Safety Evaluation Report

Related to the SHINE Medical Technologies, LLC
Operating License Application for a Medical
Radioisotope Production Facility

Docket No. 50-608

SHINE Medical Technologies, LLC

U.S. Nuclear Regulatory Commission
Office of Nuclear Reactor Regulation
Washington, DC 20555-0001

February 2023




ABSTRACT

This safety evaluation report (SER) documents the results of the U.S. Nuclear Regulatory
Commission (NRC, the Commission) staff’s technical/safety review of the operating license
application submitted by SHINE Medical Technologies, LLC (SHINE, the applicant), as
supplemented by the applicant’s responses to NRC requests for additional information and as
updated on August 31, 2022, for a medical radioisotope production facility in Janesville,
Wisconsin. The facility would consist of an irradiation facility (IF) and radioisotope production
facility (RPF) for the irradiation and processing of special nuclear material to produce medical
radioisotopes, such as molybdenum-99. In turn, the IF would consist of eight subcritical
operating assembilies (or irradiation units (IUs)), which would each be licensed as utilization
facilities, as defined in Title 10 of the Code of Federal Regulations (10 CFR) 50.2, “Definitions”;
the RPF would consist of hot cell structures and systems, licensed collectively as a production
facility, as defined in 10 CFR 50.2. In this SER, the IF and RPF are collectively referred to as
the SHINE facility.

The NRC staff’s environmental review of the SHINE operating license application is
documented in NUREG-2183, Supplement 1, “Environmental Impact Statement Related to the
Operating License for the SHINE Medical Isotope Production Facility.” A record of decision will
be published at a future date concerning the proposed issuance of the operating license.

The NRC’s Advisory Committee on Reactor Safeguards (ACRS) independently reviewed those
aspects of the application that concern safety and provided the results of its review to the
Commission in a report dated December 15, 2022. Appendix D, “Report by the Advisory
Committee on Reactor Safeguards,” of this SER includes a copy of the report by the ACRS on
the SHINE operating license application.

The SHINE operating license application includes a final safety analysis report that describes
the SHINE facility, presents the design bases and the limits on its operation, and presents a
safety analysis of the structures, systems, and components and of the facility as a whole. Based
upon the review documented in this SER, the NRC staff finds that: (1) the facility will operate in
conformity with the application, as amended, the provisions of the Atomic Energy Act of 1954,
as amended, and the rules and regulations of the Commission; (2) there is reasonable
assurance (i) that the activities authorized by the operating license can be conducted without
endangering the health and safety of the public and (ii) that such activities will be conducted in
compliance with the Commission’s regulations; (3) the applicant is technically and financially
qualified to engage in the activities authorized by the operating license in accordance with the
Commission’s regulations; (4) the applicable provisions of 10 CFR Part 140, “Financial
Protection Requirements and Indemnity Agreements,” have been satisfied; and (5) the issuance
of the operating license will not be inimical to the common defense and security or to the health
and safety of the public.



CONTENTS

The chapter and section layout of this safety evaluation report is consistent with the format

of: (1) NUREG-1537, Parts 1 and 2, “Guidelines for Preparing and Reviewing Applications for the
Licensing of Non-Power Reactors”; (2) interim staff guidance augmenting NUREG-1537, Parts 1
and 2, for licensing radioisotope production facilities and aqueous homogeneous reactors; and
(3) the SHINE Medical Technologies, LLC final safety analysis report.
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1.0 THE FACILITY

This chapter of the safety evaluation report (SER) is a general introduction to the SHINE
Medical Technologies, LLC (SHINE, the applicant) medical radioisotope production facility and
an overview of the topics covered in detail in other chapters of this SER, including areas of
review, regulatory requirements and guidance, review procedures, and summary and
conclusions on principal safety considerations.

1.1 Introduction

This SER documents the results of the U.S. Nuclear Regulatory Commission (NRC, the
Commission) staff’s technical/safety review of the operating license application submitted by
SHINE under section 103 of the Atomic Energy Act of 1954, as amended (42 U.S.C. 2011

et seq.) (the Act), and Title 10 of the Code of Federal Regulations (10 CFR) Part 50, “Domestic
Licensing of Production and Utilization Facilities,” for a medical radioisotope production facility in
Janesville, Wisconsin. The facility would consist of an irradiation facility (IF) and radioisotope
production facility (RPF) for the irradiation and processing of special nuclear material to produce
medical radioisotopes, such as molybdenum-99 (Mo-99). In turn, the IF would consist of eight
subcritical operating assemblies (or irradiation units (1Us)), which would each be licensed as
utilization facilities, as defined in 10 CFR 50.2, “Definitions”; the RPF would consist of hot cell
structures and systems, where the irradiated material is processed to separate medical isotopes
and where the resulting material is packaged for shipment to customers, licensed collectively as
a production facility, as defined in 10 CFR 50.2. In this SER, the IF and RPF are collectively
referred to as the SHINE facility. The staff separately performed an environmental review of the
SHINE operating license application, and its evaluation and conclusions are documented in an
environmental impact statement published as NUREG-2183, Supplement 1, “Environmental
Impact Statement Related to the Operating License for the SHINE Medical Isotope Production
Facility- Draft Report for Comment” (Agencywide Documents Access and Management System
Accession No. ML22179A346). A record of decision will be published at a future date
concerning the proposed issuance of the operating license.

The NRC staff previously issued Construction Permit No. CPMIF-001 for the SHINE facility
(ML16041A471), in response to a SHINE construction permit application (ML13088A192,
ML15258A431, and ML15259A272). The staff's technical/safety and environmental reviews in
support of this issuance are NUREG-2189, “Safety Evaluation Report Related to SHINE Medical
Technologies, Inc. Construction Permit Application for a Medical Radioisotope Production
Facility Docket Number 50-608” (ML16229A140), and NUREG-2183, “Environmental Impact
Statement for the Construction Permit for the SHINE Medical Radioisotope Production Facility”
(ML15288A046), respectively. The issuance was also supported by Commission Memorandum
and Order CLI-16-04, dated February 25, 2016 (ML16056A094), and a Summary Record of
Decision (ML16041A470). The NRC noticed the issuance of the construction permit in the
Federal Register (FR) on March 4, 2016 (81 FR 11600).

The SHINE operating license application was filed by letter dated July 17, 2019
(ML19211C143), as supplemented by letters dated November 14, 2019 (ML19331A832),
March 27, 2020 (ML20105A294), August 28, 2020 (ML20255A026), November 13, 2020
(ML20325A026), December 10, 2020 (ML20357A084), December 15, 2020 (ML21011A264);
March 23, 2021 (ML21095A241), May 7, 2021 (ML21127A051), June 3, 2021 (ML21154A303),
July 2, 2021 (ML21183A125), August 31, 2021 (ML21243A266), September 28, 2021
(ML21271A073), September 29, 2021 (ML21272A340), October 15, 2021 (ML21288A050),
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October 28, 2021 (ML21301A131), November 3, 2021 (ML21307A306), November 22, 2021
(ML21326A205), December 16, 2021 (ML21350A191), December 30, 2021 (ML21364A055);
January 27, 2022 (ML22027A353), January 27, 2022 (ML22027A664), January 27, 2022
(ML22027A669), January 28, 2022 (ML22028A221), February 1, 2022 (ML22032A339),
February 28, 2022 (ML22059A017), March 9, 2022 (ML22068A217), March 18, 2022
(ML22077A086), March 25, 2022 (ML22084A030), April 4, 2022 (ML22094A045), April 22, 2022
(ML22112A195), May 23, 2022 (ML22143A814), May 24, 2022 (ML22144A231), June 27, 2022
(ML22178A032), July 7, 2022 (ML22188A193), July 21, 2022 (ML22202A448), July 26, 2022
(ML22207A006), August 31, 2022 (ML22249A148), September 28, 2022 (ML22271A962),
October 31, 2022 (ML22304A126), November 14, 2022 (ML22318A178), December 1, 2022
(ML22335A572), and December 22, 2022 (ML2235A193).

The NRC staff noticed the receipt and availability of the application in the Federal Register
on September 10, 2019 (84 FR 47557) and noticed the opportunity to request a hearing and
petition for leave to intervene on the application in the Federal Register on January 10, 2020
(85 FR 1340).

1.1.1 Areas of Review

For its technical/safety review of the SHINE operating license application, the NRC staff
reviewed the final safety analysis report (FSAR) included in the application against applicable
regulatory requirements and using appropriate regulatory guidance and standards, as discussed
below. The staff evaluated the sufficiency of the SHINE facility description and of the design
bases, the limits on facility operation, and the safety analysis of the structures, systems, and
components (SSCs) and of the facility as a whole presented in the FSAR. The staff also
reviewed the kinds and quantities of radioactive materials expected to be produced in the
operation of the facility and the means for controlling and limiting radioactive effluents and
radiation exposures within the limits in 10 CFR Part 20, “Standards for Protection Against
Radiation.” In addition, the staff reviewed the proposed technical specifications for the facility,
the description and plans for implementation of an operator requalification program, the
technical qualifications of SHINE to engage in the proposed activities, and the physical security
plan. The staff also reviewed the final analysis and evaluation of the design and performance of
SSCs with the objective of assessing the risk to public health and safety resulting from operation
of the facility.

For its environmental review of the SHINE operating license application, in accordance

with section 102(2) of the National Environmental Policy Act of 1969, as

amended (42 U.S.C. § 4332(2)), the NRC staff prepared an environmental impact statement
(EIS) based on its independent assessment of the information provided by SHINE and
information developed independently by the staff. Specifically, in accordance 10 CFR 51.95,
“Postconstruction environmental impact statements,” paragraph (b), the staff prepared a
supplement to the EIS prepared in connection with the issuance of the construction permit for
the SHINE facility, NUREG-2183, updating the prior EIS and only covering matters that differ
from those or that reflect significant new information relative to that discussed in NUREG-2183.
Upon acceptance of the SHINE operating license application, the staff commenced its
environmental review process by publishing in the Federal Register on November 27, 2019

(84 FR 65424) a notice of intent to prepare a supplement to NUREG-2183 and to conduct a
scoping process. In preparing this supplement, the staff conducted a public scoping meeting in
Janesville, Wisconsin, conducted a site audit, reviewed the SHINE operating license application,
including SHINE'’s supplemental environmental report, consulted with Federal, State, Tribal, and
local agencies, conducted a systematic, interdisciplinary review of the potential impacts of the
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proposed action on the human environment and reasonable alternatives to SHINE’s proposal,
and considered the public comments received during scoping and on the draft of the
supplement, which was published for public comment on July 8, 2022 (87 FR 40868). The
staff’s review did not identify any information that presented a seriously different picture of the
environmental consequences of constructing, operating, and decommissioning the SHINE
facility than those presented in the original EIS. The final EIS, published as NUREG-2183,
Supplement 1, meets the requirements of 10 CFR Part 51, “Environmental Protection
Regulations for Domestic Licensing and Related Regulatory Functions.”

1.1.2 Regulatory Requirements and Guidance

The NRC staff reviewed the SHINE FSAR against the following regulatory requirements, as
applicable:

. 10 CFR 50.2, “Definitions.”

) 10 CFR 50.22, “Class 103 licenses; for commercial and industrial facilities.”
. 10 CFR 50.33, “Contents of applications; general information.”

) 10 CFR 50.34, “Contents of applications; technical information.”

° 10 CFR 50.36, “Technical specifications.”

o 10 CFR 50.40, “Common standards.”

) 10 CFR 50.50, “Issuance of licenses and construction permits.”

o 10 CFR 50.54, “Conditions of licenses.”

° CFR 50.57, “Issuance of operating license.”

° 10 CFR 50.58, “Hearings and report of the Advisory Committee on Reactor
Safeguards.”

. 10 CFR Part 50, Appendix E, “Emergency Planning and Preparedness for
Production and Utilization Facilities.”

. 10 CFR Part 51, “Environmental Protection Regulations for Domestic Licensing
and Related Regulatory Functions.”

. 10 CFR 20.1201, “Occupational dose limits for adults.”
. 10 CFR 20.1301, “Dose limits for individual members of the public.”

In determining the regulatory guidance and standards to apply, the NRC staff used its technical
judgment, as the available guidance and acceptance criteria were typically developed for
nuclear reactors. Given the similarities between the SHINE facility and non-power research
reactors, the staff determined to use the following regulatory guidance and acceptance criteria:



° NUREG-1537, Part 1, “Guidelines for Preparing and Reviewing Applications for
the Licensing of Non-Power Reactors, Format and Content,” issued
February 1996.

° NUREG-1537, Part 2, “Guidelines for Preparing and Reviewing Applications for
the Licensing of Non-Power Reactors, Standard Review Plan and Acceptance
Criteria,” issued February 1996.

) “Final Interim Staff Guidance Augmenting NUREG-1537, Part 1, ‘Guidelines for
Preparing and Reviewing Applications for the Licensing of Non-Power
Reactors: Format and Content,’ for Licensing Radioisotope Production
Facilities and Aqueous Homogeneous Reactors,” dated October 17, 2012.

. “Final Interim Staff Guidance Augmenting NUREG-1537, Part 2, ‘Guidelines for
Preparing and Reviewing Applications for the Licensing of Non-Power
Reactors: Standard Review Plan and Acceptance Criteria,” for Licensing
Radioisotope Production Facilities and Aqueous Homogeneous Reactors,”
dated October 17, 2012.

As stated in the interim staff guidance (ISG) augmenting NUREG-1537, the NRC staff
determined that certain guidance originally developed for heterogeneous non-power research
and test reactors is applicable to aqueous homogenous facilities and production facilities.
SHINE used this guidance to inform the design of its facility and to prepare its FSAR. The staff's
use of reactor-based guidance in its evaluation of the SHINE FSAR is consistent with the ISG
augmenting NUREG-1537.

As appropriate, the NRC staff used additional guidance (e.g., NRC regulatory guides, Institute of
Electrical and Electronics Engineers standards, American National Standards Institute/American
Nuclear Society standards) in the review of the SHINE FSAR. The additional guidance was
used based on the technical judgment of the reviewer, as well as references in NUREG-1537,
Parts 1 and 2; the ISG augmenting NUREG-1537, Parts 1 and 2; and the SHINE FSAR.
Additional guidance documents used to evaluate the SHINE FSAR are provided as references
in appendix B, “References,” of this SER.

1.1.3 Review Procedures

The NRC staff’s review was tailored to the nature of the SHINE operating license application
and was informed by NUREG-1537 and the ISG augmenting NUREG-1537, as well as other
relevant guidance cited therein, cited in the application, or used based on the staff’s technical
judgment. The staff considered the final analysis and evaluation of the design and performance
of the SSCs of the SHINE facility, including those SSCs shared by both the IF and RPF, with the
objective of assessing the risk to public health and safety resulting from operation of the facility.

The NRC staff’s review was also tailored to the unique and novel technology described in the
SHINE operating license application. SHINE proposes to operate an IF and an RPF housed
within a single building. The IF consists of eight subcritical operating assemblies, each of which
would be licensed as a utilization facility, as defined in 10 CFR 50.2. The RPF consists of
structures and systems for the separation of Mo-99 from irradiated target solution, plus hot-cell
and glove-box structures for processing of irradiated and un-irradiated low-enriched uranium
(LEU) materials, licensed collectively as a production facility, as defined in 10 CFR 50.2.



By letter dated February 26, 2021 (ML21057A340), SHINE stated that it intends to pursue a
phased approach to startup of the SHINE facility. SHINE stated that this approach consists of
four phases of process equipment installation and operation and described the phases. To
incorporate its phased approach to startup, SHINE supplemented its operating license
application by letter dated January 27, 2022 (ML22027A353,) as supplemented by letters dated
May 23, 2022 (ML22143A814), August 31, 2022 (ML22249A148, Enclosure 6 ML22249A143),
September 19, 2022 (ML22263A027), and September 20, 2022 (ML22263A344) (hereafter, the
SHINE Supplement). The SHINE Supplement describes new or different information from the
facility descriptions and analyses provided in the SHINE FSAR resulting from the phased
approach to startup. The NRC staff’'s evaluation of the SHINE Supplement and SHINE’s phased
approach to startup is discussed separately in appendix A, “Evaluation of the SHINE Medical
Technologies, LLC Phased Approach to Startup,” of this SER.

1.1.4 Application Availability

Publicly available documents related to the SHINE operating license application may be
obtained online in the NRC’S Agencywide Documents Access and Management (ADAMS)
Public Documents collection at https://www.nrc.gov/reading-rm/adams.html. To begin the
search, select “Begin Web-based ADAMS Search.” For problems with ADAMS, please contact
the NRC’s Public Document Room (PDR) reference staff at 1-800-397-4209, 301-415-4737, or
by email to PDR.Resource@nrc.gov.

The current version of the SHINE FSAR, submitted by letter dated August 31, 2022, is publicly
available in ADAMS under ML22249A148. Other public documents and correspondence related
to the SHINE operating license application may be obtained by searching in ADAMS for the
SHINE Docket Number, 50-608, or project number, PROJ0792. Portions of the application or
related correspondence containing sensitive information (e.g., proprietary information) are
withheld from public disclosure pursuant to 10 CFR 2.390, “Public inspections, exemptions,
requests for withholding.”

1.1.5 NRC Staff Contact Information

The project manager for this SER was Michael Balazik, Project Manager, Office of Nuclear
Reactor Regulation, Division of Advanced Reactors and Non-Power Production and Utilization
Facilities, Non-Power Production and Utilization Licensing Branch of the U.S. Nuclear
Regulatory Commission. Mr. Balazik may be contacted regarding this SER at 301-415-2856 or
by email to Michael.Balazik@nrc.gov. Appendix C, “Principal Contributors,” of this SER provides
a listing of principal contributors, including areas of technical expertise and chapters of
authorship.

1.2 Summary and Conclusions on Principal Safety Considerations

The NRC staff reviewed the SHINE FSAR, as supplemented, against the applicable regulatory
requirements and using appropriate regulatory guidance and acceptance criteria. The staff
determined, among other things, the sufficiency of the following information in the FSAR:

(1) the general description of the facility;

(2) the design bases, the limits on facility operation, and the safety analysis of the
SSCs and of the facility as a whole;
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(3) the kinds and quantities of radioactive materials expected to be produced in the
operation of the facility and the means for controlling and limiting radioactive
effluents and radiation exposures within the limits in 10 CFR Part 20 and as low
as is reasonably achievable;

(4) the proposed technical specifications for the facility;

(5) the description and plans for implementation of an operator requalification
program;

(6) the technical qualifications of SHINE to engage in the proposed activities;
(7) the physical security plan for the facility;

(8) the final analysis and evaluation of the design and performance of SSCs with
respect to assessing the risk to public health and safety resulting from
operation of the facility;

(9) the financial qualifications of SHINE to engage in the proposed activities;
(10) the emergency plan for the facility;

(11) the relationship of specific facility design features to the major processes that
will be ongoing at the facility, including the building locations of major process
components, drawings illustrating the layout of the buildings, and structures
within the controlled area boundary; and

(12) the major chemical or mechanical processes involving licensable quantities of
radioactive material based, in part, on integrated safety analysis methodology,
including the building locations of major process components and brief
accounts of the process steps.

Therefore, the applicable regulatory requirements and appropriate regulatory guidance and
acceptance criteria are met and the NRC staff makes the following findings:

(1) the facility will operate in conformity with the application, as amended, the
provisions of the Act, and the rules and regulations of the Commission;

(2) there is reasonable assurance (i) that the activities authorized by the operating
license can be conducted without endangering the health and safety of the
public and (ii) that such activities will be conducted in compliance with the
Commission’s regulations;

(3) the applicant is technically and financially qualified to engage in the activities
authorized by the operating license in accordance with the Commission’s
regulations;

(4) the applicable provisions of 10 CFR Part 140, “Financial Protection
Requirements and Indemnity Agreements,” have been satisfied;



(5) the issuance of the operating license will not be inimical to the common
defense and security or to the health and safety of the public; and

(6) required notifications to other agencies or bodies have been duly made.

1.3 General Description

The NRC staff evaluated the sufficiency of the general description of the SHINE facility, as
presented in SHINE FSAR section 1.3, “General Description of the Facility,” in part, by
reviewing the geographical location of the facility; principal characteristics of the site; principal
design criteria, operating characteristics, and safety systems; engineered safety features;
instrumentation and control and electrical systems; coolant and other auxiliary systems;
radioactive waste management provisions; radiation protection; the general arrangement of
major structures and equipment; research and development; and novel facility design
considerations using the guidance and acceptance criteria from section 1.3, “General
Description of the Facility,” of NUREG-1537, Parts 1 and 2, and the ISG augmenting
NUREG-1537, Parts 1 and 2.

The SHINE facility is located on previously undeveloped agricultural property in Rock County,
Wisconsin, in the City of Janesville. SHINE developed a new method for producing Mo-99 using
accelerator-driven neutron sources to induce fission in LEU within 1Us, creating Mo-99 as a
byproduct. The IUs would operate in a batch mode with an approximate week-long operating
cycle. Each IU consists of a neutron driver assembly, a subcritical assembly system, a light
water pool system, a target solution vessel (TSV) off-gas system, and other supporting systems.
The RPF would also operate in a batch mode, and consists of the following processes

dedicated to the extraction, purification, and packaging of Mo-99 for end users, as well as
preparing the target solution for the 1Us:

° Target solution preparation system (TSPS)

. Molybdenum extraction and purification system (MEPS)
° lodine and xenon purification and packaging (IXP)

o Target solution staging system (TSSS)

. Uranium receipt and storage system (URSS)

° Process vessel vent system (PVVS)

. Radioactive liquid waste storage (RLWS)

° Radioactive liquid waste immobilization (RLWI)

° Vacuum transfer system (VTS)

. Molybdenum isotope product packaging system (MIPS)

° Radioactive drain system (RDS)



In order to produce Mo-99, first, the uranyl sulfate target solution is prepared from recycled
materials and/or from raw feed materials in the RPF. The target solution is then transferred to
the TSVs within the IF. Once the target solution is in a TSV, the subcritical assembly is operated
at full power for approximately 5.5 days, at which time the U is shut down and the irradiated
target solution is transferred to the RPF for radioisotope extraction. Following initial extraction,
the Mo-99 is purified and packaged for shipment to customers. The remaining target solution is
then prepared for further irradiation in the 1Us.

As described in greater detail in subsequent chapters of this SER, the design of the SHINE
facility includes engineered safety features to mitigate design basis events or accidents; control
and protection systems; an uninterruptable electrical power supply; primary cooling; ventilation;
equipment and processes related to handling and storage of target solution, byproduct material,
and special nuclear material; a tritium purification system; and fire protection systems. SHINE
has a radioactive waste management program and a radiation protection program.

1.4 Shared Facilities and Equipment

The NRC staff evaluated the sufficiency of the evaluation of shared facilities and equipment, as
presented in SHINE FSAR section 1.4, “Shared Facilities and Equipment,” using the guidance
and acceptance criteria from section 1.4, “Shared Facilities and Equipment,” of NUREG-1537,
Parts 1 and 2, and the ISG augmenting NUREG-1537, Parts 1 and 2.

Consistent with the review procedures of NUREG-1537, Part 2, section 1.4, the NRC staff
confirmed that all facilities or equipment shared by the SHINE facility are discussed in the
FSAR. The staff verified that the applicant discussed in the FSAR how the normal operating use
and malfunctions of the facility could affect the other facilities. The staff also assessed the
discussion in the FSAR of the effect of the shared facilities on the safety of the facility.

As stated, in part, in SHINE FSAR section 1.4, “[t{jhe SHINE facility does not share any systems
or equipment with facilities not covered by this report.” However, the SHINE facility building
includes both the IF and RPF, which, while functionally separate, share some common systems.

The NRC staff finds that all facilities or equipment that will be shared by the SHINE facility
represent new construction on previously undeveloped agricultural property. The interface
between the IF and RPF, including common systems shared between these facilities, has been
adequately analyzed in other chapters in the FSAR.

On the basis of its review, the NRC staff has determined that the level of detail provided on
shared facilities and equipment satisfies the applicable acceptance criteria of NUREG-1537,
Part 2, section 1.4, allowing the staff to make the following relevant findings:

(1) There are no facilities, systems, or equipment shared by the SHINE facility that
are not covered in the SHINE FSAR.

(2) While the SHINE IF and RPF share a common building and several common
systems (e.g., cooling and electrical systems), the applicant has shown that a
malfunction or a loss of function of either of these facilities would not affect the
operation of the other. Neither facility would be damaged as a result of a
malfunction or a loss of function of the other and both facilities would maintain
the capability to be safely shut down or maintained in a safe condition.



(3) Neither normal operation nor a loss of function of the IF or RPF would lead to
uncontrolled release of radioactive material from the licensed facility to
unrestricted areas, or in the event of release, the exposures are analyzed in
SER chapter 13, “Accident Analyses,” and are found to be acceptable.

Therefore, the NRC staff finds that the evaluation of shared facilities and equipment, as

described in SHINE FSAR section 1.4, is sufficient and meets the applicable regulatory
requirements and guidance for the issuance of an operating license.

1.5 Comparison with Similar Facilities

The NRC staff evaluated the sufficiency of the comparison of the SHINE facility with other
similar facilities, as presented in SHINE FSAR section 1.5, “Comparison with Similar Facilities,”
using the guidance and acceptance criteria from section 1.5, “Comparison with Similar
Facilities,” of NUREG-1537, Parts 1 and 2, and the ISG augmenting NUREG-1537,

Parts 1 and 2.

Consistent with the review procedures of NUREG-1537, Part 2, section 1.5, the NRC staff
confirmed that the characteristics of any facilities compared with the SHINE facility were similar
and relevant. The staff also verified that the operating history of licensed facilities cited by the
applicant demonstrates consistently safe operation, use, and protection of the public.

As stated, in part, in SHINE FSAR section 1.5.1, “the SHINE facility uses new technology for the
manufacture of medical isotopes. The [IU], consisting of the neutron driver, subcritical assembly,
light water pool, [TSV] off-gas system (TOGS), and other supporting systems, represents new
technology. As such, there are no similar facilities that compare to the 1Us.”

One basis of the SHINE facility design is that the 1Us will not be operated such that their
effective neutron multiplication factor (ker) is greater than or equal to 1.0, the range for which
nuclear reactors are designed, analyzed, and licensed to operate safely. Instead, the |Us will
only operate in a subcritical range of ket that is below 1.0. To maintain this margin of
subcriticality, the 1Us are designed with several features similar to a nuclear reactor except
that, by design, the TSVs have insufficient reactivity to sustain a chain reaction (i.e., to reach
a kerr of 1.0 or greater).

While the NRC staff agrees that an IU represents new technology, its accelerator and neutron
multiplier add sufficient external neutrons to the TSV such that, although the ker is below 1.0, a
fission rate is achieved with a thermal power level comparable to that of non-power reactors
typically licensed under 10 CFR Part 50 as utilization facilities." Given this thermal power, IUs
also have many safety considerations similar to those of non-power reactors, including the
following:

o Provisions for removal of fission heat during operation

" The thermal power levels of non-power reactors currently licensed to operate by the NRC range from 5 watts to

20 megawatts. In the past, the NRC has licensed 12 aqueous homogeneous reactors (AHRs) with thermal power
levels ranging from 5 watts to 50 kilowatts. An AHR is similar to the SHINE target solution vessel in that both contain
fissile material in an aqueous solution; the difference is that the SHINE target solution vessel has insufficient fissile
material for a sustained chain reaction (i.e., to reach a kes of 1.0 or greater).
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. Consideration of decay heat generation after shutdown
° Reactivity feedback mechanisms similar to non-power reactors

. Control of fission gas release during operation and subsequent gas
management engineering safety features

o Control of radiolytic decomposition of water and generated oxygen and
hydrogen gases

. Control of fission product inventory buildup

. Accident scenarios similar to non-power reactors, such as loss of coolant,
reactivity additions, and release of fission products

As such, given that the SHINE IUs have similarities to non-power reactors, which are licensed
as utilization facilities under 10 CFR Part 50, the NRC determined that it would be appropriate to
license the SHINE IUs as utilization facilities under 10 CFR Part 50. Accordingly, on

October 17, 2014 (79 FR 62329), the NRC issued a direct final rule, which became effective
December 31, 2014, amending the definition of utilization facility in 10 CFR 50.2 to include the
SHINE IUs, so that they could be licensed under 10 CFR Part 50. Therefore, this rulemaking
allowed the NRC staff to conduct its licensing review of the SHINE IUs following regulations
designed for technologies with similar radiological, health, and safety considerations.

The SHINE RPF consists of hot cells used to process irradiated target solution for Mo-99
separation and purification. According to SHINE FSAR section 1.5.1, “[t]he hot cell design is
conventional and is similar to the design used in many other facilities.”

Regarding Mo-99 extraction, there are currently no NRC-licensed or U.S. Department of Energy
facilities that use SHINE'’s specific process. However, SHINE cites the Site lon Exchange
Effluent Plant (SIXEP) in the United Kingdom, which uses clinoptilolite to remove cesium and
strontium from aqueous process streams, as an example of a facility performing a similar
process to SHINE’s Mo-99 extraction. SIXEP has been in operation since 1985.

With respect to the Mo-99 purification process, SHINE states that its process is similar to the
Cintichem process developed in the 1950s and 1960s by Union Carbide. Cintichem, licensed by
the NRC, operated until 1990 as a means to purify Mo-99 for use as a medical radioisotope.
The primary difference between SHINE’s Mo-99 purification process and that of Cintichem is a
slight change in process chemistry to accommodate the change in chemical and isotopic
composition due to SHINE’s use of LEU instead of the highly enriched uranium used by
Cintichem.

SHINE likens its tritium purification system to similar processes conducted at the Savannah
River Site and Laboratory for Laser Energetics. However, in FSAR section 1.5.2.3, “Tritium
Purification System,” SHINE states, in part, that “[d]ue to the sensitive and confidential nature of
information relating to tritium production and purification, the design and operational details of
these systems are not published. A comparison of the SHINE system with existing facilities is
therefore not possible.”



On the basis of its review, the NRC staff has determined that the level of detail provided on
comparisons with similar facilities satisfies the applicable acceptance criteria of NUREG-1537,
Part 2, section 1.5, allowing the staff to make the following relevant findings:

(1) SHINE has compared the design bases and safety considerations with similar
facilities, as practicable. The history of these facilities demonstrates
consistently safe operation that is acceptable to the NRC staff.

(2) Aspects of SHINE'’s design that are similar to features in other facilities, which
have been found acceptable to the NRC, should be expected to perform in a
similar manner when constructed to that design.

(3) SHINE is using test data and operational experience in designing components
and SHINE cited the actual facilities with similar components, as practicable.

Therefore, the NRC staff finds that the comparisons with similar facilities, as described in SHINE

FSAR section 1.5, is sufficient and meets the applicable regulatory requirements and guidance
for the issuance of an operating license.

1.6 Summary of Operations

The NRC staff evaluated the sufficiency of the SHINE summary of operations, as presented in
SHINE FSAR section 1.6, “Summary of Operations,” using the guidance and acceptance criteria
from section 1.6, “Summary of Operations,” of NUREG-1537, Parts 1 and 2, and the ISG
augmenting NUREG-1537, Parts 1 and 2.

Consistent with the review procedures of NUREG-1537, Part 2, section 1.6, the NRC staff
verified that proposed operations of the SHINE facility had been summarized.

In FSAR section 1.6, SHINE listed the major operations to be performed in the SHINE facility as
follows:

Target solution preparation from raw feed material (uranium metal)

° Irradiation of target solution

° Mo-99 extraction from irradiated target solution

. Mo-99 purification

° Target solution adjustments

. Solidification of radioactive liquid waste
As described in SHINE FSAR section 1.6, the uranyl sulfate target solution is prepared from raw
feed materials. The target solution is then transferred to the target solution hold tank and then
the TSVs within the IF. Once the target solution is in a TSV, the associated neutron driver is
energized and the IU is operated at power for approximately 5.5 days, at which time the IU is
shut down and the irradiated target solution is allowed to decay. The target solution is then

transferred to the RPF for processing. Following initial extraction, the Mo-99 is purified and
packaged for shipment.



On the basis of its review, the NRC staff has determined that the level of detail provided for the
summary of operations satisfies the applicable acceptance criteria of NUREG-1537, Part 2,
section 1.6. The staff also determined that the proposed operating conditions and schedules are
consistent with the design features of the SHINE facility and have been found acceptable as
described in chapters 4, 5, 6, 7 and 12 of this SER. The proposed operations are also
consistent with the relevant assumptions in later chapters of the SHINE FSAR, in which any
safety implications of the proposed operations are evaluated. In addition, the proposed
operating power levels and schedules are in accordance with the proposed license conditions.

Therefore, the NRC staff finds that the summary of operations, as described in SHINE FSAR
section 1.6, is sufficient and meets the applicable regulatory requirements and guidance for the
issuance of an operating license.

1.7 Compliance with the Nuclear Waste Policy Act of 1982

The Nuclear Waste Policy Act of 1982 provides that the U.S. government is responsible for the
permanent disposal of high-level radioactive waste and spent nuclear fuel, but that the cost of
disposal should be the responsibility of the generators and owners of such waste and spent fuel.
The NRC staff evaluated the sufficiency of SHINE’s compliance with the Nuclear Waste Policy
Act of 1982, as presented in SHINE FSAR section 1.7, “Compliance with the Nuclear Waste
Policy Act of 1982,” using the guidance and acceptance criteria from section 1.7, “Compliance
with the Nuclear Waste Policy Act of 1982,” of NUREG-1537, Parts 1 and 2, and the ISG
augmenting NUREG-1537, Parts 1 and 2.

SHINE FSAR section 1.7 states that “[t]he SHINE facility does not produce either high-level
nuclear wastes or spent nuclear fuel. Therefore, the Nuclear Waste Policy Act of 1982 is not
applicable to this facility.” As described in FSAR chapter 11, “Radiation Protection Program and
Waste Management,” SHINE has identified disposition pathways for all of its identified waste
streams.

As defined in 10 CFR 72.3, “Definitions,” “Spent nuclear fuel or Spent fuel” means, in part, “fuel
that has been withdrawn from a nuclear reactor following irradiation, has undergone at least one
year’s decay since being used as a source of energy in a power reactor, and has not been
chemically separated into its constituent elements by reprocessing.” Since SHINE will only be
removing its target solution from subcritical assemblies, and will not be constructing and
operating a nuclear power reactor from which fuel will be removed, the NRC staff determined
that the SHINE facility will not produce spent nuclear fuel. Therefore, since SHINE will not be
producing spent nuclear fuel or high-level radioactive waste, the Nuclear Waste Policy Act

of 1982 is not applicable to the SHINE facility.

As described in the American Medical Isotopes Production Act of 2012 (42 U.S.C. § 2065(f)),
radioactive material resulting from the production of medical radioisotopes that has been
permanently removed from a reactor or subcritical assembly, and for which there is no further
use, is deemed to be low-level radioactive waste if it is acceptable under federal requirements
for disposal as low-level radioactive waste. SHINE will be removing radioactive material
resulting from the production of medical radioisotopes in a subcritical assembly. As discussed in
chapter 11, “Radiation Protection Program and Waste Management,” of this SER, SHINE has
committed to following applicable federal, state, and local regulations for managing radioactive
wastes. Additionally, SHINE has identified licensed waste disposal sites that can take receipt
and dispose of the facility’s radioactive waste. For these reasons, the NRC staff determined that
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the SHINE facility will produce low-level radioactive waste and will not produce high-level
radioactive waste. Further, based on SHINE’s commitments discussed in chapter 11 of
this SER, the staff finds that SHINE’s plans for handling radioactive waste demonstrate
appropriate consideration of regulatory requirements for the types of waste at the facility.

Therefore, the NRC staff finds that SHINE’s description of the applicability of the Nuclear Waste

Policy Act of 1982 in section 1.7 of the SHINE FSAR is sufficient and meets the applicable
regulatory requirements and guidance for the issuance of an operating license.

1.8 Facility Modifications and History

The NRC staff evaluated the sufficiency of SHINE’s descriptions of facility modifications and
history, as presented in SHINE FSAR section 1.8, “Facility Modifications and History,” using the
guidance and acceptance criteria from section 1.8, “Facility Modifications and History,” of
NUREG-1537, Parts 1 and 2, and the ISG augmenting NUREG-1537, Parts 1 and 2.

SHINE FSAR section 1.8 states that “[t]he SHINE facility described in this report is new
construction. There are no existing facilities, there have been no modifications, and there is no
history to report. Therefore, this section is not applicable to the SHINE facility.”

The NRC staff determined that there are no existing facilities, there have been no modifications,
and there is no history to report on the SHINE facility. Accordingly, this section is not applicable
to this facility.

Therefore, the NRC staff finds that SHINE’s description of facility modifications and history, as
described in SHINE FSAR section 1.8, is sufficient and meets the applicable regulatory
requirements and guidance for the issuance of an operating license.



2.0 SITE CHARACTERISTICS

The principal purpose of this chapter of the SHINE Medical Technologies, LLC (SHINE, the
applicant) operating license application safety evaluation report (SER) is to discuss whether the
SHINE site is suitable for constructing and operating the SHINE facility.

This chapter of the SER describes the technical review and evaluation of the U.S. Nuclear
Regulatory Commission (NRC, the Commission) staff of the final design of the SHINE irradiation
facility (IF) and radioisotope production facility (RPF) regarding site characteristics as presented
in chapter 2, “Site Characteristics,” of the SHINE final safety analysis report (FSAR) and
supplemented by the applicant’s responses to staff requests for additional information (RAls).

Chapter 2, “Site Characteristics,” of this SER provides an evaluation of the SHINE site as
presented in SHINE FSAR sections 2.1, “Geography and Demography,” 2.2, “Nearby Industrial,
Transportation, and Military Facilities,” 2.3, “Meteorology,” 2.4, “Hydrology,” and 2.5, “Geology,
Seismology, and Geotechnical Engineering.”

2.1 Areas of Review

SHINE FSAR sections 2.1 through 2.5 provide the bases for the adequacy of the SHINE site for
the construction and operation of the SHINE facility and describe the applicable site
characteristics, including geography, demography, meteorology, hydrology, geology,
seismology, and relation to nearby installations and facilities.

The NRC staff reviewed SHINE FSAR sections 2.1 through 2.5 against applicable regulatory
requirements, using appropriate regulatory guidance and acceptance criteria, to assess the
sufficiency of the site for the SHINE facility. The staff’s review evaluated the geography and
demography of the site; nearby industrial, transportation, and military facilities; site meteorology;
site hydrology; and site geology, seismology, and geotechnical engineering to ensure that the
issuance of an operating license would not endanger the public health and safety. The staff’s
review evaluated structures, systems, and components (SSCs) designed to ensure safe
operation, performance, and shutdown when subjected to extreme weather, floods, seismic
events, missiles (including aircraft impacts), chemical and radiological releases, and loss of
offsite power at the site.

2.2 Summary of Application

As stated above, the SHINE facility consists of the IF (itself consisting of eight irradiation units)
and the RPF. Both the IF and the RPF are collocated within a single building on the site.

The SHINE site is on previously undeveloped property in the City of Janesville, Rock County,
Wisconsin. The SHINE site is on the south side of the City of Janesville corporate boundaries,
and the densely populated parts of the city are more than 1 mile (mi) (1.6 kilometers (km)) to the
north.

The SHINE site boundaries encompass approximately 91 acres (36.8 hectares) of land. All
safety-related SSCs of the SHINE facility are located within a square area located near the
center of the property, referred to as the safety-related area. The center point of the
safety-related area has the following coordinates: 42° 37’ 26.8” north latitude and 89° 1’ 29.7”
west longitude. The SHINE site boundary corresponds to the property line around the perimeter
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of the site. The SHINE operating license would define the owner-controlled area as being
delineated by the site boundary.

The distance and direction from the center point of the safety-related area to major nearby
features are as follows:

. U.S. Highway 51: < 0.1 mi (0.2 km) west

o Southern Wisconsin Regional Airport: 0.4 mi (0.6 km) west
. Union Pacific Railroad: 1.6 mi (2.7 km) northeast

o Rock River: 1.9 mi (3.1 km) west

° Interstate (I-)90/39: 2.1 mi (3.4 km) east

The finished site grade elevation is approximately 825 feet (ft) (251.46 meters (m)) per the North
American Vertical Datum of 1988 (NAVD 88). The SHINE site and adjacent ground within a
radius of approximately 1 mi (1.6 km) is generally flat. The tallest building on the SHINE site is
the main production facility, which at its highest point is approximately 57 ft (17.4 m) above the
site grade level. There is a free-standing 67 ft (20.4 m) high exhaust stack adjacent to the main
production facility. The distance from a release point to the site boundary in each of

the 16 compass directions, calculated from a circle (radius of 70 m (230 ft)) that envelopes the
main production facility, is provided in SHINE FSAR table 2.1-2.

The applicant estimated the resident population distribution surrounding the SHINE site within
five distance bands. These bands are represented as concentric circles at 0 to 1 km

(0 to 0.6 mi), 1to 2 km (0.6 to 1.2 mi), 2 to 4 km (1.2 to 2.5 mi), 4 to 6 km (2.6 to 3.7 mi),

and 6 to 8 km (3.7 to 5.0 mi) from the center point of the safety-related area. The applicant
described the population growth rates used in SHINE FSAR section 2.1.2, “Population
Distribution.” The resident population distribution within 8 km (5.0 mi) of the SHINE site is
presented in SHINE FSAR table 2.1-4 for the years 2019, 2024, and 2051. The area

within 8 km (5.0 mi) of the SHINE site supports a 2019 population estimated to be

about 53,000 people. SHINE estimated the 2051 population surrounding the SHINE site at
about 73,000 people.

The nearest permanent residence is located approximately 0.50 mi (0.80 km) Northwest of the
center point of the safety-related area. There are permanent residences in two other directions
that are only slightly farther away; a house located approximately 0.54 mi (0.86 km)
north-northwest of the center point and a house located approximately 0.59 mi (0.94 km) to the
south-southwest.

In addition to the permanent residents around the SHINE site, there are people who enter this
area temporarily for activities such as employment, education, recreation, medical care, and
lodging. This data is presented in SHINE FSAR Tables 2.1-5 through 2.1-9. To accurately
represent the transient population, the weighted average population is estimated for each
directional sector and distance, based on the length of time people are expected to stay at the
respective facility. SHINE estimated a 2019 total weighted transient population of

about 8,600 people (see SHINE FSAR table 2.1-10).



