Unit 4, dryer in a similar manner.

5.

The power ascension plan and startup tests to verify the stress analysis results
include measurements at low power levels (60 percent power) to re-benchmark
the stress analysis procedure and develop limit curves before proceeding to
higher power levels. The stress analysis procedure and the limit curves will also
be validated in steps of 10 percent power increase up to full power.

The details of these tasks in the STP steam dryer structural capability plan are explained and
evaluated below.
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3.9.2.4.1.1.2 Operating Experience
In WCAP-17369-P, the applicant provided tables showing the design and operating parameters
of the STP dryers in comparison to two ABWRs operating in Japan: the RJABWR reactor and
the Japanese ABWR (JABWR or H-5) reactor. Tables 7-1 and 7-2 in WCAP-17369-P show that
the STP dryers are identical in geometry (configuration) and plant operating parameters to the
RJABWR and JABWR dryers. The RJABWR started commercial operation in 1996, whereas
the JABWR started in January 2005. These dryers have had routine visual inspections after
removal during refueling outages, with no evidence of service-induced degradation.
In 2007, the RJABWR experienced an earthquake that exceeded the original seismic design,
and the plant was shut down for extensive inspections and evaluations. The equivalent of an
ASME VT-3 inspection was performed on the RJABWR dryer, and [
].
Thus, neither the earthquake nor plant operation from 1996 to 2007 [
].
The inspection showed [
]. In 2010, the
dryer of the JABWR also underwent a more rigorous inspection after 5 years of operation. [ ]
which is equivalent to an ASME VT-1 inspection.
The staff reviewed the operating experience of the ABWR steam dryers and determined that
because the dryers of STP, Units 3 and 4, are identical in design and operating conditions to
those in service in the RJABWR and JABWR, the operating experience from those steam dryers
helps to support the structural integrity of the STP dryers up to operating conditions similar to
those experienced by the referenced ABWRs. Because only the outer surface of the referenced
ABWR dryers was inspected, it is possible that cracks could be present on the inner surface of
those steam dryers. During the audit held from January 24 - 26, 2011 (ML110540493), the staff
requested the applicant to determine whether the maximum stresses on the dryer under
operating conditions would occur on the outer surface of the dryer and therefore, if the outer
surface is free of cracks, then no cracks would be expected to occur on the inner surface.
In its response to this request, the applicant stated in WCAP-17370-P, Revision 2 that limiting
the inspection to the outer surface of the dryer was considered consistent with boiling-water
reactor vessel and internal project (BWRVIP)-139-A, “BWR Vessel and Internals Project–Steam
Dryer Inspection and Flow Evaluation Guidelines,” (ML101270122) guidelines for the curvedhood design and accepted by the NRC on August 3, 2011 (ML111662165). The inspection of
the RJABWR dryer was performed in accordance with the ASME BPV Code Section XI
guidelines. Additionally, in Section 5.5 of WCAP-17385-P Revision 2, the applicant reported a
finite element (FE) stress analysis of the steam dryers. [
]. This
analysis is addressed later in Subsection 3.9.2.4.1.1.3 of this SER.
During the review of BWRVIP-139, the staff noted in RAI 139-11 that the BWR square hood
dryers would be inspected internally and externally. The staff requested in RAI 139-11 that the
BWRVIP address the focus on an external inspection of slanted and curved hood steam dryers
that could result in the inability to identify a crack that was initiated on an internal surface but
would not be identified until the crack increases and grows through the steam dryer wall of the
outer hood. In the response to RAI 139-11 included in BWRVIP-139-A, the BWRVIP states that
the initial recommendation to only perform external inspections of slanted and curved hood
dryers was based on the low susceptibility of the hood design to fatigue crack initiation and for
the curved hood dryers, on the construction of the hood support joints where the hood welds are
not visible from the interior. The BWRVIP notes that with the baseline inspections essentially
complete at that time, the basic inspection recommendation for slanted and curved hood dryers
was considered to remain appropriate. However, the BWRVIP also states that the inspections
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might be supplemented with a limited number of other dryer-specific locations based on updated
field experience. The BWRVIP notes that the then-ongoing evaluation of potential cracking on
the inside of the inner banks for some curved hood dryers. The BWRVIP states that those
indications would be evaluated to determine whether any additional inspections are warranted.
The staff considered the BWRVIP evaluation of the need for inspections at additional exterior
and interior dryer locations based on dryer inspection experience to be acceptable for slanted
and curved hood dryers. The staff found the implementation of the BWRVIP-139 guidance for
the STP curved hood steam dryers acceptable, including additional exterior and interior
inspections based on operating experience.
Because past operating experience from other BWR plants revealed the failure of earlier
versions of steam dryer designs for various reasons (e.g., design or manufacturing faults,
IGSCC, or fatigue cracks, see Information Notice 2013-10), the staff requested the applicant to
discuss the reasons for the successful performance of the ABWR dryers. In response to this
request, the operating experience report (WCAP-17369-P) included a summary of the steam
dryer design evolution from the initial BWR/2 to the ABWR. The design improvements in the
dryer from the BWR/2 to the BWR/6 included the change to a curved hood for greater structural
capability, taller dryer banks to increase the active vane height, and the use of perforated plates
for a more uniform steam velocity. The ABWR dryer is similar to the BWR/6 design but
incorporates the following additional design improvements:
•

[.

•

.

•

.

•

.]

The applicant therefore determined that because the design and operation of the STP dryers
are identical to those of the RJABWR and JABWR, the performance of the STP dryers is
expected to be the same. The staff agreed with this determination because the STP steam
dryers and the RJABWR dryer are identical.
3.9.2.4.1.1.3 Elimination of Acoustic Resonance
Previous BWR operating experience identified concerns with the phenomenon of acoustic
resonance in the standpipes of the SRVs, which are mounted on the main steamlines. Startup
test data for the RJABWR indicates the initiation of a weak SRV acoustic resonance at about 75
percent power. The acoustic resonance was excited by the second instability mode of the shear
layer forming at the mouth of the standpipe. The resonance caused by the second shear layer
mode is substantially weaker than that excited by the first shear layer mode (the identified cause
of the dryer failures at Quad Cities, Unit 2). Although the RJABWR steam dryer has not
experienced cracks, the applicant has taken further steps to ensure that the acoustic loading on
the STP dryer is lower than that experienced on the RJABWR dryer. SMTs were performed to
reproduce the acoustic resonance phenomenon observed in the RJABWR. [
]
The applicant tested a one-eighth scale test model of the STP, Unit 3, plant starting from the
steam-water interface in the reactor pressure vessel (RPV) to the pressure equalizer just
upstream from the turbine. The test included the four main steamlines and the SRV standpipes.
Additional tests were then performed using a single main steamline set up to study the effect of
the standpipe geometry on the Mach number at the onset of the acoustic resonance. The staff
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reviewed the details of the SMT geometry, procedure, and results during the audit held between
January 24 - 26, 2011 (ML110540493). Section 4 of WCAP-17385-P summarizes the SMTs
and their results.
The scale model included [

]

A test set-up that included one steam line model (Line C) was then used to test the effect of the
standpipe geometry. The selected geometry [
] The staff
reviewed the SMT results and concluded that [
] Additional
margin is provided by the fact that the Mach number is conservatively determined during the
SMT, which means that the actual Mach number at the standpipes in the plant is lower than the
Mach number at the standpipes used in the SMT. The staff concurred that given the test
results, [
] resulting in a
smaller loading on the STP steam dryer than that experienced on the RJABWR dryer.
[
] measure the
steam dryer loading during the startup vibration tests of STP, Unit 3. These measurements and
the developed load definition procedure are evaluated later in Subsections 3.9.2.4.1.1.4 and
3.9.2.4.1.1.5 of this SER.
3.9.2.4.1.1.3.1 Dryer Stress Evaluation Using RJABWR Start-Up Data
The STP, Unit 3, dryer stress evaluation is a two-step process. The first step [
] In
the second step for stress evaluation, the computed acoustic pressure field is applied to the
dryer FE structural model described in Subsection 3.9.2.4.1.1.6 of this SER. The applicant
applied this two-step approach for evaluating the dryer stress using the RJABWR startup data to
estimate the dryer load at full power. The startup data were obtained from SGs and
accelerometers mounted on the RJABWR dryer. This two-step approach will also be utilized to
monitor the stress during power ascension.
[

]

The evaluation of the dryer stresses induced by the main steamline acoustic source consists of
the following essential steps:
(a)

[.

(b)

.

(c)

.

(d)

.

(e)

.

(f)

.

(g)

. ]

[
]
The resulting stresses were assessed for compliance with Section III, Subsection NG, of the
ASME BPV Code for the load combination corresponding to normal operation (i.e., Level A
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service condition). Weld stresses were adjusted based on the weld factors specified in Table
NG-3352-1 of the ASME BPV Code.
The procedure used to map the acoustic loading on the dryer wall of the FE model, which was
obtained from the Helmholtz model, is similar to that used in previously approved extended
power uprate (EPU) applications (e.g., Hope Creek Unit 1 and Nine Mile Point Unit 2).
However, the applicant improved the accuracy of this procedure [
]
This approach is consistent with the practice of using at least 6 cells per wavelength to ensure
solution convergence. [
]
which improves the accuracy of pressure mapping on the dryer.
[

]

To determine the stress ratios, the applicant used a value of 68.6 MPa (9.95 kilopounds per
square inch [ksi]) as the fatigue stress limit, instead of the 91.7 MPa (13.3 ksi) specified in the
ASME BPV Code. The staff found this approach acceptable because it is equivalent to applying
a peak-to-RMS (root mean square) ratio close to [
] on the RMS stress with the
expectation that the calculated maximum stress will not be exceeded nearly 100 percent of the
time. Stress ratios smaller than 1 indicate that the associated maximum and/or alternating
stress intensities exceed the allowable levels.
In determining the weld fatigue factor, the staff noted that the applicant [
]
The staff found the response acceptable because the weld stresses meet ASME BPV Code
allowable. The applicant included this information in WCAP-17385-P, Revision 3. RAI
03.09.02-49 is therefore resolved and closed.
[

]

[
] which
were then compared to their allowable stress limits. The results of the dryer stress evaluation
using RJABWR startup data showed that the dryer stresses were below the allowable fatigue
limit of 68.6 MPa (9.95 ksi).
In the load combination, the thermal stresses of the dryer were not included when determining
the stress ratios. In WCAP-17385-P, the applicant states that the thermal stresses were
assumed to be small and negligible compared to the FIV stresses. The staff found this
assumption acceptable, because the dryer is supported at four locations on the upper support
ring by four lugs on the reactor vessel and is kept in place by gravity. Because the dryer is not
clamped to the vessel, it is free to expand thermally with negligible thermal stresses.
In calculating the minimum stress ratio in WCAP-17385-P, the stress component due to the
main steamline-induced acoustics [
]
The SG data that are used in the vibration analysis of the steam dryer are measured only on
one side of the RJABWR dryer at full power conditions. [
]
The results of this analysis, which is based on the RJABWR startup data, confirm the damagefree operating experience of the RJABWR. In addition, the maximum stress locations obtained
from the analysis are representative of the locations of maximum stresses and fatigue damage
in earlier versions of steam dryers. The staff reviewed the methodologies used in the STP, Unit
3, stress evaluation based on the RJABWR startup data that included the frequency range of
interest, frequency increment, decoupling of the full-size dryer model, methods of stress
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superposition, load combinations, determination of weld factors, evaluation of minimum stress
ratios, and other conditions used in the evaluation. The staff found the methodologies and
approaches used for the dryer stress evaluation of STP, Unit 3, to be acceptable.
[
] the
applicant plans to instrument the STP, Unit 3, prototype dryer and to prepare a startup
measuring program with a hold-up point at a relatively low power level. This is to be performed
in order to confirm the preoperational stress analysis that includes: (1) benchmarking the dryer
load, (2) updating the biases and uncertainties, and (3) evaluating the analysis assumptions
regarding the dryer load symmetry and phase relations. The applicant will fully instrument the
steam dryer with SGs, pressure transducers and accelerometers, and [
] The
applicant also prepared a measuring, testing, and inspection (MTI) plan that includes a hold
point at 60 percent power level to: (1) perform a complete dryer measurement program, (2)
confirm the dryer stress analysis, and (3) develop limit curves before proceeding with power
ascension to higher levels. The details of the dryer instrumentation plan and power ascension
program are discussed in Subsections 3.9.2.4.1.1.4 and 3.9.2.4.1.1.5 of this SER.
3.9.2.4.1.1.4 Dryer Start-Up Instrumentation
In order to determine the dynamic loading on the STP steam dryer and the resulting dryer
stresses during power ascension to 100 percent power, the applicant will instrument the dryer of
STP, Unit 3, with a collection of [
] In addition, [
]
Although STP, Unit 4, reactor internals are designated as a non-prototype Category I, the
applicant has decided to also instrument the dryer of Unit 4 in the same way that was used for
the prototype dryer of STP, Unit 3. The dryer instrumentation includes the sensors on the dryer
[
]
The approach used to determine the dryer loading during power ascension will be based on the
results of the [ ] pressure measurements on the steam dryer. The measured strain on the
dryer will be used for end-to-end comparisons between the predicted and the measured strains
and thereby confirm the conservatism of the predicted dryer strain. Additional end-to-end bias
errors and uncertainties will be considered only if the measured strain at any SG is
underpredicted. Neither biases nor uncertainties will be credited for strain overpredictions.
[
]
[
] evaluated in
Subsections 3.9.2.4.1.1.7 and 3.9.2.4.1.1.8 of this SER. Once the excitation sources at the
main steamline entrances are known, the same acoustic model can be used to compute the
entire pressure field on the dryer. This pressure field is then entered into the FE structural
model of the dryer to compute the alternating stresses everywhere on the steam dryer.
The applicant used the following criteria to select the [
•

[.

•

.

•

.

•

]
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] locations for the PTs on the dryer:

The locations and orientations of the SGs are selected based on a combination of criteria. In
addition to [
] are
selected to coincide with one or more of the following:
•

[

•

.

•

]

[

]

[

]

3.9.2.4.1.1.5 Power Ascension Plan
The power ascension plan for the steam dryer of STP, Unit 3, will include an initial hold point at
60 percent power to collect steam dryer data, compute the dryer loading and alternating
stresses, and then generate limit curves to ensure that the steam dryer stresses are below the
fatigue limit. At 60 percent power, the flow is approximately two-thirds of the flow at 100 percent
power and therefore, no acoustic resonance is expected to occur. At these conditions, it is
reasonable to expect that the dryer loading will be broad-banded and proportional to the
dynamic head in the main steamlines. Therefore, the dryer loading at 60 percent power is
expected to be less than 40 percent of that expected at 100 percent power, which the RJABWR
has experienced without showing any degradation. The staff agreed that based on the available
information, the structural integrity of the dryer will be maintained during STP, Unit 3, operation
at 60 percent power. After developing limit curves at 60 percent power, the plant will hold power
to collect steam dryer data and update the limit curves for every 10 percent increment of power
up to 100 percent power. The staff imposed license conditions to ensure that the applicant
collects dryer data at 60 percent power, performs a full stress analysis of the dryer, and
develops limit curves before power ascension beyond 60 percent power for STP, Unit 3. Limit
curves will be updated in steps of 10 percent during power ascension from 60 percent to 100
percent power. The license conditions for the power ascension plan are listed in Subsection
3.9.2.5 of this SER.
3.9.2.4.1.1.6 Structural Model of Steam Dryer
The applicant built a detailed 360-degree, three-dimensional (3-D) FEM for a modal analysis
and for the subsequent stress analysis of the steam dryer using the ANSYS Release 10
computer code. The model included all essential subcomponents of the steam dryer such as
outer, middle, and inner hoods; base plate; cover plate; skirt; drain ducts; drain channels; vane
banks; supporting ring; seismic block; lifting lugs; and other major subcomponents. [
]
The applicant performed modal analyses and compared the computed frequencies and mode
shapes [
] compared to
the test results. During the audit held on December 1 through 3, 2010 (ML110120674), the
applicant re-examined the frequency spectra obtained from the hammer tests of the dryer and
found a mode of the outer hood with a frequency close to the analytical result (within 10
percent). Subsequently, the staff issued RAI 03.09.02-48 requesting the applicant to: (a)
review the frequency spectra obtained from the hammer tests of all other components of the
dryer, so as to ensure that no other resonance frequencies were overlooked from the hammer
tests of the dryer; and (b) update the STP, Unit 3 dryer modal analysis report.
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In its response to RAI 03.09.02-48, dated February 28, 2011 (ML110630409), the applicant
stated that all frequency spectra obtained from various sensors during the hammer test were
reviewed and no additional frequencies were identified except the frequency close to the lowest
mode of the outer hood. The applicant issued Revision 1 of the STP, Unit 3, dryer modal
analysis report: (a) to reflect the outer hood frequency from the hammer test results, and (b) to
indicate that the outer hood frequencies from the modal analysis now agree with the hammer
test results within 10 percent. The staff found the applicant’s response acceptable, because the
applicant had confirmed that all resonance frequencies in the hammer tests were identified. RAI
03.09.02-48 is therefore resolved and closed.
In WCAP-17385-P, the applicant stated that the STP, Unit 3, steam dryer FEM provides a
realistic representation of the actual dryer based on the comparison with the RJABWR hammer
test frequencies. After reviewing the hammer test results and the revised modal analysis report,
the staff agreed that the dryer FE structural model would provide a realistic representation of the
actual dryer based on the comparison. In the preoperational stress analysis described earlier,
which is based on the RJABWR measurements, as well as in the full dryer stress analysis that
will be performed during power ascension of STP, Unit 3, the biases and uncertainties of the
FEM are considered similar to those used in EPU applications already approved by the NRC
and include: [
]
To further validate that the applicant considered the details in the dryer design drawings in the
dryer FEM and stress analysis, the staff conducted an audit from November 27, 2012, through
29, 2012 (ML13031A167). All design drawings of the steam dryer were reviewed for any slotted
connections (i.e., a cut-out in the thickness of a plate member to allow for insertion of another
member) that may require adjustment of the calculated stresses in the plate element to account
for the thickness reduction. The staff did not identify any such case in the drawings and the
applicant confirmed during the audit that the STP steam dryers do not have any slots in the
plate elements, except in the support ring which has cut-outs for dryer alignment. The staff
verified that the cut-outs in the support ring, which are modeled by solid elements, are properly
represented in the dryer FEM.
The staff audited possible submodeling techniques that the applicant might perform if it
becomes necessary, in order to meet the stress criteria of limit curves during power ascension.
The applicant states that should submodeling become necessary during power ascension, the
applicant will use the submodeling method available in ANSYS (i.e., Boundary Cut Method) or
will refine the FE mesh in the global model at the locations of interest. In the Boundary Cut
Method, submodeling will be performed in the global model surrounding the local discontinuity
but sufficiently away from the stress concentration. The results of the analysis (e.g.,
displacements and velocities) at the boundary cuts will be obtained from the global model and
will be stored in the files as the input to the submodel boundary conditions. The stress results
obtained from the submodel at the boundary will be compared to the results from the global
model to ensure consistency and accuracy. The staff found the applicant’s proposed
submodeling approach using the ANSYS Boundary Cut Method acceptable, because the
method applies the displacements or velocities obtained from the global model as the boundary
conditions of the submodel.
Furthermore, the applicant will compare the stresses at the boundary between the submodel
and the global model to ensure that the boundary of the submodel is cut sufficiently away from
the stress concentration region. Alternatively, the applicant may refine the mesh at the local
locations of interest and rerun the analysis to obtain accurate stresses at the local discontinuity.
The staff considers both methods acceptable for determining stresses at local discontinuities.
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The staff performed sample checks of the thickness of several dryer members as specified in
the structural model against the drawings—including thicknesses of the center, middle, and
outer hoods—and the side bars of dryer hoods as well as the cover-plate-supporting ribs. The
staff found that all thicknesses and dimensions are properly represented in the dryer model,
except for the thickness of the cover-plate-supporting ribs, which was smaller in the model than
in the manufacturing drawings. The applicant explained that because the rib thickness was not
yet determined when the dryer FEM was constructed; it was assigned a conservative thickness,
which is likely to be smaller than the final design thickness. The staff concurred that this
assumption is conservative with respect to the calculated stresses in the ribs, because the
actual stresses in the thicker ribs will be smaller than calculated. However, the staff noticed that
the calculated natural frequencies of the cover-plate of the dryer FEM are lower than those
measured from the RJABWR dryer. This difference may be caused by the assumed smaller
thickness of the ribs in the dryer FE model. Therefore, the staff issued RAI 03.09.02-55,
requesting the applicant to provide a quantitative assessment demonstrating that the dryer
stress analysis based on the smaller thickness of the ribs is conservative. In its response to RAI
03.09.02-55, dated February 13, 2013 (ML13051A654), the applicant stated that the dryer FE
model used in the original analysis was modified and a modal analysis was then performed
using the modified model. The results were compared to the original analysis. The results
indicated that frequencies associated with [
] Based on
the new results, the applicant states that the steam dryer stresses in the original analysis [
]
The staff found the applicant’s response acceptable, because [
]
Therefore, RAI 03.09.02-55 is resolved and closed.
The staff reviewed the assumptions, dryer design drawings, boundary conditions, fluid-added
mass effects, material properties, FE mesh sizes, and other relevant conditions used in the
structural modeling of the steam dryer, such as submodeling techniques. The staff found that
structural model of the dryer is built according to sound FE modeling procedures reflecting
details of the steam dryer design drawings and can be used for the modal analysis and the
subsequent FIV stress analysis.
3.9.2.4.1.1.7 Load Definition Approach of Steam Dryer
For the full stress analysis of the dryer that will be performed during power ascension, the
applicant will use the data from the [
] pressure transducers on the dryer to compute the
unsteady loading on the dryer. This section describes the approach of defining the dryer load;
the next section focuses on the validation procedure and associated biases and uncertainties.
[
] This set of sources at each steam line entrance is the most
general approach, which the staff found adequate for describing the pressure field in the reactor
dome.
[
] The
subsequent stress evaluation consists of applying the acoustic load definition to the FEM of the
STP steam dryer. When performing this stress analysis, the applicant will apply frequency
shifting to conservatively estimate the dryer stresses and account for uncertainties in the FEM
frequency predictions. The measurement results from the SGs mounted on the dryer will be
used to confirm the conservatism of the computed dryer stresses obtained from the dryer load
which are derived from the signals of the PTs on the dryer. Additional bias errors and
uncertainties will be added if the measured dryer strains are underpredicted.
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3.9.2.4.1.1.8 Validation of the Dryer Load Definition Approach
In order to validate the dryer load definition approach, the applicant [
]
This comparison indicated agreement between the predicted and measured pressures, and
therefore confirmed the adequacy of the proposed approach. A similar approach will be used to
determine the dryer load during the startup tests, when actual pressure measurements are
made on the full-scale dryer at 60 percent power.
3.9.2.4.1.1.9 Application of Frequency Shift, Bias Errors, and Uncertainties
[
] As in
the case of previous EPU applications, the bias and uncertainty estimates are frequencydependent and are determined for the frequency intervals spanning the frequency range of
interest. [
] The
applicant will update these estimates during the startup tests at 60 percent power.
[

]

In order to account for potential uncertainties between the load frequencies and the structural
modal frequencies, the applicant will apply frequency shifting in the determined dryer load. This
procedure is implemented by scaling the frequencies in the applied load history at specified
increments of ±2.5 percent, ±5 percent, ±7.5 percent, and ±10 percent and recording the limiting
stresses (maximum and alternating) observed during these shifts. The staff has also approved
this approach in previous EPU applications.
3.9.2.4.1.1.10 Conclusion of Steam Dryer Structural Integrity Evaluation
Based on the submitted documents, the staff found the procedure used to demonstrate the
structural integrity of the STP steam dryers to be reasonable. The staff concurred that the
operational experience has been successful for ABWR dryers with identical designs and
operating conditions. The applicant’s redesign of the SRV standpipes to avoid acoustic
resonances will reduce the dryer load below that of the currently operating RJABWR.
Therefore, the dryer design of STP, Unit 3, will be more conservative than that of the RJABWR
dryer. The preoperational vibration analysis confirms the operational experience by
demonstrating that the maximum dryer stresses meet the ASME BPV Code fatigue allowable.
In addition, the staff found the proposed instrumentation and power ascension procedures
reasonable for confirming the structural integrity of the dryer during the STP, Unit 3, startup
tests. Lastly, the staff concluded that the license conditions will provide the monitoring,
evaluation, and any required prompt actions needed in response to potential adverse flow
effects. The license conditions will confirm the structural integrity of the steam dryer following
the plant startup, including power ascension.
3.9.2.4.1.2 Dynamic Analysis of Reactor Internals (Other than the Steam Dryer) That Have
Experienced the Effects of FIV
The analysis and results of the FIV evaluation of the STP, Unit 3, components other than the
steam dryer are described in WCAP-17371-P. The methodology used for the vibration and
stress analyses consists of the following four tasks:
1.

The FIV forcing functions were determined from validated and industry-accepted
empirical formulas. The local flow velocities in these formulas were estimated for
various reactor internals by means of either simplified methods (when possible) or
3-345

computational fluid dynamics (CFD).
2.

FEMs of relevant components of the reactor internals were developed and modal
analyses were performed.

3.

Predictive stress analyses were then performed by combining the loading functions and
the FEMs. The uncertainties and biases associated with the loading functions and
FEMs of various reactor components were included in the stress analyses.

4.

Finally, the results of the predictive analysis were compared with the available strain
measurements obtained during the startup tests of the RJABWR.

The following 10 components were determined to have a high FIV susceptibility. The applicant
developed forcing functions and performed detailed stress analyses for these components using
the ANSYS Release 10 and ABAQUS Version 6.6-3 codes.
Components in the downcomer region:
•

Feedwater and low-pressure core flooder spargers.

•

Reactor internal pump (RIP) guide rails.

•

Shroud head bolts.

•

Core shroud, shroud support, and shroud head.

Components in the lower plenum:
•

Core plate (CP) and RIP differential pressure (DP) lines.

•

Control rod guide tube (CRGT) and control rod drive housing (CRDH).

•

In-core guide tube (ICGT) and in-core monitor housing (ICMH).

Components above the core:
•

Steam separators.

•

Steam separator lifting rods.

•

High-pressure core flooder (HPCF) sparger and coupling.

The staff’s review of analyzed cases, methodology, and stress evaluations for reactor internals
(other than the steam dryer) that have experienced the effects of FIV are presented in the
subsections that follow.
3.9.2.4.1.2.1 Selected Operating Conditions for Structural Analyses
STP, Unit 3, has 10 RIPs circumferentially distributed around the entrance to the vessel inlet
plenum. In WCAP-17371-P, Tables 5.1.1-1, “Preoperational Test Configurations for CVAP
Tests for STP Unit 3,” and 5.1.1-2, “Initial Start-Up Test Configurations for CVAP Tests for STP
Unit 3,” the applicant includes eight preoperational test configurations and 12 initial startup test
configurations for the STP, Unit 3 ,CVAP. These test configurations were selected to cover the
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expected steady-state and transient operating conditions that would maximize the FIV forcing
functions and resulting component stresses. Three bounding analyzed cases were identified
from these test configurations, which were used to calculate the FIV forcing functions acting on
the reactor internals. The three bounding cases are described below.
Preoperational: Zero Power
Analysis Case 1 – Core flow [
] with three adjacent pumps assumed to be “off”
and the seven operating pumps assumed to be in phase.
Analysis Case 4’ – Core flow [
] with all ten pumps operating and two pumpphasing scenarios: Scenario 1 with all ten pumps in phase; and Scenario 2 with five
adjacent pumps in phase and the other five out of phase.
Initial Startup: Full Power
Analysis Case 4 – Ten pumps in phase and a maximum flow rate (i.e., approximately [ ]
The staff found that these three cases conservatively bound normal operations and transient
conditions. The [
] core flow, zero power case is an extreme case because power
supply management to the RIPs makes it impossible for the three adjacent pumps to be
nonfunctional during normal operations. The [
] zero power flow case is also
bounding because during actual normal operations at zero power, the reactor is limited to flow
rates of approximately one-half of the core flow. In addition, the full power case is bounding
because the approximately [
] core flow is the maximum achievable core flow at
the 100 percent power level.
3.9.2.4.1.2.2 Determination of Local Flow Velocities
The velocity field inside the reactor is divided into three main regions: (a) the downcomer; (b)
the lower plenum; and (c) the top guide, shroud head, and separators. The local flow velocities
required to formulate the forcing functions were estimated in these regions by either simplified
methods or the CFD, as described below:
(a)

Downcomer region: The axial coolant velocity in the downcomer region was
determined from the total flow rate and the variations in flow area. For analysis,
Case 1—[
]

(b)

Lower plenum region: CFD simulations for the three analyzed cases were
performed to calculate the 3-D velocity distribution in the lower plenum region
along the length of the CRGT/CRDH assemblies, ICGT/ICMH assemblies,
stabilizers, CP DP lines, and RIP DP lines.

(c)

Top guide, shroud head, and separators region: Axial and cross-flow velocities
are low except in the standpipe region of the separators, where the returning flow
from the separators constitutes a significant cross-flow velocity. This velocity
component was calculated for the outermost row of separator standpipes, from
the return flow rate and the average flow areas at the outermost row.

