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ABSTRACT

This final safety evaluation report’ (FSER) documents the U.S. Nuclear Regulatory
Commission (NRC) staff’s technical review of the combined license (COL) application for
the Enrico Fermi Unit 3.

In a letter dated September 18, 2008, DTE Electric Company (DTE, formerly Detroit
Edison Company?) submitted an application to the U.S. Nuclear Regulatory Commission
(NRC or the Commission) for a COL to construct and operate an Economic Simplified
Boiling-Water Reactor (ESBWR) pursuant to the requirements of Section 103 and 185(b)
of the Atomic Energy Act of 1954 as Amended (AEA), Title 10 of the Code of Federal
Regulations (10 CFR) Part 52, “Licenses, Certifications and Approval for Nuclear Power
Plants,” and the associated material licenses under 10 CFR Part 30, “Rules of General
Applicability to Domestic Licensing of Byproduct Material”; 10 CFR Part 40, “Domestic
Licensing of Source Material”; and 10 CFR Part 70, “Domestic Licensing of Special
Nuclear Material.” This reactor will be identified as Fermi 3 and will be located on the
existing Fermi site in Monroe County, Michigan. The initial application incorporated by
reference the General Electric-Hitachi’'s (GEH’s) application for the ESBWR design
certification, as described in Revision 4 of the design control document (DCD)
(submitted September 8, 2007). In a letter dated October 31, 2014, (COL application
submittal Revision 8), the applicant incorporated by reference ESBWR DCD, Revision
10. The results of the NRC staff’'s evaluation of the ESBWR DCD are in NUREG-1966,
“Final Safety Evaluation Report Related to the Certification of the Economic Simplified
Boiling-Water Reactor Standard Design,” and its supplement.

! This FSER documents the NRC staff's position on all safety issues associated with the combined license
application. The Advisory Committee on Reactor Safeguards (ACRS) independently reviewed those aspects
of the application that concern safety, as well as the advanced safety evaluation report without open items
(an earlier version of this document), and provided the results of its review to the Commission in a report
dated September 22, 2014. This report is included as Appendix F to this SER.

2 By letter dated December 21, 2012, the Detroit Edison Company informed the NRC that effective

January 1, 2013, the name of the company would be changed to “DTE Electric Company.” The legal entity
remains the same.



This FSER presents the results of the staff’s review of information submitted in
conjunction with the COL application, except those matters resolved as part of the
referenced design certification rule. In Appendix A to this FSER, the staff has identified
certain license conditions and inspections, tests, analyses and acceptance criteria
(ITAAC) that the staff recommends the Commission impose, should the COL be issued
to the applicant. In addition to the ITAAC in Appendix A, the ITAAC found in the ESBWR
DCD Revision 10, Tier 1 material will also be incorporated into the COL should the COL
be issued to the applicant.

On the basis of the staff's review 2 of the application, as documented in this FSER, the
staff recommends that the Commission find the following with respect to the safety
aspects of the COL application: 1) the applicable standards and requirements of the
Atomic Energy Act and Commission regulations have been met, 2) required notifications
to other agencies or bodies have been duly made, 3) there is reasonable assurance that
the facility will be constructed and will operate in conformity with the license, the
provisions of the Atomic Energy Act, and the Commission’s regulations, 4) the applicant
is technically and financially qualified to engage in the activities authorized, and 5)
issuance of the license will not be inimical to the common defense and security or to the
health and safety of the public.

PAPERWORK REDUCTION ACT STATEMENT

This NUREG contains and references information collection requirements that are
subject to the Paperwork Reduction Act of 1995 (44 U.S.C. 3501 et seq.). Existing
requirements were approved by the Office of Management and Budget (OMB), approval
numbers 3150-0062, 3150-0044, 3150-0014, 3150-0035, 3150-0146, 3150-0017, 3150-
0020, 3150-0011, 3150-0151, 3150-0018, 3150-0135, 3150-0009, 3150-0008, 3150-
0002, 3150-0123, and 3150-0093.

PUBLIC PROTECTION NOTIFICATION
The NRC may not conduct or sponsor, and a person is not required to respond to, a

request for information or an information collection requirement unless the requesting
document displays a currently valid OMB control number.

3 An environmental review was also performed of the COL application and its evaluation and conclusions
are documented in NUREG-2105, “Final Supplemental Environmental Impact Statement for Combined
License (COL) for Enrico Fermi Unit 3.”
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10.0 STEAM AND POWER CONVERSION SYSTEM

This chapter introduces the principal design features, systems, and components of the steam
and power conversion system. The components of this system are designed to produce electric
power using the steam generated by the reactor; condense the steam into water; and return
water to the reactor as heated feedwater with a major portion of its gaseous, dissolved, and
particulate impurities removed to maintain reactor water quality.