In SHINE FSAR section 2.2, the applicant identified potential hazards from facilities and
transportation routes within the 8 km (5 mi) vicinity of the SHINE site and airports

within 16.1 km (10 mi) of the SHINE site. The applicant provided detailed descriptions of these
facilities and transportation routes for further consideration of hazards evaluation. There are
seven industrial facilities, one major highway, four major roads, two natural gas pipelines, one
waterway, three railroads, five airports, four heliports, and eleven airways in this area. There are
no major military facilities located within 8 km (5 mi) of the SHINE site, although military aircraft
do sometimes utilize the Southern Wisconsin Regional Airport (SWRA).

The descriptions of the industrial and transportation facilities within the vicinity of the SHINE
facility are presented in SHINE FSAR section 2.2.1.1, “Descriptions.” The information and
evaluations with respect to air traffic pertaining to airports and airways within the vicinity of the
SHINE facility are presented in SHINE FSAR section 2.2.2, “Air Traffic.” The city of Janesville
and the city of Beloit Comprehensive Plans do not provide details of any projected or future
planned industrial growth.

SHINE FSAR section 2.2.2 discusses air traffic located within 10 mi (16 km) of the SHINE
facility (distance from the center of the SHINE facility to the nearest edge of the airway). The
applicant also described its analysis of aircraft hazards associated with these airways, including
approach and holding patterns near the SHINE facility.

SHINE FSAR section 2.2.3, “Analysis of Potential Accidents at Facilities,” describes the
analysis of postulated accidents and possible effects that could occur at the SHINE
facility, including explosions, flammable vapor clouds, toxic chemicals, and fires. The
applicant evaluated potential accidents based on the information compiled for the
identified facilities in SHINE FSAR section 2.2.1, “Locations and Routes,” using the
guidance provided in NUREG-1537, Part 2, “Guidelines for Preparing and Reviewing
Applications for the Licensing of Non-Power Reactors, Standard Review Plan and
Acceptance Criteria,” issued February 1996 (Agencywide Documents Access and
Management System Accession No. ML042430048) pursuant to Title 10 of the Code of
Federal Regulations (10 CFR) Part 50, “Domestic Licensing of Production and Utilization
Facilities.” The applicant also used applicable guidance in Regulatory Guide (RG) 1.78,
Revision 1, “Evaluating the Habitability of a Nuclear Power Plant Control Room During a
Postulated Hazardous Chemical Release” (ML013100014), and Regulatory Guide 1.91,
Revision 1, “Evaluation of Explosions Postulated to Occur on Transportation

Routes Near Nuclear Power Plants” (ML003740286). The applicant performed an
analysis of these accidents to determine whether any of them should be considered as
design-basis events (DBEs). The DBEs are defined as those accidents that have a
probability of occurrence on the order of magnitude of 10 per year or greater with
potential consequences serious enough to affect the safety of the facility to the extent
that the guidelines specified in 10 CFR Part 100, “Reactor Site Criteria,” could be
exceeded. The following accident categories are considered in selecting DBEs:
explosions; flammable vapor clouds (delayed ignition); toxic chemicals; aircraft crashes;
and fires.

SHINE FSAR section 2.3 describes the general and local climate, including historical averages
and extremes of climatic conditions and regional meteorological phenomena. The SHINE site is
located in a region with the Kbeppen classification, which is a humid continental climate with
warm summers, snowy winters, and humid conditions. The climate features a large annual
temperature range and frequent short duration temperature changes. Although there are no
pronounced dry seasons, most of the annual precipitation falls during the summer. During the
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autumn, winter, and spring, strong synoptic scale surface cyclones and anticyclones frequently
move across the site region. During the summer, synoptic scale cyclones are usually weaker
and pass north of the site region. Most air masses that affect the site region are generally of
polar origin; however, air masses occasionally originate from arctic regions or the Gulf of
Mexico. Air masses originating from the Gulf of Mexico generally do not reach the site region
during winter months. There are occasional episodes of extreme heat or high humidity in the
summer. The windiest months generally occur during the spring and autumn. The annual
average number of days with thunderstorms varies from approximately 45 days at the
southwest corner of the state of Wisconsin, to approximately 35 days at the northeast corner of
the state. Hail is most frequent in the southwestern and west central portions of the state, and is
most common during summer months, peaking in late July. Tornadoes are relatively infrequent.
Winter storms that affect the region generally follow one of three tracks: Alberta, Panhandle, or
Gulf Coast. During an average winter, the ground is covered with snow about 60 percent of the
time. In addition, the applicant also discussed the potential meteorological effects to the SHINE
facility and discussed the dispersion analysis of airborne releases, in both restricted and
unrestricted areas, from routine releases during normal operations and from postulated releases
resulting from accidents.

In SHINE FSAR section 2.3.1, “General and Local Climate,” the applicant provided a description

of the general climate of the region and meteorological conditions relevant to the design and
operation of the SHINE facility, including:

. Identification of the region with climate representative of the site
o Regional data sources

. Identification and selection for analysis of weather monitoring stations located
within the site climate region

o Extreme wind

° Tornadoes and waterspouts

. Water equivalent precipitation extremes

. Hail, snowstorms, and ice storms

o Thunderstorms and lightning

o Snowpack and probable maximum precipitation
o Design dry bulb and wet bulb temperatures

o Extreme dry bulb temperatures

o Restrictive dispersion conditions

o Air quality

o Climate change



In SHINE FSAR section 2.3.2, “Site Meteorology,” the applicant provided a description of local
topography, local meteorological data sources, regional and local wind patterns, atmospheric
stability, and the development of joint frequency distributions (JFD) for input to dispersion
models.

SHINE FSAR section 2.4.1, “Hydrological Description,” identifies the SHINE site surface water,
groundwater aquifers, types of onsite groundwater use, sources of recharge, present known
withdrawals and likely future withdrawals, flow rates, travel time, gradients, and other properties
that affect movement of accidental contaminants in groundwater, groundwater levels beneath
the site, seasonal and climatic fluctuations, monitoring and protection requirements, and
manmade changes that have the potential to cause long-term changes in the local groundwater
regime.

In SHINE FSAR section 2.4.2, “Floods,” the applicant indicated that flooding near the SHINE
site is very unlikely to be caused by local intense precipitation or by the Rock River or the
unnamed tributary stream overflowing their banks. The applicant described its analysis of the
potential flooding from other natural events, including surges, seiches, tsunami, dam failures,
flooding caused by landslides, and effects of ice formation on water bodies. The applicant noted
that the Rock River and the unnamed tributary stream are subject to flooding throughout the
year. The largest potential for flooding occurs during the spring as a result of precipitation and
snow melt. Peak flows occur during the winter and are primarily caused by ice jams.

SHINE FSAR section 2.5.1, “Regional Geology,” describes the regional geology within

about 200 mi (322 km) of the SHINE site, including regional physiography and geomorphology;
tectonic provinces and structures within the basement rocks; bedrock geology, including
stratigraphy, lithology, and structure; magnetic and gravity geophysical anomalies; and surficial
geology and glacial history. SHINE FSAR section 2.5.2, “Site Geology,” describes the geologic
setting, stratigraphy, and structure within about 5 mi (8 km) of the SHINE site. SHINE FSAR
section 2.5.3, “Seismicity,” describes the history of recorded and felt earthquakes in southern
Wisconsin and northern lllinois. SHINE FSAR section 2.5.4, “Maximum Earthquake Potential,”
describes the historical maximum expected moment magnitude from past earthquakes, and
frequency of occurrence. SHINE FSAR section 2.5.5, “Vibratory Ground Motion,” presents an
evaluation of the earthquake ground shaking expected at the SHINE site. Because most of the
regional geological structures are not considered to be seismically capable, the analysis of
earthquake ground shaking at the SHINE site is based on interpolation of the national seismic
hazard model. The development of an earthquake ground motion design response spectrum
follows the procedures set out in the structural codes and standards applicable to Wisconsin.
SHINE FSAR section 2.5.6, “Surface Faulting,” describes the surface faults and folds located in
the surrounding region. SHINE FSAR section 2.5.7, “Liquefaction Potential,” describes the soil
liquefaction potential within the SHINE site.

2.3 Requlatory Requirements and Guidance and Acceptance Criteria

The NRC staff reviewed SHINE FSAR chapter 2 against the applicable regulatory requirements,
using appropriate regulatory guidance and acceptance criteria, to assess the sufficiency of the
bases and the information provided by SHINE for the adequacy of the SHINE site for the
issuance of an operating license.



2.3.1 Applicable Regulatory Requirements

The applicable regulatory requirements for the evaluation of the SHINE site characteristics are
as follows:

e Section 50.34, “Contents of applications; technical information,” of 10 CFR
paragraph (b), “Final safety analysis report,” subparagraph (1), which states:

All current information, such as the results of environmental and
meteorological monitoring programs, which has been developed since
issuance of the construction permit, relating to site evaluation factors
identified in [10 CFR] part 100 ....

The NRC staff notes that the requirements of 10 CFR Part 100 are specific to nuclear power
and testing reactors and, therefore, not applicable to the SHINE facility. However, the staff
evaluated SHINE'’s site-specific conditions using site criteria similar to 10 CFR Part 100, by
using the guidance in NUREG-1537, Part 1 and Part 2.

2.3.2 Applicable Regulatory Guidance and Acceptance Criteria

In determining the regulatory guidance and acceptance criteria to apply, the NRC staff used its
technical judgment, as the available guidance and acceptance criteria were typically developed
for nuclear reactors. Given the similarities between the SHINE facility and non-power research
reactors, the staff determined to use the following regulatory guidance and acceptance criteria:

. NUREG-1537, Part 1, “Guidelines for Preparing and Reviewing Applications for
the Licensing of Non-Power Reactors, Format and Content,” issued
February 1996.

. NUREG-1537, Part 2, “Guidelines for Preparing and Reviewing Applications for
the Licensing of Non-Power Reactors, Standard Review Plan and Acceptance
Criteria,” issued February 1996.

. “Final Interim Staff Guidance Augmenting NUREG-1537, Part 1, ‘Guidelines for
Preparing and Reviewing Applications for the Licensing of Non-Power
Reactors: Format and Content,’ for Licensing Radioisotope Production
Facilities and Aqueous Homogeneous Reactors,” dated October 17, 2012.

. “Final Interim Staff Guidance Augmenting NUREG-1537, Part 2, ‘Guidelines for
Preparing and Reviewing Applications for the Licensing of Non-Power
Reactors: Standard Review Plan and Acceptance Criteria,’ for Licensing
Radioisotope Production Facilities and Aqueous Homogeneous Reactors,”
dated October 17, 2012.

As stated in the interim staff guidance (ISG) augmenting NUREG-1537, the NRC staff
determined that certain guidance originally developed for heterogeneous non-power research
and test reactors is applicable to aqueous homogenous facilities and production facilities.
SHINE used this guidance to inform the design of its facility and to prepare its FSAR. The staff’s
use of reactor-based guidance in its evaluation of the SHINE FSAR is consistent with the ISG
augmenting NUREG-1537.



As appropriate, the NRC staff used additional guidance (e.g., NRC regulatory guides, Institute of
Electrical and Electronics Engineers (IEEE) standards, American National Standards
Institute/American Nuclear Society (ANSI/ANS) standards, etc.) in the review of the SHINE
FSAR. The additional guidance was used based on the technical judgment of the reviewer, as
well as references in NUREG-1537, Parts 1 and 2; the ISG augmenting NUREG-1537,

Parts 1 and 2; and the SHINE FSAR. Additional guidance documents used to evaluate the
SHINE FSAR are provided as references in appendix B, “References,” of this SER.

2.4 Review Procedures, Technical Evaluation, and Evaluation Findings

SHINE FSAR chapter 2 discusses the SHINE site characteristics including the geographical,
geological, seismological, hydrological, and meteorological characteristics of the site, the vicinity
of the site to present and projected population distributions and industrial and transportation
facilities, land use, and site activities and controls. The NRC staff’s review of the SHINE site
considers site characteristics, design and performance of SSCs, radiation protection and waste
management programs, and accident analyses.

The NRC staff performed a review of the technical information presented in SHINE FSAR
chapter 2, as supplemented, to assess the sufficiency of the SHINE site characteristics for the
issuance of an operating license. The sufficiency of the SHINE site characteristics is determined
by ensuring that they meet applicable regulatory requirements, guidance, and acceptance
criteria, as discussed in section 2.3, “Regulatory Requirements and Guidance and Acceptance
Criteria,” of this SER. The findings of the staff review are described in section 2.5, “Review
Findings,” of this SER.

2.41 Geography and Demography

The NRC staff evaluated the sufficiency of the applicant’s description of the SHINE site
characteristics regarding geography and demography, as presented in SHINE FSAR
section 2.1, using the guidance and acceptance criteria from section 2.1, “Geography and
Demography,” of NUREG-1537, Parts 1 and 2, and chapter 2, “Site Characteristics,” of
the ISG augmenting NUREG-1537, Parts 1 and 2.

2.4.1.1 Site Location and Description

The description in SHINE FSAR chapter 2 of the SHINE facility location in the city of Janesuville,
Rock County, Wisconsin is used to assess the acceptability of the site. The NRC staff’s review
covers the following specific areas: (1) specification of the SHINE site location with respect to
latitude and longitude, political subdivisions, and prominent natural and manmade features of
the area; and (2) maps of the SHINE site area showing the boundaries and zones applicable to
project area and owner controlled area and the distance and direction from the center point of
the safety-related area to major nearby features such as highways, railways, and waterways in
close proximity to the SHINE site. The purpose of the review is to ascertain the accuracy of the
applicant’s description of the SHINE site for use in independent evaluations of the site
boundary, owner-controlled area, the surrounding population, and potential manmade hazards
due to nearby facilities.

The applicant addressed the SHINE site location and description in SHINE FSAR section 2.1.1,
“Site Location and Description,” in which the applicant provided site-specific information related
to the SHINE site location and description, including political subdivisions, natural and



manmade features, population, highways, railways, waterways, and other significant features of
the area.

The NRC staff reviewed the information and site maps presented by the applicant in the FSAR.
The staff also performed an independent review of information available in the public domain.
Based on its review of the information in the FSAR, and independent confirmatory review of
prominent, natural, and manmade features of the area as found in publicly available
documentation, the staff finds the information provided by the applicant with regard to the
SHINE site location and description adequate.

Based on its review, the NRC staff determined that the level of detail provided on site location
and description satisfies the applicable acceptance criteria of NUREG-1537, Part 2, section 2.1,
allowing the staff to make the following relevant findings:

(1) The information is sufficiently detailed to provide an accurate description of the
geography surrounding the facility.

(2) There is reasonable assurance that no geographic features render the site
unsuitable for operation of the facility.

Therefore, the NRC staff concludes that the SHINE facility’s geography, as described in SHINE
FSAR section 2.1, is sufficient and meets the applicable regulatory requirements and
guidance for the issuance of an operating license.

2.4.1.2 Population Distribution

The NRC staff reviewed the data on the population distribution and future population projections
in the SHINE site environs as presented in SHINE FSAR section 2.1.2. The staff’s review of the
applicant’s estimates of the present and projected populations surrounding the SHINE site,
including transients, found them to be reasonable and acceptable. The staff estimated
population growth rates for Rock County and the cities of Janesville and Beloit, based on US
Census data for 2000 and 2010. The staff also independently reviewed the county and city
population projections data that is available in the public domain and found the growth rates to
be comparable to those estimated by the applicant.

Based on its review, the NRC staff determined that the level of detail provided on population
distribution satisfies the applicable acceptance criteria of NUREG-1537, Part 2, section 2.1,
allowing the staff to make the following relevant findings:

(1) The demographic information is sufficient to allow accurate assessments of the
potential radiological impact on the public resulting from the siting and
operation of the facility.

(2) There is reasonable assurance that no demographic features render the site
unsuitable for operation of the facility.

Therefore, the NRC staff concludes that the SHINE facility’s demography, as described in
SHINE FSAR section 2.1, is sufficient and meets the applicable regulatory requirements and
guidance for the issuance of an operating license.



2.4.2 Nearby Industrial, Transportation, and Military Facilities

The NRC staff evaluated the sufficiency of the applicant’s description of the SHINE site
characteristics regarding nearby industrial, transportation, and military facilities, as presented in
SHINE FSAR section 2.2, using the guidance and acceptance criteria from section 2.2, “Nearby
Industrial, Transportation, and Military Facilities,” of NUREG-1537, Parts 1 and 2, and chapter 2,
“Site Characteristics,” of the ISG augmenting NUREG-1537, Parts 1 and 2.

2.4.2.1 Locations and Routes

The identification of potential hazards in the SHINE site vicinity covering the description of
present and future industrial, transportation, and military installations refers to potential external
hazards or hazardous materials that are present or may reasonably be expected to be present
during the projected lifetime of the SHINE facility. The purpose of the NRC staff’s review of this
identification is to determine the adequacy of the information in meeting regulatory requirements
and to ensure that all facilities and activities within 5 mi (8 km) are considered in the evaluation
of potential hazards. The staff’s review covers the following specific areas: (1) the locations of,
and separation distances to, transportation facilities and routes, including airports and airways,
roadways, railways, pipelines, and navigable bodies of water and (2) the presence of military
and industrial facilities, such as fixed manufacturing, processing, and storage facilities.

The NRC staff reviewed the SHINE FSAR information in evaluating potential hazards due to
industrial, transportation, and military installations in the SHINE site area.

In SHINE FSAR section 2.2.1, the applicant identified the potential hazard facilities
within 5 mi (8 km) of the SHINE site for further analysis based on the U.S. Environmental
Protection Agency’s Envirofacts Database.

Descriptions of the industrial and transportation facilities other than airports and airways
identified within 5 mi (8 km) of the SHINE site are presented in SHINE FSAR section 2.2.1.1.

SHINE FSAR table 2.2-1 provides a concise description of each facility, including its primary
function and major products produced or stored. The hazardous chemicals potentially
transported on highways within 5 mi (8 km) of the SHINE site are presented in SHINE FSAR
table 2.2-5. These highways are U.S. Highway 51 (closest approach of 0.22 mi) and 1-90/39
(closest approach of 2.1 mi).

There are three railroad lines within 5 mi (8 km) of the SHINE site: Union Pacific line (closest
approach of 1.4 mi (2.3 km) east of the site); Canadian Pacific located on west bank of Rock
River (closest approach of 2.0 mi (3.2 km) west of the site); and Wisconsin & Southern Railroad
Company on the west bank of Rock River (closest approach of 3.7 mi (4.3 km) north of the site).
A single railroad tank car has a maximum capacity of 30,000 gallons.

Natural gas distribution pipelines located within 5 mi (8 km) of the SHINE site are presented in
SHINE FSAR table 2.2-2. Alliant Energy operates two main natural gas pipelines—one located
at approximately 2.6 mi (4.2 km) east of the site at its closest approach and the other located at
approximately 2.5 mi (4.5 km) south of the site at its nearest approach. A gas feeder line

at 0.3 mi (0.48 km) is located just west of U.S. Highway 51. ANR Natural gas operates a natural
gas distribution pipeline approximately 3.6 mi (5.8 km) northeast of the site at its closest
approach.



The airports within 10 mi (16 km) of the SHINE site are listed in SHINE FSAR table 2.2-3. There
are four airports or heliports within 5 mi (8 km) and six airports or heliports within

between 5 and 10 mi (8 and 16 km), of which one has not been in operation since 1991. There
are 10 low altitude airways and one jetway located within 10 mi (16 km) of the SHINE site and
they are identified in SHINE FSAR table 2.2-4. Considerable industrial growth is not projected in
the area based on city comprehensive plans.

As discussed above, the applicant presented the detailed information to establish the
identification of facilities that may have a potential for hazards in the SHINE site vicinity. The
NRC staff reviewed the information presented by the applicant and determined that the
applicant, using the applicable guidance, provided reasonable and appropriate information with
respect to the identification of potential hazards in the SHINE site vicinity. The nature and extent
of activities involving potentially hazardous materials that are conducted at nearby industrial,
military, and transportation facilities that have the potential for adversely affecting SHINE facility
safety-related SSCs are identified.

Based on its review of the information in the SHINE FSAR, as well as information obtained
independently from the public domain, the NRC staff concludes that the potentially hazardous
activities on site and in the vicinity of the SHINE facility have been identified and are reasonable
and acceptable.

2.4.2.2 Air Traffic

There are four airports or heliports within 5 mi (8 km) and six airports or heliports within
between 5 mi (8 km) and 10 mi (16 km) of the SHINE site. The majority of the airports/heliports
have only sporadic activity. SHINE FSAR table 2.2-3 lists the airports within 10 mi (16 km);
SHINE FSAR figure 2.2-2 identifies the airports within 10 mi (16 km). There are no military
airports or training routes located within 10 mi (16 km) of the SHINE site.

Airways

There are 10 low altitude airways and one jetway located within 10 mi (16 km) of the SHINE
site, which are identified in SHINE FSAR table 2.2-4. Since no screening criterion is provided in
NUREG-1537, NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Reports
for Nuclear Power Plants: [Light-Water Reactor] Edition,” section 3.5.1.6, Revision 4, “Aircraft
Hazards” (ML100331298), guidance is used for the evaluation of aircraft hazards. Three low
altitude airways and one jetway located within 10 mi (16 km) of the SHINE site were identified
as having an edge of the airway within 2 mi of the SHINE site and the hazards associated with
these airways were evaluated in SHINE FSAR section 2.2.2.5.1, “Evaluation of Airways.” Three
airports have holding patterns near the SHINE site; however, the distance from the edge of
each holding pattern to the site is greater than the 2 mi screening criterion in NUREG-0800,
section 3.5.1.6 and, therefore, this hazard screens out.

Evaluation of the Aircraft Hazards

The non-airport crash impact frequency evaluation from airways is determined by using a
four-factor formula outlined in the U.S. Department of Energy (DOE) Standard-3014-96,
“Accident Analysis for Aircraft Crash into Hazardous Facilities.” The SWRA and three heliports
are within 5 mi (8 km) of the SHINE site. A probabilistic hazard analysis was performed by the
applicant for the SWRA. The three heliports have sporadic activity, and their evaluation is



considered by the applicant to be bounded by the evaluation performed for the SWRA.
Therefore, only the SWRA is evaluated for the potential aircraft hazard by the applicant.

The potential impact probabilities for small non-military aircraft, large non-military aircraft, and
military aircraft from airports are provided in SHINE FSAR table 2.2-9. Also included are the
effects from increased traffic due to potential future air shows. The risk of an aircraft accident is
considered acceptable if the frequency of occurrence is less than 1E-6 per year. The calculated
crash probability for small non-military aircraft (3.92 E-4 per year) does not meet the acceptance
criterion of 1E-6 per year. The combined probability (3.09E-7 per year) of all other aircraft
crashes meets the acceptance criterion of 1E-6 per year. Therefore, the safety-related SSCs of
the SHINE facility credited to prevent a radiological release in excess of regulatory limits are
designed to withstand the impact of a small non-military aircraft, as discussed and addressed in
SHINE FSAR section 3.4.2, “Seismic Analysis of Facility Structures.” The NRC staff evaluation
of the SHINE safety-related SSCs is discussed in chapter 3, “Design of Structures, Systems,
and Components,” of this SER.

2.4.2.3  Analysis of Potential Accidents at Facilities

The NRC staff’s evaluation of potential accidents considers the applicant’s probability analyses
of potential accidents involving hazardous materials or activities on the SHINE site and in the
vicinity of the SHINE site to confirm that appropriate data and analytical models were used. The
review covers the following specific areas: (1) hazards associated with nearby industrial
activities, such as manufacturing, processing, or storage facilities and (2) hazards associated
with nearby transportation routes (i.e., highways, railways, navigable waters, and pipelines).
Each hazard review area includes consideration of the following principal types of hazards:

o Overpressure resulting from explosions or detonations involving materials such
as munitions, industrial explosives, or explosive vapor clouds resulting from the
atmospheric release of gases (such as propane, hydrogen and natural gas, or
any other gas) with a potential for ignition and explosion;

o Missile effects attributable to mechanical impacts, such as aircraft impacts,
explosion debris, and impacts from waterborne items such as barges;

e Toxic vapors or gases and their potential for incapacitating control room
operators; and

e Thermal effects attributable to fires.

The NRC staff reviewed the information presented by the applicant in SHINE FSAR

section 2.2.3 pertaining to potential accidents, and reviewed the applicant’s responses to RAls,
as discussed below. The staff’s review confirmed that the applicant addressed the required
information in the FSAR relating to the evaluation of potential accidents.

The NRC staff reviewed SHINE FSAR section 2.2.1, containing information related to industrial,
military, and transportation facilities and routes to establish the presence and magnitude of
potential external hazards that include the accident categories, such as explosions, flammable
vapor clouds (delayed ignition), toxic chemicals, and fires, addressed in SHINE FSAR

section 2.2.3.



Explosions

The applicant considered hazards involving potential explosions resulting in blast overpressure
as a result of detonation of explosives, munitions, chemicals, liquid fuels, and gaseous fuels that
are processed, stored, used, or transported near the SHINE site. The allowable and actual
distances of potential hazardous explosive chemicals transported or stored are determined
based on using 1 pound per square inch (psi) overpressure as a criterion for adversely affecting
SHINE facility operation or preventing safe shutdown of the facility. In accordance with RG 1.91,
peak positive incident overpressures below 1 psi are considered to cause no significant
damage.

The chemicals stored at nearby facilities and chemicals transported by roadways and railways
near the SHINE site are presented in SHINE FSAR table 2.2-15 along with the respective
chemical quantity and distance from the SHINE site. These chemicals are evaluated by the
applicant and the results are summarized in SHINE FSAR table 2.2-16. The applicant’s
analysis included 1,258,091 pounds (Ib) diesel fuel storage, 440,000 Ib ethylene oxide by rail
transport, 133,946 Ib gasoline storage, 79,968 Ib jet fuel storage, 50,000 Ib each of diesel fuel,
ethylene oxide, gasoline, and propane by truck transport, and 3,300 Ib hydrogen by truck
transport. The applicant determined either that the minimum safe distance to reach 1 psi
overpressure due to potential explosion from each chemical source is less than the actual
distance from the source to the center of the SHINE site or that the quantity of each chemical
source is less than the quantity of chemical required to produce 1 psi at a chemical source
distance from the center of the SHINE site. Based on this analysis, the applicant concluded that
potential explosions would not adversely affect the operation of the SHINE facility.

The NRC staff’s calculations confirmed the applicant’s results with the exception of three
chemicals: ethylene oxide, propane, and hydrogen. For an ethylene oxide tanker truck
carrying 50,000 Ib travelling on U.S. Highway 51 at a distance of 0.22 mi (0.35 km) from the
SHINE facility, the staff finds that the minimum safe (standoff) distance exceeds the actual
distance of 0.22 mi (0.35 km). Although the staff’'s analysis found that the minimum safe
distance exceeds the actual distance, the staff finds that the applicant’s evaluation is
acceptable because it is bounded by a potential explosion of a storage tank of 440,000 Ib at a
distance of 2 mi (3.2 km) from the facility. For propane and hydrogen, the applicant analyzed
only an unconfined explosion scenario with a yield factor of 0.03. However, there is vapor in the
tank that could explode as a confined vapor with a 100 percent yield factor. The staff's analysis
found that this scenario results in a minimum safe distance that exceeds the actual road-way
distance of 0.22 mi (0.35 km) for both propane and hydrogen. In response, by letter dated
January 29, 2021(ML21029A101), Enclosure 1 (ML21029A103), the applicant clarified its
methodology and justified the rationale applied in its analysis. The staff finds the applicant’s
response reasonable and acceptable.

Flammable Vapor Clouds (Delayed Ignition)

Flammable gases in the liquid or gaseous state can form an unconfined vapor cloud that could
drift toward the SHINE facility before ignition occurs, and then could burn or explode when the
vapor concentration is within flammable range. For those chemicals with an identified
flammability range, an air dispersion model based on the methods and equations in RG 1.78
and NUREG-0570, “Toxic Vapor Concentrations in the Control Room Following a Postulated
Accidental Release” (ML063480551), was used to determine the distance that the vapor cloud
could travel before the concentration is less than the lower explosive level (LEL). Chemicals
listed in SHINE FSAR table 2.2-15 were evaluated by the applicant to ascertain which
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hazardous chemical materials had the potential to form a flammable vapor cloud or vapor cloud
explosion. For those chemicals with an identified flammability range, the Areal Locations of
Hazardous Atmospheres (ALOHA) air dispersion model was used to determine the distances
where the vapor cloud may exist between the upper explosive level and the LEL, thus
presenting the possibility for potential explosion and thermal radiation effects. The chemicals
were also evaluated for potential vapor cloud explosion. The ALOHA model was used to model
the worst-case accidental vapor cloud explosion, including the standoff distances and
overpressure effects at the nearest SHINE safety-related area. The standoff distance was
measured as the distance from the spill site to the location where the pressure wave is

at 1 psi overpressure consistent with guidance in RG 1.91 that defines the standoff distance.
The analyzed effects of flammable vapor clouds and vapor cloud explosions from onsite and
offsite sources are summarized in SHINE FSAR table 2.2-17. The applicant determined

that the distances to LEL for both ethylene oxide and propane transported by truck on

U.S. Highway 51 exceeded the distance from U.S. Highway 51 to the SHINE

facility (0.22 mi (0.35 km)). Therefore, the applicant performed probabilistic analyses to
determine the number of shipments required to equal the acceptable probability of 1 x 10 per
year. The applicant determined that the required number of annual ethylene oxide and propane
shipments would be 99 and 404, respectively. Based on information collected from end users of
these chemicals, the applicant concluded that the actual number of annual shipments of these
chemicals on U.S. Highway 51 is much less than the determined maximum number of
shipments associated with the probability of 1 x 10 and, therefore, that the potential adverse
impact on the operation of the SHINE facility is low.

The NRC staff’s independent confirmatory calculations also identified the same two chemicals,
ethylene oxide and propane, as having a distance to LEL in excess of the actual distance from
U.S. Highway 51 to the SHINE site. The staff reviewed the applicant’s probabilistic approach in
back calculating the number of shipments of each chemical required to meet the acceptance
criterion of 1 x 10 per year to demonstrate that the actual number of shipments, based on
information and transportation data, is far less than the determined maximum acceptable
number of shipments. Based on its review of the applicant’s information as well as its
independent assessment, the staff determined that the information provided in the SHINE FSAR
is reasonable and acceptable and satisfies the appropriate guidance.

Toxic Chemicals

The applicant considered the hazards due to potential accidents involving the release of toxic or
asphyxiating chemicals from nearby facilities, transportation, and onsite sources that may have
a potential for impact on the SHINE site. These hazards include chemicals stored, used, or
transported near the SHINE site. The list of toxic chemicals within 5 mi (8 km) that were
evaluated by the applicant is presented in SHINE FSAR table 2.2-19. Chemicals transported by
truck were modeled as a release of 50,000 Ib of the chemical, except for chlorine and sodium
bisulfite. Chlorine is shipped in 150-Ib cylinders, one-ton containers, cargo tankers

of 15-22 tons, and up to 90-ton rail cars. The maximum amount of chlorine at one site

is 900 Ib. The potential release of chlorine transported on U.S. Highway 51 is from the failure of
one 150-Ib cylinder. Chlorine releases on 1-90/39 were considered for standard size shipment
containers (one ton (2,000 Ib)) and 22-ton (44,000 Ib) cargo tankers. Sodium bisulfite was
modeled as a 15,000 Ib release (maximum inventory size) for truck transport on U.S.

Highway 51. Of the applicant’s analysis of chemicals listed in SHINE FSAR table 2.2-19, only
four chemicals—ammonia (50,000 Ib) from U.S. Highway 51, chlorine (44,000 Ib) from [-90/39,
propylene oxide (50,000 Ib) from 1-90/39, and sodium bisulfite (15,000 Ib) from U.S.

Highway 51—were found to exceed the respective chemical’s Immediately Dangerous to Life
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and Health (IDLH) concentrations at the SHINE site. As such, these four chemicals were
identified by the applicant to be a potential hazard to the habitability of the control room. These
four chemicals were further evaluated using probabilistic analysis to demonstrate that their
release probability meets the acceptable criterion of 1 x 10 per year or lower. Based on the
review of the applicant’s probability calculations, the NRC staff considers the estimated release
probabilities of these four chemicals reasonable and acceptable.

The NRC staff’s independent confirmatory analysis of the toxic chemicals listed in SHINE FSAR
table 2.2-19 identified five more toxic chemicals that have the potential to be hazardous to the
habitability of the control room, which are: ethylene oxide from U.S. Highway 51, gasoline
from U.S. Highway 51, vinylidene chloride from rail (1.6 mi), sodium hypochlorite from [-90/39,
and carbon monoxide from a stationary source. The concentration of each of these chemicals
exceeds respective IDLH concentrations of chemicals in the control room. Therefore, the staff
requested via an RAI that the applicant justify and demonstrate why these five chemicals were
excluded from further consideration. By letter dated January 29, 202 (ML21029A101), the
applicant addressed these chemicals with a clarified methodology and approach to justify the
rationale applied in the analysis. The staff finds the applicant’s response reasonable and
acceptable.

In SHINE FSAR section 2.2.3.1.3.4, “On-Site Chemicals,” the applicant addressed onsite toxic
chemicals by stating that they are evaluated in SHINE FSAR section 13b.3, “Analyses of
Accidents with Hazardous Chemicals” (SHINE FSAR table 13b.3-2). The applicant also stated
that worker exposures are representative of exposures to control room personnel. Based on its
review of the analyses and results, the NRC staff determined that the evaluation methodology
used is different than what is used in SHINE FSAR section 2.2.3.1.3, “Toxic Chemicals.” Using
methodology consistent with what is used in SHINE FSAR section 2.2.3.1.3 (i.e., wind

speed 1 meter per second (m/s) and F stability; using IDLH concentration limiting value), the
staff determined the chemicals ammonia, nitric acid, and sodium hydroxide to be a potential
hazard to the habitability of the control room as each of their concentrations exceed their
respective chemical IDLH concentrations. By letter dated January 29, 2021, the applicant
revised SHINE FSAR section 2.2.3.1.3.4. Bulk chemical storage is provided in the storage
building, as described in SHINE FSAR section 9b.7.10, “Facility Chemical Reagent System.”
The location of the storage building relative to the main production facility is identified in SHINE
FSAR figure 1.3-3. The distance from the north side of the storage building to the ventilation air
intake for the main production facility is approximately 233 ft (71 m). Chemicals that are stored
in bulk in the storage building are identified in SHINE FSAR table 2.2-20. The applicant’s
analysis determined the limiting quantity of a solution spill that could result in exceeding the
toxicity limits in the control room. The limiting quantity of each chemical determined to pose a
potential hazard to the habitability of the control room is provided in SHINE FSAR table 2.2-20.
The applicant stated that the maximum container size used for the storage of each of these
chemicals in the storage building is less than the determined limiting quantities. Therefore, the
applicant concluded that these onsite stored chemicals do not pose a threat to control room
habitability. The staff finds the applicant’s response reasonable and acceptable.

Fires

Fires in adjacent industrial plants, storage facilities, oil and gas pipelines, and from
transportation accidents were evaluated by the applicant as events that could lead to high heat
fluxes. Three types of fires were analyzed for high heat flux: boiling liquid expansion vapor
explosion (BLEVE) fireballs, pool fires, and jet fires. A BLEVE fireball occurs when a tank
containing a flammable liquified gas bursts resulting in a flash fire. The energy released causes
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the flammable gas to ignite causing a large fireball. A BLEVE fireball has a high heat flux, but a
short duration. Pool fires occur when a chemical that is liquid at standard conditions spills and
catches fire. A jet fire occurs when a pipeline ruptures or a pressurized tank has a hole causing
the continuous release of flammable gas.

The applicant considered the tank rupture of a truck containing 50,000 Ib (22,679 kg) of liquified
propane as the limiting BLEVE fireball on U.S. Highway 51 at a distance of 0.22 mi (0.35 km)
from the SHINE facility. The estimated heat flux is 10.8 kilowatts per square meter (kW/m?) with
a fireball duration of 11 seconds (sec). This would cause a temperature rise on a concrete wall
surface of 32.4 degrees Fahrenheit (°F). This is not a significant rise compared to the
requirements for short and long-term maximum concrete temperature.

The applicant considered the limiting pool fire from a gasoline truck containing 50,000 Ib
(22,679 kg) on U.S. Highway 51 at a distance of 0.22 mi (0.35 km) from the SHINE facility. The
estimated maximum heat flux is 2.92 kW/m? lasting for about 53 sec. This would cause a
temperature rise on a concrete wall surface of 43.2°F. This is not a significant rise compared to
the requirements for short and long-term maximum concrete temperature.

The applicant evaluated the limiting offsite jet fire from the feeder pipeline at 0.28 mi (0.45 km)
from the SHINE facility. The applicant used the ALOHA computer program and estimated the
maximum heat flux to be 0.011 kW/m?, which is negligible compared to a typical solar heat flux
of 1 kW/m?2. This is well below a heat flux of 5 kW/m?, which could cause 2" degree burns

in 60 sec and could cause deterioration of plastic casing of electrical cables. As the determined
heat flux is negligibly small, it is not considered a threat to the facility.

The applicant evaluated the limiting onsite jet fire from the 3-inch (in.) pipeline that feeds the
SHINE facility. The applicant used the ALOHA computer program and estimated the maximum
heat flux to be 0.0565 kW/m?, which is negligible compared to a typical solar heat flux

of 1 kW/m? and, therefore, is not considered a threat to the facility.

Based on its review of the applicant’s information and its independent confirmatory analysis, the
NRC staff determined that the applicant’s evaluation is reasonable and that the applicant’s
conclusion of no adverse impact is acceptable.

The NRC staff reviewed the information provided and, for the reasons discussed above,
concludes that the applicant provided adequate and reasonable information that establishes that
the site characteristics and design parameters are acceptable to meet the applicable regulatory
requirements and guidance for the issuance of an operating license.

2.4.3 Meteorology

The NRC staff evaluated the sufficiency of the applicant’s description of the SHINE site
characteristics regarding meteorology, as presented in SHINE FSAR section 2.3, using the
guidance and acceptance criteria from section 2.3, “Meteorology,” of NUREG-1537,

Parts 1 and 2, and chapter 2, “Site Characteristics,” of the ISG augmenting NUREG-1537,
Parts 1 and 2.



2.4.3.1 General and Local Climate

SHINE FSAR section 2.3.1 provides a description of the general climate of the region and the
meteorological conditions relevant to the design and operation of the SHINE facility.

The NRC staff reviewed SHINE FSAR section 2.3.1 to ensure that the application represents
the complete scope of information relating to general and local climatology. The staff’s review
confirmed that the application addresses the required information relating to the preceding
subject matter.

In SHINE FSAR section 2.3.1, the applicant provided information regarding regional climatic
conditions and the occurrence of meteorological phenomena (including both averages and
extremes) that could potentially affect the operating bases of SSCs for the SHINE facility.

2.4.3.1.1 Regional Climate

The applicant stated that the SHINE site is located in south-central Wisconsin, which has a
humid continental climate with warm summers, snowy winters, and humid conditions. The
applicant stated that the climate features a large annual temperature range, frequent short
duration temperature changes and, although there are no pronounced dry seasons, most of the
annual precipitation falls during the summer. During the autumn, winter, and spring, strong
synoptic scale surface cyclones and anticyclones frequently move across the SHINE site region.
During the summer, synoptic scale cyclones are usually weaker and pass north of the SHINE
site region. The applicant stated that most air masses that affect the site region are generally of
polar origin; however, air masses occasionally originate from arctic regions or the Gulf of
Mexico. The applicant noted that there are occasional episodes of extreme heat or high
humidity in the summer and that the windiest months generally occur during the spring and
autumn. The annual average number of days with thunderstorms varies from

approximately 45 at the southwest corner of the state of Wisconsin, to approximately 35 at the
northeast corner of the state. The applicant stated that hail is most frequent in the southwestern
and west central portions of the state, and is most common during summer months, peaking in
late July. The applicant noted that tornadoes are relatively infrequent and that during an
average winter, the ground is covered with 1 in. (2.54 centimeters (cm)) or more of snow

about 60 percent of the time.

The applicant provided additional details about the climate region as it relates to the following:
o Regional land use
. The landforms of Wisconsin
o Lake breeze phenomena
. Effects of the local radiation balance and winds
) Mean monthly temperatures
) Monthly mean liquid-equivalent precipitation

. Climatic statistics



. Monthly mean relative humidity
° Mean monthly water equivalent precipitation and snowfall

° Mean numbers of days per month and per year of rain or drizzle, freezing rain
or drizzle, snow, and hail or sleet

Identification of the Region with Climate Representative of the Site

The applicant stated that the SHINE site is located in central Rock County, Wisconsin, which is
at the south-central edge of the state. It is located near the boundary of two Wisconsin
physiographic provinces, the Western Uplands and the Eastern Ridges and Lowlands. It is
located in National Oceanic and Atmospheric Administration (NOAA) Cooperative Observer
Network (COOP) Climate Division 8 South Central. The applicant summarized the site location
as follows:

. Located in south-central Wisconsin, on rural prairie silt-loam soil.

. Located within till plains glacial deposits on the Central Lowland Province of the
Interior Plains Division of the United States. It is on the border between the
state of Wisconsin Eastern Ridge/Lowland and Western Upland Terrain, and
most like the ridge/lowland to the east because the local topography is
relatively gently rolling.

o Located outside the zone of influence of Lake Michigan lake breeze circulation
systems.

o Located within the zone of influence of Lake Michigan effects on temperature
and precipitation, including the following: added local warmth during winter and
autumn, cooling during summer and spring, and additional local precipitation
during winter, spring, and autumn.

Based on these characteristics, the applicant outlined a perimeter for the geographic region.
This climate region of the SHINE site is used to identify regional weather monitoring stations
and other local counties that can be used for comparisons in the analysis of local and regional
climate.

Regional Data Sources

After identifying the SHINE site climate region, the applicant identified a number of published
data sources that provided the meteorological parameters from weather stations in the site
climate region that are used in the meteorological analysis in the application. The applicant
provided a list of the data sources and described the information provided by each one.

Identification and Selection for Analysis of Weather Monitoring Stations Located within the Site
Climate Region

The applicant presented maps of the SHINE site climate region with additional annotations of
locations within that region of NOAA automated surface observing station (ASOS) stations and
NOAA COOQOP stations for which NOAA Climatography of the United States No. 20 (Clim-20)
publications and digital updates have been published by the National Climatic Data



Center (NCDC). The applicant presented a list of the ASOS and COOP stations that are
identified. A subset of the ASOS stations presented is selected for analysis. The criteria used to
select that subset of stations are noted. All COOP stations presented are analyzed. Input
information for that analysis includes statistics in the NOAA Clim-20 documents and updates for
each station, that summarize climatic conditions during the 30-year period 1971 through 2000
and subsequent updates through 2018.