The staff’s review found the approach and the flow velocity estimates reasonable for the
downcomer and the shroud head regions in Parts (a) and (c) above. However, regarding Part
(b), the staff noticed during the audit on August 23, 2010, through 25, 2010 (ML102560535),
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that the CFD simulation used to compute the flow velocity in the lower plenum was not
adequately validated. In addition, sensitivity tests of the grid size and the inlet flow conditions
were not performed. The staff issued RAI 03.09.02-26, requesting the applicant to address the
procedure used to validate the CFD model in a system reflecting the degree of complexity of the
STP lower plenum.
In its response to RAI 03.09.02-26, dated November 4, 2010 (ML103090554), the applicant
listed four tests that were performed to validate the CFD approach. These tests include cases
of separated flow, rotating flow, branched flow, and turbulent flow. After comparing the
validation test results with the theoretical or measured results, the applicant concluded that the
CFD results were sufficiently accurate for these test cases. [
] The
staff’s concern regarding the validation of the CFD model is therefore resolved, and RAI
03.09.02-26 is resolved and closed.
In RAI 03.09.02-24, the staff requested the applicant to address the tests performed to ensure
that the grid size of the CFD model is small enough so that further grid refinement will not affect
the simulation results. In its response to RAI 03.09.02-24, dated November 4, 2010
(ML103090554), the applicant stated that [
] The
staff regarded these differences as small and accepted the applicant’s conclusion that the grid
size model used for the original analysis is sufficient. In Revision 2 of WCAP-17371-P, the
applicant also included a brief summary of the grid size sensitivity analysis. Therefore, RAI
03.09.02-24 is resolved and closed.
In RAI 03.09.02-25, the staff requested the applicant to address the tests performed to ensure
that the CFD results are not strongly dependent on the assumed turbulence level and scale at
the pump outlets. In its response to RAI 03.09.02-25, dated November 4, 2010
(ML103090554), the applicant stated that because the turbulence intensity used in the original
analysis of Case 4 was about [
] The staff
concurred with this conclusion because these effects are small compared to the conservatism
included in estimating the flow velocities and in the assumption made to determine the forcing
functions, which are discussed in the following section. In Revision 2 of WCAP-17371-P, the
applicant included a brief summary of the effects of the turbulence level and scale. Therefore,
RAI 03.09.02-25 is resolved and closed.
3.9.2.4.1.2.3 Determination of Forcing Functions
In WCAP-17371-P, the applicant addressed, in detail, the FIV forcing functions acting on
various components of the reactor internals. Components exposed to the cross-flow are
subjected to either narrowband vortex shedding excitation or broadband turbulent forces,
depending on the Reynolds number range of the cross-flow velocity. Other components
situated in the axial (or longitudinal) flow are excited by broadband flow turbulence. In addition,
all internal components are exposed to the acoustic pulsation generated by the RIPs. Although
pump acoustic pulsations are generally small compared to vortex and turbulence excitations,
the next section includes an extensive analysis and review of the pump acoustics loading.
The following section briefly reviews the general approach for determining the FIV forcing
functions:
(a)

Cross-flow excitation:
Most of the reactor internals of the ABWR (except the large components forming the
core shell) are either fully or partially exposed to the cross-flow excitation. The nature of
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this excitation depends on the Reynolds number. It can be caused by the periodic
vortex shedding for a subcritical Reynolds number (Re < 2×105), the broadband
turbulence for a supercritical Reynolds number (2 × 105 < Re < 4×106), or the
narrowband vortex shedding for a transcritical Reynolds number (Re > 4×106). For the
three cases analyzed during plant operating conditions, the maximum values of the
Reynolds number for all components in the cross-flow were reported to be less than 4 ×
106. Therefore, the forces acting on these components consist of a vortex shedding
excitation based on the Reynolds number of 2 × 105 (even if the maximum Reynolds
number is higher than this value) and a turbulent buffeting excitation based on the
maximum flow velocity, which corresponds to a Reynolds number that ranges between 2
× 105 and 4 × 106. The formulas used by the applicant to determine these forcing
functions are well accepted design tools and represent the current state of the art in
designing reactor internals. These forcing functions include the effects of many
parameters such as the Strouhal number, correlation length, dynamic lift coefficient, and
local flow velocity discussed in the previous section. The staff reviewed the parameters
used to determine the forcing functions and confirmed that the applicant had used
adequately conservative values. For example, the correlation factor, which is normally
smaller than unity for bluff bodies in the cross-flow, was assumed to be equal to unity for
all components in the cross-flow. This means that the excitation forces are
(conservatively) assumed to be fully correlated along the whole length of the component.
In WCAP-17371-P, cross-flow forcing functions were determined for the following
components of the reactor internals: steam separator tubes; all spargers (FW, LPFL,
and HPCF); HPCF coupling; and the lower guide rod, CP DP line, RIP line, specimen
holder, and RIP guide rail.
(b)

Large components exposed to turbulent buffeting:
Large components such as the core shroud, the top guide shell, and the shroud support
are subjected to spatially distributed turbulent forces. In order to define the dynamic
loading on these large components, they are subdivided into uncorrelated “patches.”
The RMS forces determined for these patches are then applied randomly. A total of 12
circumferential patches were used to define the turbulent forcing functions for each large
component, which yielded an angle of 30 degrees. For the axial patches, the top guide
shell consists of one axial patch as well as the core shroud support region. For the core
shroud, a total of four equally spaced axial patches were used to define the forcing
functions. The applicant used experimentally determined upper bounds of pressure
PSDs to formulate the pressure loading on various patches exposed to the downcomer
flow. These PSDs are functions of local velocities and incorporate axial and
circumferential correlation lengths. The staff found this approach adequate because the
pressure PSDs used by the applicant represent the upper bounds measured in PWRs,
which are known to experience higher turbulent pressure fluctuations in the downcomer
than in those found in BWRs.

Although the staff found the approach used to determine the forcing functions technically sound
and adequate, some issues regarding the computation details required additional clarification
and justification. As mentioned earlier in the FIV analysis calculation, the estimate of the crossflow forcing functions is based on the Reynolds number range of the flow across each
component of the reactor internals. When the maximum Reynolds number of the component is
in the supercritical range (2 × 105 − 4 × 106), the periodic cross-flow excitation functions are
based on the flow conditions at 2 × 105. However, the Reynolds number for some of the
analyzed components is close to the lower boundary of the transcritical range, which exhibits
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periodic flow excitation. Since the boundaries between different cross-flow regimes are not well
defined and involve high degrees of uncertainty, these components may be exposed to
transcritical flow conditions at the maximum cross-flow velocity. They are therefore subjected to
periodic fluid forces. In RAI 03.09.02-16, the staff requested the applicant to consider periodic
cross-flow forcing functions at the maximum flow velocity for the reactor internals that have
Reynolds numbers close to the lowest boundary of the transcritical regime.
In its response to RAI 03.09.02-16, dated October 25, 2010 (ML103010051), the applicant
stated that because the maximum flow velocity calculation incorporates several conservative
assumptions, the actual flow velocities are therefore expected to be substantially lower than the
transcritical lower boundary. The applicant referred to the separator tubes to explain this
argument, because they are exposed to the highest Reynolds number for Case 4 operating
conditions. The applicant listed the following conservatisms involved in determining the flow
velocity of the separator tubes:
•

The core flow rate is assumed to be [
operating at full power.

•

The inter-tube gap velocity is based on a reduced flow area to account for the effective
blockage provided by the impinging feedwater flows.

•

The entire flow rate, the recirculating plus the feedwater flow rates, is used to calculate
the inter-tube velocity and Reynolds number. This approach overestimates the flow rate
across the outermost row of separator tubes.

•

The inter-tube velocity is used to calculate the Reynolds number, whereas the turbulent
buffeting forcing function is based on the approach (upstream) velocity.

] value for 10 RIPs

The applicant also mentioned that because a similar conservatism is included in determining the
flow velocities for the other reactor components, the actual Reynolds numbers are substantially
smaller than those in the report. The staff reviewed the assumptions in Section 5 of WCAP17371-P, Revision 2 that were used to determine the flow velocities. The staff agreed that the
assumptions are sufficiently conservative to ensure that the lower bound of the transcritical flow
regime will not be exceeded. Therefore, the staff found the flow velocities used to compute the
forcing function in WCAP-17371-P acceptable, and RAI 03.09.02-16 is resolved and closed.
In WCAP-17371-P, the forcing functions for the relatively long components in the lower
plenum—such as the CRGT and CRDH—were determined for different elevations along the
length. In RAI 03.09.02-27, the staff requested the applicant to elaborate on the methodology
used to correlate the forcing functions at different elevations. In its response to RA 03.09.02-27,
dated February 28, 2011 (ML110630409), the applicant explained that subregions were defined
from the bottom elevation at [
] intervals, which are shorter than the distance
between nodes in the FEM for a stress analysis. The representative flow velocity in each
subregion was defined as the maximum cross-flow velocity at that elevation. Using these
representative flow velocities, fluid force PSDs were determined at each elevation. In the stress
analysis, these forcing functions were conservatively assumed to have no temporal phase
differences (i.e., they are in-phase) and act in the same direction. The staff found this
methodology acceptable because it considers all forces at different elevations to be in-phase,
which results in conservative estimates of the excitation forces computed in WCAP-17371-P.
Therefore, RAI 03.09.02-27 is resolved and closed.
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Although the methodology used in WCAP-17371-P to determine the forcing functions for long
components in the lower plenum results in conservative estimates of the excitation forces, the
applicant did not explain how the worst component, which experiences the highest stresses, is
determined. In RAI 03.09.02-29, the staff requested the applicant to clarify whether the dynamic
analysis was performed for all CRGTs to determine the one with the highest dynamic stresses,
or whether a different approach was used.
In its response to RAI 03.09.02-29, dated October 18, 2010 (ML102930077), the applicant
stated that all components were analyzed to determine the one with the highest dynamic
stresses. For example, all CRGTs were analyzed to determine the CRGT with the highest
dynamic stress. This approach was also followed for the CRDH, ICGT, and ICMH. This
clarification resolved the staff’s concerns regarding the determination of the highest stress in the
lower plenum components, because all components were analyzed in WCAP 17371-P—not just
a select few thought to be exposed to the highest excitation forces. Therefore, RAI 03.09.02-29
is resolved and closed.
In the CFD analysis of the lower plenum, the ICGT and ICMH assemblies were not included in
the numerical model. The forcing functions acting on these components were determined from
the flow velocities computed at their locations, as described in Subsection 5.2.2.3 of
WCAP-17371-P. However, the effect of omitting the ICGT and ICMH assemblies on the local
flow velocity is not addressed in this report. In RAI 03.09.02-28, the staff requested the
applicant to clarify the effect of blockages on the computed flow velocities that would result from
including the ICGT and ICMH in the CFD model.
In its response to RAI 03.09.02-28, dated October 25, 2010 (ML103010051), the applicant
discussed the effect of blockages on flow velocities in the lower plenum. The applicant stated
that including the ICGT and ICMH assemblies in the CFD analysis would result in a slight
increase in the axial flow velocity, especially in the CRGT region. In this region, which is most
influenced by the blockage effect, the increase in the axial flow velocity is expected to be less
than five percent. The applicant stated that this increase over a small region in the lower
plenum is so minute that omitting the ICGT and ICMH assemblies in the CFD model is
acceptable, especially with respect to the FIV stress evaluation. In view of this expected small
increase in flow velocity in comparison to the difficulties involved with including the ICGT and
ICMH assemblies in the CFD model, the staff found the applicant’s clarification and argument
reasonable. In addition, the staff found the applicant’s conclusion supported by the
conservatism in the assumed maximum flow rates of the analyzed operating conditions and the
available stress margins of the components in the lower plenum. Therefore, RAI 03.09.02-28 is
resolved and closed.
Another concern regarding the definition of forcing functions in the RIP guide rail calculation was
raised during the audit held on August 23, 2010, through August 25, 2010. The staff noted that
the FIV analysis did not consider the galloping vibration of the RIP guide rail. Since the RIP
guide rail has a non-circular cross-section and is exposed to the cross-flow, the guide rail may
experience a galloping vibration. In RAI 03.09.02-19, the staff requested the applicant to
address the liability of the RIP guide rail to the flow-induced galloping vibration.
In its response to RAI 03.09.02-19, dated October 25, 2010 (ML103010051), the applicant
discussed the liability of the RIP guide rail to both plunge and torsional galloping. The applicant
stated that the RIP guide rail is [
] The staff
found these explanations reasonable. In addition, the conclusion that no galloping vibration is
expected to occur is supported by the fact that no vibration of the RIP guide rails has been
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reported from operating ABWR plants. The applicant also included an assessment of the
possible galloping vibration of the RIP guide rails in WCAP-17371-P, Revision 2. Therefore,
RAI 03.09.02-19 is resolved and closed.
3.9.2.4.1.2.4 Acoustic Loading due to RIPs
In determining the acoustic loading due to the RIPs in WCAP-17371-P, the applicant considered
the three cases of pump operation discussed earlier in Subsection 3.9.2.4.1.2.1. Based on the
available pressure measurements performed during the start-up tests of RJABWR, the analysis
considered three pump excitation frequencies. The first frequency is the pump rotational speed,
the second is twice the pump rotational speed, and the third is the vane-passing frequency that
is five times the pump rotational speed. The amplitudes of these three frequencies, or the pump
forcing function, were also determined from the RJABWR pressure measurements in the vessel
annulus at two different locations. The pressure transducer that recorded the maximum
amplitude of pressure pulsation, which would yield the maximum pump forcing function, was
used for this purpose.
In determining the RIPs forcing function from the RJABWR pressure measurements, all 10
pumps were assumed to be running in phase. Since the pump phasing information for the
RJABWR is not known, assuming all pumps running in phase to solve for the pump forcing
function will yield the smallest pump forcing function. Therefore, in RAI 03.09.02-51, the staff
requested the applicant to demonstrate that the pump forcing function determined from startup
tests of the RJABWR, and used for the pump acoustic analysis of STP, Unit 3, is conservative.
In its response to RAI 03.09.02-51, dated April 25, 2012 (ML12121A402), the applicant provided
an alternative method for determining the RIP’s forcing function and for confirming the
conservatism of the forcing function used in the STP acoustic analysis. In this alternative
method, the RIP’s forcing function amplitudes for STP, Unit 3, were calculated by scaling the
results obtained from single-pump scale model testing. The use of single-pump testing data
eliminates the effect of pump phasing in the pressure amplitude determination. To determine
the full-scale STP pump forcing functions from the scale model testing data, well-established
pump affinity relationships were used where the pump forcing functions were assumed to be
proportional to the dynamic pressure at the impeller tip. This in turn was proportional to the
product of fluid density and the square of the product of impeller diameter and shaft rotational
speed. The forcing functions developed on the basis of the single-pump testing, which does not
have any issue associated with pump phasing, were found to be bounded by a significant
margin by the forcing functions that were developed using the RJABWR data. The applicant
also states that the staff’s concern that the pump-induced pulsation loads may be underpredicted is not supported by the extensive operating history of the ABWRs in Japan, which
have not experienced any issues associated with pump induced pulsations.
The staff reviewed the applicant’s response and agreed that the pump’s forcing function used in
the acoustic analysis of STP, Unit 3, is conservative, because it is substantially higher than that
determined from the single-pump testing results. Therefore, the staff’s concern regarding the
conservatism of the pump forcing function is resolved, and RAI 03.09.02-51 is resolved and
closed.
The analysis of pump-induced pulsation in the reactor was performed by means of ACSTIC2,
which is a computer code for an acoustic harmonic analysis. A 3-D computer model of the
reactor internals volume was developed and two different boundary conditions at the watersteam interface were analyzed. As mentioned above, the frequencies and amplitudes of the
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pump pulsation level were obtained from the RJABWR pressure measurements. The pump
pulsation loads for large components were developed using a pressure differential amplitude
across the component (e.g., core shroud wall and beam mode pressure difference). For small
components, the loads were developed using a pressure gradient amplitude (e.g., a CP DP line
for which the streamwise dimension of the component is small compared to the acoustic
wavelength).
There is a large degree of conservatism integrated into the analyses of the pump pulsation
loading. [
]
The staff reviewed the methodology and the results of the pump pulsation analysis and found
that several issues still needed further clarification. The ACSTIC2 computer code was used to
compute the forcing functions generated by the pump acoustic pulsation. The validation
process of this computer code is not addressed in the submitted documents. In
RAI 03.09.02-21, the staff requested the applicant to explain how this code was validated in a
system reflecting the degree of complexity of the STP reactor. The applicant was also
requested to verify whether this computer code should be listed in the COL FSAR.
In its Revision 1 response to RAI 03.09.02-21, dated April 13, 2011 (ML11105A138), the
applicant stated that the ACSTIC2 code was verified by comparisons with two analytical
solutions, test loop data, and plant data. The analytical solutions were for simple geometries
and the code predictions were within one percent of the analytical mode shape. A test loop was
also used to validate the predictions of ACSTIC2 for the first and second blade-passing
frequencies. The computed waveforms for these two frequencies were, on average, within 10
percent of the pressure transducer data collected from various locations around the test loop.
These verification analyses are described in the paper by Schwirian et al. (1982), “A Method for
Predicting Pump-Induced Acoustic Pressures in Fluid Handling Systems,” which was published
in ASME Pressure Vessel and Piping (PVP) Conference (Volume 63, pp. 167-184). The
applicant stated that the verification performed against the plant data in 1983 involved a
comparison of the code-predicted pressure gradient to data inferred from guide tube and
support column vibration measurements. The results were in reasonably good agreement.
The staff found the verification tests performed by the applicant satisfactory because they
include comparisons between plant data and test loop results. The applicant also added
ACSTIC2 to COL FSAR Appendix 3D. Section 3.9.1 of this SER evaluates the verification and
validation of ACSTIC2. RAI 03.09.02-21 is therefore closed.
Regarding another issue related to the validation of the ACSTIC2 simulation in RAI 03.09.02-22,
the staff requested the applicant to elaborate on how the acoustic damping coefficients were
determined for various components of the reactor internals. In its response to RAI 03.09.02-22,
dated October 25, 2010 (ML103010051), the applicant stated that a uniform damping value of
one percent was used in the simulation. The applicant considered this value to be conservative,
because estimates of damping values from plant data obtained from the RJABWR yielded
higher values. The staff found the applicant’s response reasonable and agreed that the
damping value used in the simulation in WCAP-17371-P is conservative. Therefore, RAI
03.09.02-22 is resolved and closed.
3.9.2.4.1.2.5 Structural Models
Two FE codes — ANSYS Release 10 and ABAQUS Version 6.6-3—were used to build the
structural model of the components other than the steam dryer. FEMs were built for each
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component using either beam or shell elements or a combination of the two, depending on the
geometry of the component. Modal analyses were performed to determine the natural
frequencies and mode shapes of the components. As suggested in RG 1.20, a structural
damping ratio of one percent or less was used. Also, frequency convergence studies were used
to refine the model mesh. The staff reviewed the assumptions, boundary conditions, fluid added
mass effects, material properties, mesh sizes, and other relevant information used in the
structural modeling of reactor internals (other than the steam dryer) that were determined to
have a high FIV susceptibility. In modeling boundary conditions in the natural frequencies and
mode shape calculations for the CP and RIP DP lines, the staff noted that there is a small radial
gap between the pipe line and the support in the CP and RIP DP lines. The two translational
degrees of freedom, however, were assumed to be fixed and the supports were modeled as
hinge supports. Only the axial displacement was allowed. Because boundary conditions can
significantly change the natural frequencies of a system, the staff issued RAI 03.09.02-33
requesting the applicant to justify this boundary condition modeling.
In its response to RAI 03.09.02-33, dated November 4, 2010 (ML103090554), the applicant
explained that the CP and RIP DP lines will actually be installed in a preload condition, and
radial displacements will not occur. The response includes details of the preload conditions and
installation procedures. The staff found the applicant’s response acceptable, because the CP
and RIP DP lines are installed in a preload condition due to support offsets. The preload
conditions will restrain the radial translations of the pipe relative to the supports, and the hinge
boundary condition at the intermediate support is justified. Therefore, RAI 03.09.02-33 is
resolved and closed.
In modeling boundary conditions in the natural frequencies and mode shapes calculations for
the lower guide rods, the staff noted gaps between the guide rod and the supporting brackets at
both the top and bottom ends. These gaps, however, were not considered in the model and
fixed boundary conditions were assumed for all degrees of freedom at these two locations.
Therefore, the staff issued RAI 03.09.02-35, requesting the applicant to justify not considering
these gaps in the model.
In its response to RAI 03.09.02-35, dated October 18, 2010 (ML102930077), the applicant
stated that the bottom end of the guide rod has a small gap. However, this connection is
assumed to be fixed in all degrees of freedom because there is a lower stud that rigidly
connects the bracket to the guide rod. The applicant stated that there is a gap at the top-end
bracket and acknowledges that this bracket does not provide lateral support for the rod when
lateral deformation of the rod is small. The applicant agreed to revise the boundary conditions
in the model with no lateral supports at the top end of the guide rod. Modal frequencies and
modal shapes will be recalculated. The staff found the response acceptable, because all
degrees of freedom at the bottom end of the rod can be restricted when there is a stud rigidly
connecting the bracket to the rod. The applicant has revised the boundary conditions at the top
end of the rod, recalculated the natural frequencies and modal shapes for the subsequent stress
analysis, and documented the results in WCAP-17371-P, Revision 2. Therefore, the staff’s
concern is resolved and RAI 03.09.02-35 is resolved and closed.
In WCAP-17371-P, the model used to assess the natural frequencies and mode shapes for the
shroud head and steam separators consisted of shell and beam elements. The applicant stated
that the boundary conditions used in the model consider that some nodes of the shroud head
were fixed horizontally to prevent rigid body motion. It was not clear to the staff how these
nodes were selected and whether the selection of different nodes would affect the frequency
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results. Therefore, the staff issued RAI 03.09.02-36, requesting the applicant to explain the
basis of and impact on the selection of these nodes.
In its response to RAI 03.09.02-36, dated October 18, 2010 (ML102930077), the applicant
stated that every node at the lower edge was fixed in a vertical direction. To prevent rigid body
motion, four of these nodes at the lower edge were placed at 0-, 90-, 180-, and 270-degree in
the cylindrical coordinate system and were also fixed in a circumferential direction. The
applicant stated that the purpose of the modeling of the shroud head was to obtain appropriate
boundary conditions for performing a modal analysis of the steam separator. If all nodes at the
lower edge were fixed horizontally, then the lowest natural frequency only increased about 0.1
Hz. The staff found the applicant’s response acceptable because some nodes at the lower
edge of the model have to be fixed to prevent rigid body motion. The applicant also
demonstrated that the selection of nodes does not affect the frequency results. Therefore, RAI
03.09.02-36 is resolved and closed.
The staff noted that the shroud head and steam separators are complex, and their FEMs may
require validation of the computed natural frequencies either by the test data or by inclusion in
the CVAP measurement plan. The staff noted that there are no existing measurement data in
similar plant designs, such as the RJABWR, for comparison and validation with the computed
natural frequencies. In WCAP-17370-P, the applicant stated that the STP, Unit 3, measurement
and inspection program will include the shroud head structure. [
]
The staff found the measurement plan acceptable, because the frequencies of the shroud head
will be measured for a comparison with the calculated values. In modeling boundary conditions
in the natural frequencies and mode shapes calculation for the CRGT, the applicant states that
at the top-end support, the two lateral translational degrees of freedom were assumed to be
fixed. The staff noted that there is a gap between the top end of the guide tube and the core
support plate. Therefore, the staff issued RAI 03.09.02-40, requesting the applicant to provide
the gap size and to justify not considering the gaps in the modeling.
In its response to RAI 03.09.02-40, dated October 18, 2010 (ML102930077), the applicant
stated that the gap size is 0.1 mm (3.94 mils) between the outside diameter of the control rod
guide tube and the hole in the core plate support. Therefore, it is assumed that there is no
lateral movement because of the small gap size and only the axial movement is allowed. The
staff found the applicant’s response acceptable because the gap is only 0.1 mm, so fixing the
two translational degrees of freedom at the top end of the CRGT and allowing only an axial
motion is a reasonable approach. Therefore, the staff’s concern is resolved and RAI 03.09.0240 is resolved and closed.
In areas of the fluid modeling of steam separators and the shroud head, there should be fewer
fluid-added mass effects at the top of the separators than at the bottom, because the top end is
surrounded by a steam-water mixture and the bottom end is submerged in water. However, the
staff noted that a constant water density was used along the entire length of the separator in the
natural frequencies and mode shapes calculation. The applicant stated that this is a
conservative assumption leading to the higher fluid-added mass, which results in lower
frequencies of the separator. The staff agreed that the higher added mass would lead to lower
frequencies and would probably result in higher FIV stresses. However, there is also the
possibility that the lower frequencies would fall outside the frequency bands of the pump
pulsation loads. The staff therefore issued RAI 03.09.02-37, requesting the applicant to justify
this assumption.
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In its response to RAI 03.09.02-37, dated October 18, 2010 (ML102930077), stated that a
revised modal analysis will be performed that considers the actual fluid density variation. The
staff found the applicant’s response acceptable because the applicant will consider the fluid
density variation in the modal analysis and the subsequent pump pulsation analysis, so there is
no possibility of missing frequencies in the frequency band of the pump pulsation loads. The
applicant revised the modal analysis by considering the actual fluid density variation for the
subsequent stress analysis. The results are documented in WCAP-17371-P. Therefore, the
staff’s concern is resolved, and RAI 03.09.02-37 is resolved and closed.
In determining the effects of the added mass in the structural calculation of HPCF spargers, the
applicant used two different values for water weight in the preoperational condition and in
normal operation. Therefore, the staff issued RAI 03.09.02-41, requesting the applicant to
clarify the large difference in water weight used to calculate the added mass.
In its response to RAI 03.09.02-41, dated October 18, 2010 (ML102930077), the applicant
stated that the added mass is treated differently in preoperational and normal operational
conditions. In the preoperational case, the HPCF sparger is submerged in water. In the case of
normal operational conditions, the HPCF sparger is in a mixed environment of water and steam.
The staff found the applicant’s response acceptable because the added mass in a water
environment is larger than that in a water/steam environment. Therefore, RAI 03.09.02-41 is
resolved and closed.
A 3-D shell structural model was built to represent the core shroud, shroud head, shroud
support, and shroud supporting legs. The applicant stated that a seismic analysis of the core
shroud was performed for STP, Unit 3, using a spring-mass stick model. The staff issued RAI
03.09.02-42, requesting the applicant to provide a comparison of the computed core shroud
frequency between the 3-D shell model and the spring-mass stick model.
In its response to RAI 03.09.02-42, dated October 25, 2010 (ML103010051), the applicant
stated that the lowest frequency of the core shroud based on the spring-mass stick model is
within five percent of the frequency based on the 3-D shell model. The staff found the
applicant’s response acceptable, because the applicant had compared the frequency of the core
shroud between the 3-D shell model and the spring-mass stick model. The staff found the
difference to be small, and the component modeling in WCAP-17371-P is thus acceptable.
Therefore, RAI 03.09.02-42 is resolved and closed.
3.9.2.4.1.2.6 Stress Analysis and Fatigue Margins
As discussed in Subsection 3.9.2.4.1.2 of this SER, the applicant performed stress analyses for
the 10 components considering turbulence buffeting and pump acoustic pulsations, and
determined the fatigue margins (i.e., the ratio of the calculated FIV stresses against the fatigue
stress limit). The PSD random vibration method was used for the turbulent buffeting stress
analysis, and the harmonic modal superposition method was used for the pump pulsation stress
analysis. The vortex shedding load was neglected in the stress calculation because the vortex
frequencies are much smaller than the lowest frequencies of the components, and lock-in
cannot occur. The results of the analysis showed that all stresses of these components under
buffeting and pump acoustic pulsations are below the allowable fatigue limit. The staff’s review
of the stress analyses follows.
The PSD method was used to calculate the RMS (1-sigma) stresses for the three bounding
cases mentioned earlier in Subsection 3.9.2.4.1.2.4 within the frequency of interest (i.e., the cut3-356

off frequency of the turbulence buffeting loading function of each analyzed component), with the
expectation that the calculated stress values will not be exceeded at least 68.3 percent of the
time. The SRSS method was used to combine the RMS stresses, which were then multiplied by
a peak-to-RMS ratio of 3 to get the 3-sigma stress (assuming a Gaussian distribution), with the
expectation that the calculated stress will not be exceeded at least 99.7 percent of the time.
As mentioned in Subsection 3.9.2.4.1.2.4 of this SER, three pump frequencies were considered
in the pump pulsations evaluation—the pump rotational frequency, twice the pump frequency,
and five times the pump frequency (i.e., vane-passing frequency). The three frequencies were
expanded (±10 percent) to form three frequency bands. Modal stresses were calculated for
each mode that was within the frequency bands. If no natural frequency was within the band,
modal stresses were calculated at the two frequency ends of the band. A combination of modal
stress was applied for all calculated modal stresses using the SRSS method.
In the stress analysis of pump pulsations, the applicant calculated the modal stresses for all
modes of each component, up to the upper limit of the vane-passing frequency. In the
turbulence buffeting stress analysis, modal stresses of all modes were applied up to the cut-off
frequency of the turbulence buffeting loading function. Each component had a different cut-off
frequency.
The maximum stresses of turbulence buffeting and pump pulsation were further combined using
the SRSS method and were then compared to a pseudo fatigue stress limit of 68.6 MPa (9.95
ksi) to determine the stress ratio. To account for the maximum element stresses occurring by
weld locations, weld factors based on the ASME BPV Code were applied to the stress ratio for
predicting the stress in the welds.
The staff reviewed the stress analysis methodologies, the combination of modal stresses, the
number of expanded modes, weld factors, fatigue stress limits, and other relevant information
used in the stress analysis and fatigue margins. The staff found the stress analysis
methodologies and methods of modal combination to be sound and adequate.
The staff noted that the calculated stress ratio of the shroud head bolts based on the analyzed
Case 1 in WCAP-17371-P was [
] The staff also noted that this analysis was an
unrealistic case with three adjacent pumps turned off. In addition, the wiring of the pumps
prohibits this case. The normal operation in the initial startup (i.e., Analysis Case 4 where
10 pumps are in-phase running at 100 percent of the rated power and producing approximately
[
] of the flow rate) is a realistic analysis case that produces a stress ratio much
greater than 1. The staff found the shroud head bolt stress analysis acceptable because it is
conservative and the results meet the ASME BPV Code allowable. During the audit on August
23, 2010, through August 25, 2010 (ML102560535), the staff noted that for the structural
analysis of the CRGT and CRDH, the applicant had calculated 10 modes and had included all
but the seventh and eighth modes. The applicant stated that these two modes were ignored
because the seventh mode is an axial mode and the eighth mode has a small, generalized
mass. The staff noted that the two modes were within the frequency of interest. The staff
issued RAI 03.09.02-43, requesting the applicant to explain the reason for ignoring these two
modes.
In its response to RAI 03.09.02-43, dated October 18, 2010 (ML102930077), the applicant
stated that the seventh mode is an axial expansion and contraction mode and the eighth mode
is a torsional mode. The applicant further stated the intention to include these two modes in the
modal stress combination. The staff found the applicant’s response acceptable because the
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eighth mode is identified, and both the seventh and eighth modes are included in the modal
stress combination and are documented in WCAP-17371-P. Therefore, the staff’s concern is
resolved and RAI 03.09.02-43 is resolved and closed.
During the audit between December 1, 2010, through December 3, 2010 (ML110120674), the
staff noted that Table 5.4 of the CRDH/CRGT structural analysis report listed two predicted
strains in the analyzed Case 4 that are smaller than the RJABWR measurement results.
Although the applicant applied a scaling factor in the analysis to compensate for the difference,
the applicant did not explain why the predicted stresses were underestimated. The staff issued
RAI 03.09.02-45, requesting the applicant to provide the reasons for the underestimates, and to
provide evidence that the scaling factor used as a safety factor in the analysis would not be
exceeded for other locations of the CRDH/CRGT.
In its response to RAI 03.09.02-45, dated February 28, 2011 (ML110630409), the applicant
stated that the stress analysis report was revised using an updated forcing function that
envelops the uncertainties in the velocity profiles. As a result, all of the calculated stresses for
the analyses of Cases 1 and 4 are greater than the actual plant-measured data. The results of
the analyses are documented in the revision of the stress report. The staff found the applicant’s
response acceptable, because the calculated stresses are no longer smaller than the measured
stresses and there is no need to apply any scaling factor in the updated analysis. Therefore,
RAI 03.09.02-45 is resolved and closed.
During the audit between December 1, 2010, through December 3, 2010, the staff noted that
the HPCF FIV stress analysis report listed several calculated strains that are smaller than the
actual plant measurement results in the RJABWR. The staff issued RAI 03.09.02-46,
requesting the applicant to explain why the results of the analysis were underestimated and why
no safety factor was applied to the calculated stresses to compensate for the difference.
In its response to RAI 03.09.02-46 , February 28, 2011 (ML110630409), the applicant stated
that the most likely explanation for the underestimates can be found in the measured strains,
which included some effects other than the FIV effects that could induce a large impact on the
strain reading because the measured strains were so low. The applicant further stated that the
stress analysis was updated using a revised forcing function, and the revised results provide
better agreement. Though the predicted strains are still below the measured strains, the
applicant stated that it is not a concern and no adjustment is needed; the calculated and the
measured stresses are very low and are only a small fraction of the fatigue stress limit. The
staff found the applicant’s response acceptable, because it was a reasonable explanation for
underestimating the predicted strains. The staff agreed that there is no need to apply the safety
factor to the calculated stresses because there is a large fatigue margin. Therefore, RAI
03.09.02-46 is resolved and closed.
The applicant stated that the FIV levels for the components other than the steam dryers are
acceptable and that the STP, Units 3 and 4, internal design is adequate to ensure structural
integrity over the expected design life for the components at full power operation. The staff
agreed with the conclusion drawn by the applicant because the stress analyses are based on a
sound and conservative approach, and the stress margins are below the fatigue limits.
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3.9.2.4.1.3 Dynamic Analysis of Reactor Internals (Other than the Steam Dryer) That Have
Not Experienced the Effects of FIV
In WCAP-17371-P, the applicant determined that five components have insignificant FIV effects.
The applicant therefore excluded these components from the CVAP test plan and stress
evaluation. These components include the top guide grid plate, core plate, steam vent and
spray tube assembly, specimen holders, and orificed fuel support. The applicant added that the
following criteria must be met before considering that a component has insignificant FIV effects:
1.