The steam and power conversion system includes the turbine main steam system (TMSS), main
turbine generator, main condenser, main condenser evacuation system, turbine gland seal
system (TGSS), turbine bypass system (TBS), condensate purification system, condensate and
feedwater system (C&FS), and circulating water system. The majority of the steam and power
conversion system piping and components are located in the turbine building.

10.1 Summary Description

Section 10.1 of the Fermi 3 combined license (COL) Final Safety Analysis Report (FSAR),
Revision 7, incorporates by reference Section 10.1 of the certified Economic Simplified
Boiling-Water Reactor (ESBWR) Design Control Document (DCD), Revision 10, referenced in
Title 10 of the Code of Federal Regulations (10 CFR) Part 52, “Licenses, Certifications, and
Approvals for Nuclear Power Plants,” Appendix E, “Design Certification Rule for the Economic
Simplified Boiling-Water Reactor,” with no departures or supplements. The U.S. Nuclear
Regulatory Commission (NRC) staff’s finding related to information incorporated by reference is
in NUREG-1966, “Final Safety Evaluation Report Related to the Certification of the Economic
Simplified Boiling-Water Reactor Standard Design.” NRC staff reviewed the application and
checked the referenced DCD to ensure that no issue relating to this section remains for review.'
The NRC staff’s review confirms that 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 E, Section VI.B.1, all nuclear safety issues relating to the summary description that
were incorporated by reference are resolved.

10.2 Turbine Generator

10.2.1 Introduction

This FSAR section describes the turbine generator equipment design and design bases,
including programs to ensure turbine rotor integrity to minimize potential impacts on safety-
related structures, systems, and components (SSCs).

10.2.2 Summary of Application
Section 10.2 of the Fermi 3 COL FSAR, Revision 7, incorporates by reference Section 10.2 of

the certified ESBWR DCD, Revision 10, referenced in 10 CFR Part 52, Appendix E. In addition,
in FSAR Section 10.2, the applicant provides the following:

! See “Finality of Referenced NRC Approvals”in SER Section 1.2.2 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.

10-1



COL Items
e STDCOL 10.2-1-A Turbine Maintenance and Inspection Program

The applicant addresses DCD COL Item 10.2-1-A in FSAR Subsections 10.2.2.4, 10.2.2.7,
10.2.3.6, and 10.2.3.7. In Subsection 10.2.3.6, the applicant states that the Turbine
Maintenance and Inspection Program that supports the original equipment manufacturer’s
(OEM) turbine missile generation probability calculation is described in DCD

Subsections 10.2.2.7, 10.2.3.5, 10.2.3.6, and in General Electric (GE) ST-56834/P, “ESBWR
Steam Turbine — Low Pressure Rotor Missile Generation Probability Analysis,” Revision 4.
ST-56834/P, Revision 4 is a bounding missile probability calculation that contains the
associated maintenance and inspection recommendations.

The applicant further addressed COL Item 10.2-1-A in FSAR Subsection 10.2.3.7. This
subsection states that the inspection of all valves of one functional type or size will be
conducted if a detrimental unusual condition is discovered during the inspection of any single
valve. This subsection also states that the description of the Valve Inspection Program,
including valve and control system maintenance, inspections, testing, and associated
frequencies, is provided in ST-56834/P, Revision 4.

In FSAR Subsections 10.2.2.4 and 10.2.2.7, the applicant describes how the information in
Subsections 10.2.3.6 and 10.2.3.7 applies to the turbine overspeed protection system and
nonreturn valve inspection and testing.

e STD COL 10.2-2-A Turbine Missile Probability Analysis

In FSAR Subsection 10.2.3.8, the applicant provided information to address DCD COL

ltem 10.2-2-A. The applicant states that the probability of generating a turbine missile is based
on bounding material property values in the ST-56834/P, Revision 4 report. Since the applicant
relies on this report to address the COL items described above, the staff reviewed it as part of
the technical evaluation of the Fermi 3 COL application.

Supplemental Information

e STD SUP 10.2-1 Turbine Design

In FSAR Subsection 10.2.3.4, the applicant identifies the turbine design model as N3R-6F52
from the GE nuclear steam turbine series.

10.2.3 Regulatory Basis

The regulatory basis of the information incorporated by reference is in NUREG-1966. In
addition, the relevant requirements of the Commission regulations for the turbine generator, and
the associated acceptance criteria, are in Sections 10.2 and 10.2.3 of NUREG-0800, “Standard
Review Plan for the Review of Safety Analysis Reports for Nuclear Power Plants (LWR Edition)
the Standard Review Plan (SRP).