Extreme Wind

The applicant provided the basic wind speed for the SHINE site; the basic wind speed is a
statistic that is used for design and operating bases. Basic wind speeds are 50-year recurrence
interval nominal design 3-second gust wind speeds (miles per hour (mph)) at 33 ft (10.1 m)
above ground for Exposure C category in chapter 6 of American Society of Civil Engineers
(ASCE)/Structural Engineering Institute (SEI) 7-05, “Minimum Design Loads for Buildings and
Other Structures.” The applicant stated that it considered several sources to determine the wind
speeds for the SHINE site. The basic wind speed for the SHINE site is 90 mph (40.2 m/s) based
on the plot of basic wind speeds in figure 6-1 of ASCE/SEI 7-05. Basic wind speeds reported in
Air Force Combat Climatology Center Engineering Weather Data, 1999, for hourly weather
stations in the SHINE site climate region are 90 mph (40.2 m/s) for Madison, Wisconsin

and 90 mph (40.2 m/s) for DuPage County Airport, West Chicago, lllinois. Based on the
consistency of these three values, the applicant selected a basic wind speed value

of 90 mph (40.2 m/s) for the SHINE site. That value applies to a recurrence interval of 50 years.

The applicant used the method in section C6.5.5 of ASCE/SEI 7-05 to calculate wind speeds for
other recurrence intervals. Based on that method, a 100-year return period value is calculated
by multiplying the 50-year return-period value (i.e., 90 mph (40.2 m/s)) by a factor of 1.07. This
approach produces a 100-year return-period 3-second gust wind speed for the SHINE site
climate region of 96.3 mph (43.0 m/s).

Tornadoes and Waterspouts

The applicant used the NCDC Storm Events Database, 2018 and selected 30 regional counties
that are at least partially included within the SHINE site climate region. The applicant used the
database to extract statistics on regional tornadoes and waterspouts. These tornado and
waterspout statistics, for the 68-year period from May 1950 through November 2018, are
presented in SHINE FSAR table 2.3-7. As presented in that table, total tornadoes and
waterspouts reported in the 30-county area during the 68-year period are 794 and 3,
respectively. The SHINE site is in Rock County. The strongest tornado in that county and for the
seven counties adjacent to Rock County was an F4 storm.

International Atomic Energy Agency (IAEA)-TECDOC-403, “Siting of Research Reactors,”
provides that design tornado information is to be based on the maximum historical intensity
within a radius of about 100 km (62 mi) of the site. The applicant stated that for the SHINE site,
a 100 km (62 mi) radius partially extends outside of the representative SHINE site climate
region included within the 30-county region described above. An F5 intensity tornado was
recorded on June 8, 1984, in lowa County, Wisconsin at the town of Barneveld, which is located
approximately 50 mi (80 km) west northwest of the SHINE site (NCDC Storm Data, 1984).



Water Equivalent Precipitation Extremes

The applicant stated that the daily total water equivalent precipitation is measured at the local
NOAA COOP monitoring station at Beloit, Wisconsin and several regional COOP stations within
the SHINE site climate region. SHINE FSAR table 2.3-10 presents maximum recorded 24-hour
and monthly water equivalent precipitation values for the local COOP station at Beloit and the
COOP stations located within the SHINE site climate region.

The applicant stated that the regional historic maximum recorded 24-hour liquid-equivalent
precipitation from the local Beloit station or for regional stations is 9.62 in. (24.43 cm). The
regional historic maximum monthly liquid-equivalent precipitation from records for either the
local Beloit station or for regional stations is 18.27 in. (46.41 cm) at Portage, Wisconsin in
June 2008. The regional recorded maximum 24-hour snowfall is 21.0 in. (563.34 cm) at Dalton,
Wisconsin and the regional recorded maximum monthly snowfall is 50.4 in. (128.0 cm) at
Watertown, Wisconsin in January 1979.

Hail, Snowstorms, and lce Storms

The applicant listed the mean hail or sleet frequencies during winter, spring, summer, autumn,
and annual periods for Rockford, lllinois and Madison, Wisconsin in SHINE FSAR table 2.3-11.
Mean hail frequencies are less than one day per season at both stations. Hail events that are
either severe or large are reported to have occurred in Rock County, Wisconsin on 11
occasions during the period of 1961-1990, or with a frequency of approximately 0.37
occurrences per year (NCDC Climate Atlas of the United States, 2002). The NCDC Storm
Events Database through December 31, 2018, lists the largest hailstones that Rock County has
experienced as follows: diameter of 3.00 in. (7.62 cm) on one occasion during June 1975.

The applicant stated that the daily total snowfall amounts are measured at the local NOAA
COOP monitoring station at Beloit, Wisconsin, as well as at several regional COOP stations
within the SHINE site climate region. SHINE FSAR table 2.3-10 lists that the maximum
recorded 24-hour snowfall for either the local Beloit station or for regional stations

is 21.0 in. (63.34 cm) at Dalton, Wisconsin. The overall historic maximum monthly snowfall from
records for either the local Beloit station or for regional stations is 50.4 in. (128.0 cm) at
Watertown, Wisconsin.

In SHINE FSAR table 2.3-4, the applicant listed the mean number of days with freezing rain or
drizzle at 2 days per year at both Madison, Wisconsin and Rockford, lllinois. The applicant
provided in SHINE FSAR table 2.3-12 a summary of 14 ice storms that affected Rock County
during the period of 1995-2011.

The applicant stated that: A 50-year return-interval atmospheric ice load due to freezing rain is
estimated to be 0.75 in. (1.91 cm) for the SHINE site (ASCE/SEI 7-05) and the estimated
concurrent 3-second wind gust is 40 mph (17.9 m/s) and a 500-year return-interval atmospheric
ice load due to freezing rain is estimated to be 1.5 in. (3.81 cm) for the SHINE site

(ASCE/SEI 7-05) and the estimated concurrent 3-second wind gust is 40 mph (17.9 m/s).

Thunderstorms and Lightning

The applicant listed the mean seasonal thunderstorm frequencies for Rockford, lllinois and
Madison, Wisconsin in SHINE FSAR table 2.3-13 from data in NCDC 2018 Local Climatological
Data, Annual Summary with Comparative Data, Rockford, lllinois and NCDC 2018 Local
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Climatological Data, Annual Summary with Comparative Data, Madison, Wisconsin,
respectively.

The applicant calculated the mean frequency of lightning strikes to earth via a method from the
Electric Power Research Institute (EPRI), per the U.S. Department of Agriculture, Rural Utilities
Service, “Rural Utilities Service Summary of Items of Engineering Interest,” 1998. Based on the
average number of thunderstorm days per year at Rockford, lllinois during the 63-year period
of 1955-2018 (43.1 days, which is slightly higher than the value of 39.5 days for Madison,
Wisconsin), the applicant stated that the frequency of lightning strikes to earth per square mile
per year is 13.4 (5.2 strikes per square km per year) for the SHINE site and surrounding area.
For comparison, the applicant looked at the National Lightning Safety Institute Vaisala 10-Year
Flash Density Map, 2014, which indicates 6 to 12 flashes per square mile per

year (2.3 to 4.6 flashes per square kilometer per year) for the SHINE site region. Therefore, the
applicant considered the EPRI value to be a reasonable indicator.

Snowpack and Probable Maximum Precipitation

The applicant determined the snow load by using ASCE/SEI 7-05. Figure 7-1 of that standard
provides site estimates of the 50-year ground snow load. Based on the location of the SHINE
site, the 50-year ground snow load is 30 pounds per square foot (Ib/ft?). As outlined in
ASCE/SEI 7-05, section C7.3.3, a factor of 1.22 is used to account for the 100-year recurrence
interval. The resulting 100-year ground snow load is 36.6 Ib/ft* (178.7 kilograms per square
meter (kg/m?)).

The applicant determined the weight of the 48-hour probable maximum precipitation (PMP) for
the SHINE site vicinity using U.S. Department of Commerce Hydrometeorological Report

No. 51, “Probable Maximum Precipitation Estimates,” 1978. It was derived by multiplying

the 48-hour PMP (in inches) from figure 21 of the report by the weight of 1 in. of water (1 in. of
water covering one square foot weighs 5.2 Ib (2.4 kg)). The estimated 48-hour PMP for the
SHINE site is 34 in. (86.4 cm). The resulting estimated weight of the 48-hour PMP for the
SHINE site is 176.8 Ib/ft? (863.2 kg/m?).

Design Dry Bulb and Wet Bulb Temperatures

The applicant outlined the statistics used to define the design basis dry bulb temperatures
(DBTs) and wet bulb temperatures (WBTs) for the SHINE site and its climate area.

Most of the statistics listed are readily available from American Society of Heating, Refrigerating
and Air-Conditioning Engineers (ASHRAE), “ASHRAE Handbook — Fundamentals,” 2017, which
includes values for the following stations in the SHINE site climate region: Fond du Lac,
Wisconsin; Madison, Wisconsin; Rockford, lllinois; and DuPage County Airport, lllinois. The
resulting statistics are listed in SHINE FSAR table 2.3-14.

The applicant stated that statistics for the maximum and minimum DBT with an annual
exceedance probability of 5 percent were not available from ASHRAE, 2017. In lieu of values
from other sources, values were extracted from published DBT and wet-bulb depression
joint-frequency tables in NCDC International Station Meteorological Climate Summary, 1996.
Joint-frequency tables are available only for Madison, Wisconsin and Rockford, lllinois. The
extracted statistics for Madison and Rockford are listed in SHINE FSAR table 2.3-14.
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The applicant outlined the techniques used to calculate the estimated 100-year return maximum
and minimum DBT; mean coincident wet bulb temperature (MCWB) coincident with

the 100-year return maximum DBT; historic maximum WBT; and estimated 100-year annual
maximum return WBT. The resulting values are listed in SHINE FSAR table 2.3-15.

Extreme Dry Bulb Temperatures

The applicant performed an additional review of regional extreme DBTs using NOAA COOP
climate monitoring stations in the SHINE site climate region. The locations of these stations are
shown in SHINE FSAR figure 2.3-17. The COOP climate monitoring stations do not measure
WBT and do not record hourly DBTs. These stations only record maximum and minimum daily
DBTs and daily precipitation totals. Therefore, it is not possible to identify WBTs coincident with
the extreme DBTSs recorded at those stations. SHINE FSAR table 2.3-16 presents extreme
DBTs recorded at the climate monitoring stations and also includes the extreme DBTs recorded
at the two first-order stations in the SHINE site climate region (i.e., Madison, Wisconsin and
Rockford, lllinois).

The applicant stated that the overall extreme DBTSs for the SHINE climate region are a
maximum of 109°F (42.8 degrees Celsius (°C)) recorded on July 14, 1936, at Marengo in Boone
County, lllinois and a minimum of -45°F (-42.8°C) recorded on January 30, 1951, at Baraboo in
Sauk County, Wisconsin. Since Marengo is a COOP station, the WBT coincident with the
extreme DBT at Marengo (109°F (42.8°C)) is not available.

The applicant outlined the methodology used to estimate a WBT coincident with the overall
extreme DBT and listed the estimated MCWB coincident with the overall extreme DBT
of 109°F (42.8°C) at Marengo as 79°F (26.1°C).

Restrictive Dispersion Conditions

The applicant stated that major air pollution episodes are typically a result of persistent surface
high pressure weather systems that cause light and variable surface winds and stagnant
meteorological conditions for four or more consecutive days. The applicant reviewed NOAA
estimates of the stagnation frequency, which indicate that, on average, the site location
experiences less than 10 days with stagnation per year. When stagnation occurs, stagnation
lasts, on average, less than two days.

Air Quality

The applicant stated that the SHINE site is located in Rock County, Wisconsin, which is part of
the Rockford-Janesville-Beloit Interstate Air Quality Control Region and that this air quality
control region combines agricultural activities with the Beloit-Janesville, Wisconsin and
Rockford, lllinois urban-industrial areas. The applicant noted that the Wisconsin portion of the
air quality control region, Rock County, is mostly flat to gently rolling farmland and that industry
in the region consists of manufacturing, foundry operations, and electrical power plants. The
applicant stated that Rock County is currently in attainment for criteria pollutants (ozone,
particulate matter, carbon monoxide, nitrogen oxides, sulfur dioxide, and lead). The applicant
also discussed whether the surrounding counties are in attainment or non-attainment with
regard to local air quality standards.
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The applicant stated that the SHINE site is not located within 100 km (62 mi) of a Class | area,
which are national parks and wilderness areas that are potentially sensitive to visibility
impairment. Thus, a Class | visibility impact analysis is not necessary.

Climate Change

The applicant stated that, generally, projections of climatic changes have been done at global
scales and that predictions of changes at a single station or at a relatively small area, such as
the SHINE site climate region, are not reliable. The applicant stated that the facility design is
most reliably based on a standard approach of projecting conditions via scientifically defensible
statistical methods, using historic statistics as input.

The applicant stated that it is nevertheless valid to examine historic records for indications of
long-term trends for informational purposes. The applicant examined trends of the following
parameters for the climate region within which the SHINE site is located:

a. Values, for six separate 30-year division normal periods, of mean annual dry
bulb temperature and mean annual precipitation. Variations of these
parameters are identified in the top half of SHINE FSAR table 2.3-18.

b. During six separate single-decade periods of record, extremes at Madison,
Wisconsin of hourly dry bulb temperature, one-day liquid-equivalent
precipitation, one-day snowfall, and strongest tornadoes. Variations of those
historic meteorological parameters are identified in the bottom half of SHINE
FSAR table 2.3-18.

The NRC staff reviewed the description of the general climate of the region and meteorological
conditions relevant to the design and operation of the SHINE facility presented in SHINE FSAR
section 2.3.1. The staff reviewed the data resources and analytical approaches used by the
applicant to prepare the information. The staff used the guidance and acceptance criteria
described in Section 2.3, “Meteorology,” of NUREG-1537, Parts 1 and 2. Based on its review,
the staff concludes that the site characteristics associated with meteorology and general and
local climatology are acceptable and reasonably representative of the SHINE site.

2.4.3.2 Site Meteorology

SHINE FSAR section 2.3.2 provides data and descriptions necessary to determine the
atmospheric dispersion conditions in the vicinity of the SHINE site. This includes local and
regional airflow, meteorological measurements used for dispersion estimates, and local
topography.

2.4.3.21 Topography

The applicant described the topography immediately around the SHINE site as being flat
farmland. Within a 10-mile radius of the site, elevations range from approximately 72 ft (21.9 m)
below the site elevation of 825 ft (251 m) NAVD 88, to 206 ft (62.8 m) above the site elevation.
Most of the land surrounding the SHINE site is used for agriculture, mostly corn and soybean
farming.
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2.4.3.2.2 Local Data Sources

According to the application, local meteorological data was gathered from the SWRA in
Janesville, Wisconsin. Data from the SWRA for the purposes of the application were recorded
during the period from January 1, 2005, to December 31, 2010. Since there is no onsite
meteorological monitoring system at the SHINE site, the applicant used the SWRA data as a
substitute. In a letter dated March 16, 2021 (ML21075A012), the applicant stated that the
SWRA observation station is located directly across U.S. Highway 51 from the SHINE site. This
is a distance of 0.25 mi (0.4 km) and is the closest source of meteorological data to the site and
is shown in SHINE FSAR figure 2.2-1. The applicant also stated that the SHINE site and the
SWRA meteorological station are located at approximately the same grade elevation in a
relatively open, flat, and rural location and that, therefore, the air dispersion conditions as
sampled by the meteorological instruments at the SWRA are expected to be representative of
dispersion conditions at the SHINE site. Based on the meteorological data provided to the NRC
staff and the description of the SWRA meteorological tower, the staff finds the use of this data
acceptable.

2.4.3.2.3 Plans to Access Local Meteorological Data during License Period

The applicant provided a description of the process to access local meteorological data in the
event of an accidental radiological release at the SHINE facility. The SHINE facility does not
employ an onsite meteorological measurement system and relies on the local weather station at
the SWRA, which is located adjacent to the SHINE site. Although there are no acceptance
criteria specific to this approach, the NRC staff finds that the applicant has described a process
that will result in the ability to get local, reliable, and accurate meteorological data in the event of
an accidental radiological release and that, therefore, the approach is acceptable.

2.4.3.2.4 Comparison of Local and Regional Wind Roses

SHINE FSAR figure 2.3-36 provides a depiction of the wind direction and speeds for the SWRA
in Janesville, Wisconsin, along with six other regional stations. The Janesville, Wisconsin, wind
rose shows a similar wind pattern to the regional sites, with the predominant wind directions
coming from the south and west.

2.4.3.2.5 Atmospheric Stability

The applicant used the PAVAN atmospheric dispersion computer model from NUREG/CR-2858,
“‘PAVAN: An Atmospheric-Dispersion Program for Evaluating Design-Basis Accidental
Releases of Radioactive Materials from Nuclear Power Stations” (ML12045A149), to estimate
the short-term atmospheric dispersion factors, x/Q values, as discussed in SHINE FSAR
chapter 13, “Accident Analysis.” The PAVAN model implements the methodology outlined in
Regulatory Guide 1.145, Revision 1, “Atmospheric Dispersion Models for Potential Accident
Consequence Assessments at Nuclear Power Plants” (ML003740205).

The PAVAN code estimates x/Q values for various time-average periods ranging from 2 hours
to 30 days. The meteorological input to PAVAN consists of a JFD of hourly values of wind
speed and wind direction by atmospheric stability class. The x/Q values calculated using
PAVAN are based on the theoretical assumption that material released to the atmosphere
would be normally distributed (Gaussian) about the plume centerline. A straight-line trajectory is
assumed between the point of release and all distances for which x/Q values are calculated.
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For each of the 16 downwind direction sectors, PAVAN calculates x/Q values for each
combination of wind speed and atmospheric stability at the appropriate downwind distance.
The x/Q values calculated for each sector are then ordered from greatest to smallest and an
associated cumulative frequency distribution is derived based on the frequency distribution of
wind speed and stabilities for each sector. The smallest x/Q value in a distribution would have a
corresponding cumulative frequency equal to the wind direction frequency for that particular
sector. For each sector, PAVAN determines an upper envelope curve based on the derived data
(plotted as x/Q versus the probability of being exceeded) such that no plotted point is above the
curve. From this upper envelope, the x/Q value that is equaled or exceeded 0.5 percent of the
total time is obtained. The maximum 0.5 percent x/Q value from the 16 sectors becomes

the 0-to-2-hour “maximum sector x/Q value.”

Using the same approach, PAVAN also combines all x/Q values independent of wind direction
into a cumulative frequency distribution for the entire site. An upper envelope curve is
determined, and the computer program selects the x/Q value that is equaled or

exceeded 5.0 percent of the total time. This is known as the 0-to-2-hour “5 percent overall

site x/Q value.” The larger of the two x/Q values, either the 0.5 percent maximum sector value
or the 5 percent overall site value, is selected to represent the x/Q value for the 0-to-2-hour time
interval (note that this resulting x/Q value is based on 1-hour averaged data but is
conservatively assumed to apply for 2 hours).

To determine x/Q values for longer time periods during an accident scenario

(i.e., 0 to 8 hours, 8 to 24 hours, 1 to 4 days, and 4 to 30 days), PAVAN performs a logarithmic
interpolation between the 0-to-2-hour x/Q values and the annual average x/Q values for each of
the 16 sectors and the overall site. For each time period, the highest x/Q value from among

the 16 sectors and the overall site is identified and becomes the short-term site

characteristic x/Q value for that time period.

The meteorological input to PAVAN used by the applicant consisted of a JFD of wind speed,
wind direction, and atmospheric stability based on hourly onsite data from January 1, 2005,
through December 31, 2010, as described in SHINE FSAR section 2.3.2.5, “Atmospheric
Stability.” The wind data was obtained from the NOAA meteorological observation station at
SWRA in Janesville, Wisconsin located about 0.25 mi from the SHINE site.

The NRC staff independently developed an annual wind rose from the hourly meteorological
database provided by the applicant. The wind roses developed by the staff and the wind roses
provided by the applicant in SHINE FSAR figures 2.3.2-3 through 2.3.2-54, show high
frequencies of winds from the south through the west and northwest (clockwise). As stated
above, this is generally consistent with the wind patterns recorded in the SHINE site region.

The wind roses presented in SHINE FSAR figures 2.3-19 through 2.3-36, depict the wind
patterns and wind speeds for all 16 wind direction sectors. SHINE FSAR figure 2.3-19 shows
that the wind was calm during 16.61 percent of all hours recorded. The NRC staff compared
the number of calms in the wind rose to the JFDs included in SHINE FSAR tables 2.3-24
through 2.3-29 and determined that the JFDs contained about 1 percent more calms than
shown in SHINE FSAR figure 2.3-19. The staff considers this difference to be negligible and
that it will not have an impact on the atmospheric dispersion modeling results. The staff
determined that the wind rose in the application follows the guidance provided in table 3 of
Regulatory Guide 1.23, Revision 1, “Meteorological Monitoring Programs for Nuclear Power
Plants” (ML0O70350028), and defines any wind speed below the 0.5 m/s (1.1 mph) threshold as
“calm.” The JFD tables referenced in SHINE FSAR section 2.3.2.5 provide a summary of the
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wind speed distribution by stability class. The staff noted and accounted for the different units of
measure between the wind roses and the JFD tables in the application.

Based on the above discussion related to the SWRA meteorological data, the NRC staff
considers the 2005-2010 meteorological database suitable for input to the PAVAN computer
model.

Diffusion Parameters

The applicant chose to implement the diffusion parameter assumptions outlined in RG 1.145 as
a function of atmospheric stability for its PAVAN computer model runs. The NRC staff evaluated
the applicability of the PAVAN diffusion parameters and concluded that no unique topographic
features (such as rough terrain, restricted flow conditions, or coastal or desert areas) preclude
the use of the PAVAN model for the SHINE site at the site boundary.

The applicant modeled one ground-level release and did not take credit for building wake
effects. Ignoring building wake effects for a ground-level release decreases the amount of
atmospheric turbulence assumed to be in the vicinity of the release point, resulting in higher
(i.e., more conservative) x/Q values. A ground-level release is, therefore, acceptable to the NRC
staff. Distances to the site boundary for each of the 16 direction sectors is provided in SHINE
FSAR table 2.1-1. The staff reviewed the meteorological input, as well as the diffusion
parameters, and finds the applicant’s use of diffusion parameter assumptions, as outlined in

RG 1.145, acceptable.

The applicant included the short-term atmospheric dispersion estimates for the site boundary,
resulting from its PAVAN modeling run, in response to NRC staff RAls. The staff finds

these x/Q values acceptable for use in the SHINE FSAR because they are a conservative
estimate of the atmospheric dispersion at the SHINE site.

The NRC staff finds, based on its review of the application and supplemental information
provided through the RAI response, that the applicant’s analyses of meteorological hazards and
atmospheric dispersion are sufficient and acceptable as they followed the applicable local, state,
and federal guidelines. The staff concludes that the SHINE site is not located where
catastrophic meteorological events are likely, that the applicant considered credible
meteorological events in developing the design basis parameters for the facility, and that the
applicant provided adequate site characteristics needed to evaluate an uncontrolled release of
radioactive materials.

2.4.4 Hydrology

The NRC staff evaluated the sufficiency of the applicant’s description of the SHINE site
characteristics regarding hydrology, as presented in SHINE FSAR section 2.4, using the
guidance and acceptance criteria from section 2.4, “Hydrology,” of NUREG-1537, Parts 1 and 2,
and chapter 2, “Site Characteristics,” of the ISG augmenting NUREG-1537, Parts 1 and 2.

2.4.41 Hydrological Description
In SHINE FSAR section 2.4.1, the applicant described the SHINE site surface water bodies

related to establishing the design basis flood hazards as well as groundwater properties that
would affect the movement of accidental radionuclide contaminations in groundwater.
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The applicant stated that the Rock River, which is the main water body near the SHINE site, is
located approximately 2 mi west of the site and flows generally north to south from Janesville
(located to the north), around the site. The Rock River has a contributing drainage area of
approximately 3,340 square miles near the SHINE site. Water surface elevations along the
Rock River channel during normal flow conditions are approximately 750 ft at NAVD 88 near the
site.

The applicant stated that an unnamed creek (tributary) is located approximately 1 mi southeast
of the SHINE site. This tributary stream flows south and then west to where it meets the Rock
River approximately 2 mi southwest of the site. The tributary has a drainage area of
approximately 18.4 square miles.

The applicant discussed in the SHINE construction permit (CP) application (ML13088A192,
ML15259A272, and ML15258A431), that the central and southeastern portions of Rock County
are characterized as a flat glacial outwash plain. The majority of the county’s rivers and stream
valley surfaces are filled with thick deposits of alluvial sand and gravel. The alluvial sediments
and upland plains are the result of glacial activities. Surface soils include silt loam, which are
underlain by glacial till or stratified sand and gravel outwash units. These soils then serve as the
source of sediments to nearby rivers and streams.

The applicant stated that the SHINE site was originally an agricultural field with a center-pivot
irrigation system. The fields were cultivated with corn and soybeans. Generalized surface
topography of the area slopes gently to the southwest. Based on the 2012 field measurements
by the applicant, the ground surface across the site area slopes gently from the southeast to the
northwest.

The NRC staff determined that the hydrologic descriptions in FSAR section 2.4 are adequate to
understand the local hydrology and drainage patterns for the SHINE site. This understanding
supports the relevant evaluation findings in section 2.4 of NUREG-1537, Part 2.

2.4.4.2  Effect of Local Intense Precipitation

SHINE FSAR section 2.4.2.3, “Effect of Local Intense Precipitation,” discusses the effects of the
local intense precipitation (LIP) flooding on the safety-related SSCs of the SHINE facility. The
applicant revised SHINE FSAR section 2.4 from the CP application to address the changes
associated with the facility layout, grading plan, roof drain of the main production facility, onsite
and peripheral drains, and LIP scenario and the corresponding LIP flood analysis. The
application uses a 100-year precipitation event. The NRC staff focused its review on these
revised areas as they relate to the LIP flood analysis.

Site Grade and Facility Layout

The applicant stated that the finished site grade elevation is approximately 825 ft NAVD 88, with
the highest point of grade set at 827 ft NAVD 88. According to the applicant, the top of the
finished foundation (floor) elevation of the main production facility is at least 4 in. above site
grade, which will prevent the LIP flood water from entering the buildings. As described in the
application, the main production facility, which is the largest among the facility buildings, has a
length (north to south) and a width of 212 ft and 158 ft, respectively. There are many other small
storage buildings, pads, and tanks that are located on the east and south side of the main
production facility. Proposed drainage features include the onsite drainage system, peripheral
drainage channels and ditches, and infiltration ponds.
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The NRC staff reviewed each of these components as they are related to the LIP flood analysis.
The staff found that the applicant’s description of these components is adequate to understand
their impact on the LIP flood analysis.

Design Local Intense Precipitation Scenario

The applicant estimated onsite runoff for the 100-year rainfall event. SHINE FSAR table 2.4-7
summarizes the applicant’s 100-year point rainfall value and intensities for different durations
(up to 6 hours). The applicant’s 100-year, 5-minute rainfall estimate is 8 inches per hour

or 0.67 in. in total. These rainfall estimates are based on the Madison, Wisconsin
intensity-duration-frequency curve from the Wisconsin Department of Transportation, “Facilities
Development Manual,” 1979 (WDOT, 1979). The applicant also used the 100-year, 24-hour
rainfall value of 6 in. using the data provided by the Rock County Storm Water Management
Ordinance, 2004. This 24-hour rainfall was used in estimating offsite runoff used to design the
peripheral drainage channel and evaluating the capacity of the existing channel.

The NRC staff compared the applicant-provided rainfall values to those provided by the NOAA
Atlas 14, 2020. The staff obtained, from the NOAA website, a 100-year, 5-minute rainfall at the
SHINE site of 0.9 in., with 90 percent confidence intervals ranging from 0.7 in. to 1.18 in. The
staff also estimated the 100-year, 24-hour rainfall depth of 6.59 in., with 90 percent confidence
intervals ranging from 5.05 in. to 8.37 in. As a result, the staff determined that the
applicant-provided design LIP rainfall values are within the range of the site-specific

Atlas 14 values. Therefore, the staff concludes that the applicant’s LIP rainfall values are
acceptable for use in the LIP flood analysis.

Flooding from Onsite Drainage Area

As described in SHINE FSAR section 2.4.2.3, the drainage system is designed to carry runoff
from rooftops and adjacent areas, ultimately reaching the peripheral ditches. The SHINE facility
is surrounded by berms with interior ditches along the berms. SHINE FSAR figure 1.3-2 shows
that the roof of the main production facility has two continuous downslopes from the mild
east-side slope to the steep west side slope. Therefore, the roof runoff flows only to the west of
the building.

The application states that stormwater from the onsite boundary is directed to the stormwater
management system (marked by green lines in SHINE FSAR figure 2.4-11). The entire onsite
basin is divided into six drainage subbasins (SHINE FSAR figure 2.4-12). The onsite drain
system is designed so that the runoff generated from each subbasin is collected to a lower point
and diverted to a trench drain through inlet. There are six inlets located on the east, south, and
west sides of the main production facility.

As described in the application, the trench flow is eventually drained into two infiltration cells
(ponds) on the southwest corner of the site boundary. The main purpose of these infiltration
cells is to control total suspended solids in water. Infiltration cell #1 collects onsite drain water
which in turn flows via a spillway to infiltration cell #2. The spillway has a top elevation of 810 ft
NAVD 88. The applicant stated that the infiltration cells will not pose a site flooding concern
because the spillway was designed to have the peak water surface elevation of 810 ft

NAVD 88 plus overflow margin.
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The applicant stated that the peak LIP runoff in each subbasin was calculated using the
Rational Dekalb method. This method estimates the peak flow rate as a function of runoff
coefficient, rainfall intensity, and subbasin area. The applicant described that the onsite ground
is graded in such a way that any runoff exceeding the inlet capacity would flow offsite or to
another inlet. The applicant used a 100-year, 5-minute frequency rainfall event. The NRC staff
confirmed that the onsite runoff estimates are acceptable as they follow the guidelines provided
by the State of Wisconsin (WDOT, 1979).

With the estimated peak runoff rate, the applicant estimated the total runoff volume using a
temporal runoff distribution method provided by the State of Wisconsin guidelines

(WDOT, 1979). The applicant then calculated the maximum flood level at each inlet point using
the stage-volume curve for the low area (so called pond/pit) at the inlet point. The applicant
stated that, during a design basis LIP event, the onsite storm water drainage system is
conservatively assumed to not be functional so that all runoff would be stored in the pond/pit of
each subbasin.

The applicant determined, based on the above runoff analysis, that the maximum depth in all
low points from impounded water would be below the ground floor elevations of the main
production facility and waste staging and shipping buildings, with margin. The NRC staff
determined that the applicant’s onsite flood level estimates are acceptable as they follow the
applicable state guidelines (WDOT, 1979).

Flooding from Offsite Drainage Area

In its application and March 16, 2021 (ML21075A012), RAI response, the applicant stated that
the SHINE site is protected from offsite flooding approaching from the north and northeast by
drainage channels on the north and east sides of the facility and on the southeast side of the
facility (see SHINE FSAR figure 2.4-11). There is a peripheral channel system located on the
north and east sides of the SHINE facility. This channel is intended to direct offsite runoff away
from the SHINE facility. Offsite runoff generated from the 91-acre basin that flows from the north
towards the site is intended to be captured by the peripheral channel which directs flow to an
uncontrolled subbasin on the west side of the site. The applicant designed the peripheral
channel to carry offsite flooding caused by a 100-year rainfall event. The upstream bank
elevation of the channel is 827 ft NAVD 88. The channel is approximately 1,100 ft long with a
0.8 percent slope. The applicant also stated that the portion of the offsite runoff that flows from
the northeast towards the site is captured by the channel southeast of the site that eventually
flows to the unnamed tributary approximately 1 mi south of the site. The unnamed tributary
flows from east to west to meet the Rock River approximately 2 mi south of the site.

The application states that offsite runoff (in depth) for channel drainage was calculated using the
Soil Conservation Service (SCS) methodology provided by the Natural Resources Conservation
Service (NRCS), “National Engineering Manual,” 1986. The key input parameters to the SCS
methodology are 24-hour rainfall depth and potential maximum retention depth, which is
estimated as a function of the SCS Curve Number. The applicant estimated peak discharge in
cubic feet per second (cfs) as a function of the runoff (in depth), subbasin area, unit peak
discharge, and pond adjustment factor. The applicant used the Hydrologic Engineering Center’s
River Analysis System (HEC-RAS), a hydraulic modeling system, to route flows in each
channel.

The applicant stated that the estimated peak runoff flow rate for the peripheral channel basin
is 42 cfs. The estimated water surface elevation at the upstream end of the channel reaches a
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maximum height of 826.3 ft NAVD 88, which is below the channel bank height of 827 ft
NAVD 88. The NRC staff determined that the channel has enough capacity to carry offsite
runoff as there is approximately 0.7 ft margin for the channel flow to reach the top of the
embankment of the channel.

The applicant evaluated runoff from the entire 91-acre basin conservatively, which was in turn
used to estimate the maximum water depth in the channel southeast of the site from offsite
drainage. The applicant reported the peak runoff flow rate of 197 cfs. The runoff is estimated to
reach a water surface elevation of 826 ft NAVD 88 at the upstream end of the channel. The
flood level is below its bank elevation of 827 ft NAVD 88. The NRC staff concludes that the
applicant’s estimation of the offsite runoff and flood levels at this channel are acceptable as they
follow the guidelines provided by the NRCS, 1986 and the HEC-RAS.

2.4.4.3  Other Flood Causing Mechanisms

In addition to the LIP flooding discussed in SHINE FSAR section 2.4.2.3, SHINE FSAR
sections 2.4.3 through 2.4.9 discuss other flood causing mechanisms, including river or stream
flooding, surge and seiche, wave runup, landslide, sediment erosion and deposition, cooling
water canal and reservoir flooding, channel diversion, tsunami, dam failure, ice, and their
plausible combined events. These discussions are identical to those in the SHINE CP
application. Also, SHINE FSAR section 2.4.10, “Groundwater Contamination Considerations,”
which describes groundwater conditions, was not changed from the CP application. There are
no additional requirements related to these sections for the issuance of an operating license.
Therefore, the NRC staff determined that the conclusions made in NUREG-2189, “Safety
Evaluation Report Related to SHINE Medical Technologies, Inc. Construction Permit Application
for a Medical Radioisotope Production Facility” (ML16229A140), for these eight sections are still
sufficient and acceptable without further review.

2.4.4.4  Accidental Releases of Radioactive Liquid Effluents in Ground and Surface
Waters

SHINE FSAR section 2.4.11, “Accidental Releases of Radioactive Liquid Effluents in Ground
and Surface Waters,” discusses the hydrogeologic characteristics of the SHINE site related to
potential accidental releases of radionuclide effluents. The specific topics covered by this
section include alternate conceptual models, pathways, and travel times that affect radionuclide
transports in groundwater. The NRC staff reviewed these topics to the extent that they have
been revised since the SHINE CP application.

SHINE FSAR table 2.4-12 presents a summary of parameters used for advective travel times in
the saturated zone. The applicant updated the travel times of five radionuclide pathways,
including the new pathway to the nearest pre-1988 well “Receptor” (namely RO3286). The
applicant also updated table 2.4-12 by updating advective groundwater travel times of each
pathway for expected (30 percent porosity) and conservative (10 percent porosity) scenarios.
The NRC staff reviewed the applicant’s calculations, which used local monitoring information,
and found the applicant’s estimation of the travel times to be acceptable.

In addition, the applicant stated that liquid effluent is not routinely discharged from the
radiologically controlled area (RCA) within the main production facility. The applicant also stated
that liquid radioactive wastes generated at the SHINE facility are generally solidified and
shipped to a disposal facility, and that radioactive liquid discharges from the SHINE facility to
the sanitary sewer are infrequent and made in accordance with 10 CFR 20.2003, “Disposal by
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release into sanitary sewerage,” and 10 CFR 20.2007, “Compliance with environmental and
health protection regulations.” There are no piped liquid effluent pathways from the RCA to the
sanitary sewer. Sampling is used to determine suitability for release. Ramps at the entrances to
the RCA limit the release of unplanned water discharges from the RCA, such as from a cooling
water system rupture or firefighting hose discharge. Therefore, the applicant concluded that
there are no accidental radioactive liquid discharges from the RCA. The NRC staff determined
that these statements meet the acceptance criteria in section 2.4 of NUREG-1537, Part 2 for
determining whether the SHINE facility is designed to mitigate or prevent an uncontrolled
release of radioactive materials in the event of a predicted hydrologic occurrence.

The NRC staff finds, based on the review of the application and supplemental information
provided through RAI responses, that the applicant’s analyses of hydrologic hazards are
sufficient and acceptable as they followed the applicable local, state, and federal guidelines.
The staff concludes that the SHINE site is not located where catastrophic hydrologic events are
credible, that the applicant considered credible hydrologic events in developing the design basis
flood parameters for the facility, and that the applicant provided adequate site characteristics
needed to evaluate an uncontrolled release of radioactive materials in the event of a credible
hydrologic occurrence.

245 Geology, Seismology, and Geotechnical Engineering

The NRC staff evaluated the sufficiency of the applicant’s description of the SHINE site
characteristics regarding geology, seismology, and geotechnical engineering, as presented in
SHINE FSAR section 2.5, using the guidance and acceptance criteria from section 2.5,
“Geology, Seismology, and Geotechnical Engineering,” of NUREG-1537, Parts 1 and 2, and
chapter 2, “Site Characteristics,” of the ISG augmenting NUREG-1537, Parts 1 and 2.

Consistent with the review procedures in section 2.5 of NUREG-1537, Part 2, the NRC staff
confirmed that the information presented in the SHINE FSAR was obtained from sources of
adequate credibility and is consistent with other available data, such as data from the U.S.
Geological Survey (USGS) or in the FSAR of a nearby nuclear power plant. The staff also
evaluated whether there is reasonable assurance that the seismic characteristics of the SHINE
site are considered in the design bases of SSCs discussed in SHINE FSAR chapter 3, “Design
of Structures, Systems, and Components.” In addition, the staff performed a confirmatory
Probabilistic Seismic Hazard Analysis (PSHA), described below, using NRC-accepted models
and methods.

Section 2.5 of NUREG-1537, Part 1 states, in part, that “the applicant should detail the seismic
and geologic characteristics of the site and the region surrounding the site. The degree of detail
and extent of the considerations should be commensurate with the potential consequences of
seismological disturbance, both to the ... facility and to the public from radioactive releases.”

In SHINE FSAR section 2.5, the applicant provided descriptions of the regional geologic
features, the site-specific geologic features, the historical seismic information, the maximum
earthquake potential, how vibratory ground motion was addressed, the surface faults in the
region, and the liquefaction potential.

The regulations in 10 CFR Part 100, appendix A, “Seismic and Geologic Siting Criteria for
Nuclear Power Plants,” define a capable fault as a fault with “m]ovement at or near the ground
surface at least once within the past 35,000 years or movement of a recurring nature within the
past 500,000 years.” Using this definition of capable fault, SHINE FSAR section 2.5.1.4,
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“Structural Geology,” provides a discussion of 17 major faults and folds in Wisconsin and the six
surrounding states, and based on the lack of evidence for Pleistocene or post-Pleistocene
displacement, concludes that only the faults responsible for creating the liquefaction features
associated with the Wabash Valley seismic zone are considered capable faults under the
definition in 10 CFR Part 100, appendix A. The NRC staff reviewed the information provided by
the applicant, as well as information contained in the USGS Quaternary Fault database and in
NUREG-2115, “Central and Eastern United States Seismic Source Characterization for Nuclear
Facilities” (ML12048A776). The staff’s review of this information confirmed that there are no
capable quaternary faults located within approximately 200 mi (320 km) of the SHINE site,
except for the Wabash Valley liquefaction features, which are included in the USGS seismic
hazard analysis.

The applicant used the 2008 USGS National Seismic Hazard Mapping Project (NSHMP) results
for determining the seismic hazard at the SHINE site and establishing the safe shutdown
earthquake (SSE) discussed in SHINE FSAR section 3.4.1, “Seismic Input.” The 2008 NSHMP
results have been superseded by the 2014 USGS NSHMP results. The NRC staff compared
the 2014 results to those from 2008 at peak ground acceleration (PGA) for four recurrence
intervals (table 2-1). This comparison shows that the 2014 results are generally lower than
those from 2008, which provides additional assurance that the 2008 results form a reasonable
basis for determining the SSE ground motion at the SHINE site.

Table 2-1: Comparison of 2008 and 2014 USGS NSHMP results for PGA

PGA Spectral Acceleration (g)
Return Period 2008 2014
(yrs.)

475 0.0173 | 0.0176
2475 0.0509 | 0.0448
4975 0.0799 | 0.0691
9950 0.1254 | 0.1085

In addition to reviewing the application and the USGS results, the NRC staff performed a
confirmatory PSHA that incorporates at-site information about the subsurface geology to
develop uniform hazard spectra at the surface for Seismic Design Classification 3 and 4
(SDC-3 and SDC-4) facilities as defined in ANSI/ANS-2.26-2004, “Categorization of Nuclear
Facility Structures, Systems, and Components for Seismic Design,” and computed following
guidance in ASCE/SEI 43-05, “Seismic Design Criteria for Structures, Systems, and
Components in Nuclear Facilities.” The staff used the seismic source model described in
NUREG-2115, the ground motion model described in “EPRI (2004, 2006) Ground-Motion Model
(GMM) Review Project,” 2013, and the site-specific dynamic properties described by the
applicant in letter dated October 4, 2013 (ML13303A887), Enclosure 2 Attachment 26,
“Preliminary Geotechnical Engineering Report (Janesville), Revision 3 (ML13309B618). The
staff’s results, presented in figure 2.4.5-1, show that for an SDC-4 facility, the SSE envelopes
the site-specific hazard at all frequencies greater than 0.6 hertz with significant margin. Greater
margin is demonstrated for an SDC-3 facility.
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Figure 2-1: Comparison of SSE (yellow) with uniform hazard spectra for SDC-3 and SDC-4
facilities using site-specific subsurface information

Section 2.5.7, “Liquefaction Potential,” of NUREG-1537, Part 1 states, in part, that “[t]he
applicant should discuss soil structure.” SHINE FSAR section 2.5.7.1, “Site Soil Conditions,”
states that the geotechnical engineering characteristics of the SHINE site were evaluated by
field investigations of standard penetrometer test (SPT) blow counts (N-values) measured

in 14 boreholes, and laboratory tests including soil grain sizes, soil moisture contents,
soluble-sulfate in soil, liquid limits, and plastic limits. The NRC staff reviewed the geotechnical
information provided by the applicant in the SHINE FSAR, especially in section 2.5.7.1,
section 2.5.7.2, “Groundwater Level,” section 2.5.7.3, “Liquefaction Assessment,”

section 3.4.2.6.3.1, “Soil Parameters,” and section 3.4.2.6.4.7, “Soil Pressure,” and related
calculations and specifications provided by the applicant and the Preliminary Geotechnical
Engineering Report to determine whether the geotechnical engineering features underlying and
in the area surrounding the SHINE site are sufficient to provide stable support.