To prevent a lock-in of the vortex-shedding frequency with the component natural
frequency:
Reduced velocity = V / (fc × D) < 1,
where: V is cross-flow velocity, D is component diameter, and fc is component
fundamental frequency.

2.

To limit stress amplitudes from vortex-shedding loads:
fc / fs > 3,
where: fs is the vortex-shedding frequency.

3.

To limit stress amplitudes from pump pulsations:
| fc – fp | > 10 Hz,
where: fp is the pump vane-passing frequency.

Modal analyses were carried out and the applicant stated that all three acceptance criteria were
met for the above five components. The reduced velocities are considerably less than the limit
value of one. The difference between the fundamental frequency of the component and the
pump vane-passing frequency is much greater than 10 Hz. The applicant concluded that it is
not necessary to include these five components in the FIV stress analysis and test program.
Based on results of the FIV stress evaluations, the applicant concluded that the vibration levels
of the analyzed components are acceptable, and the structural designs of the components are
adequate to ensure structural integrity under FIV loads. The staff agreed with the applicant’s
conclusion, because the applicant has demonstrated that the stress limits of the analyzed
components satisfy the endurance limit of the ASME BPV Code. In addition, the stress
analyses were conducted in a conservative manner that considered biases and uncertainties as
suggested in RG 1.20, Revision 3.
3.9.2.4.2

Preoperational Flow-Induced Vibration Testing on Reactor Internals

3.9.2.4.2.1 STP Unit 3
The factors that were considered in selecting components for vibration measurements during
preoperational, precritical, and start-up testing included:
•

Field experience (components that have experienced FIV-related cracking in ABWRs or
where applicable, in BWR operations).

•

Stress results of similar tests conducted on the RJABWR.
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•

Safety significance.

•

Difficulty of installation and subsequent removal following startup testing.

•

Calculated alternating stress.

The applicant developed an MTI plan that includes the criteria for the selection of a sensor
location, sensor type, and number of sensors for the components. Section 3.1 of
WCAP-17370-P presents the type of measurements to be made, the vibration transducer type,
and the quantity and location of the sensors for seven specific components (top of shroud head,
top of shroud, CRGT/CRDH, ICGT, ICMH, HPCF coupling, and HPCF sparger) plus the steam
dryer. PTs, SGs, accelerometers, and displacement sensors will be placed on the seven
components other than the steam dryer. PTs, SGs, and accelerometers will be used for the
steam dryer measurement.
In WCAP-17370-P, Section 4, the applicant stated that because STP, Unit 3, is essentially
identical to the RJABWR, the results of the RJABWR tests were used as guidance in selecting
the test conditions for STP, Unit 3. The internal components (other than the steam dryer) that
experienced the effects of FIV will be measured during the preoperational test, which is
conducted without the fuel assemblies and the steam dryer. During preoperational testing, the
reactor internals are subjected to different flow conditions from flow sweeps, the steady-state
operation, pump trips, and an unbalanced flow by tripping selected pumps. The duration of the
test is such that the lowest natural frequency component would accumulate 106 cycles to reach
the fatigue endurance limit.
The precritical testing will be performed with fuel before reactor criticality, with all components
installed and the reactor assembly complete. The startup tests will be performed with fuel in
place, the reactor assembly complete, and after the reactor achieves criticality.
The inspection program for STP, Unit 3, components (other than the steam dryer) involves a
visual examination (VT-3) with the required magnification of select reactor internals susceptible
to FIV, before and after preoperational testing to confirm that the structural integrity was
maintained. The components are inspected before and after the preoperational testing to
assess any cracking in welds or components, deformation, loosening of bolts, presence of
debris, and component failure resulting from FIV or wear. The VT-3 examination was
conducted to: (a) determine the general mechanical and structural condition of components and
their supports by verifying parameters such as clearances, settings, and physical
displacements; (b) detect discontinuities and imperfections such as a loss of integrity at bolted
or welded connections, loose or missing parts, debris, corrosion, wear, or erosion; and
(c) observe conditions that could affect the operability or functional adequacy of constant-load
and spring-type components and supports.
The planned inspection of steam dryer components will be conducted in accordance with ASME
BPV Code Section XI requirements and BWRVIP-139-A guidelines. The inspection program
involves visual examination (VT-1). The inspection will be performed no later than the first
refueling outage. The VT-1 examination detects discontinuities and imperfections such as
cracks, corrosion, wear, or erosion on the surface of components as well as on welded joints.
The staff reviewed the proposed program for preoperational vibration tests and measurements
and found it acceptable, because it includes adequate sensors positioned at properly selected
locations. The test conditions and the selection of the type and location of the
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vibration/pressure/strain sensors take into account the results of the vibration analysis as well
as the operating experiences of ABWRs and BWRs. The staff also found the inspection plan
acceptable and compliant with ASME BPV Code Section XI requirements and BWRVIP-139-A
guidelines.
3.9.2.4.2.2 STP Unit 4
STP, Unit 4, reactor internals are designated as a non-prototype Category I. After the
successful completion of the CVAP, the STP, Unit 3, dryer will become the valid prototype. The
applicant submitted the CVAP for STP, Unit 4, reactor internals in WCAP-17257-P. As specified
in this report, the applicant will perform a measurement program for the steam dryer of STP,
Unit 4, even though STP, Unit 4, is designated as a non-prototype Category I reactor. The
measurement program for the STP, Unit 4, steam dryer will be the same as the STP, Unit 3,
steam dryer measurement program described in WCAP-17385-P. [
] The
power ascension test plan of the STP, Unit 4, steam dryer will also be similar to that of STP,
Unit 3. In addition to measurements, the applicant will also perform inspections of the STP, Unit
4 steam dryer.
For the components other than the steam dryer, the applicant stated that consistent with the
guidance in Revision 3 of RG 1.20, the CVAP for non-prototype Category I reactor internals
includes the vibration and stress analysis program and either a vibration measurement program
or an inspection program. For the components of STP, Unit 4, other than the steam dryer, the
applicant opted to submit the vibration and stress analysis program and the inspection program.
The staff found the STP, Unit 4, reactor internals identical in arrangement, design, size, and
operating conditions to those of STP, Unit 3. Therefore, the vibration and stress analysis
program for the STP, Unit 3, reactor internals is applicable to the STP, Unit 4, reactor internals.
Regarding the inspection plan, the applicant will implement the guidance of RG 1.20, which
recommends that the inspection program for a non-prototype Category I reactor should follow
the same inspection program guidelines as for prototype reactor internals. The inspection
program for STP, Unit 4, will therefore include an inspection of the reactor internals before and
after preoperational testing to confirm the structural integrity of the reactor internals to withstand
FIV, with no damage to reactor internals or loose parts resulting from the testing. The details of
the preoperational inspection program for the STP Unit 4 components other than the steam
dryer are identical to those for STP, Unit 3, as described in WCAP-17370-P.
The STP, Unit 4, steam dryer will be inspected before initial installation and no later than the
first refueling outage. The applicant initially indicated that the inspection of the STP, Unit 4,
steam dryer would be performed as a VT-3 examination. The use of less intensive inspection
methods was based upon: (a) the test and measurement program for the STP, Unit 3, steam
dryer, (b) the inspection of the STP, Unit 3, steam dryer, and (c) the successful operating
experience of ABWR steam dryers in Japan. The staff found the proposed use of the VT-3
examination to be inconsistent with the method recommended by the industry in BWRVIP-139-A
for steam dryer components, which is the VT-1 examination for detecting cracks. The staff
considered the use of the VT-1 examination as providing assurance that any deleterious cracks
will be detected before they result in significant loose-part generation from the steam dryer.
Therefore, the staff requested the applicant to revise the STP, Unit 4, steam dryer inspection
program described in Section 3.2 of WCAP-17257-P, Revision 0, so that it is consistent with the
industry guidance in BWRVIP-139-A or to provide an acceptable alternative. In its response to
RAI 03.09.02-49, dated October 5, 2011 (ML11285A244), the applicant stated that the STP,
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Unit 4, steam dryer inspection was changed to the VT-1 to be consistent with the STP, Unit 3,
steam dryer inspection. The applicant subsequently revised the STP, Unit 4, steam dryer
inspection to VT-1 in WCAP-17257-P, Revision 1. Therefore, RAI 03.09.02-49 is resolved and
closed.
As recommended in RG 1.20, the results of the STP, Unit 4, vibration and stress analyses and
the inspection program will be provided to the NRC. The staff found the CVAP for STP, Unit 4,
acceptable, because it complies with the guidelines of RG 1.20 for non-prototype Category I
reactor internals.
3.9.2.4.2.3 Correlation of Reactor Internals Vibration Tests with the Analytical Results
To comply with the recommendations of RG 1.20, Revision 3, the applicant will perform
correlations between the vibration tests and the analytical results and will resolve any
discrepancies. In WCAP-17370-P, Section 6, the applicant stated that the results of the
vibration measurement program will be documented in a final report that will also include a
comparison of the measured values to the acceptance criteria. Section 7 of the same report
states that acceptance criteria will be developed for each of the sensors to be used for
measurements. The criteria will take into account the location of the particular transducer,
operating conditions for each test, uncertainties and biases, and margins to be added for
conservatism to ensure that the allowable fatigue stress of 68.6 MPa (9.95 ksi) will not be
exceeded. The applicant will generate tables of maximum allowable test values for the sensors
to include in the detailed test procedures. These maximum allowable test values will provide
guidance for the test operators when they are conducting the CVAP tests.
The applicant will use two levels of acceptance criteria for allowable vibration during the tests:
•

Level 1 criteria are bounding-type criteria associated with safety limits for steady-state
vibrations and are based on the fatigue endurance limit (68.6 MPa (9.95 ksi)) to protect
against any failure from fatigue over the life of the plant.

•

Level 2 criteria are associated with analysis predictions and depend on the type of
testing.

The staff reviewed these acceptance criteria and found them reasonable because the flow
velocities of various components are conservatively determined, and additional conservatism is
included in determining the forcing functions and assumptions related to the boundary
conditions in the FE structural models.
For the steam dryer in WCAP-17385-P, the applicant explained how the limit curves will be
developed and continually updated with power ascension to ensure that the stresses are below
the fatigue limit. The Level 1 limit curves are computed to reflect that the maximum dryer stress
does not exceed the allowable stress of 68.6 MPa (9.95 ksi). The Level 2 limit curves are
obtained by multiplying the Level 1 curves by a factor of 0.80. Should a Level 2 limit curve be
exceeded during a power ascension, the power will be held at that power level to perform a realtime stress analysis and to develop new limit curves. Should a Level 1 limit curve be exceeded,
the power will be reduced to a previous power level where Level 1 was not exceeded, and a
real-time stress analysis will be performed to develop new limit curves. Per the license
conditions, the applicant will also perform end-to-end comparisons between the predicted and
measured strains on the dryer at 80 percent, 90 percent, and 100 percent power to confirm the
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conservatism of the predicted dryer stress field. End-to-end bias errors and uncertainties will be
added for the dryer regions, where the measured strain is underpredicted.
The staff reviewed the proposed limit curves methodology and the power ascension plan. The
staff noted that the NRC has approved the concept of using limit curves based on the measured
minimum stress ratio, which has also been successfully applied by several BWR licensees
implementing EPU license amendments to monitor the dryer stresses during a power ascension
to EPU conditions. However, the limit curves for STP, Unit 3, will not be determined from steam
line measurements. Instead, the limit curves will be determined from pressure measurements
on the steam dryer. Therefore, a minimum stress ratio of 1, including the bias and uncertainty
margin, is acceptable in this case.
3.9.2.5

Post Combined License Activities

The applicant identified Commitment 3.9-1 for the STP reactor internals program. To provide
further detailed requirements for the post-COL activities to be performed, consistent with
recently completed NRC licensing activities, the NRC also intends to impose a license condition
for implementing COL License Information Item 3.27 based on the staff’s review of the
applicant’s demonstration of the structural capability of the STP Units 3 and 4 steam dryers, and
the successful EPU power ascension programs at operating BWR nuclear power plants.
•

Commitment (COM 3.9-1) – Perform vibration tests and inspections, and submit
vibration analyses and test results.
•

License condition
A Steam Dryer Monitoring Plan (SDMP) for each STP steam dryer will be
prepared and provided to the NRC no later than 30 days before startup of the
applicable STP reactor unit. The SDMP will reflect industry experience with the
performance of steam dryer power ascension testing. The SDMP shall include
the following, which shall be augmented or modified as appropriate to address
industry experience:
1

Details of the installation and calibration of the steam dryer SGs will be
provided. The SGs will be mounted and calibrated in accordance with the
manufacturers’ instructions to accurately measure the dynamic response.

2

The initial hold point will be 60 percent of full power at which pressures,
strains, and accelerations will be recorded from the dryer-mounted
instrumentation.
•

The methodology for the steam dryer load definition will be
benchmarked, and appropriate bias errors and uncertainties will
be determined from measurements on the dryer.

•

The steam dryer maximum stress and minimum stress ratio will be
computed from the predictive analysis using up to a ±10 percent
frequency sweep of load applications and appropriate additional
bias errors and uncertainties, as described in Section 6.2 of
WCAP-17385-P (FSAR Reference 3.9-25).

•

Level 1 and Level 2 limit curves will be generated for at least eight
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pressure transducer locations on the steam dryer (four on the
outer bank hoods and four on the skirt), as described in Section
6.2 of WCAP-17385-P.
•

Limit curves will include bias errors and uncertainties as described
in Sections 6.5.1 and 6.5.2 of WCAP-17385-P.

3

Subsequent hold points will be at 70 percent, 80 percent, and 90 percent
power levels. Revised limit curves at each hold point will be developed
and provided to the NRC. Data trending and a projection of pressure
levels will be generated for the next hold point and full power.

4

During power ascension, should a Level 2 limit curve be exceeded, the
power will be held at that power level to perform a real-time stress
analysis to develop new limit curves. Should a Level 1 limit curve be
exceeded, the power will be reduced to a previous power level where
Level 1 was not exceeded and a real-time stress analysis will be
performed to develop new limit curves (see Section 6.3 of WCAP-17385P).

5

End-to-end comparisons between the predicted and measured strains on
the steam dryer shall be performed at 80 percent, 90 percent, and 100
percent power levels to confirm the conservatism of the predicted dryer
stress field. Additional end-to-end bias errors and uncertainties must be
considered for the dryer regions, where the measured strain at any SG is
underpredicted. Neither bias errors nor uncertainties will be credited for
strain overpredictions.

6

At each hold point, power ascension will not proceed to the next power
level for at least 72 hours after reporting to the NRC.

7

After full power has been achieved, a full stress analysis report and
evaluation will be provided to the NRC within 90 days of reaching the full
power level. The report will include the minimum stress ratio and the final
dryer load definition using steam dryer instrumentation, and associated
bias errors and uncertainties.

8

During the first two scheduled refueling outages after reaching full power
conditions, a visual inspection will be conducted of all accessible and
susceptible locations of the steam dryer in accordance with BWRVIP-139A guidance on inspection locations. The results of these baseline
inspections will be provided to the NRC within 60 days following startup
after each outage.

9

At the end of the second refueling outage following a full power operation,
an updated SDMP reflecting a long-term inspection plan based on
industry operating experience will be provided to the NRC.

10

This license condition shall expire upon the submittal of the inspection
plan described in Paragraph 9.
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3.9.2.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
the dynamic testing and analysis of SSCs that were incorporated by reference have been
resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations, the guidance in Section 3.9.2 of NUREG–0800, and applicable NRC
regulatory guides. The staff’s review concluded that the applicant has provided sufficient
information to demonstrate that the STP, Units 3 and 4, reactor internals design meets the
requirements of 10 CFR Part 50 Appendix A, GDC 1 and 4 for the design and testing of reactor
internals with the potential to generate loose parts to quality standards commensurate with the
importance of the safety functions performed with appropriate protections against dynamic
effects, including FIV and acoustic resonance. The staff also concluded that the CVAPs for
prototype and non-prototype Category I reactor internals, in accordance with the regulatory
positions of RG 1.20, Revision 3, provide an acceptable basis for design adequacy of the
reactor internals under test loading conditions comparable to those experienced during
operation. The integrity of the reactor internals in service is essential to the proper positioning
of reactor fuel assemblies and the unimpaired operation of the control rod assemblies for the
safe reactor operation and shutdown. The combination of tests, predictive analyses, and posttest inspections provide adequate assurance that during their service lifetime, the reactor
internals will withstand the FIV and acoustic resonance of reactor operations without a loss of
structural integrity.
The staff concluded that the applicant has provided adequate information that meets the
relevant requirements of 10 CFR Part 50 Appendix A, GDC 1 with regard to the prototype and
non-prototype Category I reactor internals being tested to quality standards commensurate with
the importance of the safety functions to be performed. The proposed CVAP correlates the test
measurements with results of the analyses. The program provides an acceptable basis for
demonstrating the compatibility of the results from tests and analyses, the consistency among
mathematical models used for different loadings, and the validity of the interpretation of the
results of the tests and analyses.
3.9.3

ASME Code Class 1, 2, and 3 Components, Component Supports, and Core
Support Structures

3.9.3.1

Introduction

The structural integrity and functional capability of pressure-retaining components, their
supports, and CS structures are ensured by designing them in accordance with ASME Code
Section III or other industrial standards. The loading combinations and their respective stress
limits; the design and installation of pressure-relief devices; and the design and structural
integrity of ASME Code Class 1, 2, and 3 components and component supports are included.
The criteria for the SSC designs include the following considerations:
•

Loading combinations, design transients, and stress limits.
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•

Pump and valve operability assurance.

•

Design and installation criteria of Class 1, 2, and 3 pressure-relieving devices.

•

Component and piping supports.

3.9.3.2

Summary of Application

Section 3.9.3 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.9.3 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.9.3, the applicant provided the following:
Tier 1 Departure
•

STD DEP T1 2.4-3

RCIC Turbine/Pump

The applicant combined the RCIC turbine and the RCIC pump into a single assembly unit and
incorporates a new requirement, which states that the RCIC turbine/pump assembly will be
constructed in accordance with the requirements of ASME Code Section III for Class 2
components.
In Subsections 3.9.1.9 and 3.9.3.4.4, the applicant deleted the RCIC pump as one of the listed
pumps because it is now part of the RCIC turbine/pump assembly.
To account for both the RCIC turbine and RCIC pump as part of a single assembly, the
applicant replaces “RCIC Turbine” with “RCIC Turbine-Pump” in the title and description in
FSAR Subsections 3.9.3.2.1.5 and 3.9.3.2.2.
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 6C-1

Containment Debris Protection for ECCS Strainers

This departure incorporates the new complex emergency core cooling system (ECCS) strainer
design (i.e., cassette-type).
COL License Information Item
•

COL License Information Item 3.28 ASME Class 2 and 3 or Quality Group D
Components with 60-Year Life

The applicant added a supplement in FSAR Subsection 3.9.7.2 to address COL License
Information Item 3.28, which stated:
The ASME Class 2 and 3 or Quality Group D components that are subjected to
cyclic loadings, including operating vibration loads and thermal transients effects,
of a magnitude and/or duration so severe the 60-year design life cannot be
assured by required Code calculations and, if similar designs have not already
been evaluated, will be identified and an appropriate analysis will be available to
demonstrate the required design life or designs to mitigate the magnitude or
duration of the cyclic loads will be available for review prior to fuel load.
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•

COL License Information Item 3.30 Audit of Design Specification and Design Reports

The applicant added the following site-specific supplement to address COL License Information
Item 3.30 in Subsection 3.9.7.4 of the FSAR:
The design specification and design reports required by ASME Code for vessels, pumps,
valves and piping systems for the purpose of audit will be made available for NRC
review.
The piping system design is consistent with the construction practices, including
inspection and examination methods of the ASME Code 1989 edition with no addenda.
ASME Code editions and addenda other than those in Tables 1.8-21 and 3.2-3 will not
be used to design ASME Code Class 1, 2, and 3 pressure retaining components and
supports.
3.9.3.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations and the associated
acceptance criteria for the ASME Code Class 1, 2, and 3 components, component supports,
and core support structures are in Section 3.9.3 of NUREG–0800.
In accordance with Section VIII of Appendix A to 10 CFR Part 52, the applicant identified Tier 1
and Tier 2 departures. Tier 1 departures require prior NRC approval and are subject to the
requirements of 10 CFR Part 52, Appendix A, Section VIII.A.4. Tier 2 departures not requiring
prior NRC approval are subject to the requirements of 10 CFR Part 52, Appendix A, Section
VIII.B.5, which are similar to the requirements in 10 CFR 50.59.
The applicable regulatory requirements for the ASME Code Class 1, 2, and 3 components,
component supports, and CS structures are as follows:
•

10 CFR 50.55a;

•

GDC 1, 2, and 4;

•

GDC 14, “Reactor coolant pressure boundary”; and

•

GDC 15, “Reactor coolant system design.”

3.9.3.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.9.3 of the certified
ABWR DCD. The staff reviewed Section 3.9.3 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in

1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.

3-367

the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
Tier 1 Departure
•

STD DEP T1 2.4-3

RCIC Turbine/Pump

The staff reviewed Departure STD DEP T1 2.4-3 related to combining the RCIC turbine and
RCIC pump into a single assembly unit. The RCIC turbine-pump assembly will be constructed
in accordance with the requirements of ASME Code Section III for Class 2 components, which
is consistent with the information in Revision 2 of FSAR Figure 2.4.4a.
According to ASME Section III NCA, Section 9200, the term “construction” is defined as:
Construction (as used in Division 1). An all-inclusive term comprising materials, design,
fabrication, examination, testing, inspection, and certification required in the manufacture
and installation of an item.
Based on the ASME Code definition of “construction,” the staff concluded that the RCIC turbine
and pump assembly will be designed, manufactured, and installed as an ASME Section III,
Class 2 component. In addition, the applicant is committed to test and qualify the complete
turbine-pump assembly via dynamic testing, in accordance with Institute of Electrical and
Electronics Engineers (IEEE) Standard (Std)-344, “IEEE Recommended Practices for Seismic
Qualification of Class 1E Equipment for Nuclear Power Generating Stations.” Therefore,
revisions to FSAR Subsections 3.9.3.1.8, 3.9.3.1.9, 3.9.3.2.1.5, 3.9.3.2.2, and 3.9.3.4.4 as part
of Departure STD DEP T1 2.4.3 are acceptable. This departure and the review of additional
changes made in the departure are discussed in Subsection 5.4.6.4 of this SER.
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 6C-1

Containment Debris Protection for ECCS Strainers

In STP, Units 3 and 4, COL FSAR Revision 2, Appendix 6C stated that the ABWR design
commits to the guidance in RG 1.82, Revision 3, “Water Sources for Long-Term Recirculation
Cooling Following a Loss-of-Coolant Accident,” and to the “Utility Resolution Guidance for
ECCS Suction Strainer Blockage” in NEDO–32686-A. However, the information in the
application was not sufficient for the staff to confirm that STP, Units 3 and 4, ECCS debris
strainers meet the above guidance and address the issues identified in General Safety Issue
(GSI)-191. Therefore, the staff issued RAI 06.02.02-23, requesting the applicant to submit a
calculation report on sizing the suppression pool recirculation suction debris strainers and
related references, so that the ECCS strainers can be designed to withstand these loads. In its
response to RAI 06.02.02-23, dated January 13, 2010 (ML100141735), referred to an analysis
of these loads for the cassette-type strainer (that will be used in STP, Units 3 and 4), which
includes data from an RJABWR. In reviewing the applicant’s response, the staff found
references to stress reports associated with the ECCS strainers. However, the staff found that
the documents did not sufficiently address the concerns of GSI-191 and RG 1.82. Therefore,
the staff issued RAI 03.09.03-5, requesting the applicant to provide the following information:
1.

Design and Service Level A–D loads and load combinations, including seismic with
hydrodynamic of sloshing effect.
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2.

The principal construction code of the strainer design.

3.

The pressure load on the strainer from [safety/relief valve] SRV (sparger) discharge and
the basis for using this pressure load.

4.

The classification of the strainer and its supports.