The applicable regulatory requirements and associated guidance for the turbine generator are
established in:
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o General Design Criterion (GDC) 4, “Environmental and dynamic effects design bases,” of
Appendix A, “General Design Criteria for Nuclear Power Plants,” to 10 CFR Part 50,
“Domestic Licensing of Production and Utilization Facilities,” as it relates to SSCs important
to safety being appropriately protected against the effects of missiles that may result from a
turbine rotor failure

e Regulatory Guide (RG) 1.115, Revision 1, “Protection Against Low-Trajectory Turbine
Missiles”

¢ NUREG-0800, Subsection 3.5.1.3 and Section 10.2.3
10.2.4 Technical Evaluation

As documented in NUREG-1966, NRC staff reviewed and approved Section 10.2 of the
certified ESBWR DCD. The staff reviewed Section 10.2 of the Fermi 3 COL FSAR and checked
the referenced ESBWR DCD to ensure that the combination of the information in the COL
FSAR and the information in the ESBWR DCD represents the complete scope of information
relating to this review topic." The staff's review confirmed that the information in the application
and the information incorporated by reference address the required information related to the
turbine generator.

The staff reviewed the information in the Fermi 3 COL FSAR as follows:
COL Iltems
e STD COL 10.2-1-A Turbine Maintenance and Inspection Program

DCD COL 10.2-1-A requires the COL applicant to provide a description of the plant-specific
Turbine Maintenance and Inspection Program required to satisfy the OEM’s turbine missile
generation probability calculation, including the acceptance criteria listed in Section Il of SRP
Subsection 3.5.1.3, and to address any valve and control system maintenance, inspections, and
tests that are needed.

The applicant addresses COL Item STD COL 10.2-1-A in four FSAR Subsections: 10.2.2.4,
“Turbine Overspeed Protection System”; 10.2.2.7, “Testing”; 10.2.3.6, “Inservice Maintenance
and Inspection of Turbine Rotors”; and 10.2.3.7, “Inservice Inspection of Turbine Valves.”
These subsection numbers and titles correspond to subsections in the DCD.

Subsection 10.2.2.4 states that “inspection programs required by the turbine missile probability
analysis and implementation of the inspection, maintenance, and testing programs discussed in
Subsection 10.2.3.6 and Subsection 10.2.3.7 ensure operability.” Subsection 10.2.2.7 states
that “non-return valves are inspected and tested in accordance with vendor recommendations,
as discussed in Subsection 10.2.3.7.” The description of the valve inservice inspection
requirement in Subsection 10.2.3.7 is consistent with the DCD, and it refers to the bounding
missile probability analysis in the ST-56834/P, Revision 4 report for the valve and control
system maintenance, inspections, testing, and associated frequencies. The staff confirmed that
ST-56834/P, Revision 4, (Section 10.2) provides this information. The staff therefore found that

! See “Finality of Referenced NRC Approvals”in SER Section 1.2.2 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 portion of COL Item STD COL 10.2-1-A that is in FSAR Subsection 10.2.2.4 is acceptable.
The staff's review of the turbine missile probability analysis in the ST-56834/P, Revision 4 report
is discussed below under COL Item STD COL 10.2-2-A.

According to Acceptance Criterion 4 of SRP Subsection 3.5.1.3, an applicant obtaining the
turbine from a manufacturer with an NRC-approved missile probability analysis is required to
meet the probabilities listed in Table 3.5.1.3-1. This table includes the probability of a turbine
failure resulting in the ejection of turbine rotor fragments through the turbine casing, P4, of less
than 10™ per year for loading a favorably oriented turbine and bringing the system online. For
the ESBWR, Section 10.2.1 of the DCD Tier 2 states that a more conservative P, value of less
than 10 per year will be used if the recommended inspections and tests are conducted at the
recommended frequencies. Acceptance Criterion 4 of SRP Subsection 3.5.1.3 also states that
the turbine manufacturer should provide applicants with the relationship between the probability
and the time that can be used to establish the inservice inspection and valve testing intervals
that meet the missile probability criterion. Because the Fermi 3 applicant submitted a missile
probability analysis from the manufacturer for NRC approval as part of the COL application, the
inspection and valve testing intervals are also expected to be provided by the manufacturer. In
FSAR Revision 3, Subsections 10.2.3.6 and 10.2.3.7, the applicant stated that this information
is described in DCD Subsections 10.2.2.7, 10.2.3.5, and 10.2.3.6. The staff had previously
reviewed these DCD subsections and determined that additional information (i.e., COL 10.2-1-A
and 10.2-2-A) is required from a COL applicant.

The staff determined that by only listing DCD subsections as the basis for the inspection and
maintenance program, the applicant was not providing new information from the manufacturer
as required by the DCD COL Item 10.2-1-A, specifically, the turbine missile probability analysis
recommended rotor dovetail inspection and extraction nonreturn valve testing that are not
included in the DCD. Therefore, in Request for Additional Information (RAI) 10.02.03-19, the
staff requested that the applicant include a requirement for these inspections in the COL FSAR.
In the response to this RAI, dated October 28, 2011 (Agencywide Documents Access and
Management System (ADAMS) Accession No. ML11305A214), the applicant proposed revising
Subsection 10.2.3.6 of the FSAR as follows, with the revised portion identif