In SHINE FSAR section 2.5.7.3, the applicant stated that there was no potential for liquefaction
to occur within the soils underlying the SHINE site based on the results of both the qualitative
and quantitative liquefaction analysis. The NRC staff reviewed section 8.4, “Liquefaction
Potential and Other Seismically Induced Ground Failures,” and appendix F, “Results of
Liquefaction Analysis,” of the Preliminary Geotechnical Engineering Report, which provide
detailed analyses of both qualitative and deterministic liquefaction to support the applicant’s
conclusion in SHINE FSAR section 2.5.7.3. The staff confirmed that the measured groundwater
level elevations range from 58 to 65 ft (17.7 to 19.8 m) below the ground surface and that the
relative density of the sandy soils in the upper 100 ft is generally compact to dense. The staff
also reviewed the procedure and calculation of liquefaction assessment. The staff verified that
the empirical procedure based on the SPT blow counts is in accordance with Regulatory
Guide 1.198, “Procedures and Criteria for Assessing Seismic Soil Liquefaction at Nuclear
Power Plant Sites” (ML033280143), and that its calculated results of factor of safety against
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liquefaction range from 2 to 30, and in most cases exceed 3, which is higher than the 1.4
specified in RG 1.198 for soil elements that would suffer relatively minor cyclic pore pressure
generation. Based on a review of the subsurface condition and the liquefaction analysis, the
staff concludes that no soils underlying the SHINE site are considered to be potentially
liquefiable.

In SHINE FSAR section 3.4.2.6.4.7, the applicant stated that static earth pressure consists of
at-rest, active, and passive soil pressure loads, which are applied as required to ensure the
stability of the building. The NRC staff noted that the coefficients of lateral earth pressure for
at-rest, active, and passive soil pressure loads on sub-grade walls of the SHINE facility were
estimated in section 7.2.3, “Below Grade Walls,” of the Preliminary Geotechnical Engineering
Report. The staff performed a confirmatory calculation that confirmed the coefficients of lateral
earth pressure. The staff's review of this information confirmed that proper consideration of
static, active, and passive lateral soil pressure loads towards the subgrade wall has been given
to the structural analysis and design of the SHINE facility.

The NRC staff noted that SHINE FSAR section 3.4.2.6.3.1, provided some soil parameters that
were used in soil-structure interaction (SSI) analysis, such as the minimum average shear wave
velocity, minimum unit weight, and Poisson’s ratio. The staff also noted that backfill materials
are used underneath and surrounding safety-related SSCs after excavation. As the properties of
backfill materials are important input parameters in structural stability analysis, especially SSI
analysis, the staff reviewed section 7.3, “Excavations,” of the Preliminary Geotechnical
Engineering Report. The staff noted that the Preliminary Geotechnical Engineering Report
states that the backfill should be placed in maximum 8-inch-thick loose lifts and compacted to a
minimum of 95 percent of the maximum Modified Proctor Dry Density value, which is in line with
the requirements of general engineering practice in the industry. Based on its review of the
Preliminary Geotechnical Engineering Report, the staff concludes that the soil parameters used
in the SSI analysis are reliable and reasonable.

The applicant also provided other parameters in SHINE FSAR section 3.4.2.6.3.1, such as net
allowable static bearing pressures at foundation levels. In response to NRC staff RAI 3.4-6, by
letter dated December 15, 2020 (ML21011A264), Enclosure 3 (ML21011A240), the applicant
provided detailed information on the determination of allowable soil bearing capacity at
foundation elevations and allowable total and differential settlements for the specific designed
structures, and a comparison of maximum structural foundation responses and soil/foundation
capacities. The applicant stated that the allowable soil bearing pressure for the building
foundation is at least 6,000 Ib/ft?> (287 kPa). The applicant concluded that the allowable soil
bearing pressure is higher than the foundation contact pressures. The applicant provided a brief
settlement evaluation that is based on the structural analysis results with soil subgrade reaction
springs supporting the foundation. The applicant concluded that differential and total settlements
are not beyond maximum allowable values.

To support the review of the applicant’s geotechnical evaluation, the NRC staff conducted a
regulatory audit (ML21089A334), to seek a detailed geotechnical evaluation to confirm that the
allowable soil bearing pressure is higher than the foundation contact pressures, and that the
differential and total settlements of foundations will not exceed maximum allowable values.
During the audit, the staff reviewed the documents that included the evaluation of ultimate
bearing capacity and allowable soil bearing capacity, as well as a calculation package for the
structural design of the SHINE facility, including a detailed total settlement analysis and the
predicted subgrade modulus of the SHINE site soils for the structural analysis. The staff's
review of the analyses and calculations confirmed that the soil property parameters used for the
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analysis are adequate and conservative. For the applicant’s bearing capacity evaluation, the
staff noted that the calculation method based on Terzahgi’s theory is widely accepted and used
by the industry, and that the assumption of foundation sizes used in the calculation is
conservative with respect to the bearing capacity. Regarding the applicant’s settlement
calculation, the staff noted that the total settlement was evaluated by three different recognized
methods, including elastic analysis, Burland & Burbidge approximation, and Meyerhoff
Settlement estimate.

The NRC staff also conducted a regulatory audit teleconference on March 16, 2021, with the
applicant to better understand how the analyses and calculations support the information
provided by the applicant in its response to RAI 3.4-6. As a result of this audit, the applicant
revised the SHINE FSAR and supplemented its response to RAI 3.4-6 by letter dated

April 16, 2021 (ML21106A136). The staff reviewed the information in revised SHINE FSAR
section 3.4.2.6.3.1 and noted that the applicant clarified the net allowable static bearing
pressure, provided information on the maximum foundation contact pressure predicted through
structural response analysis under design load conditions, and verified that the maximum
pressure can be enveloped by the allowable soil bearing capacity. The staff also reviewed the
supplemented response to RAI 3.4-6 and noted that the applicant included the information in the
response that the facility structure is designed to accommodate the potential differential and
total settlements of the foundation of the facility structure and, consequently, that there are no
allowable settlement limits. Based on its review of the information provided during the audit, the
discussion at the audit teleconference, and the review of the revised application materials, the
staff concludes that the applicant’s evaluation of soil bearing capacity and settlement is
adequate. The staff further concludes that the calculated bearing capacities based on
conservatively assumed parameters still provide enough safety margin against the bearing
demands, thereby ensuring the stability of the foundations and subsurface materials.

Based on its review, the NRC staff determined that the level of detail and analyses provided in
SHINE FSAR section 2.5 demonstrate an adequate design basis and satisfy the applicable
acceptance criteria of section 2.5 of NUREG-1537, Part 2 allowing the staff to find the following:

(1) The information on the geologic features, the potential seismic activity, and the
geotechnical engineering properties including soil parameters, specifications,
and foundation and subsurface material stability evaluations at the SHINE site
has been provided in sufficient detail and in a form to be integrated acceptably
into the design bases for SSCs and operating characteristics of the facility.

(2) The information in the SHINE FSAR indicates that damaging seismic activity at
the SHINE site during its projected lifetime is very unlikely. Furthermore, if
seismic activity were to occur, any radiological consequences are bounded or
analyzed in SHINE FSAR chapter 13.

(3) The SHINE FSAR shows that there is no significant likelihood that the public
would be subject to undue radiological risk following seismic activity; therefore,
the potential for earthquakes does not make the SHINE site unsuitable for the
facility.

Therefore, the NRC staff concludes that the SHINE site’s geology, seismology, and
geotechnical characteristics, as described in SHINE FSAR section 2.5, as supplemented by the
applicant’s responses to RAls, is sufficient and meets the applicable regulatory requirements
and guidance for the issuance of an operating license.
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2.5 Review Findings

The NRC staff reviewed the descriptions and discussions of the SHINE site characteristics, as
described in chapter 2 of the SHINE FSAR, as supplemented, against the applicable regulatory
requirements and using appropriate regulatory guidance and acceptance criteria.

Based on its review of the information in the SHINE FSAR and independent confirmatory
review, as appropriate, the NRC staff determined that:

(1)

(2)

(7)

The information provided by the applicant with regard to the SHINE site
location and description is adequate and acceptable.

The applicant’s estimates of the present and projected populations surrounding
the SHINE site, including transients, are reasonable and acceptable.

The potentially hazardous activities on the SHINE site and in the vicinity of the
facility have been identified and are reasonable and acceptable.

The SHINE site characteristics associated with meteorology and general and
local climatology are acceptable and reasonably representative of the site
region.

The SHINE site is not located where catastrophic meteorological events are
likely, the applicant considered credible meteorological events in developing
the design basis parameters for the facility, and the applicant provided
adequate site characteristics needed to evaluate an uncontrolled release of
radioactive materials.

The SHINE site is not located where catastrophic hydrologic events are
credible, the applicant considered credible hydrologic events in developing the
design basis flood parameters for the facility, and the applicant provided
adequate site characteristics needed to evaluate an uncontrolled release of
radioactive materials in the event of a credible hydrologic occurrence

No soils underlying the SHINE site are potentially liquefiable, and consideration
of static, active, and passive lateral soil pressure loads towards the subgrade
wall has been given to the structural analysis and design of the facility.

Based on the above determinations, the NRC staff finds that the SHINE site characteristics are
sufficient and meet the applicable regulatory requirements and guidance and acceptance
criteria for the issuance of an operating license.

2-35



3.0 DESIGN OF STRUCTURES, SYSTEMS, AND COMPONENTS

This chapter of the SHINE Medical Technologies, LLC (SHINE, the applicant) operating license
application safety evaluation report (SER) reviews the structures, systems, and components
(SSCs) considered in the final design of the SHINE facility for its safe operation and for the
protection of the public. The U.S. Nuclear Regulatory Commission (NRC, the Commission) staff
evaluated these SSCs for their protective functions and related design features to ensure the
adequacy of the facility defense-in-depth against uncontrolled release of radioactive material to
the environment. The bases for the design criteria for some of the SSCs discussed in this
chapter may have been developed in other chapters of the SHINE final safety analysis report
(FSAR) and were considered in this chapter’s review as deemed necessary.

This chapter of the SER describes the NRC staff’s review and evaluation of the final design of
the SHINE main production facility structure (FSTR), with its irradiation facility (IF) and
radioisotope production facility (RPF), non-radiologically controlled seismic area, relevant
non-safety areas, and the nitrogen purge system (N2PS) structure. In addition to the information
in SHINE FSAR chapter 3, “Design of Structures, Systems, and Components,” this review also
includes additional relevant information from other chapters of the FSAR and the applicant’s
responses to staff requests for additional information (RAIs).

3.1 Areas of Review

SHINE FSAR sections 3.1, “Design Criteria,” through 3.6, “Nitrogen Purge System Structure,”
are the applicable areas for the NRC staff’'s safety review of the SHINE FSTR, its IF, RPF, and
safety and non-safety areas, and the N2PS structure as discussed below.

The NRC staff reviewed SHINE FSAR chapter 3 and other chapters for material and information
regarding the final design of SSCs to safely operate the SHINE facility in response to transient
and potential accident conditions analyzed in the FSAR. Sections 3.4.2, 3.4.3, and 3.4.5 of this
SER specifically discuss the FSTR design features for protection during and/or after
meteorological, water, and seismic events. The review considered applicable regulatory
requirements and appropriate regulatory guidance and acceptance criteria.

The NRC staff reviewed the description and analysis of the SSCs of the SHINE facility, with
emphasis upon performance requirements, the bases, with technical justification therefor, upon
which such requirements have been established, and the evaluations required to show that
safety functions will be accomplished. The staff also reviewed the final analysis and evaluation
of the design and performance of SSCs with the objective of assessing the risk to public health
and safety resulting from the operation of the SHINE facility and the adequacy of the SSCs
provided for the prevention of accidents and the mitigation of the consequences of accidents.
The staff reviewed whether there is reasonable assurance that the final design is adequate to
remain safe during operation and capable of safe shutdown, as defined in SHINE technical
specification (TS) 1.3, “Definitions,” during environmental events and accident conditions.
Special attention was provided to facility design and operating characteristics having unusual or
novel design features to ensure that they remain safe and functional so that they can fulfill their
intended function during facility operation.
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3.2 Summary of Application

SHINE FSAR chapter 3 describes the principal design criteria and design bases of SSCs for the
IF and RPF established to ensure facility safety and protection of the public. With the exception

of discussions related to IF- or RPF-specific systems, the following summary applies to both the
IF and the RPF.

SHINE FSAR section 3.1, “Design Criteria,” discusses areas of the SHINE facility and its SSCs
subject to this review for its safe operation to ensure that the SSCs within the facility
demonstrate adequate protection against the hazards present for the range of normal
operations, anticipated transients, and design-basis accidents (including during and/or after
meteorological or hydrological events, water impact, abnormal loads, or a design-basis
earthquake). This section includes relevant information to demonstrate that the design criteria
are based on applicable standards, guides, and codes and to support that the SSCs will function
as designed and required by the SHINE safety analyses. It also includes references to where
the specifics of the design criteria are discussed in detail.

SHINE FSAR section 3.2, “Meteorological Damage,” includes historical data and predictions as
specified in SHINE FSAR chapter 2, “Site Characteristics,” and discusses the criteria used to
design the SHINE facility to withstand the site characteristics of wind, tornado, snow, and ice.
The combination of meteorological loads with other loads (i.e., dead loads and earthquake
loads) essential for the facility structural analysis is provided in SHINE FSAR section 3.4,
“Seismic Damage,” and further outlined below.

SHINE FSAR section 3.3, “Water Damage,” provides information on the hydrological conditions
found at the SHINE facility and discusses the criteria used to design against flooding. The
combination of water-related loads with other loads (i.e., dead loads and earthquake loads)
essential for the facility structural analysis is provided in SHINE FSAR section 3.4, and further
outlined below.

SHINE FSAR section 3.4 includes an outline of the FSTR layout and describes its safety-related
SSCs in the IF, RPF, the non-radiologically controlled seismic area, and a non-safety-related
area and describes their performance to seismic and abnormal (e.g., aircraft impact) loadings.
safety-related and non-safety-related SSCs, which are classified in two seismic categories,
Seismic Category | and Seismic Category Il, are reviewed. SHINE FSAR section 3.4 includes
descriptions of the overall facility, its response to site seismicity, and analyses of potential
accidents and hazards internal and external (e.g., damage analysis due to aircraft accidents
from the nearby airport) to the FSTR. SHINE FSAR section 3.4 refers to SHINE FSAR

chapter 2, which includes several sections on site seismicity, seismic input, and hazards
essential to soil-structure interaction (SSI) analysis.

SHINE FSAR section 3.5, “Systems and Components,” includes a high-level discussion on the
design basis (e.g., separation, isolation, redundancy) and operation (e.g., condition of operation,
setpoints, design features) of SHINE SSCs.

SHINE FSAR section 3.6, “Nitrogen Purge System Structure,” discusses the N2PS structure
and its SSCs. It also describes their design attributes, capacity, and performance associated
with meteorological, water, and seismic events.

Additionally, this chapter of the SER includes the NRC staff’s review of the SHINE facility
safety-related SSCs and those SSCs that are non-safety-related but that perform functions that
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may impact safety-related SSCs. These SSCs are identified in SHINE FSAR tables 3.1-1
and 3.1-2, “Safety-Related Structures, Systems, and Components,” and “Nonsafety-Related
Structures, Systems, and Components,” respectively.

Tables in SHINE FSAR chapter 3 list the applicable design criteria for the SSCs discussed in
other FSAR chapters but that are referenced in chapter 3 for consideration as those physical
SSCs whose intended functions are to prevent accidents that could cause undue risk to health
and safety of workers and the public and to control or mitigate the consequences of such
accidents.

3.3 Requlatory Requirements and Guidance and Acceptance Criteria

The NRC staff reviewed SHINE FSAR chapter 3 against the applicable regulatory requirements,
using appropriate regulatory guidance and acceptance criteria, to assess the sufficiency of the
principal design criteria and design bases and the information provided by SHINE for the
issuance of an operating license.

3.3.1 Applicable Regulatory Requirements

The applicable regulatory requirements for the evaluation of the SHINE principal design criteria
and design bases are as follows:

o Title 10 of the Code of Federal Regulations (10 CFR) 50.34, “Contents of
applications; technical information,” paragraph (b), “Final safety analysis
report.”

o 10 CFR 50.40, “Common standards.”

° 10 CFR 50.57, “Issuance of operating license.”

o 10 CFR Part 20, “Standards for Protection Against Radiation.”

o 10 CFR Part 70, “Domestic Licensing of Special Nuclear Material.”
3.3.2 Applicable Regulatory Guidance and Acceptance Criteria

In determining the regulatory guidance and acceptance criteria to apply, the NRC staff used its
technical judgment, as the available guidance and acceptance criteria were typically developed
for nuclear reactors. Given the similarities between the SHINE facility and non-power research
reactors, the staff determined to use the following regulatory guidance and acceptance criteria:

° NUREG-1537, Part 1, “Guidelines for Preparing and Reviewing Applications for
the Licensing of Non-Power Reactors, Format and Content,” issued
February 1996.

° NUREG-1537, Part 2, “Guidelines for Preparing and Reviewing Applications for
the Licensing of Non-Power Reactors, Standard Review Plan and Acceptance
Criteria,” issued February 1996.

) “Final Interim Staff Guidance Augmenting NUREG-1537, Part 1, ‘Guidelines for
Preparing and Reviewing Applications for the Licensing of Non-Power
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Reactors: Format and Content,’ for Licensing Radioisotope Production
Facilities and Aqueous Homogeneous Reactors,” dated October 17, 2012.

) “Final Interim Staff Guidance Augmenting NUREG-1537, Part 2, ‘Guidelines for
Preparing and Reviewing Applications for the Licensing of Non-Power
Reactors: Standard Review Plan and Acceptance Criteria,” for Licensing
Radioisotope Production Facilities and Aqueous Homogeneous Reactors,”
dated October 17, 2012.

. NUREG-1520, Revision 2, “Standard Review Plan for Fuel Cycle Facilities
License Applications,” issued June 2015.

As stated in the interim staff guidance (ISG) augmenting NUREG-1537, the NRC staff
determined that certain guidance originally developed for heterogeneous non-power research
and test reactors is applicable to aqueous homogenous facilities and production facilities.
SHINE used this guidance to inform the design of its facility and to prepare its FSAR. The staff’s
use of reactor-based guidance in its evaluation of the SHINE FSAR is consistent with the ISG
augmenting NUREG-1537.

As appropriate, the NRC staff used additional guidance (e.g., NRC regulatory guides, Institute of
Electrical and Electronics Engineers standards, American National Standards Institute/American
Nuclear Society (ANSI/ANS) standards, American Society of Civil Engineers (ASCE) standards,
etc.) in the review of the SHINE FSAR. The additional guidance was used based on the
technical judgment of the reviewer, as well as references in NUREG-1537, Parts 1 and 2; the
ISG augmenting NUREG-1537, Parts 1 and 2; and the SHINE FSAR. Following such guidance
as well as local building codes and recognized industry practices, as applicable, provides
reasonable assurance that any potential damage would not cause unsafe operations, prevent
safe shutdown, or allow uncontrolled release of radioactive material. Additional guidance
documents used to evaluate the SHINE FSAR are provided as references in appendix B,
“References,” of this SER.

In its review, the NRC staff also noted the applicant’s voluntary adoption of guidance in specific
sections of NUREG-0800, “Standard Review Plan for the Review of Safety Analysis Reports for
Nuclear Power Plants: LWR [Light-Water Reactor] Edition,” including section 3.7.1, “Seismic
Design Parameters” (Agencywide Documents Access and Management System Accession

No. ML14198A460) and section 3.7.2, “Seismic System Analysis” (ML13198A223) for
developing seismic input and performing seismic analysis of the FSTR. The approach taken by
SHINE is acceptable because the guidance of NUREG-0800 regarding seismic input and
analysis is more stringent than that of NUREG-1537.

3.4 Review Procedures, Technical Evaluation, and Evaluation Findings

The NRC staff performed a review of the technical information presented in SHINE FSAR
chapter 3, as supplemented, to assess the sufficiency of the principal design criteria and design
bases for the SHINE facility and its safety-related SSCs for the protection of the public and the
environment in support of the issuance of an operating license. The sufficiency of the principal
design criteria and design bases is determined by ensuring that they meet applicable regulatory
requirements, guidance, and acceptance criteria, as discussed in section 3.3, “Regulatory
Requirements and Guidance and Acceptance Criteria,” of this SER. The findings of the staff
review are described in section 3.5, “Review Findings,” of this SER.



3.4.1 Design Criteria

The NRC staff evaluated the sufficiency of the principal design criteria and design bases, as
presented in SHINE FSAR section 3.1, using the guidance and acceptance criteria from

section 3.1, “Design Criteria,” of NUREG-1537, Parts 1 and 2, and section 3.1, “Design Criteria,”
of the ISG augmenting NUREG-1537, Parts 1 and 2.

The principal design criteria for the SHINE facility provide reasonable assurance that the facility
can be operated without undue risk to the health and safety of the public. The design bases
identify the specific functions to be performed by an SSC and the specific values or ranges of
values chosen for controlling parameters as reference bounds for the design. The principal
design criteria for the SHINE facility were established in the preliminary safety analysis (PSAR)
as required by 10 CFR 50.34(a)(3). This regulation also required SHINE to provide the design
bases and the relation of the design bases to the principal design criteria for the facility.

Subparagraph 50.34(b)(2) of 10 CFR requires a description and analysis of the SSCs of the
facility, with emphasis upon performance requirements, the bases, with technical justification
therefor, upon which such requirements have been established, and the evaluations required to
show that safety functions will be accomplished. The description must be sufficient to permit
understanding of the system designs and their relationship to safety evaluations.

Subparagraph 50.34(b)(4) of 10 CFR requires a final analysis and evaluation of the design and
performance of SSCs with the objective stated in 10 CFR 50.34(a)(4) and consideration of any
pertinent information developed since the submittal of the PSAR.

The NRC staff’s analysis of the SHINE facility SSCs evaluated whether the design bases and
principal design criteria for the SHINE systems and subsystems are met and if the FSAR
describes how the principal design criteria for the facility are achieved.

SHINE included the discussion of principal design criteria and design bases for SSCs in the
applicable FSAR section describing those SSCs. For each SSC, SHINE FSAR tables 3.1-1
and 3.1-2 identify the applicable FSAR section or sections that describe the SSC. Similarly, the
NRC staff evaluation, as applicable to the specific principal design criteria and design bases, is
included within the chapter of this SER where the staff evaluated those SSCs.

The discussion in this section of the NRC staff’'s evaluation discusses the acceptability of
SHINE’s chosen principal design criteria identified in SHINE FSAR table 3.1-3, “SHINE Design
Criteria,” and of the Nuclear Safety Classification, as described in SHINE FSAR section 3.1,
established by SHINE to ensure that the risk of events is highly unlikely or that the
consequences are mitigated to acceptable levels.

3.4.1.1 SHINE Facility Design Criteria

Generally, the SHINE facility design criteria adapt 10 CFR Part 50, “Domestic Licensing of
Production and Utilization Facilities,” Appendix A, “General Design Criteria for Nuclear Power
Plants,” for a medical isotope production facility. Since the SHINE facility uses low-enriched
uranium in the form of a uranyl sulfate target solution that is irradiated in a subcritical assembly
by neutrons produced by a fusion neutron source, many of the general design criteria

of 10 CFR Part 50, Appendix A do not apply to it. Additionally, as discussed in chapter 7,
“Instrumentation and Control Systems,” of this SER, the application specific action items
(ASAIs) specified in the NRC topical report on the highly integrated protection system (HIPS)
platform are intended for power reactor applications and, therefore, some of the ASAls do not
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apply to the application of the HIPS platform at the SHINE facility for the target solution vessel
(TSV) reactivity protection system and engineered safety features actuation system (ESFAS).

The SHINE FSAR lists 39 design criteria for the SHINE facility. The majority of the design
criteria have specific application to individual SSCs within the IF’s irradiation units (IUs) and the
RPF as listed in SHINE FSAR tables 3.1-1 and 3.1-2. The SHINE FSAR further states that
Design Criteria 1 through 8 from SHINE FSAR table 3.1-3 are not specifically listed as
applicable design criteria in tables 3.1-1 and 3.1-2 but are generally applicable to all SSCs.

Consistent with the guidance in NUREG-1537, the SHINE FSAR includes the following eight
generally applicable design criteria:

Design Criterion 1 — Quality standards and records

Safety-related structures, systems, and components (SSCs) are designed,
fabricated, erected, and tested to quality standards commensurate with the
safety functions to be performed. Where generally recognized codes and
standards are used, they are identified and evaluated to determine their
applicability, adequacy, and sufficiency and are supplemented or modified as
necessary to ensure a quality product in keeping with the required safety
function.

A quality assurance program is established and implemented in order to provide
adequate assurance that these SSCs satisfactorily perform their safety functions.

Appropriate records of the design, fabrication, erection and testing of
safety-related SSCs are maintained by or under the control of SHINE throughout
the life of the facility.

The adequacy of the SHINE quality assurance program is reviewed and found acceptable in
section 12.9 of this SER. The SHINE TSs assign the Operations Manager (Level 2) overall
responsibility for the development and implementation of appropriate operational controls in
accordance with the quality assurance program. Additionally, SHINE TS 5.2.4.1.f requires a
biannual audit of the quality assurance program records by an independent review and audit
committee and TS 5.4.4 requires that specific facility procedures be developed in accordance
with the program. The NRC oversight and inspection program conducts inspections of program
records to ensure that required records are maintained and audits were conducted in
accordance with the TS requirements.

Design Criterion 2 — Natural phenomena hazards
The facility structure supports and protects safety-related SSCs and is designed
to withstand the effects of natural phenomena such as earthquakes, tornadoes,
hurricanes, floods, tsunami, and seiches as necessary to prevent the loss of
capability of safety-related SSCs to perform their safety functions.

Safety-related SSCs are designed to withstand the effects of earthquakes without
loss of capability to perform their safety functions.

The NRC staff found SHINE’s design for natural phenomena hazards acceptable in
sections 2.4.3,2.4.4,2.4.5, 3.4.2, 3.4.3, and 3.4.4 of this SER. Also, the evaluation of the safety
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systems against the effects of natural phenomena is documented in sections 7.4.4.2.1

and 7.4.5.2.1 of this SER. Sections 8a.4 and 8b.4 of this SER evaluate the electrical system
offsite power service; power distribution system; standby diesel generator and supported loads;
distribution equipment; facility grounding system; lightning protection system; cathodic
protection system; freeze protection; and cable and raceway components and routing.

Criterion 3 — Fire protection

Safety-related SSCs are designed and located to minimize, consistent with other
safety requirements, the probability and effect of fires and explosions.

Noncombustible and heat resistant materials are used wherever practical
throughout the facility, particularly in locations such as confinement boundaries
and the control room.

Fire detection and suppression systems of appropriate capacity and capability
are provided and designed to minimize the adverse effects of fires on
safety-related SSCs. Firefighting systems are designed to ensure that their
rupture or inadvertent operation does not significantly impair the safety capability
of these SSCs.

The NRC staff found SHINE’s design for fire protection acceptable in sections 2.4.2.3, 9a.4.3,
and 9b.4.3 of this SER. The staff’s evaluation of fire protection for the safety systems is
provided in sections 7.4.4.2.1 and 7.4.5.2.1 of this SER. Additionally, combustible gas
management is reviewed and found acceptable in sections 6a.4.2, 13a.4.9, 13a.5.1,

and 13b.4.8 of this SER.

Criterion 4 — Environmental and dynamic effects

Safety-related SSCs are designed to perform their functions with the
environmental conditions associated with normal operation, maintenance,
testing, and postulated accidents. These SSCs are appropriately protected
against dynamic effects and from external events and conditions outside the
facility.

The NRC staff found SHINE’s design for environmental and dynamic effects acceptable in
section 2.4.2 of this SER. The staff also found SHINE’s protection system independence and
equipment qualifications acceptable in sections 7.4.4.2.1 and 7.4.5.2.1 of this SER. Additionally,
credible facility-specific events related to operations and maintenance, including heavy load
drop events, are found acceptable in section 13a.4.12 of this SER. For the RPF, the staff found
SHINE’s analyses for mishandling or malfunction of RPF equipment acceptable in

section 13b.4.6 of this SER.

Criterion 5 — Sharing of structures, systems, and components
Safety-related SSCs are not shared between irradiation units unless it can be
shown that such sharing will not significantly impair their ability to perform their
safety functions.
The NRC staff evaluated the design and performance of the SSCs of the SHINE facility,
including those SSCs shared by both the IF and the RPF. The staff found acceptable SHINE'’s
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design with respect to the sharing of SSCs, including the interface between the IF and the RPF
and common systems shared between those facilities, as discussed in section 1.4 of this SER.
Additionally, although all IUs share the ESFAS and the control room and although each train
(Train A, B, and C) of the tritium purification system supplies a specific group of IUs, as
discussed in sections 7.4.4.2.1 and 7.4.5.2.1 of this SER, the NRC staff found that the sharing
of these systems does not impair the ability to perform the associated safety functions.

Criterion 6 — Control room

A control room is provided from which actions can be taken to operate the
irradiation units safely under normal conditions and to perform required operator
actions under postulated accident conditions.

The NRC staff found SHINE’s control room design acceptable in section 7.4.9.1 of this SER.
Additionally, the operator’s role to perform required actions is reviewed and found acceptable in
section 7.4.9.2 of this SER. The adequacy of specific controls and displays is evaluated in
section 7.4.6 of this SER.

Criterion 7 — Chemical protection

The design provides for adequate protection against chemical risks produced
from licensed material, facility conditions that affect the safety of licensed
material, and hazardous chemicals produced from licensed material.

The NRC staff found SHINE'’s evaluation of hazardous materials or activities on the SHINE site
and in the vicinity of the SHINE site acceptable in section 2.4.2.3 of this SER. SHINE evaluated
onsite toxic chemicals in SHINE FSAR section 13b.3, “Analyses of Accidents with Hazardous
Chemicals,” and SHINE FSAR table 13b.3-2, “Hazardous Chemical Source Terms and
Concentration Levels.” The staff found acceptable SHINE’s evaluation for adequate protection
against chemical risks in section 13b.4.9 of this SER.

Criterion 8 — Emergency capability
The design provides emergency capability to maintain control of:

1) licensed material and hazardous chemicals produced from licensed
material;

2) evacuation of on-site personnel; and

3) on-site emergency facilities and services that facilitate the use of
available off-site services.

The NRC staff evaluated SHINE document EMG-01-01, Revision 1, “Emergency Plan,” to
assess the sufficiency of SHINE’s emergency capability. The staff found SHINE’s design for
emergency capability acceptable in section 12.4.7 of this SER.

The remaining 31 SHINE facility design criteria are specifically assigned to systems and
subsystems as detailed in SHINE FSAR tables 3.1-1 and 3.1-2. The NRC staff evaluations of
those specific design criteria are provided in the corresponding sections of this SER.



3.4.1.2  SHINE Facility Nuclear Safety Classification

To demonstrate that the principal design criteria are adequate, SHINE FSAR section 3.1
provides that acceptable risk is achieved by ensuring that all postulated events are highly
unlikely or by reducing the consequences to less than the SHINE safety criteria. The SHINE
safety criteria are listed below followed by the NRC staff’s evaluation of their acceptability as
constraints to meet NRC regulations and ensure public health and safety.

SHINE Safety Criterion: An acute worker dose of five rem [roentgen equivalent
man)] or greater total effective dose equivalent (TEDE).

A dose of 5 rem TEDE is the regulatory occupational dose limit for adults under

10 CFR 20.1201, “Occupational dose limits for adults.” It is also the basis for the derived annual
limit on intake (ALI) for the amount of radioactive material taken into the body of an adult worker
by inhalation or ingestion in a year. ALl is the smaller value of intake of a given radionuclide in a
year by the reference man that would result in a committed effective dose equivalent of 5 rem.
SHINE defines the control room operator as the “worker” receptor for calculating radiological
consequences.

SHINE Safety Criterion: An acute dose of 1 rem or greater TEDE to any
individual located outside the owner-controlled area.

As discussed in section 13a.4.1 of this SER, no radiological accident dose criterion is set forth in
the NRC'’s regulations or in applicable guidance to assess the risk to public health and safety
and control room operators for non-power production or utilization facilities (NPUFs). As a
matter of comparison, the NRC staff has used the public dose limits of 10 CFR Part 20

(i.e., 0.1 rem TEDE) as the accident dose criteria to license NPUFs (e.g., Safety Evaluation
Report Related to Renewal of the Facility Operating License for the University of Massachusetts
Lowell Research Reactor,” dated February 2022 (ML21168A054)). For a research reactor, the
results of the accident analysis have generally been compared with 10 CFR 20.1001

through 20.2402 consistent with the guidance in chapter 13 of NUREG-1537, Part 2. However,
the NRC staff described in the Federal Register on March 30, 2017 (82 FR 15643), a proposal
to amend the NRC'’s regulations that govern the license renewal process for non-power
reactors, testing facilities, and other production or utilization facilities, licensed under the
authority of section 103, section 104a, or section 104c of the Atomic Energy Act, as amended,
that are not nuclear power reactors. In this proposed rule, the NRC collectively refers to these
facilities as NPUFs, which would include the SHINE facility. The staff stated that it had
determined that the 10 CFR Part 20 public dose limit of 0.1 rem TEDE is unduly restrictive to be
applied as accident dose criteria for NPUFs not subject to 10 CFR Part 100, “Reactor Site
Criteria,” which would include the SHINE facility, and proposed, instead, an accident dose
criterion of 1 rem. In addition to being consistent with the proposed accident dose criterion

in 82 FR 15643, the staff also finds SHINE’s accident dose criterion to be acceptable based on
the early phase protective action guides (PAGs) established by the U.S. Environmental
Protection Agency (EPA), which were published in the EPA document EPA-400/R-17/001, “PAG
Manual: Protective Action Guides and Planning Guidance for Radiological Incidents,” dated
January 2017, to provide reasonable assurance of adequate protection of the public from
unnecessary exposure to radiation. The maximum hypothetical accident at the SHINE facility,
which would result in a maximum public dose of 0.727 rem, is reviewed and found acceptable in
section 13.5.4.7 of this SER.



SHINE Safety Criterion: An intake of 30 milligrams or greater of uranium in a
soluble form by any individual located outside the owner-controlled area.

As discussed in the “Introduction to the Interim Staff Guidance,” of the ISG augmenting
NUREG-1537, Part 2, the NRC staff has determined that the use of integrated safety analysis
methodologies, as described in 10 CFR Part 70, “Domestic Licensing of Special Nuclear
Material,” and NUREG-1520, application of the radiological and chemical consequence and
likelihood criteria contained in the performance requirements of 10 CFR 70.61, “Performance
requirements,” designation of items relied on for safety, and establishment of management
measures are acceptable ways of demonstrating adequate safety for medical isotope production
facilities. As noted in the ISG, this is just one acceptable way of demonstrating the safety of a
medical isotope production facility and is not required. Further, the ISG does not require
licensees that would not otherwise have to follow the regulations in 10 CFR 70.61 to do so.
Under 10 CFR 70.61(b), licensees must use engineered controls, administrative controls, or
both to reduce the likelihood of occurrence of each credible high consequence event such that
the events are highly unlikely or their consequences are less severe than those described

in 10 CFR 70.61(b)(1)-(4). Further, 10 CFR 70.61(b)(3) defines events resulting in an intake
of 30 milligrams or greater of uranium in soluble form by any individual located outside the
controlled area identified pursuant to 10 CFR 70.61(f) as high consequence events.

Finally, 10 CFR 70.61(f) requires licensees to establish a controlled area, as defined

in 10 CFR 20.1003, “Definitions,” and notes that licensees must retain the authority to exclude
or remove personnel and property from this area.

Although 10 CFR 70.61 does not apply to SHINE, SHINE proposed to adopt the following safety
criterion: an intake of 30 milligrams or greater of uranium in a soluble form by any individual
located outside the owner-controlled area. As an initial matter, SHINE FSAR section 2.1.1.2,
“Boundary and Zone area Maps,” defines an owner-controlled area consistent with the definition
of controlled area in 10 CFR 20.1003. Additionally, SHINE retains the authority to exclude or
remove personnel and property from this area. Consequently, SHINE proposes to use this
criterion from the radiological and chemical consequences and likelihood criteria contained in
the performance requirements of 10 CFR 70.61 as a safety criterion.

Consistent with the ISG augmenting NUREG-1537, Part 2, SHINE has chosen to adopt
the 30 milligrams or greater soluble uranium criterion from the radiological and chemical
consequences and likelihood criteria contained in the performance requirements

of 10 CFR 70.61 as a safety criterion. The NRC staff finds this acceptable because, as
discussed in the ISG augmenting NUREG-1537, Part 2, doing so presents an acceptable
means of demonstrating adequate safety for a medical isotope production facility.

SHINE Safety Criterion: An acute chemical exposure to an individual from
licensed material or hazardous chemicals produced from licensed material that
could lead to irreversible or other serious, long-lasting health effects to a worker
or could cause mild transient health effects to any individual located outside the
owner-controlled area.

SHINE FSAR section 13a2 states that the SHINE safety analysis (SSA) applies a methodology
based on NUREG-1520 to identify and evaluate credible accident scenarios, including
hazardous chemical accidents. The NRC staff evaluated the SSA using the guidance and
acceptance criteria from the ISG augmenting NUREG-1537, Parts 1 and 2, which endorses as
one acceptable method the use of integrated safety analysis methodologies as described

in 10 CFR Part 70 and NUREG-1520. As discussed in section 13a.4.2 of this SER, the staff
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found SHINE'’s analysis of radiological consequences as well as chemical consequences for
chemical hazards directly associated with NRC licensed radioactive material acceptable.

SHINE Safety Criterion: Criticality where fissionable material is used, handled, or
stored (with the exception of the target solution vessel).

SHINE analyzed inadvertent nuclear criticality in the RPF in SHINE FSAR section 13b.1.2.5.
SHINE stated that nuclear criticality safety is achieved through the use of preventative controls
throughout the RPF, which reduces the likelihood of a criticality accident to highly unlikely. The
NRC staff reviewed this and found SHINE'’s analysis of inadvertent nuclear criticality in the RPF
acceptable in section 6b.4.3 of this SER.

SHINE Safety Criterion: Loss of capability to reach safe shutdown conditions.

SHINE defines “Safe Shutdown” in proposed TS 1.3 as:

An [U is in a Safe Shutdown condition if the following performance criteria are
achieved and maintained:

A. Target solution is not present:

No target solution is present in the U

AND

TSV fill valves are closed.

OR

B. Target solution is present:

Target solution is drained from the TSV

AND

Hydrogen is controlled:
Nitrogen purge system (N2PS) is Operable
OR

Target solution hydrogen generation rates are below those requiring
preventive controls.

The NRC staff evaluated the specified conditions identified by SHINE for safe shutdown. If
target solution is not present within an U, the IU is stated to be in Mode 0, as defined in
proposed TS table 1.3, “IlU Modes of Operation.” The additional requirement that the TSV fill
valves be closed helps ensure that the IU is in a safe shutdown condition. Alternately, the facility
is in safe shutdown if target solution is present (but not present in the TSV) and hydrogen is
controlled. This implies that the IU is in either Mode 3 (post-irradiation (shutdown)) or Mode 4
(transfer to RPF). Although the hydrogen generation rate of the irradiated target solution is
minimized by stopping irradiation activities, hydrogen generation continues in facility tanks
containing irradiated target solution or radioactive liquid waste via radiolysis generated by
radioactive decay. Control of hydrogen minimizes the risk of reaching a flammable
concentration and is assured by either operating the N2PS or when hydrogen generation rates
are below levels of concern. The draining of the target solution to the TSV dump tank results in
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safe shutdown since the target solution is drained to the favorable geometry TSV dump tank.
The staff evaluated the subcritical assembly and phenomena that are expected to impact the
changes in target solution composition in sections 4a.4.2 and 13a4.1 of this SER and found that
the target solution design and its interface with the pressure boundary offer reasonable
assurance that the health and safety of the public can be assured during normal operation and
that the SHINE safe shutdown safety criterion ensures that the facility is designed to
automatically shut down the irradiation process, place the target solution into a safe condition,
and stabilize accident conditions without immediate operator actions.

3.4.1.3  Review Findings for SHINE Facility Design Criteria and Nuclear Safety
Classification

The NRC staff reviewed the descriptions and discussions of the SHINE facility design criteria
and nuclear safety classification, as described in SHINE FSAR section 3.1, as supplemented,
against the applicable regulatory requirements and using appropriate regulatory guidance and
acceptance criteria. Based on its review of the information in the SHINE FSAR, the staff
determined that:

o SHINE specified design criteria for each SSC that is assumed in the FSAR to
perform an operational or safety function.

° SHINE design criteria include references, where appropriate, to applicable
up-to-date standards, guides, and codes. The descriptions of the design are
included in the section of the FSAR that corresponds to the specific SSC and
generally include the following:

- Design for the complete range of normal expected operating conditions.

- Design to cope with anticipated transients and potential accidents, as
discussed in Chapter 13, “Accident Analysis” of the FSAR.

- Design for redundancy, so that any single failure of any active
component will not prevent safe shutdown or result in an unsafe
condition.

- Design to facilitate inspection, testing, and maintenance.

- Design with provisions to avoid or mitigate fires, explosions, and
potential man-made or natural conditions.

- Quality standards commensurate with the safety function and the
potential risks.