The applicant responded to RAI 03.09.03-5, on May 3, 2010 (ML101250475).
In its response to the first item in the RAI, the applicant stated that the load combinations for the
RJABWR (or K-6) are described in Section 5.5 of each proprietary structural analysis report
made available for the NRC to review, as noted in the response to RAI 06.02.02-23 dated
January 13, 2010 (ML100141735). The load combinations for STP, Units 3 and 4, will be the
same as those shown in DCD Tier 2, Table 3.9-2, “Load Combinations and Acceptance Criteria
for Safety-Related, ASME Code Class 1, 2 and 3 Components, Component Supports, and
Class CS Structures.” The load combinations evaluated for the RJABWR do not match the load
combinations required for evaluation in Table 3.9-2 of the DCD. This load combination is similar
to “Plant Event 8,” with the load combination of normal (N) plus a large-break LOCA (LBL) plus
an SSE. The response stated the RJABWR stress report confirms that the load combination of
N plus LBL meets Service Level C stress allowable values (1.5S for the membrane and 1.8S for
the membrane plus bending), without the SSE loading. The DCD requires this load combination
plus the SSE to meet the Service Level D stress allowable values (2.0S for the membrane and
2.4S for the membrane plus bending). The applicant stated that it is likely that the calculated
loads for STP, Units 3 and 4, will be within the allowable ASME limits for Service Level D, due to
the significant margin between the calculated RJABWR stresses versus the ASME allowable
stresses (at least 95 MPa [13.78 ksi]). Furthermore, the applicant stated that this RJABWR load
analysis provides reasonable assurance that the STP, Units 3 and 4, strainers will meet ASME
Code requirements for the load combinations in Table 3.9-2. If ASME stresses are not met, the
specific structural element or member will be strengthened. The staff found that the RJABWR
stress report does not demonstrate that the load combinations of the strainer analysis meet the
Service Level D allowable stress values, as stated in ABWR DCD Subsections 3.9.1.1 and
3.9.1.4. ABWR DCD Subsection 3.9.1.1 states that the plant operating conditions defined in
Subsection 3.9.3.1.1 are identified as normal, upset, emergency, faulted, or testing. Appropriate
Service Levels (A, B, C, D, or testing) defined in ASME Code Section III are designated as
design limits. The design and analysis of safety-related piping and equipment using the specific
applicable thermal-hydraulic transients, which are derived from the system behavior during the
events listed in DCD Table 3.9-1, “Plant Events,” are documented in the design specification
and/or stress report of the respective equipment. DCD Table 3.9-2 shows the loading
combinations and the standard acceptance criteria.
ABWR DCD Subsection 3.9.1.4 requires all seismic Category I equipment to be evaluated for
the faulted (Service Level D) loading conditions identified in Tables 3.9-1 and 3.9-2. In all
cases, the calculated actual stresses are required to be within the allowable Service Level D
limits. Deformations under faulted conditions are required to be evaluated in critical areas, and
the necessary design deformation limits (i.e., as clearance limits) have to be satisfied. The staff
found that the applicant’s response to the first part of the RAI fails to meet the requirements
described in the ABWR DCD.
Regarding the seismic sloshing loads, the applicant stated that the suction strainers are fully
submerged during seismic events, so sloshing loads are not applicable. The staff concurred
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that the sloshing loads are not applicable for the strainers, because the suction strainers are
fully submerged during seismic events.
In its response to the second item in the RAI, the applicant stated that the RJABWR was
designed and evaluated in accordance with the Japanese Society of Mechanical Engineers
(JSME) Code. The application of this code is conservative compared with the ASME Boiler and
Pressure Vessel Code (BPV Code) to be applied to STP, Units 3 and 4, as shown in the STP,
Units 3 and 4 COL FSAR, Table 1.8-21a. This difference is due to the lower material property
limits (e.g., tensile strength, yield strength, and allowable stress) and lower allowable stress
level limits (e.g., membrane stress, local membrane stress, and membrane plus bending
stress), which are applied in the JSME Code compared with the ASME Code. The three types
of austenitic stainless steels used to construct the STP, Units 3 and 4, cassette-type strainers
(Types 304 plate, 304L plate, and SA-193 Gr. 8 bolts) are evaluated using material
stress/strength properties that are lower (more conservative) than the properties specified in the
ASME Code.
The staff reviewed this response and found that the RJABWR stress report does not meet
ABWR DCD Section 5.2.1 requirements specifying that the ASME Code will be used to design,
fabricate, and construct the ABWR components. Therefore, this part of the response is not
acceptable.
In its response to the third item in the RAI, the applicant stated that the pressure load on the
strainer as a result of the SRV discharge in the RJABWR is based on the jointly developed
ABWR test program, which is described in DCD Tier 2, Section 3B and includes References 3B1, 3B-2, 3B-3, 3B-4, 3B-11, and 3B-13. The STP, Units 3 and 4, SRV loadings will be
calculated in accordance with the same methodology. The staff found that the applicant had not
completely addressed the pressure difference across the strainer that is affected by the SRV
discharge during the LOCA condition. Based on the failure to address the pressure difference,
the staff found the response unacceptable.
In its response to the fourth item in the RAI, the applicant stated that the strainer and its
supports are evaluated using ASME Code Class 2 acceptance criteria for membrane, local
membrane, and membrane plus bending stresses. This response is conservative because this
Code Class is generally applied only to pressure-retaining vessels, which is not the case for the
cassette strainers. The staff found that the strainer and its supports were evaluated using
ASME Code Class 2 acceptance criteria. Therefore, this response is acceptable.
Based on the review of the responses to RAI 03.09.03-5, Item 4 is closed and resolved, but
Items 1, 2, and 3 remained open. As a result, the staff issued RAI 03.09.03-7, requesting the
applicant to confirm that the load combinations of the ECCS strainer will be evaluated as shown
in Table 3.9-2 of the DCD. The ECCS strainer stress analysis is to be performed in accordance
with ASME Section III code requirements, and the applicant will need to provide the ASME
design specification and design report of the ECCS strainer for the staff to review. Resolution of
these issues was tracked as Open Item 03.09.03-7 in the SER with open items.
In its response to RAI 03.09.03-7, dated July 29, 2010 (ML102140175), the applicant stated that
the load combinations of the ECCS strainer will be evaluated as shown in Table 3.9-2 of the
DCD. The ECCS strainer design and stress analysis will be performed in accordance with
ASME Section III Code requirements. The final completed specifications for all ECCS strainers,
which include the specific loads and load combinations, and the ASME design report for the
HPCF and RHR suction strainers was made available for the staff to audit in January 2011. The
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design report for the RCIC suction strainer was made available for the staff to review in March
2011. Therefore, RAI 03.09.03-7 was tracked as Open Item 03.09.03-7 until the staff could
conduct the audit and review.
During the audit of the suction strainer design specifications conducted on January 18, 2011,
through January 21, 2011 (Audit Report ML112440665), the staff verified: (1) that the load
combinations of the ECCS strainer meet the load combinations in Table 3.9.2 of the DCD; and
(2) that the code used for the suction strainer meets ASME Section III requirements. The
suction strainers of STP, Units 3 and 4, are designed and analyzed in accordance with ASME
Code Section III, Subsection NC requirements.
Further resolution of issues related to the ECCS strainer design report is addressed below
under COL License Information Item 3.30 in the discussion of RAI 03.09.03-4. Therefore, all
issues from RAI 03.09.03-7 and Open Item 03.09.03-7 related to STD DEP 6C-1 are resolved
and closed.
The applicant's evaluation determined that this departure does not require prior NRC approval
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the review scope of
this section, the staff found it reasonable that the departure does not require prior NRC
approval. The applicant's process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
COL License Information Item
•

COL License Information Item 3.28 ASME Class 2 and 3 or Quality Group D
Components with 60-Year Life

The applicant supplements FSAR Subsection 3.9.7.2 to address COL License Information Item
3.28 as required by DCD Tier 2 Subsection 3.9.7.2. The applicant commits (COM 3.9-2) to
identify and perform an appropriate analysis of the ASME Class 2 and 3 or QG D components
that are subjected to cyclic loadings— including operating vibration loads and thermal transient
effects—of a magnitude and/or duration so severe that the 60-year design life cannot be
assured by required Code calculations, or if similar designs have not already been evaluated to
demonstrate the required design life or designs to mitigate the magnitude or duration of the
cyclic loads. The list and analyses of these ASME Class 2 and 3 or QG D components will be
available for inspection before the initial fuel loading.
The staff reviewed the applicant’s commitment and found it to be in accordance with the
guidance in SRP Section 3.9.3. The applicant will perform fatigue evaluations for all ASME
Class 2 and 3 components, component supports, and CS structures that are subject to thermal
cyclic effects or dynamic cyclic loads as specified in SRP Section 3.9.3, Appendix A, Section
4.A. In addition, the applicant will perform fatigue evaluations—in accordance with SRP Section
3.9.3—to demonstrate that the components can withstand vibration loads and transient thermal
effects for the 60-year design life of the plant. This evaluation is required to be referenced in the
ASME Design Report, which is included as part of the ITAAC acceptance criteria for these
components. Therefore, the proposed supplement in FSAR Subsection 3.9.7.2 to address COL
License Information Item 3.28 is acceptable.
•

COL License Information Item 3.30 Audit of Design Specification and Design Reports

To comply with the requirement in Subsection 3.9.7.4 of the ABWR DCD, Revision 4, the
applicant stated that the design specifications and design reports required by the ASME Code
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for vessels, pumps, valves, and piping systems for the purpose of an audit will be made
available for the staff to review. The staff issued RAI 03.09.03-1, requesting the applicant to
provide a schedule as to when the staff can audit the following:
•

Design specifications for all risk-significant ASME Class 1, 2, and 3 components.

•

Design reports for all risk-significant ASME Class 1, 2, and 3 components.

In its response to this RAI dated April 14, 2009 (ML091060501), the applicant tabulated a list of
safety-related and risk-significant ASME Class 1, 2, and 3 mechanical components. This list
was developed based on information in FSAR Table 3.2-1, “Classification Summary,” and
Tables 19K-1 through 19K-4 in Appendix 19K, “PRA-Based Reliability and Maintenance.”
Verification that the applicant’s design specifications meet the regulations, descriptions, and
acceptance criteria in the DCD is required to make the safety determination for this area of
review. In addition, the staff reviewed this list of risk-significant items and found that it did not
include the pressure vessel design and the control rod drive mechanism in the list of risksignificant components to be audited. Therefore, the staff concluded that the applicant’s
response to RAI 03.09.03-1 was not acceptable. RAI 03.09.03-1 was supplemented by
RAI 03.09.03-3.
In RAI 03.09.03-3, the staff requested the applicant to provide the following:
1.

Modify the schedule for risk-significant design specifications so that all risksignificant component design specifications are completed early enough to
support an audit during the COL application review.

2.

Add the pressure vessel, reactor internals, and control rod drive (CRD)
mechanism to the list of risk-significant components to be audited. The design
specifications will need to be completed during the COL application review.

3.

Either provide a schedule for the risk-significant component design reports that
will support the review or provide an alternative, as discussed in RG 1.206
Regulatory Position C.III.4.3. ITAAC were used to address this situation in
another design.

With respect to Item 1, in its response dated July 27, 2009 (ML092100215), the applicant stated
that the development of ASME Design Specifications and Design Reports for piping systems is
the subject of a DAC in ABWR ITAAC Item 3.3.1. The DAC is incorporated by reference in the
STP COL application, and the expectation is that the primary purpose of an audit will be to
support the eventual closure of that DAC. As requested in Item 1 of this RAI, the applicant
stated that the proposed schedule shows that the design specifications for the risk-significant
ASME Class 1, 2, and 3 components tabulated in the RAI response would be completed before
the end of the second quarter of 2010. The staff found this response unacceptable and issued
RAI 03.09.03-6, requesting the applicant to provide a list of design specifications available for
the audit and when the specifications would be available. The resolution of this issue was
tracked as Open Item 03.09.03-6 in the SER with open items. In its response to RAI 03.09.036, dated July 29, 2010 (ML102140175), the applicant confirmed the list of design specifications
in its response to RAI 03.09.03-3, and provided the dates that these design specifications are
ready for audit. The staff found the response acceptable and RAI 03.09.03-6, is resolved and
closed.
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From January 18, 2011, through January 21 of 2011, the staff conducted the audit of the design
specifications of ABWR risk significant components at the office of Sargent and Lundy in
Chicago, Illinois (Audit Report ML112440665). The purpose of this audit was to verify that the
design documents for major components of STP, Units 3 and 4, appropriately include ASME
Code Section III, Division 1, 1989 Edition and DCD requirements and are documented in
accordance with the requirements of the Code. The staff verified that the information on design
criteria, analytical methods, and functional capability specified in these documents is consistent
with that included in the ABWR DCD. The staff confirmed that the component designs to be
used in STP, Units 3 and 4, satisfy the guidance in SRP Section 3.9.3.
In addition, the staff conducted follow-up audits of the hydraulic control unit (HCU) and fine
motion control rod drive (FMCRD) design specifications on April 7, 2011, and on April 18, 2011
(Audit Report ML112440665). During these audits, the staff found that the FMCRD
specifications did not have the loads available and were either designated as “Later” or generic
in nature. To resolve this issue, the applicant provided additional details of the test
methodology for determining the specific transient loads of the HCU and FMCRD in a
supplemental response to RAI 03.09.04-1 (ML12121A385). COL FSAR Subsection 3.9.7.4,
“Audit of Design Specification and Design Reports,” includes the test methodology information.
The staff found that the applicant has provided the necessary information to resolve and close
this audit open item. Additional detail on this evaluation is in Section 3.9.4 of this SER.
The staff found that all audited components are designed in accordance with the ASME Code
subsections and are appropriately documented in the design and purchase specifications.
Therefore, RAI 03.09.03-6 is resolved and closed.
As requested above in response to RAI 03.09.03-3, Item 2, the applicant’s response added
reactor pressure vessel (RPV), reactor internals, and CRDs to the list of risk-significant ASME
Code Class 1, 2, and 3 components in the RAI response. This completes the list of component
specifications the staff plans to audit. The staff found this response acceptable and Item 2 is
closed and resolved.
With regard to Item 3, the applicant stated that the production schedule for the design reports is
largely dependent on the placement of orders for components, in relation to the need to support
the schedule for plant construction. Many of the design reports are not anticipated to be
completed before the end of the COL review. Therefore, to better facilitate the staff’s audit of
design reports for risk-significant ASME Class 1, 2, and 3 components, and in accordance with
Option 1 of RG 1.206, Regulatory Position C.III.4.3, specific schedule information as to when
those design reports will be completed is in Table 1 of the RAI response, in relation to their
governing ITAAC. Including the subject design reports in the ITAAC schedule that is
periodically provided to the staff will enable the staff to coordinate the inspection with the
completion of the ITAAC. The response stated that design reports shall be available for audit at
least 12 months before the system functional arrangement of the ITAAC closure. The staff
found this response unacceptable, and Item 3 in RAI 03.09.03-3 is supplemented by RAI
03.09.03-4.
In its response to RAI 03.09.03-4, dated October 21, 2009 (ML092960451), and the revised
response dated December 30, 2009 (ML100050185), the applicant proposed to provide a sitespecific ITAAC (Table 3.0-13, “Waterproofing Membrane”) requiring ASME Code Design
Reports (certified when required by the ASME Code) to verify that the design for each ASME
Class 1, 2, and 3 component complies with the requirements of ASME Code Section III,
including requirements for those stresses and loads related to fatigue (such as environmental
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effects on fatigue for Class 1 carbon steel piping); thermal expansion; seismic; and load
combinations. The staff reviewed the responses to RAIs 03.09.03-3 and 03.09.03-4, and found
the responses acceptable because the design reports will be inspected through an ITAAC. In
the second revised response to RAI 03.09.03-4, dated November 02, 2011 (ML11326A019) that
superseded all previous 03.09.03-4 responses, the applicant provided a revision of site-specific
ITAAC Table 3.0-13 to properly document compliance to ASME NCA-3550. The staff reviewed
the markup changes in this table and found the revision acceptable. The applicant incorporated
the proposed changes into the COL application Revision 7 which properly corrected the ITAAC
table number to Table 3.0-14, “Design Reports for ASME Class 1, 2, and 3 Components.”
Therefore, RAIs 03.09.03-4 and 03.09.03-7 are resolved and closed.
In addition to auditing design specifications and design reports, COL License Information Item
3.30 (Subsection 3.9.7.4 of the ABWR DCD) specified that the COL applicant shall ensure that
the piping system design is consistent with construction practices of the ASME Code edition and
addenda—including the inspection and examination methods—as endorsed in 10 CFR 50.55a
at the time of the application. The COL applicant has committed to use the ASME Code 1989
edition with no addenda for this activity. This commitment is consistent with DCD Tier 2, Tables
1.8-21 and 3.2-3, “Quality Group Designations—Codes and Industry Standards,” which require
the ASME Code 1989 edition with no addenda to be used for the piping design. The COL
applicant has not elected to use the ASME Code editions and addenda for the design of
pressure-retaining components and supports other than those listed in DCD Tables 1.8-21 and
3.2-3. In the January 2011, audit (ML110880394) which included review of code edition used in
detailed design, the staff identified discrepancies with specific code editions referenced in
design specifications and those shown in the applicant’s licensing documents. The applicant
stated that if a departure from the ABWR DCD or from the FSAR is necessary and current
codes and standards are to be used for the design, the license amendment process will be
adopted. In addition, in the August 17, 2009, response to RAI 03.09.06-2 (ML092310488), the
applicant updated FSAR Table 1.8-21a to include the 2004 edition of the ASME Code for
Operation and Maintenance of Nuclear Power Plants (OM code). A detailed evaluation of the
ASME Code edition is in Subsection 5.2.1.1 of this SER. Based on the above discussions, the
staff determined that the COL applicant has adequately addressed COL License Information
Item 3.30.
3.9.3.5

Post Combined License Activities

The applicant identified the following commitment:
•

Commitment (COM 3.9-2) – In accordance with FSAR Subsection 3.9.7.2, the applicant
is required to perform fatigue evaluations for all ASME Class 2 and 3 components,
component supports, and CS structures that are subject to thermal cyclic effects or
dynamic cyclic loads.

•

In addition, the applicant added the following site-specific ITAAC in Part 9 of the COL
application:
•

ITAAC Table 3.0-14 identifies the ASME Code design reports as part of the
acceptance criteria for ASME Class 1, 2, and 3 components.
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3.9.3.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information relating to ASME Code Class 1, 2,
and 3 components, component supports, and CS structures; and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
ASME Code Class 1, 2, and 3 components, component supports and CS structure that were
incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.9.3 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed the COL license information items in
accordance with Section 3.9.3 of NUREG–0800, and found it reasonable that the identified Tier
2 departure is characterized as not requiring prior NRC approval per 10 CFR Part 52, Appendix
A, Section VIII.B.5.
3.9.4

Control Rod Drive (CRD) (Related to RG 1.206, Section 3.9.4, “Control Rod
Drive Systems”)

3.9.4.1

Introduction

This FSAR section addresses the design of the control rod drive system (CRDS) up to its
interface with the control rods. Those components of the CRDS that are part of the primary
pressure boundary are classified as seismic Category I and QG A. They are designed
according to ASME Code, Section III, Class 1 requirements and to the quality assurance
requirements of 10 CFR Part 50, Appendix B, “Quality Assurance Criteria for Nuclear Power
Plants and Fuel Reprocessing Plants.”
The CRDS controls reactivity changes either under conditions of anticipated normal plant
operational occurrences or under postulated accident conditions. The CRDS in the ABWR
design consists of FMCRD mechanisms and the CRD hydraulic system.
The criteria for the CRDS design include the following:
•

Description of the CRDS.

•

Applicable CRDS design specifications.

•

Design loads, stress limits, and allowable deformations.

•

The CRDS operability assurance program.

3.9.4.2

Summary of Application

Section 3.9.4 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.9.4 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A, with no departures. In addition, in COL FSAR Section 3.9.7, the applicant provided
the following:
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COL License Information Item
•

COL License Information Item 3.30 Audit of Design Specification and Design Reports

The applicant added the following site-specific supplement to address COL License Information
Item 3.30 in Subsection 3.9.7.4 of the FSAR:
The design specification and design reports required by ASME Code for vessels, pumps,
valves and piping systems for the purpose of audit will be made available for NRC
review.
The piping system design is consistent with the construction practices, including
inspection and examination methods of the ASME Code 1989 edition with no addenda.
ASME Code editions and addenda other than those listed in Tables 1.8-21 and 3.2-3 will
not be used to design ASME Code Class 1, 2, and 3 pressure retaining components and
supports.
3.9.4.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the control rods and the
related mechanical components, and the associated acceptance criteria, are in Section 3.9.4 of
NUREG–0800.
3.9.4.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.9.4 of the certified
ABWR DCD. The staff reviewed Section 3.9.4 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
COL License Information Item
•

COL License Information Item 3.30 Audit of Design Specification and Design Reports

In COL FSAR Subsection 3.9.7.4, the applicant discussed the audit of design specification and
design reports of ASME Code Class 1, 2, and 3 components. Although COL FSAR Section
3.9.4 is incorporated by reference with no departures or supplements, the FMCRD components
are ASME Class 1 components referenced in COL License Information Item 3.30. This COL
license information item specifies that COL applicants will make available to the staff design
specifications and design reports required by the ASME Code for vessels, pumps, valves, and
piping systems for the purpose of an audit.
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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The staff conducted an audit of the HCU and FMCRD design specifications on January 18,
2011, through January 21, 2011 and on April 7, 2011, and April 18 of 2011, (Audit Report
ML112440665) per Subsection 3.9.7.4 of the ABWR DCD Revision 4, which states that COL
applicants will make available to the staff, the design specifications and design reports required
by the ASME Code for vessels, pumps, valves, and piping systems (see discussion in SER
Section 3.9.3). A comprehensive design specification, in accordance with Article B-2000,
“Generic Requirements,” shall include the Design Pressure [NCA-2142.1(a)], the Design
Temperature [NCA-2142.1(b)], and the Design Mechanical Loads [NCA-2142.1(c)].
The staff noted that the FMCRD design pressure and design temperature were listed in the
design specification as 22.56 MPa (3.272 ksi) and 66 °C (150.8 °F), respectively. The staff
verified that the design pressure was calculated using FMCRD01, a computer program
approved in the ABWR DCD. The staff further noted that the design mechanical loads were not
included in the FMCRD design specification and were deferred until a later time. Subsequent to
the audit, the staff issued RAI 03.09.04-01, requesting the applicant to update the FMCRD
design specification to include the design mechanical loads as part of the COL review.
In its response to RAI 03.09.04-01, dated August 15, 2011 (ML11229A766), the applicant stated
that prototype testing results, combined with the design pressure currently listed in the design
specification, will be used to determine the missing design mechanical loads that will be
included in the design specification. The staff concluded that the applicant’s response was not
sufficient, because additional information is needed to make a safety determination in
accordance with the requirements of 10 CFR 52.73(b). During the April 18, 2012, public
meeting (ML121160150), the staff noted that the guidance in SRP Section 3.9.4 allows the
applicant to select an experimental testing option in lieu of establishing a set of stress and
deformation allowable, if the applicant submitted a detailed description of the testing program for
review.
The applicant provided a flowchart during the meeting that depicts the process to develop the
design mechanical loads for the FMCRD. The applicant’s process for generating loads and
parameters are as follows:
1)

The certificate holder will perform prototype testing, from which the following
parameters and loads will be obtained: PNSC1 - CRD pressures during a normal
HCU accumulator scram (waterhammer) with normal buffer, PNSC2 - CRD
pressures during a normal HCU accumulator scram (waterhammer) with failed
buffer, MNB - Mechanical loading on CRD components following a normal HCU
accumulator scram (waterhammer) with normal buffer, MIB - Mechanical loading
on CRD components following a normal HCU accumulator scram (waterhammer)
with failed buffer

2)

From the previously obtained values, the certificate holder will then generate the
following parameters: TACO - CRD temperature with restricted or plugged
purge water line, TLSS - CRD temperature with leaking shaft seals or static Orings, PAACC1 - CRD pressures during scram with over charged HCU
accumulator pressures, MRE - Mechanical loading on CRD components during
a control rod ejection event, MIS - Mechanical loading on CRD components due
to internal blowout, PASR - CRD pressures during a normal HCU accumulator
scram with stuck control rod.

3)

The values obtained from above are combined with input values provided by
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Sargent and Lundy including: PV – Vessel pressures during scrams at operating
conditions A, B, C, and D; SSE – RBV loads induced by safe-shutdown
earthquake; SRV – RBV loads induced by safety/relief valve discharge of one or
more vibrations; SRVNOC – SRV during normal conditions; SRVLOCA – SRV
during LOCA condition; CHUG – envelope of all symmetrical and asymmetrical
chugging loads; CO – envelope of all symmetrical condensation oscillation loads;
AP – envelope of all asymmetrical annulus pressurization loads, resulting in
Table 2 Load Combinations in the FMCRD Design Specification which show the
loadings the FMCRD will be subject to at operating conditions A, B, C, and D.
These service loads will then be assessed to determine if they meet the service
limit acceptance criteria by the Certificate Holder during Design Report
preparation.
The staff found the applicant’s methodology for determining the design mechanical loads an
acceptable method for meeting ASME Code, Section III, NCA-2142 requirements, because it is
consistent with the guidance in SRP Section 3.9.4. The design stress limits, including fatigue
limits and deformation limits appropriate to the CRDM components, are compared to the
specified code limits, the previously designed and successfully operating systems, or the results
of scale model and prototype testing.
In its supplemental response to RAI 03.09.04-01, dated April 25, 2012 (ML12121A385), the
applicant provided a proposed FSAR markup in Subsection 3.9.7.4 that includes a description of
the methodology for calculating FMCRD loads. The staff reviewed the proposed FSAR
language and concluded that it is consistent with information previously provided by the
applicant and is therefore acceptable.
Based on the proposed FSAR update, the staff has reasonable assurance that the STP, Units 3
and 4, FMCRD meets the requirements of GDC 1, 2, 14, and 10 CFR 50.55a.
•

The requirements of GDC 1 and 10 CFR 50.55a were met because the applicant’s
methodology for determining mechanical loads, which meets ASME Code, Section III,
NCA-2142 requirements, has shown that the CRDS is designed to quality standards
commensurate with the importance of the safety functions to be performed.

•

The requirements of GDC 2 and 14 were met because the applicant’s methodology for
determining mechanical loads, which meets ASME Code, Section III, NCA-2142
requirements, has shown that the CRDS is designed to withstand the effects of
earthquakes and conditions of normal operation, including anticipated operational
occurrences, with adequate margins to assure the system’s reactivity control function
and with an extremely low probability of leakage or gross rupture of the reactor coolant
pressure boundary.

In Revision 9 of the STP FSAR, the applicant made the appropriate changes to Subsection
3.9.7.4 of the FSAR, which resolves the issue. Therefore, RAI 03.09.04-01 is resolved and
closed.
3.9.4.5

Post Combined License Activities

There are no post COL activities related to this section.
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3.9.4.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information relating to the CRDS and no
outstanding information is expected to be addressed in the COL FSAR related to this section.
Pursuant to 10 CFR 52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear
safety issues relating to the CRDS that were incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.9.4 of NUREG–0800. The staff’s review
concluded that the applicant has adequately addressed COL License Information Item 3.30 in
accordance with Section 3.9.4 of NUREG–0800. The applicant has provided sufficient
information to ensure that FMCRD/CRDS meets the requirements of GDC 1, 2, 14, and 10 CFR
50.55a.
3.9.5

Reactor Pressure Vessel Internals

3.9.5.1

Introduction

This FSAR section addresses the structural and functional integrity of the major RPV internals,
including CS structures. Certain reactor internals support the core and safety-related
instrumentation. Other RPV internals direct coolant flow, separate steam, hold material
surveillance specimens, and support instrumentation utilized for plant operation. This section
also includes the load combinations, allowable stress and deformation limits, and other criteria
used in the design of the reactor internals.
3.9.5.2

Summary of Application

Section 3.9.5 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.9.5 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. In addition, in FSAR Section 3.9.5, the applicant provided the following:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 3.9-1

Reactor Internal Materials

This departure specifies that there are two levels of incore guide tube stabilizers. The upper
stabilizer is welded to the shroud, which is made from stainless steel. The lower stabilizer is
welded to the shroud support, which is made from Ni-Cr-Fe alloy. The material of the stabilizers
needs to be the same as or similar to the material of the components to be welded, in order to
minimize the differential thermal expansion. Therefore, the upper stabilizer needs to be
stainless steel and the lower stabilizer needs to be Ni-Cr-Fe Alloy.
3.9.5.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the RPV internals, and the
associated acceptance criteria, are in Section 3.9.5 of NUREG–0800.
In accordance with Section VIII of Appendix A to 10 CFR Part 52, the applicant identified one
Tier 2 departure that does not require prior NRC approval. This departure is subject to the
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requirements of 10 CFR Part 52, Appendix A, Section VIII.B.5, which are similar to the
requirements in 10 CFR 50.59.
3.9.5.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.9.5 of the certified
ABWR DCD. The staff reviewed Section 3.9.5 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP 3.9-1

Reactor Internal Materials

ABWR DCD Subsection 3.9.5.1.2.9 states that two levels of stainless steel stabilizer lattice work
of clamps, tie bars, and spacers provide lateral support and rigidity to the guide tubes. In STP,
Units 3 and 4, COL FSAR Subsection 3.9.5.1.2.9, “Incore Guide Tubes and Stabilizers,” the
applicant has revised the referenced DCD text to remove stainless steel as the material for both
levels of incore guide tube stabilizers. In Section 3 of COL application Part 7, “Departures
Report,” the applicant indicated that the purpose of Departure STD DEP 3.9-1 is to specify that
there are two levels of incore guide tube stabilizers made from different materials. The
applicant also stated that the material of the stabilizer needs to be the same as, or similar to, the
component to be welded in order to minimize differential thermal expansion. Therefore, the
lower stabilizer welded to the shroud support (Ni-Cr-Fe alloy) is made from Ni-Cr-Fe, and the
upper stabilizer welded to the shroud (stainless steel) is made from stainless steel. The
materials used to fabricate the shroud and shroud support are similar to those proposed for the
two levels of incore guide tube stabilizers. As stated in COL FSAR Subsection 4.5.2.1, the
shroud support is fabricated from Ni-Cr-Fe Alloy 600 and the shroud is fabricated from stainless
steel. Therefore, the staff agrees that the intent of Departure STD DEP 3.9-1 is to remove the
dissimilar metal welds present in the design of the ABWR guide tube stabilizers. Given the
history of structural issues associated with the use of dissimilar metal welds in nuclear power
plants, eliminating them where possible is considered an improvement in the design of the
component. On this basis, the staff found that Departure STD DEP 3.9-1 is reasonable. The
staff’s review of the reactor internal and core support structure materials, including the shroud
and shroud support materials, is in SER Section 4.5.2. The applicant's evaluation determined
that this departure does not require prior NRC approval, in accordance with 10 CFR Part 52,
Appendix A, Section VIII.B.5. Within the review scope of this section, the staff found it
reasonable that this departure does not require prior NRC approval. The applicant's process for
evaluating departures and other changes to the DCD is subject to NRC inspections.
3.9.5.5

Post Combined License Activities

There are no post COL activities related to this section.
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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3.9.5.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A Section VI.B.1, all nuclear safety issues relating to
the RPV internals that were incorporated by reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.9.5 of NUREG–0800. The staff’s review
concluded that the applicant has provided sufficient information in accordance with Section
3.9.5 of NUREG–0800, and found it reasonable that the identified Tier 2 departure is
characterized as not requiring prior NRC approval per 10 CFR Part 52, Appendix A, Section
VIII.B.5.
3.9.6

Testing of Pumps and Valves (Related To RG 1.206, Section 3.9.6, “Functional
Design, Qualification, and Inservice Testing Programs for Pumps, Valves, and
Dynamic Restraints”)

3.9.6.1

Introduction

This FSAR section describes the following programs:
•

Functional design and qualification of pumps, valves, and dynamic restraints.

•

Inservice testing (IST) operational program for pumps, valves, and dynamic restraints.

•

Motor operated valve (MOV) testing operational program.