- Analysis and designs for meteorological, hydrological, and seismic
effects (see sections 3.2, 3.3, and 3.4 of the staff's SER)

- Design bases necessary to ensure the availability and operability of
required SSCs.

The principal design criteria are the criteria that SHINE established to ensure, in part, that the

SHINE safety criteria are met. The SHINE safety criteria are the criteria that SHINE established
to ensure that the principal safety considerations of the facility are adequately addressed. The
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SHINE safety criteria are derived from the performance requirements in 10 CFR 70.61(b)

and (c). These are not required to be applicable to SHINE’'s 10 CFR Part 50 license, but were
adopted by SHINE to provide controls, to the extent needed, to reduce the likelihood of
occurrence and consequences of events. The SHINE nuclear safety classification states that
the components that are relied upon to achieve SHINE’s safety criteria are classified as
safety-related. The NRC staff finds that the safety-related SSCs identified by SHINE are those
physical SSCs whose intended functions are to prevent accidents that could cause undue risk to
health and safety of workers and the public; and to control or mitigate the consequences of such
accidents to within acceptable limits. Therefore, the staff concludes that the SHINE discussion
regarding nuclear safety classification is acceptable.

Based on the above determinations, the NRC staff finds that the descriptions and discussions of
the SHINE facility design criteria and nuclear safety classification are sufficient and meet the
applicable regulatory requirements and guidance and acceptance criteria for the issuance of an
operating license.

3.4.2 Meteorological Damage

The NRC staff evaluated the sufficiency of the SHINE facility design features to cope with
meteorological damage, as presented in SHINE FSAR section 3.2, using the guidance and
acceptance criteria from section 3.2, “Meteorological Damage,” of NUREG-1537, Parts 1 and 2,
and section 3.2 of the ISG augmenting NUREG-1537, Parts 1 and 2.

Consistent with the review procedures of section 3.2 of NUREG-1537, Part 2, the NRC staff
considered the description of the site meteorology to ensure that all SSCs that could suffer
meteorological damage are considered, as presented in SHINE FSAR sections 3.2 and 3.6 and
other relevant chapters of the FSAR. The design criteria are compatible with local architectural
and building codes for similar structures. The design specifications for SSCs are compatible
with the functional requirements and capability to maintain their function throughout the
predicted meteorological conditions. The methods for determining the wind, tornado, and snow
and ice loadings are summarized. In SHINE FSAR section 3.4.2.6.3, “Site Design Parameters,”
these loads are provided as site design parameters rather than as structural design loads. The
combinations of the meteorological loads with other loads (i.e., dead loads and earthquake
loads) for the structural analysis are discussed in SHINE FSAR section 3.4.2.6.4, “Design Loads
and Loading Combinations.”

In its review of SSCs considered for meteorological damage, the NRC staff noted that SHINE
FSAR sections 3.2 and 3.4.2.6.3 describe the design criteria, methodology, and parameters
used for the main production facility structure. However, based on the staff review of SHINE
FSAR section 1.4, “Shared Facilities and Equipment,” and audited documents, the staff noted
that other structures that may support and protect safety-related SSCs from meteorological
damage may have not been properly described in the FSAR. The staff also noted that the FSAR
inconsistently used the term “SHINE facility” to either refer to the main production facility
structure (alone) or to refer to all of the structures within the SHINE facility, as described in
SHINE FSAR section 1.4.

During its evaluation of the applicant’s response to NRC staff RAl 3.2-1 (ML21029A101),
Enclosure 1 (ML21029A103), the staff noted that SHINE stated that the N2PS structure is the
only structure described in SHINE FSAR section 1.4 that is not part of the main production
facility structure, and that it performs a safety-related function. Since this structure is not
considered part of the main production facility structure, SHINE added section 3.6 to its FSAR to
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incorporate the design criteria, parameters, and methodology for evaluating meteorological
damage that is applicable to the N2PS structure and to describe how that structure is designed
to withstand the effects of natural phenomena such as earthquakes, tornadoes, and floods. The
staff also noted that the design criteria applicable to the N2PS structure are SHINE Design
Criteria 1 through 4, as described in SHINE FSAR table 3.1-3. During its review of SHINE FSAR
section 3.6, the staff noted that the N2PS structure is designed to withstand the same potential
meteorological damage described in SHINE FSAR section 3.2 for the main production facility
structure. Therefore, the staff’'s evaluation of the main production facility structure also applies to
the N2PS structure.

The NRC staff finds the applicant’s response, addition of section 3.6 to the SHINE FSAR, and
changes to SHINE FSAR table 3.1-1 acceptable because SHINE: (a) confirmed that the N2PS
structure is the only structure described in SHINE FSAR section 1.4 that has a safety-related
function and is not part of the main production facility structure and (b) provided a description,
included in the FSAR, of the design criteria, parameters, and methodology applicable to the
N2PS structure.

During its review of the design criteria and parameters considered for coping with
meteorological damage, the NRC staff noted that some of the criteria, parameters, and
methodology defined in SHINE FSAR sections 3.2 and 3.4 were not sufficiently described to
understand how the structures were designed for protection from the meteorological condition.
To ensure that the applicable design criteria, parameters, and methodology to cope with
meteorological damage are sufficiently described in the FSAR, and to provide reasonable
assurance that SSCs would continue to perform necessary operational and safety functions
throughout the predicted meteorological conditions, the staff issued RAIs 3.2-2 and 3.2-3
(ML21309A019).

During its evaluation of the applicant’s response to NRC staff RAI 3.2-2 (ML21011A264),
Enclosure 3 (ML21011A240), the staff noted that SHINE FSAR sections 3.2 and 3.4 were
revised to also include the following design criteria/parameters:

(1) the exposure coefficient and other factors used in SHINE FSAR Equation 3.2-1
for the wind loading, including the gust factor and pressure coefficient;

(2) the basic wind speed for Wisconsin, including a description of the applied factor
to account for a 100-year recurrence interval;

(3) the values applicable to the site for the tornado rotational speed, translation
speed, differential pressure, and rate of differential pressure, including
additional discussion of the site’s design basis tornado missile spectrum and
maximum horizontal speed, used for the tornado loading; and

(4) the values applicable to the site for the factors used in SHINE FSAR
Equation 3.2-3 for snow, ice, and rain loading, including the snow load and
recurrence interval.

During its evaluation of the applicant’s response to NRC staff RAI 3.2-3 (ML21011A264),
Enclosure 3 (ML21011A240), the staff noted that SHINE clarified that the methodology and
acceptance criteria described in NUREG-0800, section 3.5.3, “Barrier Design Procedures”
(MLO70570004), were used to transform the tornado generated missile impacts into an effective
or equivalent static load on the structures. In its response, SHINE also stated that SHINE FSAR
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section 3.2.2.2 had been revised to correct the reference to NUREG-0800, section 3.5.3 and to
add additional information related to the tornado missiles considered in the analysis.

The NRC staff finds the applicant’s response and changes to SHINE FSAR

sections 3.2.1, 3.2.2, 3.2.3, and 3.4.2.6.3 acceptable because the additional design

criteria provided by the applicant for meteorological damages: (a) are consistent with
applicable local building codes, national standards, guidelines, and recognized industry
practices and (b) are sufficient to provide reasonable assurance that SSCs would continue to
perform necessary operational and safety functions throughout the predicted meteorological
conditions. The staff also finds the applicant’s response and changes to SHINE FSAR
section 3.2.2.2 acceptable because they clarify that the methodology used by SHINE is
consistent with NUREG-0800, section 3.5.3, which provides an acceptable methodology and
criteria for transforming tornado generated missile impacts into an effective or equivalent static
load on the structures.

In its review of the methodology used for determining loading and its design, the NRC staff
noted that potential meteorological conditions are considered in the design of the SHINE facility
by analyzing the pressure effects of wind loads, tornado loads (including tornado generated
missiles), snow loads, ice loads, and rain loads using a 100-year return period, as described in
SHINE FSAR sections 3.2 and 3.4.2.6.3. These loads are determined by the methodology and
guidelines provided in ASCE Standard 7-05, “Minimum Design Loads for Building and Other
Structures,” and the NRC Regulatory Guide (RG) 1.76, “Design-Basis Tornado and Tornado
Missiles for Nuclear Power Plants” (ML070360253). As stated in SHINE FSAR sections 3.2.3
and 3.4.2.6.3.9, rain loading was not considered to be a potential concern because the SHINE
facility is designed with a sloped roof and a building configuration that precludes the
accumulation of rainwater. Also, as stated in its previous response to NRC staff RAI 3.2-1 for
the construction permit application, by letter dated December 3, 2014 (ML14356A528),
Enclosure 2 (ML14357A345), rain-on-snow surcharge load was not considered in the structural
analysis because the SHINE facility is located in an area where the ground snow load (as
determined from figure 71 of ASCE 7-05) is greater than 20 pounds per square foot. The

NRC staff also noted that SHINE FSAR section 3.4.2.6.2 states that the following codes and
standards are used for the design of the SHINE facility: (a) American Concrete Institute

(ACI) 349-13, “Code Requirements for Nuclear Safety-Related Concrete Structures and
Commentary,” and (b) ANSI/American Institute of Steel Construction (AISC) N690-12,
“Specification for Safety-Related Steel Structures for Nuclear Facilitates.” Based on the
information provided, the NRC staff finds that the design, methodology, and parameters used
are consistent with local applicable architectural and building codes for similar structures and
are compatible with the SHINE facility functional requirements and capability to retain function
throughout the predicted meteorological conditions.

Based on its review, the NRC staff determined that the level of detail provided on meteorological
damage is adequate and supports the applicable acceptance criteria of section 3.2 of
NUREG-1537, Part 2. The staff concludes that the design criteria and the design for protection
from meteorological damage conditions are based on applicable local building codes,
standards, and criteria, which provides assurance that SSCs will continue to perform their safety
functions as specified in the SHINE FSAR. Therefore, the SHINE facility design features for
coping with meteorological damage meet the applicable regulatory requirements and guidance
and acceptance criteria for the issuance of an operating license.



3.4.3 Water Damage

The NRC staff evaluated the sufficiency of the SHINE facility design features to cope with
predicted hydrological conditions, as presented in SHINE FSAR section 3.3, using the guidance
and acceptance criteria from section 3.3, “Water Damage,” of NUREG-1537, Parts 1 and 2, and
section 3.3 of the ISG augmenting NUREG-1537, Parts 1 and 2.

Consistent with the review procedures of section 3.3 of NUREG-1537, Part 2, the NRC staff
considered the site description and facility designs to ensure that all safety-related SSCs with
the potential for water damage, including damage due to external and internal flood hazards,
are considered in the SHINE FSAR. For any such safety-related SSCs, the staff reviewed the
design bases to verify that the consequences are addressed and described in detail in the
appropriate chapters of the FSAR.

3.4.3.1 Flood Protection from External Sources

SHINE FSAR section 3.3 describes that the design basis precipitation level is at site grade, the
design basis flood level is at 50 feet below grade, and the maximum ground water level is

at 50 feet below grade. These levels are associated with the local probable maximum
precipitation (PMP) and the local probable maximum flood (PMF) and are quantified in SHINE
FSAR section 2.4.2.3, “Effect of Local Intense Precipitation,” and section 2.4.3, “Probable
Maximum Flood on Streams and Rivers.”

SHINE FSAR section 2.4.2.3 states that the effect of the local PMP on the areas adjacent to the
safety-related structures of the SHINE facility, including the drainage from the roofs of the
structures, was evaluated. The maximum water levels due to the PMP were estimated near the
safety-related structures of the facility based on the site topographic survey map. A drainage
system designed to carry runoff from the site consists of conveying water from roofs, as well as
runoff from the site and adjacent areas, to peripheral ditches. The facility is surrounded by
berms with interior ditches along the berms and the grade around the structures slopes towards
the peripheral ditches. However, during a PMP event, the stormwater drainage system is
conservatively assumed to be nonfunctional. During a PMP event, the water level is estimated
to be at grade and the top of the finished foundation elevation is at least 4 inches (in.) above
grade.

SHINE FSAR section 2.4.3 notes that a local PMF event creates a water level

approximately 50 feet below grade. The lowest point of the facility is 29 feet below grade;
therefore, flooding would not cause any structural loading in the case of a local PMF event and
there is no dynamic force on the structure due to precipitation or flooding. The lateral surcharge
pressure on the structures due to the design PMP water level is calculated and does not govern
the design of the below grade walls.

In its response to NRC staff RAI 3.2-1 (ML21029A101), Enclosure 1 (ML21029A103), the
applicant noted that the N2PS structure performs a safety function and, therefore, added
section 3.6 to the SHINE FSAR to discuss the design of this structure. The applicant also noted
that the external flooding assumptions (i.e., PMP and PMF water levels) are the same for the
N2PS structure as for the main production facility and that the N2PS structure has been
designed to ensure that water does not infiltrate the structures and cause damage to
safety-related SSCs.



The NRC staff reviewed the information on the site PMP and PMF provided in SHINE FSAR
sections 2.4.2.3, 2.4.3, 3.3, and 3.6.2. The staff noted that the design PMP elevation is at plant
grade and that the PMF is approximately 50 feet below grade and approximately 21 feet below
the lowest point of the facility. In addition, the staff noted that the finished foundation level is at
least 4 in. above site grade. Based on its review, the staff finds that there is no dynamic force
applied to the structures due to precipitation or flooding, and that a PMP or a PMF event will not
cause water to infiltrate the structures and result in damage to safety-related SSCs.

3.4.3.2 Flood Protection from Internal Sources

SHINE FSAR section 3.3.1.1.2, “Flood Protection from Internal Sources,” states that the
bounding flood volume in the radiologically controlled area (RCA) is from the fire protection
system (FPS). The credible volume of discharge from the FPS is due to a manual fire-fighting
flow rate of 500 gallons per minute (1893 liters per minute) for a duration of 30 minutes, in
accordance with the guidance in section 5.10 of National Fire Protection Association

(NFPA) 801, “Standard for Fire Protection for Facilities Handling Radioactive Materials.”
Therefore, the total discharge volume is 15,000 gallons (56,782 liters). The resulting flooded
water depth in the RCA from this fire protection discharge is less than 2 in., which bounds the
total water available in the process chilled water system (PCHS) and the radioisotope process
facility cooling system (RPCS) that could cause internal flooding. The floors of the uranium
receipt and storage system/target solution preparation system rooms are elevated to prevent
water intrusion in the event of an internal flood and water sensitive safety-related equipment in
the RCA is raised 8 in. from the floor. Safety-related functions of systems that are subject to the
effects of a discharge of the fire suppression system are appropriately protected by redundancy
and separation. SHINE FSAR section 3.3.2 notes that the load from build-up of water due to
FPS discharge is supported by slabs on grade except for the mezzanine floor. However, the
mezzanine floor includes openings that will ensure that the slab is not significantly loaded and it
is designed with a live load value of 250 pounds per square foot.

SHINE FSAR section 3.3.1.1.2 also notes that flood scenarios have been considered for the
pipe trenches and vaults. Process piping, vessels, and tanks containing special nuclear material
or radioactive liquids are seismically qualified. There is no high-energy piping within these areas
and any pipe or tank rupture in the RPF vaults is routed to the radioactive drain system (RDS).
The RDS is sized for the maximum postulated pipe or tank failure as described in SHINE FSAR
section 9b.7.6. The design of the shield plugs over the pipe trenches and vaults prevents bulk
leakage of liquid into the vaults from postulated flooding events within the remainder of the
RCA.

The NRC staff reviewed the information provided in SHINE FSAR section 3.3.2 and noted that
the loads due to possible water build-up are supported by slabs on grade, which will be able to
support the additional water load. The mezzanine floor is not on grade; however, it has been
designed to limit the possible water load to less than the design live load of the floor. Therefore,
the staff determined that the structures have been properly designed to support any additional
loads from water due to FPS discharge. The staff also reviewed SHINE FSAR section 3.3.1.1.2
and noted that the bounding volume of water in the RCA was due to a manual discharge of the
FPS. As part of its review of internal flooding, the staff conducted an audit, during which it
reviewed calculations associated with postulated flooding depths in the RCA. The staff identified
locations in the RCA that appeared to have flooding depths greater than 8 in. To understand
how equipment in these areas would be protected from flooding, the staff issued RAI 3.3-1
(ML21309A019). The staff also noted in the audit that manual flood barriers will be used to
control flooding.



In its response to NRC staff RAI 3.3-1 (ML21011A264), Enclosure 3 (ML21011A240), the
applicant stated that the bounding internal flood volume of 15,000 gallons distributed over the
minimum open floor space in the IF results in a maximum flood height of approximately 11.7 in.
Therefore, the design was revised to raise the minimum height of water-sensitive, safety-related
equipment in the RCA to 12 in. above the floor. The RAI response also describes that the
bounding flood scenario in the RPCS room results in a flood height of approximately 22.9 in. In
this room, the minimum height for water-sensitive, safety-related equipment is 24 in. above the
floor. The RAI response further notes that the manual flood barrier in the RPCS room is not
relied on in the safety analysis to keep leakage from leaving the room.

The NRC staff reviewed the information in SHINE FSAR section 3.3.1.1.2 and finds it
acceptable because the applicant clearly identified the maximum flood heights in the building
and that the minimum heights of water-sensitive, safety-related equipment ensures that the
equipment remains above the postulated internal flood levels.

While reviewing the information provided in SHINE FSAR section 3.3.1.1.2, the staff also noted
that the uninterruptible electrical power supply system has two redundant and isolated trains to
prevent both trains from being damaged by discharge of the FPS.

In its response to NRC staff RAI 3.3-2 (ML21011A264), Enclosure 3 (ML21011A240), the
applicant stated that safety-related equipment subject to discharge of the FPS are protected by
redundancy and separation, where practicable. Where equipment cannot be effectively
separated, fire response plans are established to ensure that redundant trains are not
simultaneously damaged from activation of the FPS.

The NRC staff reviewed the information in SHINE FSAR section 3.3.1.1.2 and finds it
acceptable because it describes that water-sensitive, safety-related equipment is protected from
discharge of the FPS either by redundancy and separation, or with an appropriate fire response
plan.

The NRC staff reviewed SHINE FSAR section 3.6, which describes the design of the N2PS
structure. The staff reviewed the information provided in SHINE FSAR section 3.6.2 related to
water damage of the N2PS structure and noted that there are no water sources internal to the
N2PS structure and so there is no risk of internal flooding. Since there are no internal water
sources, the staff finds that there is no potential internal flooding hazard that would cause
damage to safety-related SSCs in the N2PS structure.

Based on its review, the NRC staff finds that the safety-related SSCs are adequately protected
from internal flooding hazards and that the structures are adequately designed to withstand
additional loads from postulated internal flooding.

3.4.3.3 Water Damage Evaluation Summary

Based on its review, the NRC staff determined that the level of detail provided on water damage
is adequate and supports the applicable acceptance criteria of Section 3.3 of NUREG-1537,
Part 2. The staff concludes that the design criteria and the designs would protect against
potential water damage and provide reasonable assurance that SSCs would continue to
perform their required safety functions, would not cause unsafe facility operation, would not
prevent safe shutdown of the facility, and would not cause or allow uncontrolled release of
radioactive material. Therefore, the SHINE facility design features for coping with postulated
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water damage meet the applicable regulatory requirements and guidance and acceptance
criteria for the issuance of an operating license.

3.4.4 Seismic Damage

SHINE FSAR section 3.4 describes the general arrangement of the SHINE FSTR, its IF, RPF,
the non-radiologically controlled seismic area, and a non-safety-related area. The IF, RPF, and
non-radiologically controlled seismic area are within the seismic boundary of the facility and are
classified as Seismic Category | SSCs.

The NRC staff evaluated the sufficiency of the FSTR design and its features to cope with
potential seismic damage, as presented in SHINE FSAR section 3.4. The staff’s review used the
guidance and acceptance criteria from section 3.4, “Seismic Damage,” of NUREG-1537, Parts 1
and 2, and section 3.4 of the ISG augmenting NUREG-1537, Parts 1 and 2, applicable
references listed in SHINE FSAR section 3.7, and, when and where applicable and as deemed
necessary, the additional guidance from sections 3.7.1 and 3.7.2 of NUREG-0800. Consistent
with the review procedures of section 3.4 of NUREG-1537, Part 2, the staff also considered the
site description and facility design to ensure that all safety-related SSCs with a potential for
seismic damage were considered.

SHINE described the FSTR as a reinforced concrete box shear wall system on soil. Its major
structural elements include the foundation mat, mezzanine floor, roof slab, and shear walls.
Steel roof trusses support the concrete roof slab of the IF and RPF. The mezzanine floor is
made of reinforced concrete on metal deck. The floor is vertically supported by structural steel
beams and columns, and laterally restrained by reinforced concrete partition walls. A large
section of the basemat in the RPF is recessed below-grade to accommodate a series of tanks,
valve pits, and other mechanical systems. The tanks are separated by cast-in-place reinforced
concrete walls and are covered by precast concrete shield plugs. Depending on their function,
interior FSTR walls are made of cast-in-place reinforced concrete, reinforced masonry, or
gypsum boards mounted to metal studs. Additional details of facility SSCs and equipment that
include an exhaust stack, supercells, and below grade reinforced concrete vaults and tanks are
also found in other FSAR chapters (e.g., sections 1.2.1, 2.1.1.2, 3.4.2.6.4.1, and 4b.2.2.2 and
tables 7.7-2 and 7.7-3).

To ensure that all applicable design criteria, parameters, and methodology to cope with
seismic/transient and other abnormal loads are sufficiently addressed in the FSAR, and to
obtain reasonable assurance that SSCs would continue to perform their operational and safety
functions during seismic events and for abnormal loads, the NRC staff issued RAls. The staff
reviewed SHINE’s response to NRC staff RAI 3.4-7 (ML21011A264), Enclosure 3
(ML21011A240), and finds it acceptable because consistent with NUREG-1537, the applicant’s
design follows the applicable guidance of RGs, NUREGS, local building codes, and national
codes and standards that include provisions for materials testing. The staff also finds the
applicant’s revisions to SHINE FSAR sections 3.4 and 3.7 acceptable because they reflect
references to RGs, NUREGS, local building codes, and national codes and standards that are
applicable to the facility design.

To further clarify how various FSTR SSCs (e.g., the stack, walls, tanks, vaults, supercells, etc.)
are configured and integrated into the seismic design and because of concern that potential
future internal rearrangement of FSTR SSCs and relocation of equipment could alter the intent
of the original structural design and to ensure that the facility would continue to maintain its



defense-in-depth, the NRC staff issued RAls. The NRC staff reviewed the applicant’s response
to NRC staff RAI 3.4-8 (ML21011A264), Enclosure 3 (ML21011A240), and finds its discussion
of configuration control acceptable because proposed SHINE TS 5.5.4, “Configuration
Management,” includes an oversight and controls program that addresses changes made to the
facility design, to its physical configuration, and to its documentation so that these are in
accordance with the 10 CFR 50.59, “Changes, tests and experiments,” process.

The NRC staff noted that although SHINE updated its FSAR to include additional FSTR design
details such as its size and seismic isolation, other key design information on the FSTR (e.g., its
height, thickness of its walls, materials used for its construction) and its SSCs (e.g., anchorage)
was still lacking. This level of detail is needed to sufficiently evaluate future changes that may
be made to the facility or its reconfiguration consistent with the 10 CFR 50.59 process and to
confirm the conservatisms in the FSTR design and that of its SSCs. Therefore, the NRC staff
issued RAls.

The NRC staff reviewed SHINE’s response to NRC staff RAI 3.4-18 (ML21208A135), and noted
that the applicant expanded upon the FSAR description of the FSTR and clarified that the
collapse of the exhaust stack would not endanger the FSTR, its safety-related SSCs, or the
N2PS facility, as these are either designed to withstand substantial loads, such as aircraft
impacts, or are removed from harm’s way. In its RAI response, the applicant also clarified that
the collapse of the stack on the non-safety-related portion of the facility or on the Seismic
Category Il interior partitions, would not affect safety-related SSCs or create a risk exceeding
established facility safety criteria. Furthermore, the applicant clarified that supercells are
integrated in the FSTR design and that the concrete shield plugs are properly sized and
accounted for in the design. The staff finds that the applicant’s finalized facility configuration
description and statement that safety-related SSCs are qualified to be functional during and
after a transient or abnormal loadings is adequate and consistent with the regulatory
framework and, therefore, acceptable. The staff also finds that SHINE’s revisions to FSAR
sections 3.4, 3.7, 9a2.1.1.1, and 4b.2.2.2.1 are adequate as they provide more detailed
descriptions of the facility and of its SSCs and, therefore, are acceptable.

3.4.4.1 Seismic Input

SHINE FSAR section 3.4.1, “Seismic Input,” provides an overview of the site seismicity and
seismic input for the seismic analysis of the facility. It provides information for the peak ground
acceleration for the safe shutdown earthquake (SSE), its design response spectra, synthetic
time histories for SSI analyses, and critical damping values for structural components. SHINE
FSAR 3.4.1.1, “Design Response Spectra,” states that the SSE is defined by a maximum
ground acceleration of 0.2 g (seismic acceleration, rate of change of velocity per unit

time, e.g., feet per second? (ft/s ?)) and design response spectra in both vertical and horizontal
directions, as per Regulatory Guide 1.60, Revision 2, “Design Response Spectra for Seismic
Design of Nuclear Power Plants” (ML13210A432). The ground motion response spectrum
(GMRS) is defined as an outcrop motion at a depth of 2.3 meters (m) (7.5 feet (ft)) below the
grade, the location of competent materials with a minimum shear wave velocity of 305 meters
per second (m/s) (1,000 ft/s) at the site. This approach follows section 3.7.1 of NUREG-0800.
The peak ground acceleration (PGA) of 0.2 g for both vertical and horizontal directions is
developed for the site and exceeds the designated minimum free-field PGA value of at least 0.1
g to be used, per acceptance criterion 1.A. of section 3.7.1 of NUREG-0800. For these reasons,
the NRC staff finds that the design response spectra used for analyzing the FSTR are
acceptable.
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To ensure that the SHINE FSAR provides sufficient information that conditions due to a seismic
event will not pose significant risk to the health and safety of the public and to conclude that the
facility design will perform adequately during a design basis seismic event with its SSCs
performing the necessary safety functions as described in the application, the NRC staff issued
RAls 3.4-1 and 3.4-2 (ML21309A019). Through its responses to the NRC staff RAls 3.4-1

and 3.4-2 (ML21011A264), Enclosure 3 (ML21011A240), SHINE supplemented SHINE FSAR
section 3.4.1, as noted above, and section 3.4.2, “Seismic Analysis of Facility Structures,” which
the staff reviewed and evaluated as noted below.

Synthetic acceleration-time histories are generated enveloping the design response spectra in
three mutually orthogonal directions, using the seed recorded time histories from the El Centro
earthquake in 1940, for SSI analysis and developing the in-structure response spectra (ISRS).
They are shown in figures 3.4-1-1 through 3.4-1-3 of the applicant’s response to RAI 3.4-1.

The NRC staff finds this approach to be consistent with acceptance criterion 1.A(ii) of

section 3.7.2 of NUREG-0800. Based on this observation, the staff concludes that the approach
to generate synthetic acceleration-time histories is acceptable. These artificial time histories are
used in site response analysis to develop strain-compatible soil properties and in-profile ground
motions for seismic analysis.

Each of the time histories meets the design response spectra consistent with Option 1, “Single
Set of Time Histories,” Approach 2 of section 3.7.1 of NUREG-0800 and, therefore, is
acceptable. The calculated correlation coefficient between any pairs of the two horizontal and
one vertical SSE motions generated, as given in the applicant’s response to RAI 3.4-1, is
significantly smaller than the maximum allowable correlation coefficient of 0.16 given in
acceptance criterion 1.B, “Design Time Histories,” of Section 3.7.1 of NUREG-0800. This shows
that the generated acceleration spectrum in one direction is independent of those in the other
two mutually orthogonal directions. Additionally, the duration of the generated pulse is
approximately 40 seconds long, as stated in the applicant’s response to RAI 3.4-1 and as
provided in figures 3.4-1-1 through 3.4-1-3, which is significantly larger than the 20 seconds as
stated in acceptance criterion 1.B.ii.(a) of section 3.7.1 of NUREG-0800. In addition, the NRC
staff finds that the duration of the strong motion portion in each orthogonal direction is
significantly longer than the minimum 6 seconds given in acceptance criterion 1.B of

section 3.7.1 of NUREG-0800. Based on these observations, the staff concludes that the
generated SSE design spectra are acceptable to conduct the SSI analysis.

3.4.4.2  Seismic Analysis of Facility Structures

SHINE FSAR section 3.4.2 addresses modeling and analysis of the FSTR performed by the
SASSI2010 and SAP2000 finite element analysis (FEA) codes. It includes applied loads to the
structure (e.g., dead, live — including meteorological, crane, fluid, soil pressure, and seismic,
etc.), discussions of structural response to multidirectional seismic input, structural seismic
stability, etc.

SHINE FSAR section 3.4.2.4, “Seismic Analysis Results,” includes seismic loads that have been
applied to the structural analysis model and used to develop the ISRS for use in sizing
equipment and structural components. As stated in section 3.4.2.1, “Seismic Analysis Methods,”
and further confirmed by SHINE in its response to NRC staff RAI 3.4-2, the seismic analysis of
the FSTR used SASSI2010 (version 1.0) and SAP2000 (version 17.2) computer programs. The
staff's RAI 3.4-2 questions on seismic analysis methods and soil-structure modeling and
SHINE’s public responses are documented in ML21011A264), Enclosure 3 (ML21011A240).
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The staff finds the use of SASSI2010 and SAP2000 for estimating the SSI response and for the
structural analysis, respectively, of the FSTR acceptable for the following reasons:

(1) The SASSI2010 and SAP2000 codes are commercially available and widely
used for analyses in the nuclear industry.

(2) The SASSI2010 software performs a complex frequency response analysis
using the input acceleration time histories, consistent with the defined SSE
response spectra, to determine the response of the structure and to generate
the ISRS, element force and moments, maximum seismic acceleration
(zero-period acceleration (ZPA)), and nodal accelerations for different damping
values.

(3) SAP2000 (version 17.2) is a finite element (FE) code commercially available
and widely used for analyses in the nuclear industry. By using the
earthquake-generated forces as static loads, it performs an equivalent static
analysis to determine in-plane shear force in a wall (diaphragm), wall
overturning, and stability of the FSTR.

The SHAKE2000 program (version 3.5) was used to generate the strain-dependent soil
properties. The SHAKE2000 program is commercially available and widely used for analyses in
the nuclear industry.

In addition to the information provided on the structure, the SSI analysis also includes detailed
information of the soil layers supporting the structure obtained in the site geotechnical
investigation, as summarized in SHINE FSAR section 2.5.2.3, “Site Soil Conditions,” and
section 2.5.7.1, “Site Soil Conditions.” The NRC staff reviewed and evaluated the applicant’s
information on the SSE ground motion response spectra for the SHINE site in section 2.5 of
this SER and found it to be acceptable, because it is consistent with the United States
Geological Survey (USGS) Hazards Map. However, the staff noted that soil parameters
necessary for SSI analysis and foundation assessment were not sufficiently clear to determine
soil bearings at specific elevations, settlements, and stability of the FSTR discussed in SHINE
FSAR sections 3.4.2.5 and 3.4.2.6.3.1 and, therefore, issued RAls 3.4-5 and 3.4-6
(ML21309A019). The staff conducted a regulatory audit (ML21089A334), to review the analysis
supporting the geotechnical evaluation. As a result of the audit, the applicant revised its FSAR
and supplemented its response to RAI 3.4-6. The RAls and SHINE’s public responses are
documented in ML21011A264), Enclosure 3 (ML21011A240) and (ML21106A136). The staff
reviewed the applicant’s RAI responses and finds them acceptable because the computed
factors of safety against sliding and overturning are greater than the minimum values required,
the allowable soil bearing capacity is higher than the maximum foundation contact pressures,
and the differential and total settlements are accounted for in the FSTR FEA through the
resulting generalized forces, so the facility structure is designed to accommodate the potential
differential and total settlements.

Horizontal soil layers in SASSI2010 model the soil column down to an elastic half-space
representing the bedrock. Strain-dependent soil properties are determined from geotechnical
investigations and free-field site response analysis using the SHAKE2000 program

(version 3.5). The free-field site response analysis is performed using the mean or best
estimate (BE), the upper bound (UB), and the lower bound (LB) soil properties to represent
potential variations of the in-situ soil conditions. The NRC staff finds this approach to be
consistent with section 3.7.2 of NUREG-0800 and ASCE 4-16, “Seismic Analysis of Safety-
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Related Nuclear Structures” (section 5.1.7, “Uncertainties in SSI Analysis”), to treat potential
variation in soil properties and, therefore, it is acceptable.

The UB and LB soil properties are generated from the mean soil properties (BE) assuming a
coefficient of variation of 0.5, because the site is well investigated, which the NRC staff
acknowledges to have occurred during the site characterization phase. Additionally, this
approach is consistent with section 3.7.2 of NUREG-0800 and section 5.1.7 of ASCE 4-16 and,
therefore, is acceptable.

The SSI analysis was performed using LB, BE, and UB soil columns with strain-compatible
properties and the corresponding SSE earthquake motion. Major structural elements of the
FSTR were modeled with appropriate mass and stiffness properties to analyze the SSI effects
using SASSI2010, as stated in SHINE FSAR section 3.4.2.2. SHINE FSAR section 3.4.2.2
considers loads as mass equivalents for seismic analysis. This approach is consistent with NRC
guidance (i.e., section 3.7.2 of NUREG-0800) and industry standards and, therefore, is
acceptable.

The nature of miscellaneous dead weights as equivalent masses and those associated with
hydrodynamic and crane masses is further discussed in the applicant’s response to NRC

staff RAI 3.4-3 (ML21011A264), Enclosure 3 (ML21011A240). The NRC staff’'s acceptance of
the applicant’s response is detailed next. The structural model of the FSTR accounts for the
self-weight of the structure. In addition, mass equivalent of 25 percent of the floor live loads

and 75 percent of the roof design snow loads are included in the model. In addition, following
section 3.7.2 of NUREG-0800, a mass equivalent of 50 pounds per square foot floor load is
added to represent the dead load from minor equipment, etc. Floor loads and equipment loads,
as previously noted, are converted to mass and included in the model along with the self-weight
of the structure. Additionally, 100 percent of the hydrodynamic mass of the water in the 1U cells
and 100 percent of the crane mass are included in the model. The staff finds that the SSI model
of the FSTR appropriately accounts for different dead and live loads including loads from major
equipment or other major components (e.g., water in IU cells). Because the loads are consistent
with acceptance criterion 3.D of section 3.7.2 of NUREG-0800, the staff finds that the applicant
has appropriately included all different load types in the SSI model of the FSTR.

In addition, a cracked case is analyzed with BE soil profile and assumed cracked structural
components from an SSE, as stated in the applicant’s response to NRC staff RAI 3.4-9
(ML21011A264), Enclosure 3 (ML21011A240). The modulus of elasticity of the modeled
concrete elements is reduced by 50 percent of its nominal values, based on ASCE/Structural
Engineering Institute (SEI) 43-05, “Seismic Design Criteria for Structures, Systems, and
Components in Nuclear Facilities.” The NRC staff finds that the reduction of modulus is also
consistent with table 3-2, “Effective Stiffness of Reinforced Concrete Element,” of ASCE 4-16
and section 3.7.2 of NUREG-0800. Based on this discussion, the staff finds that the applicant
has followed the recommended approach for degradation of stiffness of modeled structural
components following acceptable national standards for use in the seismic analysis; hence, the
degraded modulus value is acceptable. The staff finds that the applicant’'s modeling approach
satisfies acceptance criterion 3.C of section 3.7.2 of NUREG-0800 and, therefore, is acceptable.

Damping values of concrete and steel components of the FSTR for LB, BE, and UB analyses
(uncracked cases) are given in table 2 of Regulatory Guide 1.61, Revision 1, “Damping Values
for Seismic Design of Nuclear Power Plants” (ML070260029), with the Operating Basis
Earthquake (OBE). As no cracking is expected in an OBE excitation, the corresponding
damping values excitation (4 percent for concrete and 3 percent for steel) have been used to
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analyze the uncracked LB, BE, and UB scenarios. In the cracked case, cracking of components
is assumed to occur. The cracked case uses increased values for damping (7 percent for
concrete and 4 percent for steel), consistent with those given in table 1 of RG 1.61, Revision 1,
for an SSE. Based on this discussion, the NRC staff finds that the damping values used for
uncracked scenarios are acceptable as they are from RG 1.61, Revision 1, and, therefore,
concludes that acceptance criterion 2 of section 3.7.1 of NUREG-0800 is satisfied. In addition,
the cracked case uses damping values associated with an SSE excitation contained in RG 1.61,
Revision 1. As the damping values used are consistent with RG 1.61, Revision 1 and
ASCE/SEI-43-05, the staff concludes that that appropriate structural damping values have been
used in conducting the SSI of the FSTR and, therefore, that acceptance criterion 3.C.iv of
section 3.7.2 of NUREG-0800 is satisfied as well, in addition to acceptance criterion 2 of
section 3.7.1 of NUREG-0800.

Major openings within the walls and slabs are incorporated in the SSI model. Thick shell
elements are used to model the concrete walls, slabs, and basemats. Three-dimensional beam
elements are used to model the steel structural elements, such as trusses. Thick shell elements
are used to model the interior partition walls made of concrete. Interior partition walls made of
masonry or gypsum are not explicitly modeled as they are isolated from the lateral load-resisting
system; however, their mass is accounted for in the analysis. Beam elements are used to model
the steel truss components. These modeling practices are outlined in the applicant’s response
to RAI 3.4-9. The excavated soil volume is modeled with solid elements in the SSI model to
assess the SSI effects as described in the applicant’s response to RAI 3.4-2. The vertical
dimension of the elements matches the thickness of the corresponding soil layers. The
equivalent linear strain-compatible soil properties determined at the site are assigned to these
solid elements. The maximum dimension of these elements is small enough to propagate the
highest frequency of interest in the model used in the analysis, as stated in the applicant’s
response to RAI 3.4-9. The FE model is acceptable because it was developed following
regulatory guidance (section 3.7.2 of NUREG-0800) and accepted engineering practice.

The SASSI2010 SSI analysis of the FSTR produces acceleration response in three mutually
orthogonal directions from the input motion in each direction, for example, acceleration
response in X, Y, and Z directions from input motion only in X direction, Y direction, or Z
direction. These codirectional response values were calculated at selected nodes (points)
located on different structural elements/locations of the FSTR. The selected response spectra
locations are as shown in figures 3.4-4-1 through 3.4-4-9 of the applicant’s response to NRC
staff RAI 3.4-4 (ML21011A264), Enclosure 3 (ML21011A240). Output from the SASSI 2010 SSI
analysis includes response spectra accelerations at the 75 standard frequencies

between 0.2 hertz (Hz) and 34 Hz, consistent with table 2 of Regulatory Guide 1.122,

Revision 1, “Development of Floor Design Response Spectra for Seismic Design of
Floor-Supported Equipment or Components” (ML003739367). In addition, output also includes
response spectra accelerations at 37 Hz, 40 Hz, 43 Hz, 46 Hz, and 50 Hz frequencies, as given
in SHINE FSAR section 3.4.2.4. These spectra are generated at six critical damping

ratios: 2 percent, 3 percent, 4 percent, 5 percent, 7 percent, and 10 percent, as stated in the
applicant’s response to RAI 3.4-4. The ordinate of the calculated response spectrum is at
frequencies sufficiently close to produce an accurate response spectrum following RG 1.122,
Revision 1. In addition, several high frequencies are included in developing the ISRS. These
codirectional responses are combined using the square-root of the sum of the squares method
following Regulatory Guide 1.92, Revision 3, “Combining Modal Responses and Spatial
Components in Seismic Response Analysis” (ML12220A043), and is consistent with acceptance
criterion 5.A of section 3.7.2 of NUREG-0800. Therefore, the NRC staff finds that the method
used to develop the ISRS of the FSTR is acceptable.
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As stated previously, the ISRS from the SSI analysis for each soil model is calculated at
various nodes/locations shown in figures 3.4-4-1 through 3.4-4-9 of the applicant’s response

to RAI 3.4-4, with figures 3.4-4-3 through 3.4-4-9 withheld from public disclosure as they also
contain security-related information. The combined response from the LB, BE, UB, and cracked
seismic analysis cases at each node are enveloped to develop the bounding response at that
node. The output response spectra are combined into 39 groups, given in table 3.4-4-1 of the
applicant’s response to RAI 3.4-4. Responses of nodes in each group are enveloped to
determine the bounding response spectra at these structural elements/locations. The resulting
bounding response spectra are smoothed, and the peaks of the spectra are broadened

by + 15 percent to account for approximations in the modeling techniques and uncertainties in
the parameters used in structural analysis. The resulting ISRS plots for each of the 39 groups
are shown in figures 3.4-4-10 through 3.4-4-48 of the applicant’s response to RAI 3.4-4. The
peak acceleration or ZPA for each of the 39 groups is taken from the corresponding ISRS plot at
the maximum frequency point and is given in table 3.4-4-2 of the applicant’s response to

RAI 3.4-4. As the response has been calculated on different structural components and major
facility equipment of the FSTR, the NRC staff finds that the analysis is acceptable because it
satisfies acceptance criterion 2.B of section 3.7.2 of NUREG-0800. The approach to smoothing
and broadening the spectra to account for uncertainty follows RG 1.122, Revision 1, and the
staff finds that the approach is consistent with acceptance criterion 5.C of section 3.7.2 of
NUREG-0800. Therefore, based on the above discussion, the method used to develop the
bounding ISRS is acceptable.

SHINE FSAR section 3.4.2.6, “Structural Analysis of Facility,” and section 3.4.2.6.2, “Applicable
Codes and Standards,” provide a succinct listing of applicable codes and standards used for the
structural design of the facility. SHINE FSAR section 3.4.2.6.2 states that the facility concrete
design is based on ACI 349-13, and for structural steel design on ANSI/AISC N690-12.
Regulatory Guide 1.142, Revision 2, “Safety-Related Concrete Structures for Nuclear Power
Plants (Other than Reactor Vessels and Containments”) (ML013100274), endorses ACI 349
with certain exceptions and modifications so that defense-in-depth is maintained in the design of
nuclear concrete facilities.

During its review of SHINE FSAR section 3.4.2.6.2, the NRC staff noted that there is no
information in the FSAR regarding whether the applicant considered the guidance of RG 1.142
to further enhance its ACI 349-13 based concrete design so that the defense-in-depth
philosophy included in NUREG-1537 is maintained. Concerned that such modifications and
omissions from the structural design may have resulted in an overall nonconservative structural
design, the staff issued RAI 3.4-10 (ML21309A019). The staff finds the applicant’s response to
NRC staff RAI 3.4-10 (ML21011A264), Enclosure 3 (ML21011A240), acceptable because the
design of the FSTR concrete box and its structural concrete SSCs to transient and/or abnormal
loads: (a) is in accordance with the ACI 349-13 as modified by the RG 1.142, Revision 2,
regulatory positions for successive levels of protection to act as direct or indirect barriers against
the release of radioactive material to the environment and (b) ensures that failure of a single
SSC would not impair protection of the health and safety of the public or from the uncontrolled
release of radioactive material to the environment.

SHINE FSAR section 3.4.2.6.2 also states that the FSTR structural steel design follows
ANSI/AISC N690-12. The NRC staff noted that the limited information provided in this section
was not adequate to demonstrate that the requirements of the steel design code

ANSI/AISC N690-12 are met, including those related to fire. The staff was concerned with the
potential for fires, particularly those associated with an aircraft impact, to generate elevated
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temperatures and how this could damage the safety-related structural steel used in the

FSTR SSCs and issued RAI 3.4-11 (ML21309A019). The staff's RAl and the applicant’s public
response to NRC staff RAI 3.4-11 are in ML21011A264), Enclosure 3 (ML21011A240), and are
discussed below.

The NRC staff reviewed the applicant’s response to RAI 3.4-11 and noted that SHINE clarified
that the safety-related FSTR structural steel SSCs (i.e., the mezzanine and roof trusses) are
designed in strict accordance with ANSI/AISC N690-12 to applicable loads/loading conditions.
SHINE also clarified that it used the stepwise screening approach detailed in U.S. Department
of Energy (DOE) Standard DOE-STD-3014-2006, “Accident Analysis for Aircraft Crash into
Hazardous Facilities,” to programmatically reduce the risk for facility damage and to eliminate
the need to further examine consequences of elevated temperatures due to aircraft impact
generated fires on the safety-related FSTR structural steel SSCs. The staff finds SHINE’s
design approach based on national standards and building codes to be consistent with
NUREG-1537 and, therefore, it is acceptable. Additional concerns regarding postulated aircraft
impact locations on the FSTR external envelope were resolved through RAI 3.4-19, which is
discussed below in section 3.4.4.5, “Seismic Envelope Design of External Hazards,” of

this SER.

To ensure that: (a) the consequences of elevated temperatures to FSTR structural steel would
be minimal (if any) from postulated aircraft crash fires, (b) the facility would continue to maintain
its defense-in-depth, and (c) the DOE-STD-3014-2006 limits to active fire and/or suppression
systems following such events had been considered, the NRC staff also reviewed SHINE FSAR
section 9a2.3, “Fire Protection Systems and Programs,” and the associated applicant responses
to NRC staff RAls in ML21364A055. In particular, the staff noted that the applicant’s response to
RAI 9-5 outlines facility passive design features to limit fire consequences. The staff also noted
that the facility is designed with protective systems such as 1, 2, or 3 hours of fire-resistant
barriers separating individual fire areas consistent with NUREG-1537, Part 1, section 9.3, “Fire
Protection Systems and Programs,” to prevent the uncontrolled release of radioactive material
to the environment, should a fire occur. The applicant’s response to RAIl 9-5 clarifies the basis
for the fire barrier ratings (e.g., analysis, regulatory requirements, assessments of fire area
contents, means of egress considerations, equipment separation, area considerations). The
staff notes that additional safety measures exist, such as manual firefighting capability from
nearby fire brigades including those from the adjacent airport. Based on the above, the staff
finds the applicant’s response regarding fires in RAI 3.4-11, as supplemented by the applicant’s
responses to RAIs regarding SHINE FSAR section 9a2.3.1, “Fire Protection Plan and Program,”
adequate and, therefore, acceptable for its safety determination.

For the review of SHINE FSAR section 3.4.2.6, “Structural Analysis of Facility,” consistent with
the guidance of NUREG-1537, the NRC staff also reviewed other sections of the FSAR to
determine how the effects of irradiated environments could affect the performance of structural
materials (i.e., concrete and steel) under normal and overload conditions such as those
encountered during earthquakes, aircraft impact, and blast loads. Such reviews included
discussions on neutron driver assembly system (NDAS) irradiated structural support beams in
SHINE FSAR sections 1.3.3.3 and 4a2.3 and neutron and gamma fluxes in the subcritical
assembly in SHINE FSAR section 4a2.5.3.2. The staff reviewed the structural performance of
irradiated concrete and structural steel affected by radiation exposure exceeding the threshold
limits of NUREG/CR-7171, “A Review of the Effects of Radiation on Microstructure and
Properties of Concretes Used in Nuclear Power Plants” (ML13325B077), and ACI 349.3R,
“Report on Evaluation and Repair of Existing Nuclear Safety-Related Concrete Structures,” in
these areas during facility operation and issued RAI 3.4-12 (ML21309A019).
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The NRC staff reviewed the applicant’s response to NRC staff RAI 3.4-12, Revision 1
(ML21271AQ073), Enclosure 2 (ML21271A076), and noted that the applicant’s analyses
indicated that FSTR fluence is below the threshold acceptance limits of NUREG/CR-7171 and
those of ACI 349.3R for concrete and its steel embedments, respectively. For gamma heating
on concrete, although the analyses indicated an elevated exposure below the TSV, the staff
finds its effects on concrete pool acceptable because pool light water surrounding the TSV
provides significant shielding, thereby reducing the temperature rise in the general and local
concrete areas to below the threshold values allowed in ACI 349.3R.

In its response to RAI 3.4-12, the applicant also determined, based on UB effects of fluence on
the austenitic stainless steel used in the subcritical assembly support structure (SASS), that
safety-related austenitic stainless steel SASS components in the IU cells, near the TSV and
NDAS, also exhibit adequate ductility and strength to resist anticipated transients and abnormal
loads. In addition, the NRC staff noted that stainless steel used in the design (see SHINE FSAR
sections 4a2.4.1.1 and 4a2.4.1.5) was tested for radiation and corrosion at Oak Ridge National
Laboratory. Furthermore, the staff noted that the FSAR states that the surveillance and
inspection program ensures that the integrity of the primary system pressure boundary
components (PSB) is not degraded below acceptable limits due to radiation. The staff finds the
capacity of the aforementioned components adequate to perform their intended functions
because their evaluation was based on recognized industry practices, as noted in SHINE FSAR
section 4a2.4.1.5. The staff also finds that the FSAR surveillance and inspection measures for
the effects of fluence on safety-related austenitic stainless steel SASS components are
adequate. Based on the above, staff finds the evaluation and measures taken to ensure that the
aforementioned austenitic stainless steel components perform their intended functions during
the facility operating life to be consistent with the regulatory framework and, therefore,
acceptable.

The NRC staff, in its review of SHINE FSAR section 3.4.2.6.4 noted that this section addresses
several loads including dead, live, and earthquake loads. For dead loads, the FSAR includes
concrete cover blocks for below grade tanks and trenches. The staff noted that this FSAR
section considers the concrete blocks to be live loads, which may indicate that they are not
integrated in the facility seismic design. To clarify and resolve the size and anchorage of these
blocks, whether the facility incorporates them into its design precast vaults in the RPF, what the
“minimum” live loads are, and whether the roof live loads align with those referenced in

ASCE 7-05 or International Building Code (IBC) 1607, the staff issued RAls 3.4-7 and 3.4-8.
Earthquake loads in the seismic analysis are addressed in RAI 3.4-4.

Further, in its review of SHINE FSAR section 3.4.2.6.4.6, “Crane Load,” the NRC staff noted
that crane loading was evaluated in accordance with American Society of Mechanical Engineers
(ASME) NOG-1, “Rules for Construction of Overhead and Gantry Cranes (Top Running Bridge,
Multiple Girder).” The staff also noted the limited description of how crane loads were defined
and subsequently incorporated in the crane systems designs. The staff reviewed the applicant’s
response to NRC staff RAIs 3.4-13 and 3.4-21 (ML21011A264), Enclosure 3 (ML21011A240),
and (ML21208A135), respectively) and noted the following:

(1) For crane loads and loading conditions, SHINE clarified that the IF and RPF
crane systems design loads (seismic, dead, impact, stop, lift capacities) are
conservatively calculated deterministically consistent with ASME NOG-1,
“Rules for Construction of Overhead and Gantry Cranes.” Additionally, SHINE
clarified that it used the calculated loads also for the FSTR design but ensured
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that for crane loading there was conservatism in the building design consistent
overall with ASCE 7-05 or IBC 1607 building codes and requirements.
Specifically, SHINE calculated the crane seismic loads as distributed loads
based on ISRS peak acceleration, crane mass, and full lift load. For the facility
crane runway system horizontal impactive design loads, SHINE used those
considered for a design basis earthquake, which are more conservative than
those of ASME NOG-1 and those required by the aforementioned building
codes. The NRC staff finds these approaches based on local building codes,
standards, and recognized industry practices to be consistent with
NUREG-1537 and, therefore, acceptable.

(2) For crane runway systems design, SHINE clarified that for the SSI analysis,
consistent with ASME NOG-1, it decoupled the IF and RPF crane responses
from their runways. SHINE also clarified that all building facility sections,
including walls supporting the IF and RPF cranes, are designed with a
minimum of 10 percent margin for all loading conditions and modes of failure. It
also stated that a minimum 7 percent design margin exists for any of the
designed IF and RPF crane runway systems components. SHINE then stated
that the conservatism used in the estimated deterministic loads further
increases the aforementioned two design margins. It then described how the
crane runway systems are attached to the facility external walls to help isolate
external impact or base induced shear loads. Although the cranes are not
considered to be critical or safety-related equipment, as noted in the applicant’s
RAI response (see also SHINE FSAR section 9b.7.2.3), nonetheless a failure
of their runway systems could potentially affect safety-related SSCs. The NRC
staff finds that there is reasonable assurance that such a failure would be
highly unlikely because the design of the runways has adequate margins and
follows the conservatisms of local building codes, national standards, and
recognized industry design practices consistent with NUREG-1537 and,
therefore, is acceptable.

Based on the above, the NRC staff finds the revised SHINE FSAR section 9b.7.2.1 clarifying
that the IF and RPF cranes are designed to remain in-place and on the runway girder, with or
without a load, during and after a seismic event, acceptable.

The NRC staff also reviewed SHINE FSAR section 9b.7.2 and noted that the cranes meet
ASME B30.2, “Overhead and Gantry Cranes (Top Running Bridge, Single or Multiple Girder,
Top Running Trolley Hoist),” and Crane Manufacturers Association of America, Inc. (CMAA) 70,
“Multiple Girder Cranes,” service level (class) B requirements. The staff noted that both cranes
serve the RCA of the FSTR and are used to move or manipulate radioactive material within the
RCA. The staff also noted that CMAA-70 Class B cranes are limited to light service
requirements (e.g., repair shops, light assembly operations, light warehousing) and limited in
height of lifts. In addition, the staff noted that the RPF crane is a 15-ton ASME NOG-1 Type I,
double girder bridge style crane with no single failure-proof features to support its lift during a
seismic event. However, there was a limited discussion on the effects of radiation and usage of
cranes and crane systems during the operating life of the facility. Therefore, the staff issued
RAI 3.4-14 (ML21309A019) regarding the potential detrimental effects of radiation on each
crane’s structure and increased usage that could affect crane performance, such as dropped
lifts on safety-related SSCs and potentially challenge the facility’s defense-in-depth and the
radiological release limits of 10 CFR Part 20 during facility operating life.
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In its response to NRC staff RAI 3.4-14 (ML21011A264), Enclosure 3 (ML21011A240), SHINE
clarified that the crane purchase specifications included environmental conditions in their design
criteria that account for radiation exposure to 30 years. SHINE also stated that the IF and RPF
cranes are constructed consistent with ASME NOG-1 Type | and Type Il design requirements
for seismic loads, fracture toughness, and radiation hardening, as applicable. SHINE further
clarified that load cycle limits are those of CMAA 70-2004 and inspection, testing, and
maintenance are in accordance with ASME B30.2 and/or ANSI N14.6-1993, “Radioactive
Materials - Special Lifting Devices for Shipping Containers Weighing 10000 Pounds (4500 kg)
or More,” as applicable. The NRC staff finds the applicant’s approach for the design of cranes
with respect to radiation resistance and usage to be in accordance with national codes and
standards consistent with NUREG-1537 and, therefore, it is acceptable.

In its review of SHINE FSAR section 3.4.2.6.4.8, “Fluid Load,” the NRC staff noted the existence
and application of hydro loads to critical equipment. Additional details for this fluid loading
condition are in SHINE FSAR chapter 4, which details the fluid-structure interaction of water
with submerged or semi-submerged equipment containing uranyl sulfate solution within the light
water pool during seismic/abnormal loading events. SHINE FSAR chapter 3 references

ASCE 4-98, “Seismic Analysis of Safety-Related Nuclear Structures and Commentary,” which
provides guidance for hydrostatic and hydrodynamic analysis of equipment or structures loaded
with hydrostatic and hydrodynamic pressures/forces, assessments of fluid-structure interaction,
and the stability of structures in a fluid (water) basin. Although the applicant referenced this
standard, it is not clear to what extent the standard was used for the water (fluid), pool (basin),
and equipment interactions, and whether the analyses were extended to include comingling of
uranyl sulfate solution into the pool in the event of a breach of the TSV tank containing this
solution. Material Data Sheets indicate that uranyl sulfate in its solid form has a specific gravity
considerably higher than that of water. Consistent with these data, in this case the calculated
hydrodynamic loads and stability analyses would differ from a hydrodynamic analysis using
solely water as a fluid load.

To clarify what methodology was used to derive the hydrodynamic loads and their effects on
submerged equipment/structures/pool and to identify the echelons of defense considered
against the release of uranyl sulfate solution into the pool and the subsequent consequences if
such a release were to occur, the NRC staff determined the need for additional information and
issued RAI 3.4-15 (ML21309A019).

The NRC staff reviewed the applicant’s response to NRC staff RAI 3.4-15 (ML21011A264),
Enclosure 3 (ML21011A240), and noted that SHINE evaluated the IU structure and its light
water pool submerged or semi-submerged safety-related equipment to hydrodynamic loads
composed of sloshing forces and those attributed to added masses during seismic excitation
consistent with applicable national standards (i.e., ASCE 4-98, TID-7024, “Nuclear Reactors
and Earthquakes,” ACI 350.3-06, “Seismic Design of Liquid-Containing Concrete Structures
and Commentary,” and ANSI/AISC N690-12). In its response, SHINE also clarified the
defense-in-depth echelons against the release of uranyl sulfate target solution and associated
fission material, including the TSV and the light-water pool as barriers, which are part of the
PSB. SHINE further clarified that it did not consider the release of uranyl sulfate solution into the
pool to be a postulated event, nonetheless it designed the PSB to withstand seismic/abnormal
loadings. Furthermore, SHINE observed that a potential leakage into the pool would
insignificantly increase the density of the large body of water in the pool and the associated
hydrodynamic loads and their effects on submerged/semi-submerged equipment during a
seismic event. The staff finds the applicant’s response to the RAI to be acceptable for the
following reasons: (a) the calculation of the hydrodynamic forces was done in accordance with
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national standards, codes, and recognized industry practice, (b) the PSB was designed to resist
transient and abnormal loads and with a defense-in-depth philosophy to contain the release of
radioactive material, and (c) the calculated increase in the hydrodynamic forces resulting from
an increased water density due to uranyl sulfate solution released into the light water pool was
insignificant. The staff also finds the revision to SHINE FSAR sections 3.4.2.6.4.8 and 4a2.2.5
regarding hydrodynamic loading and its effects on the SASS acceptable as the methodologies
considered in the analyses are in accordance with national standards, codes, and recognized
industry practices consistent with NUREG-1537.

3.4.4.3 Seismic Classification and Qualification

SHINE FSAR section 3.4.3, “Seismic Classification and Qualification,” identifies categories of
SSCs and presents the seismic qualification of the SHINE facility’s systems and equipment. It
includes the definition of category | and category Il SSCs and details of the methodologies used
for their seismic qualification. The NRC staff reviewed the methodologies that the applicant used
for seismic qualification of equipment/components achieved with analytical methods (including
static analysis, simplified dynamic analysis, or detailed dynamic analysis), testing (e.g., material
qualification testing), or a combination of the analytical and testing methods and found them
acceptable. These are discussed in section 3.4.4 of this SER.

3.4.4.4 Seismic Instrumentation

SHINE FSAR section 3.4.4, “Seismic Instrumentation,” summarizes the seismic instrumentation
at the facility. The NRC staff reviewed the summary and noted that SHINE has in place
non-safety-related seismic instrumentation to assess the effects of accelerations experienced at
the facility following a seismic event so that the facility and its safety-related SSCs continue to
operate safely. The measurement of seismic acceleration at the facility using non-safety-related
instrumentation is reasonable and acceptable because the NRC’s regulations do not require
seismic instrumentation for this facility.

3.4.4.5  Seismic Envelope Design of External Hazards

SHINE FSAR section 3.4.5, “Seismic Envelope Design for External Hazards,” provides input for
an aircraft impact analysis, which is necessary because the SHINE facility is located near the
SWRA. It also discusses external facility explosions. SHINE FSAR section 3.4.5.1, “Aircraft
Impact Analysis,” outlines the effects of global and local small aircraft crashes (impact loadings)
on the facility from the nearby SWRA. It states that the Challenger 605 was selected as a
“design basis aircraft” for global impact response analysis based on airport operations data. It
also states that the analysis used the energy balance method of DOE-STD-3014-2006 while
taking into consideration the ductility limits of ACI 349-13 and ANSI/AISC N690-12 for reinforced
concrete and steel truss elements, respectively. For local impacts, it states that the Hawker and
the Challenger 605 were the two aircraft considered as design basis aircrafts. SHINE FSAR
section 3.4.5.1 then references DOE-STD-3014-2006, which provides guidance for functional
assessments, screening, and evaluating global, local, and vibration damage to the FSTR and its
SSCs. The NRC staff notes that the applicant’s statement in SHINE FSAR section 1.2.2,
claiming design robustness of the building structure, stems from a postulated aircraft impact
analysis based on criteria and guidance of DOE-STD-3014-2006.

In evaluating SHINE FSAR section 3.4.5.1, the NRC staff sought clarifications through its

RAls 3.4-16 (ML21309A019) and 3.4-20 (ML21173A012) on how the two aircrafts were
selected, what was the perceived mode of impact, and how potential global and local impact
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loads, damage estimates, and resulting consequences on the FSTR and its SSCs were
assessed.

The NRC staff reviewed SHINE’s responses to NRC staff RAls 3.4-16 and 3.4-20
((ML21011A264), Enclosure 3 (ML21011A240), and (ML21208A135), respectively) and noted
that the selected aircraft for local and global impact analysis was the Challenger 605 aircraft
based on SWRA operations data and because it had the heaviest engines of all aircraft
frequenting the airport. The staff also noted that SHINE’s analyses used national standards and
codes to assess the effects of postulated impacts (e.g., DOE-STD-3014-2006 and ACI 349-13,
appendix F) on the design of the entire exterior envelope of the FSTR as well as on several of
its interior walls that act as barriers to exterior wall openings. Regarding potential skidding of the
aircraft on the roof, SHINE stated that while this was not explicitly accounted for in the impact
analysis, the seismic qualification of the roof slab bounds the skidding aircraft impact scenario.
The staff finds SHINE’s approach for the aircraft selection based on airport historical data and
the analysis performed that conservatively addresses the entire external facility envelope and
internal walls for local and global impacts based on national standards and codes adequate and
consistent with the guidance of NUREG-1537 and, therefore, acceptable. The staff accordingly
finds the revision to SHINE FSAR section 3.4.5.1 clarifying that the FSTR seismic loading
bounds any aircraft impact scenario that produces lateral forces acceptable.

Aside from aircraft impacts on the external facility envelope, the NRC staff also examined
potential effects of such impacts on safety-related SSCs attached to the facility envelope. The
staff followed-up on the applicant’s response to RAI 3.4-11, which stated that there was no
safety-related equipment supported from the building in the vicinity of postulated impacts and
that the risk to damage and resulting consequences were “deemed small and the results are
documented.” To better assess SHINE's response, the staff issued RAI 3.4-19 requesting that
the applicant provide additional clarifications on the analysis methodology used to evaluate the
structural behavior at critical areas of the impacted structure and on the overall robustness and
structural integrity of the facility based on the structural response at postulated impact locations.

In its response to NRC staff RAI 3.4-19 (ML21208A135), SHINE clarified that the only
components attached to facility exterior walls are the crane runways, with the cranes classified
as non-safety-related SSCs. SHINE also clarified that the impact analysis methodology used to
evaluate the response of the facility structure is in accordance with DOE-STD-3014-2006 with
critical facility areas (e.g., exterior and labyrinth walls, missile barriers, roof, wall corners, etc.) of
impacted concrete sections designed to ACI 349-13. The NRC staff finds the applicant’s
response acceptable because it reaffirmed that there is no safety-related equipment on the
facility envelope and that the methodology used to assess the response, robustness, and
structural integrity of the facility due to aircraft impacts is based on national standards, building
codes, and recognized industry practices consistent with the guidance of NUREG-1537. The
NRC staff also finds SHINE’s revision to SHINE FSAR section 3.4.5.1 acceptable because it
clarifies the reason why punching shear damage was not considered in the analysis.

SHINE FSAR section 3.4.5.2, “Explosion Hazards,” discusses external explosions/blast effects
on the FSTR and references SHINE FSAR section 2.2.3 for details on the source and derivation
of blast overpressures, including the regulatory guidance and software used for the hazards
evaluation. The NRC staff had questions concerning the validity of software and uncertainties in
the methodologies used for the design of the FSTR with respect to blast effects, and whether
the external nitrogen tank in the proximity to the FSTR was designed to code for potential
accidental explosions and, therefore, issued RAI 3.4-17.
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The NRC staff reviewed the applicant’s response to NRC staff RAI 3.4-17 (ML21029A101),
Enclosure 1, (ML21029A103), and noted that SHINE followed the methodology described in
Regulatory Guide 1.91, Revision 2, “Evaluations of Explosions Postulated to Occur at Nearby
Facilities and on Transportation Routes Near Nuclear Power Plants” (ML12170A980), to
determine that potential explosions would not have adverse effects on facility operations or
prevent a safe shutdown of the facility. SHINE also clarified that potential explosive materials
are located at a safe distance from the FSTR and that those that are located closer have an
explosion incident rate of 1E-6 per year. SHINE further stated that the externally located liquid
nitrogen tanks are designed in accordance with the ASME Boiler and Pressure Vessel Code,
Section VIII, Division 1 to prevent their accidental explosion and fragmentation. The staff finds
that these approaches based on the guidance in RG 1.91, Revision 2, and national codes are
consistent with NUREG-1537 and, therefore, acceptable.

3.4.4.6 Seismic and External Hazards Damage Evaluation Summary

Based on its review, the NRC staff finds that the applicant used acceptable methods to perform
the SSI analyses, assess transient and abnormal loads, and evaluate conditions and external
hazards that could challenge the defense-in-depth of the facility and its SSCs. Based on its
review, the staff determined that the level of detail provided in the SHINE FSAR, as
supplemented, regarding damage due to earthquakes, abnormal loads, and internal/external
hazards is adequate and supports the final design and satisfies the applicable acceptance
criteria of section 3.4 of NUREG-1537, Part 2. The staff concludes that the applicant’s design
criteria and designs would protect against potential seismic or abnormal loads damages and
provide reasonable assurance that SSCs would continue to perform their required safety
functions, would not cause unsafe facility operation, would not prevent safe shutdown of the
facility, and would not cause or allow the uncontrolled release of radioactive material. Therefore,
the staff finds that the SHINE facility design is adequate to cope with postulated seismic or
external hazards damages and meets the applicable regulatory requirements and guidance and
acceptance criteria for the issuance of an operating license.

3.4.5 Systems and Components

The NRC staff evaluated the sufficiency of the SHINE facility design features for systems and
components, as presented in SHINE FSAR section 3.5, using the guidance and acceptance
criteria from section 3.5, “Systems and Components,” of NUREG-1537, Parts 1 and 2, and
section 3.5, “Systems and Components,” of the ISG augmenting NUREG-1537, Parts 1 and 2.

SHINE FSAR section 3.5 summarizes the design philosophy that SHINE applied to the facility
design. The SHINE design philosophy includes defense-in-depth practices, use of engineering
controls over administrative controls, physical separation and electrical isolation of safety
systems, and system redundancy. The NRC staff considered these design philosophies in its
evaluation of the SSCs described in the SHINE FSAR in the corresponding sections of

this SER.

3.4.6 Nitrogen Purge System Structure

SHINE FSAR section 3.6 discusses the N2PS structure. It addresses design considerations to
avert potential damages due to meteorological, water (flooding), and seismic events.
Meteorological and water (flooding) related design considerations are addressed in

sections 3.4.2 and 3.4.3 of this SER. Design considerations for seismic damage are discussed
below.
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The N2PS structure contains a portion of the N2PS system, which is a high-pressure nitrogen
gas system. In its response to NRC staff RAI 3.2-1 (ML21029A101), Enclosure 1
(ML21029A103), SHINE explained that the seismic analysis is based on the equivalent static
load method and uses the seismic analysis of the FSTR. The seismic loads are calculated using
the FSTR grade level in-structure-response spectra with an amplification factor of 1.5.

The NRC staff reviewed the information provided in SHINE FSAR section 3.6.3 related to
seismic damage of the N2PS structure and finds it acceptable because the equivalent static
load method with an amplification factor of 1.5 provides a conservative seismic response and
accounts for possible SSI effects between the FSTR and the N2PS structure. SHINE FSAR
section 9b.6.2.3 describes that the N2PS structure, and the associated supports, are designed
to withstand Seismic Class | seismic events. Therefore, the staff finds that the N2PS structure
and pipe and high-pressure tube supports are seismically qualified.

3.5 Review Findings

The NRC staff reviewed the descriptions and discussions of the SHINE design of SSCs, as
described in chapter 3 of the SHINE FSAR, as supplemented, against the applicable regulatory
requirements and using appropriate regulatory guidance and acceptance criteria.

Based on its review of the information in the SHINE FSAR and independent confirmatory
review, as appropriate, the NRC staff determined that:

(1) The SHINE facility adequately protects against potential meteorological, water,
and seismic or external hazards damages.

(2) The SHINE facility provides reasonable assurance that its SSCs would
continue to perform their required safety functions, would not cause unsafe
facility operation, and would not prevent safe shutdown of the facility.

(3) The SHINE facility provides adequate levels for defense-in-depth against
uncontrolled release of radioactive material to the environment.

(4) The issuance of an operating license for the SHINE facility would not be
inimical to the common defense and security or to the health and safety of
the public.

Based on the above determinations, the NRC staff finds that the descriptions and discussions of

the SHINE design of SSCs are sufficient and meet the applicable regulatory requirements and
guidance and acceptance criteria for the issuance of an operating license.
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4.0 IRRADIATION UNITS AND RADIOISOTOPE PRODUCTION
FACILITY DESCRIPTION

The facility description addresses the principal features, operating characteristics, and
parameters of the SHINE Medical Technologies, LLC (SHINE, the applicant) facility irradiation
units (IUs) (which constitute the irradiation facility (IF)) and radioisotope production facility
(RPF). An U is an accelerator-driven subcritical operating assembly that operates with a
significant subcritical neutron multiplication factor (M) and is used for the irradiation of an
aqueous uranyl sulfate target solution, resulting in the production of molybdenum-99 (Mo-99)
and other fission products. The primary function of the RPF is to extract, purify, package, and
ship radioisotopes, including Mo-99.

This chapter of the SHINE operating license application safety evaluation report (SER)
describes the review and evaluation by the U.S. Nuclear Regulatory Commission (NRC, the
Commission) staff of the final design of the SHINE |Us and RPF as presented in chapter 4,
“Irradiation Unit and Radioisotope Production Facility Description,” of the SHINE final safety
analysis report (FSAR) and supplemented by the applicant’s responses to staff requests for
additional information (RAIS).

4a Irradiation Facility Description

Section 4a, “Irradiation Facility Description,” of this SER provides an evaluation of the final
design of SHINE’s IUs as presented in SHINE FSAR section 4a2, “Irradiation Facility
Description.”

The facility description addresses the principal features, operating characteristics, and

parameters of the IF. The primary function of the IUs and, consequently, the IF is to irradiate the
target solution to produce Mo-99.

4a.1 Areas of Review

The NRC staff reviewed SHINE FSAR section 4a2 against applicable regulatory requirements,
using appropriate regulatory guidance and acceptance criteria, to assess the sufficiency of the
final design and performance of the SHINE IUs. As part of this review, the staff evaluated
descriptions and discussions of the SHINE IF, with special attention to principal safety
considerations that were factored into the design and operation of the IUs and the IF. The final
design bases of the SHINE IUs and IF were evaluated to ensure that the design bases and
functions of the structures, systems, and components (SSCs) are presented in sufficient detail
to allow a clear understanding of the facility and to ensure that the facility can be operated for its
intended purpose and within regulatory limits for ensuring the health and safety of the workers
and the public. Drawings and diagrams were evaluated to determine if they present a clear and
general understanding of the physical facility features and of the processes involved.

Areas of review for this section include the subcritical assemblies, neutron driver assemblies,

target solution vessel (TSV) and light water pool, the IF biological shield, nuclear design,
thermal-hydraulic design, and gas management system.
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4a.2 Summary of Application

The SHINE FSAR includes information that describes the facility, presents the design bases
and the limits on its operation, and presents a safety analysis of the SSCs of the facility. The
SHINE IF includes eight IUs and their supporting systems.

An [U is an accelerator-driven subcritical operating assembly used for the irradiation of an
aqueous uranyl sulfate target solution, resulting in the production of Mo-99 and other fission
products. The accelerator neutron source uses deuterium-tritium fusion reactions in the
accelerator target chamber to produce high energy neutrons. The neutrons are multiplied in the
natural uranium neutron multiplier and the uranyl sulphate target solution to significantly
increase the number of neutrons produced in the TSV compared to the initial deuterium-tritium
neutron source. The resultant fission reactions in the target solution create, among others, the
fission product Mo-99.

4a.3 Requlatory Requirements and Guidance and Acceptance Criteria

The NRC staff reviewed SHINE FSAR chapter 4 against the applicable regulatory requirements,
using appropriate regulatory guidance and acceptance criteria, to assess the sufficiency of the
bases and the information provided by SHINE for the issuance of an operating license.

4a.3.1  Applicable Regulatory Requirements
The applicable regulatory requirements for the evaluation of the SHINE IF are as follows:

° Title 10 of the Code of Federal Regulations (10 CFR) 50.34, “Contents of
applications; technical information,” paragraph (b), “Final safety analysis
report.”

) 10 CFR 50.36, “Technical specifications.”

o 10 CFR 50.40, “Common standards.”

. 10 CFR 50.57, “Issuance of operating license.”

. 10 CFR Part 20, “Standards for Protection Against Radiation.”
4a.3.2 Applicable Regulatory Guidance and Acceptance Criteria

In determining the regulatory guidance and acceptance criteria to apply, the NRC staff used its
technical judgment, as the available guidance and acceptance criteria were typically developed
for nuclear reactors. Given the similarities between the SHINE facility and non-power research
reactors, the staff determined to use the following regulatory guidance and acceptance criteria:

. NUREG-1537, Part 1, “Guidelines for Preparing and Reviewing Applications for
the Licensing of Non-Power Reactors, Format and Content,” issued
February 1996.

° NUREG-1537, Part 2, “Guidelines for Preparing and Reviewing Applications for
the Licensing of Non-Power Reactors, Standard Review Plan and Acceptance
Criteria,” issued February 1996.



) “Final Interim Staff Guidance Augmenting NUREG-1537, Part 1, ‘Guidelines for
Preparing and Reviewing Applications for the Licensing of Non-Power
Reactors: Format and Content,’ for Licensing Radioisotope Production
Facilities and Aqueous Homogeneous Reactors,” dated October 17, 2012.

. “Final Interim Staff Guidance Augmenting NUREG-1537, Part 2, ‘Guidelines for
Preparing and Reviewing Applications for the Licensing of Non-Power
Reactors: Standard Review Plan and Acceptance Criteria,’ for Licensing
Radioisotope Production Facilities and Aqueous Homogeneous Reactors,”
dated October 17, 2012.

As stated in the interim staff guidance (ISG) augmenting NUREG-1537, the NRC staff
determined that certain guidance originally developed for heterogeneous non-power research
and test reactors is applicable to aqueous homogenous facilities and production facilities.
SHINE used this guidance to inform the design of its facility and to prepare its FSAR. The staff's
use of reactor-based guidance in its evaluation of the SHINE FSAR is consistent with the ISG
augmenting NUREG-1537.

As appropriate, the NRC staff used additional guidance (e.g., NRC regulatory guides, Institute of
Electrical and Electronics Engineers (IEEE) standards, American National Standards
Institute/American Nuclear Society (ANSI/ANS) standards, etc.) in the review of the SHINE
FSAR. The additional guidance was used based on the technical judgment of the reviewer, as
well as references in NUREG-1537, Parts 1 and 2; the ISG augmenting NUREG-1537,

Parts 1 and 2; and the SHINE FSAR. Additional guidance documents used to evaluate the
SHINE FSAR are provided as references in appendix B, “References,” of this SER.

4a.4 Review Procedures, Technical Evaluation, and Evaluation Findings

The NRC staff performed a review of the technical information presented in SHINE FSAR
section 4a2, as supplemented, to assess the sufficiency of the final design and performance of
the SHINE IF for the issuance of an operating license. The sufficiency of the final design and
performance is determined by ensuring that they meet applicable regulatory requirements,
guidance, and acceptance criteria, as discussed in section 4a.3, “Regulatory Requirements and
Guidance and Acceptance Criteria,” of this SER. The findings of the staff review are described
in section 4a.5, “Review Findings,” of this SER.

The SHINE IF consists of up to 8 IUs that irradiate a uranyl sulfate target solution with the goal
of producing Mo-99. The target solution uses low-enriched uranium (LEU) with a target
enrichment of 19.75 percent. The irradiation of the target solution is driven by a neutron source
produced from deuterium-tritium fusion reactions. The deuterium-tritium fusion reactions are
driven by an accelerator and the source neutrons pass through a natural uranium multiplier
before entering the TSV, which holds target solution in which neutrons are further multiplied.
The steady-state maximum fission power level of each IU is 125 kilowatts (kW). Each IU is
cooled by a forced convection cooling system during normal operation. After the target solution
is irradiated in the TSV in the U, the solution is transferred to the RPF for the extraction from it
of radioisotopes, including the fission product Mo-99.



4a.41  Summary Description

The NRC staff evaluated the sufficiency of the summary description of the IU, as presented in
SHINE FSAR section 4a2.1, “Summary Description,” using the guidance and acceptance
criteria from section 4a2.1, “Summary Description,” of the ISG augmenting NUREG-1537,
Parts 1 and 2.

The application states that each IU consists of a light water pool which contains the subcritical
assembly system (SCAS), the neutron driver assembly system (NDAS), the neutron flux
detection system (NFDS), and the TSV dump tank. These are surrounded by a concrete
biological shield. The systems supporting the IUs are the tritium purification system (TPS), the
TSV off-gas system (TOGS), and the primary closed loop cooling system (PCLS). The
atmosphere of the IlUs and the TOGS is part of the Radiation Ventilation Zone 1 (RVZ1) exhaust
subsystem (RVZ1e). Each IU has five modes of operation. These modes of operation are:

. Mode 0 Solution Removed: No target solution in the SCAS
o Mode 1 Startup: Filling the TSV using a 1/M startup methodology

. Mode 2 Irradiation: Activating the neutron driver and irradiating the target
solution

o Mode 3 Post-Irradiation (Shutdown): Target solution is drained to the TSV
dump tank

. Mode 4 Transfer to RPF: Target solution is transferred from the TSV dump
tank to the RPF

The IU system is designed to be subcritical for all modes of operation. The modes of operation
are described in detail in SHINE FSAR section 4a2.6.1, “Normal Operating Conditions,” and the
operational state of key components in the different modes is shown in proposed technical
specification (TS) table 1.3, “IU Modes of Operation.”

SHINE IUs are similar in size and power to some research and test reactors, but they are
subcritical and have features and systems that are different than those found in solid fuel
reactors. Although subcritical, SHINE |Us have some features in common with a class of
reactors called aqueous homogeneous reactors (AHRs) (Oak Ridge National Laboratory
(ORNL), “Fluid Fuel Reactors, Part 1, Aqueous Homogeneous Reactors”). AHRs are critical
systems, but they operate at power densities similar to those at which SHINE IUs will operate.
Although there are currently no AHRs operating in the United States, there is previous AHR
operating experience, including the use of uranyl sulfate as fuel. There has been significant
interest in using AHRs for Mo-99 production (International Atomic Energy Agency (IAEA)-
TECDOC-1601, “Homogeneous Aqueous Solution Nuclear Reactors for the Production of
Mo-99 and Other Short Lived Radioisotopes”). There are several AHRs in operation outside of
the United States that are mostly used for criticality studies. The one most similar to a SHINE U
is the ARGUS AHR (Los Alamos National Laboratory (LANL)-UR-18-29657, “The ARGUS
Solution Reactor and Molybdenum Production: A Summary Report Based on Open Literature)
at the Kurchatov Institute in Russia. The ARGUS AHR has been operating since 1981. It
originally used high enriched uranium uranyl sulfate fuel but was converted to LEU uranyl
sulfate fuel in 2014. It has a heat exchanger in the aqueous fuel and an off-gas handling system



that has a recombiner and a condenser to return water back to the fuel solution, which is similar
to the SHINE system.

Based on the information provided in SHINE FSAR section 4a2.1, the NRC staff finds that the
summary description of the facility and processes of the SHINE IF meets the acceptance criteria
of the ISG augmenting NUREG-1537, Part 2 for the issuance of an operating license.

4a.4.2  Subcritical Assembly

The primary components that make up the SCAS are the TSV, the TSV dump tank, and the
neutron multiplier, which are both supported and positioned by the subcritical assembly support
structure (SASS). The SCAS is submerged in a light water pool (SHINE FSAR section 4a2.4.2)
and located directed beneath the NDAS (SHINE FSAR section 4a2.3). The SCAS and the
NDAS are the primary components of the IU. The TSV contains the LEU uranyl sulfate target
solution in a high source multiplication configuration.

4a.4.2.1 Target Solution

The NRC staff evaluated the sufficiency of the SHINE target solution, as presented in SHINE
FSAR section 4a2.2.1, “Target Solution,” using the guidance and acceptance criteria from
section 4a2.2.1, “Reactor Fuel,” of the ISG augmenting NUREG-1537, Parts 1 and 2. The staff
notes that, while the target solution is not considered reactor fuel, it is similar in nature and
behavior to the liquid fuel loading of an AHR and, therefore, the guidance in the ISG augmenting
NUREG-1537 can appropriately be applied to its review.

The applicant stated that the SHINE target solution is a uranyl sulfate solution with an
enrichment of 19.75 +/- 0.2 percent, which is also stated in proposed TS design feature

(DF) 4.3.1. The uranium concentration has been estimated using SHINE’s neutronics models of
the system. The convention for uranium concentration as specified in the SHINE FSAR is grams
of uranium per liter of target solution. Fuel solution of this composition has been used in a
number of different research programs, as cited in SHINE FSAR section 4a2.2.1.13. Based on
these analyses, the chemical and physical characteristics of the target solution constituents are
compatible with one another. Each irradiation cycle has a duration of 5.5 days, with some
makeup solution expected to be added to counter process losses. SHINE FSAR

section 4a2.6.2 states that no precipitation is anticipated and that maximum burn-up is expected
to be a low fraction of the initial uranium concentration. The final SHINE target solution
operating parameter range will be determined during startup testing. This will be guided by
historical operating data from the operation of uranyl sulfate solution reactor systems. The
maximum uranium concentration is specified in proposed TS limiting condition for operation
(LCO) 3.8.2.

SHINE FSAR section 4a2.2.1.4 states that the primary system boundary (PSB) components
were designed to be compatible with the target solution to avoid corrosion and other unwanted
metallurgical effects that could compromise the PSB integrity.

SHINE FSAR section 4a2.2.1.6 states that mixing in the TSV takes place by natural convection.
The highest heat generation will occur near the center of the solution, and the surfaces adjacent
to cooling flow will be the coolest. Thus, there will be an upward flow through the center of the
TSV and a downward flow near the cooled surfaces. Non-uniformities, such as non-uniform void
distribution, non-uniform temperatures, and non-uniform power distribution, are not expected to
impact operational limits.



SHINE FSAR section 4a2.8, “Gas Management System,” states that off-gas formation is
handled by the TOGS. Calculations indicate that plutonium and poison buildup, along with
changes in pH, will not have a significant impact on the operation of the IUs. The target solution
will also be processed through the molybdenum extraction and purification system (MEPS) after
each irradiation cycle. After the extraction of the molybdenum, the target solution will be sent to
a holding tank where measurements will determine whether the solution is within target
parameters. If the solution’s parameters are outside of the acceptable range, then it is adjusted
to bring the parameters back within the acceptable range.

The ISG augmenting NUREG-1537, Part 2, section 4a2.2.1, “Reactor Fuel,” Acceptance
Criteria, states, in part, that the “design bases for the fuel should be clearly presented, and the
design considerations and functional description should ensure that fuel conforms to the bases.”
The NRC staff finds that SHINE FSAR section 4a2.2 illustrates a high-level functional
description of each of the components of the target solution system, along with the underlying
design basis of each component such that the solution-barrier integrity is maintained.
Additionally, all described DFs of the target solution system were supported with appropriate
tables, figures, references, and experimental programs.

The ISG augmenting NUREG-1537, Part 2, section 4a2.2.1 states, in part, that a description of
the fuel (and solvent) should be given with respect to its chemical and physical properties, along
with the relationship of the fuel solution to the environment and fuel barrier. It also states that
the phenomena capable of changing the fuel operating composition and structural damage,
along with the operating physical forces, should also be described with respect to the integrity of
the fuel barrier. SHINE FSAR section 4a2.2.1 describes the physical and chemical
characteristics of the target solution (chemistry, uranium loading and enrichment, and radiolytic
gas formation) in each of its sub-sections, including the solution’s relationship to the primary
barrier. Additional details about the control of the uranium concentration, pH, and the catalyst
with regards to precipitation of uranium peroxide was provided by letter dated July 30, 2020
(Agencywide Documents Access and Management System Accession No. ML20220A339),
Enclosure 2 (ML20220A341). The NRC staff finds that the SHINE FSAR adequately describes
the target solution composition components and addresses the pH of the solution and the
bounds of pressure, temperature, uranium concentration, catalyst concentration, and power
density that are being applied to the solution.