3.9.6.2

Summary of Application

Section 3.9.6 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.9.6 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52,
Appendix A. The review of this section applies to FSAR Revision 12.
Tier 2* Departure Requiring Prior NRC Approval
•

STD DEP 1.8-1

Tier 2* Codes, Standards, and Regulatory Guide
Edition Changes

The applicant identified a Tier 2* departure related to updating information in FSAR Tables 1.820 and 1.8-21 to more current revisions/editions of codes and standards. Tier 2* items that are
explicitly revised in the COLA or require change due to changes in the Tier 2* items are also
included. While the applicant identified these changes as a Tier 2* departure, these changes as
they relate to Section 3.9.6 do not concern design information in the DCD, but concern
operational requirements that were not completely reviewed and approved as part of the ABWR
design certification review. As stated in Section VI.C of 10 CFR Part 52, Appendix A,
operational requirements in the DCD do not have finality within the meaning of 10 CFR
52.63(a)(5). In addition, operational requirements that were not completely reviewed and
approved during the ABWR design certification review are not subject to the change and
departure process provisions of Section VIII of 10 CFR Part 52, Appendix A. Therefore, the
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staff reviewed these changes as part of its review of operational information in the COL
application and not as part of a separate departure evaluation.
Supplemental Information
ABWR DCD Tier 2, Subsection 3.9.3.2, “Pump and Valve Operability Assurance,” describes the
design for and qualification of active ASME BPV Code Section III pumps and valves. For
example, ABWR DCD Tier 2, Subsection 3.9.3.2 specifies that safety-related valves and pumps
are qualified by testing, by analysis, and by satisfying the stress and deformation criteria at
critical locations within the pumps and valves. ABWR DCD Tier 2, Subsection 3.9.3.4,
“Component Supports,” includes provisions for design specifications that are applicable to
dynamic restraints. ABWR DCD Tier 2, Section 3.9.6 includes additional provisions for the
design and qualification of pumps and valves.
The STP FSAR supplements ABWR DCD Tier 2, Subsection 3.9.3.2 to specify the use of ASME
Standard QME-1-2007, “Qualification of Active Mechanical Equipment Used in Nuclear Power
Plants,” as accepted in Revision 3 to RG 1.100, “Seismic Qualification of Electric and Active
Mechanical Equipment and Functional Qualification of Active Mechanical Equipment for Nuclear
Power Plants.” The STP FSAR also supplements ABWR DCD Tier 2, Subsection 3.9.3.4 in
describing the IST Program for dynamic restraints (snubbers) to be used at STP, Units 3 and 4.
Section 3.9.6 of ABWR DCD Tier 2, specifies that IST of safety-related pumps and valves will
be performed in accordance with the requirements of the ASME/ANSI OMa–1988 Addenda to
ASME/ANSI OM–1987 (Parts 1, 6, and 10). The STP FSAR modifies ABWR DCD Tier 2,
Section 3.9.6 to describe the IST Program to be developed for STP, Units 3 and 4. For
example, the STP FSAR specifies that the IST Program will be based on the 2004 Edition to the
ASME OM Code. The STP FSAR provides a description of the IST Program for pumps and
valves to be developed for STP, Units 3 and 4, as required by the NRC regulations and the
ASME OM Code.
COL License Information Items
•

COL License Information Item 3.29 Pump and Valve Testing Program

FSAR Subsection 3.9.7.3 indicates that the plant-specific environmental parameters for the
Equipment Qualification Program will be available for NRC review as part of the ITAAC for the
basic configuration of systems, as provided in ABWR DCD Tier 1, Section 1.2, “General
Provisions.”
FSAR Subsection 3.9.7.3 specifies that the pump and valve IST and Inspection Programs will
be provided to the NRC as indicated in FSAR Section 13.4S, “Operational Program
Implementation.” FSAR Section 13.4S indicates that descriptions of operational programs,
consistent with the definition of “fully described” in the Staff Requirements Memorandum (SRM)
dated February 22, 2006, for Commission Paper SECY-05-0197, “Review of Operational
Programs in a Combined License Application and General Emergency Planning Inspections,
Tests, Analyses, and Acceptance Criteria,” are in the FSAR sections listed in Table 13.4S-1,
“Operational Programs Required by NRC Regulation and Program Implementation.” FSAR
Sections 3.9.6 and 5.2.4, “Preservice and Inservice Inspection and Testing of Reactor Coolant
Pressure Boundary,” are specified in the table for the IST Program with an implementation
milestone of “after generator on line on nuclear heat.” FSAR Section 3.9.6 is specified in the
table for the MOV Testing Program with an implementation milestone of fuel loading.
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To address COL License Information Item 3.29, the STP FSAR provides a site-specific
supplement in Section 3.9S, “Inservice Testing Program (OM-2004),” that includes Table 3.9S1, “Inservice Testing Program Plan (OM-2004),” that supersedes ABWR DCD Tier 2, Table 3.98, “Inservice Testing Safety-Related Pumps and Valves.” The STP FSAR states that the IST
Plan shown in Table 3.9S-1 has been updated to meet the requirements of ASME OM-2004,
and incorporates the testing requirements for MOVs, power-operated valves, and check valves,
as well as containment isolation and pressure isolation valves.
FSAR Subsection 3.9.7.3 indicates that the design qualification testing, inspection, and analysis
criteria in ABWR DCD Tier 2, Subsection 3.9.6.1, “Testing of Safety-Related Pumps”;
Subsection 3.9.6.2.1, “Check Valves;” Subsection 3.9.6.2.2, “Motor-Operated Valves”; and
Subsection 3.9.6.2.3, “Power Operated Valves (Other Than Motor Operated Valves)”; will be
included in the respective safety-related pump and valve design specifications before fuel
loading as Commitment COM 3.9-3. STP FSAR Subsection 3.9.7.3 also indicates that the
design, qualification, and preoperational testing for MOVs will conform to the provisions in
ABWR DCD Tier 2, Subsection 3.9.6.2.2, as Commitment COM 3.9-4.
FSAR Subsection 3.9.7.3 indicates that IST to verify the operational readiness of pumps and
valves—whose function is required for safety—will be conducted during the initial 120-month
interval and must comply with the requirements in the latest edition and addenda of the ASME
Code incorporated by reference in 10 CFR 50.55a(b), on the date 12 months before the date
scheduled for initial loading fuel under a combined license, or the optional ASME Code cases
listed in RG 1.192, “Operation and Maintenance Code Case Acceptability, ASME OM Code,”
which is incorporated by reference in 10 CFR 50.55a(b) and is subject to the limitations and
modifications listed in 10 CFR 50.55a(b).
FSAR Subsection 3.9.7.3 indicates that the safety relief valve (SRV) IST requirements are
included in Table 3.9-8 and additional SRV testing, including technical specification testing, is
described in Subsection 5.2.2.10, “Inspection and Testing,” in ABWR DCD Tier 2 and the STP
FSAR.
•

COL License Information Item 3.30 Audit of Design Specification and Design Reports

ABWR DCD Tier 2, Subsection 3.9.7.4, specifies that COL applicants will make the design
specifications and design reports available for the staff to audit. STP, Units 3 and 4, FSAR
Subsection 3.9.7.4 notes that design specifications and design reports required by the ASME
Code for vessels, pumps, valves, and piping systems will be made available for the staff to
review.
3.9.6.3

Regulatory Basis

The regulatory basis of the design-related information incorporated by reference is in NUREG–
1503. In addition, the relevant requirements of the Commission regulations for testing of pumps
and valves, and the associated acceptance criteria, are listed in Section 3.9.6 of NUREG–0800.
The regulatory basis for the staff’s review of the STP, Units 3 and 4, COL FSAR is provided in
10 CFR Parts 50 and 52. Specifically, the NRC regulations in 10 CFR 52.79(a) require that the
COL application include information at a level sufficient to enable the Commission to reach a
final conclusion on all safety matters that must be resolved by the Commission before COL
issuance. For example, paragraph (a)(4) in 10 CFR 52.79 requires that COL applications
include the design of the facility with specific reference to the GDC in Appendix A to
10 CFR Part 50, which establish the necessary design, fabrication, construction, testing, and
3-383

performance requirements for SSCs that provide reasonable assurance that the facility can be
operated without undue risk to the health and safety of the public. Paragraph (a)(11) in
10 CFR 52.79 requires that COL applications provide a description of the programs and their
implementation necessary to ensure that the systems and components meet the requirements
of the ASME BPV Code and the ASME OM Code in accordance with 10 CFR 50.55a.
Paragraph (a)(29)(i) in 10 CFR 52.79 requires that COL applications provide plans for conduct
of normal operations, including maintenance, surveillance, and periodic testing of SSCs.
Paragraph (a)(37) in 10 CFR 52.79 requires that COL applications provide the information
necessary to demonstrate how operating experience insights have been incorporated into the
plant design.
In RG 1.206, the staff provides guidance for a COL applicant in preparing and submitting the
COL application in accordance with the NRC regulations. For example, Regulatory Position
C.IV.4, “Operational Programs,” in RG 1.206 discusses the requirement in 10 CFR 52.79(a) for
descriptions of operational programs that need to be included in the FSAR for a COL application
to allow a reasonable assurance finding of acceptability. In particular, a COL applicant should
fully describe the IST, MOV Testing, and other operational programs as defined in Commission
Paper SECY-05-197 to avoid the need for ITAAC to implement those programs. The term “fully
described” for an operational program should be understood to mean that the program is clearly
and sufficiently described in terms of scope and level of detail so that a reasonable assurance
finding of acceptability can be made. Further, operational programs should be described at a
functional level and with an increasing level of detail, where implementation choices could
materially and negatively affect the program’s effectiveness and acceptability. The Commission
approved the use of a license condition for operational program implementation milestones that
are fully described or referenced in the FSAR, as discussed in the SRM for SECY-05-0197.
The staff followed the guidance in Section 3.9.6 of NUREG-0800 for the review of this section.
3.9.6.4

Technical Evaluation

The staff reviewed Section 3.9.6 and related sections of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD represents the complete scope of
information relating to this review topic.1 The staff’s review confirmed that the information in the
application and the information incorporated by reference address the required information
relating to functional design, qualification and IST programs for pumps, valves, and dynamic
restraints. The results of the staff’s evaluation of the design-related information incorporated by
reference in the STP COL application are documented in NUREG-1503.
In ABWR DCD Tier 2, Subsection 3.9.3.2 describes the design and qualifications of active
ASME BPV Code Section III pumps and valves. For example, ABWR DCD Tier 2, Subsection
3.9.3.2 specifies that safety-related valves and pumps are qualified by testing, by analysis, and
by satisfying the stress and deformation criteria at the critical locations within the pumps and
valves. ABWR DCD Tier 2, Subsection 3.9.3.4 includes provisions for design specifications that
are applicable to dynamic restraints. In ABWR DCD Tier 2, Section 3.9.6 includes additional
provisions for the design and qualification of pumps and valves. For example, ABWR DCD
Tier 2, Subsection 3.9.6.1 specifies that the COL applicant will establish design and qualification
requirements and acceptance criteria for these requirements.
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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The staff issued RAI 03.09.06-1, requesting the applicant to describe the implementation of the
functional design and qualification process specified in the ABWR DCD for pumps, valves, and
dynamic restraints to be used at STP, Units 3 and 4. As part of this information, the staff
requested the applicant to discuss the incorporation of lessons learned from nuclear power plant
operating experience in the functional design and qualification of plant components, such as in
ASME QME-1–2007, “Qualification of Active Mechanical Equipment Used in Nuclear Power
Plants.” Further, the staff requested the applicant to discuss the availability of design and
procurement specifications for an NRC onsite review to demonstrate the implementation of the
ABWR functional design and qualification process for pumps, valves, and dynamic restraints to
be used at STP, Units 3 and 4.
On August 17, 2009, and October 8, 2009, the applicant provided responses to the RAIs
relating to the IST and MOV Testing Programs, including planned changes to the STP FSAR
(ML092310488 and ML092870562, respectively). On November 10, 2009, and November 11,
2009, the staff conducted an audit of documentation supporting the STP COL application at the
Westinghouse office in Rockville, Maryland. The staff performed the audit according to the
guidance in Office of New Reactors (NRO) Office Instruction NRO-REG-108, “Regulatory
Audits.” One objective of the audit was to review information that supports the description of the
IST and MOV Operational Testing Programs to be developed for STP, Units 3 and 4. During
the audit, the staff also reviewed a sample of the design and procurement specifications to
incorporate lessons learned from the plant operating experience. The results of the audit are
summarized in an NRC letter dated December 7, 2009 (ML093220094). The NRC tracked the
audit of the STP design and procurement specifications as Open Item 03.09.06-1 in the SER
with open items.
As a follow-up to the audit, the applicant submitted a supplemental response to RAI 03.09.06-1,
dated January 5, 2010 (ML100080061), and a revision to that supplemental response, dated
March 31, 2010 (ML100920021). The March 31, 2010, submittal provided a planned revision to
the STP, Units 3 and 4, FSAR that included modifications to specific sections in the ABWR DCD
related to Functional Design, Qualification, and IST Programs for pumps, valves, and dynamic
restraints. The staff’s review of the planned FSAR revision is described in the following
paragraphs.
In its March 31, 2010 response (ML100920021), the applicant proposed to modify Subsection
3.9.3.2 to describe the process for the functional design and qualification of pumps and valves
to be used at STP, Units 3 and 4. The modified provisions in Subsection 3.9.3.2 specify that
component designs not previously qualified will meet the requirements of ASME QME-1–2007,
which incorporates lessons learned from valve testing and research programs performed by the
nuclear industry and the NRC Office of Nuclear Regulatory Research. For designs that were
previously qualified according to other standards, these provisions specify an approach for
pump and valve qualification that follows the key principles of ASME QME-1–2007. In
September 2009, the NRC issued Revision 3 to RG 1.100, which accepts the use of ASME
QME-1–2007 with certain staff positions for the functional design and qualification of safetyrelated pumps, valves, and dynamic restraints. The staff found the applicant’s proposed
revisions to Tier 2, Subsection 3.9.3.2 incorporate lessons learned from nuclear power plant
operating experience and research programs for the functional qualification of mechanical
equipment. These revisions were therefore acceptable. The staff confirmed that Revision 9
(and later revisions) to the STP, Units 3 and 4, FSAR incorporates the proposed changes.
Therefore, this issue in RAI 03.09.06-1 is resolved and closed.

3-385

On August 2, 2010, the staff conducted a follow-up audit of documentation supporting the STP,
Units 3 and 4, COL application at the Westinghouse office in Rockville, Maryland. Based on this
audit, the staff found that the design and procurement specifications had been properly revised.
During the August 2010, audit, the staff provided comments on the revised specifications, as
discussed in the audit report dated September 1, 2010 (ML102230215). The staff’s audit found
that the planned changes to the design and procurement specifications will provide the
qualification of plant components consistent with the ABWR DCD and STP COL FSAR
provisions. Therefore, RAI 03.09.06-1 and Open Item 03.09.06-1 are resolved and closed. The
staff will conduct inspections of the functional design, qualification, and inservice testing
programs for STP Units 3 and 4 using NRC Inspection Procedure (IP) 73758, “Part 52,
Functional Design and Qualification, and Preservice and Inservice Testing Programs for Pumps,
Valves and Dynamic Restraints,” including design and procurement specifications as
appropriate.
ABWR DCD Tier 2, Section 3.9.6 specifies that IST of safety-related pumps and valves will be
performed in accordance with the requirements of ASME/ANSI OMa–1988 Addenda to
ASME/ANSI OM–1987 (Parts 1, 6, and 10). The staff issued RAI 03.09.06-2, requesting the
applicant to specify the edition and addenda of the ASME OM Code that are the basis for fully
describing the IST Program in support of the COL application for STP, Units 3 and 4. The staff
also requested the applicant to indicate those instances where the applicable ASME OM Code
will not be satisfied and to justify relief from or alternatives to those Code requirements. In
addition, the staff requested the applicant to discuss the planned use of any code cases and
their implementation consistent with RG 1.192. In its response to this RAI dated August 17,
2009 (ML092310488), the applicant indicated that the STP FSAR would be revised to address
these items. The applicant’s letter dated March 31, 2010, described the planned revision to
FSAR Section 3.9.6 and stated that the Preservice Testing and IST Programs will be based on
the ASME OM Code (2004 Edition). The planned revision to STP FSAR Subsection 3.9.6.2.9,
“10 CFR 50.55a Relief Requests and Code Cases,” described the use of ASME OM Code Case
OMN-1 (Revision 1), “Alternative Rules for the Preservice and Inservice Testing of Certain
Electric Motor Operated Valve Assemblies in Light Water Reactor Power Plants,” and ASME
OM Code Case OMN-12, “Alternative Requirements for Inservice Testing Using Risk Insights
for Pneumatically- and Hydraulically-Operated Valve Assemblies in Light-Water Reactor Power
Plants.”
The staff accepted the application of ASME OM Code Case OMN-1 (Revision 0) in RG 1.192
with certain conditions. In the planned FSAR revision, the applicant addressed those conditions
as they apply to the requested use of ASME OM Code Case OMN-1 (Revision 1) at STP, Units
3 and 4. In particular, the FSAR revision specified that the IST Program will incorporate the
provisions in RG 1.192 by providing that the adequacy of the diagnostic test interval for each
MOV will be evaluated and adjusted as necessary, but not later than five years or three
refueling outages (whichever is longer) from the initial implementation of the code case. The
planned FSAR revision also stated that the potential increase in core damage frequency (CDF)
and risk associated with extending high-risk MOV tests beyond quarterly intervals will be
determined to be small and consistent with the intent of the Commission Safety Goal and Policy
Statement. This provision is also consistent with the conditions specified in RG 1.192 for the
application of ASME OM Code Case OMN-11, “Risk-Informed Testing of Motor-Operated
Valves,” which is incorporated into Revision 1 to ASME OM Code Case OMN-1. The planned
FSAR revision specified that risk insights will be applied using MOV risk-ranking methodologies
accepted by the NRC on a plant-specific or industry wide basis, which are consistent with the
conditions in the applicable safety evaluations. The planned FSAR revision also indicated that
the benefits for performing any particular test will be balanced against the potential adverse
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effects placed on the valve or system as a result of this testing. The staff found that the
specified provisions for the use of Revision 1 to ASME OM Code Case OMN-1 satisfy the
conditions in RG 1.192 for the use of Revision 0 to ASME OM Code Case OMN-1. Revision 1
in ASME OM Code Case OMN-1 is viewed by the staff as continuing to provide an acceptable
technical approach for MOV diagnostic testing as an alternative to quarterly MOV stroke-time
testing, and the changes from Revision 0 to Revision 1 reflect improvements for user application
and incorporation of ASME OM Code Case OMN-11. As a result, the staff authorized the use of
ASME OM Code Case OMN-1 (Revision 1), which the applicant requested for STP, Units 3 and
4, as an alternative to the quarterly MOV stroke-time testing provisions in the ASME OM Code,
2004 Edition. The proposed alternative satisfies the requirement in 10 CFR 50.55a(a)(3)(i), and
will therefore provide an acceptable level of quality and safety.
The staff accepted the application of ASME OM Code Case OMN-12 in RG 1.192 with certain
conditions. In the planned STP FSAR revision, the applicant described the application of Code
Case OMN-12 as accepted in RG 1.192 for STP, Units 3 and 4. Although the title of Code Case
OMN-12 refers to the 1998 Edition of the ASME OM Code, the code case is attached to the
2004 Edition of the ASME OM Code. The planned STP FSAR revision specified the application
of each condition in RG 1.192 for the use of Code Case OMN-12. For example, the IST
Program for high safety-significant valve assemblies will include a mix of static and dynamic
testing. Further, setpoints for low safety-significant, power-operated valves (POVs) will be
based on direct dynamic test information, test-based methodology, or dynamically tested valve
groups. The planned STP FSAR revision also indicated that the benefits for performing any
particular test will be balanced against the potential for adverse effects placed on the valve or
system as a result of this testing. The staff found that the planned STP FSAR revision
addressed the application of Code Case OMN-12 and satisfied the conditions specified in RG
1.192. Therefore, the use of Code Case OMN-12 at STP, Units 3 and 4, is acceptable.
The staff found that the application of the ASME OM Code (2004 Edition) and the use of ASME
OM Code Cases OMN-1 and OMN-12 (and as discussed below, ASME OM Code Case OMN13) for the IST Program and MOV Testing Program satisfy the NRC regulations. Therefore,
RAI 03.09.06-2 is resolved. The staff confirmed that Revision 9 (and later revisions) to the STP,
Units 3 and 4, FSAR incorporates the planned changes. Therefore, this issue in RAI 03.09.06-2
is resolved and closed.
ABWR DCD Tier 2, Section 3.9.6 refers to numerous actions by the COL applicant related to the
design and design, qualification and testing of pumps and valves. The staff issued RAI
03.09.06-3, requesting the applicant to discuss the implementation of the actions indicated in
the ABWR DCD to fully describe the IST and MOV Testing Programs, in support of the COL
application for STP, Units 3 and 4. As part of a full description of these programs, the staff
requested the applicant to specify the categorization of pumps, valves, and dynamic restraints in
STP, Units 3 and 4, as Tier 1, Tier 2*, or Tier 2 components, as appropriate. In its response to
this RAI dated August 17, 2009 (ML092310488), the applicant indicated that the IST Program
will not depend on the categorization of components within the scope of the IST Program for
STP, Units 3 and 4. The staff noted that MOVs are categorized as Tier 2* components in 10
CFR Part 52, Appendix A. The planned STP FSAR revision submitted on March 31, 2010
(ML100920021), supplemented the ABWR DCD to provide a full description of the IST and
MOV Testing Programs for STP, Units 3 and 4, as discussed in RG 1.206, and removed
references to the COL applicant’s actions related to the IST and MOV Testing Programs where
the revised STP FSAR addresses those actions. Therefore, RAI 03.09.06-3 is resolved. The
staff confirmed that Revision 9 (and later revisions) to the STP, Units 3 and 4, FSAR
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incorporates the planned changes. Therefore, this issue in RAI 03.09.06-3 is resolved and
closed.
ABWR DCD Tier 2, Subsection 3.9.6.1 refers to ABWR DCD Tier 2, Table 3.9-8 for IST test
parameters of pumps, with the criteria limits specified in the ASME Code. The staff issued
RAI 03.09.06-4, requesting the applicant to fully describe the IST Program for pumps to be used
at STP, Units 3 and 4. Subsection 3.9.6.1 of the planned STP FSAR revision submitted on
March 31, 2010, described the IST Program for pumps based on the provisions specified in
ASME OM Code Subsection ISTB. For example, the planned STP FSAR revision described the
grouping of pumps per the ASME OM Code, the establishment of referenced values for testing
each pump, and data trending and corrective actions. The staff found that the description in the
planned STP FSAR revision of the IST Program for pumps to be used at STP, Units 3 and 4,
complies with Subsection ISTB in the ASME OM Code, 2004 Edition. Therefore, RAI 03.09.064 is resolved. The staff confirmed that Revision 9 (and later revisions) to the STP, Units 3 and
4, FSAR incorporates the planned changes. Therefore, this issue in RAI 03.09.06-4 is resolved
and closed.
ABWR DCD Tier 2, Table 3.9-8 includes Note i1 for the RHR system fill pump, which is referred
to as a summary justification for a “code exemption request” to exclude the flow measurement
for this pump. The staff issued RAI 03.09.06-5, requesting the applicant to discuss this “code
exemption request” and its justification for STP, Units 3 and 4. During the November 2009,
audit and the August 2010, follow-up audit, the applicant stated that the STP FSAR would be
revised to update ABWR DCD Tier 2, Table 3.9-8. In RAI 03.09.06-5, the staff requested the
applicant to discuss the code exemption request and its justification for STP, Units 3 and 4. In
its Supplement 1 response to RAI 03.09.06-5, dated December 15, 2010 (ML103540320), the
applicant proposed a new FSAR Subsection 3.9.6.9.3, “Relief Requested Pursuant to 10 CFR
50.55a(f)(5)(iii) for Testing RHR Fill Pumps”, that supported the code exemption request. After
reviewing the applicant’s submittal dated December 15, 2010, the staff issued RAI 03.09.06-27,
requesting the applicant to clarify its proposal to not meet the ASME OM Code IST provisions
for the RHR system fill pumps by requesting a relief instead of an alternative to the OM Code.
The staff also requested that the applicant address the plans to conduct comprehensive pump
testing of the RHR system fill pumps in accordance with the ASME OM Code. In its response to
RAI 03.09.06-27, dated March 10, 2011 (ML110740086), the applicant provided a new
Subsection 3.9.6.5.3, “Alternative Testing Pursuant to 10 CFR 50.55a(a)(3)(i) for Testing RHR
System Fill Pumps,” to the STP, Units 3 and 4, FSAR to support its request to implement an
alternative to the ASME OM Code provisions for the RHR system fill pumps.
The proposed FSAR section stated that the primary function of the three RHR system fill pumps
is to maintain a water-solid condition in the RHR pump discharge piping. The proposed section
indicated that the RHR system fill pumps will provide a low flow rate that is dependent on the
piping system leakage characteristics at any given time. As a result, the proposed section
stated that it is impractical to perform the measurement of flow rates for the three RHR system
fill pumps during plant operation that would obtain meaningful results. The proposed section
stated that the RHR system fill pumps will be monitored for degradation on a quarterly basis by
observing pump discharge pressure and bearing vibration during normal operating conditions.
These parameters will be evaluated and trended to assess the pumps’ performance. The
proposed section also indicated that the RHR system fill pumps will be full flow tested every 24
months in conjunction with the comprehensive pump test performed in accordance with ISTB5223, “Comprehensive Test Procedure.” The proposed section specified that the plant technical
specifications will require confirmation that the RHR pipeline is full of water on a 31-day
frequency. The proposed section also noted that the RHR system pressure will be continuously
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monitored and alarmed in the plant control room. In summary, the applicant requested use of
the alternative described in the proposed FSAR section to the requirements of ISTB-3300(e)(2),
ISTB-3400, and ISTB-5221(b) in accordance with 10 CFR 50.55a(a)(3)(i) with respect of flow
measurement of the RHR system fill pumps. In lieu of measuring flow rate during the Group A
tests for the RHR system fill pumps, the applicant will rely on the performance of RHR system
fill pumps that are designed and analyzed to ensure that: (1) the expected flow rate remains
within the flat portion of the pressure-flow curve, and (2) no significant degradation occurs with
the expected continuous low flow operation combined with the system monitoring and alarms.
Based on the information in the new section to be included in the STP, Units 3 and 4, FSAR, the
staff determined that the request by the applicant to implement an alternative to the ASME OM
Code provisions for flow rate testing during the Group A tests of the RHR system fill pumps
satisfies the NRC requirements in 10 CFR 50.55a(a)(3)(i) for an acceptable level of quality and
safety to justify an alternative to the ASME OM Code provisions. This request is also consistent
with alternatives approved by the NRC for similar pumps at operating nuclear power plants.
The staff confirmed that Revision 9 to the STP, Units 3 and 4, FSAR incorporates the planned
changes although it continued to include Subsection 3.9.6.3, “Relief Request Pursuant to 10
CFR 50.55a(f)(5)(iii) for Testing RHR Fill Pumps.” The STP FSAR discussion of a relief request
for the RHR fill pumps is not necessary based on the alternative request authorization for the
RHR fill pumps. The staff confirmed that the relief request discussion was deleted in the
Revision 10 (and later revisions) of the FSAR. Therefore, the issues in RAI 03.09.06-5 and
03.09.06-27 are resolved and closed.
ABWR DCD Tier 2, Subsection 3.9.6.2, “Testing of Safety-Related Valves,” discusses the
testing program to be developed by the COL applicant for check valves, MOVs, POVs other
than MOVs, and isolation valves. The staff issued RAI 03.09.06-6, requesting the applicant to
provide information to fully describe the IST Program to be developed for STP, Units 3 and 4.
The planned STP FSAR revision in Subsection 3.9.6.2 submitted by the applicant in a letter
dated March 31, 2010 (ML100920021), described the IST Program for valves to be used at
STP, Units 3 and 4, based on the provisions in ASME OM Code Subsection ISTC, 2004 Edition.
For example, the planned STP FSAR revision described the IST categorization of valves, the
exercising of valves, the establishment of reference values for valve testing, and the prohibition
of the preconditioning of valves or their actuators before IST activities. The planned STP FSAR
revision also provided specific descriptions of IST activities for various valve types in individual
subsections to STP FSAR Subsection 3.9.6.2. The staff found that the general description of
the IST Program for valves in the planned STP FSAR revision complies with the provisions in
ASME OM Code Subsection ISTC (2004 Edition), with a discussion of specific valve provisions
later in this SER section. Therefore, RAI 03.09.06-6 is resolved. The staff confirmed that
Revision 9 (and later revisions) to the STP, Units 3 and 4, FSAR incorporates the planned
changes. Therefore, this issue in RAI 03.09.06-1 is resolved and closed.
Note (e) in ABWR DCD Tier 2, Table 3.9-8 lists the valve test parameters of the ASME OM
Code, Part 10. The staff issued RAI 03.09.06-7, requesting the applicant to update the
reference to the applicable ASME OM Code to be used in fully describing the IST Program for
STP, Units 3 and 4. During the November 2009, audit, the applicant stated that the STP FSAR
would be revised to update ABWR DCD Tier 2, Table 3.9-8. The staff tracked this issue as
Open Item 03.09.06-7. On December 15, 2010, the applicant submitted a supplemental
response to RAI 03.09.06-7 (ML103540127) that provided a proposed revision to the STP
FSAR to incorporate a new Section 3.9S, “Inservice Testing Program (OM-2004),” that includes
Table 3.9S-1 to supersede ABWR DCD Tier 2, Table 3.9-8. In RAI 03.09.06-28, the staff
requested the applicant to clarify testing provisions for specific pumps and valves in the IST
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Table, such as pump testing parameters, valve exercise testing, position indication testing,
leakage testing, relief valve testing, active check valve identification, and other IST clarifications.
In its response to RAI 03.09.06-28, dated March 10, 2011 (ML110740086), the applicant
provided planned changes in the IST Table 3.9S to clarify the test parameters for the specific
pumps and valves. The staff reviewed the proposed FSAR Section 3.9S and the IST Table
3.9S-1 provided in the applicant’s submittals dated December 15, 2010, and March 10, 2011.
The staff determined that the planned FSAR section and the IST table satisfy the IST provisions
in the 2004 Edition of the ASME OM Code as incorporated by reference in 10 CFR 50.55a of
the NRC regulations. Therefore, Open Item 03.09.06-7 and RAI 03.09.06-7 are closed and RAI
03.09.06-28 is resolved. The staff confirmed that Revision 9 (and later revisions) to the STP,
Units 3 and 4, FSAR incorporates the planned changes. Therefore, this issue in RAI 03.09.0628 is resolved and closed.
Note (f) in ABWR DCD Tier 2, Table 3.9-8 lists pump or valve test exclusions, alternatives, and
frequencies per the ASME OM Code or its Appendix I, “Inservice Testing of Pressure Relief
Devices in Light-Water Reactor Nuclear Power Plants.” The staff issued RAI 03.09.06-8,
requesting the applicant to specify the applicable ASME OM Code sections for the components
and their associated exclusions, alternatives, and frequencies covered in Note (f). During the
November 2009 audit, the applicant stated that the STP FSAR would be revised to update
ABWR DCD Tier 2, Table 3.9-8. The applicant submitted proposed Table 3.9S-1, “Inservice
Testing Program Plan (OM-2004),” in its supplemental response to RAI 03.09.06-7 on
December 15, 2010 (ML103540320). The supplemental response to RAI 03.09.06-7, indicated
that Note (f) in proposed Table 3.9S-1 provides additional justification in response to RAI
03.09.06-8 for “Cold Shutdown and Refueling Outage” test frequencies. In particular, the
proposed revision to Note (f) specified the ASME OM Code section applicable to the extension
of the test frequencies. Further, the proposed revision to Note (f) deleted two test frequency
extensions. Based on this review, the staff determined that proposed Note (f) is consistent with
the ASME OM Code IST provisions. Therefore, RAI 03.09.06-8 is resolved. The staff
confirmed that Revision 9 (and later revisions) to the STP, Units 3 and 4, FSAR incorporates the
planned changes. Therefore, this issue in RAI 03.09.06-28 is resolved and closed.
Note (h) in ABWR DCD Tier 2, Table 3.9-8 lists reasons for code-defined testing
exceptions, per the ANSI/ASME OM Standard, Part 10. The staff issued RAI 03.09.06-9,
requesting the applicant to justify the basis for deferring IST for valves that rely on the reasons
listed in Note (h). During the November 2009, audit, the applicant stated that the STP FSAR
would be revised to update ABWR DCD Tier 2, Table 3.9-8. The applicant submitted proposed
Table 3.9S-1 in a supplemental response to RAI 03.09.06-7, on December 15, 2010
(ML103540320). The supplemental response to RAI 03.09.06-7, indicated that Note (h) in
proposed Table 3.9S-1 provides additional justification in response to RAI 03.09.06-9 for
deferring tests of valves where such testing might cause valve damage or impact power
operations. In proposed Table 3.9S-1, the applicant expanded Note (h) to provide specific
discussion of individual test interval extensions as allowed in ISTC-3521 and ISTC-3522 of the
ASME OM Code where valve exercising is not practicable during power operations. Further,
the applicant removed one testing extension from Note (h). Based on this review, the staff
determined that Note (h) satisfies the ASME OM Code IST provisions for test intervals where
testing during power operation is not practicable. Therefore, RAI 03.09.06-9 is closed. The
staff confirmed that Revision 9 (and later revisions) to the STP, Units 3 and 4, FSAR
incorporates the planned changes. Therefore, this issue in RAI 03.09.06-28 is resolved and
closed.
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ABWR DCD Tier 2, Subsection 3.9.6.2.1 relates to the IST Program for check valves and
includes: (1) design and qualification; and (2) preoperational testing, specifying parameters and
acceptance criteria to be established by the COL applicant for demonstrating that the functional
performance requirements have been met. The staff issued RAI 03.09.06-10, requesting the
applicant to discuss the implementation of those actions for STP, Units 3 and 4. In the planned
FSAR revision submitted on March 31, 2010 (ML100920021), Subsection 3.9.6.2.1 described
the design, qualification, and preoperational testing for check valves to be used at STP, Units 3
and 4. For example, the planned FSAR revision discussed the design and qualification of check
valves using the provisions of ASME QME-1–2007 and references FSAR Subsection 3.9.3.2 for
further details. The planned FSAR revision discussed the preoperational testing of check
valves, including exercising in both flow directions regardless of their safety function, and the
verification of check valve operation in both fully opened and closed positions. The staff found
that this description of the design, qualification, and preoperational testing of check valves
complies with NRC regulations and provisions in the ASME OM Code, 2004 Edition. Therefore,
RAI 03.09.06-10 is closed. The staff confirmed that Revision 9 (and later revisions) to the STP
Units 3 and 4 FSAR incorporates the planned changes. Therefore, this issue in RAI 03.09.06-1
is resolved and closed.
ABWR DCD Tier 2, Subsection 3.9.6.2.1 provides general information on IST of check valves,
including a reference to ASME OM Code, Part 10. The staff issued RAI 03.09.06-11, requesting
the applicant to fully describe the IST Program for the check valves, including ASME OM Code
provisions for bi-directional testing. In the planned FSAR revision submitted on March 31, 2010,
Subsections 3.9.6.2 and 3.9.6.2.1 described the IST Program for check valves based on the
provisions specified in the ASME OM Code, Subsection ISTC. For example, the planned FSAR
revision specified that check valves will be stroke tested in accordance with provisions in the
ASME OM Code, Subsection ISTC. The planned FSAR revision also indicated that verification
of the safety function for a check valve during IST will be accomplished by initiating the flow
through the valve and verifying proper movement of the valve disk in the open and closed
directions, in accordance with the ASME OM Code. The planned FSAR revision stated that
diagnostic equipment and nonintrusive techniques will be used to monitor check valve internal
conditions when operating conditions, valve design or location, or other considerations prevent
direct observation or measurements by use of conventional methods to determine adequate
check valve function. The planned FSAR revision also described the possible use of
mechanical exercisers, sample disassembly, or condition monitoring programs as part of IST
activities for check valves at STP, Units 3 and 4. The staff found that this description of the IST
Program for check valves complies with the provisions in the ASME OM Code, 2004 Edition.
Therefore, RAI 03.09.06-11 is closed. The staff confirmed that Revision 9 (and later revisions)
to the STP, Units 3 and 4, FSAR incorporates the planned changes. Therefore, this issue in
RAI 03.09.06-1 is resolved and closed.
ABWR DCD Tier 2, Subsection 3.9.6.2.2 provides general information on IST of MOVs to
be used in ABWR nuclear power plants. The staff issued RAI 03.09.06-12, requesting the
applicant to fully describe the IST Program for MOVs and the MOV Testing Program to
periodically verify the design-basis capability of safety-related MOVs. Subsection 3.9.6.2.2 in
the planned FSAR revision submitted on March 31, 2010 (ML100920021), specified that the IST
of MOVs will satisfy the ASME OM Code (2004 Edition), as required by 10 CFR 50.55a and as
supplemented by 10 CFR 50.55a(b)(3)(ii). The planned FSAR revision indicated the use of the
Joint Owners’ Group (JOG) MOV Periodic Verification Program, with a reference to the NRC
safety evaluation dated September 2006 (ML061280315) and its supplement dated September
2008 (ML082480638). The planned FSAR revision also described the use of ASME OM Code
Case OMN-1 (Revision 1), as discussed earlier in this SER section. The planned FSAR
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revision added that IST of active MOVs will consist of both static and dynamic testing, and
specific test frequencies will be based on the risk ranking and functional margin of the individual
valve, in accordance with the JOG MOV Periodic Verification Program. The planned FSAR
revision discussed the exercising frequency, the evaluation of required and available stem
torque per OM Code Case OMN-1, and the consideration of uncertainties in the performance of
tests and the evaluation of the data. The parameters and acceptance criteria specified for
preoperational testing are also applicable to IST activities. These parameters and acceptance
criteria address open and closed stroking, control switch setting margin incorporating
uncertainties, motor output capability under degraded voltage conditions, maximum allowable
torque and thrust limits, remote position indication, and minimum and maximum allowable
stroke times. The staff found that this description of the IST and MOV Testing Programs
complies with the NRC regulations for MOVs, including the ASME OM Code provisions and
periodic verification of MOV design-basis capability. Therefore, RAI 03.09.06-12 is closed. The
staff confirmed that Revision 9 (and later revisions) to the STP, Units 3 and 4, FSAR
incorporates the planned changes. Therefore, this issue in RAI 03.09.06-1 is resolved and
closed.
ABWR DCD Tier 2, Subsection 3.9.6.2.3 provides general information on the IST Program for
power-operated valves (POVs) to be used at ABWR nuclear power plants. The staff issued RAI
03.09.06-13, requesting the applicant to describe the functional qualification of POVs and the
POV IST Program to be developed for STP, Units 3 and 4. Subsection 3.9.6.2.3, “Power
Operated Valves (Other Than Motor Operated Valves),” in the planned FSAR revision submitted
by the applicant on March 31, 2010, described the design and qualification, preoperational
testing, and IST Programs for POVs to be used at STP, Units 3 and 4. For example, the
planned FSAR revision specified that each prototype POV will be tested during the design and
qualification process to demonstrate its capability under a range of differential pressure and flow
conditions, up to the design conditions, using the provisions of ASME QME-1–2007. As part of
preoperational testing, the planned FSAR revision indicated that each POV will be tested in the
open and closed directions under static and maximum achievable conditions using diagnostic
equipment that measures or provides information to determine total friction, stroke time, seat
load, spring rate, and travel under normal and minimum pneumatic or hydraulic pressure (as
applicable). The planned FSAR revision specified parameters and acceptance criteria for
demonstrating that the POV functional performance requirements are met. As part of the IST
Program, the planned STP FSAR specified that all ABWR safety-related piping systems
incorporate provisions for testing to demonstrate the operability of POVs under design
conditions. The planned FSAR stated that all active POVs will be stroke tested in accordance
with the ASME OM Code, and that ASME OM Code Case OMN-12 might be used in lieu of the
Code stroke-testing requirements for pneumatically and hydraulically operated valves. The
planned FSAR revision specified parameters and acceptance criteria for testing POVs at STP,
Units 3 and 4. Subsection 3.9.6.2.8, “Non-Code Testing of Power-Operated Valves (Other Than
Motor Operated Valves),” in the planned FSAR revision stated that in addition to the design and
qualification process and post-installation setup, testing is performed as part of the Air-Operated
Valve (AOV) Program that includes the key elements of the JOG AOV Program, with referenced
comments provided by the staff in a letter dated October 8, 1999 (ML020360077). The planned
FSAR revision indicated that the AOV Program incorporates the attributes of a successful POV
long-term periodic verification program, as discussed in Regulatory Issue Summary (RIS) 200003, “Resolution of Generic Safety Issue 158: Performance of Safety-Related Power-Operated
Valves Under Design Basis Conditions,” by incorporating lessons learned from previous nuclear
power plant operations and research programs, as they apply to the periodic testing of airoperated and other POVs included in the IST Program. For example, the planned FSAR
revision indicated that the key lessons learned in the AOV Program include: (1) valve
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categorization according to safety significance and risk ranking; (2) AOV setpoints based on
current vendor information or valve qualification diagnostic testing; (3) periodic static testing of
high safety-significant valves to identify potential degradation and periodic dynamic testing, if
required, based on valve qualification or operating experience; (4) sufficient diagnostics to
collect relevant data; (5) test frequency specified and evaluated based on data trends consistent
with the JOG AOV Program; (6) post-maintenance procedures with appropriate instructions and
criteria; (7) lessons learned from other valve programs specified in procedures and training for
the AOV Program; and (8) documentation from AOV testing with maintenance and corrective
action records retained and periodically evaluated. The planned FSAR revision also indicated
that the attributes for the AOV Program will be applied to other POVs (as applicable). The staff
found that the description of the testing program for POVs other than MOVs, as described in the
planned FSAR revision, will comply with the ASME OM Code provisions and will apply the
lessons learned from nuclear power plant operating experience and valve research programs
described in Regulatory Issue Summary (RIS) 2000-03, “Resolution of Generic Safety Issue
158: Performance of Safety-Related Power-Operated Valves Under Design Basis Conditions,”
for the periodic verification of design-basis capability of POVs other than MOVs. Therefore, RAI
03.09.06-13 is closed. The staff confirmed that Revision 9 (and later revisions) to the STP,
Units 3 and 4, FSAR incorporates the planned changes. Therefore, this issue in RAI 03.09.06-1
is resolved and closed.
ABWR DCD Tier 2, Subsection 3.9.6.2.4, “Isolation Valve Leak Tests,” refers to pressure
isolation valves, temperature isolation valves, and containment isolation valves. The staff
issued RAI 03.09.06-14, requesting the applicant to indicate the classification, allowable leak
rate, and test interval for POVs to be used at STP, Units 3 and 4. During the November 2009
audit, the applicant stated that the STP FSAR would be revised to update Tier 2, Table 3.9-8.
The applicant submitted proposed Table 3.9S-1 in a supplemental response to RAI 03.09.06-7
dated December 15, 2010 (ML103540320). The staff reviewed the applicant’s submittal dated
December 15, 2010, and the applicant’s response to RAI 03.09.06-28, dated March 10, 2011
(ML110740086), that addressed the staff’s questions on proposed Table 3.9S-1. The staff
determined that the applicant’s planned revision to the FSAR, including proposed Table 3.9S-1,
will satisfy the IST provisions for isolation valve leakage tests as specified in the ASME OM
Code. Therefore, RAI 03.09.06-14 is resolved. The staff confirmed that Revision 9 (and later
revisions) to the STP Units 3 and 4 FSAR incorporates the planned changes. Therefore, this
issue in RAI 03.09.06-28 is resolved and closed.
ABWR DCD Tier 2, Subsection 3.9.3.4 includes provisions to be addressed in design
specifications for dynamic restraints, but does not describe the inservice examination and
testing program for those components. The staff issued RAI 03.09.06-15, requesting the
applicant to fully describe the IST Program for dynamic restraints to support the COL application
for STP, Units 3 and 4. Subsection 3.9.3.4.1, “Piping,” in the planned FSAR revision submitted
by the applicant on March 31, 2010 (ML100920021), described the inspection, testing, repair,
and replacement of dynamic restraints (snubbers) to be used at STP, Units 3 and 4. For
example, the planned FSAR revision specified that the inspection, testing, repair, and
replacement of snubbers will be conducted in accordance with the ASME OM Code, 2004
Edition (Subsection ISTD), and RG 1.192. The planned FSAR revision in Subsection 3.9.3.4.1
stated that the codes and standards for the functional qualification and production testing of
snubbers will include ASME BPV Code Section III (Subsection NF), ASME QME-1-2007
(Subsection QDR), and the ASME OM Code (Subsection ISTD). The planned FSAR revision in
Subsection 3.9.3.4.1 described inservice examination activities of snubbers based on the ASME
OM Code, 2004 Edition (Subsection ISTD), and RG 1.192. For example, the planned revision
described the initial inservice examination intervals, the inservice visual examination attributes,
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establishment of test groups, and replacement and post-maintenance examination and testing.
The planned FSAR revision indicated that subsequent examinations will be performed at
intervals defined in the ASME OM Code (Subsection ISTD) and ASME OM Code Case OMN13, “Requirements for Extending Snubber Inservice Visual Examination Interval at LWR Power
Plants.” The staff accepted the use of ASME OM Code Case OMN-13 in RG 1.192, without
conditions. The staff found that the description of the IST Program for dynamic restraints, as
described in the planned STP FSAR revision, complies with the ASME OM Code provisions and
alternatives allowed in ASME OM Code Case OMN-13. Therefore, RAI 03.09.06-15 is resolved.
The staff confirmed that Revision 9 (and later revisions) to the STP Units 3 and 4 FSAR
incorporates the planned changes. Therefore, this issue in RAI 03.09.06-1 is resolved and
closed.
COL License Information Items
•