The ISG augmenting NUREG-1537, Part 2, section 4a2.2.1 also notes that the potential for
fission product precipitation should be addressed. SHINE FSAR section 4a2.2.1.6 and

table 4a2.2-1 describe the operating limits and catalysts in the target solution that were defined
to prevent fission product precipitation at nominal conditions.

The ISG augmenting NUREG-1537, Part 2, section 4a2.2.1 also states that a description of
radiolytic gas generation and the management of these gases should be given. This issue is
described in SHINE FSAR section 4a2.2.1.5, which discusses radiolysis rates for uranyl

sulfate systems during fission. By letter dated June 17, 2020 (ML20188A300), Enclosure 2
(ML20188A302), SHINE provided additional details about radiolysis gas formation and how it is
calculated.

The SHINE FSAR addresses each of the nominal phenomena that are expected to impact the
changes in target solution composition (burnup and radiolytic gas formation), including target
solution makeup addition and fission product precipitation, along with the implications to
reactivity control of the system due to these system changes. The applicant also described
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design information, operational details, setpoints, and means for accomplishing surveillances of
the system, to form the basis for TSs.

The NRC staff performed an evaluation of the SHINE target solution relative to the acceptance
criteria in the ISG augmenting NUREG-1537, Part 2. The staff found that the target solution
design information is sufficiently supported in the SHINE FSAR with adequate functional
descriptions, tables, text, and referenced reports. The design limits of the target solution are
clearly described such that the safety related implications of these limits, and their relationship
to the rest of the facility is also described. The presented design information is described at the
level of detail such that it would form the basis for TSs and an operational means to monitor the
facility and ensure its safe operation. The staff finds that the target solution design and its
interface with the pressure boundary offers reasonable assurance that the health and safety of
the public is protected during operation. Therefore, the staff concludes that the target solution
design basis meets the applicable regulatory requirements and guidance for the issuance of an
operating license.

4a.4.2.2 Reactivity Control Mechanisms

The NRC staff evaluated the sufficiency of the SHINE reactivity control mechanisms, as
presented in SHINE FSAR section 4a2.2.2, “Reactivity Control Mechanisms,” using the
guidance and acceptance criteria from section 4a2.2.2, “Control Rods,” of the ISG augmenting
NUREG-1537, Parts 1 and 2. The staff notes that while the application does not propose to use
control rods, the basis and underlying principles of the guidance in the ISG augmenting
NUREG-1537 can still be applied to the SHINE reactivity control mechanisms.

The applicant stated that the IUs are not intended to achieve criticality during normal operation
and so no control rods are included in the SHINE design. Reactivity is primarily determined by
six variables: uranium concentration in the target solution, uranium enrichment, TSV fill volume,
neutron driver source strength, target solution headspace pressure, and temperature of the
PCLS. During operation, the last four variables can be manipulated to control reactivity, while
the others are not significantly altered during operation. The systems used to monitor reactivity
are described in detail in SHINE FSAR chapter 7.

SHINE FSAR section 4a2.2.2 states that the variables that influence reactivity are set by the
design and are controlled during operation of the facility. Instrumentation is used to confirm that
the neutron flux levels don’t exceed trip setpoints during Mode 1. The target solution uranium
concentration, uranium enrichment, and TSV fill volume do not change significantly during
irradiation (Mode 2). The target solution concentration is established during solution preparation.
The vacuum lift tank transfer system is used to transfer the prepared target solution from the
target solution hold tank to the TSV during the 1/M experiment fill procedure that establishes the
TSV fill volume. The other variables that influence reactivity are controlled during irradiation. For
the TOGS, the gas space pressure above the target solution operates at a value less than the
pressure of the atmosphere outside the TOGS. The condensate return lines return water to the
target solution to reduce uranium concentration changes due to off-gas formation. The design of
the TOGS limits the maximum amount of water holdup in the TOGS. For the PCLS system, the
temperature of the cooling water is monitored by the TSV reactivity protection system (TRPS)
and the target solution is drained to the TSV dump tank if the PCLS temperature limits are
exceeded. The reflector temperatures are kept stable by the large thermal mass of the light
water pool.



When an abnormal condition arises that requires the IU to be shut down (e.g., loss of power,
high flux, high hydrogen concentration), the control system of the neutron driver assembly will
shut down the accelerator and terminate the reaction, and the target solution is drained into a
criticality-safe geometry TSV dump tank.

Based on the information provided in the SHINE FSAR, the NRC staff finds that the means for
reactivity control are adequately described in the FSAR and meet the applicable acceptance
criteria of the ISG augmenting NUREG-1537, Part 2 for the issuance of an operating license.

4a.4.2.3 Neutron Moderator and Reflector

The NRC staff evaluated the sufficiency of the solid neutron moderators and reflectors, as
presented in SHINE FSAR section 4a2.2.3, “Neutron Moderator and Reflector,” using the
guidance and acceptance criteria from section 4a2.2.3, “Solid Neutron Moderator and Neutron
Reflector,” of the ISG augmenting NUREG-1537, Parts 1 and 2.

The applicant stated that the light water pool, which surrounds the TSV, provides neutron
moderation and reflection. Additional information is presented in SHINE FSAR

section 4a2.4.2. The neutron multiplier that serves to increase the neutron population in the TSV
is described in SHINE FSAR section 4a2.2.6.

4a.4.2.4 Subcritical Multiplication Source

The NRC staff evaluated the sufficiency of the subcritical multiplication source, as presented in
SHINE FSAR section 4a2.2.4, “Subcritical Multiplication Source,” using the guidance and
acceptance criteria from Section 4a2.2.4, “Neutron Startup Source,” of the ISG augmenting
NUREG-1537, Parts 1 and 2.

The SHINE subcritical multiplication source is a fixed neutron startup source that is used when
the neutron driver is not operating. The startup source provides an adequate and stable
population of background neutrons so that neutron multiplication in the subcritical assembly can
be accurately and reliably measured while filling the TSV with target solution. Its output is
several orders of magnitude less than the neutron driver and is suitable for performing 1/M
measurements during Mode 1 startup operations. The subcritical neutron multiplication

factor (M) relates the source neutron level to a steady-state neutron level and can be used to
predict when criticality will occur. It is defined as 1/(1-k) where k is the multiplicative increase of
the neutron population from one generation of neutrons to the next generation. A system is
critical when k is equal to 1. When a system is critical, M goes to infinity and 1/M goes to zero.

The startup sources described in the SHINE FSAR, Americium-Beryllium or Plutonium-Beryllium
with alpha-neutron reactions, are customarily used as startup sources in nuclear reactors. The
physical and operating characteristics of the sources that are specified in this section are: the
energy spectrum, the materials from which the sources are constructed, the orientation of the
sources, the nuclear reaction and source strength, the radiation environment at which the
sources operate, and the procedures used to verify the integrity of the sources prior to startup.

Based on the information provided in the SHINE FSAR, the NRC staff finds that the SHINE
subcritical multiplication source is adequately described and meets the applicable acceptance
criteria of the ISG augmenting NUREG-1537, Part 2 for the issuance of an operating license.



4a.4.2.5 Subcritical Assembly Support Structures

The NRC staff evaluated the sufficiency of the SASS, as presented in SHINE FSAR

section 4a2.2.5, “Subcritical Assembly Support Structure,” using the guidance and acceptance
criteria from section 4a2.2.5, “Reactor Internals Support Structures,” of the ISG augmenting
NUREG-1537, Parts 1 and 2.

The applicant stated that the SASS maintains the geometry of the target solution during
irradiation. It contains the TSV and supports the TSV dump lines, TSV overflow lines, TOGS
piping, and associated instrumentation. The SASS also functions to force coolant through
cooling paths to cool the TSV and neutron multiplier. It acts as an additional fission product
barrier in the event of a TSV failure. The PCLS is attached to the SASS and operates at a
higher pressure than the TSV. This reduces or eliminates leakage of target solution to the SASS
in the event of a breach of the PSB. The SASS has a design pressure of 100 pounds per square
inch (psi).

The applicant stated that the SASS is designed to conservatively withstand all design basis
loads, including thermal, seismic, and hydrodynamic loads imposed by the light water pool
during a seismic event. It is also designed to withstand all thermal and hydraulic forces imposed
by the coolant loop and target solution during normal and off-normal operating conditions.

The applicant stated that the 304L stainless steel used to construct the SASS was chosen due
to its compatibility with the chemical environment and demonstrated performance under the
expected neutron flux. The SASS has a 30-year design life. By letter dated January 28, 2022
(ML22028A221), Enclosure 2 (ML22028A224), in response to NRC staff RAls dated

December 23, 2021 (ML21355A360), the applicant provided additional information about the
neutron spectrum and corrosion testing relevant to the SASS and the TSV. The applicant also
stated that the SASS will be subject to a periodic inspection and surveillance program designed
to monitor for corrosion and radiation damage. The neutron spectrum is largely thermalized at
the location of the SASS structures and the design data used to assess radiation damage
effects is applicable.

In its response to NRC staff RAl 4a-17, SHINE contended that stagnant flow areas are not
expected in the area between the SASS inner baffle and the SASS inner wall because this
channel is filled with cooling water from the PCLS and, while the PCLS does not force water
through this channel, flow is provided via natural convection and radiolysis bubbles. The staff
notes that this area between the cooling channel 3 (CC3) and SASS inner wall just above this
ring is not expected to be well swept by fluid flow given its long, slender cavity and the lack of a
significant thermal driving force in the area. The staff believes that it is possible that this location
might have stagnant flow and be subject to off-normal coolant chemistry that could cause
corrosion and possible cracking due to weld residual stresses. However, there are several
mitigating factors that will decrease this likelihood. First, the relatively low temperature at this
location is not normally conducive to promoting excessive corrosion or stress-corrosion
cracking. Additionally, the PCLS system has a cleanup system to control water chemistry and
remove particulates, which decreases the likelihood that significant off-normal water conditions
will exist. Further, this ring and the associated connection between CC3 and the SASS inner
wall appears to serve no structural purpose as it is only intended to channel flow into CC3.
Therefore, even if significant cracking or other degradation were to occur in this region, the only
significant potential consequence is that flow could bypass cooling channels. This situation
could degrade the cooling of the TSV and cause an increase in the temperature of the target
solution. However, the affected IU would shut down if the target solution temperature exceeds
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the maximum allowed value of 176 degrees Fahrenheit (°F) specified in proposed

TS LCO 3.1.4. Therefore, the staff finds that the design limits used by SHINE for radiation
fluence to limit radiation damage are applicable, and that both the design margins and safety
systems are adequate to provide effective mitigation if significant flow bypass were to occur.

The applicant stated that the SASS was designed to support the TSV hydrostatic loading during
steady-state operation, in addition to the expected dynamic loading that would result from
seismic activity. The SASS is also anchored to the surrounding system through supports to the
dump tank. The applicant indicated that the design of the SASS was developed to support the
safe operation of the TSV during all modes of operation by stating that it is a coherent structure
that maintains its safety-related functions during anticipated design-basis stresses. These
stresses are the result of expected hydrodynamic loads, temperature gradients, and irradiation.
In addition, the SASS and associated piping and connections were designed to accommodate
the typical displacements that would occur during normal operation and design basis transients,
without degrading their capability to contain the target solution. The applicant addressed the
interface design of the SASS with its associated piping and connections. The SASS is
supported on top of the dump tank and aligned with the neutron drive with anchorages to

the IU floor. The SASS was also developed with standard materials that have been shown by
testing and experience to be compatible with the expected fluences, and to also accommodate
the lifetime of the TSV without significant degradation.

The NRC staff finds that the SASS conforms to a geometrically sound support structure that
maintains its functional shape during normal operation and transients. The staff also finds that
the SASS is designed with customary materials that do not degrade significantly during the
operational life of the TSV. The staff finds that the SASS is designed to serve as a fission
product boundary in the event of a fission product breach by operating at a higher pressure than
the TSV. Finally, the staff finds that the SASS can accommodate the expected hydrodynamic
loads of the piping that it will encounter during operation.

Based on the information provided in the SHINE FSAR, the NRC staff finds that the SASS
design basis meets the applicable acceptance criteria of the ISG augmenting
NUREG-1537, Part 2 for the issuance of an operating license.

4a.4.2.6 Neutron Multiplier

The NRC staff evaluated the sufficiency of the neutron multiplier, as presented in SHINE FSAR
section 4a2.2.6, “Neutron Multiplier.” While the ISG augmenting NUREG-1537 does not have a
section dedicated to the neutron multiplier, which is unique to the SHINE facility, the staff
applied parts of the guidance from section 4a2.2.3, “Solid Neutron Moderator and Neutron
Reflector,” of the ISG augmenting NUREG-1537 to its review of the neutron multiplier. Those
portions of the guidance that are relevant to the structural-mechanical properties of the neutron
multiplier, and not its functional properties, were applied. For the functional properties of the
neutron multiplier (i.e., the increasing of neutrons for the target solution), the staff assessed
whether the applicant provided information that satisfies the requirements

of 10 CFR 50.34(b)(2).

The applicant stated that the neutron multiplier is an annulus of aluminum-clad material that
moderates and multiplies the fast neutrons from the fusion reactions initiated by the neutron
driver. The neutrons are multiplied through fission reactions. The design lifetime is 30 years, but
the neutron multiplier can be removed and replaced if damaged. The construction materials for
the neutron multiplier are compatible with the chemical and radiation environment. The heat
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generation rate in the neutron multiplier is expected to be approximately 15 kW during normal
operation. The neutron multiplier is cooled by the PCLS and a breach of the aluminum cladding
will be detected by the detection of radiation in the PCLS cooling water.

SHINE FSAR section 4a2.2.6 states that the neutron multiplier is designed to operate within the
IU environment (i.e., at high temperature and irradiation). The multiplier cladding is thick enough
to absorb fission fragments and to accommodate radiation damage, burnup, and heating. The
mechanical and nuclear properties are not expected to degrade significantly during the
multiplier's 30-year lifetime, and the mechanical/nuclear design bases are clearly presented.
The manufacturing/machining process for the multiplier is also clearly described. The possibility
of small failures of the mechanical integrity of the multiplier is also considered, with steps taken
to accommodate mechanical degradation. For the case of cladding failure, the TSV can be
safely shut down and the multiplier replaced. There are engineered features of the system to
arrest deflagration with hydrogen produced from the cladding. Additional details were provided
by letter dated June 17, 2020, that discuss the generation of hydrogen if the TSV solution were
to leak into the cooling water and from water reacting with the natural uranium in the multiplier if
there was a breach of the cladding. In both cases, the amount of hydrogen generation is
expected to be less than what would be produced by radiolysis during normal operation of

the IU. If the cladding were to fail, resulting in the contamination of the PCLS, then radiation
monitors would detect the breach and actuate the TRPS trips of the PCLS circulation

and IU shutdown. The primary, nuclear function (neutron multiplication properties) does not
degrade with burnup.

The NRC staff finds that, per the ISG augmenting NUREG-1537, Part 2 evaluation criteria, the
presented design describes a mechanically sound neutron multiplier that will allow for the safe
operation of the TSV during the irradiation mode (Mode 2). Additionally, per 10 CFR 50.34(b)(2),
the neutronic function of the multiplier will not significantly degrade with operation.

Based on the information provided in the SHINE FSAR, the NRC staff finds that the neutron
multiplier design basis meets the applicable regulations and acceptance criteria for the issuance
of an operating license.

4a.4.2.7 Conclusion

The NRC staff finds that the target solution and its expected chemical makeup, along with the
expected interactions between the target solution and the PSB, are described in detail and are
consistent with the historical data described in SHINE FSAR section 4a2.2.1.13. The operating
conditions and chemical and physics properties of the target solution are described in detail.

The NRC staff finds that the design of the SASS is composed of appropriate materials known to
be compatible with the expected chemical and radiation environment. It is designed to withstand
the design-basis loads and provides sufficient cooling to the TSV and neutron multiplier.

The NRC staff finds that the SHINE FSAR contains detailed discussions on all major systems
and components. These include the subcritical multiplication source, the neutron multiplier, the
light water pool, the behavior of the TSV during a credible deflagration event, and the target
solution qualification program.

Based on the above, the NRC staff finds that the description of the subcritical assembly and its

components, including operating limits and operating conditions, is adequate. The subcritical
assembly and its components are sufficient to ensure the health and safety of the public.
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Therefore, the staff concludes that the subcritical assembly and its components meet the
applicable regulatory requirements and guidance and acceptance criteria for the issuance of an
operating license.

4a.4.3 Neutron Driver Assembly System

The NRC staff evaluated the sufficiency of the NDAS, as presented in SHINE FSAR

section 4a2.3, “Neutron Driver Assembly System.” While the ISG augmenting NUREG-1537
does not have a section dedicated to the NDAS, which is unique to the SHINE facility, the
staff assessed whether the applicant provided information that satisfies the requirements

of 10 CFR 50.34(b).

The applicant stated that the NDAS is an accelerator-driven system that produces 14.1 MeV
neutrons via deuterium-tritium fusion reactions. The neutron driver produces a maximum

of 1.5e14 neutrons per second. The high-energy neutrons move from the NDAS target chamber
to the natural uranium neutron multiplier and then to the target solution to drive the subcritical
fission reactions. The NDAS is situated above the subcritical assembly and mounted to

the IU cell wall. It is part of the primary tritium system boundary.

The applicant stated that the operational life expectancy of the NDAS is primarily affected by
radiation damage resulting from neutron activation of its components. Approximately 90 percent
of the activity resulting from activation will be located beneath the pool surface. It is expected
that most NDAS components will not experience significant radiation damage. Complex
electronic components will be located outside the IU. The NDAS is a component that is
designed to undergo maintenance and replacement of parts over the life of the SHINE facility.

4a.4.3.1 Neutron Driver

SHINE FSAR section 4a2.3.1, “Neutron Driver,” states that the neutron driver is contained within
the IU cell and is made up of the accelerator section, the pumping stages, and the target
section. The components are shown in SHINE FSAR figure 4a3.3-1. The accelerator section
ionizes deuterium gas and accelerates the ions and transports them through a drift tube to the
target section. The accelerator section is inside a pressure vessel that contains sulfur
hexafluoride gas as an electrical insulator. The pumping stages maintain a high vacuum in the
drift tube and return gas that escapes the target chamber back to the target chamber. The target
section contains a mixture of deuterium and tritium gas and is where most of the
deuterium-tritium fusion reactions occur. It has a water-cooling system.

4a.4.3.2 Neutron Driver Support Equipment

SHINE FSAR section 4a2.3.2, “Neutron Driver Support Equipment,” states that the neutron
driver support equipment consists of a high voltage power supply (HVPS), a cooling cabinet,
and control cabinets located outside the IU. The HVPS operates at 300 kilovolts and is
considered in the facility fire hazard analysis. The cooling cabinet contains components of the
cooling system for the NDAS cooling system. The NDAS cooling system is a closed loop system
and it transfers heat to the radioisotope process facility cooling system (RPCS) though a heat
exchanger. The control cabinets contain electrical power equipment, signal equipment, and
control logic equipment. They interface with the normal electrical power supply system for
electrical power and the process integrated control system (PICS) for control functions.



4a.4.3.3 Operation Overview

SHINE FSAR section 4a2.3.3, “Operation Overview,” states that the tritium and deuterium gas is
supplied to the NDAS by the TPS. When the accelerator is turned on, deuterium ions are
accelerated into the target chamber that contains a mixture of deuterium and tritium gas. The
deuterium-tritium fusion reactions produce 14.1 MeV neutrons. These high-energy neutrons are
multiplied in the natural uranium neutron multiplier and then enter the target solution and drive
the subcritical fission reactions. The deuterium and tritium gas is sent back to the TPS for
purification after irradiation operations are completed.

4a.4.3.4 Control System

SHINE FSAR section 4a2.3.4, “Control System,” states that the control system is the interface
for the NDAS. It provides the means to energize, monitor, and change the state of the NDAS
components including shutting down the neutron driver after a safety system trip. A two-key
interlock on NDAS operation prevents operation when personnel are present in the IU cell or the
neutron driver service cell as specified in TS LCO 3.8.5.

4a.4.3.5 Tritium Design

SHINE FSAR section 4a2.3.5, “Tritium Design,” states that the deuterium and tritium in the
NDAS is supplied by the TPS and exhausted to the TPS after operation. The NDAS
components containing tritium are maintained at low pressure by a vacuum system so that any
leaks would be into the system. The NDAS is designed so that no single failure can result in an
uncontrolled release of tritium.

4a.4.3.6 Seismic Design

SHINE FSAR section 4a2.3.6, “Seismic Design,” states that the NDAS components within the
IU are classified as Seismic Category |l to prevent damage to the |U’s safety-related equipment
by components from the neutron driver during and following a design basis seismic event. The
NDAS cooling system isolation valves and piping between the isolation valves and the primary
confinement boundary are classified as Seismic Category 1 to maintain integrity of the primary
confinement boundary during and following a design basis seismic event.

4a.4.3.7 Target Chamber

SHINE FSAR section 4a2.3.7, “Target Chamber,” states that the target chamber is maintained
at low pressure and filled with a deuterium and tritium gas mixture. Because reactions between
the ion beam and the gas cause most of the ion beam to be stopped before reaching the bottom
of the target chamber, increases in target chamber pressure have insignificant effect on neutron
yield. Decreases in target chamber pressure result in lower neutron yield. The target chamber
pressure is limited by proposed TS LCO 3.8.6 to ensure that the amount of tritium in an IU cell is
below the limit described in SHINE FSAR section 13a.2.2.12.1. The target chamber is cooled by
the NDAS cooling system. It is surrounded by the subcritical assembly and is, therefore, subject
to high neutron flux. The construction materials were chosen to mitigate the effects of corrosion
and neutron damage.



4a.4.3.8 Conclusion

The NRC staff finds that the descriptions of the components of the NDAS satisfy the
requirements of 10 CFR 50.34(b). The staff finds that the failure of any component of the NDAS
would conservatively result in a decrease in fission rate. Additionally, safety related trips from
the TRPS system would cause a shutdown of the neutron driver. The staff finds that there is a
two-key lockout system that prevents operation of the neutron driver when personnel are
present in the IU cell or the neutron driver service cell. Further, the NDAS is designed to prevent
an uncontrolled release of tritium from any single failure and to prevent damage to any U cell
safety-related equipment during and after a design basis seismic event. Therefore, the staff
concludes that the NDAS and its components meet the applicable regulatory requirements and
guidance and acceptance criteria for the issuance of an operating license.

4a.4.4 Target Solution Vessel and Light Water Pool

The NRC staff evaluated the sufficiency of the TSV and light water pool, as presented in SHINE
FSAR section 4a2.4, “Target Solution Vessel and Light Water Pool.” While the ISG augmenting
NUREG-1537 does not have a section dedicated to the target solution vessel, which is unique
to the SHINE facility, the staff assessed whether the applicant provided information that satisfies
the requirements of 10 CFR 50.34(b).

The light water pool serves multiple functions, including heat removal and radiological shielding.
The TSV is part of the PSB, which comprises the TSV, the TSV dump tank, and the TOGS. The
TOGS is described in SHINE FSAR section 4a2.8.

4a.4.4.1 Target Solution Vessel

SHINE FSAR section 4a2.4.1, “Target Solution Vessel,” describes the physical characteristics of
the TSV, including the physical dimensions of the TSV and supporting structures. SHINE FSAR
section 4a2.4.1.1, “Design Considerations,” also states that the TSV is designed and fabricated
in accordance with the American Society of Mechanical Engineers (ASME) Boiler and Pressure
Vessel Code, section VI, Division 1. The TSV construction material is 347 stainless steel, and
it has high corrosion resistance to the target solution environment, so no significant chemical
damage is expected. The TSV will be monitored for corrosion with both visual inspections and
corrosion coupons. The TSV is designed to last for the lifetime of the SHINE facility and is not
expected to be replaced. Some of the piping is 304L and 316L stainless steel. Research
performed at ORNL, LANL, and Argonne National Laboratory (ANL) on TSV construction
materials during facility-relevant conditions were used to inform the final TSV design. The TSV
penetrations and connections are described in SHINE FSAR section 4a2.4.1.4. Additional
details about the penetrations and connections are provided in SHINE’s letter dated

June 17, 2020, including whether the penetrations are liquid or gas-filled during normal
operation.

The applicant stated that the work performed at ANL shows that some fission product
compounds are likely to reach solubility limits, but that they will be present in small enough
quantities that their cumulative effect on reactivity is expected to be negligible. While SHINE
plans to use catalytic agents to prevent the precipitation of uranium from the target solution, no
catalytic agents will be used to mitigate the precipitation of fission product compounds.

The applicant stated that a TSV can be emptied into a criticality-safe TSV dump tank via the
TSV dump valves. There are two completely independent dump valves, along with independent
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dump lines and overflow lines. These valves can be opened by the TRPS and fail in the open
position. There are redundant flow paths to meet single failure criteria and to satisfy the second
specification of proposed TS DF 4.3.2. Proposed TS LCO 3.1.5 requires that the TSV dump
valves open within 2 seconds of demand, and that each dump line must drain the TSV from
greater than or equal to the minimum target solution fill limit within 183 seconds. Proposed TS
Surveillance Requirement (SR) 3.1.5 requires quarterly verification that a TSV drains

within 183 seconds when it is greater than or equal to the minimum target solution fill limit.
Leakage of the TSV dump valves during operation can be detected and would lead to a
shutdown of the IU by the TRPS as specified in the low-high TSV dump tank level setpoint in
proposed TS LCO 3.2.3.

The applicant stated that the TSV is designed to be resistant to chemical corrosion and neutron
damage. The TSV has a 30-year design life and, as described by letter dated January 28, 2022,
it will be subject to a periodic inspection and surveillance program designed to monitor corrosion
and radiation damage. Also, by letter dated January 28, 2022, SHINE provided information to
show that the high energy neutrons are largely thermalized in the region of the TSV, which
confirms that the neutron spectrum is not significantly harder than the irradiation used for
determining the neutron radiation damage limits because of the 14.1 MeV neutron source.
Therefore, the design data used to assess radiation damage effects is applicable.

In its response to NRC staff RAI 4a-16 by letter dated January 28, 2022, SHINE demonstrated
that the supplemental corrosion testing performed at ORNL was conducted over a range of test
conditions expected to be representative of both normal operating and off-normal conditions at
the SHINE facility as defined in the design basis. These tests evaluated corrosion
characteristics over a wide range of electrochemical conditions, examined erosion-corrosion
and potential cavitation effects, studied the effects of radiolysis on corrosion, and evaluated the
effects of irradiation on key material properties. These tests support the assurance that the
design requirements will be maintained over the TSV and SASS operating lifetimes and that the
potential effects of material degradation over the design life have been sufficiently evaluated.

In conjunction with the testing performed at ORNL, SHINE described its surveillance and
inspection plans in the response to NRC staff RAI 4a-18. SHINE plans to insert corrosion,
tensile, and fracture specimens into the TSV at several prescribed elevations and orientations.
Nine specimen-withdraw times are planned over the 30-year design life of the TSV. Each
withdrawal will remove and evaluate one corrosion coupon, two tensile specimens, and one
fracture toughness specimen. The testing of the withdrawn coupons and specimens will allow a
direct comparison between corrosion rates and mechanisms occurring within the TSV and allow
trending of the mechanical property and fracture toughness behavior as a function of both
operating time and irradiation fluence. The first specimen withdrawal will occur early in the life of
the facility, at 1 effective full power year, to ensure that accelerated degradation is not occurring.
Subsequent withdrawal times will be informed by the prior results to ensure both that property
trends can be appropriately monitored, and that sufficient surveillance material will remain for
evaluating properties at the end of the design life.

Boroscopic visual inspections of the TSV and SASS structures will also be performed
periodically through access ports to examine the inner TSV surfaces that are most likely to
experience degradation including weld locations, the liquid level line, piping connections, areas
with the expected highest likelihood of chemical damage, areas experiencing the highest
radiation fluence, and areas most likely to be subject to pressure pulses. Weld locations and
mechanical locations of the SASS will also be visually inspected. As with the surveillance plan,



the inspection plan and periodicity will be updated based on the surveillance and inspection
findings.

Based on the above, the NRC staff finds that SHINE has an adequate program to monitor TSV
radiation and corrosion damage over the life of the facility.

4a.4.4.2 Light Water Pool

SHINE FSAR section 4a2.4.2.1 states that the light water pool associated with each U is
constructed from concrete and lined with stainless steel and is designed to withstand the
chemical environment of the target solution. Each pool contains approximately 19,000 gallons of
water. The pool and the pool liner are designed as Seismic Category | structures to remain
functional after a design basis earthquake. The nominal pool height is 15 feet relative to the
bottom of the pool. The pool provides cooling and shielding. The SASS and TSV are located
inside the light water pool, with the top of the TSV 5.3 feet (ft) below the water’s surface under
normal operating conditions. The pool also acts as a neutron moderator and reflector. In the
event of a leak of target solution into the pool, the 1U cell would be shut down and the light water
pool system would pass the contaminated water through an ion exchange bed. If the degree of
contamination were to exceed the cleanup capacity of the ion exchange beds, then the
contaminated water would be processed by grouting and processing as low level waste. Piping
penetrations to the light water pool are either above the minimum pool level or have anti-siphon
devices or other means to prevent draining the pool below the minimum level.

SHINE FSAR section 4a2.4.2.2 states that the light water pool provides decay heat removal
from the TSV dump tank after the target solution is drained from the TSV. The light water pool
also provides about 5.5 kW of heat removal during irradiation of the target solution. The light
water pool transfers heat from the PCLS through natural convection heat transfer. The light
water pool also provides a heat sink with large thermal capacity for shutdown cooling after a
postulated accident.

Proposed TS LCO 3.3.1 specifies that the light water pool minimum level as 14 ft relative to the
bottom of the pool to ensure adequate cooling and shielding. The pool level is verified to be
above the minimum level before entering Mode 1 (Startup). If the pool level goes below the
minimum level during Mode 1 (Startup) or Mode 2 (Irradiation), then the dump valves are
opened, and the target solution drains to the TSV dump tank to transition the IU to Mode 3
(Shutdown) and then finally to Mode 0 (Solution Removed).

4a.4.4.3 Conclusion

The NRC staff finds that the descriptions of the TSV and the light water pool satisfy the
requirements of 10 CFR 50.34(b). The staff finds that the TSV is conservatively designed to fail
to a safe, non-critical geometry and that its components are adequately designed to withstand
credible accidents and the normal operating environment. The staff also finds that the light
water pool provides cooling to the TSV, biological shielding, and shielding to prevent radiation
damage to SSCs in the IUs. Therefore, the staff concludes that the TSV and the light water pool
meet the applicable regulatory requirements and guidance and acceptance criteria for the
issuance of an operating license.



4a.4.5 Irradiation Facility Biological Shield

The NRC staff evaluated the sufficiency of the irradiation facility biological shield, as presented
in SHINE FSAR section 4a2.5, “Irradiation Facility Biological Shield,” using the guidance and
acceptance criteria from section 4a2.4, “Biological Shield,” of the ISG augmenting
NUREG-1537, Parts 1 and 2.

The applicant stated that the irradiation cell biological shield is designed to protect workers and
members of the public from radiation sources in the IF. Shielding is provided through concrete
enclosures for the IU cells and the TOGS shielded shell that vary in thickness from
approximately 4 to 6 ft. The concrete walls that vary from approximately 0.7 to 1 ft thick and the
steel doors that are approximately 3 in. thick act as a shield on the primary cooling room. SHINE
FSAR figure 4a2.5-1 shows different section cuts through the biological shield. The dose rates
on the external surfaces of the shields are designed to be less than 1 milli-roentgen equivalent
man per hour.

The applicant stated that the biological shield is designed to meet the as low as (is) reasonably
achievable (ALARA) radiation exposure goals described in chapter 11 of the SHINE FSAR and
to meet or exceed the requirements in 10 CFR Part 20. The applicant proposed to use a newer
concrete standard, American Concrete Institute (ACI) 349-13, “Code Requirements for Nuclear
Safety-Related Concrete Structures and Commentary,” than the one specified in Regulatory
Guide (RG) 1.69, Revision 1, “Concrete Radiation Shields and Generic Shield Testing for
Nuclear Power Plants” (ML090820425), which is ACI 349-06. The applicant used this standard
in a way that is consistent with how ACI 349-06 is used in RG 1.69. The proposed materials and
configuration are consistent with NRC staff-endorsed guidance.

To evaluate the effects of concrete degradation due to neutron and gamma radiation, the
applicant estimated fluence to the concrete and the corresponding dose at that location with the
Monte Carlo N-Particle Transport Code (MCNP) according to NUREG/CR-7171, “A Review of
the Effects of Radiation on Microstructure and Properties of Concretes Used in Nuclear Power
Plants” (ML13325B077). Fluxes and dose rates were evaluated at various points of the shield
structure. As a result of this analysis, the applicant showed that concrete radiation degradation
and nuclear heating is not significant over a 30-year operating lifetime. For those locations that
accumulate stress concentrations and for which statistically valid flux tallies are difficult
(penetrations and interfaces), a shielding program will be put in place and managed as
described in SHINE FSAR section 11.1. The shields are constructed according to rigorous
standards, such that they remain intact during normal operating conditions and design basis
accidents. One unique feature of the SHINE design is the use of 14.1 MeV deuterium-tritium
fusion neutrons for the neutron driver. SHINE provided information regarding the adequacy of
the shield for these high energy neutrons by letter dated June 17, 2020.

The applicant stated that the radiation fluence to the inside of the shield is well within the
allowable standard for the life of the shield. Nuclear heating in concrete can be neglected if
energy fluxes are less than 1.0e10 MeV per square centimeter per second or if temperatures
are kept lower than 149°F. The energy fluxes in the concrete are below this limit in all areas
except for the concrete directly below the TSV dump tank, where there was a calculated
maximum energy flux of 6.0e10 MeV per square centimeter per second. However, the light
water pool provides adequate cooling of this concrete to keep the temperature of the concrete
below 149°F.



The NRC staff finds that SHINE used conservative values for gap sizes in how the plugs fit and
that penetration sizes to conservatively account for streaming will ensure that the biological
shield design will limit radiation exposure from the IF to workers and the public.

The NRC staff finds that the results of the analyses presented in the SHINE FSAR show that the
biological shield meets all regulatory requirements. Therefore, the staff concludes that the
biological shield meets the applicable regulatory requirements and guidance and acceptance
criteria for the issuance of an operating license.

4a.4.6 Nuclear Design

The NRC staff evaluated the sufficiency of the IF nuclear design, as presented in SHINE FSAR
section 4a2.6, “Nuclear Design,” using the guidance and acceptance criteria from
section 4a2.5, “Nuclear Design,” of the ISG augmenting NUREG-1537, Parts 1 and 2.

The IU is comprised of the biological shield, the NDAS, the light water pool system, the SCAS,
and the NFDS. The IU’s supporting systems include the TOGS, the TPS, and the PCLS. The IF
contains eight IUs and each U is supplied with deuterium and tritium by the TPS. Each of the
three TPS trains supports a specified set of IUs. This section evaluates the nuclear parameters
and characteristics of the IF to determine whether it can be operated and shut down safely from
any operating condition.

4a.4.6.1 Normal Operating Conditions

The NRC staff reviewed the sufficiency of SHINE FSAR section 4a2.6.1, “Normal Operating
Conditions,” using the guidance and acceptance criteria from section 4a2.5.1, “Normal
Operating Conditions,” of the ISG augmenting NUREG-1537, Parts 1 and 2. Given that the TSV
configuration operates in a sub-critical mode, those criteria that are relevant to a subcritical
system with no excess reactivity were adapted for use with SHINE.

SHINE FSAR section 4a2.6.1 describes a subcritical assembly that can operate safely and be
shut down and remain shut down through the TRPS and associated TSV dump tank. The
design information, as supported by tables and figures, demonstrates that the chemical and
physical properties of the target solution are accounted for in the reactivity balance of the
system. The physical design configuration is described. The chemical and physical properties of
the system are clearly described and supported with associated tables and references. The
variables that influence reactivity are identified and calculated; some of these variables are
monitored and controlled to be in specified ranges. The NRC staff also reviewed the sections of
SHINE FSAR chapter 13 that consider reactivity additions of water due to malfunction of the
TOGS or due to failure of the pressure boundary. The means to introduce target solution to the
system (through the vacuum transfer system) are actively controlled by the operator, and don't
allow the passive addition of extra solution to the TSV.

The applicant also calculated a bounding, worst-case limiting core configuration (during

Mode 1 startup), along with the corresponding subcritical multiplication margin. The associated
volume margins to criticality were calculated and described in the SHINE FSAR, and additional
margins that allow for the return of TOGS condensate to the target solution were also calculated
and subtracted from the operating volume. During startup (Mode 1), the subcritical multiplication
source allows flux detectors to monitor the reactive increase of the assembly. The target
solution chemical and physical state is monitored and controlled prior to startup.



The applicant determined that the limiting case (in terms of margin to criticality) occurs at the
point of maximum fill height right before the transition to Mode 2 (i.e., before the start of
irradiation), enveloping all other conjectured configurations. Proposed TS limiting safety system
setting 2.2.3 sets a source range neutron flux limit; this protects against a sudden increase in
reactivity during the fill process.

The application states that all reactivity components of the system were calculated to inform the
design, operation, safety features, and protection systems of the SCAS. Changes in reactivity
with uranium burnup, plutonium buildup, fission product poisons, radiolytic gas-void formation,
TOGS sweep-gas pressure regulation, TOGS condensate return, PCLS water temperature
changes, solution temperature changes, neutron multiplier burnup, and neutron multiplier
temperature are calculated and accounted for in the target solution startup and irradiation
strategy. The target solution chemistry doesn’t change significantly with burnup. For this reason,
there are no reactivity changes associated with changes in target solution pH or catalyst
concentration. There are reactivity changes corresponding to uranium concentration changes
(reactivity components are also presented as an equivalent uranium concentration), but this
concentration does not substantially change during an irradiation cycle. The reactivity effects of
transmutation and fission products are calculated by the applicant. In the case of fission
products, the major contributor, plutonium, is managed by extraction through the MEPS.
Although the gaseous fission products from solution are extracted through the associated
cleanup and safety systems, their bounding reactivity effects are calculated and compared to
the other components for both startup and irradiation. The steady-state evolution of core
reactivity, and the contribution of each component, is explicitly calculated, with the total batch
target solution age being divided into alternating irradiation/shutdown cycles. As the target
solution operates subcritical, there are no chemical poisons or mechanical components that are
designed to hold down excess reactivity. There is not an associated reactivity change due to the
static nature of the mechanical components. There is a holdup of water within the TOGS active
gas management system. The volume of this water holdup and its associated reactivity effect
are also calculated. The actions of the TOGS have several reactivity effects that were
considered by the applicant, specifically, due to the TSV head-space pressure regulation
(sweep and purge actions) and the uranium concentration effect of the target solution gaining or
losing condensate. The positive reactivity effect resulting from water holdup in TOGS is
accounted for when the minimum subcritical volume of the target solution is determined.

The applicant stated that to compensate for uranium burnup and target solution processing at
the end of each irradiation cycle, the solution is adjusted before transfer to the TSV.
Administrative controls are applied to ensure that the solution temperature, uranium
concentration, solution chemistry, pH, catalyst, and solution volume are within acceptable levels
prior to transfer to the TSV.

The applicant stated that several drastic core configuration and component scenarios were
evaluated in terms of static reactivity changes for the startup and irradiation modes: water
flooding of the head-space volume above the target solution; driver target flooding; neutron
multiplier flooding (assuming a cladding breach); voiding of PCLS; and a total loss of pool water.
The limiting core configuration that would give the highest power densities in terms of uranium
concentration, batch size, and fill height was also calculated.

The applicant used the TRIAD [Transient Reactivity Integration Accelerator Driven Multiphysics
Simulation Software] code to calculate coupled system behavior by considering the total impact
on the target solution with three induced transients. Reactivity effects of void collapse were
considered along with peak power change relative to nominal power. The applicant’s analysis
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demonstrated that power changes could be accommodated through natural self-dampening
effects of the negative target solution coefficients (temperature and void). Coupled system
oscillations are anticipated due to beam variations (normal beam interruptions), the TOGS
pressure variations, and the PCLS temperature variations. The transients induced by the NDAS
beam interruptions were analyzed by the applicant. To preclude over-cooling (and, in turn,
reactivity increase) of the target solution in the TSV that would occur with a temporary NDAS
beam interruption, the TRPS limits the time duration over which this beam interruption could
occur by opening the HVPS breakers after a time delay, depending upon the source strength.
This protection is discussed in SHINE FSAR section 7.4.3.1.4. This limits the amount of the
calculated peak power change during the transient such that operational power limits aren’t
reached. Similarly, the change in fission power due to the TOGS pressure oscillations and the
PCLS temperature changes are also calculated. These transients do not go beyond operational
limits.

SHINE has an administrative program and engineering DFs that form the bases of TSs, and
envelope the normal and transient behavior of the TSV related to uranium concentration, target
solution chemistry, NFDS flux setpoints, allowable fill volumes and solution heights, trip
setpoints, solution fill rates, and delay times for opening of dump valves. These values inform
proposed TS SRs and LCOs.

SHINE developed administrative, procedural, and engineering barriers to prevent the unwanted
addition of reactivity during all operational modes. Except for the engineering barriers (which are
binned as the natural physics of the negative temperature coefficients and are part of the
design), the other barriers were put in place to keep the solution under control for all anticipated
operational states and transients.

SHINE FSAR section 4a2.6.1 states that the SCAS operates under three modes that are
relevant to nuclear design: Mode 1 (startup); Mode 2 (irradiation); and Mode 3 (post-irradiation).
A fourth mode (solution removed) is described in SHINE FSAR chapter 7 and is not discussed
in Chapter 4. In each of these three modes, the IU can be shut down by the TRPS, which will
trip on high neutron flux and high PCLS temperature. As an additional, administrative control,
the operators can manually dump the contents of the TSV to the TSV dump tank, although
these measures are not required for safe shutdown or operation. When shutdown, the neutron
driver is de-energized and the target solution is held in a criticality-safe geometry TSV dump
tank. Proposed TS LCO 3.1.8 specifies the time that the target solution is required to be held in
the TSV dump tank before being transferred to the RPF. This hold time depends on the
maximum irradiation power level and limits the radionuclide inventory and source term for the
RPF accident analysis. There are two completely independent TSV dump valves, along with
independent dump lines and overflow lines. The TSV dump valves fail open and can be
triggered by the TRPS, PICS, and the operator. SHINE provided additional details describing
the drain rate, trip signal delay, and valve opening time by letter dated June 17, 2020.

The applicant stated that the burn-up after the designed amount of exposure of the target
solution is minimal. The effect of Xenon and Samarium accumulation is estimated to result in a
power reduction of less than 10 percent relative to a system without Xenon and Samarium.

The final design describes the reactivity and reactivity changes of the system during all modes
of operation, including reactivity worth of the IlU components for each mode of operation, the
worth of water held up outside the TSV and the effects of removing that water, and expected
changes in reactivity that would occur due to voiding of the cooling system. The system
interfaces with the PICS and TRPS to shut down on abnormal conditions (e.g., loss of power,
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high flux, high hydrogen concentration). The physical and administrative controls that are
designed to prevent criticality from occurring are sufficient to protect workers and the public from
potential criticality accidents.

The SHINE FSAR states that minor power oscillations during operation are expected due to flow
fluctuations and strong void feedback based on AHR operating experience, but that these
oscillations would be small and self-limiting due to the low power density and negative void and
temperature coefficients. In the case of a TOGS failure, the resulting void collapse would cause
a small reactivity increase, but not one large enough to result in criticality.

4a.4.6.2 Target Solution Physics Parameters

SHINE FSAR section 4a2.6.2.1, “Analysis Methods and Code Validation,” states that a variety
of computer codes are used to calculate nuclear physics parameters. MCNP5 is used to
calculate neutron flux, reactivity, dose rates, neutron lifetime, and reaction rates. MCNP5 is
publicly available and widely used in the nuclear industry for modeling neutron-nuclear
interactions with matter. SCALE [Standardized Computer Analysis for Licensing Evaluations] is
a comprehensive modeling and simulation suite for nuclear safety analysis and is capable of
performing calculations for reactor physics, criticality safety, and radiation shielding. COUPLE, a
module of SCALE, is used to calculate flux-dependent cross-sections and fission yields
(COUPLE is not an acronym and references the functionality of the module — it “couples”
nuclide decay terms in the master transition matrix with the functional ORIGIN library). Oak
Ridge Isotope Generation (ORIGIN), a module of SCALE, is used to generate source term
concentrations and activities following various irradiation and decay intervals. By letter dated
June 17, 2020, SHINE provided uncertainty analysis for the calculations using these codes. To
demonstrate its applicability for uranyl sulfate solution reactors, SHINE compared MCNP5 to a
published suite of aqueous solution reactor benchmark cases. From this assessment, the
MCNP5 calculated bias and bias uncertainty of system multiplication factor (one-sided tolerance
limit) was determined with a standard methodology, NUREG/CR-6698, “Guide for Validation of
Nuclear Criticality Safety Calculational Methodology” (ML050250061), and was applied to the
analysis of the TSV dump tank and TOGS. MCNP5 was compared to experiments for similar
systems to evaluate the applicability of MCNP5 to the solid uranium metal multiplier and found
acceptable by the applicant. The SCALE and MCNP5 packages are maintained at Department
of Energy facilities under separate configuration management plans.

Using MCNPS, SHINE evaluated all significant contributors to reactivity for the range of solution
burnup and for all relevant operational modes. Two-sided tolerance bands at a 95th percentile
probability with a 95th percentile confidence limit (95/95) with conservative assumptions were
used to quantify the uncertainty of reactivity coefficients and neutron multiplication with respect
to uncertainties in state parameters. SHINE established that the total reactivity and power
coefficients were sufficiently negative over the range of expected system conditions and that
burnup had little effect on power distribution, flux, and reactivity coefficients of the target
solution. Kinetics parameters such as neutron lifetime and the effective delayed neutron fraction
for both fresh target solution and end of life target solution were also calculated. Reactivity
coefficients for the target solution and multiplier were evaluated at different target solution
temperatures and uranium concentrations. Uranium concentration, flux density, and power
peaking were calculated at both nominal and limiting conditions, along with the corresponding
reactivity coefficients.

SHINE stated that the calculations show that target solution void, temperature, and power
coefficients will generally be negative for all modes of operation. They are in the range of other
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operational AHRs and conceptual designs. The temperature and void coefficients for the PCLS
are positive, but the applicant’s calculations show that this will not result in strong positive
feedback because the TSV feedback is dominant. The PCLS is not expected to have significant
voiding and the water volume is limited in the narrow TSV cooling paths. The target solution
void and temperature coefficients are the most significant because the radiolysis gas and
because the majority of the heat is deposited directly into the target solution. Analyses show
that the combined reactivity coefficients are sufficiently negative over the anticipated range of
operating conditions.

SHINE performed transient analysis with the TRIAD code, which is an extension of

a LANL systems code that was developed to model an AHR that is coupled to a
neutron-accelerator system (A Generic System Model for a Fissile Solution Fueled

Assembly, LA-UR-13-22033, Los Alamos National Laboratory, Kimpland, R., Klein, S., 2013). It
is a 1D fluid flow model and has an empirical void transport model. The actual void distribution
is determined by a buoyancy driven natural circulation flow pattern that depends on the power
void and temperature profiles in the TSV and cannot be mechanistically predicted by the TRIAD
code. SHINE performed a group of calculations in which the empirical void transport model was
changed over a wide range. The results of the steady state and transient calculations are
sensitive to the void transport model. The coefficients can be tuned to improve the fidelity of
TRIAD code predictions. By letter dated June 17, 2020, SHINE described the extensions made
to the LANL code and explained how TRIAD is validated against the Silene and KEWB (Kinetics
Experiments on Water Boilers) experiments.

4a.4.6.3 Operating Limits

SHINE FSAR section 4a2.6.3, “Operating Limits,” discusses specific values for operating limits.
Void coefficients are negative throughout all operating conditions, and combined reactivity
coefficients are sufficiently negative over the anticipated range of operating conditions. The
target solution burn-up is minimal in the SCAS. The worth of fission product poisons such as
Xenon and Samarium are small compared to the temperature and void defects.

The applicant stated that there are only three initiating events that may result in inadvertent
insertions of excess reactivity: (1) excessive cooldown of the TSV; (2) increased pressure in the
TSV; and (3) excess volume of target solution. None of these events result in damage to the
PSB. These events are described in SHINE FSAR chapter 13, which the NRC staff reviews in
chapter 13 of this SER. In the event of a loss of power to an 1U, the neutron driver will
de-energize and the target solution will be transferred to the criticality-safe TSV dump tank.
Each IU has its own TSV dump tank.

4a.4.6.4 Conclusion

The NRC staff finds that SHINE FSAR section 4a2.6 provides an adequate description of the
proposed configuration of the SCAS during the three relevant modes of operation. The staff
determined that the target solution behavior during operation has been adequately addressed,
including gaseous fission product buildup and removal, poisons, and power oscillations. The
staff also determined that the reactivity analyses include reactivity values for the in-core
components.

The NRC staff finds that SHINE’s methodology for calculating the neutron lifetime, effective

delayed neutron fraction, and coefficients of reactivity is acceptable. The staff finds that the
code predictions for the ratio of neutron production to neutron absorption and leakage, reactivity
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coefficients, and reactivity worths of target solution changes are bound within an uncertainty
band that is determined by code comparisons to experimental benchmarks.

Based on the above, the NRC staff finds that the descriptions of the nuclear design component
of the SHINE facility satisfy the requirements of 10 CFR 50.34(b). Therefore, the staff concludes
that these descriptions are sufficient and meet the applicable regulatory requirements and
guidance and acceptance criteria for the issuance of an operating license.

4a.4.7 Thermal-Hydraulic Design

The NRC staff evaluated the sufficiency of the thermal-hydraulic design, as presented in SHINE
FSAR section 4a2.7, “Thermal Hydraulic Design,” using the guidance and acceptance criteria
from section 4a2.6, “Thermal-Hydraulic Design,” of the ISG augmenting NUREG-1537, Parts 1
and 2.

SHINE provided a description of the systems that are responsible for target solution inventory
control, heat removal during irradiation, and shutdown operations for the eight IUs.

4a.4.7.1 Heat Removal Systems

SHINE FSAR section 4a2.7.1 states that the SHINE heat removal systems must have adequate
capacity to remove heat during irradiation and shutdown operations. The paths for heat removal
from the TSV are the PCLS and the TOGS. The light water pool is also cooled by the piping in
the PCLS.

SHINE FSAR section 4a2.7.1.1 states that the PCLS cooling loop circulates water in an upward
direction past the TSV heat transfer surfaces using forced convective cooling. Energy can also
be deposited into the PCLS coolant by neutron and gamma radiation. The PCLS cooling water
removes heat from the TSV and then the PCLS water flows to reject the heat through a heat
exchanger in the RPCS.

The SHINE FSAR states that the PCLS cooling loop also removes heat from the light water
pool, the neutron multiplier, and the neutron driver tritium target chamber using forced
convective flow. The heat loads on the light water pool are energy deposition by neutron and
gamma radiation from an operating IlU and decay heat loads from the TSV dump tank when it
contains irradiated target solution. The PCLS cooling water rejects heat to the RPCS.

During IU operations, the heat deposited in the light water pool is approximately 2 percent of the
thermal power.

The SHINE FSAR states that the TOGS operates as a closed loop system in which nitrogen
sweep gas is circulated above the top of the TSV liquid level. The gas is circulated through a
flow loop that removes iodine from the off-gas, recombines radiolysis generated hydrogen and
oxygen to keep them below flammable limits, and condenses water vapor and returns the liquid
water to the TSV. Heat from the condensation and recombination processes are transferred
through heat exchangers that ultimately reject heat to the RPCS.

4a.4.7.2 Cooling Water Hydraulic Characteristics of the TSV
SHINE FSAR section 4a2.7.3.1 states that the PCLS removes heat from the TSV during

irradiation and shut down operations. The PCLS minimum volumetric coolant flow rate is
adequate to keep the target solution temperature within allowable limits. The PCLS coolant
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water enters at 59 — 77°F and a pressure of 138 kilopascals (kPa). The flow rate is adequate to
maintain the TSV at a temperature of 120°F during irradiation. The TSV pressure is maintained
below the PCLS pressure to prevent leakage out of the TSV in cases where the PSB is
breached. In the case of leakage of water from the PCLS into the TSV, the dilution of the target
solution will lead to a negative reactivity insertion. If the breach is large enough such that the
pressure difference cannot be maintained, then some of the target solution could leak into the
PCLS cooling water. The nominal temperature of the target solution in the TSV is 68 — 140°F.
The operating conditions in the TSV prevent the plating out of chemicals on the PCLS heat
transfer surfaces

The applicant stated that a loss or degradation of the PCLS cooling system would cause an
increase in the target solution temperature. If the PCLS coolant temperature or the target
solution temperature rises above the allowable limit, the TRPS system will shut down the
neutron driver and dump the target solution to the TSV dump tank where it will be cooled by
natural convection in the light water pool.

The applicant stated that the light water pool is cooled by the pipes of the PCLS. If the PCLS is
not operating, the light water pool has a large heat capacity that can be used to remove decay
heat from the TSV dump tank for long periods of time without active cooling. Natural or free
convection cooling on the outside of the TSV dump tank is adequate to maintain target solution
temperatures within the tank below the 194°F limit. The heat capacity of the pool is large
enough that the pool temperature will remain well below the boiling temperature of water

after 90 days of decay heat load at the minimum acceptable pool level for accident conditions.

4a.4.7.3 Target Solution Thermal Power Density Distribution

SHINE FSAR section 4a2.7.4 provides the power density distribution in the target solution. The
fission power density has peaks in the axial and radial dimensions due to neutron transport
effects. The radiolysis gas generation source is related to the fission power source since the
primary mechanism for producing radiolysis gas is the fission fragments colliding with water
molecules and causing dissociation of the water molecules. Neutron and gamma radiation can
also be a source of radiolysis gas formation. The decay power distribution is not directly related
to the fission power distribution since the fission products that are the source of decay power
will circulate with the coolant. The thermal power density distribution drives gradients in fluid
temperature and void fractions that enhance natural circulation in the target solution.

4a.4.7.4 Thermal-Hydraulic Calculations and Methodology

SHINE FSAR section 4a2.7.5 discusses a correlation-based thermal-hydraulic methodology for
safety-related calculations involving fluid flow and convective heat transfer. The applicant stated
that the calculations are used to estimate the steady state and transient target solution
temperature which is determined by the balance of the heat generation and the heat removal to
heat transfer surfaces by natural circulation flows caused by temperature and void fraction
gradients. The results of experiments performed at the University of Wisconsin — Madison using
electric heaters and bubble injection to simulate the effects of volumetric heating and gas
generation were used to determine the expected range of heat transfer coefficients and void
fractions. The experiments used magnesium sulfate to simulate the uranyl sulfate target
solution. The data collected was used to form the basis of an empirical heat transfer coefficient.
The heat transfer correlation has the form of a turbulent free convection correlation with the
length scale implicitly embedded in the leading constant multiplied by a void fraction
enhancement factor that could account for increased buoyancy driven flow. The enhancement
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factor is significant which implies that the buoyancy of the voids induces a large recirculating
flow. SHINE calculated a void fraction to use in the heat transfer calculations using a bubble
nucleation and growth model. A description of assumptions used in the calculation is in SHINE
FSAR section 4a2.7.5.5. The heat transfer on the PCLS side of the TSV is single-phase
water-cooling flow and the surface temperatures on the PCLS side are below the boiling
temperature of the cooling water which eliminates the possibility of exceeding the critical heat
flux.

4a.4.7.5 Impact of Operating Conditions on Thermal-Hydraulics

SHINE FSAR section 4a2.7.6 states that the heat removal and recombination capacities of the
TOGS will determine the pressure of the gas space and target solution for a fixed TSV power.
Feedback effects on the power generation will determine the operating power and pressure
where there is a balance between the gas and water vapor generation in the TSV and the heat
removal and recombination capacity of the TOGS if steady state operation is possible. It is also
possible that the system may operate in an oscillatory mode with operating conditions that vary
but stay within safety limits. SHINE provided a stability analysis of the accelerator driven system
that was performed by LANL and documented in report LA-UR-14-28684, “Stability of Fissile
Solution Systems.” The LANL stability analysis showed that the system is stable across the
expected range of operation and that any oscillations are damped. Driven and bounded
reactivity or source strength oscillations will also result in a bounded response. The target
solution is expected to be stable with respect to chemical and physical properties during an
irradiation cycle. Void formation in the target solution will be caused by radiolysis gas formation.
The effects of the voids on nuclear and heat transfer performance of the system are accounted
for in the final design. The void formation enhances the heat transfer in the TSV due to
increased natural circulation flows due to buoyancy effects. The natural circulation also helps
prevent large non-uniformities in temperature and solution concentration. Target solution
pressure, temperature, pH, and solution concentration will be monitored and maintained
throughout the cycle. The hydrogen concentration in the cover gas will also be monitored and
maintained through the cycle.

4a.4.7.6 Cooling System Design Basis

The thermal-hydraulic design has systems described above that provide heat removal from the
TSV. The cooling system design basis and details of the PCLS are provided in chapter 5 of the
SHINE FSAR.

SHINE FSAR section 4a2.7.8 states that small amounts of radiolysis gases will be generated in
the PCLS coolant since it is exposed to radiation from the TSV. The system is designed so that
large pockets of gas will not accumulate and lead to significant void fractions in the region of the
TSV.

4a.4.7.7 Bulk Boiling of the Target Solution

SHINE FSAR section 4a2.7.9 states that the temperature of the target solution is monitored.
The temperature and flow of the PCLS loop is also monitored to ensure adequate cooling of the
TSV. If temperature limits are exceeded, the TRPS system will shut down the neutron driver and
dump the target solution to the TSV dump tank. This prevents boiling in the TSV. If boiling were
to occur due to unforeseen circumstances, the target solution and off gases will still be confined
within the PSB and will not present a radiation hazard.
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4a.4.7.8 Conclusion

The NRC staff reviewed the thermal-hydraulic design of the |Us. The staff finds that the
thermal-hydraulic design considers the dominant design considerations for heat removal, cover
gas control, and target solution control. The staff also reviewed the heat removal system
specifications and finds that SHINE has considered all significant heat loads and has provided
adequate heat removal capacity and heat transfer area to remove the heat loads and maintain
the TSV fluid under normal and abnormal conditions. Adequate heat removal is also provided
for decay heat generation in the TSV dump tank. The staff finds that the heat transfer surface
temperatures in the PCLS eliminate concerns about critical heat flux. The staff also finds that
the TOGS has adequate recombination and condensation capacity to control the cover gas
operating conditions and maintain them within normal operating parameters. Based on the
above, the staff concludes that the thermal-hydraulic design of the IUs meets the applicable
regulatory requirements and guidance and acceptance criteria for the issuance of an operating
license.

4a.4.8 Gas Management System

The NRC staff evaluated the sufficiency of the SHINE gas management system, as presented in
SHINE FSAR section 4a2.8, using the guidance and acceptance criteria from section 4a2.7,
“Gas Management System,” of the ISG augmenting NUREG-1537, Parts 1 and 2.

SHINE FSAR section 4a2.8 contains information about the TOGS. Each of the eight IUs has a
TOGS. The TOGS removes radiolysis gases and a portion of the iodine in the gas space from
the TSV during irradiation operation and during target solution cooldown. The safety function of
the TOGS is to provide confinement of target solution and fission products, maintain hydrogen
concentrations, and remove a portion of the iodine from the sweep gas.

SHINE FSAR section 4a2.8 states that the TOGS operates by circulating a sweep gas made up
of nitrogen and oxygen through the TSV and TSV dump tank at a rate high enough to keep the
hydrogen concentration below flammability limits (4 percent lower flammability limit) that can
challenge the 65 pounds per square inch absolute (psia) deflagration pressure limit. The PICS
controls the TOGS during normal operations. Nitrogen and oxygen can be added to the TOGS
to control pressure and minimum oxygen concentration. The maximum operating pressure can
be controlled by opening a valve to the vacuum tank. Each TOGS has two separate recombiner
loops. There are some asymmetries between the loops. Only one loop provides flow to the TSV
dump tank. Additionally, one loop has hydrogen and oxygen sensors and the other has a zeolite
bed to capture iodine. Both loops must be operable during irradiation and one needs to operate
for a short time after a loss of offsite power to reach a safe shutdown condition. The hydrogen
recombiners prevent the concentration of hydrogen from reaching a level where a deflagration
or detonation could occur. The water vapor in the sweep gas and from the recombiner is
condensed and returned to the TSV. This serves to conserve water in the system since a loss of
water will increase the uranium concentration in the solution and, therefore, increase the
reactivity of the system. Water holdup in the TOGS is limited to 3 liters. The basis for the
estimate of 3 liters and the identification of locations that water can be trapped in the TOGS
were provided by letter dated June 17, 2020. Specifically, the TOGS circulates the sweep gas
into the TSV dump tank and up through the overflow tubes into the TSV head space to prevent
the moist atmosphere in the TSV headspace from flowing down the overflow tubes into the TSV
dump tank, which might lead to condensation and loss of water to the TSV dump tank. If excess
water does accumulate in the TSV dump tank, it will lead to a shutdown of the IU by the TRPS
as specified by the low-high TSV dump tank level setpoint of 3 percent in proposed TS
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LCO 3.2.3. Water droplets in the sweep gas are also removed and returned to the TSV to
minimize the buildup of fissile material in the TOGS. The TOGS maintains a gas space pressure
that is below the |U gas space pressure. The TOGS is designed based on the following TSV
operating parameters:

. Gas temperature: The range of temperatures for gas leaving the TSV
headspace is based on the sweep gas supply temperature from TOGS and the
heat transfer rate between the sweep gas and the target solution at a
temperature range of 50°F (10 degrees Celsius (°C)) to 194°F (90°C).

. Gas pressure: -4.5 pounds per square inch gauge (psig) (-31 kPa gauge)
to 15 psig (103 kPa gauge).

. Steady state hydrogen production rate: up to approximately 3.8E-2
grams/second.

. Relative humidity: The relative humidity for gas leaving the TSV headspace is
based on the evaporation rate of the target solution at a maximum temperature
of 194°F (90°C).

SHINE FSAR section 4a2.8.5 states that the TOGS also needs to be adequate to mitigate the
design basis accidents analyzed in chapter 13 of the SHINE FSAR. The design pressure for the
PSB, and therefore the TOGS, is 100 psi. The design temperature for most TOGS components
is 200°F. The hydrogen recombiners, recombiner condensers, and the interconnecting piping
have a design temperature of 650°F because the heat from the recombination of hydrogen and
oxygen causes elevated temperatures in those TOGS components compared to the
temperatures in the other TOGS components and the TSV.

The applicant stated that the construction materials used for the TOGS are compatible with the
expected chemical environment and conditions, and that no credible scenarios would result in a
loss of confinement because of corrosion. The geometry of the TOGS would preclude criticality
even if it were filled with target solution.

The applicant stated that the hydrogen recombiner needs to be capable of preventing a
hydrogen deflagration or detonation. Hydrogen and oxygen generation in the TSV

is 33 standard liters per minute and consists of 2/3 hydrogen and 1/3 oxygen. The PICS will
alert the operator of high hydrogen concentration if it reaches 2.5 percent by volume. This
allows the operator to take action before the operating limit of 3 percent. In turn, the 3 percent
operating limit provides sufficient margin to hydrogen concentrations (4 percent lower
flammability limit) that could result in deflagration pressure exceeding 65 psia should the failure
of a single active component occur. SHINE'’s analysis shows that this will provide sufficient
margin to the lower flammability limit in the event of an abnormal condition such as a TOGS
blower failure. The TOGS is designed to withstand system pressures expected during credible
TSV power fluctuations.

The TOGS has interfaces with other systems. The TOGS system purges the off-gas to the
vacuum transfer system (VTS) which discharges it to the process vessel vent system (PVVS) to
prevent a buildup of gaseous fission products. The VTS and the PVVS are part of the RPF. In
the PVVS, the off-gas is treated through the PVVS filters, guard beds, and charcoal delay beds,
which remove particulates and iodine and delay the release of noble gases to the environment.
The pressure safety valves in the TOGS are also connected to the PVVS. The TOGS is
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shielded to limit personnel exposure to radiation. The system does not release a significant
amount of nitrogen oxide or sulfur oxide gas, therefore, no accident scenarios or monitoring for
these gases are described in the SHINE FSAR.

By letter dated June 17, 2020, SHINE provided information describing the functionality and
design basis functional requirements of the vacuum and pressure relief valve system. The
design basis of the vacuum and pressure relief valve system is to keep the TOGS within a
pressure range of -4.5 to 15 psig to allow continued functioning of the TOGS blowers. The lower
limit is to protect against boiling in the TSV and the upper limit is to protect against an
uncontrolled addition of gas from an external source. The relief valve is not needed to protect
against exceeding the 100 psi design pressure of the TOGS during a deflagration event.

SHINE FSAR section 4a2.8.7 discusses the TRPS trip inputs related to the operability of the
TOGS, which are:

. Low TOGS oxygen concentration

o Low TOGS mainstream flow (Train A)

o Low TOGS mainstream flow (Train B)

o Low TOGS TSV dump tank sweep gas flow

J High TOGS condenser demister outlet temperature (Train A)
o High TOGS condenser demister outlet temperature (Train B)

The SHINE FSAR states that the TRPS inputs are designed to protect against an inoperable
TOGS train and loss of cooling to the condenser. If the TOGS becomes inoperable during an
off-normal event such as a loss-of-offsite-power (LOOP) event, hydrogen buildup in the system
is limited by the nitrogen purge system (N2PS), which injects nitrogen gas into the TSV dump
tank to dilute the hydrogen and keep it below 3 percent by volume. During a LOOP event,
TOGS Train A is powered by the uninterruptible electrical power supply system for 5 minutes.
The N2PS injects nitrogen gas into the TSV dump tank after 3 minutes. The gas mixture is
transferred to the PVVS through a high point vent on the TOGS.

The NRC staff finds that the operating condition envelope and design assumptions of the TOGS
and the associated analysis are sufficient to provide reasonable assurance of safe operation of
the SHINE facility and compliance with all applicable chemical and radiological release criteria.
The staff finds that the TOGS and its components are sufficient to ensure the health and safety
of the public, consistent with 10 CFR 50.34(b). Therefore, the staff concludes that the TOGS
meets the applicable regulatory requirements and guidance and acceptance criteria for the
issuance of an operating license.

4a.4.9 Proposed Technical Specifications

In accordance with 10 CFR 50.36(a)(1), the NRC staff evaluated the sufficiency of the
applicant’s proposed TSs for the SHINE IUs as described in SHINE FSAR chapter 4.

The proposed TS 2.1, “Safety Limits,” safety limit (SL) 2.1.1 states the following:
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SL2.1.1 The combination of differential pressure across the low temperature portion of
the PSB and the wall temperature averaged through the thickness shall be
within the “Acceptable” region defined by Figure 2.1.1.

AND

Average wall temperature for the low temperature portion of the PSB shall be
< 950 degrees Fahrenheit (°F) for differential pressure < 95 pounds per
square inch (psi).

Applicability | This safety limit applies at all times to the differential pressure and the wall
temperature of the low temperature section of the PSB. The low temperature
portion of the PSB includes all PSB components except the hydrogen
recombiner housings, the recombiner condensers, the piping between the
recombiners and the recombiner condensers, and the piping between the
recombiner condensers and the TSV.

SL 2.1.1 sets differential pressure limits as a function of temperature that apply to the PSB. The
limits are shown in TS Figure 2.1.1, “PSB Low Temperature Portion Safety Limit.” The NRC
staff determined that the material limits exceed the conditions of the material during normal
operation and design basis accidents. Therefore, the staff finds SL 2.1.1 acceptable.

The proposed TS 2.1, SL 2.1.2 states the following:

SL21.2 The differential pressure across the high temperature portion of the PSB shall
be < 115 psi and the wall temperature averaged through the thickness shall be
< 950°F.

Applicability | This safety limit applies at all times to the differential pressure and the wall
temperature of the high temperature portion of the PSB. The high temperature
portion of the PSB includes the hydrogen recombiner housings, the
recombiner condensers, the piping between the recombiners and the
recombiner condensers, and the piping between the recombiner condensers
and the TSV.

SL 2.1.2 sets differential pressure and wall temperature limits of the high temperature portion of
the PSB. The NRC staff determined that the material limits exceed the conditions of the material
during normal operation and design basis accidents. Therefore, the staff finds SL 2.1.2
acceptable.
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The proposed TS 2.2, “Limiting Safety System Settings (LSSS),” Table 2.2, “Limiting Safety
System Settings,” states, in part, the following:

LSSS Variable Setpoint Applicability

LSSS 2.2.1 High wide range < 176% power Modes 1 and 2
neutron flux

LSSS 2.2.2 High time-averaged | < 85% power; averaged | Modes 1 and 2
power range over < 45 seconds
neutron flux

LSSS 2.2.3 High source range | < 1.5 times the nominal Mode 1
neutron flux flux at 95% volume of the

critical fill height

LSSS 2.2.4 Low TOGS [[PROP/ECI]] Modes 1, 2, 3, and 4
mainstream flow

LSSS 2.2.5 Low TOGS dump [[PROP/ECI]] Modes 1, 2, 3, and 4
tank flow

LSSS 2.2.6 High-high TSV < 85% Modes 1, 2, 3, and 4
dump tank level

LSSS 2.2.1 sets the limit on high wide range neutron flux and limits the power to less

than 176 percent of the nominal operating power limit of 125 kW. The NRC staff determined that
the setpoint prevents overheating of the target solution, which could lead to boiling in and
pressurization of the TSV. Therefore, the staff finds LSSS 2.2.1 acceptable.

LSSS 2.2.2 sets the time-averaged power range neutron flux limit to less than or equal

to 85 percent of the nominal operating power limit of 125 kW. The NRC staff determined that the
setpoint prevents overheating of the target solution, which could lead to boiling in and
pressurization of the TSV. The staff also determined that the setpoint prevents the buildup of
hydrogen that could result in a hydrogen deflagration by keeping the hydrogen generation rate
below what can be accommodated by the TOGS at the minimum flow specified in LSSS 2.2.4.
Therefore, the staff finds LSSS 2.2.2 acceptable.

LSSS 2.2.3 sets a source range neutron flux limit. The NRC staff determined that this setpoint
protects against a sudden increase in reactivity during the fill process, which could lead to
pressurization of the TSV. Therefore, the staff finds LSSS 2.2.3 acceptable.

LSSS 2.2.4 sets the minimum flow rate for the TOGS mainstream flow. The NRC staff
determined that this setpoint prevents the buildup of hydrogen that could result in a hydrogen
deflagration that could exceed the PSB pressure safety limit. The setpoint is based on a
hydrogen generation rate that conservatively bounds the expected hydrogen generation at the
average power specified in LSSS 2.2.2. Therefore, the staff finds LSSS 2.2.4 acceptable.

LSSS 2.2.5 set the minimum flow rate for the TOGS dump tank flow. The NRC staff determined
that this setpoint prevents the buildup of hydrogen that could result in a hydrogen deflagration
that could exceed the PSB pressure safety limit. The minimum flow is expected to keep the
hydrogen concentration below the 4 percent lower flammability limit. Therefore, the staff finds
LSSS 2.2.5 acceptable.

LSSS 2.2.6 sets the high-high TSV dump tank level of 85 percent. The NRC staff determined
that this setpoint ensures that the target solution height in the TSV dump tank does not obstruct
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the required TOGS gas flow area to provide adequate hydrogen dilution volume in the TSV
dump tank. Therefore, the staff finds LSSS 2.2.6 acceptable.

The proposed TS 3.1, “Irradiation Unit Parameters,” LCO 3.1.1 states the following:

1.

The blower is Operating, and

2. The recombiner heater is Operating.

LCO 3.1.1 Both TOGS Train A and Train B shall be Operable. A TOGS train is
considered Operabile if:

Note — This LCO is applied to each IU independently; actions are only
applicable to the 1U(s) that fail to meet the LCO.

Applicability | Associated IU in Mode 1, 2, 3, or 4, according to Table 3.1.1

Action | According to Table 3.1.1

SR 3.1.1 1. Check that both TOGS trains are Operating daily.

The proposed TS Table 3.1.1, “TOGS Actions,” states the following:

associated |U.

Applicability Condition and Action Completion
(per 1U) (per 1U) Time
1. | Mode 1or2 | If TOGS Train B is not Operable,
Place the associated IU in Mode 3. Immediately
2. | Mode 10or2 | If TOGS Train A or both trains are not Operable,
Place the associated |U in Mode 3 Immediately
AND
Actuate an IU Cell Nitrogen Purge for the Immediately
associated |U.
3. | Mode 3o0or4 | If TOGS Train B is not Operable,
Place the associated U in Mode 0 [[PROP/ECI]]
4. | Mode 3or4 | If TOGS Train A or both trains are not Operable,
Actuate an IU Cell Nitrogen Purge for the Immediately

LCO 3.1.1 requires both TOGS trains to be operable, provides the conditions for a TOGS train
to be considered operable, and provides the actions to be taken if a TOGS train is not operable.
The TOGS is designed with two recirculation trains per IU. LCO 3.1.1 requires that both the
TOGS blower and the TOGS recombiner heater be operating, as defined in TS 1.3, for a single
TOGS train to be considered operable. The NRC staff finds that the condition for operation
would maintain hydrogen limits and iodine concentrations during startup (i.e., Mode 1),
irradiation (i.e., Mode 2), post-irradiation (shutdown) (i.e., Mode 3) and solution transfer to the
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RPF (i.e., Mode 4). The staff finds that if TOGS Train B is not operable in Mode 1 or 2,
immediately stopping the irradiation process would limit the generation of hydrogen, and the
N2PS would not need to be actuated as TOGS Train A would provide hydrogen mitigation of the
TSV dump tank. The staff finds that if TOGS Train A or both trains are not operable in

Mode 1 or 2, immediately stopping the irradiation process would limit the generation of
hydrogen, and the N2PS would provide the hydrogen mitigation of the TSV dump tank that was
lost from Train A. The staff finds that if TOGS Train B is not operable in Mode 3 or 4, removing
the target solution from the TSV dump tank within the associated completion time would place
the target solution in a location within the RPF where hydrogen mitigation is provided by the
PVVS and not the TOGS. The staff finds that the completion time allows for the decay of
short-lived fission products and that hydrogen mitigation would be provided by TOGS Train A
during the completion time. The staff finds that if TOGS Train A or both trains are not operable
in Mode 3 or 4, actuating the N2PS would provide the hydrogen mitigation function that was lost
from Train A. Based on the above, the staff finds that LCO 3.1.1 is adequate to prevent the
buildup of hydrogen to levels that could lead to a deflagration that could challenge the integrity
of the PSB. Therefore, the staff finds LCO 3.1.1 acceptable.

SR 3.1.1 requires checking that both TOGS trains are operating daily. The NRC staff
determined that this surveillance would ensure that TOGS is performing its intended function
during Modes 1, 2, 3, and 4 and, therefore, the staff finds SR 3.1.1 acceptable.

The proposed TS 3.1, LCO 3.1.2 states the following:

LCO 3.1.2 The pressure in the TSV headspace shall be = (-) 4.5 psig and < (+) 0.3 psig.
Note — This LCO is applied to each IU independently; actions are only
applicable to the IU(s) that fail to meet the LCO.

Applicability | Associated IU in Mode 1 or 2

Action | According to Table 3.1.2

SR 3.1.2 1. Verify TSV headspace pressure is within the limits daily.

The proposed TS Table 3.1.2, “TSV Headspace Pressure Actions,” states the following:

Condition and Action Completion
(per 1U) Time

1. | If TSV headspace pressure is not within limits

Place the associated IU in Mode 3. 1 hour

LCO 3.1.2 specifies the operating range of the pressure in the TSV headspace to be -4.5 psig

to 0.3 psig and provides the actions to be taken if it is not. The NRC staff finds that the lower
TSV headspace pressure limit would prevent excessive water uptake into the TOGS from
increased evaporation or boiling. The staff finds that the upper TSV headspace pressure limit
would prevent excessive pressure within the PSB that could result in a PSB leak or rupture. The
staff finds that if the TSV headspace pressure is not within limits, placing the IU into Mode 3
would remove the target solution from the TSV and limit hydrogen generation in the IU. The staff
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also finds that the TOGS would provide hydrogen mitigation during the completion time.
Therefore, the staff finds LCO 3.1.2 acceptable.

SR 3.1.2 requires verification of the TSV headspace pressure limits daily. The NRC staff finds
that this frequency is consistent with guidance in ANSI/ANS-15.1-2007. Therefore, the staff
finds SR 3.1.2 acceptable.

The proposed TS 3.1, LCO 3.1.3 states the following:

LCO 3.1.3 Target solution volume in the TSV shall be [[PROP/ECI]].

Note — This LCO is applied to each IU independently; actions are only
applicable to the IU(s) that fail to meet the LCO.

Applicability | Associated IU in Mode 2

Action | According to Table 3.1.3

SR 3.1.3 1. Verify the minimum target solution volume in the TSV daily.

The proposed TS Table 3.1.3, “TSV Volume Actions,” states the following:

Condition and Action Completion
(per 1U) Time
1. | If the volume of target solution in the TSV is less than the minimum
volume,
Place the associated IU in Mode 3. 1 hour

LCO 3.1.3 specifies a minimum target solution volume in the TSV during irradiation and
provides the actions to be taken if it is not met. The minimum volume accounts for the expected
holdup of water in the TOGS. The NRC staff finds that the minimum volume would maintain the
peak target solution temperature below the boiling temperature. The staff finds that if the target
solution volume falls below the minimum volume, transferring the target solution into the TSV
dump tank would prevent boiling of the target solution. The staff also finds that the completion
time would allow time to determine the reason for the low volume. The staff finds that the TRPS
would respond to events where the level is lost rapidly during the completion time. Therefore,
the staff finds LCO 3.1.3 acceptable.

SR 3.1.3 requires verification of the minimum target solution volume daily. The NRC staff finds
that this surveillance would ensure that irradiation is not performed without the minimum target
solution volume. The staff finds that this frequency is consistent with guidance in
ANSI/ANS-15.1-2007. Therefore, the staff finds SR 3.1.3 acceptable.
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The proposed TS 3.1, LCO 3.1.4 states the following:

LCO 3.14 The average temperature of the target solution within the TSV shall be
< 176°F as determined from the average of at least one Operable
thermocouple at each TSV temperature measurement elevation.

Note — This LCO is applied to each IU independently; actions are only
applicable to the IU(s) that fail to meet the LCO.

Applicability | Associated IU in Mode 1 or 2

Action | According to Table 3.1.4

SR 3.14 1. Verify TSV target solution average temperature is below the limit daily.

2. A Channel Check shall be performed on the TSV temperature indication
quarterly.

3. A Channel Calibration shall be performed on the TSV temperature
indication annually.

The proposed TS Table 3.1.4, “Target Solution Temperature Actions,” states the following:

Condition and Action Completion
(per 1U) Time
1. | If target solution average temperature is not below the limit,
Open at least one high voltage power supply (HVPS) breaker Immediately
AND
Place the associated |U in Mode 3. 6 hours

2. | If fewer than one thermocouple per TSV temperature measurement
elevation is Operable,

Place the associated IU in Mode 3. 6 hours

LCO 3.1.4 specifies the maximum average target solution temperature in the TSV to be 176°F
during startup and irradiation (i.e., Modes 1 and 2) and provides the actions to be taken if it is
not. The LCO also specifies that the average target solution temperature is measured using a
minimum of one operable thermocouple at each temperature measurement elevation in the TSV
and provides the actions to be taken if this is not the case. The LCO accounts for the expected
distribution of the liquid temperature throughout the TSV. The NRC staff finds that this LCO
would prevent the target solution from boiling in the TSV during operation and in the TSV dump
tank after shutdown. The staff finds that if the target solution temperature is not below the limit
or the required thermocouples are not operable, transferring the solution into the TSV dump
tank would stop adding heat via irradiation and prevent boiling of the target solution. The staff
also finds that the completion time would align with temperature trending capabilities. Therefore,
the staff finds LCO 3.1.4 acceptable.
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SR 3.1.4 requires verification of the TSV target solution average temperature daily and a
channel check to be performed on the TSV temperature indication quarterly. The NRC staff
finds that these frequencies are consistent with guidance in ANSI/ANS 15.1-2007. SR 3.1.4 also
requires a channel calibration to be performed on the TSV temperature indication annually. The
staff finds that this frequency is also in accordance with guidance in ANSI/ANS-15.1-2007.
Therefore, the staff finds SR 3.1.4 acceptable.

The proposed TS 3.1, LCO 3.1.5 states the following:

LCO 3.1.5 Both TSV dump valves shall be Operable. TSV dump valves are considered
Operable if:
1. Each TSV valve is capable of fully opening within two seconds of
demand.
AND

2. Each TSV dump line is capable of draining the TSV from [[PROP/ECI]]
full within 183 seconds.

Note — This LCO is applied to each IU independently; actions are only
applicable to the IU(s) that fail to meet the LCO.

Applicability | Associated IU in Mode 1 or 2

Action | According to Table 3.1.5

SR 3.1.5 1. Verify each TSV dump valve opens in < 2 seconds of demand quarterly.

2. Verify the drain time of each TSV dump line is < 183 seconds starting
when the TSV is = [[PROP/ECI]] full quarterly.

The proposed TS Table 3.1.5, “TSV Dump Valve Actions,” states the following:

Condition and Action Completion
(per 1U) Time

1. | If one or more TSV dump valve(s) are not Operable,

Place the associated IU in Mode 3. 1 hour

LCO 3.1.5 requires both TSV dump valves to be operable, provides conditions for the TSV
dump valves to be considered operable, and provides the actions to be taken if they are not.
The NRC staff finds that this condition would ensure that the target solution is able to drain from
the TSV to the TSV dump tank within the time assumed in the accident analysis and that the
drain rate allows for the failure of one dump valve. The staff finds that if the dump valves are not
operable, the valves fail to the open position and the target solution would be transferred to the
TSV dump tank. The staff also finds that the completion time would allow time to repair minor
problems. Therefore, the staff finds LCO 3.1.5 acceptable.

SR 3.1.5 requires verification of the opening time of each TSV dump valve and the drain time of
each TSV dump line quarterly. The NRC staff notes that while the guidance in
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ANSI/ANS-15.1-2007 does not discuss valve opening times and dump line drain times,
surveillance requirement guidance for similar systems of a research reactor can be applied. The
staff finds that these frequencies are consistent with guidance in ANSI/ANS 15.1-2007.
Therefore, the staff finds SR 3.1.5 acceptable.

The proposed TS 3.1, LCO 3.1.6 states the following:

LCO 3.1.6 Temperature and average power density of the target solution in the TSV
shall be within the “Acceptable” region of Figure 3.1.6, defined by the
following equation:

Power Density Limit (kW/L) = [[PROP/ECI]]

Note — This LCO does not apply during driver restart transients;see LCO 3.1.7
for the transient average power density limit.

Note — This LCO is applied to each IU independently; actions are only
applicable to the IU(s) that fail to meet the LCO.

Applicability | Associated IU in Mode 2

Action | According to Table 3.1.6

SR 3.1.6 1. Verify temperature and average power density of the target solution in the
TSV is within the “Acceptable” region of Figure 3.1.6 hourly during power
ramp up [[PROP/ECI]].

The proposed TS Table 3.1.6, “Average Power Density Limit Actions,” states the following:

Condition and Action Completion
(per 1U) Time

1. | If the average power density-temperature conditions are not
within the acceptable region for = 1 second,

Place the associated IU in Mode 3. Immediately

LCO 3.1.6 specifies the average power density limit as a function of temperature and provides
the actions to be taken if it is not in the acceptable region. The NRC staff finds that this condition
would prevent the precipitation of uranyl peroxide in the target solution undergoing irradiation.
The limit has an approximately 30 percent margin to the precipitation limit observed in historical
operating data. The staff finds that if the conditions are not within the acceptable region,
immediately transferring the target solution to the TSV dump tank would stop adding heat and
power via irradiation. Therefore, the staff finds LCO 3.1.6 ac