COL License Information Item 3.29 Pump and Valve Testing Program

FSAR Subsection 3.9.7.3 indicates that the plant-specific environmental parameters for the
Equipment Qualification Program will be available for NRC to review as part of the ITAAC for
the basic configuration of plant systems, as provided in ABWR DCD Tier 1, Section 1.2. The
staff issued RAI 03.09.06-16, requesting the applicant to discuss the availability of design and
procurement specifications for pumps, valves, and dynamic restraints for the NRC to review.
During the November 2009, audit, the staff reviewed a sample of the design and procurement
specifications for components to be used at STP, Units 3 and 4. The revision of the design and
procurement specifications was tracked as Open Item 03.09.06-1, in response to the November
2009 audit. As discussed above, the staff conducted a follow-up audit to review the revised
design and procurement specifications on August 2, 2010. Based on that follow-up audit, RAI
03.09.06-16 and Open Item 03.09.06-1 are resolved. The staff will conduct inspections of the
functional design, qualification, and IST Programs for STP, Units 3 and 4, using IP 73758,
including design and procurement specifications as appropriate.
FSAR Subsection 3.9.7.3 indicates that the pump and valve IST and Inspection Programs will
be provided to the NRC as specified in FSAR Section 13.4S, which indicates that the
descriptions of operational programs should be consistent with the definition of “fully described”
in the SRM for SECY-05-0197, are in the FSAR sections listed in Table 13.4S-1. The staff
issued RAI 03.09.06-17, requesting the applicant to supplement the referenced FSAR sections
with the information requested in RG 1.206 to provide a full description of these operational
programs. FSAR Table 13.4S-1 specifies that the IST Program will be implemented “after
generator on line on nuclear heat,” and the MOV Testing Program will be implemented before
fuel loading. The staff’s review of the description of the IST and MOV Testing Programs is
discussed in Section 13.4S of this SER. Therefore, RAI 03.09.06-17 is resolved and closed.
FSAR Subsection 3.9.7.3 indicates that the design qualification testing, inspection, and analysis
criteria in Subsections 3.9.6.1, 3.9.6.2.1, 3.9.6.2.2, and 3.9.6.2.3 of ABWR DCD Tier 2 will be
included in the respective safety-related pump and valve design specifications before fuel
loading, as Commitment COM 3.9-3. FSAR Subsection 3.9.7.3 also notes that the design,
qualification, and preoperational testing for MOVs will conform to the provisions in ABWR DCD
Tier 2, Subsection 3.9.6.2.2, as Commitment COM 3.9-4. The staff issued RAI 03.09.06-18,
requesting the applicant to discuss the completion of the COL applicant actions specified in the
ABWR DCD, as part of the COL application for STP, Units 3 and 4. In the August 17, 2009,
response to this RAI (ML092310488), the applicant advised that the IST and Inspection
Programs have not been established, and the MOV Testing Program and schedule will be
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addressed in the response to RAI 03.09.06-1. The staff accepted this plan and RAI 03.09.06-18
is closed. The issues associated with this RAI will be tracked under the review of RAI 03.09.061. In the second revision of the Supplement 1 response to RAI 03.09.06-1, dated March 31,
2010 (ML100920021), the applicant provided a proposed revision to the COL FSAR to describe
the IST and MOV Testing Programs in support of the STP, Units 3 and 4, COL application. The
staff reviewed the planned FSAR revision as discussed earlier in this SER section. The staff’s
review of the design and procurement specifications for pumps, valves, and dynamic restraints
to be used at STP, Units 3 and 4, is also discussed earlier in this SER section.
FSAR Subsection 3.9.7.3 indicates that the SRV IST requirements are included in Table 3.9-8,
and Subsection 5.2.2.10 describes additional SRV testing (including technical specifications).
The staff issued RAI 03.09.06-19, requesting the applicant to fully describe the IST Program for
SRVs, which is consistent with RG 1.206 and SECY-05-0197. In the planned FSAR revision
submitted on March 31, 2010, Subsection 3.9.6.2.5, “Inservice Testing Program for Safety and
Relief Valves,” described the IST Program for SRVs based on the provisions specified in ASME
OM Code Subsection ISTC. For example, the planned FSAR revision specified that SRV tests
will be conducted in accordance with Appendix I to the ASME OM Code, 2004 Edition. The staff
found that the description of the IST Program for SRVs in the planned STP FSAR revision
complies with the ASME OM Code provisions and is thus acceptable. RAI 03.09.06-19 is
therefore resolved. The staff confirmed that Revision 9 (and later revisions) to the STP, Units 3
and 4, FSAR incorporates the planned changes. Therefore, this issue in RAI 03.09.06-1 is
resolved and closed.
FSAR Subsection 3.9.7.3 through Revision 9 stated that the ISTs that are conducted during the
initial 120-month interval to verify the operational readiness of pumps and valves, whose
function is required for safety, must comply with the requirements in the latest edition and
addenda of the Code incorporated by reference in 10 CFR 50.55a(b) (or the optional ASME
Code cases listed in RG 1.192 and is incorporated by reference in 10 CFR 50.55a(b)), on the
date 12 months before the date of issuance of the operating license, subject to the limitations
and modifications listed in 10 CFR 50.55a(b). However, this statement is partially incorrect
because it refers to the date 12 months before the date of issuance of the operating license
whereas for a COL, the correct date is 12 months before the date scheduled for initial fuel
loading. In the applicant’s letter dated October 23, 2013, the applicant stated that it would
correct this mistake in the next revision of the FSAR. The staff confirmed that the proposed
FSAR Subsection 3.9.7.3 changes were incorporated into Revision 10 (and later revisions) of
the FSAR. Therefore, this issue in RAI 03.09.06-27 is resolved and closed.
FSAR Subsection 3.9.7.3 also indicates that IST conducted during successive 120-month
intervals to verify the operational readiness of pumps and valves, whose function is required for
safety, must comply with the requirements of the latest edition and addenda of the Code
incorporated by reference in 10 CFR 50.55a(b) (or the optional ASME Code cases listed in RG
1.147 through Revision 14 or RG 1.192 that are incorporated by reference in 10 CFR
50.55a(b)), 12 months before the start of the 120-month interval, subject to the limitations and
modifications listed in 10 CFR 50.55a(b). RG 1.206, Regulatory Position C.IV.4.3,
“Implementation of Operational Programs,” states that the COL will contain a license condition
that requires the licensee to submit a schedule to the NRC 12 months after receiving the COL
that supports planning for and conducting NRC inspections of operational programs. The
schedule will be updated every 6 months until 12 months before the scheduled fuel loading, and
every month thereafter, until either the operational programs in FSAR Table 13.4-201 have
been fully implemented or the plant has been placed in commercial service (whichever comes
first).
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The staff issued RAI 03.09.06-20, requesting the applicant to discuss plans to develop license
conditions for operational program implementation that are consistent with the guidance in RG
1.206 and SECY-05-0197. The staff also requested the applicant to discuss updating the
reference to Revision 14 of RG 1.147, so it is consistent with the NRC regulations at the time of
development of the IST Program for STP, Units 3 and 4. In its response to this RAI dated
August 17, 2009 (ML092310488), the applicant referenced Section 13.4S in the STP FSAR for
the implementation schedule of the IST Program for STP, Units 3 and 4. The applicant also
stated the intent to support planning for and conducting NRC inspections of operational
programs, as indicated in RG 1.206. The applicant indicated that the applicable revision to RG
1.147 will be addressed during the development of the operational programs for STP, Units 3
and 4. The staff found that the applicant has clarified the preparation for the development of the
STP, Units 3 and 4, operational programs. Therefore, RAI 03.09.06-20 is closed.
In Attachment 3 to the COL application dated September 20, 2007 (ML072830407), the
applicant provided the milestone for Commitment COM 3.9-3 (COL License Information Item
3.29), which is summarized as the Pump and Valve IST Program, and Commitment 3.9-4 (COL
License Information Item 3.29). This summary of the MOV design, qualification, and
preoperational testing will be completed and available for inspection before fuel loading. The
staff issued RAI 03.09.06-21 and RAI 03.09.06-22, requesting the applicant to provide a
schedule that allows for NRC inspections of the Pump and Valve IST Program and the MOV
Testing Program during their development and implementation and before relying on pumps
and valves to perform their safety functions. The applicant’s response to these RAIs dated
August 17, 2009 (ML092310488), indicated that a schedule for planning purposes will be
provided to facilitate NRC review and confirmation activities, in accordance with the applicable
license conditions. The staff found that this response satisfies the licensing process in 10 CFR
Part 52 and is therefore acceptable. Therefore, RAIs 03.09.06-21 and 03.09.06-22 are resolved
and closed.
RG 1.206, Regulatory Position C.III.3.9.6.1 requests the COL applicant to provide information
related to equipment not included in the referenced certified design. The staff issued RAI
03.09.06-23, requesting the applicant to: (1) confirm that STP, Units 3 and 4, will not include
equipment beyond what is specified in the ABWR certified design, or (2) provide information on
this equipment as indicated in RG 1.206. The applicant’s response to the RAI dated August 17,
2009, stated that STP, Units 3 and 4, will be constructed in accordance with the ABWR certified
design and will be subject to the departures specified in the COL application. During the
November 2009, audit, the applicant stated that the STP FSAR would be revised to update
ABWR DCD Tier 2, Table 3.9-8. The applicant submitted proposed Table 3.9S-1 in a
supplemental response to RAI 03.09.06-7 on December 15, 2010 (ML103540320). As
discussed above, the staff has reviewed proposed Table 3.9S-1 including the planned changes
included in response to RAI 03.09.06-28 (ML110740086). The staff determined that the
planned changes to the STP, Units 3 and 4, FSAR would identify the plant equipment to be
included within the scope of the IST Program at STP, Units 3 and 4. Therefore, RAI 03.09.0623 is resolved. The staff confirmed that Revision 9 (and later revisions) to the STP, Units 3 and
4, FSAR incorporates the planned changes. Therefore, this issue in RAI 03.09.06-28 is
resolved and closed.
•

COL License Information Item 3.30 Audit of Design Specification and Design Reports

ABWR DCD Tier 2, Subsection 3.9.7.4 specifies that COL applicants will make design
specifications and design reports available for the staff to audit. STP FSAR Subsection 3.9.7.4
indicates that design specifications and design reports required by the ASME Code for vessels,
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pumps, valves, and piping systems will be made available for the staff to review. The staff
issued RAI 03.09.06-24, requesting the applicant to specify the availability of design
specifications and design reports related to pumps, valves, and dynamic restraints for the NRC
to review. During the November 2009, audit, the staff reviewed a sample of design and
procurement specifications for components to be used at STP, Units 3 and 4. The revision of
the design and procurement specifications was tracked as Open Item 03.09.06-1 in response to
the November 2009, audit. As discussed above, the staff conducted a follow-up audit to review
the revised design and procurement specifications on August 2, 2010. Based on that follow-up
audit, RAI 03.09.06-24 and Open Item 03.09.06-1 are resolved. The NRC will conduct
inspections of the functional design, qualification, and IST Programs for STP, Units 3 and 4,
using IP 73758, including design and procurement specifications as appropriate.
STP FSAR Table 3.9-8 updates the IST table in the ABWR DCD with respect to the IST
Program scope, Code category, valve function, test parameters, and test frequency. The staff
issued RAI 03.09.06-25, requesting the applicant to describe modifications to Table 3.9-8 and
the basis for the changes. The staff tracked this issue as part of Open Item 03.09.06-7. The
applicant submitted proposed Table 3.9S-1 in a supplemental response to RAI 03.09.06-7 on
December 15, 2010 (ML103540320). As discussed above, the staff reviewed the proposed
Table 3.9S-1 including the planned changes indicated in response to RAI 03.09.06-28
(ML110740086). The staff’s review determined that the planned changes to the STP Units 3
and 4 FSAR will update the IST table in the ABWR DCD as applicable for the IST Program at
STP Units 3 and 4. Therefore, Open Item 03.09.06-7 and RAI 03.09.06-25 are resolved. The
staff confirmed that Revision 9 (and later revisions) to the STP, Units 3 and 4, FSAR
incorporates the planned changes. Therefore, this issue in RAI 03.09.06-28 is resolved and
closed.
Nuclear power plant operating experience has revealed the potential for adverse flow effects
from vibration caused by hydrodynamic loads and acoustic resonance on reactor coolant,
steam, and feedwater systems. ABWR DCD Tier 2, Subsection 3.9.2.1.1, “Vibration and
Dynamic Effects Testing,” describes tests to confirm that piping, components, restraints, and
supports are designed to withstand the dynamic effects of steady-state, FIV and anticipated
operational transient conditions. ABWR DCD Tier 2, Subsection 14.2.12.1.51, “Expansion,
Vibration and Dynamic Effects Preoperational Test,” and Subsection 14.2.12.2.11, “System
Vibration,” discuss verification during plant startup tests that the vibration of critical system
components and piping is within acceptable limits during normal steady-state power operation
and expected operational transients. The staff issued RAI 03.09.06-26, requesting the applicant
to discuss the implementation of this program and identify potential adverse flow effects on
pumps, valves, and dynamic restraints from hydraulic loading and acoustic resonance during
plant operation. In its response to this RAI dated August 17, 2009 (ML092310488), the
applicant stated that the IST Program will address the dynamic effects of steady-state FIV and
anticipated transient conditions as they relate to pumps, valves, and dynamic restraints. The
applicant also stated that a parallel program taking advantage of nuclear power plant operating
experience will be developed to assure that hydrodynamic loads and acoustic resonance are
considered in the design of the reactor coolant, steam, and feedwater systems. The staff found
that the provisions in ABWR DCD Tier 2, Subsection 3.9.2.1.1 and DCD Tier 2, Chapter 14, with
the clarification in the RAI response, provide confidence that the dynamic effects from the FIV
will be addressed for pumps, valves, and dynamic restraints at STP, Units 3 and 4. Therefore,
RAI 03.09.06-26 is resolved and closed.
NUREG–1482, “Guidelines for Inservice Testing at Nuclear Power Plants,” provides guidance
for the preparation of IST Program documentation and tables. The staff evaluated the
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applicant’s description of the IST Program as part of the NRC review of the COL application.
Following the COL issuance, the staff will evaluate the development and implementation of the
IST Program as part of NRC inspection activities before and during plant operations.
In NUREG–1503, the staff noted that the ABWR standby liquid control system (SLCS) design
includes MOVs rather than explosive-actuated (squib) injection valves. ABWR DCD Tier 2,
Subsection 7.7.1.6.1, “Automatic Traversing Incore Probe (ATIP),” describes the nonsafetyrelated ATIP subsystem used to calibrate power range monitor instrument channels in the
neutron monitoring system of the ABWR. Three small squib valves (with a diameter of less than
2.54 cm [1 in.]) similar to those used in operating BWR nuclear power plants are installed in the
ATIP system to isolate the guide tube, in the event that a detector cannot be retrieved through
the tube. Surveillance Requirement (SR) 3.6.1.3.4 in the STP, Units 3 and 4, technical
specifications requires the continuity of the ATIP shear isolation valve explosive charge to be
verified every 31 days. SR 3.6.1.3.10 requires the explosive charge to be removed from an
ATIP shear isolation valve and tested every 18 months on a staggered test basis. The staff
found these surveillance provisions to be adequate for the ATIP squib valves based on
successful operating experience at current BWR nuclear power plants. If squib valves of a new
design or a larger size are used at STP, Units 3 and 4, the licensee will be responsible for
establishing appropriate surveillance activities for squib valves. For example, the IST Program
for new squib valves will need to incorporate lessons learned from the design and qualification
process for these valves, so that surveillance activities provide reasonable assurance of the
operational readiness of the squib valves to perform their safety functions.
License Conditions
In RG 1.206, Regulatory Position C.IV.4.3 states that the COL will contain a license condition
that requires the licensee to submit to the NRC 12 months after COL issuance, a schedule that
supports planning for and conducting NRC inspections of operational programs. The schedule
will be updated every 6 months until 12 months before the scheduled fuel loading and every
month thereafter until either the operational programs have been fully implemented or the plant
has been placed in commercial service, whichever comes first. The staff will prepare this
license condition as part of the completion of the staff’s review of the STP, Units 3 and 4, COL
application.
3.9.6.5

Post Combined License Activities

The NRC regulations in 10 CFR 50.55a(f)(4)(i) state that ISTs to verify the operational readiness
of pumps and valves, whose function is required for safety, conducted during the initial 120month interval must comply with the requirements in the latest edition and addenda of the
ASME Code incorporated by reference in 10 CFR 50.55a(b), on the date 12 months before the
date scheduled for initial fuel loading under a COL issued per 10 CFR Part 52 (or the optional
ASME Code cases listed in RG 1.192) and subject to the limitations and modifications listed in
Section 50.55a. There is a similar requirement in 10 CFR 50.55a(g)(4)(i) for dynamic restraints.
As described in Subsection 3.9.6.4, the COL licensee will provide schedules to support NRC
inspections of PST, IST, and MOV Testing Operational Programs.
The applicant identified the following commitments:
•

Commitment (COM 3.9-3) – The design qualification test, inspection, and analysis
criteria in Subsections 3.9.6.1, 3.9.6.2.1, 3.9.6.2.2, and 3.9.6.2.3 of Tier 2 of the
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referenced ABWR DCD will be included in the respective safety-related pump and valve
design specifications before fuel loading.
•

Commitment (COM 3.9-4) – The design, qualification, and preoperational testing for
MOVs will conform to the provisions in Subsection 3.9.6.2.2 of Tier 2 of the referenced
ABWR DCD.

The staff also plans to specify the following license conditions for the operational programs
identified in FSAR Table 13.4S-1, including the PST and IST Programs, and MOV Testing
Programs:
Operational Program Implementation
The licensee shall implement the programs or portions of programs identified in FSAR
Table 13.4S-1, and whose implementation requirements are specified as license
conditions, on or before the associated milestones in FSAR Table 13.4S-1.
Operational Program Implementation Schedule
No later than 12 months after issuance of the COL, the licensee shall submit to the
Director of the Office of New Reactors, or the Director’s designee, a schedule for
completing the milestones set forth in FSAR Table 13.4S-1. The schedule shall be
updated every 6 months until 12 months before scheduled fuel loading, and every month
thereafter until all the milestones have been completed or the plant has been placed in
commercial service, whichever comes first.
3.9.6.6

Conclusion

The staff reviewed the application and checked the referenced DCD. The staff’s review
confirmed that the applicant has addressed the required information related to the functional
design, qualification, and IST Programs for pumps, valves, and dynamic restraints, and no
outstanding information is expected to be addressed in the COL FSAR related to this section.
The staff’s finding related to information incorporated by reference is in NUREG–1503.
Pursuant to 10 CFR 52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear
safety issues relating to the testing of pumps and valves that were incorporated by reference
have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations, the guidance in Section 3.9.6 of NUREG–0800, and the applicable industry
standards. The staff’s review concluded that the applicant has adequately addressed the COL
license information items in accordance with Section 3.9.6 of NUREG–0800. The staff
evaluated the information in the application to determine whether the functional design,
qualification and IST Programs for safety-related pumps, valves, and dynamic restraints satisfy
the applicable NRC regulations and provide reasonable assurance that those components will
be capable of performing their safety functions at STP, Units 3 and 4. The staff concludes that
the applicant has provided sufficient information in the FSAR to satisfy 10 CFR Part 52 for the
Functional Design, Qualification, and IST Programs for safety-related pumps, valves, and
dynamic restraints at STP, Units 3 and 4.
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3.10

Seismic and Dynamic Qualification of Mechanical and Electrical Equipment

3.10.1

Introduction

This FSAR section addresses the seismic qualification of electrical components and equipment.
This section includes dynamic loads due to suppression pool dynamics associated with a LOCA
and an SRV discharge as significant vibratory effects on the RB and, hence, on the design of
the structures, systems, and equipment in the RB. This section also discusses equipment
qualification for both seismic and other RBV dynamic loads.
The COL applicant must ensure that site-specific seismic and dynamic input response spectra
are properly defined, enveloped in the methodology for that specific plant, and implemented in
the appropriate equipment qualification program. The mechanical components and equipment
and the electrical components that are integral to the mechanical equipment are dynamically
qualified, as described in Section 3.9 of the ABWR DCD. Principal seismic Category I SSCs are
safety-related and include functions that are essential to an emergency reactor shutdown,
containment isolation, reactor core cooling, reactor protection, containment and reactor heat
removal, and an emergency power supply or functions that are otherwise essential in preventing
a significant release of radioactive material into the environment.
The criteria for the design of the SSCs include the following considerations:
•

Seismic qualification.

•

Methods and procedures for determining qualification that use analyses, tests, or a
combination of tests and analyses for mechanical and electrical equipment and
instrumentation.

•

Methods and procedures for analyzing or testing the supports for mechanical and
electrical equipment and instrumentation.

•

Results of tests and analyses.

3.10.2

Summary of Application

Section 3.10 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.10 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52, Appendix A,
with no departures. In addition, in FSAR Section 3.10.5, “COL License Information,” the
applicant provided the following.
COL License Information Items
•

COL License Information Item 3.37 Equipment Qualification

This COL license information item addresses the requirement for equipment qualification
records. The applicant committed (COM 3.10-1) to prepare equipment qualification records,
including reports, following the procurement of qualified equipment and before fuel loading. The
applicant added that the records will be maintained in a permanent file and readily available for
audit.
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•

COL License Information Item 3.38 Dynamic Qualification Report

This COL license information item addresses the requirement for the Dynamic Qualification
Report (DQR). The applicant committed (COM 3.10-2) to prepare the DQR following the
procurement of qualified equipment and before fuel loading.
•

COL License Information Item 3.39 Qualification by Experience

This COL license information item addresses the requirement that no seismic Category I
equipment will be qualified by experience.
3.10.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the seismic and dynamic
qualification of mechanical and electrical equipment, and the associated acceptance criteria, are
in Section 3.10 of NUREG–0800.
3.10.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.10 of the certified
ABWR DCD. The staff reviewed Section 3.10 of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to this section.
The staff reviewed the following information in the COL FSAR:
COL License Information Items
•

COL License Information Item 3.37 Equipment Qualification

•

COL License Information Item 3.38 Dynamic Qualification Report

Specific information to be provided by the applicant to address COL License Information
Item 3.37 includes plant-specific seismic and dynamic parameters for the Equipment
Qualification Program. The applicant stated that the plant-specific seismic and hydrodynamic
spectra are bounded by the spectra shown in the referenced ABWR DCD, Appendix 3A and
Appendix 3G, respectively. The equipment qualification reports and records in
Subsections 3.10.2.1.4 and 3.10.2.2.3 of the DCD, respectively, will be prepared following the
procurement of qualified equipment but before fuel loading. The records will be readily available
and will be maintained in a permanent file (COM 3.10-1).
Specific information to be provided by the applicant to address COL License Information
Item 3.38 includes a DQR identifying all seismic Category I instrumentation, electrical parts and
equipment therein, and their supports. The DQR shall contain the following:
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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1.

A table or file for each system that is identified in Table 3.2-1 of the DCD to be safety
related or to have seismic Category I equipment shall be included in the DQR containing
the Master Parts List (MPL) item number and name, the qualification method and the
input motion for all seismic Category I equipment and the supporting structure in the
system, and the corresponding qualification summary table or vendor’s qualification
report.

2.

The mode of safety-related operation (i.e., active, manual active, or passive) of the
instrumentation and equipment along with the manufacturer identification and model
numbers shall also be tabulated in the DQR. The operational mode identifies the
instrumentation or equipment:
a.

That performs the safety related functions automatically.

b.

That is used by the operators to perform the safety related functions manually.

c.

Whose failure can prevent the satisfactory accomplishment of one or more
safety-related functions.

The applicant stated that the DQR will be prepared following the procurement of qualified
equipment but before fuel loading (COM 3.10-2).
Based on the above descriptions, the staff found that the applicant has appropriately
incorporated by reference Section 3.10 of the certified ABWR DCD, Revision 4. However, in
both COL License Information Items 3.37 and 3.38, the applicant indicates that the equipment
qualification records and the DQR will be prepared following the procurement of qualified
equipment but before fuel loading (COM 3.10-1 and COM 3.10-2, respectively). The staff
needed further information to confirm that these commitments are in accordance with the
guidance of RG 1.206, Regulatory Position C.I.3.10.4 and would be unacceptable. Therefore,
the staff issued RAI 03.10-1, requesting the applicant to provide an implementation program for
the seismic qualification of mechanical and electrical equipment, including milestones and
completion dates for the DQR. The program should include appropriate information and should
be submitted with sufficient time for the staff’s review and approval before the installation of the
equipment, not before fuel loading, in accordance with Regulatory Position C.I.3.10.4 of RG
1.206. Milestones and completion dates for the DQR could be addressed as a license
condition.
In its Supplement 1 response to RAI 03.10-1, dated October 5, 2009 (ML092810321), the
applicant provided additional information regarding the planned method(s) of dynamic
qualification for safety-related seismic Category I equipment types listed in COL application
Part 2, Tier 2, Table 3.2-1. There are also milestone dates indicating the availability of the
Vendor Qualification Reports to the NRC for audit. In its response to RAI 03.10-1, dated July
30, 2009 (ML092150959), the applicant stated that FSAR Subsection 3.10.5.1, which addresses
COL Information Item 3.37, “Equipment Qualification,” will be revised to clarify that the
equipment dynamic qualification records and reports will be available before the installation of
equipment. The staff found the applicant’s response acceptable, and RAI 03.10-1 is resolved.
The staff confirmed that COL FSAR Revision 4, Subsection 3.10.5.1, which addresses COL
Information Item 3.37, “Equipment Qualification,” was revised to indicate that the equipment
dynamic qualification records, including reports, will be available before the installation of
equipment and will be maintained in a permanent file. This revision modifies Commitment
(COM 3.10-1) to include a statement that equipment qualification records will be maintained in a
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permanent file. Based on the revised information, the staff found that the applicant has
adequately addressed COL License Information Item 3.37. Therefore, RAI 03.10-1 is resolved
and closed.
•

COL License Information Item 3.39 Qualification by Experience

The applicant provided specific information to address COL License Information Item 3.39. The
applicant indicated in Subsection 3.10.5.3 of the STP FSAR that no seismic Category I
instrumentation or electrical equipment will be qualified by experience. The staff found the
applicant’s approach acceptable. The applicant has adequately addressed COL License
Information Item 3.39, and this item is closed.
3.10.5

Post Combined License Activities

The applicant identified the following commitments:
•

Commitment (COM 3.10-1) – Prepare the equipment qualification records, including the
reports, following the procurement of qualified equipment but before installing the
equipment. These records will be maintained in a permanent file.

•

Commitment (COM 3.10-2) – Prepare the DQR following the procurement of qualified
equipment but before installing the equipment.

3.10.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information relating to the seismic and dynamic
qualification of mechanical and electrical equipment, and no outstanding information is expected
to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR 52.63(a)(5) and
10 CFR Part 52, Appendix A Section VI.B.1, all nuclear safety issues relating to the seismic and
dynamic qualification of mechanical and electrical equipment that were incorporated by
reference have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.10 of NUREG–0800. The staff’s review
confirmed that the applicant has adequately addressed the COL license information items in
accordance with Section 3.10 of NUREG–0800.
3.11

Environmental Qualification of Safety-Related Mechanical and Electrical
Equipment

3.11.1

Introduction

This FSAR section addresses the environmental qualification (EQ) of equipment that is
important to safety (mechanical, electrical, and I&C including digital I&C) to provide assurance
that the equipment is capable of performing its design-safety functions under all normal
environmental conditions, anticipated operational occurrences, and accident and post-accident
environmental conditions. During plant operation, the STP, Units 3 and 4, COL applicant
implements the Equipment Qualification Program (EQP), which specifies the replacement
frequencies of affected safety-related equipment in harsh environments and nonsafety-related
equipment whose failure, under the postulated environmental conditions, could prevent the
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satisfactory performance of the safety functions of the safety-related equipment and certain
post-accident monitoring equipment.
3.11.2

Summary of Application

Section 3.11, including Appendix 3I, of the STP, Units 3 and 4, COL FSAR Revision 12
incorporates by reference Section 3.11 and Appendix 3I of the certified ABWR DCD Revision 4,
referenced in 10 CFR Part 52, Appendix A. The review of this section applies to FSAR Revision
9. In addition, in FSAR Section 3.11 and Appendix 3I, the applicant provided the following:
Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP Admin

The applicant provided information to address one administrative departure involving section
numbers for references. In the ABWR DCD, Section 3.11.7 lists the references, whereas in the
COL FSAR, the applicant lists the references in Section 3.11.8.
COL License Information Items
•

COL License Information Item 3.40 Environmental Qualification Document

The applicant provided additional information to address COL License Information Item 3.40 in
FSAR Subsection 3.11.6.1 regarding the Environmental Qualification Document (EQD).
•

COL License Information Item 3.41 Environmental Qualification Records

The applicant provided additional information to address COL License Information Item 3.41 in
FSAR Subsection 3.11.6.2 regarding Environmental Qualification Records.
•

COL License Information Item 3.42 Surveillance, Maintenance and Experience
Information

The applicant provided additional information to address COL license Information Item 3.42 in
FSAR Subsection 3.11.6.3 regarding surveillance, maintenance, and experience information.
•

COL License Information Item 3.43 Radiation Environment Conditions

The applicant provided additional information to address COL License Information Item 3.43 in
FSAR Section 3I.3.3 regarding radiation environmental conditions.
Supplemental Information
The applicant provided supplemental information in FSAR Section 3.11.2, “Qualification Tests
and Analyses,” for equipment located in a mild environment. The applicant provided additional
information in FSAR Section 3.11.6S regarding the qualification of mechanical equipment. In
addition, the applicant provided site-specific supplemental information in FSAR Section 3.11.7
regarding the Operational Program description of the STP, Units 3 and 4, EQP.
3.11.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the EQ of safety-related
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mechanical and electrical equipment, and the associated acceptance criteria, are in Section
3.11 of NUREG–0800.
The related acceptance criteria are as follows:
•

In accordance with SECY-05-0197 as accepted in the Commission’s SRM dated
February 22, 2006, the EQP is an operational program that will be reviewed in the COL
application. The staff will review this program to make a reasonable assurance finding
on the program. A COL applicant should fully describe the EQP and other operational
programs as defined in SECY-05-0197 to avoid the need for ITAAC to implement those
programs. The term “fully described” as applied to an operational program should be
understood to mean that the program is clearly and sufficiently described in terms of the
scope and level of detail to allow a reasonable assurance finding of acceptability.
Furthermore, operational programs should be described at a functional level with an
increasing amount of detail, where implementation choices could materially and
negatively affect program effectiveness and acceptability. The Commission approved
the use of a license condition for operational program implementation milestones that
are fully described or referenced in the FSAR, as discussed in the SRM for SECY-050197 dated February 22, 2006.

In addition, in accordance with Section VIII of Appendix A to 10 CFR Part 52, the applicant
identified one Tier 2 departure that does not require prior NRC approval. This departure is
subject to the requirements of 10 CFR Part 52, Appendix A, Section VIII.B.5, which are similar
to the requirements in 10 CFR 50.59.
3.11.4

Technical Evaluation

The staff reviewed Section 3.11 and Appendix 3I of the STP, Units 3 and 4, COL FSAR and
checked the referenced ABWR DCD to ensure that the combination of the information in the
COL FSAR and the information in the ABWR DCD appropriately represents the complete scope
of information relating to this review topic.1 The staff’s review confirmed that the information in
the application and the information incorporated by reference address the required information
relating to the EQ of mechanical and electrical equipment. The results of the staff evaluation of
the information incorporated by reference in the STP COL application are documented in
NUREG-1503.
ABWR DCD Section 3.11.2, “Qualification Tests and Analysis,” states that safety-related
mechanical and electrical equipment are qualified by type testing, an operating experience
analysis, or by any combination thereof as described in IEEE Std-323 and permitted by 10 CFR
50.49(f). Equipment type testing is the preferred method of establishing qualification.
Equipment in a harsh environment is designed and qualified to survive the combined effects of
temperature, pressure, humidity, radiation, and other conditions related to a LOCA or other
design-bases accident environments as a portion of their qualified and/or design life. The
qualification methodology is described in detail in the NRC-approved licensing Topical Report
on GE’s EQP (“General Electric Environmental Qualification Program,” NEDE–24326-1-P,
proprietary document, January 1983). Safety-related mechanical equipment located in a harsh
environment is qualified by an analysis of the materials data, which is generally based on testing
and operating experience. For equipment located in a mild environment, a certificate of
1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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compliance shall be submitted certifying that the equipment is qualified to assure its required
safety-related function in its applicable environment. Furthermore, a surveillance and
maintenance program will be developed to ensure equipment operability during its design life.
In Subsection 3.11.2.2, “Safety-Related Mechanical Equipment in a Harsh Environment,” of
NUREG–1503, the staff concluded that that the time-margin issue as related to safety-related
mechanical equipment is resolved similarly to that for electrical equipment, as discussed in
Section 3.11.2.1 of NUREG–1503.
STP, Units 3 and 4, FSAR Section 3.11.6S invokes the quality assurance program
documentation requirements of 10 CFR Part 50, Appendix B, for safety-related mechanical
equipment.
On November 10, 2009, and August 2, 2010, the staff conducted audits of the EQP at the
Westinghouse office in Rockville, Maryland. The purpose of the audits was to confirm the
implementation of the ABWR DCD provisions for the EQ Operational Program by the COL
applicant. As discussed in NRC audit reports, dated September 1, 2010 and January 31, 2011
(ML102230215 and ML103550420, respectively), the staff reviewed the description of the STP
Units 3 and 4 EQP in Toshiba Project Document No. 7A10-0301-0025, “Environmental
Qualification Program,” to ensure that the requirements in NEDE–24326-1-P are properly
captured in the EQP and in several pump and valve design and procurement specifications.
Based on the audits, the staff concluded that the EQP for mechanical components is clearly and
sufficiently described in terms of scope and level of detail, so as to allow for a reasonable
assurance finding of acceptability. In the audit report, dated September 1, 2010, the staff
noticed that Toshiba Project Document No. 7A10-0301-0025 should be placed on the docket.
Furthermore, the staff also found that the EER needed clarification because the applicant did
not have sufficient documentation to demonstrate how and why some of the NEDE–24326-1-P
requirements are different from those of the EQP. On December 7, 2010, the staff conducted
an audit of the EER and EQP at the Westinghouse office in Rockville, Maryland. The staff
found that the EQP (7A10-0301-0025) is generally consistent with NEDE–24326-1-P with few
observations (see the audit report for details, ML103550420). The staff noted that the EQP
used RG 1.89 Revision 1, “Environmental Qualification of Certain Equipment Important to
Safety for Nuclear Power Plants;” RG 1.100 Revision 2; IEEE Std 344–1987; and 10 CFR 50.49
as references, whereas GE NEDE–24326-1-P used RG 1.89 Revision 0; RG 1.100 Revision 1;
and IEEE Std 344–1974 as references. The staff found that the use of later revisions of
regulatory guides, IEEE standards, and 10 CFR 50.49 improves the EQP. The applicant also
committed to revise the COL FSAR to reference the STP-specific EQP and EER that establish
an EQ bridge to proprietary GE EQP document NEDE–24326-1-P referenced in the ABWR
DCD. The applicant stated that it would submit the EQP and EER for docketing as proprietary
documents and will provide non-proprietary versions that will be available to the public. On
February 24, 2011, Nuclear Innovation North America (NINA) submitted an EQP and EER for
STP, Units 3 and 4 (ML110600855). The staff reviewed the document for the incorporation of
the staff’s observations from the audit dated December 7, 2010. On the basis of this review, the
staff found that the applicant has adequately addressed the staff’s observations from the EQP
audit.
The staff reviewed the following information in the COL FSAR:
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Tier 2 Departure Not Requiring Prior NRC Approval
•

STD DEP Admin

In the ABWR DCD, Section 3.11.7 provides the list of references for Section 3.11, whereas in
the COL FSAR, Section 3.11.8 provides the list of references. The applicant defined
administrative departures as minor corrections, such as editorial or administrative errors, in the
referenced ABWR DCD (e.g., misspellings, incorrect references, table headings, etc.).
The applicant's evaluation determined that this departure does not require prior NRC approval,
in accordance with 10 CFR Part 52, Appendix A, Section VIII.B.5. Within the review scope of
this section, the staff found it reasonable that this departure does not require prior NRC
approval. The applicant's process for evaluating departures and other changes to the DCD is
subject to NRC inspections.
COL License Information Items
•

COL License Information Item 3.40 Environmental Qualification Document

The staff reviewed the applicant’s approach to address COL License Information Item 3.40 that
provides an EQD which summarizes the qualification results for all safety-related mechanical
and electrical equipment located in harsh environments. The EQD will include the
environmental test parameters, the methodology used to qualify the equipment located in both
harsh and mild environments, and the system component work sheets that will contain a
summary of environmental conditions and qualified conditions for safety-related mechanical and
electrical equipment. The EQD will be available for the NRC’s review as part of the ITAAC for
the basic configuration of systems. The staff found the applicant’s approach acceptable to
resolve COL License Information Item 3.40 by developing the EQD and making it available as
part of the ITAAC for basic configuration of systems.
•

COL License Information Item 3.41 Environmental Qualification Records

The staff reviewed the applicant’s approach to address COL License Information Item 3.41 that
requires the applicant to record and maintain the results of the qualification tests for safetyrelated electrical and I&C equipment, in accordance with the requirements of 10 CFR 50.49(j),
and to have the records available for NRC inspection as part of the EQ ITAAC. The staff found
the applicant’s approach to resolve COL License Information Item 3.41 acceptable.
•

COL License Information Item 3.42 Surveillance, Maintenance and Experience
Information

The staff reviewed the applicant’s approach to address COL License Information Item 3.42 that
requires the applicant to maintain certificates of compliance for each qualified item and develop
a surveillance and maintenance program for equipment, in accordance with the EQP. The staff
reviewed the applicant’s commitment to evaluate design considerations for nonsafety-related
control systems subjected to adverse environments and equipment wetting and flooding above
the flood level. The applicant addressed these issues as design-related conditions and states
that records of evaluations will be available for NRC inspection, as part of the ITAAC for the
basic configuration of systems and as provided in the referenced ABWR DCD, Tier 1, Section
1.2. The staff found the applicant’s approach acceptable to resolve COL License Information
Item 3.42 by evaluating the design considerations for nonsafety-related control systems
subjected to adverse environments and equipment wetting and flooding above the flood level.
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•

COL License Information Item 3.43 Radiation Environment Conditions

Departure STD DEP 3I-2, “Environmental Qualification-Radiation,” revises the integrated
gamma radiation dose for the main steam tunnel in Table 3I-17, “Radiation Environment
Conditions Inside Reactor Building Design Basis Accident (Secondary Containment).” The
increase in this value is based on current results of post-accident radiation calculations and
analysis. Table 3I-17 was updated to ensure that equipment located in this area will meet the
design requirements to operate in a post-accident environment.
The staff reviewed the applicant’s approach to address COL License Information Item 3.43 to
update, as necessary, the radiation environment conditions in Tables 3I-7 through 3I-11 and
Tables 3I-16 through 3I-19 based on as-designed and as-procured equipment. These FSAR
tables will be updated as necessary, in accordance with 10 CFR 50.71(e). The staff found the
applicant’s approach acceptable to resolve COL License Information Item 3.43, because the
applicant has updated the radiation environment conditions.
Additionally, the staff found that the applicant has revised Table 3I-13, “Thermodynamic
Environment Conditions Inside Reactor Building,” to eliminate thermodynamic environmental
conditions for the flammability control system valves, including the isolation valve and electrical
equipment, as a result of Tier 1 Departure STD DEP T1 2.14-1. This departure reflects the
elimination of the requirements to maintain equipment needed to mitigate a design-basis LOCA
hydrogen release. The amendment to 10 CFR 50.44 eliminates the requirements for hydrogen
control systems to mitigate a design-basis LOCA hydrogen release. The staff found the
elimination of the hydrogen recombiner requirements acceptable, as evaluated in SER
Section 6.2.
Supplemental Information
•

Qualification of Mechanical Equipment

The staff reviewed the applicant’s supplemental information in FSAR Section 3.11.6S regarding
the qualification of mechanical equipment. The process for determining the suitability of
environmentally sensitive soft parts in mechanical equipment exposed to a harsh environment
was established for all commodities and subcomponents of mechanical equipment that perform
a safety-related function. The process adheres to the requirements of NEDE–24326-1-P. This
topical report invokes the EQ requirement of IEEE Std 323, which will ensure that any
nonmetallic (elastomer, seal, or lubricant) subcomponents used in mechanical equipment will be
capable of performing the respective safety function(s) under the environmental conditions to
which it is subjected during normal, abnormal, test, design-basis accident, and post-accident
conditions. As stated in FSAR Subsection 3.11.6.1, the EQD (including the mechanical EQ) will
be available for NRC inspection as part of the ITAAC for the basic configuration of systems. In
its response to RAI 03-11-7 Supplement 1, dated November 17, 2010 (ML103230127), the
applicant proposed to revise Section 3.11.6S of the FSAR to state that non-metallic
subcomponents of mechanical equipment will be qualified in accordance with ASME QME-1–
2007, Appendix QR-B. The staff found this response acceptable, and RAI 03.11-7 is resolved.
The staff confirmed that COL FSAR Revision 6 (and Revisions 7 through 9) contains the
proposed changes. Therefore, RAI 03.11-7 is resolved and closed.
The staff reviewed Section 3.11 and issued the following RAIs:

3-408

RAI 03.11-1: Provide programmatic information regarding the environmental
qualification (EQ) operational program for safety-related mechanical equipment for the
STP, Units 3 and 4, nuclear power plant.
RAI 03.11-2: Discuss the plan for the implementation of the environmental qualification
approach for mechanical equipment including the application of industry standards.
RAI 03.11-3: Describe the plan for the implementation of Toshiba Replacement EQ
Program Document for environmental qualification of safety-related mechanical and
electrical/I&C equipment at STP, Units 3 and 4.
RAI 03.11-4: Describe the consideration of flow-induced vibration in the qualification of
safety-related equipment, such as valves, actuators, and piping, resulting from acoustic
resonance and hydraulic loading at STP, Units 3 and 4.
The applicant responded to these RAIs in a letter dated October 12, 2009 (ML092890084), and
provided Revision 1 to the response to RAI 03.11-1 in a letter dated February 22, 2011
(ML110550622).
In its Revision 1 response to RAI 03.11-1, the applicant stated that it has developed the EQP,
and it is referenced in Section 3.11 of the FSAR. The EQP addresses the EQ of safety-related
mechanical and electrical equipment and is consistent with NEDE–24326-1-P. The EQP will be
used to determine the EQ requirements for the STP, Units 3 and 4, safety-related mechanical
and electrical equipment. These requirements will be incorporated into the equipment purchase
specifications. In addition, the applicant’s Supplement 1 response to RAI 03.10-1, dated
October 5, 2009 (ML092810321), provided a list of mechanical and electrical components that
require a seismic/dynamic qualification. The EQ requirements for the mechanical and electrical
items on that list will be specified in accordance with the EQP. Based on the audits performed
on November 10, 2009 (ML093220094), August 2, 2010 (ML102230215), and December 7,
2010 (ML103550420), the staff concluded that the EQP provides an acceptable description of
the EQ of safety-related mechanical and electrical equipment. The staff confirmed that COL
FSAR Revision 6 (and Revisions 7 through 9) contains the proposed changes in the Revision 1
response to RAI 03.11-1. Therefore RAI 03.11-1 is resolved and closed.
In its response to RAI 3.11-2 (ML092890084), dated October 12, 2009, the applicant stated that
the EQP will be used for the qualification of mechanical equipment. In addition to the EQ
process, the program includes the application of industry standards. The program incorporates
the referenced ABWR DCD for the safety-related mechanical equipment located in a harsh or
mild environment. COL application Part 2, Tier 2, Section 3.11.6S explains the process. Thus,
DCD Tier 2, Section 3.11.2 requirements for the qualification of equipment in harsh or mild
environments will be part of the equipment purchase specifications. Based on the audits
performed on November 10, 2009, and August 2, 2010, the staff concluded that the EQP
provides an acceptable description of the STP-specific EQ process and application of industry
standards for safety-related mechanical equipment. RAI 03.11-2 is therefore resolved and
closed.
In its response to RAI 03.11-3 (ML092890084), dated October 12, 2009, the applicant stated
that the EQP will be developed for STP, Units 3 and 4, and will be consistent with the
requirements in NEDE-24326-1-P. The process for determining the suitability of
environmentally sensitive soft parts in mechanical equipment will be included in the STP, Units
3 and 4, EQP. Based on the audits performed on November 10, 2009, and August 2, 2010, the
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staff concluded that the EQP provides an acceptable process for determining the suitability of
environmentally sensitive soft parts in mechanical equipment. As stated above, the applicant
has developed the STP-specific EQP consistent with NEDE–2436-1-P. Therefore, RAI 03.11-3
is resolved and closed.
In its response to RAI 03.11-4 (ML092890084), dated October 12, 2009, the applicant stated
that the STP, Units 3 and 4, EQP will include the operational program for seismic and dynamic
qualifications for safety-related mechanical and electrical equipment. The EQP will address the
potential vibratory effects from instabilities or rapid changes of the flow in the piping during
normal and anticipated plant operations. The effects of the specified non-seismic-related
vibration due to normal and transient plant operating conditions and in-plant (suppression pool
hydrodynamic) vibration will be accounted for as a portion of the seismic tests. The vibration
events will be specified based upon potential system operating cycles. BWR operating
experience provides a basis for determining the operating events. The requirement to account
for the vibratory effects will be part of the purchase specifications via incorporation of the
program requirements. Adverse piping vibration may occur due to disturbances or instabilities
of the flow in the piping depending upon the as-built piping configuration, including supports,
and the operating (e.g., pumps, valves and SRVs) and non-operating (e.g., pressure reducing
devices and flow restrictors) components in the system. DCD Tier 2, Subsection 3.9.2.1.1
includes requirements for preoperational and initial startup testing for piping vibrations. During
this testing, piping vibration is corrected if it does not meet the acceptance criteria. In summary,
the safety-related equipment is required to be qualified via purchase specifications for dynamic
conditions, events, and loads, as addressed in DCD Tier 2, Sections 3.9 and 3.10. The staff
found that the provisions in ABWR DCD Tier 2, Sections 3.9 and 3.10 and the clarification in the
RAI response provide confidence that the effects of flow-induced vibration will be addressed
during equipment qualification. Therefore, RAI 03.11-4 is resolved and closed.
Site-Specific Supplemental Information
The staff reviewed the site-specific supplemental information regarding the Operational Program
description of the STP, Units 3 and 4. The transition of the EQP into an Operating Program is
discussed FSAR Section 3.11.7. Upon completion of construction and beginning with the first
system startup activities, EQ document packages are turned over to STPNOC as systems are
completed and accepted by STPNOC. Operational aspects for the EQ Operational Program are
described in Section 3.11.7. The staff reviewed the site-specific supplemental information
regarding the STP, Units 3 and 4, EQP and issued the following RAIs:
RAI 03.11-5: Clarify the plans for the commencement of the Environmental Qualification
Program for mechanical and electrical/I&C equipment and its transition into the sitespecific operating reactor program as described in Section 3.11.7 of the STP, Units 3
and 4, FSAR.
RAI 03.11-6: The applicant is requested to fully describe the proposed site-specific
operational EQ Program for mechanical, electrical and I&C equipment in Subsection
3.11.7 of the STP, Units 3 and 4, FSAR and note any differences with the EQ Program
as approved by the NRC in NUREG-1503 and NEDE-24326-1-P. For mechanical
components, also describe the qualification methods and record keeping requirements
for the site-specific operational program. Also, state if this program will include
equipment that is mechanical, electrical, and I&C.
RAI 03.11-7: Describe the operational aspects for the EQ Operational Program.
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The applicant responded to RAIs 03.11-5 and 03.11-6 in a letter dated October 12, 2009
(ML092890084), and superseded the response to RAI 03.11-6 in a letter dated November 17,
2010 (ML103230127). The applicant responded to RAI 03.11-7 in letter dated May 27, 2010
(ML101530609), and provided a supplemental response dated November 17, 2010
(ML103230127).
In RAI 3.11-5, the staff requested the applicant to further describe the plans for the EQP and its
transition into a site-specific operating program. On October 12, 2009, the applicant provided
the following information:
(1)

The STP, Units 3 and 4, EQP includes the operational program for EQ of safety-related
mechanical and electrical/I&C equipment. The procurement specifications incorporate
the applicable requirements from the program.

(2)

A specification is attached to the purchase specifications, which provides the equipment
vendors with the guidance/direction to prepare test plans, to perform the environmental
qualification, and to submit the results of the testing in a structured EQ report for the
equipment. An environmental data sheet summarizing the environmental conditions that
the equipment must be qualified to is also attached to the purchase specifications.
These data sheets are prepared based on the equipment location in the plant, and the
environmental data for that location as documented in the program. Both of these
attachments to the procurement documents become a requirement for the vendors to
demonstrate suitability of the supplied equipment.

(3)

The EQ reports will be reviewed as they become available. The review ensures that the
vendor’s EQ meets the procurement specification requirements, which include the
qualified life based on the environmental conditions, items/materials that may have a
shelf life issue, and items that must be replaced to maintain their qualification when
disturbed in the field or during normal maintenance/troubleshooting in the plant, such as
o-ring replacement when the cover on a transmitter is removed.

(4)

The EQD will be prepared summarizing the qualification results for all safety-related
electrical and mechanical equipment located in harsh environments. The EQD will
include the following: (a) The test environmental parameters and the methodology used
to qualify the equipment located in harsh environments will be identified, and (b) A
summary of environmental conditions and qualified conditions for the safety-related
equipment located in a harsh environment zone will be presented in the system
component evaluation work sheets.

(5)

The approved records and reports from (3) above and the EQD will be entered into
electronic searchable databases. These databases provide a basis for the maintenance
activities and insure that the equipment is identified that requires replacement based on
shelf life, qualified life, and maintenance activities.

(6)

The EQ program will be implemented/utilized during construction, and will be completed
for turnover to STPNOC by fuel load.

The staff’s review found the information in the RAI 03.11-5 response that further describes the
plans for the EQP and its transition into a site-specific Operational Program to be acceptable
and therefore, this RAI is resolved and closed.
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In RAI 03.11-6, the staff requested the applicant to further describe the proposed site-specific
EQ Operational Program. In letters dated October 12, 2009, and November 17, 2010, the
applicant further described the program and deletes the reference to the STP, Units 1 and 2,
EQP. The staff’s review found that the information in the responses to RAI 03.11-6 and RAI
03.11-6 Revision 1, adequately describe the site-specific EQ Operational Program and are
therefore acceptable and this RAI is resolved and closed.
In RAI 03.11-7, the staff requested the applicant to describe the operational aspects of the EQ
Operational Program. In its response to this RAI, dated May 27, 2010, the applicant described
operational aspects of the STP Units 3 and 4 EQP and incorporates this description into Section
3.11.7 of the FSAR. The staff found the operational aspects of the EQP acceptable. The staff
confirmed that COL FSAR Revision 6 (and Revisions 7 through 9) incorporated the proposed
changes. Therefore, the issue associated with the EQ Operational Program in RAI 03.11-7 is
resolved and closed.
The staff also reviewed the applicant’s supplemental information submitted in a letter dated
February 9, 2009 (ML090430154). This letter provides supplemental information resulting from
an audit of Chapter 7 on December 10, 2008 (ML083460608). The applicant updated
conformance tables in COL FSAR Section 1.9 to include RG 1.180, Revision 1, “Guidelines for
Evaluating Electromagnetic and Radio-Frequency Interference in Safety-Related
Instrumentation and Control Systems,” for the I&C impact from electromagnetic interference and
radio frequency interference (EMI/RFI), RG 1.209, “Guidelines for Environmental Qualification of
Safety-Related Computer-Based Instrumentation and Control Systems in Nuclear Power
Plants,” for the EQ of computer-based I&C systems, and IEEE Std 323–1974 for general EQ
requirements. The staff verified that the EQ and the electromagnetic compatibility requirements
for systems are included in the I&C ITAAC in FSAR Tier 1 Table 3.4. The staff thus found the
requirements acceptable.
Additional Evaluation
In Departure STD DEP T1 2.15-2, which is not identified as a departure in Section 3.11 of the
COL FSAR, the applicant's evaluation in accordance with 10 CFR Part 52, Appendix A Section
VIII.A.4, determined that the proposed revision in this departure of the maximum temperature
limit for the RB safety-related diesel generator (DG) engine room—from 50 °C (122 °F) to 60 °C
(140 °F) during the DG operation—does not affect the DG HVAC system or any safety-related
equipment in the DG engine rooms.
The staff could not determine whether the applicant’s findings are reasonable, whether the
Departure STD DEP T1 2.15-2 is consistent with Commission rules and regulations, and
whether the departure adversely impacts public health and safety. The staff issued RAI
08.03.01-14, requesting the applicant to clarify the potential impact of the proposed changes on
the DG engine room equipment qualifications. The resolution of effects from an elevated
temperature on equipment qualification is discussed in Section 8.3.4 of this SER.
License Condition
STP, Units 3 and 4, FSAR Section 13.4S indicates that FSAR Table 13.4S-1 lists each
Operational Program, the regulatory source for each program, the associated implementation
milestones, and the FSAR section in which the Operational Program is fully described, as
discussed in RG 1.206. As listed in STP, Units 3 and 4, COL FSAR, Table 13.4S-1, Operational
Program Item #3 is identified as the EQP, and it reflects the committed implementation
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milestone for this Operational Program as fuel loading. In RG 1.206, Regulatory Position
C.IV.4.3 states that the COL will contain a license condition that requires the licensee to submit,
to the NRC, a schedule, 12 months after issuance of the COL, that supports planning for and
conducting NRC inspections of the operational programs. The schedule will be updated every 6
months until 12 months before scheduled fuel loading, and every month thereafter until either
the operational programs in FSAR Table 13.4S-1 have been fully implemented or the plant has
been placed in commercial service, whichever comes first. The staff will prepare this license
condition as part of the completion of the staff’s review of the STP, Units 3 and 4, COL
application.
3.11.5

Post Combined License Activities

The COL licensee is responsible for defining the process and procedures for which the
equipment qualification files will be accepted from the supplier, and how these files will be
retained and maintained in an auditable format for the period that the equipment is installed
and/or stored for future use at STP, Units 3 and 4. The COL licensee is also responsible for
implementing an administrative program to control revisions of EQ files when adding, modifying,
or deleting equipment in the 10 CFR 50.49 EQP. Plant modifications and design-basis changes
are subject to change process reviews (e.g., reviews in accordance with 10 CFR 50.59 or
Section VIII of Appendix A to 10 CFR Part 52), in accordance with appropriate plant procedures.
The COL applicant will provide schedules to support NRC inspections of the EQ Operational
Program, in accordance with the license condition for Operational Program Item #3 in FSAR
Table 13.4S-1.
3.11.6

Conclusion

The staff reviewed the application and checked the referenced DCD. The staff’s review
confirmed that the applicant has addressed the required information relating to the EQ of safetyrelated mechanical and electrical equipment, and no outstanding information is expected to be
addressed in the COL FSAR related to this section. Pursuant to 10 CFR 52.63(a)(5) and
10 CFR Part 52, Appendix A Section VI.B.1, all nuclear safety issues relating to environmental
qualification of safety-related mechanical and electrical equipment that were incorporated by
reference have been resolved. The results of the staff’s review of the design-related information
incorporated by reference in the COL application are documented in NUREG-1503.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.11 of NUREG-0800. The staff’s review
concluded that the applicant has adequately addressed the COL license information items and
supplemental information items in accordance with Section 3.11 of NUREG–0800, and found it
reasonable that the identified Tier 2 departure is characterized as not requiring prior NRC
approval per 10 CFR part 52, Appendix A, Section VIII.B.5.
3.12

Piping Design Review

3.12.1

Introduction

The format of STP, Units 3 and 4, COL FSAR contents differs from the SRP. Section 3.12 of
the STP COL FSAR is “Tunnels”, and the discussion on piping design in the STP FSAR is in
Section 3.12S, “Piping Design Review,” However, the SRP review and acceptance criteria of
piping design are in Section 3.12, and there is no specific SRP section on the review of tunnels.
The evaluations of the main steam tunnel, safety-related tunnels, and nonsafety-related tunnels
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containing nonsafety-related equipment are in various sections of this report (see Sections 3.4
and 3.8 of this SER).
Section 3.12S of the COL FSAR covers the design of the piping system and piping support for
seismic Category I and Category II, and nonsafety-related systems. This section also discusses
the adequacy of the structural integrity and the functional capability of the safety-related piping
system, piping components, and their associated supports.
3.12.2

Summary of Application

The design of the piping systems should ensure that they perform their safety-related functions
under all postulated combinations of normal operating conditions, system operating transients,
postulated pipe breaks, and seismic events. This design includes pressure-retaining piping
components and their supports, buried piping, instrumentation lines, and the interaction of nonseismic Category I piping and associated supports with seismic Category I piping and
associated supports. Also included are the design transients and resulting loads and load
combinations, with appropriate and specified design and service limits for seismic Category I
piping and piping supports—including those designated as ASME Code Class 1, 2, and 3 and
those not covered by the ASME Code.
Section 3.12 (Tunnels) of the STP, Units 3 and 4, COL FSAR, Revision 12, incorporates by
reference Section 3.12 (Tunnels) of the certified ABWR DCD Revision 4, referenced in 10 CFR
Part 52, Appendix A. In COL FSAR Section 3.12S, Revision 12, the applicant referenced
ABWR DCD Revision 4. Table 7, “Piping Design Acceptance Criteria,” of the “Introduction” of
the DCD identifies the DCD subsections and the various criteria associated with piping design
for all classes of piping systems, piping components, and associated supports for the ABWR
certified design. DCD Tier 2, Sections 3.7 and 3.9 are identified in Table 7 and address SRP
Section 3.12, “ASME Code Class 1, 2, 3, Piping Systems, Piping Components and Their
Associated Supports.”
In addition, in various subsections of the COL FSAR, Revision 12, the applicant provided the
following piping-related items:
COL License Information Items
•

COL License Information Item 3.21 Piping Analysis, Modeling of Piping Supports

This COL license information item (described in Subsection 3.7.5.3 of the COL FSAR)
addresses the needs described in DCD Subsection 3.7.3.3.1.6.
•

COL License Information Item 3.7.5.5 Response Spectra Amplification at Support
Attachment Points

This COL license information item (described in Subsection 3.7.5.5 of the COL FSAR)
addresses the needs described in DCD Subsection 3.7.3.3.1.8.
•

COL License Information Item 3.7.5.6 Modeling of Special Engineered Pipe Supports

This COL license information item (described in Subsection 3.7.5.6 of the COL FSAR)
addresses the needs described in DCD Subsection 3.7.3.3.1.7.
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•

COL License Information Item 3.28 ASME Class 2 or 3 or Quality Group D
Components with 60-Year Design Life

This COL license information item addresses the needs described in DCD Subsection 3.9.7.2.
•

COL License Information Item 3.30 Audit of Design Specification and Design Reports

This COL license information item addresses the needs described in DCD Subsection 3.9.7.4.
3.12.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503. In
addition, the relevant requirements of the Commission regulations for the piping design review,
and the associated acceptance criteria, are in Section 3.12 of NUREG–0800.
In particular, the applicable regulatory requirements for the piping-design review are as follows:
•

GDC 1, 2, 4, 14, and 15

•

10 CFR 50.55a

•

Appendix S to 10 CFR Part 50

•

10 CFR 52.47(b)(1) and 52.80(a)

3.12.4

Technical Evaluation

As documented in NUREG–1503, the staff reviewed and approved Section 3.12 of the certified
ABWR DCD. The staff reviewed Section 3.12S and the sections referenced in Section 3.12S of
the STP, Units 3 and 4, COL FSAR and checked the referenced DCD to ensure that the
combination of the information in the COL FSAR and the information in the ABWR DCD
appropriately represents the complete scope of information relating to this review topic.1 The
staff’s review confirmed that the information in the application and the information incorporated
by reference address the relevant information related to this section.
The staff reviewed the following information in the COL FSAR:
COL License Information Items
•

COL License Information Item 3.21 Piping Analysis, Modeling of Piping Supports

The response to COL License Information Item 3.21, which is described in FSAR Subsection
3.7.5.3, clarifies that the method described in DCD Tier 2, Subsection 3.7.3.3.1.6 will be used to
determine pipe support stiffness. Because there is no departure from the method described in
the ABWR DCD and the piping design ITAAC, within the review scope of this section the staff
found the applicant’s approach to model pipe supports acceptable.

1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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•

COL License Information Item 3.7.5.5 Response Spectra Amplification at Support
Attachment Points

The response to COL license information item described in Subsection 3.7.5.5 of the STP COL
FSAR addresses a requirement described in DCD Tier 2, Subsection 3.7.3.3.1.8. It provides
supplemental information stating that “the acceleration response spectra at piping attachment
points are generated considering the drywell equipment and pipe support structure as part of
the structure using the dynamic analysis methods described in Section 3.7.2.” Because there is
no departure from the method described in the ABWR DCD and the piping design ITAAC, within
the review scope of this section the staff found the applicant’s approach acceptable.
•

COL License Information Item 3.7.5.6 Modeling of Special Engineered Pipe Supports

The response to this COL license information item described in Subsection 3.7.5.6 of the STP
COL FSAR addresses a requirement described in DCD Tier 2, Subsection 3.7.3.3.1.7. It
provides supplemental information, to clarify that STP, Units 3 and 4, will not be using any
specially engineered pipe supports (i.e., energy absorbers and limit stops) described in
Subsection 3.9.3.4.1(6) of the DCD. On the basis that the specially engineered pipe supports
will not be used, the applicant does not have to address the modeling methodology for these
types of supports. Within the review scope of this section, the staff found the applicant’s
approach acceptable.
•

COL License Information Item 3.28 ASME Class 2 or 3 or Quality Group D
Components with 60-Year Design Life

COL License Information Item 3.28 is described in DCD Tier 2, Subsection 3.9.7.2 and identifies
ASME Class 2 or 3 or QG D components that will be subjected to cyclic loads, including
operating vibration loads and thermal transient effects. As described in DCD Tier 2, Subsection
3.9.3.1, the SRV discharge piping in the wetwell and the SRV quenchers are subject to severe
thermal transients during SRV blowdown events. Therefore, as part of the ITAAC closure, the
COL applicant will perform ASME Class 1 fatigue analyses of the ASME Class 3 SRV discharge
piping in the wetwell and in the SRV quenchers.
The applicant stated that the analysis will be available for review before initial fuel loading as
part of Commitment (COM 3.9-2). Because the applicant has committed to address this item in
a manner consistent with the ABWR DCD and through the piping design acceptance criteria, it
is acceptable that the design will not be completed until after licensing. Within the review scope
of this section, the staff found this COL license information item acceptable.
•

COL License Information Item 3.30 Audit of Design Specification and Design Reports

COL License Information Item 3.30 is described in DCD Tier 2, Subsection 3.9.7.4. The
applicant stated that the design specifications and design reports required by the ASME Code
for vessels, pumps, valves, and piping systems for the purposes of an audit will be made
available to the staff for inspection (under the scope of Section 3.9.3). Because the applicant
will address this item in accordance with the ABWR DCD and the piping design ITAAC, within
the review scope of this section the staff found this COL license information item acceptable.
For piping systems, the acceptance criteria for ITAAC Item No. 1 in ABWR DCD Tier 1, Table
3.3, “Piping Design,” indicates that the ASME Code Certified Stress Report exists for the piping
system and concludes that the design complies with the requirements of ASME Code Section
III. The staff recognized that piping DAC were used in the ABWR design. Under 10 CFR
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52.99(a), the licensee is required to submit a schedule for completing the analyses in the ITAAC
and updates to the ITAAC schedule. On the basis that the applicant will submit the schedule
per 10 CFR 52.99(a) update requirements, the staff concluded that there will be sufficient time
for the staff to plan the piping DAC completion inspection.
In FSAR Subsection 3.9.7.4, the applicant also stated that the piping system design is
consistent with construction practices, including inspection and examination methods, of the
ASME Code (1989 Edition) with no addenda. ASME Code editions and addenda, other than
those listed in Table 1.8-21 and Table 3.2-3, will not be used to design ASME Code Class 1, 2,
and 3 pressure-retaining components and supports. Because the applicant has addressed this
item in a manner consistent with the certified ABWR DCD, the staff found this COL license
information item acceptable.
The staff also reviewed piping-related items in ABWR DCD Tier 2, Subsection 3.8.5.4, which
states that settlement of the foundations—and differential settlement between foundations for
the site-specific foundation media—will be calculated and safety-related systems (e.g., piping,
conduit, etc.) will be designed for the calculated settlement of the foundations.
The staff issued RAI 03.12-1, requesting the applicant to describe the process of designing the
safety-related piping systems for the calculated site-specific settlement of the foundations. The
staff requested the applicant to update the FSAR to address pipe stress design criteria and pipe
support load combinations for the site-specific settlement in piping systems.
In its response to RAI 03.12-1, dated August 12, 2009 (ML092260198), the applicant provided
building settlement piping stress criteria that are in accordance with ASME Code Subsections
NB/NC/ND-3600, which address the effects of any single non-repeated anchor movement
requirements. The applicant stated that the pipe support loads due to foundation (building)
settlement shall be considered normal loads and shall be included in all service level load
combinations. The applicant also proposed to revise Table 3.9-2 of the COL FSAR. On the
basis that the building settlement piping stress criteria are addressed, are in compliance with the
ASME Code, and the support load is considered, the staff found this response acceptable. The
staff confirmed that COL FSAR Revision 4, Table 3.9-2 includes the proposed changes.
Therefore, RAI 03.12-1 is resolved and closed.
3.12.5

Post Combined License Activities

There are no post COL activities related to this section.
3.12.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG–1503. The
staff reviewed the application and checked the referenced DCD. The staff’s review confirmed
that the applicant has addressed the required information relating to the piping design review,
and no outstanding information is expected to be addressed in the COL FSAR related to this
section. Pursuant to 10 CFR 52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all
nuclear safety issues relating to the piping design review that were incorporated by reference
have been resolved.
In addition, the staff compared the additional information in the COL application to the relevant
NRC regulations and the guidance in Section 3.12 of NUREG-0800. The staff’s review
concluded that the applicant has adequately addressed the COL license information items in
accordance with NRC regulations. COL license information items involving design
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specifications and as-designed reports will be adequately addressed by the applicant’s ITAAC
evaluated in Section 3.9.3 of this SER.
3.13

Secondary Containment and Divisional Separation Zones – Barrier
Considerations

3.13.1

Introduction

This FSAR section applies the defense-in-depth concept to the plant buildings and structures.
This section also describes the fission product barriers inherent in the ABWR design; the
multiple divisions; and special, physical, electrical, and environmental arrangements.
3.13.2

Summary of Application

Section 3.13 of the STP, Units 3 and 4, COL FSAR Revision 12 incorporates by reference
Section 3.13 of the certified ABWR DCD Revision 4, referenced in 10 CFR Part 52, Appendix A.
In addition, in FSAR Section 3.13, the applicant provided the following:
Tier 1 Departure
•

STD DEP T1 3.4-1

Safety-Related I&C Architecture

The applicant provided editorial changes affected by this departure in Section 3.13 of the COL
FSAR.
3.13.3

Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG–1503.
In accordance with Section VIII of Appendix A to10 CFR Part 52, the applicant identified one
Tier 1 departure requiring prior NRC approval. This departure is subject to the requirements of
10 CFR Part 52, Appendix A, Section VIII.A.4.
3.13.4

Technical Evaluation

NUREG–1503 was issued in July 1994, when the NRC reviewed and approved the ABWR
design. Section 3.13 was not in the ABWR SSAR and was not part of the ABWR FSER, but
was included in the DCD developed after the FSER was issued. The purpose of Section 3.13 is
not to introduce new design information, but to summarize the design features that provide
divisional separation zones and barriers. The staff reviewed Section 3.13 of the STP, Units 3
and 4, COL FSAR and checked the referenced ABWR DCD to ensure that the combination of
the information in the COL FSAR and the information in the ABWR DCD appropriately
represents the complete scope of information relating to this review topic.1 The staff’s review
confirmed that the information in the application and the information incorporated by reference
address the required information relating to this section.
The staff reviewed the following information in the COL FSAR:

1

See “Finality of Referenced NRC Approvals” in SER Section 1.1.3, for a discussion on the staff’s review related to
verification of the scope of information to be included in a COL application that references a design certification.
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Tier 1 Departure
•

STD DEP 3.4-1

Safety-Related I&C Architecture

The changes in Section 3.13 of the STP, Units 3 and 4, COL FSAR resulting from this Tier 1
departure are nomenclature changes. The technical evaluation of this departure is in Chapter 7
of this SER.
3.13.5

Post Combined License Activities

There are no post COL activities related to this section.
3.13.6

Conclusion

The staff’s finding related to information incorporated by reference is in NUREG-1503. The staff
reviewed the application and checked the referenced DCD. The staff’s review confirmed that
the applicant has addressed the required information, and no outstanding information is
expected to be addressed in the COL FSAR related to this section. Pursuant to 10 CFR
52.63(a)(5) and 10 CFR Part 52, Appendix A, Section VI.B.1, all nuclear safety issues relating to
the secondary containment and divisional separation zones – barrier considerations that were
incorporated by reference have been resolved.
3.13S

Threaded Fasteners (ASME Code Class 1, 2, and 3)

3.13S.1

Introduction

This FSAR section provides supplemental information for ASME Code Class 1, 2, and 3
threaded fasteners to address material selection, special materials fabrication processes and
special controls, fracture toughness requirements for threaded fasteners made of ferritic
materials, certified material test reports (quality records), and ISI requirements. The
supplemental information addresses the guidance in RG 1.206, Regulatory Positions C.III.1 and
C.I.3.13, “Threaded Fasteners – ASME Code Class 1, 2, and 3," for information needed in a
COL application referencing a certified design.
3.13S.2

Summary of Application

Section 3.13S of the STP, Units 3 and 4, COL FSAR Revision 12 provides supplemental
information to comply with the guidance in RG 1.206 Regulatory Positions C.III.1 and C.I.3.13.
This FSAR section includes Section 3.13S.1, “Design Considerations”; Section 3.13S.2,
“Inservice Inspection Requirements”; and Section 3.13S.3, “Quality Records.” These
supplemental FSAR sections address material selection, special materials fabrication processes
and special controls, fracture toughness requirements for threaded fasteners made of ferritic
materials, certified material test reports (quality records), and ISI requirements.
3.13S.3

Regulatory Basis

The relevant requirements of the Commission regulations for the threaded fasteners (ASME
Codes 1, 2, and 3), and the associated acceptance criteria, are in Section 3.13 of NUREG–
0800.
The relevant regulatory requirements for reviewing the supplemental information are:
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•

GDC 1; GDC 4; GDC 14; GDC 30, “Quality of reactor coolant pressure boundary;” and
GDC 31, “Fracture prevention of reactor coolant pressure boundary” of Appendix A to 10
CFR Part 50

•

10 CFR 50.55a

•

Appendix G, “Fracture Toughness Requirements,” to 10 CFR Part 50

3.13S.4

Technical Evaluation

The staff reviewed the conformance of the supplemental information in Section 3.13S of the
STP, Units 3 and 4, COL FSAR to the guidance in RG 1.206, Regulatory Positions C.III.1 and
C.I.3.13 for material selection, special materials fabrication processes and special controls,
fracture toughness requirements for threaded fasteners made of ferritic materials, certified
material test reports (quality records), and ISI requirements. The staff’s evaluation of Section
3.13S is stated below:
Material Selection
Material selection is acceptable if the applicant: (1) provides information pertaining to the
selection of materials and material testing of threaded fasteners; (2) indicates the extent of
conformance and justifies any exceptions to applicable codes or standards; and (3) discusses
the material testing used to establish the fracture toughness of the materials for threaded
fasteners made from ferritic steels (e.g., low-alloy steel or carbon grades).
In Section 3.13S.1.1 of the STP, Units 3 and 4, COL, the applicant discusses material selection
for threaded fasteners. The applicant stated that the material used for threaded fasteners
complies with the requirements of ASME BPV Code Sections III NB-2000, NC-2000, ND-2000,
or NF-2000, as appropriate. In addition, the applicant noted that fracture toughness testing is
performed in accordance with ASME BPV Code Sections III NB-2300, NC-2300, or ND-2300, as
appropriate. The BPV Code sections referenced by the applicant provide requirements for
material selection, material testing, and fracture toughness testing for threaded fasteners. The
applicant does not identify any exceptions to applicable codes or standards. Based on the
above information, the staff found that the supplemental information for material selection meets
the guidance in RG 1.206, Regulatory Positions C.III.1 and C.I.3.13. The supplemental
information is therefore acceptable.
Special Materials Fabrication Processes and Special Controls
Special materials fabrication processes and special controls are acceptable if the applicant: (1)
provides information pertaining to the fabrication of threaded fasteners, (2) identifies particular
fabrication practices or special processes used to mitigate the occurrence of stress-corrosion
cracking or other forms of material degradation in the fasteners during service, (3) discusses
any environmental considerations in selecting the materials used to fabricate threaded
fasteners, and (4) discusses the use of lubricants and/or surface treatments in mechanical
connections that are secured by threaded fasteners.
In Section 3.13S.1.2 of the STP, Units 3 and 4 COL, the applicant discussed special materials
fabrication processes and special controls. The applicant stated that the design of threaded
fasteners complies with ASME BPV Code Section III NB-3000, NC-3000, or ND-3000, as
appropriate, and the guidance in EPRI NP–6316, “Guidelines for Threaded-Fastener Application
in Nuclear Power Plants,” July 1989. The applicant stated that the fabrication of threaded
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fasteners complies with ASME BPV Code Sections III NB-4000, NC-4000, or ND-4000, as
appropriate, and the guidance in EPRI NP–6316. Section 5.3.1 of the ABWR DCD references
RG 1.65, “Materials and Inspections for Reactor Vessel Closure Studs,” October 1973, which
addresses environmental considerations for selecting the materials used to fabricate RPV
fasteners. Lubricants with deliberately added halogens, sulfur, or lead are not to be used for
any RCPB components or other components in contact with reactor water. Lubricants
containing molybdenum sulfide (disulfide or polysulfide) are not to be used for any safety-related
application. For ferritic steel-threaded fasteners, conversion coatings such as the Parkerizing
process are suitable and may be used. If fasteners are plated, low melting point materials (such
as zinc, tin, and cadmium, etc.) are not to be used.
Based on the above information, the staff found that the supplemental information for special
materials fabrication processes and special controls meets the guidance in RG 1.206,
Regulatory Positions C.III.1 and C.I.3.13. This supplemental information is therefore
acceptable.
Fracture Toughness Requirements for Threaded Fasteners Made of Ferritic Materials
Fracture toughness requirements for threaded fasteners made of ferritic materials are
acceptable for threaded fasteners in ASME Code Class 1 systems that are fabricated from
ferritic steels, if the applicant: (1) discusses the fracture toughness tests performed on the
threaded fasteners; and (2) demonstrates compliance with the acceptance criteria in
Appendix G to 10 CFR Part 50.
In Section 3.13S.1.3 of the STP, Units 3 and 4, COL, the applicant discussed fracture
toughness requirements for threaded fasteners made of ferritic materials. The applicant stated
that fracture toughness testing is performed and Certified Material Test Reports (CMTRs) are
generated when ferritic material is purchased in accordance with the detailed design
specifications of the project. The applicant also stated that fracture toughness testing is
performed in accordance with ASME BPV Code Sections NB-2300, NC-2300, or ND-2300, as
appropriate.
Appendix G to 10 CFR Part 50 references the fracture toughness requirements in Appendix G
of Section XI of the ASME Code, which states that tests and acceptance standards of
Section III, Division 1 are considered adequate. NB-2300, NC-2300, and ND-2300 of
Section III, Division 1 of the ASME Code, as referenced by the applicant, provide fracture
toughness requirements for bolting.
Based on the above information, the staff found that the supplemental information for fracture
toughness requirements for threaded fasteners made of ferritic materials: (1) complies with the
acceptance criteria in Appendix G to 10 CFR Part 50; and (2) meets the guidance in RG 1.206,
Regulatory Positions C.III.1 and C.I.3.13, and is therefore acceptable.
Certified Material Test Reports (Quality Records)
The CMTRs are acceptable if the applicant summarized the material fabrication results and the
material property test results in the CMTRs, pursuant to Section III of the ASME Code,
Division 1.
In Section 3.13S.3 of the STP, Units 3 and 4, COL, the applicant discussed the CMTRs. The
applicant stated that the CMTRs will be retained in accordance with the requirements of the
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Quality Assurance Program. The applicant also stated that the CMTRs will identify the material
specifications and the applicable associated material properties, tests, and inspections.
Based on the above information, the staff found that the supplemental information for the
CMTRs meets the guidance in RG 1.206, Regulatory Positions C.III.1 and C.I.3.13, and is
therefore acceptable.
Inservice Inspection Requirements
ISI requirements are acceptable if the applicant demonstrates compliance with the ISI
requirements of 10 CFR 50.55a and Section XI of the ASME Code, Division 1.
Section 3.13S.2 of the STP, Units 3 and 4, COL discusses ISI requirements. The applicant
stated that the ISI is to be performed in accordance with ASME Code Section XI and discusses
specific ASME Section XI inspection criteria for threaded fasteners. The ISI program in FSAR
Section 5.2.4 includes the inspection of threaded fasteners; the program complies with NRC
regulations in 10 CFR 50.55a and ASME Code Section XI. Specifically for fasteners, the
requirements for pressure-retaining Class 1 bolting are labeled Category B-G-1 for bolting
greater than 5 cm (2 in.) in diameter and Category B-G-2 for bolting 5 cm (2 in.) and less in
diameter. The Class 1 pressure-retaining bolting sample is limited to the bolting on the heat
exchangers, piping, pumps, and valves that are selected for examination in the ISI Program.
Category B-G-1 includes volumetric and/or surface examination of the bolt or stud, depending
on whether the bolt is examined in-place or removed. Category B-G-2 requires a visual
examination (VT-1) of the selected bolting. For Class 2 and 3 systems (as well as the Class 1
system), the bolted connections are examined for leakage (VT-2) during the system pressure
tests that are required by ASME Section XI. Fasteners that are part of component supports are
visually examined (VT-3) as part of their inservice examination.
Based on the above information, the staff found that the supplemental information for ISI
requirements meets the ISI requirements of 10 CFR 50.55a and ASME Code Section XI and is
therefore acceptable.
3.13S.5

Post Combined License Activities

There are no post COL activities related to this section.
3.13S.6

Conclusion

The staff reviewed and compared the supplemental information in the application to the relevant
NRC regulations, the guidance in Section 3.13 of NUREG–0800, and applicable NRC regulatory
guides. The staff’s review concluded that the supplemental information pertaining to STP, Units
3 and 4, COL FSAR Section 3.13S appropriately provides design considerations, ISI
requirements, and quality records for ASME Code Class 1, 2, and 3 fasteners and therefore
satisfies GDC 1, 4, 14, 30, and 31, 10 CFR 50.55a, and Appendix G to 10 CFR Part 50.
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